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1. Alternative Approaches to Animal Testing for 
Ecotoxicity Assessments and Environmental Risk 
Assessments
1.01.01 Exploring the Role of Risk Governance Structures and 
Stakeholder Participation Processes for the Uptake of NAMs in 
Chemical Risk Assessment
R. van der Vegt, G.M. Hickey, McGill University / Faculty of Agricultural 
and Environmental Sciences; S. Maguire, The University of Sydney 
/ Business School; D. Crump, Environment and Climate Change 
Canada / National Wildlife Research Centre; M. Hecker, University 
of Saskatchewan / School of the Environment & Sustainability and 
Toxicology Centre; N. Basu, McGill University / Faculty of Agricultural 
and Environmental Sciences
Given current legislative mandates to assess the safety of thousands of 
chemicals and the slow pace at which conventional testing proceeds, 
a number of people envision a paradigm shift towards the use of New 
Approach Methodologies (NAMs) that promise to reduce costs and 
delays. However, the formal adoption of NAMs in chemical risk assess-
ment generally remains limited. This might be the case because limited 
attention has been paid to the governance dimensions, the organiza-
tional barriers and the role of broader stakeholder involvement, despite 
the importance of these aspects. As such, this study explores the risk 
governance dimensions that facilitate or hinder the uptake of NAMs in 
chemical risk assessment and management. Within this context, risk 
governance refers to a body of scholarly ideas that points at complex 
multi-actor networks and processes dealing with collective decisions 
on demanding public risks. Methodologically, this study reflects on a 
comprehensive examination of the literature, 75 semi-structured inter-
views and 3 focus groups conducted between July 2017 and May 2020. 
Interview respondents were drawn from diverse stakeholder groups in 
Canada and internationally, including: intergovernmental organisations, 
federal government, private industry, non-governmental organisations, 
trade associations and academia. Preliminary data analysis involved 
transcription of the recordings and the coding of relevant passages of 
text into thematic categories through NVivo. Interviews focused on 
interviewee perceptions regarding the uptake of NAMs and the role of 
stakeholders within various dimensions of chemical risk governance. The 
findings provide insight into various risk governance dimensions, includ-
ing the diverse perspectives on, and the importance of broader stakeholder 
involvement in, the uptake of NAMs in chemical risk assessment and 
management. As such, this research provides novel information and 
important context for scientists, policy-makers and risk managers seeking 
to increase their understanding and/or improve the effectiveness of the 
assessment, management and governance of chemicals in practice. This 
study is part of the EcoToxChip project (www.ecotoxchip.ca).

1.01.02 Concentration- and Time-Dependent Metabolic Activation 
and Genotoxicity of Benzo[a]pyrene in LMH 3D Spheroid
T. Sharin, H. Gyasi, University of Ottawa; S.P. Jones, D. Crump, 
Environment and Climate Change Canada / National Wildlife Research 
Centre; J.M. O’Brien, Environment and Climate Change Canada / 
Ecotoxicology and Wildlife Health Division
In vitro liver toxicity tests performed in immortalized cell lines cultured 
as two dimensional (2D) monolayers have limited CYP450 activity 
and therefore may be inadequate for screening chemicals that require 
activation to exert toxicity. Metabolic competence and gene expression 
responses to external stressors are greatly improved using three-dimen-
sional (3D) cell culturing techniques. In this study, we compared the 
metabolic activation, and subsequent DNA damage by benzo[a]pyrene 
(BaP), in 2D confluent monolayers and 3D spheroids of the chicken 
hepatic cell line, LMH. Cells were exposed to BaP (0.01-100µM) for five 
different durations: (4, 8, 24,35 or 48h). CYP1A activity was deter-
mined using the EROD assay, mRNA expression of CYP1A and DNA 
damage response genes were measured using a custom PCR array, and 

phosphorylation of H2A histone family member X (H2AX) was mea-
sured using flow cytometry. EROD activity was higher in 3D spheroids 
compared to confluent cells and achieved maximal induction at an earlier 
timepoint (24 vs 48h). In 3D spheroids, BaP exposure resulted in a 
concentration-dependent increase in CYP1A4/A5 gene expression at 8h 
followed by upregulation of DNA damage response genes at 24 and 48h. 
In contrast, CYP 1A4/A5 mRNA induction was only observed at 48h in 
2D cells. An increase in H2AX phosphorylation was observed at 24 and 
35h in spheroids; this endpoint was not evaluated in confluent cells due to 
delayed CYP1A activity and a lack of effects for DNA damage response 
genes. These results suggest that BaP metabolism precedes the DNA dam-
age response in 3D spheroids, and that metabolic competence and DNA 
damage response are limited in 2D monolayers. This study demonstrates 
that LMH 3D spheroids could be a suitable metabolically-competent in 
vitro model to measure the toxicity of chemicals that require metabolic 
activation by CYP1A.

1.01.03 Challenges to Integration of New Toxicological Methods Into 
Regulatory Decisions
K. O’Neal, U.S. Environmental Protection Agency; D.W. Charters, U.S. 
Environmental Protection Agency / Office of Superfund Remediation 
& Technology Innovation; R.G. Henry, U.S. Environmental Protection 
Agency; M.S. Greenberg, U.S. Environmental Protection Agency / 
Superfund HQ
The protection of human and ecological receptors exposed to hazard-
ous substances at contaminated sites being managed under the USEPA 
Superfund program is based in risk assessment followed by a cleanup 
decision. The human health (HHRA) and ecological risk assessment 
(ERA) processes rely upon the use of various toxicity benchmark values 
(TBVs) for risk characterization (e.g., screening levels, toxicity reference 
values, reference doses or concentrations). Superfund site-specific HHRA 
relies upon TBVs for cancer and systemic effects to support decision mak-
ing; ERA in Superfund uses TBVs for survival, growth and reproduction 
(S,G,R) to support cleanup decisions. The advent of new and emerging 
techniques (e.g., in vivo, in silico, “omics” in the toxicological sciences) 
provides new information adding to our knowledge and the availabil-
ity of data. However, the use and implementation of this knowledge in 
regulatory programs and decision frameworks are not often apparent 
and therefore require attention by scientists and regulators alike. This 
presentation will propose what contaminated site regulators need from 
researchers to more readily utilize results from new and emerging toxi-
cological testing methodologies. Focus will be placed on the importance 
of data presentation including the percent or level of adverse effect(s) to 
receptors, concentration-response relationships, environmental relevance 
including scale of the effect(s), and linkage to decision endpoints (e.g., 
S,G,R for ERA). We propose to facilitate a dialogue to identify steps to be 
taken by the research community that may facilitate more rapid integra-
tion of new toxicological methods into regulatory decisions.

1.01.04  Perfluorooctanoate (PFOA) and Perfluorooctane Sulfonate 
(PFOS) Effects on Phase I Biotransformation Enzymes in Fish Liver 
Cells
M. Solan, M.E. Franco, R. Lavado, Baylor University / Environmental 
Science
The presence of perfluorinated substances in the environment, espe-
cially in aquatic ecosystems, continues to be of concern for human and 
environmental health. Previous studies have suggested that several of 
these compounds do not undergo biotransformation due to their chemi-
cal stability, yet PFOS- and PFOA-exposed organisms have presented the 
abnormal activity of important biotransformation pathways. Given the 
fundamental role of biotransformation in biological organisms and the 
significant distribution of perfluorinated substances in aquatic environ-
ments, the present study was designed to investigate the influence of 
PFOA and PFOS on phase I biotransformation enzymes in fish using 
the rainbow trout liver RTL-W1 cell line and the minnow liver cell line 
PLHC-1. Cells were exposed and co-exposed to environmentally relevant 
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concentrations of PFOA, PFOS, and Benzo[a]pyrene (BaP). Cells were 
evaluated for cytotoxicity and activity of CYP1A, via EROD activity 
bioassays, following a 48 h exposure. Preliminary data suggest that PFOS 
but not PFOA decrease CYP1A activity even in the presence of agonists 
(BaP) in liver cells. These observations have significant implications for 
organisms that may be exposed to other environmental pollutants for 
which biotransformation is necessary, especially in detoxification mecha-
nisms. The inability of biotransformation pathways to function as needed 
could significantly increase adverse outcomes, compromising the stability 
of fish populations inhabiting PFOA- and PFOS-polluted environments.

1.01.05  Toxicokinetic Modeling of Selenium in Fathead Minnow 
Orally Exposed to Selenomethionine
D. Green, University of Saskatchewan / Toxicology; A. Mangold-Döring, 
Wageningen University & Research / Environmental Sciences; D.M. Janz, 
University of Saskatchewan / Veterinary Biomedical Sciences; K. Liber, 
University of Saskatchewan / School of Environment and Sustainability; 
M. Hecker, M. Brinkmann, University of Saskatchewan / School of the 
Environment & Sustainability and Toxicology Centre
Selenium (Se) is a naturally occurring atomic element and an essential 
micronutrient for almost all forms of life that also has a very narrow 
threshold between beneficial and harmful doses. Where anthropogenic 
activities cause excess Se inundation to aquatic environments, Se 
oxyanions can bioconcentrate in primary producers that subsequently bio-
transform Se to organic forms capable of bioaccumulating in higher order 
consumers. When beneficial exposures are exceeded numerous systemic 
toxicities can manifest in exposed animals, with developmental toxicities 
in oviparous animals being of primary regulatory concern. Regulatory 
agencies have therefore set aqueous and/or fish tissue (muscle, gonad/egg, 
or whole-body)-based concentration threshold guidelines meant to protect 
environments and animals from adverse effects. The purpose of the 
present research is to enhance these protections by predicting tissue Se 
concentrations of concern in exposed fish before they occur. Toxicokinetic 
rate constants of Se flux between tissues of SeMet exposed fathead 
minnow have been derived from literature values and used to inform a 
compartmental model. Model validation with muscle, gonad, and inferred 
whole-body Se concentrations in female fatheads experimentally exposed 
to SeMet spiked feed showed, on average, 89, 118, and 94% prediction 
fidelity over time in each respective compartment. These results indi-
cate that Se concentrations in tissues of concern are possible to predict 
using compartmental toxicokinetic modeling, and that these models may 
therefore provide an additional means of protection against instances of 
environmental Se toxicity.

1.01.06  SWiFT and Strong: Bayesian Networks Facilitate Weight-
Of-Evidence for Fish Embryo Toxicity Data to Replace Acute Fish 
Toxicity Testing
R. Wolf, Norwegian Institute for Water Research (NIVA) / Section for 
Ecotoxicology and Risk Assessment; S.E. Belanger, The Procter & 
Gamble Company (retired) / Global Product Stewardship; T. Braunbeck, 
University of Heidelberg / Centre for Organismal Studies; K.A. Connors, 
Procter & Gamble Company / Global Product Stewardship; M.R. Embry, 
Health and Environmental Sciences Institute (HESI); A.L. Madsen, Hugin 
Expert; J. Moe, NIVA / Section of Ecotoxicology and Risk Assessment; 
K. Schirmer, Eawag / Environmental Toxicology; S. Scholz, Helmholtz 
Centre for Environmental Research / Bioanalytical Ecotoxicology; A. 
Lillicrap, NIVA / Section of Ecotoxicology and Risk Assessment
The Fish Embryo Toxicity (FET) test was submitted as a proposed 
OECD test guideline in 2006 as an alternative approach to acute fish 
toxicity (AFT) testing. After careful development and extensive labora-
tory ring trial testing, the FET test was adopted as an OECD guideline 
(236) in 2013. However, unanimous acceptance of the test method was 
not approved until the term “alternative approach” was removed from 
the guideline. Regulatory agencies, such as ECHA, have declared to be 
open to the use of FET data with a weight-of-evidence (WoE) approach, 
but have challenged industry and other stakeholders to develop a 

methodology that would be needed for its implementation. In response to 
this challenge, a preliminary Bayesian Network (BN) was developed to 
predict AFT from FET data in combination with other lines of evidence. 
This preliminary BN model has been successfully evaluated for a selec-
tion of chemicals as a proof-of-concept for the requested WoE approach. 
The existing lines of evidence of the preliminary BN all represent current 
regulatory accepted methods, such as OECD Technical Guidance docu-
ments. However, the preliminary BN model lacks details on mechanisms 
such as metabolic activation and detoxification, mode of action, and 
AFT uncertainty. The preliminary BN therefore needs to be expanded to 
increase its predictive power by including additional information and to 
be further refined and evaluated. Additional lines of evidence can include, 
amongst others, information on biotransformation, neurotoxicity, and 
chemical grouping approaches. In addition, the fish gill (RTgill-W1) cell-
line assay, which is now an accepted international ISO standard (21115) 
and is undergoing validation by OECD, can provide complementary 
evidence of toxic potency of chemicals. The objective of Cefic LRI project 
SWiFT (Strengthening Weight of evidence for FET data to replace acute 
Fish Toxicity; ECO51) is to provide a conclusive framework to support 
full regulatory adoption and acceptance of FET data to fulfil the regula-
tory requirements for acute fish testing. The deliverable from SWiFT will 
be an advanced BN model to predict the probability distribution of AFT 
for any structurally defined chemical, with a web interface for public 
access. The advanced BN will represent a quantitative WoE approach 
with increased predictive power compared to traditional qualitative WoE 
approaches.

1.01.07 Exploring Ways to Reduce Animal Testing in Support of 
the Registration of Pesticides by the U.S. Environmental Protection 
Agency
M. Lowit, U.S. Environmental Protection Agency; P. Ceger, D. Allen, 
Integrated Laboratory Systems, Inc.; E. Arnold, U.S. Environmental 
Protection Agency; N. Choksi, A. Daniel, J. Hamm, Integrated 
Laboratory Systems, Inc.; D.R. Judkins, U.S. Environmental Protection 
Agency; N. Kleinstreuer, NICEATM; B. Montague, U.S. Environmental 
Protection Agency; C. Sprankle, J. Truax, Integrated Laboratory Systems, 
Inc.; E. Odenkirchen, U.S. Environmental Protection Agency
As part of the U.S. Environmental Protection Agency’s (EPA) commit-
ment to reducing animal testing, the Office of Pesticide Programs (OPP) is 
critically evaluating which studies form the basis of OPP decisions. EPA 
uses one of these types of studies, the fish acute toxicity test, to assess and 
manage potential risk from pesticides to fish species. For each pesticide, 
the Agency typically requires in vivo testing of three different fish spe-
cies: a cold and warm freshwater species and a marine/estuarine species. 
We conducted a retrospective study to determine whether all three 
species are necessary to evaluate potential risk or whether fewer species 
can provide sufficient information to the Agency to support pesticide 
registration decisions that are protective of public health and the environ-
ment. In conducting the study, we extracted and curated median lethal 
concentration (LC50) values (by unit consistency and chemical identifica-
tion) from approximately 700 of the fish acute toxicity studies submitted 
to the Agency. We then analyzed the curated dataset to determine if there 
are species-related patterns in acute sensitivity. One analysis compared 
the LC50 values by looking at the relative relationship in sensitivity among 
the three species tested for each pesticide active ingredient. Another 
evaluation compared the LC50 values for each chemical/species pairing to 
EPA and United Nations Globally Harmonized System hazard categories 
to determine whether the species tested influenced hazard categorization. 
Finally, we considered if different pesticide modes of action impacted 
species-related patterns in acute sensitivity. These study results will 
inform whether all three species are necessary to assess acute lethal risk 
to fish and provide the basis for exploring a potential reduction in species 
testing that may save animals and resources. This project was funded 
in part with federal funds from the NIEHS, NIH under Contract No. 
HHSN273201500010C.
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1.01.08 An Empirical IVIVE on Effects of Veterinary 
Pharmaceuticals in Zebrafish Cell Lines and Embryos
S. Lungu, SLU Uppsala / Biomedical Sciences and Veterinary Public 
Health; C. Vogs, SLU Uppsala; G. Carlsson, SLU / BVF; A. Oskarsson, 
Swedish University of Agricultural Science / Department of Biomedical 
Sciences and Veterinary Public Health; J. Lundqvist, Swedish University 
of Agricultural Sciences / Department of Biomedical Sciences and 
Veterinary Public Health
In vitro to in vivo extrapolation (IVIVE) has been proclaimed the philoso-
pher’s stone in in vitro toxicology. The latter is comprising the strengths 
of in vitro (e.g., cellular cytotoxicity assays) and in silico (e.g., toxicoki-
netic modeling) methods to predict effects in vivo and thus replace animal 
tests. Therefore, IVIVE development is a crucial concept in the context 
of 3Rs (reduction, replacement, refinement) and beyond (reliability, 
relevance, regulatory acceptance). The aim of this study was to determine 
and compare bioavailable effect concentrations in zebrafish cell lines and 
zebrafish embryo using mass balance models. To this end, acute toxic-
ity data were derived after 48h exposure from two zebrafish cell lines 
(hepatocytes “ZFL” and fibroblasts “ZF4”) and the zebrafish embryo for 
eight veterinary pharmaceuticals. Seven endpoints of cellular viability 
(energy metabolism, membrane stability, protein level, cell proliferation, 
a.o.) were recorded. The fish embryo test (FET) was conducted, modified 
by including sublethal endpoints. Nominal effect concentration estimates 
were computed by log-logistic and probit-regression, respectively. Further, 
state-of-the-art mass balance models were applied to model the cellular 
free concentration (bioavailable fraction to the cells) and the internal 
aqueous concentration (bioavailable fraction within the embryo). Effect 
concentration ratios were calculated (cell effects/embryo effects), Pearson 
correlations were computed, and type II linear regressions (Deming) 
derived. Overall, nominal concentrations already showed acceptable 
correlations (R2 range 0.16 to 0.93). Nevertheless, mass balance model-
ing strongly increased correlation (up to R2=0.98 for diverse endpoints) 
and placed regression lines close to unity and axis-origin. Cell lines and 
endpoints showed differences in sensitivity and predictability. The ZF4 
cell line showed overall closer proximity to the embryo-derived data. 
Endpoints of cellular viability also varied, with membrane stability assays 
showing best, energy metabolism good, and cell proliferation and protein 
level assays rather bad correlations. As demonstrated by the investigated 
compounds, appropriate cytotoxicity assays together with state-of-the-art 
mass balance modeling have great potential in replacing standard tests. 
IVIVE has evolved within the last decade and is now ready for regulatory 
consideration, even within ecotoxicology.

1.01.09 The Inclusion of Pericardial Edema and Growth As 
Indicators of Mortality Improves Fish Embryo Toxicity Test 
Performance
J. Krzykwa, Smithers ERS, LLC / Environmental Toxicology; S. King, A. 
Hawkins, M.K. Sellin Jeffries, Texas Christian University / Department of 
Biology
The fish embryo toxicity (FET) test has become a powerful tool in chemi-
cal toxicity assessments as evidenced by its adoption as an OECD test 
guideline and expansion to other species including the fathead minnow. 
For most chemicals, the FET test has been show to produce to similar 
acute toxicity estimations; however, the sensitivity of the FET test is 
lower than that of other test types for some classes of compounds, such as 
neurotoxicants. Thus, there is a need to increase FET test sensitivity for 
such classes of compounds. To that end, additional FET test endpoints, 
including gene expression, embryonic behavior, and developmental 
abnormalities have been considered. Of the endpoints considered to date, 
pericardial edema and reduced growth appear promising as each occur in 
response to a wide range of chemicals and both are easy to measure with-
out additional equipment. However, the extent to which these potential 
endpoints can be used to predict toxicity remains unclear. The objectives 
of this study was to determine whether pericardial area (a quantitative 
measure of pericardial edema) and growth are predictive of increased 
mortality. To address this objective, fathead minnow embryos were 

exposed to cadmium (Cd), 3,4-dichloroaniline (DCA), or perfluorooctane-
sulfonic acid (PFOS) through 5 days post fertilization (dpf), at which time 
pericardial area and snout-vent length were measured. Fish were trans-
ferred to clean water and mortality was monitored through 14 dpf so that 
the influence of pericardial area and reduced growth on survival could be 
evaluated. Both increased pericardial area and reduced snout-vent length 
were found to be predictive of reduced survival; however, pericardial area 
was found to be a more robust predictor. Specifically, fish with pericardial 
areas ≥ 3.54 times larger than the controls had a predicted 80% mortality 
rate. When these fish were recorded as mortalities, the resulting LC50 
values for Cd and PFOS dropped substantially and more closely mirrored 
those reported for tests conducted with older fish indicating that using 
pericardial edema as a marker of mortality improves FET test sensitivity. 
This finding has implications that are likely to improve the FET test, its 
adoptability, and ultimately animal welfare.

1.01.10 Are Two Negative Controls Needed When a Solvent Is Used 
in an Aquatic Study?
J.W. Green, JohnWGreen-ecostats.com / Data Science and Informatics; 
S.E. Belanger, The Procter & Gamble Company (retired) / Global 
Product Stewardship; K.A. Connors, Procter & Gamble Company / 
Global Product Stewardship; C. Fassbender, PETA International Science 
Consortium, Ltd.; M. Halder, European Commission Joint Research 
Centre / DG Joint Research Centre IHCP EURL ECVAM; G. Stoddart, 
PETA International Science Consortium Ltd.; L. Weltje, BASF SE / 
Ecotoxicology
In order to receive regulatory approval to market certain substances such 
as biocides, pesticides, pharmaceuticals and industrial chemicals, a bat-
tery of studies are required to establish the environmental safety of the 
product. With difficult-to-test substances, discussed in OECD Guidance 
Document 23, it is sometimes necessary to use a low concentration of 
a solvent to maintain an adequate and stable supply of the test chemi-
cal throughout the study. Most regulatory test guidelines (TG) for such 
aquatic studies require both water and solvent controls when a solvent is 
used. The same concentration of the solvent is used in all concentrations 
of the test chemical and in the solvent control. An international team of 
scientists led by the European Commission Joint Research Centre and 
the International Council on Animal Protection, an OECD Programme 
is exploring whether both controls are needed in aquatic studies that use 
solvents. On ethical grounds, omitting an unneeded water control would 
reduce animal use. This presentation explores the justification for omit-
ting the water control in this and certain other TG studies. Large control 
databases of fish toxicity studies performed according to OECD regula-
tory TGs that used the solvent dimethylformamide (DMF) were analyzed 
to determine the variability of mortality responses in TG 203 and other 
types of responses in other test guidelines. These included databases (Oris 
et al. 2012) from earlier research related to TG 210, plus data not previ-
ously published, that contained full concentration-response data. These 
databases support previously published works and provide an adequate 
basis for extensive computer simulations to determine the ability under 
current test guidelines to detect or estimate biologically meaningful 
effects of the test chemical with both water and solvent controls and with 
only a solvent control. In addition, a critical understanding is developed of 
the usefulness of having two controls to determine study acceptability and 
what, if anything, is lost when only one control is included. The biologi-
cal, statistical, and regulatory concerns regarding the need for, and use of, 
both water and solvent controls in these studies are explored and evidence 
is presented to show that the omission of the water control is justified at 
least for some aquatic guideline studies. OECD TGs 203, 210, and 236 
will be discussed in detail. This work draws on and, in some instances, 
extends results from earlier papers.
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1.01.11 Evaluating Cross-Species Differences in Nuclear Receptor-
Ligand Interactions Using a Multiplexed In Vitro Bioassay
D.L. Villeneuve, G.T. Ankley, U.S. Environmental Protection Agency / 
Center for Computational Toxicology and Exposure; B.R. Blackwell, 
U.S. Environmental Protection Agency / Great Lakes Toxicology and 
Ecology Division; C.A. LaLone, U.S. Environmental Protection Agency / 
ORD/CCTE/Great Lakes Toxicology & Ecology Division; A. Medvedev, 
S. Makarov, Attagene; J. Doering, University of Lethbridge / Biological 
Sciences
Extracts of surface water from the Laurentian Great Lakes basin, and 
various locations across the United States have been shown to activate 
human peroxisome proliferator activated receptors (PPARs), retinoid X 
receptor beta (RXRb), and glucocorticoid receptor (GR). At present, iden-
tification of compounds responsible and their ecotoxicological relevance 
is complicated by reported differences between fish and humans regard-
ing sensitivity to certain PPAR and GR agonists. The aim of the present 
study was to evaluate cross-species differences in the in vitro sensitiv-
ity of vertebrate PPAR (α and γ), RXRb, and GR to selected ligands as 
well as environmental extracts. First, EPA’s SeqAPASS tool was used to 
strategically identify surrogate species representing the diversity of amino 
acid substitutions found in critical positions within the ligand binding 
domains of the proteins. For example, five types of PPARγ were identi-
fied, namely Type 1 (mammals; represented by Homo sapiens), Type 2 
(birds, reptiles, amphibians, ancient fish; represented by Xenopus laevis), 
Type 3 (most fish; represented by Oryzias latipes), Type 4 (salmonids; 
represented by Oncorhynchus mykiss), and Type 5 (Danio rerio). A novel, 
multiplexed assay was then developed to allow for simultaneous screen-
ing of the ability of a chemical or mixture to interact with the PPARα, 
PPARγ, GR, or RXRb of these five species. The assay was employed to 
screen 14 reference chemicals and over 60 environmental samples. The 
O. latipes-type PPARα was notably less sensitive to designed PPARα 
agonists (e.g., rosiglitazone and gemfibrozil). Type 3, 4, 5 PPARγ recep-
tors showed reduced sensitivity and differential selectivity compared with 
human PPARγ. For RXRb sensitivity varied among species but selectivity 
was broadly similar. Finally, while all species showed similar responsive-
ness to the reference GR agonist dexamethasone, the X. laevis type GR 
was considerably more responsive to a GR active surface water extract 
than the other species. The results suggest there are intrinsic differences 
in in vitro sensitivity and/selectivity of vertebrate GR and PPARs across 
species. Strategic selection of surrogate species that represent known 
diversity in receptor structure may be an efficient way to account for this 
variability when selecting in vitro screening assays for ecological hazard 
characterization or effects-based monitoring. The contents of this abstract 
neither constitute nor necessarily reflect USEPA policy.

1.01.12 Analyzing the Effects of Chlorpyrifos in Japanese Quail 
With Two Versions of the EcoToxChip
J.E. Naile, Shell Oil Company / Ecosystems Research Division; J. 
Bertucci, University of Saskatchewan / Toxicology Centre; E. Boulanger, 
J. Head, McGill University / Natural Resource Sciences; A.J. Masse, 
University of Saskatchewan / Toxicology; D. Crump, Environment and 
Climate Change Canada / National Wildlife Research Centre; N. Basu, 
McGill University / Faculty of Agricultural and Environmental Sciences; 
N.S. Hogan, University of Saskatchewan / Department of Animal 
and Poultry Science and Toxicology Centre; M. Hecker, University 
of Saskatchewan / School of the Environment & Sustainability and 
Toxicology Centre
The EcoToxChip project aims to develop quantitative polymerase 
chain reaction (PCR) arrays (EcoToxChips) and a data evaluation tool 
(EcoToxXplorer) for the characterization, prioritization, and manage-
ment of environmental chemicals and complex mixtures of regulatory 
concern. These tools will help end-users meet regulatory obligations by 
allowing them to quickly and reliably prioritize chemicals and complex 
environmental samples for additional toxicology testing, thereby increas-
ing the efficiency of their resource utilization, accelerating regulatory 
decisions and compliance determinations, while dramatically reducing 

testing costs and the number of animals utilized. This study was part of 
an inter-laboratory technical validation to compare two different versions 
– 96- and 384-well formats – of the Japanese quail (JQ) EcoToxChip. Test 
samples were derived from JQ adult liver samples following exposure, 
via gavage, to a corn oil solvent control or 10 mg/kg chlorpyrifos (CPF) 
for 4 days. RNA was collected from livers (n=5 technical replicates per 
treatment) and cDNA was prepared for evaluation using the two versions 
of the EcoToxChips. Analysis with EcoToxXplorer (www.ecotoxxplorer.
ca) indicates that of the total number of dysregulated genes (34 and 48 
in the 96- and 384-well EcoToxChips, respectively), 11 overlapped. Each 
biological process flagged was represented by a larger number of genes 
for the 384-well EcoToxChip, but both chip versions flagged – with a few 
exceptions (11/14) – the same biological processes (e.g. regulation of cell 
cycle, drug/antibiotic metabolism, steroid hormone signaling pathways, 
regulation of glucose metabolism, regulation of fatty acid metabolism). 
From a network perspective, the main difference between the two 
EcoToxChip versions was the number of relationships between processes. 
Hence more information on how CPF acts at a molecular level can be 
obtained with the 384-well, than with the 96-well EcoToxChip. Overall, 
both EcoToxChip versions showed the same information about the 
biological and molecular processes altered by CPF in JQ, although with a 
different level of detail.

1.01.13 Characterizing Changes in Molecular Toxicity Pathways of 
Fluoxetine in Adult Male Fathead Minnows (Pimephales promelas) 
Using a Multi-Omics Approach
C.D. Colville, A. Alcaraz, D. Green, A.J. Masse, B.J. Park, University of 
Saskatchewan / Toxicology Centre; J. Xia, O. Soufan, McGill University 
/ Faculty of Agricultural and Environmental Sciences; P. Hruṧka, D. 
Potesil, Z. Zdrahal, Masaryk University / Proteomics Core Facility - 
Central European Institute of Technology; D. Crump, Environment and 
Climate Change Canada / National Wildlife Research Centre; N. Basu, 
McGill University / Faculty of Agricultural and Environmental Sciences; 
N.S. Hogan, University of Saskatchewan / Department of Animal 
and Poultry Science and Toxicology Centre; M. Hecker, University 
of Saskatchewan / School of the Environment & Sustainability and 
Toxicology Centre
Fluoxetine (FLX) is the most common selective serotonin reuptake inhibi-
tor pharmaceutical used for the treatment of psychological disorders such 
as depression and anxiety. Increased prescription use of FLX by human 
populations has led to its pseudo-persistence in effluent-receiving water-
ways. Despite its emerging concern as a potential threat to the aquatic 
environment, there is currently limited information on effects of FLX 
on aquatic wildlife, including its specific mechanism of action and the 
associated toxicity pathways in fish. The main goal of this study was to 
identify and validate key molecular toxicity pathways that are predictive 
of apical endpoints induced by exposure to FLX using the fathead min-
now (Pimephales promelas), a model species common to North American 
freshwater systems. Adult fathead minnows were exposed to three nomi-
nal concentrations of FLX (7.81, 31.25, and 125 µg/L) and a control for 
21 days. After 96 hours, a subset of fish was sampled and liver and brain 
tissue were collected to characterize molecular toxicity pathways using 
whole transcriptome, whole proteome and targeted metabolomic analyses. 
In addition, at the end of the 21-day exposure, individuals were assessed 
for apical outcomes of regulatory relevance including histopathology, 
gross morphology, and fecundity. Throughout the duration of the 21-day 
exposure, the fish treated with the highest dose showed a significant 
decrease in fecundity, indicating that chronic FLX exposure could have 
implications for reproductive success. Differential gene expression analy-
sis revealed significant dysregulation of liver and brain transcripts in male 
fathead minnows that are associated with pathways involved in various 
biological processes such as protein transport and metabolic processes. 
Whole proteome and targeted metabolome analyses of the same fish 
are currently ongoing and will be integrated with whole transcriptome 
analysis to identify key biological processes affected by FLX exposure. 
Correlation analysis of physiological, histological and apical outcomes 
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with early molecular response patterns is ongoing with the goal being to 
establish molecular toxicity pathways that can be used to predict apical 
outcomes of FLX. This study is part of the EcoToxChip project (www.
ecotoxchip.ca).

1.01.14  EcoToxChip: A Toxicogenomics Tool for Chemical 
Prioritization and Environmental Management
N. Basu, McGill University / Faculty of Agricultural and Environmental 
Sciences; M. Hecker, University of Saskatchewan / School of the 
Environment & Sustainability and Toxicology Centre; D. Crump, 
Environment and Climate Change Canada / National Wildlife Research 
Centre; J. Head, McGill University / Natural Resource Sciences; N.S. 
Hogan, University of Saskatchewan / Department of Animal and Poultry 
Science and Toxicology Centre; J. Xia, McGill University Macdonald 
Campus / Institute of Parasitology; G.M. Hickey, McGill University / 
Faculty of Agricultural and Environmental Sciences; S. Maguire, The 
University of Sydney / Business School
Here we provide an overview of our Large-Scale Applied Research 
Program (LSARP) grant from Genome Canada that aims to develop, 
test, validate, and commercialize quantitative PCR arrays (EcoToxChips) 
and a data evaluation tool (EcoToxXplorer.ca) for the characterization, 
prioritization, and management of environmental chemicals and complex 
mixtures of regulatory concern. In Project Phase 1, EcoToxChips are 
being developed for common laboratory model species representing the 
most important vertebrate groups in ecological risk assessment (fish-
fathead minnow; bird-Japanese quail; amphibian-Xenopus laevis). Model 
species (adult and early-life stage, ELS) were exposed via standardized 
tests to 8 environmental chemicals representative of natural resource/
environment sectors of Canadian concern and also ones that impact a 
wide biological space (EE2, chlorpyrifos, benzo(a)pyrene, lead, fluox-
etine, selenomethionine, trenbolone, HBCD) (Activity 1). An integrative 
systems approach based on functional ‘omics (combined global transcrip-
tomic and proteomic profiling, targeted metabolome) and physiological 
analyses across levels of biological organization is being applied to 
characterize relevant toxicity pathways including adverse outcome 
pathways, AOPs (Activity 2); from this, and other resources, species-
specific EcoToxChips consisting of 384 environmentally-responsive genes 
of regulatory concern are being informed, built, tested, and optimized 
(Activity 3). EcoToxChip performance will be validated (and further 
optimized) through an inter-lab study with our collaborators (Activity 
4). Under Activities 5-7, knowledge from Phase 1 is being translated to 3 
native species (i.e., fish: rainbow trout; bird: double-crested cormorant; 
amphibian: Northern leopard frog). EcoToxXplorer.ca provides intuitive 
bioinformatics support and is modeled upon our successful cloud-based 
tools (metaboanalyst.ca). To position the team advantageously with regard 
to the commercialization and institutionalization of the deliverables, our 
GE3LS research will produce and leverage social science knowledge 
about the phenomenon of “institutional entrepreneurship”. The anticipated 
socioeconomic benefits associated with the adoption of our deliverables 
include, more focused animal testing, improved regulatory decision-
making, and cost-efficiencies. Here we provide a 48 month update of our 
project (www.ecotoxchip.ca).

1.01.15  Species-Specificities in Endocrine Activities of Surface 
Water Collected in the Great Lake Tributaries Via Nuclear Hormone 
Receptors
S. Kohno, St. Cloud State University / Biology; H.L. Schoenfuss, St. Cloud 
State University / Aquatic Toxicology Laboratory
To date, researchers have mostly focused on model toxicological spe-
cies such as the fathead minnows and bluegill sunfish. However, we little 
know the impact of contaminants of emerging concern (CECs) on other 
aquatic organisms in the Great Lake Tributaries. It is often not feasible 
to directly assess the impacts of CECs on these species due to the natural 
history of the species with long life spans (for example the Lake sturgeon) 
or because their conservation status precludes disturbances that would 
be associated with direct study (for example many mussel species). The 

objective of this project is, therefore, to develop and assess a multi-species 
trans-activation in vitro that allow for the assessment of differences in 
species sensitivity to CECs without the need of organismal approaches. 
This approach is useful, especially in endangered or threatened species. 
Utilizing a long-read transcriptomic analysis, we have identified 14 and 
3 nuclear hormone receptors in hepatic RNA of the Lake sturgeon and 
hepatopancreatic RNA of freshwater mussels, respectively. In hepatic 
RNA of the Lake sturgeon, we identified nuclear receptors for estrogen, 
androgen, thyroid hormone, vitamin-D3, peroxisome proliferator-acti-
vated, and others. Lake Sturgeon significantly expressed estrogen receptor 
1 (esr1) in gonad and the inferior lobe of the brain, androgen receptor 
(ar) in the gonad, and thyroid hormone receptor-β (thrb) in the cerebrum, 
eye, Inferior lobe, and olfactory bulb. We reproduce these expression 
profiles in a trans-activation assay in vitro so that we can reconstruct 
tissue-specific responses of nuclear hormone receptors. We also analyzed 
three isotypes of nuclear estrogen receptors (LMB Esr1, 2a, and 2b) in the 
largemouth bass using ESR-selective agonists for mammals. The endog-
enous estrogen and ESR2-selective agonists activated the transcriptions 
via LMB Esr1, whereas ESR1-selective agonist did not activate LMB 
Esr1. All ESR-selective agonists activated the transcriptions via both 
LMB Esr2a and 2b as expected. These results suggested the importance 
of the ESR subtype to assess the estrogenicity in environmental samples. 
Indeed, the estrogenicity of the surface water collected at the Great Lake 
tributaries showed a significant difference among the ESR subtypes and 
species. Therefore, we need to investigate a diversity of receptors and spe-
cies for the risk and hazardous assessments in wildlife and human.

1.01.16  Developmental Toxicity of Zebrafish Embryo/Larvae With 
PHMG-P: A Phenotypic and Genotypic Approach
K. Eghan, Korea Institute of Toxicology / Predictive Toxicology; J. Song, 
Korea Institute of Toxicology; S. Lee, J. Park, S. Yoon, Korea Institute of 
Toxicology / Predictive Toxicology; W. Pimtong, National Science and 
Technology Development Agency Thailand / Nanotechnology Centre; W. 
Kim, Korea Institute of Toxicology / Predictive Toxicology
Polyhexamethylene guanidine-phosphate (PHMG-P), a guanidine-based 
cationic antimicrobial polymer, is an effective antimicrobial biocide, 
potent even at low concentrations. Due to its resilient bactericidal proper-
ties, it has been used extensively in consumer products. It was safely used 
until its use in humidifiers led to a catastrophic event in South Korea. 
Epidemiological studies have linked the use of PHMG-P as a humidi-
fier disinfectant to pulmonary fibrosis. However, little is known about its 
harmful impacts except pulmonary fibrosis. Thus, we applied a zebrafish 
embryo/larvae model to evaluate developmental and cardiotoxic effects 
and transcriptome changes using RNA-sequencing. Zebrafish embryos 
were exposed to 0.1, 0.2, 0.3, 0.4, 0.5, 1, and 2 mg/L of PHMG-P from 3 
h to 96 h post fertilization. 2 mg/L of PHMG-P resulted in total mortal-
ity and an LC50 value at 96 h was determined at 1.18 mg/L. Significant 
developmental changes were not observed but the heart rate of zebrafish 
larvae was significantly altered. In transcriptome analysis, immune and 
inflammatory responses were significantly affected similarly to those in 
epidemiological studies. Our qPCR analysis (Itgb1b, TNC, Arg1, Arg2, 
IL-1β, Serpine-1, and Ptgs2b) also confirmed this following a 96-hour 
exposure to 0.4 mg/L of PHMG-P. Based on our results, PHMG-P might 
induce lethal and cardiotoxic effects in zebrafish, and crucial transcrip-
tome changes were linked to immune and inflammatory response.

1.01.17  Near- vs. Far-Shore Fuel Oils: A Comparison of 
Transcriptomic Responses Using the Caudal Fin as a Non-Lethal 
Alternative to Detecting Health Impacts
J. Imbery, University of Victoria / Biochemistry and Microbiology; C. 
Buday, R.C. Miliano, D. Shang, H. Kwok, G. van Aggelen, Environment 
and Climate Change Canada / Pacific Environmental Science Center; 
C.C. Helbing, University of Victoria / Biochemistry & Microbiology
Effective tracking and management of an oil spill are crucial to mitigat-
ing deleterious effects on fish. Transcriptomic biomonitoring of sentinel 
animals can be a powerful tool for assessing local environmental impact, 
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however, traditional methods require lethal sampling of the fish that are 
to be protected. The present study evaluates the salmonid caudal fin 
transcriptome as a non-lethal alternative to liver sampling in demonstrat-
ing salmon biological response to oil spill exposure. Here, we conducted 
96-hour non-lethal exposures with juvenile coho salmon to either a seawa-
ter control or seawater accommodated fraction (seaWAF) generated with 
1000 mg/L of near-shore low sulfur marine diesel (LSMD) or off-shore 
high sulfur fuel oil (HSFO). SeaWAFs from each oil type are character-
ized by the sum of 50 known polycyclic aromatic hydrocarbons (PAHs) 
and alkylated-PAHs (TPAH-50) and measured using gas chromatography/
triple quadrupole mass spectrometry. We performed RNA-Seq on paired 
caudal fin and liver tissues collected from genetically confirmed male and 
female individuals from each exposure condition (n=5). Having previ-
ously analyzed the LSMD RNA-Seq results, this work focusses on the 
HSFO seaWAF and a comparison between the near- and far-shore fuel 
exposures. HSFO seaWAF exposure concentrations were a median of 
635.4 µg/L TPAH-50, which is 22.7-fold greater than LSMD. RNA-Seq 
of the HSFO seaWAF exposure resulted in 11,864 and 7,229 differentially 
expressed genes (DEGs) in the female and male livers, respectively, and 
10,119 and 2,125 DEGs in the caudal fin (20-fold more DEGs than LSMD 
in each group). In both exposures, males and females exhibited unique 
responses regardless of tissue indicating a sex-biased response to these 
seaWAF exposures. Thirty-three transcripts were differentially expressed 
in all caudal fin samples and only nine transcripts in all liver samples 
and common to LSMD and HSFO exposures. Of these, six transcripts 
encoded cytochrome p450 and UDP-glucuronosyltransferase enzymes 
representing a conserved response of xenobiotic processing. Overall, 
HSFO seaWAF appears to have a greater impact on exposed salmon than 
LSMD, and the response between exposures is more consistent between 
the caudal fin samples than liver. This consistency in response despite 
vastly different oil exposures is promising for use of the caudal fin as 
a non-lethal alternative for assessing and tracking oil spill exposure in 
marine environments.

1.01.18  An Adverse Outcome Pathway of Acetylcholinesterase 
Inhibition Leading to Neurodegeneration for Chemical Toxicity 
Assessment
K. Conrow, Arizona State University; D. Raldua, Institute of 
Environmental Assessment and Water Research (IDAEA), Spanish 
Research Council (CSIC) / Department of Environmental Chemistry; N. 
Garcia-Reyero, U.S. Army Engineer Research and Development Center; 
K.H. Watanabe, Arizona State University / School of Mathematical and 
Natural Sciences
Developing alternatives to animal testing requires a variety of novel tools 
and methods, many of which benefit from using big data and user-driven 
tools. One tool that supports alternatives to animal toxicity testing is the 
adverse outcome pathway (AOP). An AOP provides a qualitative under-
standing of vital mechanisms of action starting with a molecular initiating 
event and ending with an adverse outcome at the cellular, organism or 
population levels. Acetylcholinesterase inhibition is a molecular initiating 
event that affects a wide variety of processes in the central nervous sys-
tem and at neuromuscular junctions in vertebrate species. Environmental 
chemicals that affect acetylcholinesterase include organophosphate and 
carbamate pesticides as well as some nerve agents. To identify the key 
events involved in acetylcholinesterase inhibition leading to neurodegen-
eration for chemical toxicity testing, we developed an AOP and made it 
available in the AOP Wiki (aopwiki.org #281). We collected and reviewed 
over 300 papers related to any of the nine AOP key events and supple-
mental information needed to construct and support the nine key event 
relationships. This AOP builds upon existing information (e.g., key event 
descriptions) in the AOP Wiki and includes new key events and key event 
relationships. We found strong qualitative evidence for this AOP, provid-
ing a biological rationale for the key event relationships. However, during 
development we noted a limited number of studies reporting measured 
data that can be used to develop a quantitative AOP. A significant chal-
lenge to quantitative AOP development is that experimental studies rarely 

measure multiple key events, though it is desirable to have these data sets 
to evaluate predictive ability. This presentation focuses on the process of 
preparing the AOP for the AOP Wiki, highlights the benefits and chal-
lenges of its design from a user’s perspective, and reviews what data are 
needed to construct predictive, quantitative AOPs.

1.01.19 Development and Validation of Cardiomyocytes, 
Hepatocytes, and Osteoblasts Cell Lines From the Euryhaline Fish 
Model Species Menidia beryllina
C. Markgraf, Oregon State University; E.I. Pederson, Oregon State 
University / Department of Fisheries and Wildlife; S. Hutton, Oregon 
State University / Environmental and Molecular Toxicology; P. Chappell, 
Oregon State University / Biomedical Sciences; J.W. White, Oregon 
State University / Department of Fisheries and Wildlife; K.L. Armbrust, 
Louisiana State University / Environmental Sciences College of the 
Coast and Environment; S.M. Brander, Oregon State University / 
Environmental and Molecular Toxicology
Estuaries play a crucial role in ecosystems, as fish and animals rely on 
them for safe breeding grounds, sources of food, and migration stopovers. 
Pesticides, fungicides, and herbicides can make their way into estuar-
ies through improper waste management or via waterways, and have 
unintended side effects on wildlife living in the estuaries. Fish are one 
such taxa that can be greatly affected due to agricultural runoff because 
pesticides and other chemicals in runoff can have detrimental effects on 
reproduction, growth, and swimming behavior. Fish living in brackish 
water may have high exposure to chemicals in runoff since they uptake 
more water to remain isotonic. Inland silversides (Menidia beryllina) 
reside in brackish estuaries and are frequently used in chronic expo-
sure studies, one of two marine species approved for the Environmental 
Protection Agency’s (EPA) Whole Effluent Toxicity Testing. Marine 
toxicological studies are challenging because salinity alters the solubil-
ity of certain chemicals. There are few reliable benchmarks for pesticide 
toxicity levels in saltwater, and use of high fish numbers for exposures 
is discouraged, thus accurate risk assessment is difficult to achieve. 
Therefore, if cell lines from a marine fish such as the silverside can be 
created, they can be exposed to various concentrations of pesticides to 
identify baseline toxicity concentrations. Tissues from M. beryllina were 
cleaned of background contamination (e.g. yeast) with a brief soak in eth-
anol and 5% sodium hypochlorite prior to being plated with L-15 media + 
10% FBS. Media was replaced every two to three days. The explants were 
centrifuged with trypsin and collagenase and replated. When a monolayer 
of cells was visible under a light microscope the cells were immortalized 
using a viral vector. A viral vector was used for more specificity that is 
not offered with spontaneous immortalization. Cell lines will be exposed 
to internally-determined concentrations in concomitantly-exposed larval 
fish and embryos. Baseline in vivo toxicity data will allow for more accu-
rate in vitro experiments and policy decisions. This is important due to 
rapidly changing climates which can have adverse effects on estuaries and 
brackish fish species. In addition, this will lower the number of fish and 
costs associated with in vitro toxicology studies.

1.01.20 Evaluation of the Sensitivity of Three Rainbow Trout Cell 
Lines (RTgill-W1, RTgutGC, and RTL-W1) to Copper and Lead: 
Role of Medium Composition
J. Scott, Oklahoma State University / Integrative Biology; C. Francois, 
C. Oliver, Oklahoma State University; M. Minghetti, Oklahoma State 
University / Integrative Biology
Recently, it was demonstrated that cellular effects in fish cell lines corre-
late significantly to lethality in fish. This led to the approval of the fish gill 
cell line RTgill-W1 bioassay (ISO 21115:2019) as a valid alternative to the 
use of fish for acute fish toxicity testing (OECD 203). However, to create 
an accurate representation of the whole organism, multiple tissue types 
should be incorporated into current cytotoxicity methods. Thus, the phys-
iochemical properties of chemicals and their mode of action can be more 
representationally measured like the in vivo counterpart. Additionally, 
manipulation of the exposure medium is necessary to prevent osmotic 
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stress in cells and maintain the chemical’s bioavailability. Therefore, as a 
proof of principle, our study aimed to understand if three cell lines from 
rainbow trout (Oncorhynchus mykiss) derived from the liver (RTL-W1), 
gut (RTgutGC), and gill (RTgill-W1) showed differences in sensitivity 
to copper and lead. RTL-W1 cells were more tolerant to copper toxicity 
in comparison to RTgill-W1 and RTgutGC based on the geometric mean 
of three toxicity endpoints (i.e metabolic activity, membrane integrity, 
and lysosomal integrity). Lead did not induce toxicity in any of the cells 
likely due to the formation of solid precipitates resulting in a reduction of 
lead bioavailability. Further studies will focus on medium modifications 
to represent more environmentally relevant exposure scenarios aimed at 
increasing metal bioavailability Moreover, the molecular underpinning 
of RTL-W1 tolerance will be evaluated by measuring metallothionein 
mRNA levels in all cells exposed to identical doses of copper and lead.

1.01.21 Comparing the Cytotoxicity of Chlorpyrifos and 
Chlorpyrifos-Oxon in Human Cell Lines with Different Metabolic 
and Transporter Capacities
S. Goldar, University of Saskatchewan / Toxicology Centre; E. Viczko, 
University of Saskatchewan / Department of Animal and Poultry Science; 
N.S. Hogan, University of Saskatchewan / Department of Animal and 
Poultry Science and Toxicology Centre
In recent years, there have been considerable efforts in developing 
alternative toxicity testing methods using human cell lines in order to 
understand and predict of toxicity of environmental chemicals on target 
organ systems. Cell lines are indeed valuable tools for investigating 
chemical-specific molecular/cellular perturbation(s) and characterising 
dose-dependent responses that lead to organ-specific adverse outcomes. 
However, there is often little consideration of their distinct baseline levels 
or inducibility of drug metabolizing enzymes and transporters and how 
they influence chemical toxicity thresholds in specific cell lines. We will 
use the organophosphate, chlorpyrifos (CPF), as a model compound and 
environmental chemical of concern to compare cytotoxicity responses 
across three human cell lines and whether their sensitivity can be attrib-
uted to cell-specific biotransformation and transporter characteristics. We 
will first determine cytotoxicity thresholds for CPF as well as it’s active 
toxic metabolite, CPF-oxon, in three commonly used transformed human 
cell lines: HepG2 (liver-derived hepatocyte) Caco-2, (colon-derived epi-
thelial cell) and HK-2 (kidney-derived proximal tubular cell). Making use 
of this cytotoxicity data, non-cytotoxic concentrations of CPF and CPF-
oxon will then be applied to the cells over various time points to evaluate 
and compare both basal expression as well as inducibility of cytochrome 
P450 (CYP) enzymes and xenobiotic transporters genes with exposure. It 
is anticipated that this work will be followed up with functional studies to 
determine the specific contribution of enzymes and transporters to CPF-
induced toxicity in different cell lines. This research will provide insight 
into mechanisms underlying cell-specific toxicity responses in human cell 
lines which will aid in the interpretation and extrapolation of in vitro data 
to in vivo condition.

1.01.22 Comparative Cytotoxicity of Parabens and Chlorinated 
Byproducts on Human, Duck and Fish Cell Lines
A. Ball, R. Lavado, Baylor University / Environmental Science
As recently as 2016, there has been evidence of the legacy contaminants 
parabens and their metabolites accumulating in wildlife species includ-
ing birds, trout and bears but it has been known since the 70s that these 
compounds were capable of inducing cytotoxicity as a result of alteration 
of mitochondrial membrane permeability in mammalian hepatocytes. It 
is also now known that some forms of wastewater treatment are trans-
forming parabens into their chlorinated byproducts. Now that research 
in alternative animal methods have produced a wider variety of cell lines 
derived from non-mammalian species, further toxicological comparative 
studies are possible evaluating the effects of paraben cytotoxicity. This 
study aims to comparatively evaluate the cytotoxicity of parent compound 
parabens (methyl-, ethyl-, and propyl) and chlorinated parabens (methyl- 
and ethyl-) for cytotoxicity in three cell lines: HepaRG (human liver cells), 

RTL-W1 (rainbow trout liver), and CCL-141 (Pekin duck embryo cells) 
over a 24 hr and 96 hr timescale. This study is ongoing and is the first 
comparative study to examine the toxicity of these compounds on these 
three in-vitro systems. The results will help to inform further risk analysis 
regarding these compounds and their potential for harm.

1.01.23 Measurement and Comparison of Plasma Protein Binding, 
Fraction Unbound (Fu), Using Plasma From Humans, Rats, and 
Rainbow Trout
S.G. Lynn, U.S. Environmental Protection Agency / Office of 
Science Coordination and Policy; I.R. Schultz, NOAA / ORR/CPRD; 
B.A. Wetmore, U.S. Environmental Protection Agency / Center 
for Computational Toxicology and Exposure; S.R. Matten, U.S. 
Environmental Protection Agency / Office of Science Coordination and 
Policy; S.R. Black, RTI International / Discovery Sciences
The USEPA established the Endocrine Disruptor Screening Program 
(EDSP) to screen certain substances for an effect in humans or wild-
life that disrupts the estrogen, androgen or thyroid pathways. There is 
a growing demand to reduce the need for and use of animal testing in 
chemical safety risk assessments, so the EDSP conducted in vitro plasma 
protein binding experiments to collect chemical and species-specific 
data for use in in vitro to in vivo extrapolation models. Plasma protein 
binding, calculated as fraction unbound (fu), was measured using Rapid 
Equilibrium Dialysis devices with plasma from humans (H), rats (R) or 
rainbow trout (T) with a 4 hour incubation time. A total of 54 chemicals 
were tested across three species (119 chemical-species combinations) at 
two concentrations (1 and 10 µM) producing 238 datasets. Mass balance 
controls for chemical plasma stability and dialysis system recovery were 
used to evaluate the datasets. Applying cutoffs of < 50 and >150% for 
both controls removed 46 datasets. For 93 of the remaining 192 datasets, 
concentrations were less than the analytical limit of quantitation (LOQ), 
so the LOQ was used to calculate an estimated fu (efu) value. The remain-
ing 99 datasets underwent further analyses to generate a single quantified 
fu (qfu) value for each chemical-species combination. Five chemicals 
(3,3’,5,5-tetrabromobisphenol A, 4-n-nonylphenol, dicumyl peroxide, 
hexaflumuron, triclocarban) had efu values < 0.01 in all three species, 
indicating conserved high plasma binding. Fenthion in rat plasma had the 
lowest efu (Refu< 0.0001) and 4,4’-sulfonylbis [2-(prop-2-en-1-yl) phenol] 
in trout plasma had the lowest qfu (Tqfu =0.0003). Only 4 chemicals 
(4-nitroaniline, trimethyl phosphate, dapsone, atrazine) had qfu values 
≥0.1 across multiple species. Of the 18 chemicals with qfu values in mul-
tiple species, trout plasma qfu values were higher in only 2 (zearalenone, 
2,2’,4,4’-tetrahydroxybenzophenone) of the 12 chemicals with trout data. 
Rat plasma had the highest qfu values in 13 of 15 chemicals with qfu val-
ues across multiple species. 1,3-benzenedicarboxylic acid (Rqfu=0.3140; 
Hqfu=0.0841), picoxystrobin (Rqfu=0.0232; Hqfu=0.0072) and 4,4’-sulfo-
nylbis [2-(prop-2-en-1-yl) phenol] (Rqfu=0.0029; Tqfu=0.0003) showed the 
greatest differences in qfu values between species. Preliminary analy-
ses indicate a strong relationship between qfu and up to logKow 5. This 
abstract should not be construed to represent any Agency determination 
or policy.

1.01.24 Environmental Risk Assessment of a Small Molecule 
Pharmaceutical Product Using an Alternative Approach
F. Liu, Takeda; B. Felice, S. Ottinger, D. Simic, Takeda Pharmaceutical 
Company Limited
To register a pharmaceutical product, an environmental risk assessment 
(ERA) is required to evaluate the environmental safety of the active phar-
maceutical ingredient (API). For small molecule pharmaceutical products, 
if its environmental concentration exceeds the regulatory action limit 
or the API has special concerns, time-consuming and expensive envi-
ronmental fate and effect testing is required. The desired pathway is to 
seek scientifically robust rationales to waive the testing need. To register 
a small molecule pharmaceutical product to US FDA, an ERA was per-
formed. The expected introduction concentration (EIC) was determined 
to be significantly lower than the action limit. However, the API has been 
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shown to have developmental and reproductive toxicity in animal models. 
There are no such data available in aquatic organisms. To evaluate the 
endocrine disruption potential of the API, the following assessments were 
performed, (1) the API metabolism in patients, (2) the plasma level of the 
API and its structural analogs in fish, and (3) risk characterization of the 
API. The API is subject to considerable first-class metabolism (80-90%) 
to two major metabolites which are not expected to be endocrine disrup-
tors in the human body with a short half-life. Additionally, the API was 
not detected in urine and not likely to be present in feces. Therefore, the 
API is anticipated to pose minimal concern for endocrine disruption. The 
EIC of the API is orders of magnitude lower than the baseline plasma 
level of the API and its structural analogs in fish. Additionally, the API 
is not expected to be bioaccumulative. As a result, the concentration 
associated with the EIC is not expected to cause adverse effects in fish. 
A Fish Plasma Model was used to assess whether the API present in the 
environment is likely to cause adverse effects to fish. It was found that 
the negligible increase of the API plasma level is not expected to cause 
toxicological effects in fish. Based on the human metabolism profile of 
the API, the extremely low EIC, the predicted API level being well below 
the normal range of the API and its structural analogs in fish plasma, 
and safety assessment from the API bioavailability in fish plasma, it was 
determined that environmental exposure to the API is fully in compliance 
with the FDA’s requirement for categorical exclusion without extraor-
dinary circumstances, and therefore an exemption of an environmental 
assessment was granted.

1.01.25  Assessment of the Confidence of a Novel In Silico 
Classification Scheme for Environmental Toxicology
M.T. Cronin, Liverpool John Moores University / School of Pharmacy 
and Biomolecular Sciences; F. Bauer, KREATiS; D. Ebbrell, J. 
Firman, Liverpool John Moores University / School of Pharmacy and 
Biomolecular Sciences; S. Gutsell, G. Hodges, J. Roberts, Unilever 
Research / Safety and Environmental Assurance Centre SEAC; M. 
Sapounidou, N. Spinu, Liverpool John Moores University / School 
of Pharmacy and Biomolecular Sciences; P. Thomas, KREATiS / 
Ecotoxicology and Risk Assessment
In silico classification schemes are used in the risk assessment of the 
environmental effects of chemicals to group compounds, especially for 
the application of quantitative structure-activity relationships. Recently, 
a novel scheme has been proposed that extends previous schemes e.g. 
Verhaar and Russom. The novel scheme is based on the known mecha-
nisms of action, species specificity and is associated to the molecular 
initiating event (MIE) as defined in the Adverse Outcome Pathway 
(AOP) framework. As such, it has integrated and extended the existing 
schemes. The scheme classifies chemicals on the basis of chemical struc-
ture alerts into a mechanistic class associated with defined chemistry and 
species. Over 50 mechanisms were broken down into one of three broad 
classifications covering non-specific effects, chemistry-based reactivity 
and specific biological mechanisms. An approach to evaluate the struc-
tural alerts within the scheme has been developed assigning levels of 
uncertainty to different aspects of the alerts including their description, 
domain, mechanistic relevance, performance and coverage. The overall 
assessment provides a score for the confidence in individual alerts. The 
evaluation of confidence demonstrated areas where the structural alerts 
required further definition and supporting evidence. Generally, alerts 
for specific toxicities are well defined but with very limited coverage 
of the chemical space. Alerts for narcosis are very general with higher 
coverage, however, the precise initiating event is less well known. The 
analysis has also highlighted the need for an understanding of the use 
case scenarios for alerts. For example, different characteristics of alerts 
are required for the direct prediction of toxicity for application in risk 
assessment as opposed to those required to support grouping leading to 
read-across. This approach to assessing the confidence of a structural 
alert can be applied broadly in in silico toxicology to improve predictions 
for data gap filling.

1.01.26 Developing Models to Estimate Acute Species Sensitivity 
Distributions Using Ecotoxicity Data for Three Species
K. Sorgog, Y. Iwasaki, National Institute of Advanced Industrial Science 
and Technology (AIST) Japan / Research Institute of Science for Safety 
and Sustainability
In ecological risk assessment, estimation of species sensitivity distribu-
tion (SSD) is widely used to derive predicted no effect concentration 
(PNEC) of chemical substances. Obtaining reliable toxicity data for mul-
tiple species (e.g., not less than eight species) for the estimation of SSD is 
not an easy task and, this data requirement limits its use. To address the 
data-demanding issue, we aimed to develop models for estimating mean 
and standard deviation (SD) of acute SSDs by using ecotoxicity data for 
three species. SSDs were derived for over 70 chemicals based on acute 
toxicity data (e.g., EC50) collected in initial environmental risk assess-
ments of chemicals performed by the Ministry of Environment, Japan. We 
selected best models to estimate mean and SD of the SSDs by including 
mean and SD of three species ecotoxicity data as predictors and evaluated 
their model predictions.

1.01.27 Can We Reasonably Predict Chronic Species Sensitivity 
Distributions from Acute Species Sensitivity Distributions?
K. Hiki, National Institute for Environental Studies / Center for Health 
and Environmental Risk Research; Y. Iwasaki, National Institute of 
Advanced Industrial Science and Technology (AIST) Japan / Research 
Institute of Science for Safety and Sustainability
Estimation of species sensitivity distributions (SSDs) is a promising way 
to estimate the concentration of a chemical that is hazardous for 5% of 
species (HC5) and thus to derive a “safe” concentration. Here, we exam-
ined whether we can reasonably predict chronic SSDs from acute SSD by 
analyzing log-normal SSDs of 177 chemicals. Chronic SSD means were, 
on average, 10 times lower than acute SSD means. Thus, we suggest that 
in screening-level ecological risk assessments, the chronic SSD mean 
can be conservatively estimated by multiplying the acute SSD mean by a 
factor of 0.01. The standard deviations (SDs) of acute and chronic SSDs 
closely overlapped. Our detailed analysis suggests that the acute SSD SD 
can be used as an initial estimate of the chronic SSD SD if the number of 
tested species is ≥10. The HC5 of chronic SSDs was, on average, 10 times 
lower than the acute SSD HC5. We suggest that multiplication of the acute 
HC5 by a factor of 0.1 is a defensible way to obtain a first approximation 
of the chronic HC5, particularly when relative ecological risks of chemi-
cals are being evaluated.

1.01.28  Reducing, Replacing, and Refining Aquatic Vertebrate 
Testing in the Identification of Endocrine Disruptors
M.R. Embry, Health and Environmental Sciences Institute (HESI); N. 
Burden, NC3Rs
Various regulations are starting to require that endocrine disrupting 
properties be investigated as part of the safety assessment process, which 
can include conducting new vertebrate tests for substances already on 
the market. Different jurisdictions are utilising different approaches. 
However, all share common themes of testing for endocrine activity and 
adverse effects. Testing for activity usually involves in vitro and in vivo 
assays on selected endocrine pathways. For environmental risk assess-
ment, these assays can be performed in various animal species including 
mammals, amphibians and fish. Results indicating that an endocrine 
mechanism may be present can trigger higher-tier in vivo assays, which 
can provide data on adverse effects on endocrine-relevant endpoints over 
more extensive parts of the life cycle. Higher tier assays are very animal 
and resource-intensive and technically challenging. In February 2020, the 
NC3Rs and HESI hosted a workshop on “Investigating endocrine disrupt-
ing properties in fish and amphibians: Opportunities to apply the 3Rs”. 
Over 50 delegates attended from North America and Europe, across aca-
demia, consultancies, regulatory agencies and industry. Challenges and 
opportunities in applying refinement and reduction approaches within the 
current animal tests, and in utilising replacement approaches - including 
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in silico, in vitro and embryo models were discussed. Steps needed to 
apply 3Rs approaches were also identified. Workshop discussions led to 
two main follow-up initiatives aimed at advancing the field. The first is 
aimed at reviewing and discussing existing in vivo fish and amphibian 
tests, which are often the ‘gold standard’ tests to which any new alterna-
tive methods are compared. This work is focused on analysis of historical 
control data to evaluate test performance, validity criteria, and strengths 
and weaknesses. In addition, it will provide an objective discussion of the 
in vivo tests that will link to alternative assay development and validation. 
The second effort is developing a scientific and technical summary of 
existing or under-development new approach methodologies (NAMs) that 
are available to evaluate estrogen, androgen, thyroid, and steroidogenesis 
activity in fish and amphibians. The goal is to develop a common set of 
parameters to evaluate NAMs and identify gaps where additional method 
development is needed. This poster will provide an overview of the work-
shop discussions and ongoing efforts.

1.01.30  Proteomics and Embryos: How Much Is Enough?
L.M. Langan, B.W. Brooks, Baylor University / Department of 
Environmental Science
Animal testing has been the cornerstone for safety assessments in 
biological research in general and biomedical studies in particular for 
decades, but fish embryos such as the OECD 236 method are slowly 
replacing whole animal studies. Concurrent to the increase in embryo 
testing has been a parallel increase in high-throughput omics base 
methods. Increases in omics studies offers unparalleled access to study 
early molecular responses in organisms in response to environmental 
stressors. However, while significant efforts have been made to reduce 
animal usage in toxicity testing, it is not readily applied in omics studies. 
For zebrafish, there is significant disparity in embryos used per treatment 
ranging from 30-300 embryos per replicate, which is also represented 
in other aquatic studies. Fundamentally, it is unknown if any difference 
exists between starting quantity and whether reducing animal numbers 
in experiments gives comparable results. Thus, this study establishes for 
the first time, whether differences exist between initial embryo number 
and the total number of proteins identified without exposure to treatments 
in order to establish baseline comparability. Zebrafish (Danio rerio) and 
fathead minnow (Pimephales promelas) larvae were collected and pooled 
(based on species) into samples of 5-50 (n = 5-8). Protein (100 µg) was 
extracted using a modified FASP method for standardization and quality 
confirmed using SDS-PAGE. Proteins were separated using a quadrupole 
time-of-flight (Q-Tof) Synapt G2 MS (DIA or MSe method). Signal was 
extracted using DIA-Umpire, and proteins identified using a combination 
of search engines (Comet, ! XTandem, Myrimatch and MS-GF+). Unlike 
zebrafish, which has a well curated proteome, minimum information on 
the proteome of fathead minnow (currently 17 reviewed) was available, 
thus the fathead minnow spectra was searched against a Cypriniformes 
database. Irrespective of starting material, there was significant overlap in 
protein identification irrespective of starting material and species. Animal 
alternatives, such as the FET assay, play an important role in reducing 
whole animal studies, but it is important when developing and advanc-
ing these efforts that we do not needlessly use more animals then the 
experiment and method employed requires. Whereas this study focuses on 
proteomics, our observations may also have broader implications for other 
omics based approaches.

1.01.31  High-Throughput Quantification of Daphnia magna 
Hopping Mechanics Is a Novel Predictor of Individual and 
Population-Level Behavioral Stress
D. Arndt, F. Lambert, University of Florida / Physiological Sciences; D.L. 
Cucchiara, University of Florida / Center for Environmental & Human 
Toxicology; C. Vulpe, University of Florida / Physiological Science
Daphnia magna move in the water column using a hopping movement 
that is measurable and multiparametric. Although Daphnia hop-
ping movements are sensitive to environmental stressors, they are not 
frequently used for toxicity testing because data acquisition involves 

time-consuming manual documentation of the hops from a recorded video 
tape, and data sets are often limited to the evaluation of a few individu-
als over a short period of time. In this work, the Daphnia hop was broken 
into three phases (stroke, apex, sinking) and a model for the Daphnia 
Vertical Swimming Curve (VSC) was derived from manual observation 
of Daphnia hops. The VSC model was used to inform the high-throughput 
analysis of individual and population level hopping mechanics with 
a novel infrared tracking system and speed categorization software. 
Infrared tracking of individual tracks revealed that control Daphnia 
spend most of their time “hopping in place” (hip-hop tracks). Control 
Daphnia also spend some time “hopping and zooming” (haz-hop tracks), 
which is a movement that is characterized by more secondary appendage 
beats per second. Infrared tracking of control and heat stressed Daphnia 
populations revealed that control Daphnia populations move primarily by 
hip-hopping and heat stressed populations beat their secondary append-
ages approximately 1.3 more times than control populations. Preliminary 
work investigating immobilization by infrared tracking highlights the 
potential for the high-throughput quantification of population-level 
immobilization, including the onset of immobilization where individu-
als are still moving in the water column. Although organism behavior 
is not currently standardized by regulatory bodies, the high-throughput 
quantification of Daphnia hopping mechanics provides a more sensitive 
and informative metric for chemical toxicity testing.

2. Deepwater Horizon Oil Spill - Ten Years Later: 
What Have We Learned About Wildlife Impacts and 
How Do We Proceed?
1.02.01  Where Are the Exposure Estimates? A Search for Oral 
Ingestion Rate Data to Interpret and Design Experiments on Avian 
Petroleum Toxicity
M.D. King, T. Williams, Simon Fraser University / Department of 
Biological Sciences; J.E. Elliott, Environment and Climate Change 
Canada / Science and Technology Branch Ecotoxicology and Wildlife 
Health Division
Crude oil and other petroleum types that birds may ingest can cause sys-
temic toxicity, often in addition to the physical effects of plumage fouling. 
Since the first avian studies in the 1960s, scores of oral dosing experi-
ments have sought to describe the thresholds and effects of petroleum 
toxicity. Despite those many studies, data quantifying the amount or rate 
of oral ingestion expected in wild birds remain extremely limited, a fact 
recognized during a recent review of the literature. The systematized 
literature review we conducted was on the effects of crude and refined 
petroleum exposure in avifauna. It used optimized search terms in two 
databases to find English language, peer-reviewed research articles from 
1993 to 2020, then screen and evaluated those works and the works cited 
therein. As part of this review, we identified over 10 oral dosing trials with 
bulk petroleum and their many resulting publications, yet only a single 
paper that provided a new estimate of oral ingestion rate. An examination 
of pre-1993 works yielded only one other study estimating ingestion rate. 
Those two respective studies were of very limited scope but indicated that 
birds may ingest up to 3.3 ml kg-1 bw d-1 from preening and up to 0.14 ml 
kg-1 bw d-1 from contaminated prey. Recent oral dosing studies, on the 
other hand, routinely employed rates ranging up to 20 ml kg-1 bw d-1 or 
more. Thus, refined and broadly relevant estimates of environmentally 
realistic ingestion rates are a higher research priority than additional 
conventional oral dosing experiments. Modifying factors like feeding rate 
in oiled birds and concurrent stressors that affect lethality thresholds may 
be important considerations as well.
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1.02.02 Gulf of Mexico Avian Monitoring Network Strategic Bird 
Monitoring Guidelines: Avian Health Metrics
M. Ottinger, University of Houston / Biology and Biochemistry; T. 
Maness, Louisiana Tech University / School of Biological Sciences; J. 
Grace, Texas A&M University / Ecology & Conservation Biology
The Gulf of Mexico (GoM) has a rich diversity of more than 500 avian 
species, comprised of residents and migrants from a wide geographic 
range. However, there are significant challenges from changes in the 
quality and availability of coastal, terrestrial, and marine habitats in the 
GoM, including anthropogenic and natural stressors. The northern GoM 
has documented contamination from mercury, pesticides, industrial 
chemicals and more recently the Deepwater Horizon oil spill. Assessing 
the effectiveness of significant restoration activities is challenging due 
to data gaps and uncertainties in our current knowledge of birds across 
the northern GoM. In response, The Gulf of Mexico Avian Monitoring 
Network (GoMAMN) is a consortium made up of representatives from 
agencies, nonprofit organizations and academic institutions. Together we 
have developed ‘The Strategic Bird Monitoring Guidelines’ to provide 
in depth analysis for each of seven avian taxonomic groups, identify data 
gaps and uncertainties and provide health metrics as a means to ascertain 
the condition of the individuals and populations. This Guide is intended 
to provide guidance for agencies and organizations engaged in avian 
research and/or monitoring efforts, and to serve as a resource for the 
public and policy makers. Utilizing avian health metrics across the north-
ern GoM throughout the taxa groups will provide a dynamic measure to 
assess the overall status of ecosystem health, both currently and in the 
future.

1.02.03  Physiological and Behavioral Effects of Crude Oil Ingestion 
in a Passerine Model System
C. Goodchild, Oklahoma State University / Biology; J.B. Krall, K. 
Grisham, Oklahoma State University / Integrative Biology; S.E. DuRant, 
University of Arkansas / Biology
The Deepwater Horizon (DWH) oil spill released 760 million liters of 
Light Louisiana crude oil into the Gulf of Mexico and caused an esti-
mated 100,000 bird mortalities, yet these estimates often do not include 
behavioral and physiological effects from crude oil ingestion. Although 
beach surveys of visibly oiled birds and oiled carcasses are often used 
to estimate the impact of crude oil spills on bird populations, birds can 
also ingest crude oil by consuming contaminated prey or preening oiled 
feathers. Studying the toxic effects of crude oil ingestion was a prior-
ity for DWH Natural Resource Damage Assessment and a focus of a 
special issue in Ecotoxicology and Environmental Safety. Shorebirds 
were the main focus of many of these studies, but passerines (e.g., Seaside 
Sparrow) were also exposed to crude oil during the DWH oil spill. Here, 
we provide a summary of our recent studies that examined the effects 
of crude oil ingestion in zebra finches (Taeniopygia guttata). We found 
that the ingestion of crude oil caused oxidative damage to erythrocytes, 
impaired aerobic performance, altered cytokine expression and immune 
function, and induced sickness behaviors. Our studies suggest that oil 
ingestion causes physiological and behavioral effects that may indirectly 
reduce survival.

1.02.04  A Marine Oil Spill on Land: Exposure to Deepwater 
Horizon Oil and Its Effects on Louisiana Seaside Sparrows
A. Bonisoli Alquati, California State Polytechnic University, Pomona 
/ Department of Biological Sciences; C.M. Bergeon Burns, Indiana 
University, Bloomington; A.A. Perez-Umphrey, A. Snider, P.C. Stouffer, 
S.S. Taylor, Louisiana State University Agricultural Center / School of 
Renewable Natural Resources; S. Woltmann, Austin Peay State University 
/ Department of Biology
Field studies of the consequences of the Deepwater Horizon (DWH) oil 
spill allow exploring its indirect (ecological) effects via changes in species 
interactions and altered ecosystem functions. They also more realistically 
account for the predicted higher toxicity of oil in the presence of natural 

stressors. We used the Seaside Sparrow (Ammospiza maritima), a marsh 
resident bird, as a model organism to address questions about direct and 
indirect effects of oil exposure, at levels from biomolecules to popula-
tions. Here we present the main results of this multi-year study of Seaside 
Sparrows in the saltmarshes of southeastern Louisiana. We also outline 
current investigations and lessons learned, to inform risk assessment, 
research and remediation of future oil spills. Lower radiocarbon (14C) 
values in the feathers and stomach contents of birds from oiled sites indi-
cated the incorporation of petrogenic carbon from the spill. The analysis 
of biomarkers also corroborated exposure to DWH oil. Liver expression 
of the cytochrome p450 1A (cyp1a) gene increased in birds from oiled 
plots, confirming the activation of the aryl hydrocarbon receptor (AhR) 
pathway. Hundreds of other genes also changed in expression, coordinat-
ing a response that promoted liver proliferation, while also repurposing 
energy homeostasis, including carbohydrate metabolism, and the biosyn-
thesis and metabolism of lipids. These results provide a molecular basis 
for the long-standing observation of hepatic hypertrophy and altered lipid 
biosynthesis in birds exposed to crude oil. Yet, documenting the transla-
tion of these effects into changes in fitness and populations dynamics 
proved difficult. While we initially reported reduced reproductive success 
in birds from oiled sites, the difference seemingly disappeared when 
accounting for topographic and habitat differences across sites. Local 
numbers of Seaside Sparrows did not appear to decline in areas initially 
oiled. We cannot exclude that immigration from unaffected sites and 
natural fluctuations in abundance masked the local mortality effects in 
exposed birds. We suggest that the lack of translation from the organismal 
to the population level should be interpreted cautiously, especially when 
behavioral and demographic data are not fully available. Future testing 
for population-level consequences of demonstrated organismal impacts 
of an oil spill will require even greater power and efforts than the current 
research framework allowed.

1.02.05  Oxidative Stress in the Seaside Sparrow (Ammospiza mari-
tima) Following the Deepwater Horizon Oil Spill
A. Angel, California State Polytechnic University, Pomona / Department 
of Biological Sciences; S.S. Taylor, P.C. Stouffer, Louisiana State 
University Agricultural Center / School of Renewable Natural Resources; 
J.K. Jellyman, A. Bonisoli-Alquati, California State Polytechnic 
University, Pomona / Department of Biological Sciences
The Deepwater Horizon (DWH) oil spill introduced massive amounts 
of oil into Louisiana saltmarshes and affected various aquatic and ter-
restrial organisms living along the coast. Seaside Sparrows (Ammospiza 
maritima) incorporated carbon from oil into their tissue and showed 
differential expression of 295 genes, including cyp1a, a gene involved in 
metabolizing polycyclic aromatic hydrocarbons (PAHs), toxic compo-
nents of oil. The metabolism of PAHs also generates reactive oxygen 
species, inducing oxidative stress when the antioxidant capacity of the 
organism is overwhelmed. Our study aims to determine whether exposure 
to oil increased oxidative stress in Seaside Sparrows. We measured 
plasma concentrations of reactive oxygen metabolites (ROMs) and 
non-enzymatic antioxidant capacity in sparrows from oiled and control 
sites (2013-2014). Antioxidant capacity was 51% higher in oil-exposed 
sparrows than controls in 2013, but not 2014. Among control sparrows, 
their antioxidant capacity was also 60% higher in 2014 than in 2013. In 
oil-exposed sparrows, plasma ROMs were 118% higher in 2014 compared 
to 2013. The data suggest that exposed sparrows mobilized antioxidants 
from storage tissues to combat oxidative damage from chronic PAH 
exposure. Mobilization of antioxidants into plasma may affect an organ-
ism’s ability to fight oxidative stress and inflammation in other tissues, or 
provision its offspring. To test this hypothesis, we will measure the con-
centrations of specific antioxidants and the amount of oxidative damage in 
the heart tissue of oil-exposed and control sparrows. Specifically, we will 
determine the concentration of glutathione, a non-enzymatic endogenous 
antioxidant, and quantify oxidative damage to proteins using Western 
blot. Additionally, we will analyze the mRNA expression of jun, a proto-
oncogene linked to cardiac abnormalities, in the heart tissue (qPCR). We 
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predict that higher oxidative damage in the heart will be associated with 
higher plasma antioxidants, due to their mobilization. We further predict 
that higher oxidative damage will be associated with higher expression 
of jun in the heart, due to ROS-activated downstream signaling involving 
this transcription factor. Our results will provide crucial insight into the 
toxicity of sublethal, chronic DWH oil exposure in Seaside Sparrows.

1.02.06 Monitoring and Assessing the Effects of Polycyclic Aromatic 
Hydrocarbons in Common Loons Wintering Off the Louisiana Coast 
Following the Deepwater Horizon Oil Spill
J. Paruk, St. Josephs College / Biology; H. Uher-Koch, E. Adams, 
Biodiversity Research Institute; D. Long, IV, Audubon Institute; K. 
Kovach, Biodiversity Research Institute; J. Hernandez, N.I. Stacy, 
University of Florida / College of Veterinary Medicine
Common Loons (Gavia immer), an obligate waterbird that winters in the 
Gulf of Mexico, were monitored off the Louisiana coast, following the 
Deepwater Horizon Oil Spill (2010), from Jan-Mar, 2011-2017. Individuals 
were captured annually, blood drawn for analysis of polycyclic aromatic 
hydrocarbons (PAHs), hematology, and plasma chemistry. In the first two 
winters (2011, 2012), besides being observed in their typical marine habi-
tat, loons were observed on the mainland peninsula in freshwater habitats 
(retention ponds and roadside dykes). The great majority of these indi-
viduals in both years were emaciated and in poor body condition. In the 
following five winters (2013-2017), loons were only observed in marine 
habitat. The annual frequency of blood PAH detections in loons varied 
(0 - 61.9%), and across all years was 38.2% (49/128). The average blood 
PAH concentration was 57.3 + 9.5 (range 1.2 - 270.2 ng/g). From 2011-
2015, high PAH blood concentrations were significantly related to lower 
body masses in both adults (n=28) and subadults (n=65). Subadults (n=43, 
2013, 2015-2017) with evidence of exposure to PAHs, showed evidence 
of subclinical chronic inflammation (elevated eosinophils, lymphocytes, 
or monocytes). Collectively, these data suggest for the seven years of the 
investigation, some Common Loons in this locale experienced impaired 
fitness from in situ PAH exposure and that long-term monitoring efforts 
to estimate annual survival or reproductive success are needed to quantify 
the long-term, indirect effects, of oil spills on non-breeding birds.

1.02.07 Transcriptomics to Behavior–What the Deepwater Horizon 
Oil Spill Taught Us About Eye Development and Visual Function in 
Early Life Stage Fishes
J.T. Magnuson, University of California, Riverside / Environmental 
Sciences; E.G. Xu, University of Southern Denmark / Department of 
Biology; D. Schlenk, University of California, Riverside / Department of 
Environmental Sciences; A. Esbaugh, University of Texas / Department 
of Marine Science; M. Grosell, University of Miami / Marine Biology 
and Ecology; A.P. Roberts, University of North Texas / Advanced 
Environmental Research Institute
The Deepwater Horizon (DWH) oil spill released millions of barrels of 
oil into the Gulf of Mexico, coinciding with peak spawning periods of 
ecologically important fish species. Polycyclic aromatic hydrocarbons 
(PAHs) present in DWH oil has been shown to cause developmental 
malformations in fishes, with more pronounced effects during early 
life stages. Mahi-mahi, red drum, sheepshead minnow, and zebrafish 
embryos exposed to slick oil were assessed for visual function using 
transcriptomics, histology, immunohistochemistry, and visually-mediated 
behavioral assays. Major processes impacted following exposure to 
environmentally relevant PAH concentrations, as determined through 
RNAseq and qPCR, were associated with eye development and pho-
totransduction. Oil-exposed larvae exhibited reduced optomotor and 
optokinetic behavioral responses, retinal layer diameters, neuronal 
connections that play an important role in visual function and image pro-
cessing, and increased retinal apoptosis. These studies provide evidence 
that weathered crude oil affects the visual system in developing larval 
fish and relates oil-induced transcriptomic effects to histological and 
behavioral-level endpoints. This research was made possible by a grant 

from The Gulf of Mexico Research Initiative. Grant No: SA-1520; Name: 
Relationship of Effects of Cardiac Outcomes in fish for Validation of 
Ecological Risk (RECOVER).

1.02.08  Influence of Cardiotoxicity on Visual Function in Developing 
Zebrafish (Danio rerio) Exposed to Deepwater Horizon Crude Oil
R.R. Leads, University of North Texas / Biological Sciences & Advanced 
Environmental Research Institute; J.T. Magnuson, J. Greer, University 
of California, Riverside / Environmental Sciences; C. Green, University 
of North Texas / Department of Biological Sciences and Advanced 
Environmental Research Institute; D. Schlenk, University of California, 
Riverside / Department of Environmental Sciences; A.P. Roberts, 
University of North Texas / Advanced Environmental Research Institute
Polycyclic aromatic hydrocarbons (PAHs) are the primary toxic con-
stituents of crude oil and have been shown to induce cardiac dysfunction 
and vision impairment in early life stage (ELS) fishes. These cardiotoxic 
effects are well studied and include pericardial edema and bradycardia. 
In addition, oil exposure can result in retinal damage and reduced eye 
development in ELS fishes. Because cardiac dysfunction may influence 
eye development, it is currently unknown whether these visual impair-
ments are independent effects or if they result from underlying PAH 
cardiotoxicity. To better understand this mechanism, microinjection of the 
microRNA mimic 133b (miR-133b) was used to impair cardiac develop-
ment in ELS (< 1.25 hpf) zebrafish. Vision and cardiac endpoints were 
compared between miR-133b zebrafish larvae and oil-exposed zebrafish 
larvae to determine the influence of cardiac dysfunction and oil expo-
sure on visual function. Embryonic zebrafish (4 hpf) were exposed to 
weathered crude oil for 72 h. At 7 dpf, eye area was measured and visual 
function was assessed by optokinetic response (OKR). To evaluate cardio-
toxicity, pericardial area was measured and the incidence of pericardial 
edema was determined. Over 94% of miR-133b larvae exhibited pericar-
dial edema, and 45% of oil-exposed larvae exhibited pericardial edema. 
Across treatments, there was a strong negative linear correlation between 
pericardial area and eye area (r=-0.839, p< 0.0001). All of the miR-133b 
larvae that exhibited pericardial edema and 18% of the oil-exposed larvae 
that exhibited pericardial edema also exhibited reduced eye area. In both 
the miR-133b and oil groups, OKR was significantly reduced in larvae 
exhibiting pericardial edema (p< 0.0001) and in larvae exhibiting reduced 
eye area (p< 0.0001). Because pericardial edema and reduced eye area 
co-occurred, a negative binomial generalized linear model (GLM) was 
used to evaluate these two parameters separately as significant predictors 
of OKR. These results indicated that reduced eye area (p< 0.0001) rather 
than pericardial edema (p=0.76) was a significant predictor of OKR. 
Pericardial edema was strongly correlated with reduced eye area across 
treatments, and these results suggest that visual effects may result from 
an interaction of cardiotoxicity and other factors. This research was sup-
ported by the Gulf of Mexico Research Initiative (GoMRI) Relationship 
of Effects of Cardiac Outcomes in fish for Validation of Ecological Risk 
(RECOVER II).

1.02.09  Deepwater Horizon Crude Oil Exposure Effects on the 
Developing Kidney and Fluid Balance in Early Life-Stages Teleost 
Fish
F. Bonatesta, C.M. Emadi, E. Price, University of North Texas 
/ Environmental Science; E. Mager, University of North Texas / 
Department of Biological Sciences
Polycyclic aromatic hydrocarbons (PAHs), the main toxic constituents of 
crude oil, are known to directly impair the function and proper develop-
ment of the teleost heart. The induced cardiotoxicity is believed to cause 
secondary effects in the exposed fish (e.g., pericardial and yolk sac edema) 
as well as impairing other organs development. Notably, morphological 
defects are evident in teleost early stage kidney (i.e. pronephros) following 
exposure to individual PAHs. In zebrafish (Danio rerio), while the gills 
are physiologically active at ~ 7dpf, the pronephros begins to function at 
~48 hpf. Therefore, in conjunction with the integument, the pronephros 
is believed to play an important role in osmoregulation during the early 
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life stages (ELS). While there is some evidence that exposure to indi-
vidual PAHs impairs the morphological development of the pronephros, 
little is known regarding the morphological and molecular effects on the 
pronephros following exposure to complex crude oil mixtures at environ-
mentally relevant concentrations. Furthermore, it is unknown whether 
effects arising from short-term exposures result in long-term or latent 
effects on osmoregulatory function. To address these knowledge gaps, 
time-course and dose-response exposures to embryos/larvae of zebrafish 
(Danio rerio) were performed using high energy water-accommodated 
fractions (HEWAFs) of Deepwater Horizon slick oil. Transcriptional 
changes in genes with various structural, functional and signaling roles 
specific to different regions of the developing pronephros (e.g., glom-
erulus, pronephric tubule and pronephric duct) were assessed by QPCR 
and whole mount in situ hybridizations. Morphological changes in the 
pronephros were determined by immunohistochemistry using an antibody 
raised against Na/K ATPase (NKA). Additionally, latent effects of ELS 
crude oil exposure on kidney function and overall osmoregulation were 
assessed by subjecting exposed zebrafish larvae to a 24 h acute salinity 
transfer challenge at 48 and 96 hpf. Results demonstrate transcriptional 
changes in key genes involved in early kidney development and function, 
and that early stage impairment of normal kidney development might 
translate into long-term impairment of teleost kidney function. This 
research was made possible by a grant from The Gulf of Mexico Research 
Initiative.

1.02.10  Investigating Patterns in Transcriptome Data: Lipid and 
Cholesterol Dysregulation in Phenanthrene Exposed Zebrafish 
Embryos
V. McGruer, P. Tanabe, University of California, Riverside / 
Environmental Science; S.M. Vliet, U.S. Environmental Protection 
Agency / ORD/CCTE/Great Lakes Toxicology & Ecology Division; S. 
Dasgupta, D.C. Volz, D. Schlenk, University of California, Riverside / 
Department of Environmental Sciences
Polycyclic aromatic hydrocarbons (PAHs) are pervasive pollutants glob-
ally, and exposure has been linked to developmental toxicity in the early 
life stages of many species. Oil spill disasters such as Deepwater Horizon 
can result in a large and concentrated release of PAHs directly into 
aquatic ecosystems. Previous studies have demonstrated that exposure to 
crude oil or phenanthrene (Phe) (a reference PAH found in oil) produces 
an array of gross morphological abnormalities in developing fish embryos, 
including edema and craniofacial defects. However, our understanding of 
the molecular mechanisms that lead to these phenotypes is still limited. 
Recently, studies utilizing transcriptomic analysis in several oil-exposed 
marine fish species found significant changes in the abundance of 
transcripts involved in cholesterol and lipid biosynthesis. Given the vital 
role of cholesterol and lipid availability during embryonic development, 
we hypothesized that disruption of these metabolic pathways follow-
ing exposure to PAHs may contribute to abnormal development of fish 
embryos. To test this hypothesis, zebrafish embryos were exposed from 6 
hours post-fertilization (hpf) until 72 hpf to three concentrations of Phe, 
with subsequent qPCR analysis of genes involved in cholesterol biosyn-
thesis as well as staining for cholesterol and neutral lipids. We found that 
Phe decreased staining for neutral lipids in the larval body (5.7% ± 0.5) at 
72 hpf, and mRNA transcripts encoding proteins involved in cholesterol 
biosynthesis were significantly altered. However, the whole-mount stain-
ing of cholesterol at 72 hpf was not affected. These results were associated 
with pericardial edema and bradycardia as well as increased yolk size at 
72 hpf, suggesting that yolk utilization may be impaired. Next, the role of 
cholesterol on cardiac function was explored. Interestingly, when embryos 
were pretreated with 10 µM cholesterol from 6-24 hpf, followed by Phe 
exposure from 24-48 hpf, heart rate increased by an average of 10.7% ± 
0.7 across all embryos pretreated with cholesterol, suggesting that choles-
terol may have a protective effect against bradycardia. Future experiments 
will use an untargeted approach to explore additional metabolites that 
may be impacted by Phe exposure. This research was made possible by a 

grant from The Gulf of Mexico Research Initiative. Grant No: SA-1520; 
Name: Relationship of Effects of Cardiac Outcomes in fish for Validation 
of Ecological Risk (RECOVER).

1.02.11 Antibody-Based Biosensor Technology as a Rapid Polycyclic 
Aromatic Hydrocarbon Screening Tool for Seafood Safety 
Assessments of Oysters
K. Prossner, M.A. Unger, G.G. Vadas, E. Harvey, Virginia Institute of 
Marine Science / Aquatic Health Sciences
Polycyclic aromatic hydrocarbons (PAH) are one of the most toxic com-
ponents in crude oil mixtures and can readily bioaccumulate in bivalves, 
posing a hazard to human health. Risk assessments that determine 
reopenings of oil-contaminated fisheries and harvesting sites are often 
time-consuming and expensive. The Gulf of Mexico seafood industry 
lost billions of dollars due to closures after the Deepwater Horizon spill. 
Lengthy turnaround time for risks assessments can be partially explained 
by the time and cost required for complex quantitative analyses such as 
gas chromatography-mass spectrometry (GC-MS). A screening method 
commonly employed after major spill events to rapidly detect petroleum-
tainted seafood is sensory analysis (i.e. sniff-testing). To date, there are no 
known oil contamination studies comparing sensory analysis results to 
those of GC-MS. The limitations in both methods have led to ineffective 
risk communication and public distrust in the scientific and regulatory 
community. Here, we present an alternative initial screening tool to 
rapidly quantify total PAH concentrations in adult oysters (Crassostrea 
virginica). Using a highly sensitive monoclonal antibody coupled with 
fluorescence detection, the biosensor method allows near real-time (7 
minutes) measurement of the total 3- to 5- ring PAH concentration in 
the oyster mantle fluid phase at a low (sub-ppb) detection limit in small 
volume (1 to 5 mL) samples. Results from the biosensor method correlate 
to those of conventional GC-MS analysis allowing prediction of whole 
animal tissue concentrations. This study also investigates the potential 
to calibrate the biosensor method so that it aligns with specific subsets of 
PAH compounds targeted for risk assessments, demonstrating its wide 
applicability. Oyster samples throughout a watershed have been analyzed 
and demonstrated that concentration gradients and areas of concern can 
easily be identified. Having access to a rapid and inexpensive quantitative 
screening tool will provide for more efficient post-spill seafood safety 
analysis and time-sensitive communication to the public.

1.02.12 Miniaturised Marine Tests as Indicators of Aromatic 
Hydrocarbon Toxicity and Their Applicability to Oil Spill 
Assessment
K. Colvin, University of Exeter; C. Lewis, T.S. Galloway, University of 
Exeter / Department of Biosciences
Oil spills can cause major environmental, social and economic impacts. 
Effective spill response relies on real time monitoring of the spatial and 
temporal extent of the contamination to enable mitigation and impact 
assessment. Attempts to assess the impacts of Deepwater Horizon using 
biological indicators in real time were hindered by the dynamic nature of 
in situ exposures and a lack of simple, rapid and sensitive tests. This study 
investigated the sensitivity of two miniaturised, cyst-based, tests using the 
widely abundant marine species, brine shrimp Artemia franciscana and 
rotifer Branchionus plicatilis. The tests were used to evaluate toxicity for 
three aromatic hydrocarbons (toluene, 1-methylnaphthalene and phenan-
threne) representative of the compounds found in crude oil, in 24 hour 
mortality assays. Challenges with maintaining concentrations throughout 
exposures were mitigated through the use of a novel solvent free passive 
dosing approach in small closed vials. Hydrocarbon toxicity increased lin-
early with molecular weight while both species showed similar sensitivity. 
Further analysis using the Target Lipid Model (TLM), which compares 
species sensitivity by calculating a quantitative structure-activity relation-
ship to estimate the critical target lipid body burden (CTLBB), allowed 
comparison of these tests (CTLBB for A. franciscana= 93.9±11.7 µmol/
goctanol and B. plicatilis= 168.3±23.4 µmol/goctanol) to other species in the 
literature. This study suggests that the two tests investigated are unlikely 
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to serve as sensitive bioanalytical tools for oil spill monitoring as they fall 
in the third and fourth quartile of the acute species sensitivity distribution. 
Further study predicting the sensitivity of the two tests to Alaska North 
Slope oil using PETROTOX, a model which predicts oil toxicity based 
on the CTLBB and the oils composition, and assessing the sensitivity 
using water accommodated fractions (WAFs) is likely to support TLM 
and PETROTOX model validation. Such findings may allow estimation of 
future oil spill toxicity to a wide range of species from simplified labora-
tory tests with individual hydrocarbons.

1.02.13  Chasing and Assessing Oil Spill Toxicity More Accurately: A 
Novel Approach
G.A. Burton, University of Michigan / School for Environment and 
Sustainability; E.C. Cervi, University of Michigan / SEAS; G.H. 
Rosen, Naval Information Warfare Center (NIWC) Pacific / Energy 
and Environmental Sustainability; M. Colvin, NIWC Pacific (Naval 
Information Warfare Center Pacific) / Energy and Environmental 
Sustainability; B. Chadwick, Coastal Monitoring Associates; L.M. 
DiPinto, NOAA / Emergency Response; S.E. Allan, NOAA / Office of 
Response and Restoration
An in situ exposure and effects bioassay system was developed for 
assessing the toxicity of oil spills to aquatic organisms. The assessment 
tool combines two demonstrated systems, the Sediment Ecotoxicity 
Assessment Ring (SEA Ring) and the Drifting Particle Simulator (DPS). 
The integrated Drifting Exposure and Effects Assessment Ring (DEEAR) 
is comprised of a GPS float, drifter drogue, SEA Ring, Cyclops-7 
fluorescent sensor, and polyethylene passive sampling device (PED). A 
demonstration was conducted offshore in the Santa Barbara Channel, CA, 
where natural oil seeps produce surface slicks and sheens. Two DEEAR 
units were deployed for 24 h – one within the oil slick and one in an area 
outside observable slicks. A drone provided tracking of the surface oil 
and optimal sites for deployment. In situ toxicity testing included topsmelt 
(Atherinops affinis) larvae and embryos and juvenile mysid shrimp 
(Americamysis bahia). Following the 24 h exposure, organisms were 
transferred to the laboratory for 72 h -10 d post-exposure. A remotely 
operated vehicle (ROV) collected water beneath the surface oil slick 
adjacent to the Test DEEAR. ROV and grab oil samples were analyzed 
for petroleum products. Overnight, currents moved the DEEAR from the 
reference area into the oil slick, and vice versa. Water and crude oil results 
indicated site hydrocarbons were weathered. The fluorometer detected 
PAHs concentrations up to 447 ng L-1 at the Test DEEAR and confirmed 
the DEEAR moved out of the slick due to shifting currents. PAH concen-
trations in water samples were similar to the fluorometer and ranged from 
394 ± 47 to a high of 452 ± 1.2 ng L-1. Mysid survival ranged from 82.5% 
± 22.1 to 95.5% ± 5, and no significant differences were observed between 
organisms deployed within the DEEARs compared to controls. Survival 
of topsmelt in the “Reference” DEEAR was only 48% ± 17.9, whereas 
survival in the “Test” DEEAR was 32% ± 17.9. Both units were exposed 
to oil; however, the “Test” DEEAR was exposed to oil for a long period. 
Topsmelt embryos did not meet acceptable control hatching rate (>80%), 
and results were disregarded. The DEEAR technology demonstrated inte-
grated real-time tracking and characterization of oil exposures by grab 
samples, PED and fluorescent sensors. Oil exposures were directly linked 
to endpoint responses of fish and mysids. This novel technology shows 
promise for use in a variety of aquatic sites to more accurately determine 
oil exposure and toxicity.

1.02.14  Effects of Dissolved Organic Carbon, Ultraviolet Light and 
Their Co-Exposure on Deepwater Horizon Crude Oil Acute Toxicity 
to Larval Red Drum (Sciaenops ocellatus)
E. Mager, University of North Texas / Department of Biological Sciences; 
F. Bonatesta, University of North Texas / Environmental Science; R.R. 
Leads, University of North Texas / Biological Sciences & Advanced 
Environmental Research Institute; E. Price, University of North Texas 
/ Environmental Science; A.P. Roberts, University of North Texas / 
Advanced Environmental Research Institute
The toxicity of crude oil is likely influenced by a variety of naturally, 
co-occurring physical and chemical factors, yet relatively few studies 
have investigated their interactive effects. Among these, ultraviolet light 
(UV) and dissolved organic carbon (DOC) have widespread relevance 
given their near ubiquitous occurrence in most upper surface waters; 
however, there is little to no information regarding the effect of DOC on 
the intrinsic or photo-enhanced toxicity of crude oil/PAHs. To address 
this knowledge gap, this study examined the interactive effects of DOC, 
UV and DOC-UV co-exposure on the acute (48 h) toxicity of Deepwater 
Horizon crude oil to larval red drum (Sciaenops ocellatus). Oil exposures 
were prepared as high energy water accommodated fractions (HEWAFs) 
of Slick A oil. DOC was modified by addition of 10 mg/L nominal con-
centrations of Suwannee River natural organic matter (NOM), resulting in 
lower than expected measured concentrations of 0.3 to 1 mg/L DOC. For 
UV exposures, a total daily (8 h) integrated UV-A of approximately 1300 
mW*s/cm2 was used (λ=380 nm). UV co-exposure with HEWAF greatly 
enhanced toxicity (>10-fold) versus HEWAF exposure alone, regardless 
of whether NOM was added. Addition of NOM did not influence crude oil 
toxicity without UV co-exposure; however, it mildly reduced the photo-
enhanced toxicity observed with UV co-exposure. 48 h LC50 values 
without added NOM were as follows: with UV = 4.80 μg/L ∑PAHs, 95% 
CI= 4.38 – 5.22 μg/L ∑PAHs; without UV = 82.58 μg/L ∑PAHs, 95% CI= 
71.09 – 94.07 μg/L ∑PAHs. 48 h LC50 values with added NOM were as 
follows: with UV = 6.22 μg/L ∑PAHs, 95% CI= 5.67 – 6.76 μg/L ∑PAHs; 
without UV = 65.94 μg/L ∑PAHs; 95% CI= 58.72 – 73.16 μg/L ∑PAHs. 
Considering that DOC concentrations in estuarine and other near-shore 
environments can typically reach concentrations as high as 5 mg/L, the 
protective effect of DOC is likely even greater in these natural conditions. 
These findings should facilitate a more context-dependent evaluation of 
potential outcomes for future oil spills.

3. Endocrine Disrupting Substances – Testing and 
Risk Assessment
1.03.01  Amphibian Metamorphosis Assays of Five Chemicals to 
Determine Interference with the Function of the Hypothalamic-
Pituitary Thyroid Axis in Xenopus laevis
A. Kamel, S.R. Matten, S.G. Lynn, U.S. Environmental Protection Agency 
/ Office of Science Coordination and Policy; J.C. Wolf, EPL, Inc.; D.J. 
Fort, Fort Environmental Laboratories, Inc.
The Amphibian Metamorphosis Assay (AMA) is one of the Tier 1 
in-vivo screening assays available for use by the USEPA for evaluating 
chemicals for potential thyroid activity. Five screened chemicals: 2-eth-
ylhexyl 4-hydroxybenzoate (2-EHHB), 4-nonylphenol-branched (4-NP), 
4-tert-octylphenol (4-OP), benzyl butyl phthalate (BBP) and dibutyl 
phthalate (DBP) were found to exhibit estrogenic or androgenic bioactiv-
ity in USEPA ToxCast data. The selected chemicals were subjected to a 
21-day AMA following OCSPP 890.1100 test guidelines, where larvae at 
Nieuwkoop and Faber (NF) developmental stage 51 were exposed to four 
test concentrations and a water control. The nominal concentrations were 
3.6, 10.9, 33.0 and 100 μg/L, except 4-NP in which larvae were exposed to 
1.8, 5.5, 16.5 and 50 μg/L . The selected endpoints of the assay were mea-
sured at study day (SD) 7 and SD 21 and were: mortality, developmental 
stage (NF), hind limb length (HLL), snout-vent length (SVL), wet body 
weight (BW), and thyroid histology. There were no mortalities at all tested 
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concentrations in any of the studies. An increase in BW was observed for 
the tested chemicals except 4-OP treatments, the 33 μg/L treatment of 
4-NP at SD 21, and the 100 μg/L treatment of BBP on SD 7. An increase 
in HLL for 4-OP, BBP and DBP treatments was observed at SD 21, and 
the 100 μg/L treatment of 2-EHHB on SD 7. There were no changes 
for most of the tested chemicals on SVL except for an increase in DBP 
treatments and the 1.8 and 5.5 μg/L treatments of 4-NP and BBP on SD 
21, respectively. There was an increase in the HLL:SVL ratio on SD 21 
for all tested chemicals except 4-NP. Only 4-OP and BBP accelerated the 
development of frogs at the 33.0 and 10.9 μg/L treatments, respectively, 
compared to the control. Thyroid histopathological findings showed that 
the occurrence of caudal migration of the thyroid glands and follicular 
cell hypertrophy of moderate severity were significantly greater than 
the control at BBP treatments as low as 3.6 μg/L, (Rao-Scott Cochran 
Armitage by Slices test, RSCABS, p< 0.05); however, this effect was not 
observed in frogs exposed to 4-OP and other tested chemicals. Based on 
the endpoints measured in the AMA, BBP appeared to have potential 
effects on amphibian metamorphosis and thyroid activity.The findings and 
conclusions in this abstract have not been formally disseminated by the 
Agency and should not be construed to represent any Agency determina-
tion or policy

1.03.02  A Modified Amphibian Metamorphosis Assay (MAMA) 
Design: The Experimental Advantages of Time-to-Stage Design
A. Bone, Bayer CropScience / Environmental Effects and Risk 
Assessment; B. Holmes, L.L. Lagadic, Bayer AG / Environmental Safety; 
L.S. Ortego, A. Tompsett-Higley, Bayer CropScience / Environmental 
Effects and Risk Assessment
The Amphibian Metamorphosis Assay (AMA) is intended to identify 
chemical substances that interfere with the hypothalamic-pituitary-thy-
roid (HPT) axis in an amphibian species, Xenopus laevis. This assay has 
been included in endocrine testing schemes in the United States as part 
of the Endocrine Disruptor Screening Program. More recently, European 
regulatory authorities have been requiring this test to support endocrine 
disruption assessment for pesticide registrations and renewals. Two vali-
dated test guidelines have been produced, one from the Organization of 
Economic Cooperation and Development (OECD, Test Guideline 231) and 
one from the United States Environmental Protection Agency’s Office of 
Chemical Safety and Pollution Prevention (OSCPP, 890.1100). As per the 
guidelines, Nieuwkoop and Faber (NF) stage 51 tadpoles are exposed to a 
test substance for 21 days. At day 21, tadpoles are sacrificed, and a num-
ber of endpoints are assessed, including thyroid histopathology. However, 
this design results in terminal endpoints that compare tadpoles in varying 
stages of development. Given the influence of developmental stage on 
thyroid histopathological interpretation, thyroid results can only be reli-
ably compared across tadpoles at the same developmental stage. Thus, 
stage-matched controls must be available, and data may be censored due 
to differences in stages at termination. In addition, some percentage of 
frogs will exceed NF stage 60. Tadpoles pre- and post-stage 60 cannot 
be compared due to morphological remodeling that takes place at this 
stage. These experimental issues can be avoided by using a time-to-stage 
modified AMA design (MAMA). This test design exposes tadpoles 
until a set developmental stage as opposed to a set amount of time and is 
similar to that used for the Larval Amphibian Growth and Development 
Assay (LAGDA, OECD TG 241, OCSPP 890.2300). We present here an 
Amphibian Metamorphosis Assay time-to-stage design that terminates at 
NF stage 62. We will discuss the advantages and challenges of imple-
menting this approach.

1.03.03 Development of Thyroid Deiodinase Knockout Xenopus 
tropicalis Using CRISPR/Cas12a Gene Editing Towards 
Establishment of an Amphibian Adverse Outcome Pathway
S.A. Mayasich, Oak Ridge Institute for Science & Education at USEPA 
/ ORD/CCTE/Great Lakes Toxicology & Ecology Division; P. DeGoey, 
U.S. Environmental Protection Agency / ORD/CCTE/Great Lakes 
Toxicology & Ecology Division; J.T. Haselman, S.J. Degitz, U.S. 
Environmental Protection Agency / Office of Research and Development
Three iodothyronine deiodinase enzymes (dio1, 2, and 3) are present in 
vertebrate animals including amphibians, and are involved in balanc-
ing the thyroid hormone system in synchronized developmental and 
metamorphic processes. Our ultimate goal is to knock out the amphibian 
deiodinase genes to characterize effects and to contribute to amphibian 
thyroid adverse outcome pathway (AOP) development. We chose the clus-
tered regularly interspaced short palindromic repeat (CRISPR)/Cas12a 
system because it provided advantages including DNA cleavage loca-
tions targeting the catalytic site, and slightly better efficiency compared 
to Cas9. Experiments separately targeting the X. tropicalis dio2 and dio3 
genes were initiated by microinjecting zygotes with gene-specific guide-
RNA/Cas12a ribonucleo-protein (RNP) complexes. A rapid, non-invasive 
swab DNA extraction and polymerase chain reaction (PCR) genotyp-
ing analysis method was developed to screen more than 200 injected 
tadpoles to distinguish “crispant” tadpoles with gene disruption from 
RNP-injected “wildtype” tadpoles displaying no gene disruption (no dif-
ference from uninjected controls). Microinjection of the respective RNPs 
resulted in dio2 gene disruption in more than 60% of tadpoles, and dio3 
gene disruption in 50% of tadpoles screened at 3 weeks post-injection. 
The dio2 crispant tadpoles showed a number of changes consistent with 
complete or partial disruption of the metamorphic process. Dio2 crispants 
reached Nieuwkoop and Faber developmental stage 62 earlier than con-
trols and we observed significant abnormalities which included delayed 
limb development and accelerated asynchronous metamorphosis. In dio3 
crispants a high level of mortality was observed (83%) which began to 
occur when the tadpoles reached the prometamorphosis stages. Tadpoles 
evaluated shortly after death were observed to have undergone preco-
cious metamorphosis. We observed tail and gill resorption at early stages 
of prometamorphosis which was likely the cause of that mortality. This 
work-in-progress provides preliminary support for deiodinase disruption 
as a molecular initiating event in the amphibian thyroid AOP, and a link 
with deiodinase-inhibiting chemicals such as those we identified previ-
ously in a X. laevis recombinant dio3 enzyme in vitro screening of more 
than 350 chemicals. The combined in vitro chemical screening and gene 
knockout approaches can also greatly reduce the use of live animals for 
chemical toxicity screening.

1.03.04 Chemical Inhibition of the Iodide Recycling Enzyme 
Iodotyrosine Deiodinase, with Human and Xenopus Comparison
J.H. Olker, U.S. Environmental Protection Agency / Office of Research 
and Development, National Health and Environmental Effects Research 
Laboratory, Mid-Continent Ecology Division; J. Korte, J.T. Haselman, 
M.W. Hornung, S.J. Degitz, U.S. Environmental Protection Agency / 
Office of Research and Development
The enzyme iodotyrosine deiodinase (dehalogenase, IYD) is important 
for maintaining thyroid function through its role in conserving iodide, a 
scarce micronutrient critical to thyroid hormone’s molecular structure. 
Although historically there has been limited research on IYD, there are 
clear negative consequences with failure of IYD due to genetic mutations, 
as described in human clinical studies dating back to the 1950s. Chemical 
inhibition of IYD in rats and amphibians in vivo has resulted in thyroid 
disruption, including reduced circulating thyroid hormones and altered 
development. Until recently, susceptibility of IYD to chemical disruption 
by environmentally relevant chemicals remained largely unknown. The 
aim of this study was to expand evaluation of chemical inhibition of IYD 
and compare cross-species sensitivity to IYD inhibition. With recombi-
nant human IYD (hIYD) and Xenopus laevis liver microsomal fractions 
(xIYD), 96-well plate in vitro assays were developed to screen chemicals 
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for inhibition of mammalian and amphibian IYD enzyme activity. 
Screening of over 1,800 USEPA ToxCast chemicals with the hIYD assay 
resulted in less than 200 (~11%) identified as potential IYD inhibitors 
(inhibited by 20% or greater when tested at 200 µM). 154 chemicals 
were further tested in concentration-response with both the hIYD and 
xIYD assays to determine IC50s, rank-order potency, and cross-species 
concordance. The vast majority of chemicals exhibited similar inhibition 
in both assays, with less than 25% variation in median inhibition for 120 
of 154 chemicals and 85% concordance in categorization of ‘inactive’ 
versus potential IYD inhibitor. Rank-order potency was similar for many 
of the top inhibitors; however, IC50s varied between species across the 
full set of chemicals, with a few extreme examples. Most differences 
resulted from greater maximum inhibition or higher chemical potency in 
hIYD, suggesting that results from this mammalian-based assay would 
be protective of chemical effects on amphibian IYD. These two assays 
expand the coverage of molecular targets for which chemicals can be 
screened for potential thyroid disruption, and greatly increase the number 
of compounds that have been evaluated for inhibition of IYD. The strong 
cross-species agreement in IYD inhibition suggests that, in general, 
response of IYD activity to potential chemical inhibitors is conserved 
across these vertebrate species. This abstract does not necessarily reflect 
USEPA policy.

1.03.05 Comparing Molecular Response Patterns in Embryo and 
Adult Fathead Minnows (Pimephales promelas) After Exposure to 
17β-Trenbolone
U. Fuchylo, K.B. Steeves, University of Saskatchewan / Toxicology 
Centre; D. Crump, Environment and Climate Change Canada / National 
Wildlife Research Centre; A.J. Masse, University of Saskatchewan / 
Toxicology; J. Xia, McGill University Macdonald Campus / Institute 
of Parasitology; O. Soufan, N. Basu, McGill University / Faculty of 
Agricultural and Environmental Sciences; N.S. Hogan, University 
of Saskatchewan / Department of Animal and Poultry Science and 
Toxicology Centre; M. Hecker, University of Saskatchewan / School of the 
Environment & Sustainability and Toxicology Centre
17β-Trenbolone (17β-TB) is an anabolic steroid used as a growth promoter 
in the beef cattle industry that makes its way into water bodies as agricul-
tural run-off. It is a strong androgen receptor agonist and has been shown 
to cause masculinization of female fish, eventually leading to decreased 
estrogen, vitellogenin, and egg production. Because of its effects on 
the reproductive system, the majority of research in fish has focused on 
adult life stages and not much is known about effects in early-life stages. 
This study was conducted to characterize molecular response patterns 
in early-life stage fathead minnows (Pimephales promelas) exposed to 
17β-TB using whole transcriptome analysis, and to compare patterns 
of dysregulated genes with those in adult fish. Both sexually mature 
fathead minnows as well as eggs at the high blastula stage of development 
(approx. 4 hrs after fertilization) were exposed to graded concentrations 
of 17β-TB. The adult fish were exposed to nominal concentrations of 
6.25, 50, and 400 ng 17β-TB/L and were sampled after 4 days of expo-
sure. Larvae were exposed to nominal concentrations of 10, 50, and 250 
ng 17β-TB/L and were sampled 7 days post fertilization. Transcriptomic 
analyses on livers of adult fish in the highest treatment group found 
significantly dysregulated gene pathways involved in cell cycle processes 
and sexual reproduction. On the other hand, no significantly dysregulated 
gene pathways were found in larvae sampled at 7 days post fertilization. 
This indicates that molecular responses to the androgen receptor agonist 
are life-stage specific. Furthermore, these data may indicate that the early-
life stage of fathead minnows is not as sensitive to 17β-TB as the adult life 
stage. Proteomics and metabolomics data are forthcoming for both life 
stages and will aid in further identifying any molecular responses associ-
ated with exposure. This study is part of the EcoToxChip project (www.
ecotoxchip.ca).

1.03.06 Characterizing Toxicity Pathways Associated with 
17²-Trenbolone Exposure in Adult Fathead Minnows Across 
Biological Levels of Organization
U. Fuchylo, K.B. Steeves, University of Saskatchewan / Toxicology 
Centre; D. Crump, Environment and Climate Change Canada / National 
Wildlife Research Centre; A.J. Masse, University of Saskatchewan / 
Toxicology; J. Xia, McGill University Macdonald Campus / Institute 
of Parasitology; O. Soufan, N. Basu, McGill University / Faculty of 
Agricultural and Environmental Sciences; N.S. Hogan, University 
of Saskatchewan / Department of Animal and Poultry Science and 
Toxicology Centre; M. Hecker, University of Saskatchewan / School of the 
Environment & Sustainability and Toxicology Centre
17β-Trenbolone (17β-TB) is a strong androgen receptor agonist that occurs 
as the biologically active metabolite of trenbolone acetate, an anabolic 
steroid used as a growth promoter in the beef cattle industry. It can enter 
aquatic ecosystems as agricultural run-off and has been shown to cause 
masculinization of female fish where females, morphologically and chem-
ically, exhibit male characteristics. While many studies have reported 
morphological and biochemical effects of 17β-TB in fish, there is only 
limited knowledge with regard to the underlying molecular pathways that 
contribute to these apical outcomes. Therefore, this study was conducted 
to characterize the molecular response patterns in fathead minnows 
(Pimephales promelas) exposed to 17β-TB and use these to assemble 
toxicity pathways that are predictive of apical outcomes. Sexually mature 
fathead minnows were exposed to nominal concentrations of 6.25, 50, and 
400 ng 17β-TB/L for 21 d. After 4 d fish were subsampled for molecular 
endpoints (i.e. transcriptomics, proteomics, and metabolomics) and after 
21 d the remaining fish were sampled for apical endpoints (i.e. histopathol-
ogy, secondary sex characteristics). Fecundity was monitored throughout 
the exposure. Transcriptomic analyses found that in the highest treatment 
group exposure resulted in significantly dysregulated gene pathways 
associated with cell cycle processes, sexual reproduction, microtubules 
and serine-type endopeptidase activity, among others (FDR< 0.05). 
Furthermore, there was a significant decrease in cumulative egg produc-
tion in the high treatment group when compared to the control group (p< 
0.05). Currently, these data show that the effects of exposure on molecular 
endpoints are in agreement with resulting apical outcomes. Proteomics, 
metabolomics, and histopathology data are forthcoming. It is anticipated 
that this research will help identify molecular toxicity pathways for 
17β-TB in adult fathead minnows that could be used to predict adverse 
apical outcomes of exposure. This study is part of the EcoToxChip project 
(www.ecotoxchip.ca).

1.03.07 Gathering Evidence of Endocrine Pathway Conservation for 
Cross-Species Extrapolation Using New Approach Methods
S.M. Vliet, U.S. Environmental Protection Agency / ORD/CCTE/Great 
Lakes Toxicology & Ecology Division; S.G. Lynn, K. Markey, U.S. 
Environmental Protection Agency / Office of Science Coordination and 
Policy; C.A. LaLone, U.S. Environmental Protection Agency / ORD/
CCTE/Great Lakes Toxicology & Ecology Division
The US Environmental Protection Agency’s Endocrine Disruptor 
Screening Program (EDSP) is tasked with assessing thousands of 
chemicals for their potential to adversely impact human health and 
the environment through perturbation of endocrine pathway targets. 
Traditionally, chemical screening is performed using a tiered toxicity test-
ing strategy that includes whole-animal studies. This approach, however, 
has proven challenging due to the extensive time, resources, and animals 
needed to evaluate a single chemical. In response to these challenges, the 
EDSP has been transitioning towards the use of new approach method-
ologies (NAMs) such as in-vitro high-throughput screening techniques 
to rapidly and efficiently prioritize chemicals for further testing. Despite 
their utility, the ability of these mammalian-based assays to accurately 
reflect chemical interactions for non-mammalian targets remains uncer-
tain. Therefore, one goal of the EDSP is to evaluate biological pathway 
conservation across taxa to understand how broadly these results can 
be extrapolated to non-mammalian species. A NAM that can be used to 
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computationally examine biological pathway conservation across taxa is 
the USEPA Sequence Alignment to Predict Across Species Susceptibility 
(SeqAPASS) tool. The SeqAPASS tool, using publicly available data, 
allows users to rapidly evaluate protein target sequence and structural 
similarity to understand conservation of biological targets. In this pre-
sentation, we demonstrate the ability of the SeqAPASS tool to assess the 
conservation of endocrine targets and generate predictions of chemical 
susceptibility across diverse species. Using literature review techniques 
and technological advances in data curation science, we then demonstrate 
a framework for the evaluation of existing in vitro and in vivo data to 
anchor SeqAPASS-derived in-silico predictions of species susceptibil-
ity and provide weight of evidence for the extrapolation of androgen and 
estrogen responses across species. Finally, using the steroidogenesis 
enzyme CYP19A1 (aromatase), we highlight current efforts to expand 
and validate in silico predictions through laboratory techniques (e.g. site-
directed mutagenesis). Overall, this presentation provides a framework 
for addressing the conservation of endocrine targets across species and 
understanding the degree to which mammalian-based NAMs can accu-
rately reflect chemical interactions with non-mammalian targets.

1.03.08  The Read-Across Approach and Data-Gap Filling for 
Endocrine Disrupter
D. Leverett, WCA-Environment, Ltd.; G. Panter, K. Roylance, O. Green, 
R.J. Brown, wca consulting; G. Merrington, WCA Environment, Ltd.
In 2018, criteria for when a plant protection product should be consid-
ered an endocrine disrupter (ED) were set out in European Commission 
regulation 2018/605 (EC 2018). Guidance for the identification of ED were 
also developed by the European Food Safety Authority (EFSA) and the 
European Chemicals Agency (ECHA) in 2018 (EFSA/ECHA 2018), using 
the Organization for Economic Co-operation and Development (OECD) 
conceptual framework as a guide to the tests and information available 
for the screening and testing of ED chemicals. In the past there has been 
an assumption that all data for an ED assessment should be based on 
results for the substance of concern. The ED guidance, however, allows 
for the use of data from read-across to fill data gaps for substances that 
have similar physiochemical, toxicological and ecotoxicological proper-
ties. Specific reference to the use of read-across data in the guidance is a 
welcome addition because in some cases it may mean that unnecessary 
testing can be avoided. However, for a substance to be identified as an ED 
an endocrine mode of action (MoA) must be shown to result in an adverse 
effect. There are therefore scenarios where two substances which would 
appear to be suitable for read-across might not have the same hazard 
potential due to differences in either potency or absorption, distribution, 
metabolism and excretion properties. Furthermore, it is not always clear 
where in the hazard assessment read-across should appropriately be used, 
i.e. as consideration of all available data, for filling data gaps, and / or 
in support of MoA analysis. In our assessments we have been consider-
ing “when” and “how” it is appropriate to use read-across and what 
considerations need to be made when including data from a read-across 
substance in the ED assessment. We will explore the use of read-across 
through a series of case studies. The case studies will cover the fol-
lowing: · Substances with a common active metabolite; · Structurally 
similar substances for data gap analysis; · Inferring an ED hazard for one 
substance based on the known hazards of other similar substances during 
MoA analysis The talk will discuss some of the benefits of incorporat-
ing read-across into the ED assessment but provides some caveats. The 
aim of this presentation is to help to improve the consistency for use of 
read-across data in ED assessments by providing evidence for where 
inclusion of read-across endpoints improve confidence in the outcome of 
the assessment.

1.03.09 Exogenous 11-Ketotestosterone Decrease Sex Hormone 
Synthesis in Male Mummichog by Altering 3β-Hydroxysteroid 
Dehydrogenase and Cytochrome P450 17A1
R. Rutherford, A. Lister, D. MacLatchy, Wilfrid Laurier University / 
Biology
Anthropogenic androgens enter aquatic ecosystems in low con-
centrations; their receptor affinity allows them to interact with the 
hypothalamus-pituitary-gonadal (HPG) axis in fish and elicit responses 
such as depression of plasma sex hormones. The specific points of inhibi-
tion in the HPG are currently unknown. Previous work with mummichog 
(Fundulus heteroclitus) has indicated exogenous androgens inhibit testis 
steroidogenesis; gene transcripts for cytochrome P450 17A1 (cyp17a1) 
and 3β-hydroxysteroid dehydrogenase (3βhsd) were decreased immedi-
ately preceding plasma hormone depression. In the current study, male 
mummichog were injected with 0 (control) or 1 pg/g 11-ketotestosterone 
(11KT) to induce plasma hormone depression. Steroidogenic genes, 
including cyp17a1 and 3βhsd were quantified during steroid depres-
sion and recovery. Fish were sampled 6 h, 18 h, 36 h, 48 h, 60 h or 72 h 
post-injection and testis tissue was either snap frozen or incubated for 
24 h at 18oC. Testis incubations were conducted without (basal) or with 
steroid precursors progesterone (P), dehydroepiandrosterone (DHEA), 
P and DHEA or androstenedione (AD) to determine if addition of these 
precursors resulted in restored gonadal sex hormone synthesis. Plasma 
testosterone was depressed 12 h post-injection, and recovered by 36 h. 
Plasma 11KT was depressed at 24 h post-injection and recovered by 
72 h post-injection. P and DHEA did not restore gonadal sex steroid 
production, indicating impairment in the pathway at P metabolism to 
17α-hydroxyprogesterone via CYP17A1 and DHEA metabolism to AD via 
3βHSD. AD stimulated testosterone but not 11KT production, indicat-
ing that 17β-hydroxysteroid dehydrogenase (17βHSD) is not inhibited 
but 11β-hydroxysteroid dehydrogenase (11βHSD) is. Gene transcripts 
of most steroidogenic genes correlated with periods of plasma hormone 
depression, with cyp17a1 and 3βhsd having the largest fold change and the 
longest duration of depression. Gonadal responses of 11KT-injected fish 
mirrored gonadal sex hormone production in excised testis incubated with 
the 3βHSD inhibitor trilostane, and the CYP17A1 inhibitor SU-10603. 
Overall, this study provides evidence that decreased gonadal terminal 
sex steroid synthesis is linked to depression of gene expression and the 
inability to metabolize P or DHEA to downstream metabolites.

4. Environmental Impacts of Modern Industrial 
Meat Production
1.04.01 Aerial Transport of Particulate Matter Containing 
Pesticides Used on Beef Cattle Feed Yards
E. Peterson, Texas Tech University / Environmental Toxicology; P. Smith, 
Texas Tech University
Recently, aerial transport of veterinary pharmaceuticals from beef cattle 
feed yards via particulate matter has been documented. While steroids, 
antibiotics, and other growth promoters are used in over 80% of feed 
yards to increase cattle growth and maintain health, insecticides are used 
more frequently and in significantly larger volumes than growth promot-
ers to control unwanted pests. In an effort to characterize the extent to 
which insecticides emanate from industrial cattle feeding operations, total 
suspended particulate matter was collected near beef cattle feed yards 
located in the Southern High Plains of the United States. Pyrethroids 
(permethrin and bifenthrin) were most frequently detected among insec-
ticides (>54% of feed yard particulate matter samples) at concentrations 
of 1,211.7 ± 781.0 ng/m3, which is 70 times higher than those detected one 
hour after municipal mosquito control efforts. Neonicotinoids were less 
frequently detected (< 27% of particulate matter samples) but at concen-
trations of 62.8 ± 38.2 ng/m3, or equivalent to those in dust generated 
while planting treated seeds. Concentrations of pyrethroids and neonicoti-
noids detected in particulate matter were above honey bee contact toxicity 
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thresholds. Honey bee death equivalencies were calculated from total 
pesticide masses emanating from feed yards and honey bee LD50 values. 
Total particulate matter generated across all feed yards on the Southern 
High Plains (520,695 kg) contains enough insecticides (active ingredi-
ent mass basis) to kill millions of bees daily. Further, a novel transport 
pathway for macrocyclic lactones introduced into the environment was 
identified. These results raise concern that non-target organisms are 
exposed to aerially transported pesticides at potentially toxic levels from a 
previously unforeseen source – beef cattle feed yards.

1.04.02  Characterizing the Chemical and Biological Impacts of Food 
Production Related Effluents on US Surface Waters
R. Hofer, ORISE at USEPA / Great Lakes Toxicology and Ecology 
Division; B.R. Blackwell, U.S. Environmental Protection Agency / 
Great Lakes Toxicology and Ecology Division; P.M. Bradley, U.S. 
Geological Survey / South Atlantic Water Science Center; C.E. Givens, 
L.E. Hubbard, U.S. Geological Survey / Upper Midwest Water Science 
Center; D.W. Kolpin, U.S. Geological Survey / Central Midwest Water 
Science Center; K.M. Romanok, K.L. Smalling, U.S. Geological Survey / 
New Jersey Water Science Center; D.L. Villeneuve, U.S. Environmental 
Protection Agency / Center for Computational Toxicology and Exposure
Environmental monitoring of surface waters is commonly focused on 
impacts from specific point sources, such as municipal wastewater 
effluents. While both municipal and industrial effluents are scrutinized as 
sources of bioactive contaminants in the environment, food production-
related effluents have received relatively little attention. The current 
study was designed as a screening level reconnaissance of surface waters 
impacted by wastewater from food production, including fish, meat, 
fruit and vegetable, and dairy processing as well as brewery and dis-
tillery operations, to better characterize their potential contribution to 
contaminant loading in surface waters. Surface waters collected from 23 
impacted sites from 17 states across the US were analyzed for more than 
530 target organics (pesticides, pharmaceuticals, wastewater indicators, 
volatile organic chemicals, hormones, and antibiotics), 40 inorganics, and 
microbial indicators. Surface water extracts were additionally screened 
for activity of approximately 70 biological endpoints using Attagene 
Factorial assays. More than 170 chemicals were detected at least once at 
one or more sites. Bioassay screening identified a total of 38 active end-
points at two or more sites, with up to 30 assays active for a single extract. 
Across assay endpoints, pregnane X receptor (PXR), aryl hydrocarbon 
(Ahr), and estrogen response element (ERE) were the most commonly 
activated endpoints, at 22 sites each. Chemical and bioassay data will be 
presented with a focus on identification of relationships between chemical 
occurrence and biological activity. Initial results indicate food production 
effluents may represent a significant source of bioactive contaminants to 
receiving surface waters. The contents of this abstract neither constitute, 
nor necessarily reflect, official USEPA policy.

1.04.03  Acute Toxicity of Commonly Used Beef Cattle Feed Yard 
Pesticides to Blue Orchard Mason Bees (Osmia lignaria)
E. Peterson, Texas Tech University / Environmental Toxicology; F.B. 
Green, Texas Tech University / Environmental Science and Studies; P.N. 
Smith, Texas Tech University / Environmental Toxicology
As one of the largest agricultural regions in the United States, the 
Southern High Plains (SHP) are dominated by cotton and beef cattle 
production. Multiple pesticides are used in relatively large amounts on 
beef cattle feed yards to control internal and external pests and flies. 
Recent data have indicated that many of these pesticides can be aeri-
ally transported in particulate matter from feed yards into surrounding 
environments. Analysis of particulate matter originating from cattle 
feed yards has revealed the presence of multiple pesticides believed to 
potentially impact non-apis pollinators in the SHP region. Toxicity of 
many of these pesticides has been determined for Apis mellifera (honey-
bees) however, little toxicity data exists for non-apis bee species. In order 
to address this gap in understanding the impact of pesticides on other 
important pollinators we conducted a series of 96-h acute toxicity tests on 

O. lignaria using two pyrethroids, two macrocyclic lactones, and three 
neonicotinoids. Tests closely followed existing A. mellifera acute toxicity 
testing protocols with minor modifications to account for physiological 
differences between species. We estimated contact LD50 values for each 
of the seven pesticides among male and female O. lignaria based on 
mass-normalized dose, and for combined sexes based on ng/bee (similar 
to values reported in standard A. mallifera protocols). All LD50 values 
were estimated using two-parameter log-logistic dose-response models. 
Pyrethroid LD50 estimates were 230.0 ± 26.3 (SE), and 45.6 ± 6.8 ng/bee 
for permethrin and bifenthrin, respectively. Macrocyclic lactones yielded 
similar LD50 estimates at 11.7 ± 2.5 ng/bee for abamectin and 12.0 ± 2.7 
ng/bee for ivermectin. The neonicotinoids (thiamethoxam, imidacloprid, 
and clothianidin) LD50 values were estimated at 5.3 ± 0.7, 26.2 ± 2.6, 
and 3.5 ± 0.5 ng/bee, respectively. Sensitivity ratios for each pesticide 
were calculated in order to relate these results to existing honey bee data. 
Pyrethroids were less toxic to mason bees, while abamectin and all three 
neonicotinoids were more toxic to mason bees relative to A. mellifera. 
Additional chronic exposure and oral toxicity data are needed to further 
inform pollinator risk assessments, but these preliminary results indicate 
that non-apis pollinators may be extremely susceptible to pesticides origi-
nating from beef cattle feed yards.

1.04.04  Elevated Concentrations of Feedlot-Derived Steroid 
Hormones in Surface Waters Adjacent to Beef Cattle Feed Yards
O. Ayodeji, P.N. Smith, Texas Tech University / Environmental Toxicology
Commercial feedlots are sources of a range of veterinary pharmaceuticals 
which can impact human and/or environmental health. Endogenous ste-
roid hormones and synthetic growth promoters used in beef cattle feeding 
operations can contribute to pollution of terrestrial and aquatic ecosystem. 
These compounds can be transported from concentrated animal feeding 
operations (CAFOs) into the environment by aerial deposition through 
dust, direct deposition through wastes, and movement through the soil-
water system governed by adsorption-desorption processes. Elevated 
concentrations of multiple agrochemical classes in fugitive particulate 
matter emissions, playa lake water samples, and wildflower samples 
collected near beef cattle feeding operations have been documented. 
Steroid hormones transported into the environment from CAFOs have 
potential to act as endocrine disrupting compounds (EDCs). The current 
study determined the concentration of naturally occurring and synthetic 
steroid hormones in surface waters collected in CAFOs. Water samples 
collected from 12 retention ponds affected by CAFOs were examine for 
occurrence of trendione, 17β-trenbolone (β-TbA), 17α-trenbolone (α-TbA), 
estrone (E1), 17α-estradiol (α-E2), 17β-estradiol (β-E2) and melengestrol 
acetate (MGA). Concentrations of steroids ranged from 2.29-6.33 ng/L for 
trendione, 31.95-3803.24 ng/L for β-TbA, 6.06-2497.55 ng/L for α-TbA, 
9.27-156.60 ng/L for E1, 7.86-510 ng/L for α-E2, 5.10-461.58 ng/L for 
β-E2 and 1.10-63.08 ng/L for MGA. The most frequently detected were 
E1, β-E2, β-TbA and α-TbA at 80%, 70%, 60% and 60% of CAFOs, 
respectively. The frequency of detection of trendione, α-E2, and MGA 
was 40%, 40% and 50% of CAFOs, respectively. E1, α-E2 and β-E2 
exceeded measured concentration reported in literatures for US waters 
while those of α-TbA and β-TbA exceeded reported amounts in runoff 
and lagoon waters. Results of the current study suggest that use of steroid 
growth promoters on CAFOs contributed to observed concentrations of 
these compounds in adjacent retention ponds.
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5. Environmental Risk Assessment: Development
and Application of Emerging Biologically Based
Methods for Assessing Toxicity in Endangered
Species
1.05.01 Predicting Wild Bee Sensitivity to Insecticides Utilizing 
Phylogenetically Controlled Inter-Species Correlation Models
T. Pamminger, BASF SE, Agrarzentrum Limburgerhof / Ecotoxicology; N. 
Hanewald, BASF SE / Ecotoxicology; C.W. Schneider, M. Bergtold, BASF 
SE
Plant protection products (PPP), are a vital pillar of modern agricultural 
practice, but their potential adverse effect on bees has emerged as an 
intensively discussed topic. Historically, research on the effects of PPP 
on bees has focused on the honey bee (Apis mellifera), while non-Apis 
bee species remain largely understudied. This study is intended as a 
first step to address this obvious knowledge gap and hope that it may be 
used to facilitate the development and implementation of a scientifically 
sound wild bee risk assessment with limited additional testing needs. We 
have compiled a comparative data set on bee sensitivity (acute contact 
exposure) against Acetylcholine Esterase (AChE) inhibitors, pyrethroids, 
neonicotinoids, organochlorides and bee bodyweight, a trait likely influ-
encing bee sensitivity to PPP exposure. In total, we collected sensitivity 
data for up to 24 bee species per insecticide group covering five of seven 
bee families. Using this information, while controlling for their phylo-
genetic non-independence, we build inter species correlation models to 
predict bee sensitivity to PPPs belonging to different modes of action 
based on their bodyweight. We find that 1) bee weight is a robust predic-
tor of bee resilience against insecticide exposure in many cases and 2) 
Apis is a particularly sensitive bee genus especially when body weight is 
taken into account. In contrast the currently proposed non-apis surrogate 
species (Bombus terrestris and Osmia sp.) for European risk assessment 
as well as many stingless bee species, are comparatively resilient to many 
classes of insecticides. We discuss the consequences of these findings in 
the context of the global non-Apis risk assessment debate in Europe and 
the Americas.

1.05.02 Extrapolating Insecticide Toxicity Data Across Lepidopteran 
Species of Conservation Concern: Pathways to Elucidating Novel 
Developmental Effects
N. Krishnan, R. Jurenka, Iowa State University / Entomology; S.P. 
Bradbury, Iowa State University / Natural Resource Ecology and 
Management
Several lepidopteran butterflies and moths, including the Dakota skipper, 
Poweshiek skipperling, Karner blue butterfly, and rattlesnake-master 
borer moth, have been listed under the Endangered Species Act or are 
under consideration for listing; e.g., monarch butterfly, sand verbena 
moth, and Spring Mountains dark blue butterfly. Effective conserva-
tion of lepidopteran species requires understanding the risks of a variety 
of stressors including habitat loss and fragmentation, extreme weather 
conditions and, for some species, potential exposure to insecticides. 
There is a scarcity of relevant insecticide toxicity data for lepidopteran 
species in general, and in particular for lepidopteran species of conserva-
tion concern, which contributes to uncertainty in estimating risks. Here 
we describe the development and interpretation of species sensitivity 
distribution models (SSDs) to estimate pyrethroid, organophosphate, and 
neonicotinoid toxicity values for endangered and threatened lepidopteran 
species. The SSDs were based on published data generated in our labora-
tory for monarch butterfly larvae combined with published data for ten 
other moth and butterfly species. A limitation in developing lepidopteran 
SSDs includes the diversity of exposure techniques and insufficient 
dosimetry information to support a compilation of robust data. Typical 
screening bioassays used to identify candidate insecticides for lepi-
dopteran pest species do not incorporate full dose–response curves, late 
instar toxicity data, or extended observation periods, which limits their 
utility in developing SSDs to support ecological risk assessments. For 
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example, in our cuticular and dietary monarch bioassays we included an 
extended post-exposure observation period, which revealed a previously 
unreported low-dose, lethal symptomology elicited by the neonicotinoids 
disruption of pupal ecdysis. The prevalence of this response varies with 
the timing and route of exposure. To date, we have subsequently observed 
this symptomology in an additional three out of four lepidopteran species. 
Based on binding to mixed nicotinic/muscarinic acetylcholine receptors 
as a presumed molecular initiating event, we propose potential toxicity 
pathways involving the neuroendocrine system to elucidate differences in 
interspecies sensitivity to this adverse outcome.

1.05.03 Interspecies Variation in Sensitivity to Activation of the Aryl 
Hydrocarbon Receptor by Polycyclic Aromatic Hydrocarbons in 
Zebrafish, Japanese Medaka, and Fathead Minnow
J. Dubiel, J.A. Doering, University of Lethbridge / Department of
Biological Sciences; D. Green, University of Saskatchewan / Toxicology
Centre; Z. Xia, University of Manitoba / Department of Chemistry; G.
Tomy, University of Manitoba / Department of Chemistry / COGRAD
Laboratory; A. Hontela, University of Lethbridge / Department of
Biological Sciences; S. Wiseman, University of Lethbridge / Biology
Polycyclic aromatic hydrocarbons (PAHs) are a diverse group of chemi-
cals characterized by the presence of two or more fused aromatic rings. 
In addition to parent PAHs, alkyl derivatives of PAHs are enriched in 
deposits of crude oil and coal. Although PAHs are naturally occurring in 
crude oil and coal, extraction processes have been shown to increase load-
ing of PAHs into aquatic systems where they accumulate in the sediment. 
Fishes and other aquatic wildlife can suffer a variety of toxicities due 
to activation of the aryl hydrocarbon receptor (AhR) by PAHs. To date, 
most research on fishes has focused on zebrafish (Danio rerio), however 
the sensitivity of zebrafish may not be representative of other fishes due 
to interspecies variation in sensitivity to AhR activation by PAHs, as is 
seen with other classes of AhR agonists such as dioxin-like compounds 
(DLCs). To begin addressing the question of interspecies difference in 
AhR sensitivity to activation by PAHs among fishes, embryos from three 
phylogenetically diverse model species—zebrafish, Japanese medaka 
(Oryzias latipes), and fathead minnow (Pimephales promelas)—will be 
exposed through microinjection to serial doses of benz(α)anthracene or 
the alkyl derivative, 8-methylbenz(α)anthracene. Embryos of each species 
will be reared until the transition to exogenous feeding, at which time 
occurrences of survival and adverse biological effects will be quantified. 
The median lethal dose (LD50) of each PAH will be compared across 
species and used to calculate the relative sensitivity of each species to 
AhR-mediated toxicities. Additionally, the LD50 will be used to calculate 
the potency of 8-methylbenz(α)anthracene relative to benz(α)anthracene 
and then across species to determine if the effect of alkylation on potency 
is conserved. These results will illustrate the extent of interspecies varia-
tion in sensitivity to activation of the AhR by PAHs as well as the impact 
that alkylation has on potency. This information could be valuable for 
informing future work by providing information on interspecies differ-
ences in sensitivity for use in the selection of native species of concern for 
subsequent studies. It will also provide information on the risk posed to 
fishes by alkyl-PAHs relative to the parent compound. Overall, these find-
ings will fill important gaps in knowledge regarding the impacts of PAHs 
and their derivatives on the health of fish.

1.05.04 Cross Species Sensitivity to Chemicals for Non-Model 
Species
N.D. Denslow, M. De Maria Mulet, H.G. Kurita Oyamada, K.J. Kroll,
University of Florida / Physiological Science
Contaminants that function as endocrine disruptors are likely to have the 
same molecular targets across species. It is also likely that contaminant 
sensitivity in a species depends on the binding affinity for the target 
which in turn depends on the target’s molecular structure, especially 
around the active site. The best method is to compare crystal structures 
of target molecules to look at amino acids within and close to the active 
site. This is problematic for non-model species where crystal structures do 
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not exist and where often only partial transcriptomes may be available. A 
further complication is that in the fish lineage a whole genome duplica-
tion occurred 350 million years ago, generating two transcripts for every 
gene. Through evolution sometimes, one or the other paralog becomes 
lost, as the organism does not need both for function. In other cases, both 
paralogs remain and may be expressed in different tissues or the activity 
of the original ortholog may be split into the two paralogs, making it dif-
ficult to compare activities simply based on sequence. Another approach 
is to use transcriptomics or proteomics to define molecular pathways that 
are altered by the contaminants. If similar pathways are activated in the 
different organisms, then one can conclude that the adverse outcome is 
likely the same among species, even if the exact molecular initiating event 
is obscure. We have compared activated pathways among species derived 
from transcriptomics and proteomics approaches and we find common-
alities among them for endocrine disruptors. Non-model species used 
include fathead minnow, largemouth bass, mosquitofish and silver sides.

1.05.05  Identification of Conserved Molecular Processes in Three 
Phylogenetically Distant Teleosts Exposed to Fluoxetine Using 
Proteome-Wide Responses
A. Alcaraz, University of Saskatchewan / Toxicology Centre; K. 
Mikulasek, D. Potesil, Masaryk University / Proteomics Core Facility 
- Central European Institute of Technology; K. Shekh, University of 
Alberta / Faculty of Medicine; J.K. Challis, University of Saskatchewan 
/ Toxicology Centre; Z. Zdrahal, Masaryk University / Proteomics 
Core Facility - Central European Institute of Technology; D. Crump, 
Environment and Climate Change Canada / National Wildlife Research 
Centre; N. Basu, McGill University / Faculty of Agricultural and 
Environmental Sciences; N.S. Hogan, University of Saskatchewan / 
Department of Animal and Poultry Science and Toxicology Centre; 
M. Hecker, University of Saskatchewan / School of the Environment & 
Sustainability and Toxicology Centre
Prognostic assessment of potential toxicities of contaminants in biological 
systems using molecular tools are predominantly based on transcrip-
tomics investigations. However, changes at the gene expression level do 
not necessarily translate into downstream responses due to post-transcrip-
tional modifications (PTMs), epigenetic marks, alternative splicing, and 
non-coding RNAs, among others. Proteins, on the other hand, are relevant 
manifestations of biological functions that are currently active within a 
cell. Furthermore, proteins are structurally and functionally conserved 
across many species; thus, rendering protein-sequence analyses a valuable 
tool, particularly in prediction of adverse apical outcomes and extrapo-
lation across species. This study aimed to characterize and identify 
conserved molecular pathways across phylogenetically distant teleosts 
based on proteome-wide responses to their exposures to the selective 
serotonin reuptake inhibitor, fluoxetine (FLX). Embryonic fathead min-
now (FHM), rainbow trout (RBT) and white sturgeon (WS) were exposed 
to a nominal concentration of 7.8 ug FLX/L. Whole larvae were collected 
at 4 days post-hatch and non-targeted proteomics analysis was performed 
by LC-MS/MS. Identification of conserved perturbations in molecular 
functions across species was done by proteome-wide comparisons of 
orthologous clusters based on dysregulated proteins. Proteomic analyses 
showed 435, 134, and 287 dysregulated protein groups in FHM, RBT and 
WS, respectively. There were 12 orthologous clusters shared across the 
three species, including those with putative functions associated with Rab 
protein signal transduction, TCA cycle, visual perception, and epithe-
lial cell differentiation, among others. There were 54 clusters common 
between FHM and WS, 20 clusters for FHM and RBT, and 19 clusters 
for RBT and WS. Our proteome-wide comparisons showed limited 
concordance at individual protein-level, but orthologous clusters revealed 
conserved core response modules across phylogenetically distant teleosts. 
This information may be used to transfer knowledge between well-studied 
fish species to native and endangered species as a tool for predictive envi-
ronmental risk assessment. This study is part of the EcoToxChip project 
(www.ecotoxchip.ca).

1.05.06  Incorporating New Features for Rapid Interpretation of 
Results From the Sequence Alignment to Predict Across Species 
Susceptibility (SeqAPASS) Tool
D. Blatz, Oak Ridge Institute for Science & Education at USEPA; C. 
Simmons, GDIT / U.S. Environmental Protection Agency; A. Wilkinson, 
U.S. Environmental Protection Agency; T. Transue, General Dynamics 
Information Technology; C.A. LaLone, U.S. Environmental Protection 
Agency / ORD/CCTE/Great Lakes Toxicology & Ecology Division
The US Environmental Protection Agency (EPA) is slowly moving 
away from animal testing over the next 15 years. Now, more than ever, 
computational tools that evaluate chemical safety and species suscepti-
bility are advancing to the forefront of research to aid decision makers 
and risk assessors. The Sequence Alignment to Predict Across Species 
Susceptibility tool (SeqAPASS; https://seqapass.epa.gov/seqapass/) 
compares proteins from numerous species to understand conservation of 
chemical targets using three levels of sequence comparison to a known 
sensitive species. The first comparison evaluates primary amino acid 
sequences (Level 1), the second aligns conserved domains (Level 2), and 
the third compares critical amino acid residue similarity (Level 3), where 
each Level incorporates additional lines of evidence to predict chemi-
cal susceptibility rapidly to hundreds of species at a time. Results from 
such approaches can take hours to analyze in multiple files and excel 
spreadsheets. Two major updates have been integrated in the SeqAPASS 
pipeline which include a heat map visualization of individual amino acid 
comparisons (Level 3) and a Decision Summary report that allows for a 
combination of susceptibility predictions across the Levels evaluation. 
The new heat map visualization will allow for a quick and easy discern-
ment of amino acid similarities and differences across taxonomic groups 
and species. This feature will allow users to make rapid predictions of 
susceptibility based on known critical amino acids and develop hypoth-
eses as to which amino acids may cause a difference in susceptibility 
prediction for a particular species. The Decision Summary report is a user 
customizable report that can provide a complete and organized way to see 
all information regarding an evaluation with a specific protein target. The 
customizable options cater to the different levels of the SeqAPASS analy-
ses and predictions that can be produced as well as providing options to 
integrate the data visualizations in a pdf printable form. A case example 
will demonstrate the utility of the new SeqAPASS features focused on 
susceptibility pesticides to key pollinator species.

6. Epigenetics and Environmental Exposures: 
Mechanisms and Effects Across Phyla
1.06.01  Epigenetic Effects From Exposure to Environmental Stress 
Lead to Patterns of Transgenerational Inheritance
R. Bhandari, University of North Carolina, Greensboro / Department 
of Biology; S.M. Brander, Oregon State University / Environmental and 
Molecular Toxicology; A. Biales, U.S. Environmental Protection Agency 
/ ORD/CCTE/GLTED; J. Head, McGill University / Natural Resource 
Sciences
Environmental chemical exposures can elicit heritable health effects 
across taxa, primarily when they occur during sensitive windows of 
embryonic development. These changes can occur in both somatic 
cells and in the germline. Alterations occurring in somatic cells can 
have real impacts on organismal response to environmental stressors. 
Environmentally induced phenotypic traits that occur due to epigenetic 
changes in the germline have been found to be inherited by subsequent 
generations, even if the exposure occurred several generations ago. The 
effects that develop in the absence of exposure but result from ancestral 
exposure are called transgenerational health effects. Transgenerational 
health effects in humans are not clearly understood; however, results from 
non-human studies suggest that chemicals can leave exposure-specific 
epigenetic marks on germline cells that are transmitted to subsequent 
generations resulting in adverse health outcomes. Multigenerational 
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health effects, which are caused by direct contact with the chemical, seem 
to be different from transgenerational health effects. In this talk, we will 
discuss current concepts of epigenetic reprogramming, epigenetic effects 
resulting from ancestral exposure to endocrine disrupting compounds 
across two different model species, as well as transcriptional pathways 
linked to these epigenetic alterations which are potentially useful for the 
prediction of adverse health outcomes.

1.06.02 TPHP Induces Tail Defect by Enhancing the Expression of 
miR-137 and miR-141 in Zebrafish Embryos
T. Cong, Seoul National University of Science and Technology / Dept 
of Environmental and Energy Engineering; K. Kim, Seoul National 
University of Science and Technology / Department of Environmental 
Engineering
Triphenyl phosphate (TPHP) classified in organophosphate esters (OPEs) 
caused developmental toxicity in zebrafish embryos in our previous study. 
In this study, the underlying molecular toxicity mechanism of TPHP was 
investigated in terms of epigenetic observation. Dechorionated zebraf-
ish embryos were exposed to various concentrations of TPHP (i.e., 0, 
0.64, 6.4, 11, 20, 35 and 64 μM) for phenotypic morbidity evaluation and 
exposed to three concentrations of TPHP (i.e., 0, 0.64 and 6.4 μM) for 
mRNA and miRNA expression measurement. The mortality and malfor-
mation significantly increased in a concentration-dependent manner, in 
particular, we observed that TPHP exposed zebrafish embryos showed the 
abnormally developed tails from the 17-somite stage. The expression of 
genes (i.e., mmp9 and sox9b) related to tail development was significantly 
decreased in TPHP exposed zebrafish embryos in qRT-PCR and whole 
in-situ hybridization. We found that the down-regulation of mRNA gene 
expression was associated with enhanced expression of miR-137 and 
miR-141 and that their expression was compensated by microinjection of 
miRNA inhibitors. This study demonstrates that identified miR-141 and 
miR-137 control gene expression in TPHP-induced zebrafish embryos 
and provides insight to identify and investigate the function of miRNA in 
environmental toxicology.

1.06.04  The Novel Brominated Flame Retardant, 
1,2,5,6-Tetrabromocyclooctane (TBCO), Impairs Oocyte Maturation 
in Zebrafish
D. Van Essen, University of Lethbridge / Biology; J. Miller, University of 
Lethbridge / Department of Biological Sciences; A. Alcaraz, University of 
Saskatchewan / Toxicology Centre; S. Wiseman, University of Lethbridge 
/ Biology
With the recent introduction of the novel BFR 
1,2,5,6-Tetrabromocyclooctane (TBCO), concentrations in aquatic 
systems are likely to increase. Though little is known about its toxic 
effects, TBCO is an endocrine-disrupting chemical. Exposure of Japanese 
medaka (Oryzias lapites) to TBCO caused decreased fecundity, and it has 
been proposed that this might be due to impairment of oocyte meiosis. 
However, this mechanism remains uninvestigated. Thus, objectives of 
this study were to determine if TBCO impairs oocyte maturation and to 
investigate molecular mechanisms of effects. Sexually mature female 
zebrafish (Danio rerio) were given a diet of 100 (low) or 1000 (high) ug 
TBCO / g food for 14 days. In vitro maturation of stage IV oocytes from 
fish exposed to TBCO was significantly less than maturation of oocytes 
from control fish. Among a suite of genes that encode proteins involved 
in signal transduction and meiotic resumption during oocyte maturation, 
mRNA abundances of mPRa and igf3 were decreased in oocytes from 
fish exposed to TBCO suggesting involvement in impairment of oocyte 
maturation. Several differentially expressed miRNAs are known to regu-
late processes including the expression of receptors and other important 
signal transduction factors that control oocyte maturation in mammals. 
High-throughput sequencing and functional annotation of small non-
coding RNAs identified six and nine differentially expressed miRNAs in 
oocytes from fish given low or high TBCO, respectively. The roles that 
differentially expressed miRNAs play in disruption of oocyte maturation 

are being explored. Overall, results indicate that effects of TBCO on 
fecundity might be due to impairment of oocyte maturation and provide 
novel information on mechanisms which disrupt oocyte maturation.

1.06.05  Identification of Differentially Methylated Regions in 
Zebrafish Eleutheroembryos Exposed to TBT
L. Navarro-Martin, Institute of Environmental Assessment and Water 
Research / Environmental Chemistry; J. Kamstra, Utrecht University / 
Institute for Risk Assesment Sciences (IRAS); R. Martinez, IDAEA-CSIC 
/ Environmental Chemistrty; J. Legler, Utrecht University / Institute for 
Risk Assessment Sciences (IRAS); B. Piña, Institute of Environmental 
Assessment and Water Research (IDAEA) Spanish Research Council 
(CSIC) / Environmental Chemistry
Environmental exposures to chemicals can affect the epigenetic status 
of ecotoxicologically relevant species of fish, plants and invertebrates. 
The prevalent hypothesis is to use the “epigenetic foot-print” as a tool to 
evaluate the exposure of a given organism to toxicants, with the ulti-
mate goal of determine if epigenetic signatures characterized after early 
developmental exposures are maintained through time once the pollutant 
exposure ceased, and if those can cause adverse effects on the exposed 
animals. Indeed, several publications have demonstrated that EDCs can 
act as epigenomic disruptors. However, the mechanism of action remains 
unclear. For that reason, further studies are needed to better understand 
the involvement of upstream mechanisms, such as epigenetics, and 
elucidate how EDCs act on epigenetic endpoints capable to regulate gene 
expression. Zebrafish has been recognized to be a good model species to 
study environmental epigenetics. In the present study we have exposed 
zebrafish eleutheroembryos from 2 to 5 days post fertilization to 3, 30 and 
100 nM of TBT. Extraction of RNA and DNA was performed simulta-
neously from pools of 8 eleutheroembryos. RNA sequencing revealed 
that transcriptomic dysregulation of TBT suggested a general, rather 
unspecific toxicity pattern, since most of the affected pathways were 
related to cell viability and development. This was in concordance with 
morphometric results previously published that showed that the affected 
traits were more related to developmental delays rather than to a specific 
mode of action of TBT. However, steroid biosynthesis pathways that lead 
the synthesis of cholesterol and vitamin D3 appeared as the modules that 
become affected at the lowest TBT concentrations. Furthermore, five 
replicate samples per condition were sequenced for control, 3 and 30 nM 
of TBT using whole genome bisulfite sequencing (WGBS). Results from 
this analysis will be integrated with transcriptomic data obtained. The 
ultimate goal of this study is to identify potential epigenetic biomarkers of 
exposure to EDCs and to better understand the modes of action of EDCs 
using holistic approaches.

1.06.06 EpiRAD Sequencing to Identify Methylome Changes Upon 
Ancestral Benzo [a] Pyrene Exposure in the Medaka Fish (Oryzias 
latipes)
R. Jayarajan, Texas A&M University, Corpus Christi / Department of Life 
Sciences; J. Mo, City University of Hong Kong; D.W. Au, City University 
of Hong Kong / Department of Chemistry; F. Seemann, Texas A&M 
University, Corpus Christi / Department of Life Sciences
Previous research has shown that the widely distributed pollutant group 
polycyclic aromatic hydrocarbons (PAHs), notably Benzo [a] pyrene 
(BaP), can cause skeletal impairment upon ancestral exposure in the 
subsequent generations in fish. Ancestral exposure to BaP alters the 
mineralization of vertebral bodies, changes their biomechanical proper-
ties and renders them more vulnerable to deformities. Still, it is virtually 
unknown which biological mechanisms and pathways are responsible for 
the transgenerational inheritance of the affected bone phenotype. Albeit 
still being discussed in the research community epigenetic machiner-
ies like DNA methylation, histone modifications and long non-coding 
RNAs are potentially responsible for deregulated bone development in 
the ancestrally BaP-exposed offspring. It is suspected that a combination 
of all three epigenetic mechanisms is responsible for the inherited bone 
phenotype changes. Parental BaP exposure has previously been shown 
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to modify the methylation pattern in sperm, oocytes and offspring in 
mice. The current study aims to discern modifications of the methyla-
tion pattern from testis tissue, sperm, ovary tissue, small oocytes and 
large oocytes of ancestrally BaP-exposed Japanese medaka fish (Oryzias 
latipes). The EpiRAD sequencing allows to identify gene-specific hyper- 
or hypomethylation in response to ancestral BaP exposure. Cross tissue 
comparison will be done to determine differentially methylated loci and 
putative loci are annotated against human orthologues to identify hyper-or 
hypomethylated functional clusters and pathways potentially causative 
for BaP-induced transgenerational bone toxicity. This specific research 
addresses an extensive knowledge gap by unravelling BaP-mediated 
epigenetic changes in the maternal and/or paternal reproductive tissues 
responsible for transgenerational inheritance. This research will signifi-
cantly advance the understanding of a likely causal relationship between 
epigenetic alterations and organism health by gaining valuable insight 
on the inheritance of phenotypes in fish and mammals, and thus advanc-
ing the ecological risk and public health impact assessment of BaP/PAH 
pollution.

7. Immunoeco[toxico]logy: Immunoenhancing and 
Immunosuppressing Effects of Contaminants and 
Their Relevance to Risk Assessment
1.07.01  Exploring the Use of Zebrafish Embryo Models As 
Alternatives to Rodent Testing for Investigating Inflammatory 
Responses to Nanomaterials (NMs)
S. Gillies, R. Verdon, T. Henry, V. Stone, H.J. Johnston, Heriot Watt 
University / Nano Safety Research Group
The exploitation of nanomaterials (NMs) is increasing across many indus-
trial sectors. However, there are uncertainties regarding their potential 
adverse impacts on human health. Assessment of NM toxicity to human 
health currently relies on using rodents. However, there is an urgent 
need to better align nanotoxicology with the principles of the 3Rs: the 
replacement, reduction, and refinement of the use of animals in research. 
We propose that the use of non-protected life stages of zebrafish (Danio 
rerio) larvae is increased as an alternative to rodent testing. Neutrophil 
accumulation is commonly used as a marker of NM toxicity in rodent 
studies. Therefore, we have exploited transgenic zebrafish larvae with 
fluorescently-labelled neutrophils (Tg mpx:EGFP) to assess inflamma-
tory responses to NMs. The tail fins of zebrafish larvae were transected 
at 3 days post-fertilisation (dpf), and the injured larvae were exposed to 
0, 0.02, 0.375, 0.75, or 1.5 µg/mL silver (Ag) NMs, or 0, 1, 5, or 7.5 µg/
mL zinc oxide (ZnO) NMs (in E3 medium). To identify a suitable positive 
control the responses to IL-8, C5a, fMLP, and LTB4 were also assessed. 
The larvae were imaged at 0, 4, 6, 8, 24, and 48 hours post-injury (hpi) 
and the number of neutrophils at the tail fin region counted. Non-injured 
zebrafish larvae were exposed to Ag NMs (1.95, 3.9, 7.8 µg/mL) at 3 
dpf via microinjection into the otic vesicle, and neutrophil accumula-
tion monitored up to 48h post exposure. Following tail fin injury, Ag and 
ZnO NMs enhanced the neutrophil response, with a greater number of 
neutrophils observed to accumulate at the injury site for a longer period 
compared to control, injured larvae. LTB4 was identified to be a suit-
able postiive control as it activate the greatest inflammatory response. 
Following microinjection, Ag NMs stimulated an increase in neutrophils 
in the otic vesicle. However the tail fin injury model was preferred to 
investigate the inflammatory potential of NMs, as it is less technically 
challenging and therefore more efficient when screening NM safety. The 
methods employed in our study will feed into the development of a tiered 
testing strategy for NM safety assessment that promotes the more wide-
spread adoption of non-rodent, alternative models to make nanotoxicology 
testing more ethical, physiologically relevant, and cost and time efficient. 
In addition, we suggest that the tail fin injury model could be used as a 
disease model to assess the response of susceptible populations to NM 
exposure.

1.07.02  In Vivo Effects on the Immune Function of Fathead Minnow 
(Pimephales promelas) Following Ingestion and Intraperitoneal 
Injection of Polystyrene Nanoplastics
A. Elizalde Velazquez, J. Crago, Texas Tech University / Department 
of Environmental Toxicology The Institute of Environmental and 
Human Health TIEHH; X. Zhao, M.J. Green, Texas A&M University / 
Department of Chemical Engineering; J.E. Canas-Carrell, Texas Tech 
University / Department of Environmental Toxicology The Institute of 
Environmental and Human Health TIEHH
Nanoplastics (1-100 nm) are potentially the most hazardous litter in 
the environment. Recent scientific studies have documented their toxic 
effects at the cellular and molecular levels, but knowledge underlying 
mechanisms of their toxicity is still scarce. Nanoplastics are known for 
their ability to induce immune and inflammatory responses as well as 
generating reactive oxygen species. While some studies have addressed 
the immunotoxicity of nanoplastics in vitro and on in vivo in fish after 
intraperitoneal injection, no information is available on adult fish after 
ingestion of a contaminated prey. The present study is the first to attempt 
to address the immunotoxicity of nanoplastics in adult fish after trophic 
transfer. Pimephales promelas is a well-established bioindicator species 
to study the immunotoxicity of nanoparticles and the innate immune 
responses of fish. This study aims to assess the in vivo innate immune 
response of adult P. promelas following exposure to polystyrene nano-
plastics by measuring the gene expression of ncf, nox2, mst1 and c3; these 
genes are related with the immune function of neutrophils, macrophages 
and complement in fish. Two target organs (liver and head kidney) and 
two routes of exposure (IP- injection and ingestion) were analyzed. 
After 48 h of exposure, polystyrene nanoplastics were encountered in 
the liver and kidney of both IP-injection and ingestion exposed fish, 
and significantly affected the innate immune system of P. promelas by 
downregulating the gene expression ncf, mst1, and c3 in liver and kidney. 
Significant difference between treatments was only observed for the gene 
expression of nfc in liver. Results of this study indicate that polystyrene 
nanoplastics can exhibit immunotoxicity in fish through an environ-
mentally relevant route of exposure, interfering with the synthesis and 
function of neutrophils, macrophages, and complement of P. promelas in 
their principal hematopoietic tissues, which may potentially compromise 
its ability to survive in nature.

1.07.03  Increased Per- and Polyfluoroalkyl Substance Exposure Is 
Associated with Biomarkers of Autoimmunity American Alligator 
(Alligator mississippiensis)
S.M. Belcher, North Carolina State University / Biological Sciences; T. 
Guillette, ORAU at EPA / Center for Public Health and Environmental 
Assessment; M. Polera, M. Guillette, North Carolina State University / 
Department of Biological Sciences
Per- and polyfluoroalkyl substances (PFAS) are a diverse group of 
man-made persist chemicals that are ubiquitous within built and natural 
environments. Previous study from our lab has demonstrated that elevated 
levels of legacy and novel replacement PFAS in predatory fish species in 
the Cape Fear River. Increasing concentrations of two sulfonated PFAS, 
perfluorooctane sulfonate (PFOS) and Nafion byproduct 2 were associ-
ated with increased lysozyme activity, a biomarker of dysregulated innate 
immunity. Parallel study aimed at defining adverse impacts of PFAS 
exposure on immune outcomes in a long-lived keystone species, the 
American alligator (Alligator mississippiensis) has focused more broadly 
on identifying associations between PFAS exposure and alterations in 
immune-related functions. Using liquid chromatography high-resolution 
mass spectrometry, the serum concentrations of 23 different PFAS were 
determined in adult alligators from the Cape Fear River watershed (CFR) 
and a reference population from Lake Waccamaw (LW) in the neighbor-
ing Lumber River basin. Relative to LW alligators, median total serum 
PFAS concentrations of the CFR alligators were elevated >4-fold. Field 
observations noted increased incidence of necrotic wounds and unhealed 
skin lesions in alligators from the CFR watershed but not the LW study 
population. Serum PFAS concentrations were associated with increased 
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lysozyme activity, and comparative differential white blood cell counts 
revealed significant decreases in thrombocytes (thrombocytopenia), 
increased numbers of lymphocytes and irregular erythrocytes including 
helmet cells in alligator blood samples from CFR. Together those findings 
were suggestive of increased autoimmune-like activity in CFR alligators. 
To examine whether an autoimmune-like phenotypes were increased at 
the CFR site, the presence of double-stranded DNA binding immuno-
globulins were evaluated. Results of alligator IgG specific ELISA assay 
indicated a significant increases in the DS-DNA bind IgG in serum of 
adult alligators from CFR that are associated with the observed increases 
in serum PFAS levels. This is the first evidence for autoimmune-like 
phenotypes in any crocodilian species. Whereas causality cannot be 
established, these findings support the hypothesis that increasing levels of 
PFAS can contribute to autoimmune dysfunction in crocodilians.

1.07.04  Perfluorooctane Sulfonate (PFOS) Exacerbates Microglial 
Responses to Brain Injury in Exposed Zebrafish Embryos
S. Martin, N. Martin, J. Plavicki, Brown University / Pathology and 
Laboratory Medicine
Per- and Polyfluoroalkyl Substances (PFAS) are a class of manufactured 
organic compounds frequently found in repellant and stain-resistant prod-
ucts. Due to their structural stability, these ubiquitous global toxicants do 
not readily degrade and are, consequently, environmentally persistent and 
bioaccumulative. Exposure to perfluorooctane sulfonate (PFOS), a preva-
lent PFAS congener, dampens adaptive immune responses in children. 
However, it is not known whether PFOS exposure affects the development 
and function of microglia, the resident innate immune population in the 
brain. Here, we examine microglial responses to a telencephalic punc-
ture wound in 3-day-old zebrafish that were raised in either 0.1% DMSO 
(control), 8 micromolar PFOS, or 32 micromolar PFOS. Capitalizing on 
the transparency of developing zebrafish, we demonstrate that transgenic 
embryos with fluorescently-labeled microglia have similar numbers of 
microglia when exposed to DMSO or PFOS. However, PFOS-exposed 
embryos exhibit a heightened microglial response to injury, as evidenced 
by a significant increase in microglial recruitment and an expanded zone 
of infiltration. PFOS exposure also exacerbated neuronal loss in the 
injured hemisphere. These exaggerated responses are not attributed to 
changes in inflammatory cytokine signaling, as brain-specific mRNA 
expression of the pro-inflammatory cytokines il6 and il1b are not signifi-
cantly upregulated over controls, with or without injury. In addition to 
responding to pathogens and injury, microglia have essential functions 
in synaptic pruning. Our preliminary experiments using an antibody 
against Synaptic Vesicles 2 suggest PFOS exposure alters the patterning 
and density of synapses in the developing brain. Using the photoconvert-
ible calcium indicator CaMPARI, we performed functional neuroimaging 
and observed global increases in neural activity in PFOS-exposed larvae. 
The increase in neural activity may reflect aberrant connectivity associ-
ated with the failure of microglia to prune and refine neural networks. 
Alternatively, it may indicate PFOS exposure elevates neuronal cal-
cium levels; thus, making neurons particularly vulnerable to injury and 
excitotoxicity. We are currently conducting experiments to disentangle 
these possibilities. Together, our data reveal an amplified and persistent 
microglial response to brain injury following PFOS exposure and indicate 
PFOS is neurotoxic.

1.07.05  Per- and Polyfluoroalkyl Substances Inhibit the Phagocytic 
Respiratory Burst
D.W. Phelps, A. Palekar, J. Driggers, J.A. Yoder, North Carolina State 
University / Molecular Biomedical Sciences
There are nearly 5,000 per- and polyfluoroalkyl substances (PFASs) 
registered globally that are used to produce non-stick cookware, food 
contact materials, hydro- and oleophobic textiles, fire-fighting foams, 
and more. PFASs are ubiquitous, persistent, and mobile in the environ-
ment, leading to commonplace exposure. It is estimated that more than 
95% of all Americans have detectable serum levels of PFASs. Exposure 
to PFASs has been linked to cancer, thyroid disease, and immune system 

dysfunction. Previous research has focused largely on the effects of 
PFASs on the adaptive immune system, leaving a knowledge gap on what 
is known about the effects of these compounds on the innate immune sys-
tem. To bridge this gap, we utilized an in vivo larval zebrafish model and 
an in vitro human neutrophil-like cell culture model to investigate innate 
immune function after exposure to environmentally relevant PFASs. 
First, range-finding studies were performed to determine concentrations 
at which there was no developmental toxicity or cytotoxicity. Using the 
established non-teratogenic or non-cytotoxic concentrations, the respi-
ratory burst was measured as a functional readout of innate immune 
function. In phagocytes, the respiratory burst is the rapid induction of 
microbicidal reactive oxygen species in response to infection. Preliminary 
data revealed that one PFAS inhibited the respiratory burst in vivo and 
in vitro. However, other PFASs were able to inhibit the respiratory burst 
solely in vitro. This may indicate that, while PFASs are able to directly 
impair innate immune function in vitro, certain PFASs may not efficiently 
target immune cells in vivo. Current studies are exploring this hypoth-
esis, whether PFAS-induced immunotoxicity is differentially influenced 
by chronic or acute exposure, and whether exposure to PFASs confers 
susceptibility to infectious disease.

1.07.06  Descriptive Toxicological and Immunotoxicological Findings 
of PFAS of Concern in North Carolina Waters
T. Woodlief, Q. Hu, J. Ayala, M. Ibrahim, J.C. DeWitt, East Carolina 
University / Pharmacology and Toxicology
Novel per- and polyfluoroalkyl substances (PFAS) were recently identified 
in surface waters used as drinking water sources for several communi-
ties within the state of North Carolina. These include the perfluoroether 
acids (PFEAs) perfluoro-2-methoxyacetic acid (PFMOAA), perfluoro-
2-methoxypropanoic acid (PFMOPrA), and perfluoro-4-methoxybutanioc 
acid (PFMOBA).Some PFEAs have replaced the longer carbon chain 
compounds such as perfluorooctanoic acid (PFOA) and perfluorooctane 
sulfonate (PFOS), but some appear to be environmental transforma-
tion or by-products of fluoropolymer production. While the toxicity of 
PFOA and PFOS have been well characterized in animal models and 
epidemiological studies of humans, to our knowledge, little toxicological 
data exist in the publicly available literature for PFMOAA, PFMOPrA, 
and PFMOBA. Therefore, the present studies sought to describe signs 
of toxicity following 30 days of exposure to these compounds. Young 
adult male and female C57BL/6 mice were orally exposed once/day for 
30-days to PFMOAA at 0, 0.00025, 0.025, or 2.5 mg/kg, or to PFMOPrA 
or PFMOBA at 0, 0.5 mg/kg, 5, or 50 mg/kg. Endpoints included in-life 
observations, organ weights, immunophenotype of lymphoid organs, liver 
peroxisome proliferation, natural killer (NK) cell cytotoxicity, and evalu-
ation of T cell-dependent antibody responses (TDAR) to sheep red blood 
cells. At doses administered, no differences were detected in terminal 
body weight, liver, spleen or thymus weights. Some shifts in immune 
cell populations were observed in spleen and thymus of both sexes in 
response to PFMOAA and in the female thymus in response to PFMOBA. 
Male spleen B and natural killer (NK) cells were increased by ~83% and 
~97%, respectively in response to PFMOAA at 2.5 mg/kg. PFMOBA 
induced a ~50% increase in peroxisome proliferation in the females at 
50 mg/kg, whereas PFMOAA induced a ~25% increase in peroxisome 
proliferation in females at 2.5 mg/kg. Exposure to PFMOPrA did not 
affect any of the measured parameters at any of the administered doses. 
Exposure to PFMOPrA or PFMOBA did not alter natural killer cell activ-
ity (PFMOAA was not evaluated for natural killer cell activity)the TDAR 
at the doses administered. Our results indicate that these “understudied” 
PFAS discovered in North Carolina have toxicological potential but 
require additional investigation across endpoints and species, including 
humans, to understand their health effects via drinking water exposure.
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1.07.07  Does Exposure to Per- and Polyfluoroalkyl Substances Found 
in the Cape Fear River of North Carolina Induce Immunotoxicity?
E. Tobin, J. Ayala, Q. Hu, M. Ibrahim, T. Woodlief, J.C. DeWitt, East 
Carolina University / Pharmacology and Toxicology
Per- and polyfluoroalkyl substances (PFAS) are a class of over 5,000 syn-
thetic chemicals that are now worldwide environmental contaminants of 
concern. In 2018 a novel PFAS, Nafion byproduct 2 (NBP2), was discov-
ered in the blood of Wilmington, North Carolina residents. Other PFAS 
such as perfluorooctanoic acid (PFOA) and perfluorooctane sulfonate 
(PFOS) have had many of their uses in the U.S. phased out as awareness 
grew concerning their persistent, bioaccumulative, and toxic qualities. To 
our knowledge little toxicological data exist for NBP2, but because it is 
already in the blood of people consuming contaminated water, describ-
ing its toxicological effects is a high priority. The present study evaluated 
markers of immunotoxicity in young adult male and female C57BL/6 
mice following 30 days of oral exposure to NBP2 at 0.0, 0.5, 1.0, or 5.0 
mg/kg. In-life observations were collected for the duration of the study, 
and endpoints included organ weights, immunophenotype of lymphoid 
organs, natural killer (NK) cell cytotoxicity, liver peroxisome prolifera-
tion, and T-cell dependent antibody responses (TDAR) to sheep red blood 
cells. At doses administered, no differences were detected in terminal 
body weights. In animals exposed to 5 mg/kg and relative to the 0 mg/
kg group, the following changes were observed: Relative liver weight in 
males and females increased by ~307% and ~321%, relative spleen weight 
decreased by ~39% and ~32%, and relative thymus weight decreased 
by ~36% and ~39%, respectively. NK cell activity in males at 5:1, 10:1, 
and 30:1 effector:target cell ratios decreased by ~15%, ~26%, and ~18% 
respectively, and in females decreased by ~30%, ~29%, and ~9% respec-
tively. Liver peroxisome proliferation in males increased ~475%, and the 
TDAR decreased by ~91% in males and ~58% in females. Our results 
indicate that this novel PFAS has immunotoxicological potential and fur-
ther investigation is warranted to understand effects of NBP2 exposure on 
the human immune system, especially in terms of how it may impact pro-
tection from pathogenic agents. As people drinking PFAS-contaminated 
water are exposed to complex PFAS mixtures, additional studies to evalu-
ate health effects of these mixtures are essential for adequate protection of 
public health.

1.07.08 Immune Cell-Based Bioindicator System for Tracking 
Bioactive Constituents Within Oil Sands Process-Affected Waters
D. Lillico, University of Alberta / Biological Sciences; R. Qin, University 
of Alberta / Civil and Environmental Engineering; Y. Choo-Yin, 
University of Alberta / Biological Sciences; M. Gamal El-Din, University 
of Alberta / Civil and Environmental Engineering; M. Belosevic, J. 
Stafford, University of Alberta / Biological Sciences
Oil sands process-affected water (OSPW) is a by-product of the bitu-
men extraction process. Stored in large tailings ponds, OSPW exists as a 
complex brackish mixture of suspended and dissolved solids (sand/clay), 
inorganic constituents (metals), and organic compounds such as naph-
thenic acids (NAs). Historically, research examining OSPW-mediated 
effects on cells and animals has focused primarily on the NA-containing 
organic fraction, implicating it as the major toxic component. However, 
identification of all potential toxic components within OSPW has not been 
fully appreciated due to the overall complexity of various OSPW-types 
found within the different tailings ponds. The focus of this study was to 
develop a multistep extraction procedure for the separation and isolation 
of OSPW fractions and to compare the effects of whole OSPW and its 
fractions on an immune cell-type called the macrophage. Found in all 
animals, macrophages are vital for the detection and killing of microbial 
pathogens. Large numbers of macrophages populate tissues exposed to the 
external environment (i.e. skin, lungs, and digestive tract), which places 
them at increased risk of exposure to environmental toxicants. Therefore, 
macrophages represent an excellent model for development of an immune 
cell-based biosensor for evaluating the potential effects of contaminant 
exposures. Overall, our data shows that OSPW and its fractions con-
tain bioactive components that are sensitively detected by macrophages 

causing significant changes in their functional responses. Specifically, by 
using a combination of biomarkers, including antimicrobial responses, 
alterations in surface protein expression, and detailed cytokine/chemokine 
secretion levels, we show that different OPSW samples have unique bio-
activity profiles. Combined with analytical assessments of water quality, 
the ability of OSPW to variably influence the function of macrophages 
represents a new in vitro tool for monitoring and identifying specific 
constituents of potential concern within these complex samples.

1.07.09 Development and Use of an Immune Gene-Based 
Bioindicator System to Examine the Potential Impacts of Oil Sands 
Process-Affected Waters on Mouse Macrophages
Y. Choo-Yin, D. Lillico, J.L. Stafford, University of Alberta / Biological 
Sciences
Northern Alberta is an economically important region due to its large 
volume of bitumen, a viscous oil, that is present in a surface mixture of 
sand and water known as the oil sands. Bitumen extraction requires large 
volumes of water leading to the generation of oil sands process-affected 
water, or OSPW, which must be held in tailings ponds. Due to the grow-
ing volumes of tailings ponds containing contaminated and potentially 
toxic water, Canada mandates that OSPW must be remediated and safely 
released into the environment which represents a formidable task since all 
toxic components within OSPW have yet to be identified. This research 
aims to develop an immune cell-based bioindicator system using mouse 
macrophages to monitor changes in inducible gene expression after expo-
sure of the cells to two sources of OSPW. To date, my results reveal that 
after OSPW exposure, genes associated with inflammation and antimi-
crobial functions are upregulated in the absence of a bacterial stimulant 
and that exposure to one OSPW source induces a greater magnitude of 
gene expression than the other. This suggests that OSPW contains bioac-
tive constituents that activate macrophages resulting in the expression 
of inflammatory genes. These observations confirm that OSPW displays 
immuno-toxic effects which can be monitored via changes in the expres-
sion of genes in macrophages that are characteristically induced after 
bacterial recognition. Based on these expression changes, I can deter-
mine which OSPW sources contain bioactive constituents and use this 
as a guide for identifying potential constituents of concern within these 
contaminated waters.

1.07.10 Mixtures of Thyroid Disrupting Chemicals Perturb 
Thymocyte Development in Xenopus laevis Tadpoles
C. McGuire, University of Rochester School of Medicine and Dentistry / 
Environmental Medicine; B. Lawrence, J. Robert, University of Rochester 
School of Medicine and Dentistry / Department of Environmental 
Medicine
Thyroid disrupting chemicals are ubiquitous water contaminants that 
cause varied health effects on humans and wildlife. Dysregulation of thy-
roid hormone signaling during perinatal development can weaken T cell 
function in maturity, raising the question of whether thyroid disrupting 
chemicals can perturb thymocyte development acutely. Using Xenopus 
laevis tadpoles as an exploratory model organism, we determined 
thyroid disrupting effects and thymocyte alterations following exposure 
to a mixture of thyroid disrupting chemicals used in unconventional 
oil and gas extraction (UOG) at concentrations well below those found 
in contaminated water. Four chemicals (naphthalene, ethylene glycol, 
octylphenol and nonylphenol ethoxylates) were selected based on reported 
thyroid relevant effects in vitro. The thyroid disrupting activity of this 
UOG mixture in vivo was confirmed by showing its antagonist activity 
on differentially expressed thyroid receptor (TR) and TR-induced genes 
in the brain as well as by hypertrophy of the thyroid gland. Interestingly, 
transcriptional induction of the TR-induced klf9 transcription factor 
involved in thymocyte differentiation was also antagonized by the UOG 
mixture in the thymus. Exposure to the UOG mixture also significantly 
raised thyroid stimulating hormone gene expression in the brain, which 
is also known to modulate thymocyte selection. Interestingly, exposure 
to nonylphenol ethoxylate alone at did not result in any detectable effects. 
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We further investigated alteration induced by exposure to the UOG mix-
ture on thymocyte differentiation by flow cytometry. Notably, exposure 
to UOG chemicals reduced the number of immature CTX+/CD8+ positive 
thymocytes as well as more mature CD5+/CD8+ positive thymocytes, 
whereas co-exposure to UOG with exogenous thyroid hormones nulli-
fied the effect. This study provides new evidence that UOG chemicals in 
low amounts but in mixture can induce acute alterations of thymocyte 
differentiation through the thyroid hormone pathway. Future studies will 
investigate UOG effects on thymocyte apoptosis during selection and 
long-term effects on T cell mediated immunity to ranavirus infection fol-
lowing metamorphosis.

1.07.11  Mitoimmunotoxicity: Using the Model Organism 
Caenorhabditis elegans to Study the Effects of Mitochondrial 
Toxicity on Innate Immune Responses
D.F. Mello, Duke University; C. Bergemann, Duke University / Nicholas 
School of the Environment; K. Fisher, R. Chitrakar, Duke University 
/ Biology; S. Bijwadia, Y. Wang, Duke University / Nicholas School of 
Environment; A. Caldwell, Durham Public Schools; L.R. Baugh, Duke 
University / Biology
In addition to having a central role in energy metabolism, mitochondria 
are also key modulators of the immune system. However, this grow-
ing research field of mitoimmunity (mitochondrial control of immune 
responses) is understudied in the context of environmental pollution. My 
main hypothesis is that some pollutants can disrupt the immune system 
by causing mitochondrial dysfunction (mitoimmunotoxicity). To start 
exploring this hypothesis, we took advantage of the model organism 
Caenorhabditis elegans and used rotenone as a pesticide with previously 
characterized mitotoxicity via complex I inhibition. C. elegans eggs were 
exposed to rotenone (0.5 µM) in liquid and harvested 52h later. After 48h 
of depuration, animals were exposed to two pathogens: Pseudomonas 
aeruginosa strain PA14, and Salmonella enterica strain SL1344. Worms 
exposed to rotenone had a longer lifespan when challenged with SL1344 
than control animals, but were more susceptible to PA14. We then 
explored the mitochondrial unfolded protein response (mitoUPR), which 
is responsible for maintaining mitochondrial homeostasis during stress, 
and also induces innate immune genes and provides resistance to patho-
gens. As expected, rotenone exposure activated the mitoUPR pathway, 
which was evidenced by an increase in the expression of the mitochon-
drial chaperone reporter hsp-6:GFP. This increase was similar in worms 
exposed to the pathogens PA14 and SL1344, or the non-pathogenic E. 
coli strain OP50. Thus, this pathway could be involved in the increased 
resistance to SL1344, but does not explain the increased susceptibility to 
PA14. To explore other possible mechanisms, we performed a transcrip-
tomic analysis in worms at the end of the rotenone exposure and found 
179 differentially expressed genes (DEG) in rotenone-exposed worms 
when compared to control animals. Gene ontology analysis revealed that 
most of these genes (51) are involved in immune responses. We then com-
pared our results with other transcriptomic datasets (WormExp v1.0) and 
found that 15 DEG from our immune-related dataset were up-regulated in 
P. aeruginosa exposures. Of these 15 genes, 10 were down-regulated by 
rotenone, 2 of which are known to confer resistance to PA14. Altogether 
these results indicate that a mitotoxicant can modulate key innate 
immunity pathways in C. elegans, some of which are conserved among 
different animal species, resulting in altered pathogen resistance, thus 
potentially posing a threat to humans and wildlife.

1.07.12 Environmental Triggers of Allergic Immunity - Relevance 
to Immunotoxicological Distress Pathways and Allergic Airways 
Disease
M.A. Williams, U.S. Army Public Health Center / Toxicology
The pathogenesis of non-communicable diseases including atopic 
allergic conditions are both complex and poorly understood. The causes 
of chronic allergic diseases including asthma involve to a large extent, 
immunomodulation of the adaptive and particularly the innate immune 
systems and are markedly influenced by distinct environmental and 

genetic interactions. In mammals, the existence of both innate and adap-
tive immune systems further complicates our ability to understand the 
mechanisms responsible for allergy and asthma. A leading contributor of 
respiratory morbidity and mortality in the Western World is the inhala-
tional exposure to airborne pollutant particles or particulate matter (PM) 
with aerodynamic diameters of less than 2.5 micrometers (PM2.5) and 
ultrafine PM (UFP) of less than 0.1 micrometers. The major concern with 
UFP and PM2.5 is their ability to traffic to the distal airways. Since these 
particles are highly complex, comprising a complex chemical and metallic 
signature, the particles display potent pro-oxidative and pro-inflammatory 
effects known to be associated with exacerbations of chronic allergic 
diseases like asthma. This presentation will discuss the current state of 
the art in our understanding of allergic immunity and particularly the 
role of innate immunity as the major conduit linking the host response 
to the respirable environment and adverse outcomes that provoke both 
transient immune-suppression and pro-allergic inflammatory diseases. 
This presentation critically describes a conceptual appreciation of the 
complex interplay between host specific factors and environmental chal-
lenges. Of critical importance is the influence of environmental factors 
that modulate the inter-dependency of the inflammatory cytokine network 
and the critical interplay of the gut and pulmonary microbiome, which 
collectively modulate the functional maturation of host immunity. Under 
conditions of immune homeostasis the host microbiome serves to guard 
against development of allergic disease. This presentation will describe 
the human host-environment interaction and discuss the complex interac-
tions of environmental PM and UFP to model adverse effects that elicit 
both immune-suppressive and allergic-immune promoting outcomes, and 
why this is highly relevant today.

1.07.13 Virulome and Resistome as a Potential Endpoints for 
Assessment and Comparison of Wildlife Immunocompetence From 
Individual to Community Levels
S.V. Drovetski, U.S. Geological Survey / Patuxent Wildlife Research 
Center; B.K. Schmid, J.E. Lai, Smithsonian Institution / National Museum 
of Natural History; N.K. Karouna-Renier, U.S. Geological Survey / 
Patuxent Wildlife Research Center
Immunocompetence or ability of an organism to mount a successful 
defense against pathogens can be compromised by a number of envi-
ronmental stressors including pollutants and global climate change. 
Immunocompromised wildlife can become susceptible to opportunistic 
pathogens that do not cause disease in immunocompetent individuals, 
and suffer from unusually high mortality or low reproductive success 
upon exposure to otherwise ordinary pathogens. The immune system is 
extraordinarily complex and includes innate (genetically determined) and 
acquired components. Recent studies have demonstrated that micro-
biome – the collective genome of microorganisms associated with an 
animal, plays a crucial role in its immune system. These microbes, the 
vast majority of which reside in the animal gut, are intimately involved in 
their host’s defense against pathogens and environmental toxins, stimulate 
the host’s immune system, produce vitamins and hormones, and regu-
late physiology and function of immune system organs. Although until 
recently, the role of the microbiome has been largely overlooked, it can 
provide a standardized endpoint for assessing immune function. Shotgun 
metagenomic sequencing of the gut microbiome can identify composi-
tion and abundance (i.e. load) of microbial genes that determine their 
virulence and antimicrobial resistance (virulome and resistome, respec-
tively). Virulomes and resistomes can be compared among individual 
hosts, among populations exposed to different environmental stressors, 
or among populations of different species exposed to similar stressors. To 
test their utility for detecting stressor-induced immunomodulatory effects, 
we compared virulome and resistome of the cecal microbiota of sharp-
tailed grouse (Tympanuchus phasianellus) and greater prairie chicken (T. 
cupido) populations residing in areas with and without crop production 
in Nebraska. Grouse cecal microbiota is responsible for detoxification 
of environmental and foodborne toxins, and its variation is significantly 
lower than in other gut regions. Our data demonstrate that exposure to 
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grain production significantly increases virulome and resistome richness 
and load in both host species. These results are consistent with significant 
immunosuppressive effects of agrochemicals.

1.07.14  A Flow Cytometric Approach for Discerning Innate 
Immunity in Raptors (American Kestrels, Falco sparverius)
J.A. Jenkins, U.S. Geological Survey / Columbia Environmental Research 
Center; B.A. Baudoin, D. Johnson, U.S. Geological Survey / Wetland and 
Aquatic Research Center; K.J. Fernie, Environment and Climate Change 
Canada / Ecotoxicology & Wildlife Health Division; N.K. Karouna-
Renier, U.S. Geological Survey / Patuxent Wildlife Research Center
Immune mechanisms are typically evolutionarily conserved, with the 
innate system providing an early first line of defense. Immune system 
development begins in ovo and continues after hatch. American kes-
trels, Falco sparverius, are a semi-altricial species, and hatchlings are 
immunologically immature. Building on reagents and biotechnologies 
used with domestic poultry, the goal of the present study was to elucidate 
dynamics of the immune system of juvenile kestrels. Blood was collected 
three times over the first 21 days of age from controls and birds chal-
lenged with an immune stimulant (polyinosinic:polycytidylic acid [Poly 
I:C]), a synthetic analog of viral double-stranded RNA. Differences in the 
percentages of white blood cell subpopulations and their levels of CD4 
expression were examined over time in the two treatment groups and by 
sex. A flow cytometric gating strategy categorized heterophils (H) (i.e., 
granulocytes), lymphocytes (L), and monocytes (M) and computed their 
proportions. Relative cell surface fluorescence was compared, reflecting 
anti-chicken CD4-fluorochrome binding. Results affirmed the use of a cell 
stabilizer and fixation, establishing a field-adaptable protocol. Fluorescent 
cell surfaces and some granular/vacuolar inclusions were visualized by 
epifluorescence microscopy, with H displaying the most fluorescence 
by FCM in both sexes. Subpopulation percentages differed among days 
of bleeding and between sexes. Although cautious interpretations of 
immunological responses across taxa are necessary, this study using FCM 
and reagents developed for chickens, demonstrates the utility of commer-
cially available reagents for this non-target species and adds interpretive 
context for a further study to test potential immunomodulatory effects of 
emerging contaminants to which long-distance travelling birds of prey are 
exposed. The innate responses mediated by the various cell subsets are 
useful quantitative biomarkers of immunological condition.

1.07.15  The Complement System as a Sex-Specific Target for 
Estrogenic Endocrine Disruptor (Eedc)-Induced Immunotoxicity 
and Indicator for Pathogen Survival
F. Seemann, Texas A&M University- Corpus Christi / Department of Life 
Sciences
Growing evidence suggests that the fish immune system is susceptible 
to xenoestrogens, ubiquitously present in the aquatic environment. 
In a holistic approach, 17α-Ethynylestradiol (EE2) was used to assess 
EEDC-induced molecular and cellular immune compromise (immune 
gene expression, leukocyte numbers, circulatory immune proteins) 
together with fish susceptibility to pathogens in the marine medaka, 
Oryzias melastigma. Sex-specific induction, adaptation and recovery 
responses under different EE2 exposure scenarios are considered. In 
female fish, low concentration of exogenous EE2 (33ng/L) resulted in 
immune enhancement and increased fish resistance to bacterial challenge 
after a depuration period. However, an extended exposure to high levels 
of EE2 (113ng/L) impaired immune function. Hence, the EE2 exposure 
concentration is more critical than the dose to affect the immune function 
in female fish. Male fish were far more sensitive to low concentrations 
of exogenous EE2 in water and the EE2-mediated biological impacts are 
clearly dose-dependent. Persistent exposure of EE2 is essential to sustain 
impairments of immune competence as well as deregulation of immune 
function genes in vivo in male fish. Downregulation of hepatic tlr3 and c3 
(in female) and tlr3, tlr5 and c3 (in male) gene expression may be indica-
tive for the impaired fish immune competence. A blood plasma proteomic 
screen suggested pronounced sex-specific changes with the male plasma 

protein profile becoming “feminised”. For the first time, we demonstrated 
that expression of the c1q subunit B (c1q), an initiating factor of the clas-
sical complement pathway, was suppressed in both sexes in response to 
EE2 and bacterial challenge. Moreover, cleavage and post-translational 
modification of c3, the central component of the complement system, 
could be altered by EE2 treatment in males (c3dg down; c3g up). Multiple 
regression analysis forwarded c1q protein levels as possible indicator of 
fish survival, warranting further confirmation. Altogether, this study 
suggests persistent EE2-exposure as an immediate threat for fish immune 
competence affecting the survival of exposed populations.

1.07.16 A Molecular Timeline for the Innate Immune System 
Development in Marine Medaka (Oryzias melastigma)
M. Brown, Texas A&M University, Corpus Christi; E. DiBona, F. 
Seemann, Texas A&M University- Corpus Christi / Department of Life 
Sciences
The integrity of the immune system is crucial for pathogen defense, 
organism homeostasis and tumor surveillance. Despite its importance for 
an organism’s health, the immune system is challenging for ecotoxico-
logical risk assessment due to its complexity. Evidence is increasing that 
exposure during critical phases of the immune system development can be 
associated with adult life-stage disease susceptibility. During vertebrate 
development, the innate immune system is the first line of defense for 
protection against pathogens but is also required to eliminate abnormally 
developed cells. Due to its multiple pathways and cell types involved the 
innate immune system provides a broad target for various environmental 
pollutants. The complement cascade, cytokine and chemokine mediators, 
inflammatory responses, phagocytosis by macrophages, and the activa-
tion of the adaptive immune system are important mechanisms for the 
establishment of the innate immune response. Environmental toxicants 
introduced during critical phases of innate immune system development 
may serve as contributing factors to increased hypersensitivity and risk 
of autoimmune diseases in adult-life stages. However, the developmental 
onset of immune genes involved in innate immune development such 
as immune initiators (C1q, MBL, TLR-3, TLR-5, CRP), mediators (C3, 
IL-1β, IL-10, TNF-α, TGF-β, IFNγ, MYD88, M-CSF), and effectors (C8a, 
NF-κB, LYZ, HEP, TCR-b, TCR-γ) have not been characterized, yet. The 
presented research aims to develop the marine medaka as a model for 
developmental immunotoxicity. Embryos are assessed for immune gene 
expression at 3, 5, 7, 9 and 11 days post fertilization (dpf) providing novel 
knowledge of the developmental timeline for molecular markers of the 
innate immune system in fish. A comparison of the gene expression levels 
in naïve and bacterial (Edwardsiella tarda) challenged individuals gives 
information on the activation of the respective innate immune pathways. 
This study provides the first step to confirm developmental pathways 
potentially susceptible during development and causally involved in the 
risk for later-life stage immune disorders. A clear relation between fish 
immunocompetence and molecular immune changes will be created to be 
further exploited for and included in immunotoxicity and ecotoxicological 
risk assessment.

1.07.17  Reproductive Endocrine Disruption and Immunity: Does 
Exposure to an Anti-Estrogen Modulate Immune Function in Female 
Fathead Minnows?
L.R. Malin, V. Do, M.K. Sellin Jeffries, Texas Christian University / 
Department of Biology
Contaminants with anti-estrogenic activity have been detected in both 
surface waters and sediments. These contaminants have been shown to 
alter reproductive endocrine function; however, there effects may extend 
well beyond the reproductive system. An ever-growing body of litera-
ture provides evidence that reproductive hormones influence immune 
function; therefore, it is reasonable to suspect that environmental anti-
estrogens may impact immunity. With this in mind, the objective of this 
study was to assess the impacts of anti-estrogen exposure on immune 
function using the fathead minnow as a model system. Specifically, 
female fathead minnows were exposed to fadrozole hydrochloride, 
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a model anti-estrogen that inhibits aromatase to reduce endogenous 
estrogen production and immune function was assessed across multiple 
levels of biological levels, allowing for a holistic view of immune function 
impacts. Because estrogens are typically considered to be immunoprotec-
tive, it was hypothesized that the immune function of fadrozole-exposed 
females would be suppressed. No alterations in immune function were 
observed at the molecular level, as there were no differences in the 
expression of inflammation- or complement-related genes between 
control and fadrozole-exposed females. However, there was evidence of 
altered phagocytic cell activity and respiratory burst activity indicating 
that anti-estrogens may alter cellular immune function. Despite these 
changes at the cellular level, there was a lack of tissue-level alterations 
as no differences in spleen size, hematocrit or white blood cell counts 
were between control and fadrozole-exposed females. Furthermore, no 
alterations in pathogen resistance, an integrated whole-organism endpoint 
were observed. Overall, these results suggest that anti-estrogens may 
alter some aspects of cellular immunity, but that such alterations do not 
necessarily manifest to adverse outcomes at higher-levels of biological 
organization.

1.07.18  Immunotoxicology in Wild Fishes: Teasing out Important 
Risk Factors Among Multiple Modulators
C. Smith, U.S. Geological Survey / Fish Health Branch; C.A. Ottinger, 
U.S. Geological Survey / National Fish Health Research Laboratory; H. 
Walsh, U.S. Geological Survey / Leetown Science Center; V. Blazer, U.S. 
Geological Survey / National Fish Health Research Laboratory
For over a decade, disease and unexplained mortality events have 
affected adult and young-of-year smallmouth bass in the Potomac and 
Susquehanna Rivers of the Chesapeake Bay watershed. Previous investi-
gations into these events have found multiple factors including emerging 
viral-related skin lesions, infections of multiple opportunistic bacterial 
pathogens including Aeromonas and Flavobacterium species, heavy 
parasite loads of trematodes, myxozoans and cestodes, and the presence 
of largemouth bass virus. There has been no one consistent pathogen or 
“cause”. These findings suggested immunosuppression may be occurring 
due to a complex mixture of environmental stressors. A suite of func-
tional immune assays was developed and incorporated into a long-term 
integrated monitoring of fish health, land-use variables and chemical 
concentrations of agricultural pesticides, hormones, phytoestrogens and 
total estrogenicity in monthly water samples. The functional immune 
assays developed measure bactericidal, respiratory burst, and mitogenesis 
activity. Since 2016, these assays have been conducted using isolated ante-
rior kidney leukocytes from wild smallmouth bass collected during spring 
and fall of each year from multiple sites with varying degrees of land use 
and chemical inputs. Our analyses have revealed significant seasonal and 
annual differences in all three immune function tests, but also empha-
size the difficulty in interpretation of trends in immune function of wild 
fishes. The importance of ancillary data such as histopathology and gene 
expression owing to the complex nature of the immune response and the 
environment is clear. Pre-existing pathogen/parasite infections, changes 
in temperature, other climatic factors and chemical exposure seasonally 
and annually in addition to age and sex are essential to consider in under-
standing immunomodulation in wild fishes and will be discussed.

1.07.19 Response to Edwardsiella piscicida Infection in Estrogen 
Exposed Juvenile Largemouth Bass (Micropterus salmoides): A 
Molecular Follow Up
J. Greer, University of California, Riverside / Environmental Sciences; 
J.K. Leet, U.S. Geological Survey / Columbia Environmental Research 
Center; E. Spinard, U.S. Geological Survey / Western Fisheries Research 
Center; C.A. Richter, U.S. Geological Survey / Biochemistry and 
Physiology; L.R. Iwanowiicz, U.S. Geological Survey / Leetown Science 
Center; R.W. Gale, U.S. Geological Survey / Columbia Environmental 
Research Center; J. Bellah, U.S. Geological Survey / Western Fisheries 
Research Center; D.E. Tillitt, J. Hansen, U.S. Geological Survey / 
Columbia Environmental Research Center
Beginning in 2002, annual springtime incidences of mortality and oppor-
tunistic infection have been observed in largemouth bass (LMB) and 
other fish species in the Chesapeake Bay watershed. It is well-documented 
that anthropogenic environmental factors can induce immunomodula-
tory effects in fish and thus may play a role in the increased prevalence 
of disease. One of the main factors implicated in the potential immu-
nomodulation of wild fish is estrogen-mediated endocrine disruption, 
as significant numbers of male LMB display intersex characteristics in 
portions of the watershed. In 2019, we investigated the potential role of 
17A-ethinylestradiol (EE2) for modifying immune function in largemouth 
bass. Juvenile fish (6 mo) were exposed to environmentally relevant con-
centrations (0.87 and 9.8 ng/L) of EE2 for 4 weeks. Following exposure, 
fish were transferred to clean water and infected with the fish pathogen, 
Edwardsiella piscicida. Surprisingly, fish that were exposed to the high 
concentration of EE2 had significantly lower mortality compared to 
control and low dose exposures. Here we present our in-depth molecular 
analysis of the innate immune response to address potential genes and 
pathways governing increased survival for fish from that were exposed to 
high levels of EE2. To do so, we assessed a critical time point (day 3 post 
infection) of the hepatic innate response using RNASeq. As expected, 
infection dysregulated a variety of genes involved in innate immunity 
including cytokines, interleukins, and associated pathways for all three 
infection groups. Surprisingly, infected fish that had been exposed to 
high levels of EE2 had significantly fewer differentially expressed genes 
(562 DEGs) compared to control-infected (1252 DEGs) and the low EE2, 
infected group (2858 DEGs). Meta-analysis of gene pathways from the 
hepatic transcriptomes showed significant induction of NF-kB and TNF 
pathways for infected fish that had been exposed to high concentrations of 
EE2 compared to the other groups. This suggests that enhanced survival 
observed in the high EE2 exposure group might be due to a more con-
trolled/balanced immune response, whereas infection in the control and 
low dose groups resulted in uncontrolled inflammatory responses leading 
to organ failure and sepsis. Together our data suggest that exposure to 
estrogenic compounds alter immunity in fish native to the Chesapeake 
Bay watershed, with potential dose-dependent changes in disease 
susceptibility.

8. Materials of Interest to the Military: Fate, 
Toxicology or Risk Assessment
1.08.01 State of the Science and Research and Development Needs 
for Assessing the Environmental Risk of Conventional Underwater 
Military Munitions
G.R. Lotufo, U.S. Army Corps of Engineers / Environmental Laboratory; 
G.H. Rosen, Naval Information Warfare Center (NIWC) Pacific / Energy 
and Environmental Sustainability
Many active and former military installations have ranges and training 
areas adjacent to water environments such as ponds, lakes, rivers, estuar-
ies, and coastal zones. The Department of Defense (DoD) has identified 
more than 400 sites totaling more than 10 million acres potentially con-
taining conventional munitions in underwater environments. Explosives 
loaded into munitions, and fragments of explosives and munitions 
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remaining subsequent to failed or incomplete detonations, may be present 
in aquatic habitats. In addition, while the DoD discontinued the practice 
of ocean disposal of munitions in 1970, disposal of munitions at sea was 
considered the best option following World War I and II, resulting in large 
quantities of munitions dumped into the ocean. Underwater unexploded 
ordnance (UXO) and discarded military munitions (DMM), collectively 
referred to as underwater military munitions (UWMM), present chal-
lenges both due to explosive blast (safety) considerations and potential 
ecological and human health impacts resulting from the slow release of 
munition constituents (MC) to the aquatic environment. UWMM have 
the potential to corrode, breach, and leak MC into aquatic environments. 
Ongoing concern by public and regulatory communities has resulted in 
costly risk assessments and could lead to resource-intensive remedial 
efforts that must be balanced against safety, ecological, and technology 
considerations. A Department-of-Defense-sponsored workshop “State 
of the Science and Research and Development Needs for Assessing the 
Environmental Risk of Conventional UWMM” was held in Washington, 
DC in 2018. The workshop brought together over 50 scientific experts 
and stakeholders from multiple DOD organizations, federal and state 
agencies, regulators, academia and private sector. We will present a sum-
mary of the latest scientific evidence regarding environmental risks posed 
by UWMM, known and foreseen challenges associated with obtaining 
site-specific contamination data and identified knowledge gaps associated 
with developing ecological risk assessment at UWMM sites

1.08.02 Development and Testing of Two Polymers for In Situ 
Passive Sampling of Munitions Compounds
E. Shipley, University of Connecticut / Marine Sciences; P. Vlahos, 
University of Connecticut / Departments of Marine Sciences and 
Chemistry; R.M. Burgess, U.S. Environmental Protection Agency / 
Atlantic Coastal Environmental Sciences Division (ACESD)
Unregulated dumping of unexploded ordnance into coastal waters over 
the last century has raised questions about the identification and quan-
tification of munitions compounds such as 2,4,6-trinitrotoluene (TNT) 
and its derivatives in various environmental mediums. Specifically, as 
the ordinance corrodes, the munition compounds may be released into 
the aquatic environment. Though typically present at low concentrations 
in seawater and sediment, many of these compounds have known human 
health risks as well as potential ecological impacts. Given the low con-
centrations, passive sampling is a promising avenue of research providing 
new data on these compounds in an economical and low maintenance 
way. This work examines two promising polymers, ethylene vinyl acetate 
(EVA) and polyoxymethylene (POM), for their utility toward detection 
and quantification of munition freely dissolved concentrations (Cfrees). 
The Cfree was selected as it provides a good surrogate for the bioavail-
able concentration of the munitions in marine systems. Experiments use 
natural seawater and sediments retrieved from coastal areas affected by 
munition usage and disposal to determine munition Cfree in sediment 
porewater. These samplers will provide a low-cost technique to inform 
environmental remediation and monitoring programs at military sites and 
any facility where munitions compounds may be of concern.

1.08.03 In-Depth Multi-Species Ecotoxicological Evaluation of 
Parent and Uv-Degraded MeNQ in Aquatic Exposures
K.A. Gust, U.S. Army Engineer Research and Development Center / 
Environmental Laboratory; G.R. Lotufo, U.S. Army Corps of Engineers / 
Environmental Laboratory; M. Ballentine, U.S. Army Corps of Engineers 
/ ERDC; L. Moore, U.S. Army Engineer Research and Development 
Center; A.J. Kennedy, K. Indest, U.S. Army Corps of Engineers ERDC; 
C. Jung, U.S. Army Engineer Research and Development Center / 
Environmental Laboratory; L.R. May, U.S. Army Corps of Engineers / 
ERDC; Q. Ji, Bennett Aerospace, Inc.; N.D. Barker, U.S. Army Engineer 
Research and Development Center / Environmental Laboratory; S. 
Everman, University of Mississippi Medical Center
The novel insensitive munition constituent, methyl-nitroguanidine 
(MeNQ), is being considered for use in new ordinance formulations, 

however little is known about potential environmental impacts. A diverse 
suite of investigations have been conducted to understand the potential 
impacts of MeNQ exposure in aquatic exposures to multiple ecological 
receptor species. Results have indicated that MeNQ does not have high 
potency in acute exposures where lowest observed effect concentrations 
(LOEC) for Daphnia pulex and Hydra littoralis were 2,987 and 3,378 
mg/L, respectively, while no effects were observed in fathead minnows, 
Lumbriculus variegatus, or Rana pipiens at exposures of 3,681, 3,321, 
and 5,285 mg/L, respectively. However, some sublethal effects showed 
increased sensitivity in longer-term MeNQ exposures, the most sensitive 
of which being decreased reproduction in D. pulex with a LOEC of 172 
mg/L and a 20% inhibition concentration (IC20) of 78 mg/L (95% confi-
dence interval = 64-140 mg/L). Additional sublethal effects of decreased 
growth were observed for Chironomus dilutus and Hylella azteca where 
H. azteca also showed decreased reproduction. Finally, impacts on the 
R. pipiens tadpole skin microbiome were observed in acute exposures 
to a high MeNQ concentration (5,285 mg/L) which has implications 
for immunity to fungal pathogens in the environment. The toxicity of 
MeNQ increased when UV-degraded where larval fathead minnows 
exposed for 7 days to UV-treated MeNQ (3.3% degraded) caused 85% 
mortality compared to no significant effect when exposed to 716 mg/L of 
UV-degraded versus parent MeNQ, respectively. In this exposure, parent 
MeNQ exposure decreased transcriptional expression of genes within 
the significantly enriched insulin metabolic pathway suggesting antago-
nism of bioenergetics pathways which complements observed, although 
non-significant, decreases in body weights. Transcriptional expression in 
the UV-degraded MeNQ treatments resulted in significant enrichment of 
pathways related to erythrocyte function in O2/CO2 exchange. We hypoth-
esize that this effect represents a mechanistic source of increased toxicity 
observed in the UV-degraded MeNQ exposures, which is distinct from 
previously observed mechanisms underlying increased UV-degraded NQ 
toxicity in fish. Overall, MeNQ had low potency relative to the munitions 
benchmark, TNT, however more work is needed to understand the impli-
cations of UV-degraded MeNQ toxicity in aquatic environments.

1.08.04  Widespread Environmental Contamination From Undersea 
Munitions in the Southwest Baltic Sea
A. Beck, B. Stamer, M. Gledhill, C. Schlosser, E.P. Achterberg, GEOMAR 
- Helmholtz Centre for Ocean Research Kiel
More than 300,000 tons of conventional munitions were residual or 
intentionally discarded at numerous sites throughout the Baltic Sea 
following WWII. The primary explosive compounds (EC) in these 
munitions include TNT, RDX, and DNB, which exhibit marked toxicity 
to biological receptors, in addition to the direct threat of spontaneous or 
provoked detonation. Within the framework of the project “Environmental 
monitoring for the delaboration of munitions on the seabed (UDEMM)”, 
the current work developed a method for ultrasensitive detection of EC in 
environmental samples. Explosive compounds were measured in water, 
sediments, and biota from coastal regions of the southwest Baltic, and 
revealed widespread contamination by ECs. Removal of dissolved ECs by 
biodegradation and sorption appears to be slow, and ECs are transported 
widely throughout the region. Novel in situ measurements of EC dissolu-
tion from exposed explosive material revealed low rates on the order of 
milligrams per square centimeter per day, but dissolved EC concentra-
tions near munition surfaces are nonetheless much higher than in the bulk 
water column. The results of this study show highest contamination levels 
near underwater munitions dumpsites, but also demonstrate the wide-
scale spread of dissolved ECs in the southwest Baltic Sea. This study 
highlights the potential risk of marine ecosystem exposure to ECs from 
undersea munitions, and provides a foundation for developing manage-
ment strategies to minimize this risk.
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1.08.05  Development of a Fieldable, Online Spe-Hplc-Esi-Ms System 
for Continuous, Near-Real-Time Detection of Munitions Compounds 
in Seawater
A. Beck, M. Esposito, E.P. Achterberg, GEOMAR - Helmholtz Centre for 
Ocean Research Kiel
Both environmental protection and offshore resource development are 
challenged by the presence of unexploded ordnance and relic muni-
tions on the seafloor. In addition to the explosion and security risk, these 
munitions contain cytotoxic, genotoxic, and carcinogenic chemicals 
associated with conventional explosives, chemical warfare agents, and 
munition structural components (munition compounds, MC). There 
is a critical need to monitor leakage of these toxic chemicals into the 
marine environment, but existing laboratory-based methods are time- 
and labor-intensive. Within the framework of the EMFF-funded project 
ExPloTect (“Ex-situ, near-real-time exPlosive compound deTection 
in seawater”), we are developing a prototype system for shipboard, 
near-real-time detection of dissolved explosive compounds and chemi-
cal warfare agents in seawater. The underlying concept of ExPloTect 
is a flexible platform that is adaptable to explosive compounds such as 
TNT, as well as chemical warfare agents. The technology is based on an 
analytical methodology demonstrated extensively by GEOMAR in the 
Baltic Sea during the German science ministry (BMBF) funded UDEMM 
project (“Environmental monitoring for the delaboration of munitions 
in the sea”). This system will be the first to achieve high sensitivity and 
unequivocal identification of a suite of MC in seawater, and represents a 
major step change in field-deployable technology for chemical detection 
of munitions. Simultaneous sensing of chemical agents and MC has a 
wide range of benefits, including environmental monitoring of chemi-
cal release and ecological exposure, detection, localization and potential 
classification of munitions objects on the seafloor, and providing safety for 
individuals who accidentally encounter underwater munitions.

1.08.06 Toxicity of Insensitive Munitions Compounds to Soil 
Invertebrates in Natural Soils With Contrasting Properties
R.G. Kuperman, M. Simini, U.S. Army CCDC Chem Bio Center / 
Molecular Toxicology Branch; J. Smith, Excet Corporation; G.R. Lotufo, 
U.S. Army Corps of Engineers / Environmental Laboratory; C. Thoennes, 
U.S. Army CCDC Chemical Biological Center / Molecular Toxicology 
Branch
Insensitive munition (IM) compounds 2,4-dinitroanisole (DNAN) and 
3-nitro-1,2,4-triazol-5-one (NTO) were developed for future weap-
ons systems to replace present munitions that contain highly sensitive 
explosives. We adapted the soil invertebrate toxicity tests with potworm 
Enchytraeus crypticus (ISO/16387:2005) and collembolan Folsomia 
candida (ISO 11267:1998) to determine toxicity benchmarks for DNAN 
and NTO in two natural soils with contrasting organic matter and clay 
contents. These soil constituents may affect bioavailability and resulting 
toxicity of organic chemicals for soil organisms. The soils used included 
Sassafras sandy loam (SSL), which has a “very high” qualitative relative 
bioavailability score for organic chemicals, and Webster clay loam (WCL) 
with a “medium” bioavailability score. Studies included exposures to 
DNAN or NTO individually weathered-and-aged (alternating wetting-
and-drying cycles in a greenhouse) in each soil. Juvenile production data 
were analyzed using best fit regression models to determine IM concen-
trations producing 20% (EC20) or 50% (EC50) reduction of measurement 
endpoints compared with controls. When analyzed together with toxicity 
benchmarks determined in studies with the earthworm Eisenia andrei 
(ISO 11268-2:1998), toxicity benchmarks determined in the present stud-
ies with SSL soil met the USEPA requirements for developing Ecological 
Soil Screening Levels (Eco-SSL) for soil invertebrates. Draft Eco-SSL 
concentrations for DNAN and NTO for soil invertebrates were greater 
(lower toxicity/risk) compared with conventional nitroaromatic explosive 
TNT. The present studies also revealed lower toxicities of IM compounds 
in WCL soil, compared with the respective EC20 or EC50 concentra-
tions in SSL soil. This decreased toxicity in WCL soil may be attributed 
to decreased availability of IM compounds due to increased binding to 

organic matter and clay constituents of WCL soil. Toxicity benchmarks 
determined in these studies have filled the data gaps in current knowledge 
of the potential ecological risks of release of IM compounds into soil and 
will be used to develop risk-based draft regulatory levels for DNAN and 
NTO for soil invertebrates.

1.08.07 Toxicity of Insensitive Munitions Compounds to 
Earthworms in Two Soils With Contrasting Physical and Chemical 
Properties
M. Simini, R.G. Kuperman, U.S. Army Chemical Biological Cntr / 
Molecular Toxicology Branch; J. Smith, Excet Corporation; C. Thoeness, 
U.S. Army CCDC Chem Bio Center; G. Lotufo, U.S. Army Corps of 
Engineers / ERDC - Waterways Experiment Station
We determined toxicity benchmarks for insensitive munition (IM) 
compounds 2,4-dinitroanisole (DNAN) and 3-nitro-1,2,4-triazol-5-one 
(NTO), developed to replace present munitions that contain highly sensi-
tive explosives for future weapons systems. We adapted the earthworm 
toxicity test with Eisenia andrei (ISO 16387:2004) to determine DNAN 
and NTO toxicity in two natural soils. Sassafras sandy loam (SSL), has a 
“very high” qualitative relative bioavailability score for organic chemi-
cals whereas Webster clay loam (WCL) has a “medium” score. Studies 
included exposures to DNAN or NTO individually weathered-and-aged 
(W-A) (alternating wetting-and-drying cycles in a greenhouse) in each 
soil. Adult survival and reproduction data were analyzed using best fit 
regression models to determine IM concentrations producing 20% (EC20) 
or 50% (EC50) reduction of measurement endpoints compared with 
controls. Exposure to DNAN W-A in SSL soil yielded EC20 concentra-
tions (mg/kg) of 112, 55, and 42, and EC50 values of 281, 91, and 67 for 
adult survival, cocoon production and juvenile production, respectively. 
The EC20 and EC50 concentrations for NTO W-A in SSL soil were 145 
and 242 mg/kg, respectively for cocoon and juvenile production. Adult 
survival was not affected up to 785 mg/kg NTO W-A in SSL soil. Juvenile 
production was insufficient to determine ECx. Exposure to DNAN W-A 
in WCL soil yielded EC20 concentrations (mg/kg) of 188 and 150, and 
EC50 values of 282 and 196, for cocoon production and juvenile produc-
tion, respectively. The EC20 and EC50 concentrations for NTO W-A in 
WCL soil were greater (less toxic) than the respective concentrations in 
SSL soil. Adult survival was not affected up to 459 mg/kg NTO W-A in 
WCL soil. Decreased earthworm toxicity in WCL soil compared with SSL 
soil may be attributable to decreased availability of IM due to binding to 
higher organic matter and clay content in WCL soil. Toxicity benchmarks 
determined in these studies will be used to develop site-specific risk-
based draft regulatory levels for DNAN and NTO for soil invertebrates 
based upon concentration-response relationships and soil properties.

1.08.08 Extension of USEPA Method 8330 for Insensitive Munitions
R. Crouch, USACE-ERDC-EL; B. Stromer, ERDC - Environmental 
Laboratory; J. Smith, USACE-ERDC-EL; S. Beal, USACE-CRREL; 
A. Kimble, U.S. Army Engineer Research & Development Center / 
Environmental Chemistry; G. Giarmo, American Ordinance, LLC; A. 
Mumford, U.S. Geological Survey / Earth System Processes Division 
of Water Mission Area; J. Clausen, U.S. Army Corps of Engineers; A. 
Bednar, US Army Corps of Engineers (USACE) / Engineer Research and 
Development Center (ERDC)
The U.S. Department of Defense (DoD) has been developing new muni-
tion formulations containing explosive compounds that vary considerably 
in their chemical properties compared to legacy explosives. Currently, 
there is no standard method for analyzing these new insensitive muni-
tion (IM) compounds in environmental matrices. Due to their different 
chemical properties (high water solubility, some anionic), it was neces-
sary to adapt current standard protocols (U.S. Environmental Protection 
Agency (EPA) Method 8330B) to enable co-extraction and analysis of IM 
and legacy constituents. Under DoD Strategic Environmental Research 
and Development Program (SERDP) project ER-2722, extraction and 
analysis methods were developed for water, soil/sediment, and tissue 
matrices. These methods were capable of co-extracting and quantifying 
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the standard list of 17 legacy munition compounds, along with six 
additional IM compounds and degradation products (2,4-dinitroanisol 
(DNAN), 2,4-dinitrophenol (2,4-DNP), 2-nitrophenol (2-NP), 4-nitro-
phenol (4-NP), nitroguanidine (NQ), 3-nitro-1,2,4-triazol-5-one (NTO)), 
and picric acid. The new methods were also able to extract and quantify 
along with one traditional surrogate (1,2-dinitrobenzene; 1,2-DNB) and 
one IM-like surrogate (ortho-nitrobenzoic acid; o-NBA). All analytes 
and surrogates were recovered within current DoD Quality Systems 
Manual (QSM) Ver5.3 (2019) limits for munitions determined by Method 
8330B, with very few exceptions. Under DoD Environmental Security 
Technology Certification Program (ESTCP) project ER19-5078, multi-
laboratory validations of the methods developed are currently in progress. 
The methods and results of the validation studies will be submitted to 
EPA for inclusion as an addendum update to Method 8330B, as an option 
when co-determination of IM and legacy constituents is required. The 
analytical methods developed under SERDP ER-2722 have been modified 
to include five additional analytes: hexahydro-1-nitroso-3,5-dinitro-1,3,5-
triazine (MNX), hexahydro-1,3-dinitroso-5-nitro-1,3,5-triazine (DNX), 
hexahydro-1,3,5-trinitroso-1,3,5-triazine (TNX), 2,4-diamino-6-nitrotol-
uene (2,4-DANT), and 2,6-diamino-4-nitrotoluene (2,6-DANT). All new 
analytes were recovered from water, soil, and tissue within current DoD 
QSM Ver5.3 (2019) limits specified for munitions determined by Method 
8330B. Continued development of enhanced extraction and analytical 
methods will improve the quality of fate, transport and toxicity research.

1.08.10 Extraction and Analysis Techniques Used to Detect and 
Quantify Per- and Polyfluoroalkyl Substances (PFAS) in Various 
Matrices
A. Kimble, U.S. Army Engineer Research & Development Center 
/ Environmental Chemistry; B. Stromer, ERDC - Environmental 
Laboratory; R. Crouch, USACE-ERDC-EL; L. Moore, U.S. Army 
Engineer Research and Development Center; A. Bednar, U.S. Army 
Corps of Engineers (USACE) / Engineer Research and Development 
Center (ERDC)
Per- and polyfluoroalkyl substances (PFAS) are synthetic compounds 
used by industry, the military, and consumers. PFAS are environmen-
tally persistent and can be carcinogenic and bio-accumulative. A major 
research hurdle is the need to extract PFAS from complex matrices and 
attain low ng/L detection limits. PFAS are commonly found in labora-
tories, including components of analytical instrumentation, resulting in 
significant potential for sample contamination during preparation and 
analysis. This fact, and the ubiquitous nature of PFAS, hinders attain-
ment of the required low detection limits. While current research efforts 
focus on PFAS extraction from various matrices, there are few standard 
protocols currently available. Methods available from the United States 
Environmental Protection Agency (USEPA) and American Society 
for Testing and Materials (ASTM) apply only to drinking water or 
soils, respectively. Therefore, new methods are needed for complex 
environmental and biological matrices, such as sediments and tissues. 
Quantitation is often the limiting factor in PFAS research, which requires 
reliable, accurate, and robust methods. Our ongoing work focuses on 
solid-phase and solvent extraction of PFAS from natural waters, soil, 
sediment, tissue and other unique, complex matrices. Matrix effects and 
recovery of the extraction method will be determined, and the method 
will subsequently be optimized to minimize matrix effects while provid-
ing acceptable recovery of target analytes and surrogates. Additionally, 
an Agilent 1290 Infinity II LC system coupled to an Agilent 6495B ion 
funnel QqQ-MS with electrospray ionization will be optimized for highly 
accurate and robust detection and quantitation. Our working method has 
detection limits in the low ng/L range. It is a targeted method capable of 
detecting the 18 PFAS compounds included in USEPA Method 537.1 and 
is being expanded to detect the 24 PFAS listed in USEPA Method 8327. 
A non-target high resolution accurate mass spectrometry method is in 
development to further aid in these efforts as a screening method capable 
of detecting PFAS outside of the 24 listed in USAEPA Method 8327. The 
final extraction methods coupled with an optimized LC-QqQ-MS method 

will be able to support a variety of research projects that rely on accurate 
low concentration determinations, and is essential to support important 
PFAS toxicology, fate/transport, and risk assessment studies.

9. Mercury: Ecological Pathways
1.09.01 Biogeochemical Controls on Mercury Methylation in 
Wetlands: From the Subarctic to the Subtropic
D. Krabbenhoft, U.S. Geological Survey / Upper Midwest Water Science 
Center; B.A. Poulin, U.S. Geological Survey / Colorado Water Science 
Center; M. Tate, U.S. Geological Survey / Upper Midwest Water Science 
Center; S.E. Janssen, U.S. Geological Survey / Environmental Science; 
J. Ogorek, J.F. Dewild, U.S. Geological Survey / Upper Midwest Water 
Science Center
Mercury (Hg) methylation is a key, yet complex, process that regu-
lates spatial and temporal variability of toxic methylmercury (MeHg) 
on the landscape. Numerous factors affect MeHg production, the most 
important being those that govern inorganic Hg(II) bioavailability (e.g., 
inorganic Hg(II) concentration and aqueous speciation) and microbial 
community composition and activity. The principal goal of this project is 
to decipher the relative importance of aqueous ligand chemistry versus 
site conditions (e.g., microbial community) on MeHg production among 
wetlands ranging from those in the subarctic (interior Alaska) to those 
in the subtropic (Florida Everglades). In both environments, we studied 
representative wetlands across trophic and biogeochemical gradients. 
The study employed a factorial experimental design that involved the 
collection of intact peat cores (n=324) and site porewater from 5 subarc-
tic and 6 subtropic wetland sites, and injection of an enriched isotope of 
inorganic Hg(II) (e.g.,198Hg(II)) to quantify net MeHg production . For 
each wetland site, replicate peat cores were injected with anoxic porewater 
(pre-equilibrated with 198Hg(II)) (i) collected at that site, (ii) collected 
at the other wetland sites across the trophic/biogeochemical gradient, 
or (iii) prepared in the laboratory. Lab-prepared pore water solutions 
contained well-characterized natural dissolved organic matter (DOM) 
samples or cysteine as a thiol analog, which increase the bioavailability of 
inorganic Hg(II) to methylation in pure culture. Peat cores were injected 
with porewater solutions, held at room temperature for 24 hours, and then 
flash frozen. Overall, the results show that ambient MeHg concentrations 
in peat and porewater correlate with the observed methylation rates of 
the 198Hg(II) tracer. The site conditions, presumably the composition of 
the intact microbial community, was of paramount importance control-
ling MeHg abundance across the various wetlands. In Alaska, MeHg 
production rates in minerotrophic fens were 15-30x greater than those in 
ombrotrophic bogs. In contrast, the eutrophic wetlands in the Everglades 
showed the lowest MeHg production rates due to sulfide inhibiting Hg(II) 
availability. The composition of DOM (aromaticity and reduced sulfur 
content) and concentration of DOM in porewater were the best predictors 
of factors controlling the availability for Hg(II) to methylation, whereas 
cysteine largely did not promote Hg(II) methylation.

1.09.02 Understanding Sources and Cycling of Mercury in the St. 
Louis River Using Stable Isotope Approaches
S.E. Janssen, U.S. Geological Survey / Environmental Science; 
J. Hoffman, U.S. Environmental Protection Agency / Great Lakes 
Toxicology and Ecology Division; G. Peterson, USEPA ORD Duluth 
/ Great Lakes Toxicology and Ecology Division; R. Lepak, Cornell 
University / Department of Natural Resources; M. Pearson, A. Cotter, 
U.S. Environmental Protection Agency / Great Lakes Toxicology and 
Ecology Division; D. Krabbenhoft, U.S. Geological Survey / Upper 
Midwest Water Science Center
Mercury (Hg) contamination within the St. Louis River estuary (SLRE) 
is of long-term concern because fish Hg concentrations are elevated 
above human health and wildlife guidelines. In addition, it is known that 
Hg concentrations in SLRE sediments are higher than those observed 
elsewhere in the region, and that game fish Hg concentrations in the 
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estuary are double that of Lake Superior. However, it is unclear whether 
industrial Hg, from legacy contamination, within SLRE contributes to 
these high Hg concentrations in fish and sediments. The aim of this study 
was to address that specific understanding gap, as well as to compare Hg 
concentrations in sediment and biota to a reference site, the Bad River. 
To understand the relative contributions of legacy versus contemporary 
Hg contributions, we included the use of Hg stable isotopes as tracers of 
Hg sources within the SLRE food web. Stable isotope analysis showed 
that sediments within SLRE with the highest Hg concentrations were 
associated with an enrichment in 202Hg, which is commonly observed 
in legacy contaminated sites. Most of the sediments collected within 5 
distinct regions of SLRE had industrial Hg sources, often representing 
>50% of the total Hg source. This signature was also observed in benthic 
invertebrates and prey fish from SLRE, indicating that industrial Hg is 
an important Hg source that is bioaccumulating into the lower food web. 
Corresponding samples from the Bad River were absent of this signature 
and indicative of signatures derived from atmospheric Hg. The isotopic 
Hg source to game fish was shown to be dependent on fish migration 
and feeding habits, with individuals feeding in Lake Superior displaying 
a source signature similar to precipitation. The Hg concentrations and 
isotopic measurements of sediment and biota from the SLRE suggest the 
presence and active cycling of industrial Hg within the system as well as 
the contribution of offshore Hg sources in migratory fish.

1.09.03  Mercury Isotopic Signatures Are Transmitted From Aquatic 
to Terrestrial Ecosystems
D. Walters, U.S. Geological Survey / Columbia Environmental Research 
Center; S.E. Janssen, U.S. Geological Survey / Environmental Science; 
J. Hoffman, U.S. Environmental Protection Agency; M. Mills, U.S. 
Environmental Protection Agency / Office of Research & Development; 
J.M. Lazorchak, U.S. Environmental Protection Agency / Office of 
Research and Development Cincinnati; C.A. Eagles-Smith, U.S. 
Geological Survey / Forest and Rangeland Ecosystem Science Center; 
G. Peterson, USEPA ORD Duluth / Great Lakes Toxicology and Ecology 
Division; A. Cotter, U.S. Environmental Protection Agency / Great Lakes 
Toxicology and Ecology Division; D. Krabbenhoft, U.S. Geological 
Survey / Upper Midwest Water Science Center
Mercury (Hg) stable isotopes are increasingly used to investigate sources 
of Hg in the environment and as a tool for assessing remediation effective-
ness. Mercury can be transported from aquatic to terrestrial food webs via 
adult aquatic insects, and riparian predators such as spiders are increas-
ingly used as indicators of aquatic contamination levels. However, few 
studies have addressed patterns of Hg isotopic variation in aquatic food 
webs, and whether the patterns found in those systems are transferred to 
land via the aquatic insect trophic linkage. We measured Hg isotopes in 
long-jawed spiders (Tetragnthidae) in comparison to benthic invertebrates 
(e.g., odonates) and prey fish (e.g., cyprinids) within two tributaries to 
Lake Superior: the St. Louis River spanning from upstream reservoirs to 
the lower estuary near Duluth, MN and a reference watershed. The lower 
reaches of the St. Louis River near Duluth Harbor in Lake Superior have 
documented industrial Hg sources, whereas atmospheric deposition is the 
only known Hg source in the relatively undeveloped reference water-
shed. Spatial variation in signatures of δ202Hg were observed in spiders 
and matched measurements of aquatic species. Depleted δ202Hg values 
confirmed the predominance of the atmospheric source in the reference 
watershed, as well as the upper reaches of the St. Louis River. However, 
more enriched δ202Hg signatures were observed in the lower St. Louis 
River estuary, confirming the contribution of local industrial Hg sources 
to aquatic and riparian food webs. Aquatic insect δ202Hg was strongly 
correlated with fish δ202Hg (r2 = 0.66) and spider δ202Hg (r2 = 0.75). Insect 
202Hg was not significantly different than prey fish δ202Hg resulting in a 
slope of 1.08, suggesting little no isotopic shift during bioaccumulation of 
Hg within the aquatic food web. Spider δ202Hg was depleted over aquatic 
insect δ202Hg (~0.15‰), but it is unclear if this depletion resulted during 
insect metamorphosis, trophic depletion within spiders themselves, or 
some combination of the two. Our findings indicate that Hg isotope source 

signatures originating in aquatic food webs are conserved and transferred 
into riparian ecosystems, demonstrating the export of legacy Hg in river 
sediments to floodplain food webs. This suggests that Hg isotopes can be 
used to trace Hg sources in these linked systems and to assess recovery 
from Hg contamination at local scales following remediation.

1.09.04 Development of an Understanding of the Biochemical 
Mechanisms Driving Mercury Uptake, Translocation, and Storage in 
Aspen Trees
M.S. Gustin, University of Nevada, Reno / Natural Resources and 
Environmental Science; S. Dunham-Cheatham, W. Choi, J. Harper, 
University of Nevada, Reno; J.D. Blum, University of Michigan / 
Department of Geological Sciences
There has been an increase in the use of tree rings as archives for atmo-
spheric gaseous elemental mercury (GEM) concentrations. It has been 
demonstrated that stomata take up GEM and translocate it to the rings, 
and that foliage mercury concentrations increase over the growing season. 
In order to adequately understand what drives tree ring concentrations 
with respect to physiology and biochemistry, laboratory experiments are 
needed to understand how different forms of mercury (Hg) are assimi-
lated, translocated, and stored. Eighty aspen trees (Populus tremuloides) 
were divided into one of 4 treatment groups: GEM, methylmercury 
(MeHg), 198MeHg, and control. Exposures occurred in custom built 
chambers over 17 days in July 2019. GEM exposures were daily pulses of 
500 ng m-3. MeHg and 198MeHg groups were dosed with 300 ng Hg per 
tree in the soil to determine if root uptake of methylmercury contributes 
to elevated Hg concentrations in other tissues. GEM-dosed trees signifi-
cantly increased in Hg concentrations in all tissues, and after exposure 
Hg was translocated into new growth. In addition, with senescence foliar 
Hg concentration declined. Hg isotopes were also measured and applied 
to understand, based on isotopic fractionation, biochemical mechanisms 
associated with Hg uptake and translocation to other tissues. Cell frac-
tionation of foliage included separating the cell wall, the cytosolic soluble, 
and the microsomal/membrane. Mercury analyses of these allowed for 
identification of where in the leaf Hg was partitioned, giving insight into 
which biomolecule(s) play a dominant role in mercury movement and 
storage in tree tissues. This work provides a framework for better under-
standing of what tree rings are recording, and biochemical mechanisms 
associated with Hg uptake, movement, and storage within trees.

1.09.05 Mercury and Carbon Dynamics in a River Impacted by 
Run-of-the-River Power Plants, Logging and Forest Fire: From 
Genes to Foodwebs
M. Amyot, University of Montreal / Biological Sciences; D. Ponton, 
Universite de Montreal / Biology; F. Bilodeau, Hydro-Québec; M. 
Harrison, Concordia University; M. Leclerc, L. Millera Ferriz, University 
of Montreal / Biological Sciences; R. Lavoie, Environment and Climate 
Change Canada / Canadian Wildlife Service; V. Storck, University of 
Montreal / Biological Sciences; D. Planas, UQAM / Biological Sciences; 
A.J. Poulain, University of Ottawa / Biology; D. Walsh, Concordia 
University
Run-of-the-river hydroelectric power plants are thought to have little 
impact on Hg methylation and food web contamination, because they do 
not cause flooding of large areas. On the St. Maurice River (Canada), an 
unpredicted increase in Hg accumulation in top predators was observed 
after the construction of two such power plants, in the vicinity of a native 
community. This riverscape was also altered by a large forest fire and by 
logging activities. We studied this system to identify key drivers of Hg 
cycling with various approaches, including isotopic tracing for methyla-
tion/demethylation rates in sediments and periphyton, metagenomic 
analyses of genes related to Hg cycling and to metabolism of key methyl-
ating guilds, δ13C and δ15N tracing of food web transfer, and geochemical 
analyses including quality of DOM and Itrax XRF scanner. We found that 
the small impoundment upstream of the power plants were sites of Hg 
and MMHg accumulation in sediments. There was a strong association 
between organic matter content and Hg and MMHg concentrations. It is 
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likely that these reservoirs are acting as sedimentation basins for fresh 
organic matter originating from logging activities, and the fresh organic 
carbon fuels methylation. Methylation genes (hgcA) were found at most 
sites and the number of copies was positively correlated to copies of genes 
linked to methanogenesis. Carbon sources (δ13C) modulated Hg accumu-
lation at the base of the food chain whereas trophic levels (δ15N) explained 
variations up to the top of the food chain. This study indicates that carbon 
cycling is a key driver of Hg dynamics in this system.

1.09.06 Drivers of Methylmercury Accumulation in Brownlee 
Reservoir, Idaho and Oregon
M. Tate, D. Krabbenhoft, U.S. Geological Survey / Upper Midwest Water 
Science Center; J. Naymik, Idaho Power Company; C.A. Eagles-Smith, 
U.S. Geological Survey / Forest and Rangeland Ecosystem Science 
Center; B.A. Poulin, U.S. Geological Survey / Colorado Water Science 
Center; A. Baldwin, U.S. Geological Survey / Idaho Water Science 
Center; C. Larsen, N. Gastelecutto, R. Myers, Idaho Power Company; M. 
Marvin-DiPasquale, U.S. Geological Survey / Water Mission Area; J.J. 
Willacker, U.S. Geological Survey / Forest and Rangeland Ecosystem 
Science Center; S.E. Janssen, U.S. Geological Survey / Environmental 
Science; J.F. Dewild, J. Ogorek, C. Babiarz, U.S. Geological Survey / 
Upper Midwest Water Sciences Center
Reservoirs have long been considered potentially problematic aquatic 
ecosystem types in terms of their common association with elevated 
levels of methylmercury (MeHg) concentrations in consumable fish. 
However, most of the published literature on Hg cycling in reservoirs 
comes from more humid locations, whereas drivers of MeHg accumula-
tion in large water-supply reservoirs in the arid western United States 
are much less common. In 2014 the USGS partnered with Idaho Power 
Company to undertake a large-scale study of the causal factors of elevated 
fish Hg levels in three reservoirs (Brownlee, Oxbow, and Hells Canyon) 
located within the Hells Canyon Complex (HCC). The HCC consists of a 
100 mile stretch of the Snake River that straddles the Idaho and Oregon 
border. Brownlee Reservoir is the most upstream and largest reservoir in 
this complex and is a eutrophic system that thermally stratifies resulting 
in long periods of hypoxia in the hypolimnion. Hypolimnetic and met-
alimnetic MeHg concentrations typically increase through the summer 
months, reaching a maximum in early October, and decrease with fall 
turnover. At the deep-water, lentic portions of the Brownlee, close interval 
sampling above the sediment-water interface shows decreasing MeHg 
concentrations toward the interface, suggesting that hyplimnetic MeHg is 
predominately produced in the water column. Each year (2014-2019) the 
project conducts intensive inflow/outflow and vertical profile sampling 
within Brownlee that allows for MeHg mass accumulation estimates. 
Among the six years of study 2014, 2015 and 2016 showed the lowest 
mass accumulation of MeHg. These were all low-flow years that also were 
characterized by limited hypoxia development, and cold hypolimnion. In 
contrast, 2017 had the highest accumulated MeHg mass and was charac-
terized by high Snake River summer flows, greatest drawdown, extended 
hypoxia, maximum dissolved inorganic Hg (Hgi), dissolved organic 
carbon (DOC), and warmest hypolimnion. For 2018, and 2019, moderate 
levels of flow, hypoxia, DOC and Hgi were observed, and resulted in mod-
erate MeHg mass accumulation levels. The study results document that 
the magnitude of annual water column MeHg accumulation is regulated 
by complex interactions between morphologic, hydrologic, and chemi-
cal factors. A model will be developed to elucidate which drivers are 
most important for determining water column MeHg levels in Brownlee 
Reservoir.

1.09.07 Coupling a Mechanistic Contaminant Model for Aquatic 
Systems With Parameter Estimation Analysis (PEST): A Case Study 
in California
R. Harris, Reed Harris Environmental, Ltd.; R. Hunt, U.S. Geological 
Survey; D. Hutchinson, Reed Harris Environmental, Ltd.; C. DiGiorgio, 
D. Bosworth, P. Sandhu, State of California / Department of Water 
Resources; M. Stephenson, W. Heim, California State University / 
Moss Landing Marine Laboratories; P. Work, U.S. Geological Survey; 
G.A. Gill, Pacific Northwest National Laboratory / Marine Sciences 
Laboratory
Parameter estimation techniques have previously been applied to hydro-
logic models. Here we apply these techniques to a mechanistic model 
analysis of mercury cycling in Yolo Bypass, a flood control system for 
the Sacramento River, CA. Parameter estimation software (PEST++) was 
used to help improve model fits to observations, examine the sensitivity 
of model outputs to different inputs, and estimate uncertainty regarding 
forecasts for future scenarios. From a mercury perspective, Yolo Bypass 
is challenging to simulate because conditions affecting mercury cycling, 
including methylmercury supply, are highly dynamic. Most of the Yolo 
Bypass is intermittently wet and dry, a situation that is known to affect 
methylmercury production but is difficult to quantify. Yolo Bypass is also 
used for a variety of purposes above and beyond flood control, including 
rice agriculture, and provision of wetland habitat and pasture for graz-
ing. These land uses involve additional human manipulations of factors 
that affect methylmercury supply, including hydrology and the supply of 
organic matter. The scientific understanding of the effects of these factors 
on methylmercury production in the environment is still evolving. During 
the calibration of the model to existing conditions from October 1996 - 
May 2012, the PEST++ analysis reduced the error between observations 
and model estimates by an additional 30%, relative to the manual calibra-
tion. Uncertainty was greater during wet years. The analysis considered 
observations and model results related to inorganic and methylmercury 
(filtered and unfiltered) in water and sediments (solids and porewater). 
Yolo Bypass was simulated to be a source of methylmercury and a sink 
for solids and inorganic mercury over the period modeled. The internal 
supply of methylmercury to the water column was roughly equal to the 
external inputs from tributaries. Vegetation was also simulated to have 
a strong effect on methylmercury supply, as a source of organic mat-
ter to stimulate microbial methylation. Fluxes of inorganic mercury and 
methylmercury varied widely among the years simulated, which spanned 
a wide range of hydrologic conditions. This has implications in terms of 
developing TMDL target methylmercury loads and associated monitoring 
programs designed to determine if TMDL targets are met.

1.09.08 Isotopic Examination of Photomicrobial Demethylation of 
Mercury in Natural Systems
G. Armstrong, University of Wisconsin, Madison / Environmental 
Chemistry and Technology Program; S. Janssen, M. Tate, U.S. 
Geological Survey / Upper Midwest Water Science Center; T. Rosera, 
University of Wisconsin, Madison / Environmental Chemistry and 
Technology Program; J. Hurley, University of Wisconsin, Madison / 
Aquatic Sciences Center; D. Krabbenhoft, U.S. Geological Survey / 
Upper Midwest Water Science Center
The photochemical reduction and photodemethylation of mercury (Hg) 
in the environment play an important role in the fate and transport of 
inorganic Hg and methylmercury (MeHg) in aquatic systems. The appli-
cation of Hg stable isotope tracers has demonstrated that these reactions 
can be enhanced in the presence of phytoplankton, suggesting that both 
abiotic photochemical and biotic photomicrobial processes drive aquatic 
transformations of MeHg prior to bioaccumulation. During both photo-
chemical and photomicrobial demethylation, Hg isotopes undergo both 
mass-dependent (MDF) and mass-independent fractionation (MIF) which 
can be utilized to estimate Hg sources and determine foraging locations 
of aquatic biota. However, these photochemical MDF and MIF shifts have 
also been shown to be dependent on the amount and type of dissolved 
organic matter (DOM) within the system, though this variable has not yet 
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been examined in the context of phytoplankton-mediated reactions. The 
focus of this study is to examine how DOM amount and composition alter 
MeHg uptake and isotope fractionation in the presence of the freshwa-
ter phytoplankton species, Selenastrum capricornutum. We conducted 
outdoor photochemical (natural sunlight exposure) experiments with 
natural waters of varying DOM content at ambient Hg/DOM ratios with 
and without plankton present. Varying rates of Hg cellular uptake were 
expected due differences in the concentration and type of DOM pres-
ent in the incubations. This was examined using cellular wash assays 
and collecting Hg concentrations of the particulate-bound, intracellu-
lar, and dissolved pools of the incubation medium. Possible Hg isotope 
fractionation was also examined in these different pools using a multicol-
lector-inductively coupled plasma mass spectrometer (MC-ICPMS) and 
was compared to abiotic controls to determine if enhanced photochemis-
try occurred in the presence of Selenastrum. Considering the broad range 
of DOM concentration and composition in the environment, these experi-
ments are designed to determine if planktonic uptake and photomicrobial 
isotope fractionation is system-specific. The results of this study will be 
critical and applicable to analysis of not only a wide spectrum of aqueous 
systems but will also aid in understanding how isotopic signatures are 
altered or preserved in biota during bioaccumulation.

1.09.09 Assessment of the Variation in Tree Ring Mercury 
Concentrations Between Co-Located Tree Species
B. Ingle, S. Dunham-Cheatham, University of Nevada, Reno; 
M.S. Gustin, University of Nevada, Reno / Natural Resources and 
Environmental Science
Atmospheric mercury monitoring is expensive and there is debate 
whether the current industry standard instrument accurately quantifies 
atmospheric mercury concentrations. As a result, many existing global 
atmospheric mercury monitoring network sites are shutting down, result-
ing in even greater spatially sparse data. Recent studies indicated that 
trees can serve as proxies for past atmospheric mercury concentrations, 
but work is still needed to determine which tree species would make the 
most suitable proxies. This study examined if different co-located tree 
species show the same tree ring mercury concentration patterns, how 
much variability in total mercury concentrations there is within and 
between tree species, and if there is a correlation between climate and 
tree ring mercury concentrations. Tree cores were taken with an incre-
ment borer from 4 different tree species (Populus tremuloides, Pinus 
ponderosa, Abies concolor, and Pinus contorta var. murrayana) at the 
Sagehen Creek Field Station north of Truckee, California, and from 3 dif-
ferent tree species (Pinus ponderosa, Calocedrus decurrens, and Quercus 
kelloggii) near Jackson Creek, southeast of Quincy, California. The trees 
sampled at each site were located within a small spatial area, and 4 trees 
of each species were sampled by taking cores from the east and west side 
of each tree. The tree cores were dried, cross-dated, and cut into five-year 
segments. Each segment was lyophilized and then combusted using a 
Milestone direct mercury analyzer (DMA)-80 evo to determine the total 
mercury concentration. Total mercury concentrations will be correlated 
with archived meteorological data for each sampling location. Preliminary 
results show similar quinquennial trends of total mercury concentration 
between cores from different tree species. The results from this study 
will help determine if different tree species archive atmospheric mercury 
similarly, and which tree species may make the best proxies for past atmo-
spheric mercury concentrations.

1.09.10 Is a Primary Source Pathway of Mercury to the Aquatic and 
Terrestrial Food Web Driven by Gaseous Mercury Flux?
M.J. Pribil, U.S. Geological Survey / Geology, Geophysics, and 
Geochemistry Science Center; J. Kraus, U.S. Geological Survey / 
Columbia Environmental Research Center; D. Rutherford, J. Holloway, 
B. McGee, U.S. Geological Survey / Geology, Geophysics, and 
Geochemistry Science Center
Elevated levels of mercury (Hg) are frequently found at locations adja-
cent to and downstream of legacy mercury mines. Persistent mercury 

impact from legacy mines continue to present risk to the environ-
ment. Developing a better understanding of the source pathways of Hg 
methylation (MeHg) is critical in evaluating and minimizing Hg impact 
to ecosystems. Our study area was the Stibnite Mining District located 
near the headwaters of the East Fork South Fork Salmon River in central 
Idaho, USA. Cinnabar Mine drains into Cinnabar Creek, a steep and 
narrow mountainous drainage system ranging in elevation from mountain 
peaks at 8900 ft. down to 6200 ft. at the Cinnabar Creek confluence with 
Sugar Creek. The study area is remote with minimal contribution from 
other anthropogenic sources of Hg allowing for a detailed Hg source 
pathway assessment. Samples were collected from three sampling sites 
downstream of the Cinnabar Mine area as well as from two baseline sam-
pling sites located above the Cinnabar Creek and Sugar Creek confluence 
on Sugar Creek. The study measured the Hg concentration and isotopic 
composition for biological (bull trout, spiders and macroinvertebrates) 
and sediment samples. Scanning electron microscope (SEM) imaging of 
seston material identified absorbed sub-micron and micron sized cinnabar 
and calcine particles suggesting that other samples collected from the 
impacted streams may also contain absorbed inorganic Hg (IHg). Fish, 
spider and adult macroinvertebrates contained predominantly MeHg, with 
larval macroinvertebrates collected from the impacted streams contain-
ing mostly absorbed IHg. The examination of the data identified the need 
for determining d202Hg(MeHg) in addition to d202Hg(T) when attempting 
to identify Hg source pathways to the food web. The d202Hg(MeHg) was 
calculated applying a mass balance formula using MeHg and Hg(T) con-
centrations as well as d202Hg(T). The d202Hg(MeHg) for samples collected at 
the three sample sites downstream of the mine area resulted in very nega-
tive d202Hg. A possible source of the very negative d202Hg determined for 
the MeHg is gaseous Hg flux originating from large calcine waste piles. 
In-lab gaseous Hg flux experiments were conducted on waste calcines 
collected from the Cinnabar Mine area and resulted in d202Hg similar to 
that determined for the MeHg in the samples. These results suggest that 
a primary source pathway of Hg to the food web may be gaseous Hg flux 
evolving from waste calcine piles.

1.09.11 Impact of Salinization on Mercury Cycling in Coastal 
Wetland Ecosystems
Y. Ulus, M. Tsui, University of North Carolina at Greensboro / 
Department of Biology; A. Sakar, P. Nyarko, University of North 
Carolina at Greensboro; A.T. Chow, Clemson University / Forestry and 
Environmental Conservation Department
Mercury (Hg) is a global pollutant, and it can be bioaccumulated and 
biomagnified as methylmercury (MeHg), the most toxic form, in aquatic 
and terrestrial food webs. Due to sea-level rise, drought, and storm surge, 
many low-lying coastal wetlands are experiencing saltwater intrusion, 
which causes salinization of freshwater wetlands around the world. 
Therefore, we investigated the impact of saltwater intrusion on Hg cycling 
in coastal plain wetlands in Georgetown, South Carolina, for two years. 
We collected seasonal samples of water, sediment, and biota from the 
freshwater wetland (as control), partially degraded wetland (saltwater-
affected freshwater wetland), and mesohaline saltmarsh. Our results for 
surface water samples showed that the average MeHg concentrations were 
higher in the partially degraded wetland (0.87±1.19 ng L-1 dissolved) than 
freshwater wetland (0.32±0.25 ng L-1 dissolved). Interestingly, aver-
age sediment MeHg levels in the partially degraded wetland (2.57±1.08 
ng/g dry weight) were lower than freshwater wetland (5.77±2.18 ng/g dry 
weight). Our study is still in process, currently analyzing all the data, 
and will provide new information about how salinization influences Hg 
concentrations in coastal plain wetlands during the presentation.
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1.09.13 Mercury Risk Evaluation, Risk Management and Risk 
Reduction Measures in the Arctic (ARCRISK)
C.B. Gundersen, H. Veiteberg Braaten, E.H. Steindal, Norwegian 
Institute for Water Research (NIVA); J. Moe, Norwegian Institute for 
Water Research (NIVA) / Section of Ecotoxicology and Risk Assessment; 
E. Yakushev, Norwegian Institute for Water Research (NIVA); G. 
Christensen, Akvaplan-niva AS; J.L. Kirk, Environment and Climate 
Change Canada / Aquatic Contaminants Research Division; H. 
Hintelmann, Trent University; N.L. Frolova, Lomonosov Moscow State 
University / Department of Geography; P. Terentjev, Kola Science Centre 
of the Russian Academy of Sciences / Institute of North Industrial Ecology 
Problems; S. Roberts, Environment and Climate Change Canada
The project “Risk evaluation, risk reduction and risk management action 
plans for mercury in the Arctic – a circumpolar management approach” 
(ARCRISK) has been developed to address mercury pollution in the 
Arctic. The main objective is to develop an action plan with targeted 
risk reduction measures for mercury releases from key sources to land 
and water in the Arctic. The ARCRISK project team consists of experts 
from nine research organisations in Canada, Norway, Russia and USA. 
An inception workshop was held in Oslo in March 2020 to consolidate 
the team and collectively develop the project framework. ARCRISK was 
developed in the backdrop of the ratification of the Minamata Convention 
(MC) on mercury that entered into force in 2017, with the objective to 
“protect the human health and the environment from anthropogenic 
emissions and releases of mercury and mercury compounds”. Whereas 
emissions to air gained significant attention throughout the negotiations 
of the convention, less attention was bestowed to mercury releases to land 
and water. External stressors such as climate change, increased industri-
alization, and urbanization may further exacerbate the situation e.g. by 
influencing the natural mercury cycling and should therefore be taken into 
consideration when assessing mercury releases. Concurrently with the 
ongoing processes under the MC it is crucial to obtain a better under-
standing of the presence and magnitude of mercury release sources to the 
Arctic, and the risk associated with these releases, especially to locals and 
indigenous inhabitants. The aim of ARCRISK is closely aligned with the 
purpose of the Arctic Contaminants Action Program (ACAP); to prevent 
and reduce pollution and environmental risks in the Arctic. The action 
plan will cover key sources from each of the four selected case study 
river catchment basins in Canada, Norway, and Russia. A probabilistic 
modelling approach will be applied for assessing the environmental risk 
associated with mercury exposure in these sites. The risk-based approach, 
including a review of sources and identification of key measures in the 
four localities, aims to recommend concrete reduction measures with 
high relevance for a larger part of the Arctic. The project aims not only to 
identify and assess the current risks, but also to assess the risks associated 
with different plausible future environmental (e.g. climatic), societal and 
economic development scenarios.

1.09.14  Maternal Transfer of Mercury to Bird Eggs: A Review and 
Toxicological Implications
J. Ackerman, M. Herzog, U.S. Geological Surey / Western Ecological 
Research Center; D. Evers, Biodiversity Research Institute; D.A. Cristol, 
College of William & Mary; K.P. Kenow, U.S. Geological Survey; G.H. 
Heinz, U.S. Geological Survey / NWHC; R. Lavoie, Environment and 
Climate Change Canada / Canadian Wildlife Service; R. Brasso, Weber 
State University; M. Mallory, Acadia University / Canadian Wildlife 
Service; J.F. Provencher, B. Braune, Environment and Climate Change 
Canada / Ecotoxicology and Wildlife Health Division; A. Matz, U.S. Fish 
and Wildlife Service; J. Schmutz, U.S. Geological Survey; C.A. Eagles-
Smith, U.S. Geological Survey / Forest and Rangeland Ecosystem Science 
Center; L. Savoy, Biodiversity Research Institute; M.W. Meyer, Wisconsin 
Department of Natural Resources; A. Hartman, U.S. Geological Survey / 
Western Ecological Research Center
Maternal transfer is the predominant route of methylmercury exposure to 
offspring. We reviewed and synthesized published and unpublished data 
on maternal transfer of methylmercury in birds. Using paired samples of 

females’ blood (n=564) and their eggs (n=1814) from 26 bird species in 
6 taxonomic orders, we conducted a meta-analysis to evaluate whether 
maternal transfer of methylmercury to eggs differed among species and 
caused differential toxicity risk to embryos. Mercury concentrations in 
eggs increased with maternal blood mercury concentrations; however, 
the proportion of mercury transferred from females to their eggs differed 
among bird taxa and with maternal mercury exposure. Specifically, a 
smaller proportion of maternal mercury was transferred to eggs with 
increasing female THg concentrations. Additionally, the proportion of 
mercury that was transferred to eggs at the same maternal blood mer-
cury concentration differed among taxonomic orders, with waterfowl 
(Anseriformes) transferring up to 382% more mercury into their eggs 
than songbirds (Passeriformes). We provide equations to predict mercury 
concentrations in eggs using female blood mercury concentrations, and 
vice versa, which may help translate toxicity benchmarks across tissues 
and life stages. Our results indicate that toxicity risk of methylmercury 
can vary among bird taxa due to differences in the maternal transfer of 
methylmercury to offspring.

1.09.15 Maternal Transfer of Mercury in Three Placental Viviparous 
Shark Species (Carcharhinus leucas, Carcharhinus limbatus, and 
Carcharhinus plumbeus)
J. Ketchum, Texas State University, San Marcos / Aquatic Biology; B. 
Deacy, Riverside Technology, Inc., National Marine Fisheries Service; J. 
Dutton, Texas State University / Department of Biology
The maternal transfer of mercury (Hg) throughout embryonic devel-
opment has been largely overlooked in sharks despite evidence that 
young-of-the-year sharks can have a higher body burden of Hg than 
expected for their age. Using a Direct Mercury Analyzer (DMA-80), we 
measured the concentration of total Hg (THg) in muscle, heart, liver, 
kidney, brain, skin and fin in embryos of three placental viviparous shark 
species (blacktip shark, Carcharhinus limbatus; bull shark, Carcharhinus 
leucas; and sandbar shark, Carcharhinus plumbeus). Additionally, the 
muscle and liver THg concentration in the embryos were compared to the 
muscle and liver THg concentration in the parent. All pregnant females 
(C. limbatus, n = 7; C. leucas, n = 3; and C. plumbeus, n = 7) were taken 
in the western North Atlantic Ocean and Gulf of Mexico and a total of 29 
C. limbatus embryos, 16 C. leucas embryos, and 63 C. plumbeus embryos 
were examined. Embryos from all three species had the highest THg 
concentration in the muscle followed by either the heart or kidney, and the 
lowest THg concentrations were measured in the fin and liver. C. limbatus 
embryos had the highest mean muscle (1.92), liver (0.235), kidney (1.22), 
and skin (0.613) THg concentrations (µg/g dry weight), whereas C. leucas 
embryos had the highest mean heart (1.25), brain (0.634), and fin (0.442) 
THg concentrations. C. plumbeus embryos had the lowest THg con-
centrations in all tissues. On average, the C. limbatus, C. leucas, and C. 
plumbeus embryo liver THg concentration was 0.74%, 0.53%, and 0.45%, 
respectively, of the parent THg liver concentration. In comparison, the 
mean C. limbatus, C. leucas, and C. plumbeus embryo muscle THg con-
centration was 24.4%, 19.2%, and 12.1%, respectively, of the parent THg 
muscle concentration which is much higher than observed in aplacental 
viviparous species, indicating that reproductive strategy can determine 
the extent of maternal transfer of Hg. These results suggest that the mater-
nal transfer of Hg in sharks could account, in part, for the elevated Hg 
tissue concentrations observed in young-of-the-year offspring.
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1.09.16 Mercury and Methylmercury Isotopes Reveal Internal 
Cycling and Detoxification in Dolphins From the Indian River 
Lagoon, Florida
T. Rosera, University of Wisconsin, Madison / Environmental Chemistry 
and Technology Program; S. Janssen, J.F. Dewild, J. Ogorek, C. Babiarz, 
U.S. Geological Survey / Upper Midwest Water Sciences Center; W. 
Noke, M. Stolen, Hubbs-SeaWorld Research Institute; A. Schaefer, 
Harbor Branch Oceanographic Institution at Florida Atlantic University; 
D. Tremain, Florida Fish and Wildlife Conservation Commission / 
Fish and Wildlife Research Institute; J. Trefry, Florida Institute of 
Technology / Marine & Enviornmental System; C. Jacoby, St. Johns 
River Water Management District; D. Sumner, U.S. Geological Survey; 
J. Hurley, University of Wisconsin, Madison / Aquatic Sciences Center; 
D. Krabbenhoft, U.S. Geological Survey / Upper Midwest Water Science 
Center
Bottlenose dolphins (Tursiops truncatus), considered sentinel species 
in coastal and estuarine systems due to their trophic position, life span, 
spatial fidelity, and ability to bioaccumulate contaminants, exhibit highly 
elevated mercury (Hg) levels in the Indian River Lagoon (IRL), a large 
estuary on the northeast coast of Florida. The IRL watershed, known for 
having one of the most diverse fauna among North American aquatic eco-
systems, has also incurred significant stresses from rapid urbanization, 
loss of shoreline wetlands and water quality degradation (nutrient and 
contaminant loads). Although there are no known point source releases 
of Hg, IRL game fish and especially dolphins bioaccumulate Hg to high 
levels. Little is known about Hg exposure pathways to dolphins, and to 
address the information gap, the U. S. Geological Survey, St. Johns Water 
Management District, Florida Atlantic University, Florida Technological 
University, and Hubbs SeaWorld Research Institute conducted a scoping-
level project. Our group analyzed tissues samples from deceased stranded 
dolphins from both coastal beaches and within the IRL. In addition, we 
analyzed tissue samples of prey and game fish the IRL as well as sedi-
ments and waters to compare to collected dolphin tissues. Initial results 
reveal that bioaccumulative methylmercury (MeHg) and total Hg (HgT) 
in dolphin muscle tissues range from 1.5 – 22 ppm, and 2.5 – 260 ppm, 
respectively, with an increase in dolphin muscle MeHg concentrations 
from 2008 to 2018. Determination of the HgT stable isotopic composition 
of fish and dolphin muscle tissues elucidate reaction processes affecting 
Hg signatures. Assessment of the mass dependent fractionation (δ202HgT) 
of Hg in dolphin muscles shows a strong correlation with the % MeHg, 
similar to studies of other marine mammals, providing evidence of 
internal demethylation and detoxification processes. Further exploration 
of species-specific Hg (MeHg) stable isotopes in different tissues, organs, 
(i.e. livers, kidney, etc.) and matrices (i.e. blood) of these dolphins, may 
provide a better understanding of the ecological conditions and envi-
ronmental variables that dictate the extent of MeHg contamination and 
detoxification across individual organisms and populations in the IRL.

1.09.17  Mercury Exposure and Toxicological Consequences in Fish 
and Fish-Eating Wildlife from Anthropogenic Activity in Latin 
America
R. Canham, Environment Canada; A. Prieto Gonzalez, Simon Fraser 
University, Department of Biological Sciences; J.E. Elliott, Environment 
and Climate Change Canada / Science and Technology Branch 
Ecotoxicology and Wildlife Health Division
Despite the risk of significant adverse toxicological effects of mercury to 
humans and wildlife, mercury use in artisanal small-scale gold mining 
(ASGM) is widespread throughout Latin America. However, there are 
few research and monitoring studies of mercury toxicity in fish and fish 
eating wildlife in Latin compared to North America. In this paper, we 
reviewed the literature from published articles and reports and sum-
marised and assessed data on Hg in fish from 10 391 individuals and 192 
species sampled across Latin America. We compared fish Hg levels with 
toxicity reference values (TRVs) for fish and dietary TRVs for fish-eating 
wildlife. We determined that fish and piscivorous birds and other wildlife 
are at risk of Hg toxicity. We observed a large data quantity disparity 

between North and Latin America, and identify regions requiring further 
investigation. In particular, future biomonitoring and research should 
focus on wildlife Hg toxicity in Peru, Chile, Uruguay, the eastern and 
northern regions of Brazil, Venezuela, Ecuador, and Colombia. We also 
discuss Hg risk assessment methodological issues, and recommend that 
future evaluations of Hg risk to wildlife consider key physiological vari-
ables including age, body size, and Hg:Se molar ratio.

1.09.18 Climate-Related Drivers Cause Divergent Temporal Trends 
in Arctic Char Mercury Concentrations From Paired Lakes on 
Melville Island, Nunavut
S. Burke, Environment and Climate Change Canada; D.C. Muir, X. 
Wang, Environment and Climate Change Canada / Aquatic Contaminants 
Research Division; B.D. Barst, McGill University / Water and 
Environmental Research Center; J.L. Kirk, Environment and Climate 
Change Canada / Aquatic Contaminants Research Division; D. Iqaluk, 
Resolute Bay; M. Pope, Queen’s University; S. Lamoureux, M. Lafrenière, 
Queens University / Department of Geography and Planning
Climate-driven changes including rising air temperatures, enhanced per-
mafrost degradation, and altered precipitation patterns can have profound 
effects on contaminants, such as mercury (Hg), in High Arctic lakes. Two 
physically similar paired lakes (East Lake and West Lake) at the Cape 
Bounty Arctic Watershed Observatory (CBAWO) on Melville Island, 
Nunavut are being affected by climate change differently. Both lakes have 
experienced permafrost degradation in their catchments; however, West 
Lake has also undergone multiple subaqueous Mass Movement Events 
(MME; beginning in fall 2008), leading to a sustained increase in turbid-
ity and resultant decrease in fish body condition. This provides the unique 
opportunity to understand the potential impacts permafrost degradation 
and other climate effects have on mercury concentrations of Arctic char 
(Salvelinus alpinus), an important subsistence food source across the 
Circum-Arctic. The objectives of this work were to 1. Assess temporal 
trends (2008- 2019) in char mercury concentrations, and 2. Determine 
potential mechanisms driving temporal trends in char Hg concentrations. 
We found that between 2008 and 2019, there was a significant decrease 
(R2

adj.=0.72, p< 0.001) in length-adjusted Hg concentrations in East 
Lake. Conversely, there was a significant increase in length-adjusted Hg 
concentrations in West Lake from 2009 (after first MME) to 2017 (last 
year sufficient sample size; R2

adj.=0.59, p=0.004). We determined that 
fish growth (age-at-size) was the best predictor of length-adjusted [Hg] in 
East Lake (R2

adj.=0.68, p=0.002), such that faster growing fish have lower 
[Hg] (termed somatic growth dilution). The increased growth rates and 
resulting growth dilution were likely caused by reduced ice cover duration 
resulting in increases in water temperature and/or primary production. In 
contrast, the best predictors of length-adjusted [Hg] in West Lake were 
carbon (R2

adj.=0.66, p=0.005) and nitrogen (R2
adj.=0.47, p=0.02) stable 

isotope ratios, indicating a shift in diet likely brought on by the profound 
increase in lake turbidity. This work provides an example of how the 
ultimate driver of climate change can result in different proximate drivers 
of fish mercury concentrations in similar lakes in the same region, under-
scoring the difficulty of predicting trends in Arctic fish mercury under a 
changing climate.

1.09.19  Comparing the Influence of Growth Rate and Food Web 
Position on Inter-Individual Variation in Fish Mercury (Hg) 
Concentrations in Lakes of Northern Ontario, Canada
G.L. Lescord, Laurentian University / Boreal Ecology; T. Johnston, 
Ontario Ministry of Natural Resources; M. Quesnel, Laurentian 
University / School of the Environment; P. Savage, Laurentian University 
/ Boreal Ecology; K.A. Kidd, McMaster University / Department 
of Biology and School of Geography and Earth Sciences; J. Gunn, 
Laurentian University / Boreal Ecology
Fish mercury concentrations vary at multiple scales across the landscape 
due to a variety of environmental and ecological factors. We compared 
the relative contributions of three factors (body size, growth dilution, and 
food web position) to observed inter-individual and within-population 
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variability in mercury concentrations using an extensive dataset from 
397 populations of lacustrine fish from seven species across 138 lakes 
in northern Ontario, Canada. We examined five species of piscivores: 
lake trout (Salvelinus namaycush), burbot (Lota lota), walleye (Sander 
vitreus), northern pike (Exos lucius), and smallmouth bass (Micropterus 
dolomieu); and two species of benthivores: lake whitefish (Coregonus 
clupeaformis) and white sucker (Catostomus commersonii). Linear models 
relating fish mercury concentrations to various combinations of age, 
body size, growth rate, and C and N isotope ratios were fitted and ranked 
using Akaike’s Information Criterion (AICc). Preliminary results from 
analyses of three species (lake trout, walleye, and lake whitefish) ranked 
the predictors (from strongest to weakest) as weight, growth rate, trophic 
elevation (inferred from δ15N), and primary energy source (inferred from 
δ13C). Top-ranked models included weight, growth rate and δ15N for 
lake trout and walleye (piscivores), but only weight and growth rate for 
lake whitefish (benthivore). These preliminary models received strong 
support based on Akaike weights (0.98. 0.99, and 0.79, respectively). For 
these three species, mercury concentrations were positively related to 
weight, negatively related to growth rate, and positively related to trophic 
elevation. Analyses are ongoing for the remaining four species. Our study 
demonstrates that variation in mercury concentrations among individuals 
in northern fish populations is most strongly related to body size, and that 
the remaining variability is better explained by growth dilution than by 
food web position.

1.09.21  Selenium’s Influence on Mercury Accumulation in Fish 
Across Ecologically Relevant Scales in Western United States
R. Stewart, U.S. Geological Survey / Earth System Processes Division, 
Water Mission Area; J. Ackerman, U.S. Geological Survey / Western 
Ecological Research Center; C.A. Eagles-Smith, U.S. Geological Survey / 
Forest and Rangeland Ecosystem Science Center; J. Yee, U.S. Geological 
Survey / Western Ecological Research Center
Mercury (Hg) has a strong affinity for selenium (Se) such that Se, when 
found in excess of Hg, has been shown to modify Hg bioavailability, 
bioaccumulation, and in some cases mitigate Hg toxicity. Yet, questions 
remain regarding how ambient concentrations of Hg and Se in animal 
tissues can be used to broadly assess protection against Hg toxicity in 
nature. We evaluated paired Hg-Se concentrations for 8,657 freshwater 
fishes in the Western United States, representing a range of exposure 
gradients, tissues, species, and habitats, to evaluate the influence of Se on 
Hg bioaccumulation. The distributions of paired Hg and Se concentra-
tions were weakly correlated (Pearson’s r = 0.21) in whole body tissues 
and completely independent in muscle tissue. Indeed, statistical models 
comparing the influence of different factors on Hg concentrations found 
that Se explained only a small proportion (97.5% of samples (as found in 
previous smaller scale surveys), suggesting that finding a freshwater fish 
in the Western United States with insufficient Se to (supposedly) protect 
against MeHg toxicity would be exceedingly rare. We conclude that a 
protective role of Se against Hg bioaccumulation is not detectable in 
freshwater fishes in the Western United States based on the randomness of 
their co-occurrence in the environment. Interactions between Se and Hg 
are complex, dynamic, and their role in Hg or Se toxicity require studies 
that focus on understanding specific mechanisms and take into consider-
ation ecologically relevant exposure concentrations, chemical species, and 
toxicological effects.

1.09.22 Does Selenium Reduce the Toxicity and Bioaccumulation of 
Mercury in the Mayfly Neocloeon triangulifer?
J.R. Gerson, Duke University / Biology; R. Dorman, U.S. Geological 
Survey / Columbia Environmental Research Center; C.A. Eagles-Smith, 
U.S. Geological Survey / Forest and Rangeland Ecosystem Science 
Center; E. Bernhardt, Duke University / Biology; D. Walters, U.S. 
Geological Survey / Columbia Environmental Research Center
Mercury (Hg), predominantly as methylmercury (MeHg), can biomagnify 
and lead to neurotoxic effects in organisms and people. Some studies 
suggest that Hg toxicity can be reduced in the presence of selenium (Se), 

though Se itself can also be toxic at elevated levels. In this study, we 
experimentally manipulated the relative concentrations of dietary MeHg 
and water column Se (as selenomethionine [SeMet]) and examined the 
consequences for the survival, growth, development, and tissue MeHg 
concentrations of an aquatic grazer (the mayfly, Neocloeon triangulifer) 
as well as accumulation of MeHg in its sole diet item (diatoms). We found 
evidence of both lethal and sublethal (escape behavior, emergence timing) 
effects of elevated Se in mayflies, suggesting that Se remains toxic to 
mayflies regardless of co-occurring concentrations of MeHg. Observed 
LC50 for mayflies was 3.9 μg SeMet/L, with complete mortality at 
concentrations at, or exceeding, 6.0 μg SeMet/L. In diatoms, we observed 
a threshold response in MeHg bioaccumulation, with reduced MeHg 
accumulation at low Se exposure but increased accumulation at high Se 
exposure. These patterns in diatom MeHg accumulation drove the uptake 
of MeHg into mayflies, whereby the mayfly MeHgbioaccumulation 
factor (ratio of MeHg concentration in mayflies to diatoms) decreased 
with SeMet exposure. Our results suggest that many gaps remain in 
understanding how Hg and Se interact at the base of food webs and that 
accounting for potential Se toxicity is an important consideration for 
interpreting these potential interactions.

1.09.23  Methylmercury Detoxification in Vertebrates: Novel Insights 
from X-Ray Spectroscopy and Stable Isotopes
B. Poulin, University of California, Davis / Environmental Toxicology; 
J. Bourdineaud, Université de Bordeaux / Institut Européen de Chimie et 
Biologie; S.E. Janssen, U.S. Geological Survey / Environmental Science; 
T. Rosera, University of Wisconsin, Madison / Environmental Chemistry 
and Technology Program; D. Krabbenhoft, U.S. Geological Survey / 
Upper Midwest Water Science Center; R. Stewart, U.S. Geological Survey 
/ Earth System Processes Division, Water Mission Area; J. Ackerman, 
U.S. Geological Survey / Western Ecological Research Center; C.A. 
Eagles-Smith, U.S. Geological Survey / Forest and Rangeland Ecosystem 
Science Center; R. Oliveira, S. Sarrazin, Universidade Federal do Oeste 
Pará; C. Ward-Deitrich, E. Castillo Busto, H. Goenaga-Infante, National 
Measurement Institute LGC Limited; P. Glatzel, European Synchrotron 
Radiation Facility; K.L. Nagy, University of Illinois at Chicago / 
Department of Earth and Enviromental Science; A. Manceau, Université 
Grenoble Alpes / ISTerre
The manifestation of mercury (Hg) as a contaminant of environmental 
and human health concern is controlled by the formation and bioaccu-
mulation of methylmercury (MeHg) in aquatic environments. Mercury 
toxicity results because the biological functions of proteins are hindered 
when MeHg binds to cysteine residues, forming MeHg-cysteinate 
complexes. It is currently unknown how aquatic and terrestrial animals 
detoxify the MeHg-cysteinate complexes. In this presentation, we first 
report that MeHg-cysteinate is detoxified to a four-coordinate complex 
with selenocysteine (Hg(Sec)4) in waterbirds (Clark’s grebe, Forster’s 
tern) and freshwater fish, as determined using synchrotron-based X-ray 
spectroscopy techniques. Gradients in the degree of MeHg detoxification 
to Hg(Sec)4 are observed between bird tissues (liver > kidneys > muscle > 
brain) and fish tissues (liver > muscle). In the Clark’s grebe liver, Hg(Sec)4 
was present with nanoparticulate mercury selenide, and speciation analy-
sis of a tissue extract using chromatography and ICP mass spectrometry 
supports association of Hg and Se with selenoprotein P. We discuss these 
findings in context of previous reports of MeHg detoxification to mercury 
selenide in marine animals. Second, we present results from tissues of 
the waterbirds showing that in vivo detoxification of MeHg to Hg(Sec)4 
induces pronounced mass-dependent fractionation of stable isotopes of 
mercury. The isotopic shift produced from this reaction is preserved in the 
isotopic signature of Hg(Sec)4, allowing for the calculation of a fraction-
ation factor associated with in vivo MeHg demethylation. Collectively, 
the results highlight how X-ray spectroscopic speciation, hyphenated 
elemental mass spectrometry speciation, and species-specific stable iso-
tope measurements can be used to provide a foundation for understanding 
mercury detoxification in higher organisms.
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1.09.24 Total Mercury, Total Selenium, and Monomethylmercury in 
Multiple Age Cohorts and Tissue Types in Alaskan Steller Sea Lions
J. Castellini, University of Alaska, Fairbanks / Department of Veterinary 
Medicine; L.D. Rea, J. Avery, University of Alaska, Fairbanks / Water 
and Environmental Research Center; T. O’Hara, Texas A&M University / 
Veterinary Integrative Biosciences
Concern about mercury (Hg) exposure in Steller sea lions (Eumetopias 
jubatus; SSL) in parts of Alaska in part relates to lack of population 
recovery and relatively high tissue total Hg concentration ([THg]) at some 
rookeries. Mercury organotropism and toxicosis is dependent on chemical 
form and bioavailability. In particular, monomethylmercury (MeHg+) 
is readily absorbed when ingested, subsequently crossing placental and 
brain barriers. Interactions between MeHg+ and selenium (Se) play 
several roles in sequestration (demethylation and binding to Se) in certain 
tissues of piscivores. Tissues collected from carcasses and subsistence 
hunted animals are valuable resources for assessing Hg and Se status in 
SSL in Alaska. Physiologically driven differences in tissue concentrations 
(organotropism) may confound interpretation for various cohorts and 
complicate assessing biological drivers of exposure. We report age cohort 
differences in liver THg, TSe, and MeHg+ concentrations, %MeHg+ and 
molar TSe:THg, and present correlations between liver, kidney, skeletal 
muscle and heart for THg and MeHg+. Liver from fetuses and young 
pups had significantly lower [THg] and [TSe], higher %MeHg+, and a 
greater range of TSe:THg than sub-adults and adults. We highlight [THg] 
varied significantly by muscle type and anatomical location of sampling, 
but were strongly correlated. Bioaccumulation of THg in liver of older 
animals confounds comparison with other tissues; however, in fetuses 
and young pups liver [THg] correlated with other tissues. In contrast, 
liver MeHg+ concentrations correlated with other tissues across all age 
classes. Fetus and young pup tissues, which reflect in utero exposure and 
are subject to limited bioaccumulation are ideal for assessing Hg exposure 
related to dam diet, including inter-tissue comparison. Measurement 
of MeHg+ and TSe in tissues from all ages allows for better inter-tissue 
comparison and assessment of immediate routes of exposure and potential 
for adverse effects.

1.09.25  Exploring the Patterns and Implications of Selenium: 
Mercury Molar Ratios in Freshwater Fishes
K. Knott, Missouri Department of Conservation / Environmental Health 
Unit; J. Wenzel, Missouri Department of Health and Senior Services; E. 
Coleman, Missouri Department of Conservation
Mercury (Hg) is a statewide concern to Missouri’s fisheries and fish con-
sumers because elevated concentrations can be toxic to neural functions 
and adversely impact early life stages. Selenium (Se) is an essential trace 
element and supports many physiological functions. Because of its high 
affinity for Hg and antioxidant properties, Se has been reported to protect 
against Hg toxicity in humans, fish, and wildlife. However, the concentra-
tions of Se has yet to be documented in fish from Missouri. We examined 
the Se: Hg molar ratios in freshwater fish collected from rivers and reser-
voirs across Missouri to (1) determine the variation of these compounds 
among fish species and waterbodies, and (2) determine the significance 
of Se for fish consumption advisories and fisheries management actions. 
Many fish from waterbodies in Missouri had Hg concentrations that 
exceeded the fish consumption advisory of 1 meal per month for sensi-
tive populations (>270 ng/g ww) and were near the Hg concentration of 
concern for health effects to fish populations (1000 ng/g ww). The highest 
concentrations of Hg were found in high trophic level species includ-
ing Largemouth Bass (range, 420 – 840 ng/g) and Striped Bass (range, 
400 – 860 ng/g ww). Concentrations of Hg in another high trophic level 
species, White Bass, were less than 90 ng/g in fish less than 12-inches, but 
>400 ng/g in 16-inch fish. The concentration of Hg in other fish species 
was as follows: Spotted Bass (310-360 ng/g), Crappie sp. (120-670 ng/g), 
Sunfish sp. (270-370 ng/g), Redhorse sp. (90-370 ng/g), and Rock bass 
(90-200 ng/g). The molar ratio of Se: Hg in Missouri fish ranged 0.6:1 to 
50:1, and decreased as Hg concentrations in fish increased. Ratios of Se: 
Hg were below the presumed protective guideline of 1:1 in only 1 of the 

14 waterbodies examined. Concentrations of Hg from this waterbody 
were elevated in all fish species and sizes examined, but low Se: Hg 
ratios were only observed for Largemouth Bass with Hg concentrations 
exceeding 610 ppb. The examination of Se: Hg ratios provides insight into 
the potential toxic effects of Hg in fish, but mechanisms driving bioac-
cumulation and toxic thresholds for fish and consumers remain unclear. 
Fish from environments with low Se: Hg ratios should be studied further 
to determine whether management actions could limit methylation for the 
protection of the fishery and consumers.

1.09.26 Methylmercury Bioccumulation and Biotransport Through 
a River-Reservoir Complex
C.A. Eagles-Smith, J.J. Willacker, U.S. Geological Survey / Forest and 
Rangeland Ecosystem Science Center; J. Chandler, J. Naymik, Idaho 
Power Company; D. Krabbenhoft, U.S. Geological Survey / Upper 
Midwest Water Science Center
Mercury (Hg) contamination is a widespread threat to human and 
ecosystem health. The risk of Hg contamination is strongly driven by 
biogeochemical and ecological processes that facilitate its conversion to 
methylmercury (MeHg) and bioaccumulation through food webs. These 
processes can be profoundly influenced by hydrologic alteration and water 
management. In the western US, reservoirs are important infrastructure 
components to meet municipal and agricultural water needs. However, 
their management may also influence Hg cycling and bioaccumulation. 
We evaluated Hg bioaccumulation through the food web of the Hells 
Canyon Reservoir Complex, a three-reservoir system along the Snake 
River Idaho/Oregon, with documented elevated fish Hg concentrations. 
We assessed the distribution of Hg in biota among different habitats 
within the complex, as well as the spatial and temporal variation in Hg 
through a variety of food web components. Finally, we quantified the 
amount of biologically-associated Hg transported through dams, from 
one reservoir to the next. Preliminary findings indicated that zooplank-
ton methylmercury (MeHg) concentrations at the base of the food web 
were twice as high in open-water thalweg locations that those in coves 
and shallow side channel environments. Moreover, thermal stratification 
and hypolimnion development in the thalweg was associated with MeHg 
concentrations that were nearly twice as high as locations where the water 
column was unstratified. As a result, we found that MeHg concentrations 
in the base of the food web varied temporally through the reservoirs, with 
the lowest concentrations in late winter through early summer, increas-
ing dramatically during periods of stratification in the summer and 
fall. Importantly, fish Hg concentrations tracked those of zooplankton. 
Preliminary findings also suggest that up to nearly 15g of MeHg per day 
were exported in fish and other biological components through the reser-
voir dams during periods of stratification. Upstream restoration to reduce 
reservoir stratification, combined with water management strategies may 
be valuable tools for reducing Hg bioaccumulation and risk in reservoirs.

1.09.27 Characterizing Methylmercury Bioaccumulation in Larval 
Dragonflies
C. Mackenzie, Oregon State University / Fisheries and Widlife; T.S. 
Garcia, Oregon State University / Fisheries and Wildlife; C.A. Eagles-
Smith, U.S. Geological Survey / Forest and Rangeland Ecosystem Science 
Center
Monitoring aquatic organisms is critical to inform management of mer-
cury contamination within food webs and across landscapes. Predatory 
invertebrates are increasingly being used to gauge biotic mercury 
exposure, given their import as both prey and predator, as well as their 
site fidelity, widespread distribution, and biphasic linkage of aquatic and 
terrestrial habitats. Quantitative understanding of mercury bioaccumula-
tion, biomagnification, and toxicity to predatory invertebrates remains 
limited, requiring further research in order to estimate population and 
community level impacts. To quantify dietary bioaccumulation over time, 
we collected dragonfly larvae (Libellula pulchella, L. forensis, Plathemis 
lydia, and Pachydiplax longipennis) from a single pond and reared them 
in the laboratory on a clean diet to foster depuration of background 
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mercury for seven weeks. After this period, larvae were fed California 
blackworms (Lumbriculus variegatus) dosed at four ecologically relevant 
concentrations of methylmercury. Dosing continued for eight weeks 
with regular larval subsampling to quantify total- and methyl-mercury 
accumulation over time, with assays performed to quantify feeding rate, 
predator avoidance behavior, and immune response. Preliminary data 
suggest that an 8-week diet of 3.4±0.8, 16.3±1.4, 80.3±4.9, and 390.4±17.8 
ppb methylmercury led to dragonfly total mercury tissue concentrations 
of 31.0±5.7, 42.2±4.3, 120.1±4.4, and 507.6±37.4 ppb respectively. Low, 
medium, and high treatment tissue concentrations were estimated to be 
1.5, 4.6, and 18.6 times higher respectively than control levels (p< 0.001, 
Dunnett’s test). Trophic transfer factors decreased with increasing mer-
cury dose, with values of 9.1, 2.6, 1.5, and 1.3 for control, low, medium, 
and high, indicating higher bioaccumulation efficiency at lower doses. 
Bioaccumulation rate gradually decreased over time, appearing to reach 
steady state by week 6. The trophic transfer rates quantified here inform 
how different environmentally relevant levels of mercury contamination 
influence assimilation to secondary consumers, and how this accumula-
tion changes over time. Additionally, these findings augment the utility of 
the US National Park Service’s comprehensive Dragonfly Mercury Project 
dataset by empowering inference of contamination at lower trophic levels 
from dragonfly tissue.

1.09.28 Methyl Mercury Contamination and Diet of Nestling Red-
Winged Blackbirds
M.M. Chumchal, Texas Christian University; T. Thalhuber, R. Drenner, 
C. Ortega-Rodriguez, Texas Christian University / Biology; J. Kennedy, 
University of North Texas / Biology; S. Speir, Texas Christian University 
/ Biology; W.G. Cocke, Texas Christian University; M. Lewis, H. Whitt, 
Texas Christian University / Biology
Red-winged Blackbirds (Agelaius phoeniceus) are found throughout 
North America, often nesting in cattails in ponds and wetlands. Diet stud-
ies have revealed that adults feed their nestlings both emergent aquatic 
insects like odonates and terrestrial insects like lepidopteran larvae. 
Because emergent aquatic insects can be contaminated with high amounts 
of methyl mercury (MeHg), it has been hypothesized that nestlings fed 
high amount of odonates would be contaminated with levels of MeHg that 
are hazardous to their health. There have been no studies on the connec-
tion between MeHg contamination of nestling Red-winged Blackbirds and 
their diet. The objective of our study was to measure the concentration 
of MeHg in the blood of nestling Red-winged Blackbirds and to estimate 
the proportion of emergent aquatic insects and terrestrial insects in their 
diet. We conducted a study of Red-winged Blackbird nestlings at 20 
ponds contaminated with Hg from the atmosphere at the Eagle Mountain 
Fish Hatchery, Fort Worth, Texas. Previous studies at the Hatchery 
demonstrated that emergent aquatic insects such as odonates have high 
concentrations of MeHg, while terrestrial insects on the pond shorelines 
have low concentrations of MeHg. Red-winged Blackbirds nested in cat-
tails in the ponds from April 9 to July 30 2017. We collected 424 blood 
samples from 243 nestlings from 88 nests (1-2 samples from 1-4 nestlings 
per nest). We analyzed the blood for MeHg and analyzed 202 of the blood 
samples (1-2 blood samples from 1 per nest) for nitrogen stable isotopes. 
Methyl mercury was detected in nestling blood, suggesting that Red-
winged Blackbird nestlings were fed emergent aquatic insects. However, 
concentrations of MeHg in nestling blood were low (mean = 0.020 ug/g 
ww) and below the risk threshold. MeHg concentrations and nitrogen 
stable isotope ratios for Red-winged Blackbird nestlings suggest that 
terrestrial insects composed a high proportion of their diets. Our results 
suggests that Red-winged Blackbird nestlings may not be at risk of MeHg 
contamination when terrestrial organisms dominate their diet.

1.09.29  Methylmercury in the Lower Food Web of the Laurentian 
Great Lakes
J. Ogorek, U.S. Geological Survey / Upper Midwest Water Science 
Center; R. Lepak, Cornell University / Department of Natural Resources; 
J. Hoffman, U.S. Environmental Protection Agency; C. Babiarz, U.S. 
Geological Survey / Upper Midwest Water Sciences Center; S.E. Janssen, 
U.S. Geological Survey / Environmental Science; J.F. Dewild, M. Tate, 
U.S. Geological Survey / Upper Midwest Water Science Center; J. 
Hurley, University of Wisconsin, Madison / Aquatic Sciences Center; D. 
Krabbenhoft, U.S. Geological Survey / Upper Midwest Water Science 
Center
Globally, the ten largest lakes in the world hold over 50 percent of all 
surface freshwater and contain fisheries that provide nourishment to tens 
of millions of people. These ecosystems are understudied (or not studied 
at all) for mercury (Hg), particularly the lower trophic food web where the 
bioconcentration of neurotoxic methylmercury is greatest. This realiza-
tion led the USGS Mercury Research Team, in collaboration with the 
USEPA Great Lakes National Program Office, to initiate a multi-year Hg 
sampling effort to better understand Hg cycling and bioaccumulation in 
the Laurentian Great Lakes, which represent many of the largest lakes 
world-wide. Seasonally, water and plankton were collected at 140 evenly 
distributed locations (511 individual samplings) from 2010 through 2014, 
and 2018. Water was analyzed for total mercury (HgT), methylmercury 
(MeHg), and dissolved organic carbon (DOC). Plankton was size sieved 
into discrete cohorts and analyzed for MeHg, HgT, and stable-isotope 
ratios of carbon and nitrogen. Aqueous concentrations of mercury were 
among the lowest reported in the literature (HgT 0.1 - 0.4 ng/L, MeHg < 
0.01 ng/L), with HgT generally increasing from the upper lakes (Superior 
and Huron) to the lower lakes (Erie and Ontario). DOC concentrations 
also were low (mean = 1.87 mg/L, range 1.06 to 3.43) and increased with 
increasing watershed drainage area to lake surface area ratios from Lake 
Superior to Lake Ontario. Plankton MeHg concentrations were inversely 
related to DOC concentrations and decreased from the upper lakes to the 
lower lakes. While MeHg concentrations in plankton correlate with con-
centrations measured in game fish, aqueous MeHg was a poor predictor of 
fish and planktonic MeHg content. Stable-isotope results for carbon and 
nitrogen revealed that trophic transfer rates within the lower food web are 
similar amongst lakes and not a driver for fish-Hg trends. Instead, transfer 
rates of aqueous MeHg into the 63 to 118 µm size fraction (dominantly 
phytoplankton) are 5 to 15 times higher than clear water streams, inland 
lakes, and the open ocean. This suggests that the lower food web of the 
Laurentian Great Lakes (and likely other large lakes), which receive 
dominantly atmospheric Hg as wet deposition, would serve as excellent 
sentinel ecosystems for detecting changes related to anticipated global 
declines in Hg emissions resulting from the ratification and implementa-
tion of the Minamata Convention.

1.09.30 Spatial and Temporal Patterns in Water Quality, Mercury 
and Methylmercury From Everglades National Park
C. Babiarz, D. Krabbenhoft, M. Tate, J.F. Dewild, J. Ogorek, U.S. 
Geological Survey / Upper Midwest Water Science Center; S.E. Janssen, 
U.S. Geological Survey / Environmental Science; G. Aiken, B.A. Poulin, 
U.S. Geological Survey / Colorado Water Science Center; W. Orem, M.S. 
Vronka, U.S. Geological Survey / Energy Resources Program, Eastern 
Energy Resources Science Center; J. Kline, J. Castro, U.S. National Park 
Service / Daniel Beard Research Center
Elevated mercury (Hg) levels in the aquatic food web of the Everglades 
has been a public concern since the late 1980s and remains a persistent 
issue confronting the ecosystem restoration efforts. The formation of 
methylmercury -- the most toxic and bioaccumulative form of environ-
mental Hg -- is driven by the bioavailability of inorganic Hg(II) and 
the metabolic activity of sulfate-reducing bacteria. These in turn are 
influenced, respectively, by the abundance and character of dissolved 
organic carbon and sulfate concentrations. Here, we report on a 11-year 
collaboration between the U.S. Geological Survey and the National 
Park Service to examine the drivers of spatial and temporal variability 
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of mercury within the Everglades National Park. We collected annual 
samples of surface water and forage fish (Gambusia Holbrooki and Jewel 
Cichlid) at 76 sites from 2008 to 2018. All samples were analyzed for 
total mercury and methylmercury. Waters were analyzed for common 
ancillary parameters, and fish were analyzed for stable isotopes of carbon, 
nitrogen and mercury to provide greater insight into source attribution 
and the influence of habitat. Methylmercury concentrations in water and 
fish exhibited distinct regional patterns with peak levels in the Shark 
River Slough – a receiving area for canal water that is rich in sulfate and 
dissolved organic carbon. Methylmercury levels in filtered Shark River 
Slough water were strongly correlated with Total Hg (R2=0.88), but not at 
Marsh sites receiving rainwater only (R2=0.34). Annual hydrologic con-
ditions were often an important driver of mercury levels with high-water 
El Niño years corresponding to a concentration decrease, and low-water 
La Niña years corresponding to an increase. In 2017, annual sampling 
occurred about 60 days after Hurricane Irma, one of the strongest Atlantic 
hurricanes on record to hit southern Florida, and mercury concentra-
tions were among the lowest recorded – indicating rapid processing of 
atmospherically-derived mercury in the ecosystem. Mercury trends in fish 
generally followed those of methylmercury in filtered surface water. The 
prevalence of exotic Jewel Fish has greatly expanded over the course of 
this study, and their mercury concentrations were initially 15-20% higher 
than in native Gambusia. Stable isotope techniques indicate both species 
have similar diets, but show distinct signatures reflecting the local habitat 
(Coastal, Marsh, Slough).

1.09.31  The Impact of Impoundment: Mercury Bioaccumulation Is 
Elevated in Impoundments Relative to Free-Flowing Segments of a 
Semi-Arid River System
J.J. Willacker, C.A. Eagles-Smith, U.S. Geological Survey / Forest 
and Rangeland Ecosystem Science Center; J. Chandler, Idaho Power 
Company; D. Krabbenhoft, U.S. Geological Survey / Upper Midwest 
Water Science Center; R. Myers, J. Naymik, Idaho Power Company; 
M. Nott (Lutz), M. Tate, U.S. Geological Survey / Upper Midwest Water 
Science Center; J. Lepak, Colorado Parks and Wildlife; J. Ackerman, 
U.S. Geological Survey / Western Ecological Research Center
Anthropogenic manipulation of aquatic habitats can profoundly alter 
mercury (Hg) cycling and bioaccumulation. The impoundment of flowing 
rivers is among the most common habitat manipulations and can result in 
increased fish Hg concentrations immediately following impoundment. 
However, differences in Hg concentrations between reservoirs and other 
habitats are still not well understood at larger spatial scales. We address 
this question at two scales. First, we evaluated total Hg (THg) concentra-
tions in 64,386 fish from 883 reservoirs and 1,387 lakes located across 
the western United States and Canada to assess differences between 
reservoirs and lakes. In a second analysis, we examined differences in 
Smallmouth Bass (Micropterus dolomieu) THg concentrations between 
free-flowing and impounded segments of the Snake River in Idaho, USA, 
a semi-arid river with 22 impoundments constructed between the early 
1900’s and 1980’s along its course. Across western North America, fish 
THg concentrations were 1.5-fold higher in reservoirs (0.134 ± 0.011 
µg/g ww ± standard error) than in natural lakes (0.087 ± 0.006 µg/g ww), 
though this difference varied among ecoregions. Specifically, fish THg 
concentrations in reservoirs from the North American Deserts, Northern 
Forests, and Mediterranean California ecoregions were 1.5- to 2.6-fold 
higher than in lakes, whereas the two habitats did not differ in four other 
ecoregions. Along the Snake River, preliminary findings indicate that 
Smallmouth Bass THg concentrations in reservoirs (0.141 ± 0.003 µg/g 
ww) and river segments directly below reservoirs (0.143 ± 0.005 µg/g ww) 
were 1.7-fold higher than in free-flowing segments not directly below 
reservoirs (0.082 ± 0.003 µg/g ww). Further, in free-flowing river seg-
ments, bass THg concentrations declined with distance from the nearest 
upstream dam, suggesting that these reservoirs can influence mercury 
bioaccumulation in fishes far downstream. Possible causes for elevated 
fish THg concentrations in reservoir habitats could include increased 
methylmercury production due to thermal stratification, effects of water 

level fluctuations, or differences in food webs between free-flowing and 
impounded reaches. These data, together with the abundance of impound-
ments in the Western United States, suggest that reservoirs may play an 
important role in determining Hg exposure risks, while also providing a 
unique and powerful tool for mitigating such risk through careful water 
management.

1.09.32 The Historical Reconstruction of Energy Pathways and 
Contaminant Accumulation in Lake Trout Between Two Contrasting 
Great Lakes: Superior and Michigan
R. Lepak, Cornell University / Department of Natural Resources; 
J. Hoffman, U.S. Environmental Protection Agency / Great Lakes 
Toxicology and Ecology Division; S.E. Janssen, U.S. Geological Survey 
/ Environmental Science; M. Gordon, U.S. Environmental Protection 
Agency; A. Cotter, U.S. Environmental Protection Agency / Great Lakes 
Toxicology and Ecology Division; M. Tate, J. Ogorek, D. Krabbenhoft, 
U.S. Geological Survey / Upper Midwest Water Science Center; E. 
Murphy, U.S. Environmental Protection Agency / Great Lakes National 
Program Office; J. Hurley, University of Wisconsin Madison / Aquatic 
Sciences Center
Evaluation of contaminant load reductions to the Great Lakes have typi-
cally relied on sediment core reconstructions and long-term biological 
monitoring and specimen archiving. These two retrospective approaches 
can reveal differing narratives about the success of reducing contami-
nant loading to the Great Lakes. Interpreting contaminant trends in fish 
through time is particularly challenging because they are mobile, express 
individuality in resource use (niche partitioning) and are highly sensitive 
to physical, ecological, and biological changes yet contaminant reductions 
in fish are a prized marker of success in resource management. In addi-
tion, fish-reconstruction efforts are often limited by supporting evidence, 
sample availability and typical archival approaches (ex. museum cura-
tion) which tend to blur the inferential power new analytical tools can 
provide. Here we present bulk and compound-specific stable carbon and 
nitrogen isotope ratios in amino acids in two frozen lake trout archives 
(1982 – present) from Lakes Superior and Michigan to evaluate the 
impact biological and ecological changes have on energetic pathways and 
contaminant concentrations in fish. We explore how aquatic invasive spe-
cies (ex. dreissenid mussels – Lake Michigan) and polymorphism (Lake 
Superior) impact lake trout and thus changed diet (resource use), growth 
and mercury (Hg) concentrations. Once the energetic differences are 
accounted for, we can then compare Hg trends in lake trout to decreasing 
Hg emission trends in North America to answer the following questions: 
are fish responding to declining Hg emissions/loading; what are the 
sources for ecological variability in Hg concentrations; does considering 
energetic differences lead to improved source-receptor understanding; 
and, what actions should be taken in the future to improve continued 
sampling?

1.09.33 Spatial Patterns of Methyl Mercury Contamination of 
Trophy-Sized Largemouth Bass in the Southeastern United States
R. Seymour, R. Drenner, Texas Christian University / Department of 
Biology; M.M. Chumchal, Texas Christian University
Largemouth Bass (Micropterus salmoides) are contaminated with high 
levels of methyl mercury (MeHg) that can have adverse effects on their 
reproduction and growth. Methyl mercury contamination of fish varies 
across the landscape because of spatial variability of atmospheric Hg 
deposition and ecological factors that enhance MeHg contamination of 
food webs. In this study, we examined the spatial variation and potential 
health effects of MeHg contamination of trophy-sized (>63.5 cm TL) 
Largemouth Bass in the southeastern United States. Data from the USGS 
National Fish Database and the National Descriptive Model of Mercury 
in Fish were used to predict MeHg concentrations of Largemouth Bass 
in 2,233 waterbodies across 24 EPA Level-III Ecoregions in all or part of 
15 southeastern states. Predicted MeHg concentrations for Largemouth 
Bass were then compared to laboratory-based risk thresholds to esti-
mate effects on reproduction and growth. Concentrations of MeHg in 
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trophy-sized Largemouth Bass were high enough to pose a threat to the 
reproduction and growth of bass in 68% and 20% of the waterbodies 
respectively, with the highest MeHg concentrations in ecoregions where 
coniferous forests and wetlands were relatively common. This study 
suggest that MeHg contamination may be detrimental to fisheries of 
trophy-sized Largemouth Bass of the southeastern United States.

1.09.34  Mercury Levels in Delaware Bay, NJ Biota Only Partly 
Reflect Trophic Levels and Prey
J. Burger, Rutgers University; M. Gochfeld, Rutgers University / 
Environmental Health Sciences, School of Public Health
Mercury continues to be a pollutant of primary concern in coastal food 
webs. Along New Jersey’s Delaware Bay shore, Horseshoe Crab eggs 
are one of the key components at the base of the food web, particularly 
in spring when spawning crabs produce an abundance of eggs. This is 
a crucial food source for four species of shorebirds that must gain fat to 
fuel their flight to Arctic breeding grounds. Crab eggs also support fish, 
consumed by top-level predatory fish that are then consumed by egrets, 
eagles, ospreys and humans. We report temporal trends in feather levels 
of mercury in shorebirds (Red Knot, Semipalmated Sandpipers, Ruddy 
Turnstones and Dunlin) from 1991 to the present, and examine levels of 
mercury in blood of shorebirds and Laughing Gulls that are eating almost 
exclusively Horseshoe Crabs eggs during May. Crab eggs, and avian 
feathers and blood were collected each year in May, and analyzed in our 
laboratory with appropriate QA/QC. Mercury levels in Horseshoe Crabs 
eggs have remained relatively stable since 1995. Levels of mercury have 
decreased in some shorebird species since 1991. There is a significant 
correlation between levels of mercury in crab eggs and in the blood of 
four species of shorebirds. Blood levels reflect local exposure during the 
weeks the birds feed on the Bay. Mercury levels in shorebird feathers 
reflect sequestration of metals from blood during the winter molt in South 
America. Although all four species of shorebirds were feeding exclusively 
on crab eggs, Ruddy Turnstones which can dig out buried egg clusters, 
accumulated significantly higher levels of mercury in blood than the other 
three species. This suggests that either the Turnstones eat different crab 
eggs than other species of shorebirds, or they are accumulating higher 
levels in the blood. We hypothesize that egg clutches may either retain 
fluid from the female crabs during laying (which binds eggs in a clutch 
together) or some of the egg casings are eroded when clutches are washed 
in the waves at the high tide line. This hypothesis will be tested when our 
laboratory work is allowed to resume as part of our University’s post-
COVID re-opening. Global climate change, rising sea level, and changing 
weather patterns have impacted Horseshoe Crab spawning and may be 
de-coupled from shorebird migration timing. These factors jeopardize 
the co-evolved match between shorebirds and their food, and may impact 
exposure to mercury and other contaminants.

1.09.35  A Multiple Stable Isotope Approach to Determine How Fish 
Life-History Effects Mercury Bioaccumulation
J. Hoffman, U.S. Environmental Protection Agency / Great Lakes 
Toxicology and Ecology Division; S.E. Janssen, U.S. Geological Survey 
/ Environmental Science; G. Peterson, USEPA ORD Duluth / Great 
Lakes Toxicology and Ecology Division; R. Lepak, Cornell University 
/ Department of Natural Resources; M. Pearson, A. Cotter, U.S. 
Environmental Protection Agency / Great Lakes Toxicology and Ecology 
Division; D. Krabbenhoft, U.S. Geological Survey / Upper Midwest Water 
Science Center
In the St. Louis River Area of Concern, an important natural resource 
management goal is to reduce or eliminate fish consumption advisories by 
remediating contaminated sediments and restoring aquatic habitat. One 
of the two contaminants of concern is mercury, derived from historical 
industrial and sewage effluents, which is distributed heterogeneously 
in sediments throughout the St. Louis River estuary (SLRE). However, 
routine monitoring in fish tissue to assess the problem has proven difficult 
because mercury concentrations vary widely. We hypothesize because 
mercury is distributed heterogeneously in sediments that differences in 

habitat use and life history, and potentially mercury source, will have 
a direct effect on mercury bioaccumulation. Therefore, to understand 
the potential impact of remediation and restoration on mercury bioac-
cumulation, we used a combination of carbon, nitrogen, and mercury 
stable isotopes in aquatic invertebrates and small prey fish (Yellow Perch, 
shiners) to reconstruct diet, trophic level, and mercury source. Both 
invertebrates and prey fish had carbon and nitrogen isotopic compositions 
that were distinct among habitats, indicating location- and species-specific 
differences in energy pathways. Associated mercury stable isotope analy-
sis revealed how small-scale differences in mercury sources (industrial 
versus watershed) are conserved in the food web across different habitat 
zones of the SLRE. Further, nitrogen stable isotope analysis demon-
strated, as expected, mercury bioaccumulation was dependent on trophic 
level, after correcting for differences in habitat use. The small-scale 
variation highlights the importance of habitat-scale processes for mer-
cury bioaccumulation and reveals an opportunity to use a multi-isotope 
approach to document and quantify the effect of habitat restoration on 
source-specific mercury bioaccumulation.

1.09.36 Ancient Marine Mammal Bones Record Dynamic Change in 
Natural Levels of Mercury Over the Last 3000 Years
J. Avery, N. Misarti, University of Alaska, Fairbanks / Water and 
Environmental Research Center; T. O’Hara, Texas A&M University 
/ Veterinary Integrative Biosciences; L.D. Rea, University of Alaska, 
Fairbanks / Water and Environmental Research Center
Currently, mercury (Hg) enters the environment from both anthropo-
genic (e.g., mining, coal burning, industrial processes) and natural (e.g., 
volcanic) sources. Once deposited in the environment and methylated 
(monomethylmercury; MeHg+) Hg can incorporate into the base of 
the marine food web. Mercury presence in Alaskan Arctic waters has 
limited direct local industrial inputs. Natural sources of Hg in the Arctic 
include volcanic activity, fluvial inputs from river systems, and inputs 
from melting permafrost. However, global atmospheric processes also 
transport and deposit Hg from distant natural and anthropogenic sources 
into Arctic environments. Long-lived, top predators serve as sentinels 
for environmental Hg as they bioaccumulate (lifetime accrual) and 
biomagnify (increasing with higher trophic position) this contaminant. 
Long-term data sets are essential for determining temporal patterns and 
underlying causes of Hg concentrations in these environments including 
exposure of animals in Arctic environments. We examined bone samples 
from Aleutian otariids (Steller sea lions and Northern fur seals) from 3500 
years before present (BP) to modern day to determine if relatively high 
total mercury concentrations ([THg]) found in modern sea lions increased 
from historic concentrations. Bone specimens from 3500 to 200 BP 
showed large variation in [THg] (8.2 to 506 ppb; n=36) with no consistent 
increase observed (p=0.1695). However, significant differences were 
observed in [THg] based on general bone type (p=0.004; 145.3±130.9 vs. 
76.4±68.4; spongy vs. compact, respectively). Differences in metabolic 
activity and composition of bone likely contribute to these observed dif-
ferences. Compact bone likely provides a multi-year average while spongy 
bone may represent recent [THg] exposure prior to death. Preliminary 
data indicates [THg] was greater in cool compared with warm climatic 
periods (89.2±76.2 vs. 50.9±41.4 ppb compact bone; p=0.036) and suggest 
environmental or biological factors altered during climatic shifts may 
contribute to [THg] in bone of top predators.

1.09.37  Seasonal Variation of Mercury in an Arctic Marine Food 
Web
J. Giebichenstein, A. Gopakumar, University of Oslo / Department of 
Biosciences; Ø. Varpe, University of Bergen / Deparment of Biological 
Sciences; T. Andersen, University of Oslo / Department of Biosciences; 
G.W. Gabrielsen, Norwegian Polar Institute; K. Borgå, University of Oslo 
/ Department of Biosciences
Arctic marine ecosystems are exposed to multiple stressors including 
climate change and pollution. Mercury in the Arctic derives primarily 
from lower latitudes and reaches the Arctic via long-range atmospheric 
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transport, but is also released from local sources, e.g. human settlements 
and industrial activity. Mercury bioavailability, uptake, and transfer are 
affected by several factors characteristic of the Arctic marine environ-
ment, such as high seasonal variation in irradiance, sea ice cover and 
thus, primary production. However, as climate change alters the Arctic 
environment, mercury dynamics in marine food webs may also change. 
Increasing ocean temperatures and changing sea ice distribution and 
thickness affect species distribution and composition, as well as lipid 
dynamics and energy transfer within food webs. Although previous 
studies have quantified mercury levels in the Arctic environment and 
at various trophic levels, data about the seasonal variation of mercury 
in Arctic marine food webs is scarce. Therefore, this study investigates 
changes in mercury concentrations in a Barents Sea pelagic food web in 
the period between fall and winter to address knowledge gaps on mercury 
exposure, uptake and biomagnification. Total mercury concentrations are 
measured in tissue of key taxa from the Barents Sea food web, including 
Copepods, Krill, Amphipods, Polar cod (Boreogadus saida), Atlantic 
cod (Gadus morhua) and Capelin (Mallotus villosus). All samples were 
collected on board the icebreaker Kronprins Haakon during the Nansen 
Legacy research cruises in 2019. Stable isotopes of carbon and nitrogen 
(δ13C and δ15N) were analyzed to assess dietary carbon source and rela-
tive trophic position, respectively.

1.09.38 Spatial and Temporal Variation in Bioaccumulation of 
Methylmercury: Linking Methylmercury Production to Wetland 
Food Webs
L.A. Hall, S.E. De La Cruz, I. Woo, U.S. Geological Survey; M. 
Marvin-DiPasquale, U.S. Geological Survey / Water Mission Area; D. 
Krabbenhoft, U.S. Geological Survey / Upper Midwest Water Science 
Center; J. Takekawa, U.S. Geological Survey
The biomagnification of toxic methylmercury (MeHg) in wetland food 
webs and its negative effects on the health of humans and wildlife have 
been well-established. However, the transfer of bioavailable MeHg from 
production sites to the base of the food web is a critical and poorly under-
stood first step in the biomagnification process. We assessed the effects 
of spatial and temporal variation in sediment biogeochemistry on MeHg 
bioaccumulation in wetland food webs from three tidal marshes along an 
estuarine gradient and two zones within the marsh: interior and channel 
edge. In general, MeHg concentrations at the base of the food web often, 
but not always, mirrored concentrations in sediments. Using principle 
components analysis, we observed distinct biogeochemical conditions 
in sediment between years. In 2005, a year with average precipitation, 
sediment biogeochemistry was similar among sites and between marsh 
zones. In contrast, 2006 had greater than average precipitation, and sedi-
ment biogeochemistry differed among sites and between interior and edge 
zones. Despite annual differences in sediment biogeochemistry, we did 
not detect a significant difference in MeHg concentrations of sediment 
between years (p = 0.85). However, the uptake of MeHg from sediment 
to primary consumers was greater in 2006 than in 2005, and this led to 
significantly greater MeHg concentrations in food web taxa in 2006 com-
pared to 2005 (all p < 0.01). In addition, general linear models indicated 
that the marsh with significantly greater sediment MeHg concentrations 
(p = 0.02) also had primary consumers with the greatest MeHg concentra-
tions (all p < 0.01). Between zones, the marsh interior had significantly 
greater sediment MeHg than channel edges (p = 0.03), but primary 
consumers from these zones did not have different MeHg concentrations 
(all p > 0.42). Our findings indicated that sediment biogeochemistry in 
tidal marshes varied at different spatial and temporal scales, and that 
exogenous factors like interannual differences in precipitation may influ-
ence the transfer of MeHg into the base of foodwebs. Spatial and temporal 
variation in sediment biogeochemistry has downstream effects on MeHg 
uptake and biomagnification, and a greater understanding of this variation 
will improve methods to identify regions and organisms with the greatest 
risk of toxicity.

1.09.39 Mercury, Cadmium, Copper, Arsenic, and Selenium 
Measurements in the Feathers of Adult Eastern Brown Pelicans and 
Chicks in Multiple Breeding Grounds in the Gulf of Mexico
U. Ndu, Texas A&M University, Corpus Christi
Several trace metals and metalloids have been introduced into aquatic 
ecosystems due to anthropogenic activities. Some of these elements like 
mercury (in the form of methylmercury) are easily transferred from one 
trophic level to another and can accumulate to toxic quantities in organ-
isms at the top of aquatic food webs. For this reason, seabirds like the 
Eastern brown pelican (Pelecanus occidentalis carolinensis) are sus-
ceptible to heavy metal and metalloid toxicity and may warrant periodic 
monitoring. Mercury, cadmium, copper, arsenic and selenium were 
measured in the feathers of adult brown pelicans and chicks in several 
breeding colonies (Shamrock Island, Chester Island, Marker 52 Island, 
North Deer Island, Raccoon Island, Felicity Island, Gaillard Island, 
Audubon Island, and Ten Palms Island) in the Northern Gulf of Mexico. 
Overall, most chicks and adults examined had mercury levels in feathers 
that were below the concentration range in which birds show symptoms of 
mercury toxicity. However, chicks in the Audubon Island and Ten Palms 
Island colonies displayed mercury levels that were 3 times higher than 
values observed in 5 other colonies. In addition, several adults and chicks 
displayed selenium concentrations that are above what is considered safe 
for birds. Cadmium quantities in feathers were below levels that trig-
ger toxicity in birds. Similarly, arsenic measurements were at quantities 
below the average of what has been reported for birds living in con-
taminated sites. Finally, we identify pelican breeding colonies that may 
warrant monitoring due to elevated levels of contaminants.

1.09.40  Evergreen Forest Cover Drives Mercury Concentrations in 
Fish From Western U.S. National Parks
C. Flanagan Pritz, National Park Service / Air Resources Division; 
C.A. Eagles-Smith, J.J. Willacker, U.S. Geological Survey / Forest and 
Rangeland Ecosystem Science Center; M. Lutz, U.S. Geological Survey / 
Water Resources Division; M. Tate, U.S. Geological Survey
The global prevalence and complex biogeochemical cycling of mercury 
(Hg) has resulted in some of the most remote and pristine environ-
ments posing health risks to humans and wildlife due to Hg. However, 
uncertainty exists regarding the relative importance of Hg deposition 
or landscape factors that control Hg cycling and bioaccumulation. To 
address this, we examined fish total mercury (THg) concentrations across 
52 subalpine lakes from select national parks that represent three distinct 
mountainous regions in the western U.S.: (1) Mount Rainier National 
Park (Cascadia), (2) Rocky Mountain National Park (Rockies), and (3) 
Yosemite National Park (Sierra Nevada). This study aimed to: (1) Assess 
the magnitude of Hg contamination in a collection of small catchment 
lakes to evaluate the risk of atmospherically deposited Hg to human and 
wildlife health, (2) Quantify variation of normalized fish THg concentra-
tions among and within parks to infer the role of local versus regional 
processes on Hg risk, and (3) Test the relative importance of landscape 
scale variables on lake-specific fish THg concentrations. Preliminary 
results indicate that THg concentrations in fish varied substantially 
among and within parks, suggesting that landscape factors may be 
particularly important determinants of mercury risk in the parks. Fish 
THg concentrations were significantly lower at Rocky Mountain National 
Park than Mount Rainier or Yosemite national parks. Fish THg concentra-
tions across all three parks were explained by evergreen forest cover, but 
not annual average Hg wet deposition within the watershed. Fish THg 
concentrations increased with increasing conifer density (p< 0.01), which 
explained 38% of the variation in fish THg concentrations among lakes. 
These findings suggest that forest composition is an important aspect of 
Hg delivery to lake food webs, and although the mechanisms are unclear, 
could be tied to some combination of forest influences on catchment 
organic carbon, or increased surface area for dry Hg deposition. Results 
highlight the importance of obtaining accurate measurements of dry Hg 
deposition, which unlike wet Hg deposition, are not currently assessed on 
a landscape scale.
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1.09.41 Mercury Exposure in Mammalian Mesopredators 
Inhabiting a Brackish Marsh
S. Peterson, J. Ackerman, A. Hartman, M. Casazza, U.S. Geological 
Survey / Western Ecological Research Center; C. Feldheim, California 
Department of Water Resources / Suisun Marsh Program; M. Herzog, 
U.S. Geological Survey / Western Ecological Research Center
Bioaccumulation of environmental contaminants in mammalian preda-
tors can serve as an indicator of ecosystem health. We examined mercury 
concentrations of raccoons (Procyon lotor) and striped skunks (Mephitis 
mephitis) in Suisun Marsh, California, a large brackish marsh that is 
characterized by large contiguous tracts of tidal marsh and seasonally 
impounded wetlands. Mean (standard error; range) mercury concentra-
tions in adult hair grown from 2015 to 2018 was 28.50 µg/g dw (3.05 
µg/g dw; range: 4.46 – 81.01 µg/g dw) in raccoons and 4.85 µg/g dw (0.54 
µg/g dw; range: 1.52 – 27.02 µg/g dw) in striped skunks. We reviewed all 
mammalian hair mercury concentrations in the literature, excluding bats 
and humans, and raccoon mercury concentrations in Suisun Marsh were 
among the highest observed for wild mammals. Although striped skunk 
hair mercury concentrations were 83.0% lower than raccoons, they were 
much higher than proposed background levels for mercury in mesopreda-
tors. Hair mercury concentrations in skunks and raccoons were not 
related to animal size, but mercury concentrations were higher in skunks 
in poorer body condition. Large inter-annual differences in hair mercury 
concentrations suggest that methylmercury exposure to mammalian 
predators varied among years. Mercury concentrations of raccoon hair 
grown in 2017 were 2.7 times greater than hair grown in 2015, 1.7 times 
greater than hair grown in 2016, and 1.6 times greater than hair grown 
in 2018. Yearly mean raccoon hair mercury concentrations increased 
with the area of wetted habitat on Grizzly Island, within Suisun Marsh. 
Furthermore, during 2017, raccoon hair mercury concentrations increased 
with the proportion of the animal’s home range that was wetted habitat, 
as quantified using global positioning system (GPS) collars. The elevated 
mercury concentrations we observed in raccoons and skunks suggest that 
other wildlife at similar or higher trophic positions may also be exposed to 
elevated methylmercury bioaccumulation in brackish marshes.

1.09.42  Mercury Levels in the Feathers of Terrestrial Songbirds in 
Southeast Michigan
S. Sato Bajracharya, Colorado College / Environmental Studies 
Program; D. Zahor, K. Glynn, Eastern Michigan University / Biology; L. 
Gratz, Colorado College / Environmental Studies Program; J. Cornelius, 
Oregon State University / Department of Integrative Biology
Elevated levels of methylmercury have consequences for the reproduc-
tive, physical, and neurological health of birds. Much research on this 
topic to date focuses on large aquatic and piscivorous birds due to the 
known bioaccumulation of mercury within aquatic food chains. However, 
songbirds may also be at risk for health effects from mercury exposure 
depending on their proximity to local pollution sources and high levels 
of bioaccumulation from contaminated diets. This study investigates 
mercury levels in songbirds in Southeast Michigan, where historical 
and present-day emissions of heavy metals are known to be elevated. 
Our objective is to understand the relationship between contaminant 
levels and their subsequent effects on the demographical, behavioral, 
and physiological characteristics of songbirds. We collected tail feather 
samples from 223 individuals across four different species of songbirds, 
including the American Goldfinch, American Robin, European Starling, 
and House Sparrow during summer and fall of 2018 and the summer 
of 2019. We performed nitric acid digestions and dry weight measure-
ments on feather samples prior to total mercury concentration analysis. 
The average mercury concentration across all samples was 222 ± 24.7 ng 
Hg/g of dry feather weight, ranging from 18.5 ng/g to 2510 ng/g. Mercury 
levels significantly varied among foraging guilds and by age, with Hg 
concentrations nearly 9 times higher in omnivores than in granivores, and 
approximately 2 times higher in juveniles than in adults. However, we 
found no significant difference among sexes. We also observed significant 
differences between sampling locations, with individuals from urban sites 

having approximately 3 times more Hg in their tail feathers than those 
from rural sites. We will further explore the relationship between feather 
mercury concentrations and the proximity of sampling sites to local atmo-
spheric Hg point sources. While our samples did not exceed sublethal 
levels, our findings contribute to the understanding of spatiotemporal and 
demographic patterns of mercury levels in songbirds and its subsequent 
effects on their overall health.

1.09.43  Mercury in Fish From Streams and Rivers in New York 
State: Spatial Patterns and Environmental Drivers
K.R. Murray, U.S. Geological Survey / New York Water Science Center; 
W. Richter, NY State Dept. Environ. Conserv.; R. Razavi, SUNY ESF / 
Dept. of Environmental and Forest Biology; D. Burns, U.S. Geological 
Survey / New York Water Science Center; L.B. Cleckner, Hobart and 
William Smith Colleges / Finger Lakes Institute; M. Burton, Biodiversity 
Research Institute; S. George, D. Freehafer, U.S. Geological Survey / 
New York Water Science Center
Mercury (Hg) concentrations in freshwater fish across the state of New 
York frequently exceed guidelines considered harmful to humans and 
wildlife, but statewide distribution and temporal changes are not well 
known for the state’s streams and rivers. We analyzed existing data to 
describe recent spatial patterns and identify key environmental drivers 
of these patterns. Size classes within sportfishes and prey fishes formed 
‘functional taxa’ (FT), and standardized scores were generated from 
2007-2016 data for 218 sites. Muscle Hg in >1 sportfish FT exceeded 
human-health guidelines of 50 ng/g (sensitive populations) and 300 
ng/g (general population, GP) at 93% and 56% of sites, respectively, but 
exceeded 1000 ng/g (a state threshold) at only 10% of sites. Whole-body 
Hg in >1 prey fish FT exceeded wildlife thresholds of 40 ng/g and 100 
ng/g at 91% and 51% of sites, respectively. Environmental drivers of 
recent spatial patterns include extent of forest cover and storage, the latter 
an indicator of wetlands. Standardized Hg scores increased with increas-
ing atmospheric Hg deposition and storage across rural ‘upland’ regions 
of New York. However, scores were not related to atmospheric deposi-
tion in more-developed ‘lowland’ regions due to the limited methylation 
potential of urban landscapes. Some recent stream and river fish Hg 
spatial patterns differed from those of lake-based studies, highlighting the 
importance of New York’s flowing waters to future Hg monitoring and 
risk assessment.

10. Mercury: Emissions, Transport and 
Transformation in a Changing Environment
1.10.01 Modeling of Global Hg Emission Contribution to Hg Air 
Concentrations at Some Canadian Monitoring Sites
D. Wen, A. Steffen, G. Stupple, Environment and Climate Change Canada
Mercury (Hg) is a global pollutant and can be a threat to human and 
environmental health. Long-range atmospheric transport affects the 
regional or global distribution of airborne Hg and deposition to terrestrial 
and aquatic ecosystems. To examine the long-range transport of Hg and 
emission contributions from global sources to some locations in Canada 
model simulations were conducted with the Stochastic Time-Inverted 
Lagrangian Transport (STILT) model. In addition, global mercury emis-
sion datasets covering 1970-2012 were used. In the model simulations, 
15-day back trajectories and the footprints along them were calculated 
for each hour. Hg emission contributions from global sources to a given 
measurement site were calculated by multiplying the footprints and 
mercury emission fluxes. The model was run for different Hg measure-
ment sites over many years and the global emission contributions to those 
locations were examined. Areas and emission sources that contributed 
significantly were identified. The evolution of contributions over years 
was also analyzed.
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1.10.02  Global Speciated Anthropogenic Mercury Emissions: 
Impacts and Trends Analysis Over Four Decades
M. Muntean, European Commission / Directorate for Energy, Transport 
and Climate; S. Song, Massachusetts Institute of Technology; A. Giang, 
Massachusetts Institute of Technology / Institute for Data, Systems, 
and Society; N.E. Selin, Massachusetts Institute of Technology / IDSS/
EAPS; Y. Zhao, H. Zhong, Nanjing University / State Key Laboratory of 
Pollution Control & Resource Reuse and School of the Environment; J. 
Olivier, PBL Netherlands Environment Assessment Agency; D. Guizzardi, 
C. Monica, E. Schaaf, European Commission, Joint Research Centre 
/ Directorate for Energy, Transport and Climate; G. Maenhout, F. 
Dentener, European Commission, Joint Research Centre / Directorate for 
Sustainable Resources
Mercury cycle is affected by the amount of mercury emitted into the 
atmosphere from anthropogenic sources. Usually, the total mercury 
emissions are estimated by using activity data for different sectors and 
source-specific emissions factors. However, estimation of speciated 
mercury emissions could provide a better insight on local and long-range 
effects, and consequently reducing the uncertainty related to impacts 
evaluation. Here we present three different mercury emissions speciation 
schemes that distinguish between reactive mercury forms and elemen-
tal mercury in the total mercury emissions for each sector, which are 
included in the Emissions Database for Global Atmospheric Research 
(EDGAR) version v4.tox2. Evidences of their impacts on wet deposition 
both globally and within nested grid sensitivity simulations are provided 
by using GEOS-Chem 3-D mercury model. Further, from the emissions 
trends over last four decades we identified both temporally and spa-
tially shifts of key mercury sources, such as industrial processes, power 
generation and artisanal and small-scale gold mining (ASGM); we show 
the changing in the anthropogenic mercury emissions patterns over this 
period. Finally, we discuss these findings in the context of most recent 
mercury emissions inventory developments of the Arctic Monitoring and 
Assessment Programme (AMAP) in support to a better understanding of 
current mercury emissions globally.

1.10.03 An Updated Global Model for Terrestrial-Atmospheric Hg 
Exchange and Storage in Soils
B. Geyman, C. Thackray, Harvard University / School of Engineering 
and Applied Sciences; E.S. Corbitt, Louisiana State University; C. Olson, 
Syracuse University; C.T. Driscoll, Syracuse University / Civil and 
Environmental Engineering; D. Krabbenhoft, US Geological Survey / 
Upper Midwest Water Science Center; M. Tate, USGS / Upper Midwest 
Water Science Center; E.M. Sunderland, Harvard University / Harvard 
John A. Paulson School of Engineering and Applied Sciences
While the terrestrial biosphere plays important roles in the uptake, 
storage, and re-emission of atmospheric mercury (Hg), the details of ter-
restrial biogeochemical Hg cycling have received little attention in global 
models. Through uptake and oxidation of elemental Hg (Hg(0)) in leaf tis-
sues, vegetation has been proposed as an important surface characteristic 
driving dry gaseous Hg(0) deposition to watersheds. Once incorporated 
into soils, the return flux of Hg back to the atmosphere is sensitive to 
spatially variable climate, redox conditions, and organic carbon dynamics. 
Soils are a significant legacy reservoir of anthropogenic Hg and under-
standing the timescales over which they redistribute and return Hg to the 
atmosphere is critical to understanding the global biogeochemical cycle. 
To improve mechanistic representation of terrestrial Hg dynamics within 
a global modeling framework, we update a soil Hg model to include: (1) 
a revised parameterization for dry deposition of Hg in the GEOS-Chem 
atmospheric model, (2) variable partitioning of deposited Hg in soil 
depending on the abundance and lability of sulfur pools in the organic 
carbon matrix, (3) adjusted fractions of Hg(0) released following organic 
carbon decomposition based on a synthesis of recent measurements. 
Finally, we then simulate the evolution of soil Hg stocks over five hundred 
years of human perturbation and discuss the implications for anthropo-
genic enrichment and legacy re-emissions to the atmosphere.

1.10.04  Comparison of Reactive Mercury Measurements From 
Multiple Co-Located Active Systems
S. Dunham-Cheatham, University of Nevada, Reno; S. Lyman, Utah State 
University; M.S. Gustin, University of Nevada, Reno / Natural Resources 
and Environmental Science
The accurate quantification and identification of atmospheric reactive 
mercury (RM) compounds has been a persistent challenge. The Tekran® 
1130/1135/2537 system, the industry standard for measuring operation-
ally defined atmospheric mercury compounds, has been demonstrated to 
under estimate gaseous oxidized mercury (GOM) concentrations and is 
not capable of identifying GOM compounds. Several alternative active 
systems have been developed in recent years in an effort to more accu-
rately measure atmospheric RM compounds, including the University 
of Nevada, Reno – Reactive Mercury Active System 2.0 (UNR-RMAS), 
the University of Nevada, Reno – Dual Channel System, and the Utah 
State University dual channel system. These 3 membrane-based systems 
were co-located, along with a Tekran® 1130/2537 system, to compare 
RM measurements and assess the accuracy of each system. Two UNR-
RMAS systems were deployed, one using only nylon or cation exchange 
membranes to capture RM and one using upstream PTFE membranes 
to separate particulate bound mercury (PBM) from GOM. The systems 
were operated from November 2019 through Fall 2020 in Reno, Nevada. 
A custom-built calibrator was used to permeate known amounts of GOM 
compounds (e.g., HgBr2, HgCl2) into each system to quantify sorption 
efficiency of the system and membranes; additionally, thermal desorption 
was conducted on nylon membranes from the UNR-RMAS to determine 
if the permeated GOM compounds reacted on the membrane surface and 
changed chemistry. The results from this study are important for better 
understanding RM concentrations and chemistry, and moving mercury 
science forward.

1.10.05 National View of Temporal Atmospheric Mercury 
Deposition Across Canada Using Lake Sediment Cores
S. Roberts, Environment and Climate Change Canada / Aquatic 
Contaminants Division; J.L. Kirk, D.C. Muir, Environment and Climate 
Change Canada / Aquatic Contaminants Research Division; J. Wiklund, 
University of Waterloo; A. Gleason, G. Lawson, F. Yang, Environment 
and Climate Change Canada; X. Wang, Environment and Climate 
Change Canada / Aquatic Contaminants Research Division; J. Keating, 
M. Evans, Environment and Climate Change Canada / Watershed 
Hydrology and Ecology Resarch Division; M. Pilote, Environment and 
Climate Change Canada / Aquatic Contaminants Research Division; 
A. Dastoor, A. Ryjkov, Environment and Climate Change Canada; P. 
Drevnick, Alberta Environment and Parks / Environmental Monitoring 
and Science Division; B.D. Barst, McGill University / Water and 
Environmental Research Center; J.M. Ahad, Natural Resources Canada / 
Geological Survey of Canada; C. Cooke, Alberta Environment and Parks 
/ Environmental Monitoring and Science Division
Mercury (Hg) is a pollutant of concern globally which is emitted into 
the atmosphere largely from coal combustion, gold mining and metal 
smelting, and can be transported over large distances due to its long 
atmospheric residence time. Due to a paucity in atmospheric Hg deposi-
tion measurements, the relationship between implementation of emission 
controls and deposition fluxes to the landscape are not well constrained. 
In this study, we apply statistical methods to Hg flux data obtained from 
86 dated lake sediment cores spanning latitudinal and longitudinal gradi-
ents across Canada to examine recent trends (post-1990) in atmospheric 
Hg deposition. Cores were collected from 2007 to 2018 from small lakes 
located nearby known Hg point sources, such as Flin Flon and Thompson 
(MB) smelters, Trail (BC) smelter, Nanticoke coal-fired power plant 
in southern Ontario and urban centres (Toronto and Montreal), as well 
as within remote locations such as Kejimkujik National Park (NS) and 
Experimental Lakes Area, Northwestern Ontario. All flux data is focus 
corrected and Hg background flux determined for each lake to calculate 
anthropogenic Hg fluxes. Redundancy analyses show that variation in 
recent anthropogenic Hg flux is driven largely by longitude and presence/
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absences of point sources. Not surprisingly, lakes located nearby (< 100 
km) point sources were hotspots for Hg deposition, such as the Flin Flon 
smelter and Nanticoke coal-fired power plant. A longitudinal gradient 
was also observed, with greater recent (post-2005) change in anthropo-
genic Hg fluxes recorded in eastern lakes. Eastern and remote sites across 
Canada also exhibited significantly increasing trends in recent (post-2005) 
anthropogenic Hg deposition while western sites showed either a plateau 
or decreasing trend. Comparison of sediment-derived anthropogenic Hg 
fluxes with modelled Hg fluxes across Canada, obtained from the Global 
Regional Atmospheric Heavy Metals Model (GRAHM) demonstrate 
that Hg fluxes obtained from these different methods compare well, with 
the exception of Hg hotspot regions. At sites where Hg in precipitation 
is being monitored, we are comparing sediment-derived Hg fluxes to Hg 
wet deposition data and results will be presented. Overall, our results 
show that dated lake sediment cores, particularly when multiple cores are 
collected from one region, can reliably track changes in anthropogenic Hg 
atmospheric deposition over broad geographical areas where monitoring 
data is lacking.

1.10.06 Developing a Network of Historical Atmospheric Mercury 
Trends Using Tree-Rings in Northern Canada
K. Eccles, University of Toronto, Mississauga / Department of 
Geography; I. Lehnherr, University of Toronto, Mississauga / Department 
of Geography and Planning; T. Porter, University of Toronto, Mississauga 
/ Department of Geography
Atmospheric mercury (Hg), primarily in the elemental form (GEM), 
plays an important role in the global Hg cycle and is a significant source 
of Hg to many ecosystems. Annually resolved tree rings have long been 
used as bioindicators to reconstruct historical patterns of climate and are 
now emerging as a promising bioindicator that can be used to reconstruct 
historical concentrations atmospheric Hg. Previous laboratory research 
demonstrates that atmospheric Hg is reliably incorporated into new trunk 
growth solely via foliar uptake and tree rings can record signals of local 
Hg enrichments from anthropogenic sources such as gold extraction. 
We are working towards building a network of tree-ring Hg records in 
white spruce (Picea glauca) in Northern Canada. Currently, we have data 
from five sites over a large geographic region including continental sites 
(central and northern Yukon) and coastal sites (Mackenzie River Delta, 
Northwest Territories) that span from 1600 AD to present-day. High 
inter-tree variability was observed even within sites, and we developed 
a tree specific bias adjustment method to obtain a more accurate popula-
tion Hg signal. A comparison of Hg tree ring records between sites shows 
a regional difference in the initial timing of Hg increase attributed to 
anthropogenic emissions and the timing of maximum Hg concentrations. 
However, all records show that the fastest rate of increase in Hg concen-
trations occurs between 1850 and the mid 20th century. The enrichment 
in modern Hg relative to the pre-industrial baseline estimated from tree 
rings at all sites is lower than enrichment factors calculated from other 
natural archives including lake sediments and peat cores. As an emerg-
ing paleorecord, this biomonitoring tool still requires more development 
to better understand factors driving both small and large spatial scale 
variability in Hg concentrations. Results from this research improve our 
quantitative understanding of historical atmospheric Hg concentrations 
and may help to resolve historical discrepancies in the Hg literature. 
Further, a better understanding of historical anthropogenic emissions is 
key to being able to evaluate the efficacy of regulatory action, such as the 
Minamata Convention, on Hg concentrations in environmental compart-
ments, food webs, and exposure risks in humans and wildlife.

1.10.07 Mercury Uptake by Plants Using a Global Database
J. Zhou, D. Obrist, University of Massachusetts, Lowell / Department 
of Environmental, Earth and Atmospheric Sciences; A. Dastoor, 
Environment and Climate Change Canada; M. Martin, University of 
Basel; A. Ryjkov, Environment and Climate Change Canada
Dominant sources of Hg in ecosystems is related to plant assimilation 
of atmospheric Hg and subsequent transfer to soils via throughfall and 

litterfall. We aim to assess the current state of investigations of Hg in 
plants, including: summary of globally available data of Hg in plant 
functional groups and plant tissues, dynamics and mechanisms of Hg 
uptake in different plant tissues, and the status of models in simulating 
and extraplating plant Hg uptake regionally and globally. We synthesized 
Hg concentrations from a total of 212 scientific studies reporting a total 
of 2,200 individual measurements estimated to represent at least 57,483 
individual plant tissue measurements across 416 different measurement 
sites. Across unpolluted areas, median and mean Hg concentration magni-
tudes across functional groups and vegetation tissues varied significantly 
in the following order: lichen > root > moss > litterfall > leaf/needle > 
bark > grass > branch > wood. Hg concentrations in lichen and mosses 
are impacted by site-specific microclimatic and environmental conditions 
which prevent its widespread use as a reliable, time-integrated biomonitor 
of atmospheric Hg concentrations and depositions. For vascular plants, 
many lines of evidence shows that the primary source of Hg in aboveg-
round tissues is derived from atmospheric uptake and root Hg is derived 
from soil uptake, which is supported by isotope spike studies, natural 
stable isotope abundance and gaseous-phase exchange of atmospheric Hg 
with plants. However, the mechanisms of molecular uptake pathways for 
inorganic Hg ions or methylmercury (MeHg) are unknown. Due to lack 
of whole-ecosystem exchange measurements, global impacts of plant Hg 
for Hg cycling is largely based on litterfall measurements which serves as 
a proxy measure for atmospheric dry deposition and estimated between 
1180 ± 710 Mg Hg yr−1 and 1232 Mg yr−1. Yet, we note that measurement 
of litterfall plus throughfall deposition likely results in significant under-
estimation of plant-derived Hg inputs, in particular because they don’t 
account for inputs by woody tissues and whole plant senescence.

1.10.08  Mercury in Soils Across the Conterminous United States: 
Changes in Pools and Patterns
C. Olson, Syracuse University / Civil and Environmental Engineering; 
B. Geyman, C. Thackray, Harvard University / School of Engineering 
and Applied Sciences; D. Krabbenhoft, M. Tate, U.S. Geological Survey 
/ Upper Midwest Water Science Center; E.M. Sunderland, Harvard 
University / John A. Paulson School of Engineering and Applied Sciences; 
C.T. Driscoll, Syracuse University / Civil and Environmental Engineering
Mercury is a ubiquitous and toxic metal, whose negative impacts on 
human and wildlife health have generated considerable interest among 
researchers and policy makers alike. Research on mercury has largely 
focused on its transport and transformation in the atmosphere or transfor-
mation and accumulation in biota, particularly in aquatic environments. 
Notably, there has been relatively little attention devoted to mercury in 
soils, despite the fact that soil pools are an important sink for atmospheric 
mercury, as well as an important source for emission back to the atmo-
sphere and leaching into downstream aquatic ecosystems. This paucity of 
information on mercury in soils can be attributed to difficulty in acquir-
ing uniformly collected datasets containing adequate spatial and temporal 
coverage with which mercury patterns can be examined. Here, we present 
an analysis of mercury from a large soil survey (3 horizons, ~4,800 sites) 
across the coterminous US, collected by the United States Geological 
Survey. Spatial patterns of mercury in soils are largely driven by organic 
carbon content and vary markedly over different ecoregions and land 
use types. Mercury soil pools are calculated for the top 1 m of soil and 
are substantially larger than previous estimates focusing on only organic 
soils. Finally, recent soils pools (2007 – 2010) compared to older surveys 
(1961 – 1974) find that mercury in soils has dramatically decreased over 
~60 years, suggesting that soil mercury may be more dynamic than once 
thought.
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1.10.09  Mercury Stable Isotope Fingerprints and Fractionation 
Identifies Sources of Mercury Contamination in Ecosystems 
Downstream of an Abandoned Mine Site
C. Eckley, U.S. Environmental Protection Agency / EMMD; C.A. 
Eagles-Smith, U.S. Geological Survey / Forest and Rangeland 
Ecosystem Science Center; S.E. Janssen, U.S. Geological Survey / 
Environmental Science; J. Hoffman, U.S. Environmental Protection 
Agency / Great Lakes Toxicology and Ecology Division; T.P. Luxton, U.S. 
Environmental Protection Agency / Office of Research and Development; 
D. Krabbenhoft, U.S. Geological Survey / Upper Midwest Water Science 
Center
There are thousands of abandoned mines with elevated mercury (Hg) 
concentrations in soils and tailing located in the western US, with the 
majority of the Hg present as inorganic species. Conditions favorable 
for methylmercury (MeHg) production and subsequent bioaccumulation 
often occur in aquatic ecosystems downstream of the mine sites, where 
the source of Hg includes mine-related release as well as Hg from other 
sources such as atmospheric deposition. Multiple sources of Hg often 
make it difficult for environmental managers to identify the relative 
contributions of different sources of Hg accumulating within the food 
web. Recent advances in Hg isotope (d202Hg) measurements can be used 
to identify differences in the stable isotope composition of Hg (e.g. mine 
related versus atmospheric deposition). This enables the determination 
of the specific Hg source present in the food web. The current research 
presented focuses on the Black Butte Mercury Mine Superfund Site in 
Oregon and associated impacts on the Cottage Grove Reservoir located 
approximately 15km downstream. While the highest total-Hg concentra-
tions are found in tailings piles at the mine site, the main route of human 
exposure is to the more toxic MeHg is through fish located downstream 
within the reservoir. Samples of soil/tailings, stream/river/reservoir water 
(dissolved-phase and suspended-sediment), bed-sediment, and fish were 
analyzed for Hg stable isotope ratios. The fish were also analyzed for C 
and N stable isotope ratios, which can be used to reconstruct diet and 
estimate fish trophic position. The results showed that the isotopic Hg 
signature in the tailings (mean d202Hg: -0.35 ‰) was distinct from the 
background soil (mean: d202Hg -2.55 ‰). In general, larger (more positive) 
d202Hg values are commonly associated with industrial processes and 
smaller (more negative) values reflect background and atmospherically 
deposited Hg washed into the watershed. Isotopic Hg measurements in the 
water showed significant differences between dissolved and particulate-
phases, with the latter showing similarities to mine related Hg. Sediment 
samples collected in the downstream reservoir indicate that ~40-70% of 
the Hg was associated with mine releases. There were distinct isotope sig-
natures of Hg, C, and N for fish in the reservoir relative to measurements 
further downstream in the Willamette River reflecting the influence of 
habitat type (lotic versus lentic), trophic position, and diet on the degree 
to which mine-related Hg accumulated in fish. Overall, measurements of 
Hg concentrations in tandem with newer isotopic methods can increase 
remediation effectiveness by providing information on Hg sources 
and pathways that have resulted in Hg accumulation in downstream 
ecosystems. 

1.10.10  Significant Variations in Isotopic Compositions of Dissolved 
and Particulate Hg in Atmospheric and Terrestrial Aqueous 
Environments Reveal Different Stories
S. Yuan, Trent University; J. Chen, Tianjin University / Institute of 
Surface-Earth System Science; H. Hintelmann, Trent University; C. 
Zdanowicz, Uppsala University; Y. Zhang, State Key Laboraotary of 
Environmental Geochemistry, Institute of Geochemistry, CAS; Y. Liu, 
University of California, Davis / Molecular and Cellular Biology, College 
of Biological Sciences
Mercury (Hg) is a globally distributed neurotoxin that may impact human 
health and biota, especially its organic form of monomethyl mercury 
(MMHg). It is known that the aquatic system plays a critical role in the 
biogeochemical cycle of Hg. Hg in the aqueous environment can be 
further divided into dissolved and particulate Hg by simple filtration. 

Previously, impressive progress has been made in understanding many 
aspects of the Hg cycle, including the phase apportionment, species 
transformation and fate. The emerging Hg isotope geochemistry, includ-
ing the mass-dependent fractionation (MDF, δ202Hg used as its indicator), 
mass-independent fractionation of odd Hg isotopes (odd-MIF, represented 
by Δ199Hg and Δ201Hg) and even Hg isotopes (even-MIF, mainly Δ200Hg) 
(Bergquist and Blum, 2007; Chen et al., 2012), could significantly raise 
our understanding of aquatic Hg cycling. Hg concentration measurements 
of aqueous samples clearly show different proportions of Hg species, 
suggesting the variations in the biogeochemistry cycle. Unfortunately, 
the low Hg concentrations make it very challenging to measure the 
respective isotopic composition. Improvements in Hg preconcentration 
and analytical methods now allow the measurement of Hg isotope ratios 
with high precision and thus facilitate the study of the Hg cycle in natural 
aqueous environments. Here, a series of the water samples from differ-
ent regions, including atmospheric precipitation, riverine and lake water, 
were collected, followed by filtration and Hg isotope ratio measurement of 
dissolved and particulate phases. All sets of samples displayed signifi-
cant discernible isotopic compositions for the two phases Hg (including 
δ202Hg, Δ199Hg and Δ200Hg).In particular, almost all of the dissolved Hg 
samples presented significantly more positive values of 199Hg compared to 
the corresponding particulate Hg. This aids in the interpretation that the 
two phases of Hg reveal the different and respective sources and transmis-
sion pathways. This line of researches further highlight the importance to 
separately determine the Hg isotope characteristic of dissolved and par-
ticulate Hg in the aqueous environment. Species-specific measurements 
may be required to further understand the mobility

1.10.11  Lateral Export of Mercury From a Saltmarsh Ecosystem to 
Tidal Water in the Great Marsh, the Parker River Wildlife Estuary 
in Massachusetts, US
T. Wang, D. Obrist, University of Massachusetts, Lowell / Department of 
Environmental, Earth and Atmospheric Sciences
Among aquatic ecosystems, saltmarshes are among the most productive 
and play an important role at the interface between land and sea ecosys-
tems. They provide critical ecosystems services, and are important as 
sources and sinks for nutrients and contaminants. In this study, we aim to 
address the dynamics of mercury (Hg), an important global contaminant 
in the Great Marsh in the Parker River Wildlife Estuary in Massachusetts, 
a system known to be a hot spot of Hg contamination with high Hg levels 
observed in the blood of birds and other wildlife. The goal of this study 
is to assess if saltmarsh ecosystems (vegetation and soils) can serve as a 
potential sources of Hg to tidal water via twice-daily tidal flooding and 
lateral export of Hg from saltmarsh vegetation/soils to the tidal water. 
We collected samples of water across a large, 20-km tidal gradient by 
boat during multiple seasons along 10 sampling locations from the ocean 
through the intertidal area to a freshwater stream at the head of the estu-
ary. The approach is based on an end-member mixing model whereby 
concentrations in tidal water are expected to follow the salinity gradient 
of mixing of freshwater and ocean water. Any deviation from a mix-
ing line is indicative of additional sources (with concentrations above) 
or sinks (concentrations below) relative to the mixing line. Analysis of 
dissolved and particulate mercury show concentrations of Hg strongly 
enriched compared to the freshwater-saltwater mixing line, in support 
of a source of Hg to the tidal water. Average filtered Hg concentrations 
in tidal water with low salinity, upper part of the estuary, averaged 1.27 
± 0.26ng L-1 and its particulate Hg concentrations averaged 5.98 ± 3.5 
ng L-1, compared to freshwater concentrations of 1.01 ng ± 0.06 L-1 and 
very low particulate Hg levels, and ocean water concentrations of 0.36 ± 
0.05 ng L-1 with its particulate Hg concentrations of 0.34 ± 0.24 ng L-1. 
Relative to salinity, Hg concentrations show highest enhancement (more 
than double the concentrations expected based on the mixing line) in the 
upper parts of the estuary compared to areas closer to the mouth of the 
estuary. In spite of strong overall correlations between filtered Hg and 
DOC (P < 0.05, r2 = 0.87), the patterns observed for Hg strongly contrast 
patterns of dissolved organic matter which showed little deviation from 
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the freshwater-saltwater mixing line indicative of little sources or sinks 
of DOC in the tidal area. Our data is consistent with a source of Hg to the 
tidal water in the salt marsh region of this estuary, in support of possible 
lateral transport of Hg from the saltmarsh soils to the water. Our study 
is continuing to analyzer these patterns in order to assess if the source 
of this Hg originates from sediments or from saltmarsh soils. Keywords: 
mercury dynamics, salt marsh, estuary, tidal dynamics, lateral export, dis-
solved organic carbon.

1.10.12 Determining the Relative Importance of Water Column and 
Sediment Methylation Rates in the Nacimiento Reservoir, California
G.D. Millard, U.S. Environmental Protection Agency / Office of Research 
and Development; C. Eckley, U.S. Environmental Protection Agency / 
EMMD; T.P. Luxton, U.S. Environmental Protection Agency / Office of 
Research and Development
Mercury methylation often occurs at the active redox boundary between 
oxic and anoxic conditions in the sediment and the water column of lakes 
and reservoirs. Previous studies have suggested that the dominant zone 
of methylation shifts from the sediments into the water column during 
periods of stratification, however, studies simultaneously measuring 
methylmercury (MeHg) production in sediments and the water column 
remain limited. Understanding the relative importance of sediment 
and water column methylation has important implications on manage-
ment strategies aimed at reducing MeHg production. In this study at the 
Nacimiento Reservoir, sediment (top 4 cm) and water column samples 
were collected from profundal and littoral zones in the winter (2016) and 
summer (2015). Microbial methylation and demethylation rates were mea-
sured using mercury isotope tracers in triplicate microcosms. Microbial 
methylation rates in the sediment ranged from 0.03%/hr to 0.10%/hr, with 
demethylation ranging from 2%/hr to 15%/hr, while the water column 
methylation rate ranged from 0.03%/hr to 0.12%/hr with demethylation 
ranging from 0.5%/hr to 1.9%/hr. Simple rate models estimated that 
only 40% of hypolimnic MeHg concentrations could be explained by 
internal loading while sediment-to-water column fluxes could contribute 
the remaining 60%. These results highlight the importance of estimat-
ing methylmercury production and loading when developing mitigation 
strategies. Even under anoxic conditions the sediment of Lake Nacimiento 
contributes a significant portion of hypolimnic MeHg, suggesting mitiga-
tion strategies in this system need to address both sediment and water 
column methylation.

1.10.13  Identification of Mercury-Methylating Organisms Along a 
Trophic Gradient in the Florida Everglades
B. Peterson, University of Wisconsin, Madison / Environmental 
Chemistry and Technology Program; B.A. Poulin, U.S. Geological 
Survey / Colorado Water Science Center; K.D. McMahon, University 
of Wisconsin, Madison / Department of Bacteriology/Civil and 
Environmental Engineering; D. Krabbenhoft, U.S. Geological Survey / 
Upper Midwest Water Science Center
Mercury contamination of food webs is a major environmental and public 
health problem in many natural aquatic ecosystems, including the Florida 
Everglades. The production of methylmercury from inorganic mercury is 
a gateway process for this contamination because mercury accumulates 
in biological tissues as methylmercury. The microorganisms that mediate 
methylmercury production are functionally and phylogenetically diverse, 
and include sulfate-reducing bacteria, methanogenetic archaea, and fer-
mentative bacteria. Identifying the distribution, abundance, activity, and 
metabolic potential of the methylating organisms relative to the produc-
tion of methylmercury in situ is an important step in understanding how 
biogeochemical cycling and nutrient contamination can drive the produc-
tion of methylmercury in specific environments. For example, under 
low redox conditions like those found in wetland sediments, terminal 
respiration can be mediated by either sulfate-reducing organisms or meth-
anogens, depending on sulfate concentrations. Differences in the extent 
and the rate of the methylation phenotype in these two metabolic guilds 
can mediate changes in the overall levels of methylmercury production 

under different sulfate concentrations. In this study, we paired DNA 
sequencing efforts with methylation assays to characterize the microbial 
community and the methylation potential along a large gradient of sulfate 
and other nutrients in the Florida Everglades. This gradient coincides 
with shifts in the production of methylmercury, making it an excellent test 
case to use DNA sequencing techniques to probe the impact of biogeo-
chemistry and microbial activity on methylmercury production. We used 
assembly-based and bin-based analyses of shotgun metagenomics data, 
using the hgcAB gene cluster as a marker for methylation potential. We 
characterized shifts along the gradient in both the overall microbial com-
munity composition and in the relative abundance and metabolic potential 
of methylating organisms. Combining this information with biogeochemi-
cal data and methylmercury production assays, our work provides new 
insights into the influence of biogeochemical and redox conditions on 
microbial community composition and how this subsequently impacts the 
production of methylmercury in the Florida Everglades.

1.10.14 Climate-Warming Induced Acceleration of Mercury Inputs 
to a High Arctic Lake (Lake Hazen, Nunavut)
D. Lemire, University of Toronto Mississauga / Geography and 
Planning; I. Lehnherr, University of Toronto Mississauga / Department 
of Geography and Planning; C. Young, York University / Department of 
Chemistry; A.O. De Silva, Environment and Climate Change Canada / 
Water Science and Technology Directorate; A. Criscitiello, University of 
Alberta / Earth and Atmospheric Sciences; J.L. Kirk, Environment and 
Climate Change Canada / Aquatic Contaminants Research Division; S. 
Varty, University of Toronto, Mississauga
Mercury (Hg) emitted from anthropogenic sources can undergo long-
range atmospheric transport to the Arctic where it may cause health 
concerns for Arctic wildlife as well as Indigenous people consuming 
traditional country foods. Temporal trends in atmospheric Hg deposition 
to Arctic ecosystems have been investigated using ice cores and sediment 
cores. However, many sediment records do not show a clear decline in 
Hg deposition despite estimates that Hg emissions from anthropogenic 
sources have recently stabilized or declined, suggesting that legacy Hg 
is being remobilized in catchments, thus delaying the recovery of lakes 
following emission reductions. To date there is little data on whether the 
remobilization of Hg in terrestrial compartments increases Hg accumula-
tion in lakes. We hypothesize that the climate-warming induced melting 
of glaciers may be remobilizing legacy Hg from glaciated watersheds 
into downstream lakes, providing an important subsidy of Hg in addi-
tion to modern Hg inputs. We will test this hypothesis by comparing 
Hg accumulation rates through time measured in sediments cores from 
Lake Hazen and an ice core collected within the watershed on northern 
Ellesmere Island (Nunavut, Canada). By comparing ice and sediment core 
data, and quantifying Hg export in rivers within the watershed, we can 
determine how post-depositional processes controls delivery of legacy 
and modern Hg into Lake Hazen and whether remobilization of terrestrial 
Hg is increasing the rate of Hg accumulation in the lake. The temporal 
trends in atmospheric Hg deposition will be compared to known changes 
in anthropogenic production and/or emission of Hg. Preliminary results 
show that Hg export in rivers was greater in a warm, high melt summer 
(2019) compared to a cool, low flow summer (2018), and that erosion, itself 
controlled by glacial melt, river discharge and permafrost thaw slumping 
contributes to increasing concentrations of particulate-bound Hg during 
downstream transport. Hg accumulation rates in sediment cores is corre-
lated to modeled river discharge, showing that climate warming, through 
its impact on glacial melt, controls Hg inputs in Lake Hazen. Our research 
will elucidate whether climate change may delay the benefit of decreasing 
Hg emissions in glaciated and Arctic watersheds, help improve models of 
global Hg cycling (e.g. source-receptor relationships), and better manage 
contaminant exposure for Arctic people and wildlife.
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11. Nanomaterials: Environmental Fate and Effects
1.11.01 The Effects of Nanoparticle Characteristics on Toxicity
A.B. Bryant, C. Zhang, University of Houston, Clear Lake / Department 
of Environmental Sciences
The use of nanoparticles has been increasing over the recent years but 
knowledge of how to protect against potential hazardous nanopar-
ticles has not. Nanoparticles can behave differently depending on their 
characteristics such as size, charge, shape, presence of shell, and core 
composition. This study was conducted to test what characteristics 
correlated with higher or lower levels of toxicity. Using primarily the 
Nanomaterial Biological Interactions (NBI) Knowledgebase, a database 
created to test the toxic effects of nanoparticles by the Oregon State 
University, this study analyzed nanoparticle’s lethal concentration low 
(LClo) and the weighted EZ metric to determine a characteristic’s ability 
to influence toxicity. The EZ metric is a toxicity measurement created 
with the NBI Knowledgebase. Our results showed that EZ metric scores 
of surface charge categories were significantly different (p = 0.012). 
Positively charged nanoparticles have higher toxicity with an aver-
age LClo of 4.17 ppm and EZ metric score of 0.68. Nanoparticle size, 
core composition (e.g., metal oxides, gold, silver, cellulose), and shape 
(e.g., spherical, fiberous, rod, cylindrical, dendritic) also demonstrated 
significant difference between categories, but the interpretations from 
such results should be cautious due to the limitations in the database. The 
limitations included the completeness of the data, non-normal distribution 
of the small sample size, and problems inherent from the experimental 
design. These limitations affected the results of LClo analysis to a greater 
extent than the EZ metric analysis. Our analysis led to the conclusion that 
the NBI Knowledgebase is a tool that is better used when analyzing the 
EZ Metric, rather than LClo.

1.11.02 Effects of Particle Sizes of Silver Metal NPs on the Various 
Biological Activities
I. Kong, J. Choi, Yeungnam University / Environmental Engineering; 
K. Ko, Korea Institute of Geoscience & Mineral Resources / Geologic 
Environment Division
The differences in the toxicity of silver nanoparticles (AgNPs) of two 
different sizes were evaluated in the context of bacterial bioluminescence 
activity, algal growth, activities (germination and root/shoot growth) of 
plants, enzymatic and biosynthetic activity of β-galactosidase. AgNP 
exhibited a different level of toxicity (sensitivity) in each bioassay. 
Overall, the order of inhibitory effects has been roughly observed as 
follows: bacterial bioluminescence activity, root growth > biosynthetic 
activity of enzymes, algal growth > seed germination, enzymatic activity 
> shoot growth. For all bacterial activities, the small size AgNPs showed 
statistically significant higher toxicity than the large ones, while no 
significant differences were observed among other biological activities 
tested. These results demonstrate that particle size could be an important 
physical characteristic for the fate of NPs in environment. Moreover, 
various organisms and trophic levels of biological activities with high 
sensitivity in real contaminated environment would be considered for the 
proper assessment of NPs toxicity rather than just a single test or test in 
laboratory conditions.

1.11.03 Acute Toxicity of Silver Nanoparticles to Hyalella azteca as a 
Function of Water Hardness
J. Kusi, East Tennessee State University / Department of Environmental 
Health
The increasing incorporation of silver nanoparticles (AgNPs) in com-
mercial products and their potential release into aquatic systems have 
generated an interest in the role of water chemistry in their distribution, 
bioavailability, and toxicity. This study evaluated the influence of water 
chemistry on silver nanoparticle toxicity using increased hardness. 
Citrate-coated AgNPs and AgNO3 were added to reconstituted water with 
different water hardness levels and a constant pH. Acute toxicity testing 

(96 h) of Hyalella azteca was conducted to determine water hardness 
effects on citrate-coated AgNPs and AgNO3. Aliquots of each tested 
concentration were analyzed for dissolved Ag. The overall effects of water 
hardness on citrate-coated AgNPs and AgNO3 toxicity followed the trend: 
very soft water> soft water > very hard water > hard water > moderate 
water. The results showed that citrate-coated AgNPs and AgNO3 toxicity 
decreased at moderate water and increased at very low and high hard-
ness. The LC50s of the nanoparticle at all hardness levels were greater 
than those of AgNO3. For moderate water, the LC50 of citrate-coated 
AgNPs (7.1 µg L-1) was 2.2-fold greater than that of AgNO3 (3.2 µg L-1). 
Moderate water and soft water exhibited the lowest and highest AgNP 
toxicity, respectively. The results of this study demonstrate that hardness 
influences AgNP toxicity and should be considered when assessing the 
environmental fate of nanomaterials.

1.11.04 Imaging High Aspect Ratio Silver Nanowires in Rainbow 
Trout Cells
N. Morgan, University of Florida; D. Arndt, University of Florida / 
Physiological Sciences; A. Tagmount, University of Florida; C. Vulpe, 
University of Florida / Physiological Science
Silver nanowires (AgNWs) are increasingly used in the electronics 
industry to construct transparent conducting films used in cell phones, 
transparent displays, solar panels, and other consumer devices. Even 
as many new applications are being explored, it is likely that AgNWs 
will enter the aquatic environment during product manufacturing and 
disposal, and it has been shown that AgNWs are uniquely toxic to aquatic 
ecosystems due to their high aspect ratio. Therefore, it is necessary to gain 
an understanding of AgNW toxicity to guide enhanced product safety for 
this growing industry. Previous work demonstrated that silver nanowires 
exhibit mechanical crumpling in murine fibroblasts, and we hypothesized 
that this crumpling reduces the fiber-related toxicity of AgNWs by reduc-
ing their high aspect ratio. Smaller diameter nanowires are more easily 
crumpled by the lysosome membrane than large diameter nanowires, 
which more frequently puncture the membrane. While the uptake and 
crumpling of silver nanowires has been observed, it is still not clear how 
AgNWs are eliminated from the cell. In this work, darkfield and fluores-
cence microscopy techniques were combined to image live cells in order 
to visualize the fate of the internalized nanowires in RTgillW1 cells. 
Results further elucidate the underlying mechanism of silver nanowire 
toxicity to aquatic ecosystems and inform the safer industrial practices 
surrounding silver nanowire-enabled technologies. An understanding of 
the underlying mechanism of toxicity will increase the safety of metal-
lic nanowire technologies by allowing more accurate environmental risk 
assessment.

1.11.05  Determining the Effects of LiCoO2 Nanosheets on the Net 
Carbon Biomass Production of Raphidocelis subcapitata
E. Ostovich, M. Spehlmann, N. Van Ee, University of Wisconsin, 
Milwaukee / School of Freshwater Sciences; E. Laudadio, C. Green, 
University of Wisconsin, Madison / Department of Chemistry
As the field of nanotechnology continues to grow, and more consumer 
products start to incorporate nanomaterials into their design, understand-
ing the environmental effects of these nanomaterials is increasingly 
important. LiCoO2 (LCO), for example, is a type of complex metal oxide 
nanosheet that is used as a cathode material for lithium ion batteries and 
is found in many consumer electronics and high-end vehicles. This type 
of nanomaterial is of emerging concern as it’s produced at high quantities 
of environmental significance while lacking infrastructure for recycling 
and disposal, and contains high valence metals with high reactivity and 
known inherent toxicity. Thus, it will be important to study what types of 
adverse outcomes could arise from an exposure of LCO to the environ-
ment. Raphidocelis subcapitata is a prevalent species of freshwater 
microalgae that, as a primary producer, is important for the overall health 
and sustainability of freshwater ecosystems, thus making it a relevant 
bioindicator species for the environmental and toxicological responses 
to LCO exposure. The assimilation of CO2, by primary producers, is 
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necessary to support all life on Earth as consumers in the environment 
rely on this net primary production of carbon biomass as a source of 
chemical energy. However, nanomaterial pollutants such as LCO could 
potentially interfere with this process due to their highly catalytic proper-
ties and inherent toxicity. This presentation will discuss how an exposure 
of LCO to freshwater ecosystems could potentially affect the net carbon 
biomass production of primary producers, like R. subcapitata, and what 
this means in terms of ecosystem measures.

1.11.06 Changes in the Gastrointestinal Lipidome of Largemouth 
Bass Exposed to Dietary Single-Walled Carbon Nanotubes
A. Wormington, S. Bisesi, University of Florida / Envirionmental and 
Global Health; M. Nouri, E. Coker, University of Florida; N.D. Denslow, 
University of Florida / Physiological Sciences; T. Sabo-Attwood, J.H. 
Bisesi, University of Florida / Environmental and Global Health
The gastrointestinal system is rich in lipids that play a role in digestion, 
nutrient transport, appetite signaling, and energy storage. As the first 
point of contact during an oral exposure, the gastrointestinal system could 
be adversely affected by toxic chemicals ingested through the diet, with 
changes in lipid composition and abundance reflecting adverse interac-
tions. Carbon nanomaterials are increasingly produced for commercial 
use, and though they are not acutely toxicity, little is known about the 
impact of long-term exposure to these compounds. Aquatic organisms are 
vulnerable to exposure to environmentally released carbon nanomaterials, 
especially in benthic ecosystems where they are known to accumulate. 
Previously, our research group noted a decrease in growth in largemouth 
bass (Micropterus salmoides) exposed to single-walled carbon nanotubes 
(SWNTs) via gavage for 3-6 months. As SWNTs are highly lipophilic and 
possess strong binding properties unique to carbonaceous compounds, we 
hypothesized that interactions with gastrointestinal lipophilic compounds 
may be driving this observed effect on growth. To explore this hypothesis, 
we conducted a follow-up exposure in largemouth bass. Fish (N = 18-19) 
were fed food coated in SWNTs (1.8 mg/kg) daily for 1 month. After 
the exposure period, fish were euthanized, and tissues were dissected, 
flash-frozen, and stored at -80°C. SPLASH semi-targeted lipidomics was 
conducted in the gut and liver of 10 exposed and 10 control fish using 
liquid chromatography tandem mass spectrometry. Though no exposure-
related impact occurred in the liver, there was a significant change in the 
intestinal lipidome of exposed fish, with approximately 10% of all identi-
fied lipids altered by SWNTs. Specifically, we observed changes in the 
abundance of hydroxyceramides, lysophospholipids, and phospholipids. 
Lastly, we utilized MetaboAnalyst to explore functional lipid pathways 
impacted by dietary SWNT exposure and observed and effect on fatty 
acid biosynthesis. Our results provide insight into the long-term effect of 
dietary carbon nanotube exposure in an underutilized freshwater model 
and highlight the sensitivity of the gastrointestinal lipidome to exposure 
to lipophilic nanomaterials.

1.11.07 Determination of the Effects of Co-Exposure to Imidacloprid 
and Graphene on Earthworms
Z. Reber, Texas Tech University / Honors College; A. Carcano, D. 
Huff, J.E. Canas-Carrell, Texas Tech University / Department of 
Environmental Toxicology, The Institute of Environmental and Human 
Health TIEHH
Imidacloprid, a neonicotinoid pesticide, is the most common pesti-
cide in the world, primarily for agriculture and horticulture purposes. 
Previous studies have shown that imidacloprid can accumulate in soil 
with half-lives in excess of 1000 days. Therefore, interaction with other 
contaminants, such as graphene, due to its rising marketability, is likely 
to occur in the environment. The earthworm Eisenia fetida was used as 
the test organism due to its usefulness as a bioindicator of soil health. Five 
individual earthworms were placed in glass vials consisting of artificial 
soil and known concentrations of graphene, imidacloprid, or a mixture of 
graphene and imidacloprid for a period of 14 d. Earthworms were exposed 
to five concentrations of imidacloprid: 0.1, 1.0, 2.0, 5.0, and 10.0 mg/kg. 
Earthworms were exposed to five concentrations of graphene: 10, 50, 

100, 500, and 1000 mg/kg. Earthworms in the co-exposure groups were 
exposed to 100 mg/kg of graphene with five concentrations of imida-
cloprid: 0.1, 1.0, 2.0, 5.0, and 10.0 mg/kg. Following the 14-d exposure 
period, earthworm mortality and body mass changes were assessed. The 
overall survival rate of co-exposure to graphene and imidacloprid was 
high, with a peak mortality rate of 10% at the highest concentration of 
imidacloprid. The average mortality rate across the five indicated con-
centrations of imidacloprid, graphene, and co-exposure to imidacloprid 
and graphene was 2%, 1%, and 3%, respectively. There was no statisti-
cally significant difference (p > 0.05) between the mortality rate of the 
imidacloprid exposure groups and the mortality rate of the co-exposure 
groups. In addition, there was no statistically significant difference (p > 
0.05) between the mortality rate of the graphene exposure groups and the 
mortality rate of the co-exposure groups. Body burden analysis of imida-
cloprid in earthworms is currently ongoing.

1.11.08  Development of an Adverse Outcome Pathway for 
Nanoplastic Toxicity in Daphnia pulex Using Proteomics
Z. Liu, Y. Li, East China Normal University; M.S. Sepulveda, Purdue 
University / Forestry and Natural Resources; Q. Jiang, Freshwater 
Fisheries Research Institute of Jiangsu Province; Y. Jiao, Q. Chen, Y. 
Huang, J. Tian, Y. Zhao, East China Normal University
Nanoplastics are growing environmental and public health concerns. 
However, the toxic mechanisms of nanoplastics are poorly understood. 
Here, we evaluated the effects of nanoplastics on the reproduction of 
Daphnia pulex and analyzed the proteome of whole animals followed by 
molecular and biochemical analyses for the development of an adverse 
outcome pathway (AOP) for these contaminants of emerging concern. 
Animals were exposed to polystyrene nanoplastics (0, 0.1, 0.5, 1 and 2 
mg/L) via water for 21 days. Nanoplastics negatively impacted cumula-
tive offspring production. A total of 327 differentially expressed proteins 
(DEPs) were identified in response to nanoplastics which were further 
validated from gene expression and enzyme activity data. Based on these 
results, we propose an AOP for nanoplastics, including radical oxygen 
species production and oxidative stress as the molecular initiating event 
(MIE); followed by changes in specific signaling pathways (Jak-STAT, 
mTOR and FoxO) and in the metabolism of glutathione, protein, lip-
ids, and molting proteins; with an end result of growth inhibition and 
decrease reproductive output. This study serves as a foundation for the 
development of a mechanistic understanding of nanoplastic toxicity in 
crustaceans and perhaps other aquatic organisms.

1.11.09 The Toxic Effects of Nanoplastic Particles on Biomphalaria 
Glabrata Embryonic Development
M. Merrill, W. Xu, Texas A&M University, Corpus Christi / Life Sciences
The widespread use of plastics has resulted in not only the accumulation 
of macro plastic pollution in the aquatic environment but also micro and 
nanoplastics. Studies have indicated the bioaccumulation of these small 
degraded plastics have numerous negative effects on the morphology, 
behavior, and reproduction of living organisms. While the focus has been 
on macro- and microplastics, little has been investigated on nanoplastics, 
especially their ability to cross biological membranes and effect organ-
isms on a cellular scale. In this study, we investigate the accumulation of 
nanoplastics (NPs) in the embryos of a freshwater snail, Biomphalaria 
glabrata, a commonly used gastropod in toxicology studies. Within 15 
hours post fertilization (hpf), the B. glabrata embryos were cultured 
in water solutions of 0.03, 0.5, and 1.0 µM fluorescent amine-modified 
polystyrene latex beads at a concentration of 1µg/mL. The development 
of embryos, mortality and the accumulation of the NPs in the egg masses 
were monitored time under a fluorescent microscope at 24, 48, 74, 96m 
and 120 hpf. Additionally, genetic responses of the snail embryos to the 
NP toxic effects were analyzed using quantitative PCR (qPCR). Although 
no significant mortality was observed with the treatment of any nanoplatic 
particles, the accumulation of NPs on the outter membrane of the egg 
masses and egg capsules were observed. The accumulation of the NPs in 
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the egg mass of the B. glabrata induced the expression levels of several 
stress response genes. The long-term effects of NPs on B. glabrata devel-
opment are under investigation.

1.11.10 Using a Metabarcoding Approach to Evaluate the Impacts 
of Nanoplastic on Benthic Meiofauna and Eukaryotic Microbial 
Communities
M. Giroux, ORISE c/o USEPA / ORD/CEMM Atlantic Coastal 
Environmental Sciences Division; J.R. Reichman, U.S. Environmental 
Protection Agency / ORD/CPHEA/PESD; T. Langknecht, ORISE 
Participant c/o EPA / ORD/CEMM Atlantic Coastal Environmental 
Sciences Division; R.M. Burgess, K.T. Ho, U.S. Environmental Protection 
Agency / Atlantic Coastal Environmental Sciences Division (ACESD)
As plastic abundance increases in marine systems, the biological and 
ecological effects of various plastic size classes (macro, micro, nano) need 
to be evaluated to address potential risks. Nanoplastic particles (NPs) are 
a growing concern and enter marine systems primarily through the frag-
mentation of larger plastics present in the environment. Marine sediments 
act as a sink for many contaminants, including nanoplastics, and are rich 
habitats for benthic meiofauna and other eukaryotic communities which 
form the base of the marine food web. However, little is known about the 
effects of nanoplastics on individual species, community diversity, or 
ecosystem structure. Conventional morphological identification of benthic 
organisms is often a time-consuming process. However, molecular meth-
ods such as metabarcoding utilize high-throughput sequencing to assess 
community diversity and structure from environmental DNA/RNA. This 
study’s objective was to use an RNA metabarcoding approach to inves-
tigate the effects of nanoplastics on benthic meiofaunal and eukaryotic 
microbial community diversity. Sediment cores (mesocosms) were col-
lected from the Narrow River estuary in Rhode Island (USA) and exposed 
to 900nm polystyrene beads at concentrations of 0, 0.1, 1, 10, or 100 mg/
kg dry weight in sediment for two weeks. Following exposure, RNA and 
DNA were extracted from the top sediment layer, RNA was reverse-
transcribed, 18S and CO1 genes were PCR-amplified, and then amplicons 
were sequenced on an Illumina platform. Preliminary results indicate that 
α-diversity observed-OTUs and Faith’s-PD were significantly increased 
in the 100 mg/kg treatment. Likewise, there were dose-dependent effects 
of nanoplastics on β-diversity Jaccard and Unweighted-Unifrac distances. 
The value of using RNA as a genetic template to achieve a more accurate 
representation of communities was evaluated. To our knowledge, this is 
the first demonstration of a dose-response relationship for nanoplastic 
particles at a community level, and it highlights the utility of using com-
munity endpoints to assess nanomaterial impacts.

1.11.11 Effects of Nanoplastic and Microplastic Particles on A549 
Lung Cells at the Single Cell Level
A. Carcano, Texas Tech University / Department of Environmental 
Toxicology The Institute of Environmental and Human Health TIEHH; 
K. Ardon-Dryer, Texas Tech University / Department of Geosciences, 
Atmospheric Science Group; J. Carrell, Texas Tech University / Honors 
College, Texas Tech University; A. Elizalde Velazquez, Texas Tech 
University / Department of Environmental Toxicology The Institute 
of Environmental and Human Health TIEHH; Z. Reber, Texas Tech 
University / Honors College, Texas Tech University; J.E. Canas-Carrell, 
Texas Tech University / Department of Environmental Toxicology The 
Institute of Environmental and Human Health TIEHH
Recent investigations concerning exposure of aerosolized nanoplastics 
(< 100nm) produced during the operation of desktop 3D printers has 
emphasized the current lack of understanding pertaining to effects of 
nanoplastics, as well as microplastics (5 µm -100nm), on human health via 
inhalation. Plastic particles in the nanosized range have been documented 
to elicit a greater toxicity than plastic pollution in the larger micron size 
range. These smaller sizes of aerosols can penetrate deep within the 
lungs, invading the physical detoxification mechanisms of the lungs. 
Currently the interaction of aerosolized microplastics and nanoplastics 
with human epithelial cells is not fully understood. The purpose of this 

study is to examine the interaction of human epithelial lungs cells (A549) 
with pristine polyethylene (PE) particles. Two sizes of PE particles (50 nm 
and 6 µm) were exposed to the cells at a high concentrations of 1,000 part/
mL and low concentration of 20 part/mL. The impact of these particles 
on the cells will be examined on a single cell basis using a Nikon Eclipse 
Ti2 microscope. This research aims to provide a better understanding of 
the effects of aerosolized microplastic and nanoplastic pollution on human 
lung health.

1.11.12  The Influence of Polystyrene Nanoparticles on the Fractal 
Kinetics of Lactate Dehydrogenase
F. Gagne, Environment and Climate Change Canada; J. Auclair, 
Environment and Climate Change Canada / Aquatic Contaminants 
Research Division
Plastics are ubiquitous in the aquatic environment and the degradation of 
fragments down to the nanoscale have raised concern given their prop-
erty to penetrate cells. The accumulation of nanoparticles could lead to 
molecular crowding which can alter the normal functioning of enzymes. 
The purpose of this study was to examine the influence of polystyrene 
nanoparticles (NPs) on the fractal kinetics of the lactate dehydrogenase 
reaction: pyruvate + NADH ↔ lactate + NAD+. The influence of NPs on 
LDH activity was examined first in vitro to highlight specific effects and 
secondly in mussels exposed to NPs in vivo for 48h at 15oC. The reaction 
rates of LDH were determined with increasing concentrations of pyruvate 
to reach saturation at circa 1 mM. The addition of F-actin, a known bind-
ing ligand for LDH, revealed a characteristic change in reaction rates 
associated with fractal organization of space. The addition of 50 and 100 
nm transparent NPs also produced these changes. The fractal dimension 
was determined and revealed that both F-actin and NPs reduced the frac-
tal dimension of the LDH reaction. The addition of viscosity sensor probe 
in the reaction media revealed viscosity waves during the reaction at low 
substrate concentrations thought to be associated to synchronized switch-
ing between the relaxed and tensed states of LDH. The amplitude and the 
frequency of viscosity waves were increased by both NPs and F-actin, 
which was associated with increased reaction rates. In mussels exposed to 
NPs, the digestive gland subcellular fraction revealed that LDH activity 
was significantly influenced by the fractal dimension of the LDH reaction 
where a loss of affinity (high fractal KM) was detected in mussels exposed 
to the high concentrations of NPs. It is concluded that polystyrene NPs 
could change the biophysical properties of the cytoplasm such as the frac-
tal organization of the intracellular environment during the LDH reaction.

1.11.13  Developing Characterization Factors for Silver 
Nanoparticles: Case Studies for Mesocosms
S. Temizel Sekeryan, University of Wisconsin / Civil and Environmental 
Engineering; A. Hicks, University of Wisconsin, Madison / Civil and 
Environmental Engineering
Engineered nanomaterials (ENMs) are incorporated into various 
consumer products and they are used by several industries for diverse 
purposes which result in a continuous increase in their production. 
This situation raises questions on their environmental implications. 
Environmental impact assessment of any product or process by using life 
cycle assessment (LCA) methodology provides results in a broad category 
of impacts which are quantifications of the unit release of chemicals to 
the environment. In the nanomaterial industry, applying LCA to ENMs 
provides impact projections on several potential environmental impact 
categories (e.g. global warming, eutrophication). These may be grouped 
as “non-nanoscale emissions” and do not include nano-specific emis-
sions to soil, air and water. Non-nanoscale emissions represent indirect 
impacts due to the nanomaterial production, whereas nano-specific 
emissions denote direct impacts resulting from the nanomaterial release 
as a function of size and shape. Existing literature on the LCA of ENMs 
typically develop impact projections based on point value estimates by 
converting masses emitted into the potential impacts they cause. In order 
to calculate nano-specific emissions, developing characterization factors 
(CF) is critical. However, as stated in the literature, nano-specific CFs are 
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lacking, which cause high uncertainty while evaluating environmental 
impacts of ENMs. As USEtox suggests, in order to derive CFs, not only 
material parameters and toxicology data but also information on agglom-
eration levels, environmental conditions, nanomaterial dissolution, fate 
and transport kinetics should be available. Given that mesocosms (i.e. 
simulations of wetland ecosystems under controlled conditions) help 
predicting nanomaterial interactions with the environment, this study 
focuses on developing CFs under mesocosm conditions. Being the most 
frequently listed ENMs in the consumer product inventories and one of 
the most studied ENMs, silver nanoparticles (nAg) are evaluated in the 
current study. Toxicity levels (e.g. EC50, LC50) of nAg are compiled from 
literature along with details on coatings, sizes and test media in order to 
compare the CFs of different types of nAg. Results are intended to inform 
future research in this area, particularly for linking and comparing the 
non-nanoscale and nano-specific emissions. Additionally, the necessity of 
calculating CFs are discussed and a preliminary decision making frame-
work is provided.

1.11.14 Nanoparticle Properties and Exposure Duration Affect 
Uptake in Two Snail Species in Wetland Mesocosms
B. Castellon, Baylor University / Biomedical Studies; B.G. Perrotta, 
Baylor University / Biology; M. Simonin, INRAE - IRHS / Biology; S.M. 
Anderson, Duke University / Biology; J.L. Cooper, Duke University; 
H. Hsu-Kim, Duke University / Department of Civil Environmental 
Engineering; E. Bernhardt, Duke University / Biology; R. King, Baylor 
University; C.W. Matson, Baylor University / Environmental Science
While it has been shown that the prevalent use of engineered nanopar-
ticles (NPs) can led to their release into the environment, it has been 
difficult to evaluate the risks posed to ecosystems. Evidence generally 
suggests that NPs can quickly aggregate in surface waters and do not 
greatly biomagnify. Nevertheless, local sinks for NP accumulation such 
as in periphytic biofilms do occur, and the ecological risk in this area have 
been less well studied. This study therefore focuses on two freshwater 
pond snails (Physella acuta and Lymnaea sp.), grazing primary consumers 
which exhibit high uptake of and sensitivity to NPs. We aimed to compare 
dietary uptake and elimination of NPs in snails from one NP dose (i.e. 
suspended NPs settling out over 1 week) with that of chronic repeated 
weekly NP doses (i.e. NPs accumulated over long-term) over 3-9 months. 
We used replicated outdoor wetland mesocosms for this experimental 
work to maintain environmental realism and ecosystem complexity. Over 
a 9-month study, mesocosms were dosed weekly with either: large cerium 
dioxide (CeO2) NPs, small CeO2 NPs, gold (Au) NPs, copper hydroxide 
NPs from Kocide 3000, or controls with no NPs. The Au NP, Kocide and 
control groups were also tested with or without weekly nutrient additions 
as a covariate. Subsequently, all snails underwent a depuration period of 
up to 7 days in clean water to quantify elimination kinetics. Data were 
determined by ICP-MS to quantify metal concentrations in water and 
body burdens in animals. Water column concentrations for all NPs peaked 
at about 6-12 hours after dosing, followed by a quick decline. Lymnaea 
took up only Au NPs, while Physella took up Au NPs and both CeO2 NPs 
(and always more than Lymnaea). For Au NPs and small CeO2 NPs, short-
term exposed snail uptake met or exceeded long-term uptake, but this was 
not the case for large CeO2 NPs, consistent with evidence of size-based 
differential partitioning of CeO2 NPs. No Kocide uptake was quantified 
in short-term exposed snails, while Kocide was the highest uptake in both 
long-term exposed snails. Summer uptake of Au NPs and both CeO2 NPs 
was lower than spring or fall. Snails rapidly depurated all NPs regardless 
of group. Nutrient additions did not significantly influence NP bioavail-
ability. Overall these results show differences among NPs with different 
properties based on exposure duration, differences between snail species, 
and emphasize the importance of depuration to examine NP retention.

1.11.15 Cross Species Molecular Impacts of Battery Cathode 
Material Lithium Cobalt Oxide Nanosheets: Global Transcriptomic 
and Body Burden Analysis
B. Curtis, N. Niemuth, E. Bennett, University of Wisconsin, Milwaukee / 
School of Freshwater Sciences; A. Mohaimani, A. Schmoldt, O. Mueller, 
Great Lakes Genomics Center; E. Laudadio, R.J. Hamers, Universtiy 
of Wisconsin, Madison / Chemistry; R. Klaper, University of Wisconsin, 
Milwaukee / School of Freshwater Sciences
Complex metal oxide lithium cobalt oxide (LCO) is utilized as cathode 
material in lithium-ion batteries. Together, a lack of national infrastruc-
ture for the recycling of lithium-ion batteries and high levels of current 
and projected electric vehicle production mean that spent battery waste 
may pose a threat to environmental health and aquatic systems. The cur-
rent work studies the molecular impacts towards Danio rerio, Daphnia 
magna, and Chironomus riparius – three OECD model freshwater 
species – after exposure to 1 and 10 mg/l LCO nanosheets and a mixture 
of lithium and cobalt ions. Early life stages from all three species were 
exposed for 48 hours and collected for next-generation RNA-sequencing 
and assessment of cobalt body burden via ICP-OES analysis. Global 
transcriptomic profiles were analyzed to identify molecular-level impacts 
that were shared and unique across species. Partial least squares discrimi-
nant (PLS-DA) analysis revealed some common trends and differences, 
and identified genes that were important drivers of differences observed 
between exposure groups within species. Across species, a nano-specific 
impact is suggested. D. rerio and D. magna showed nearly distinct 
responses for each particle and ion exposure, while C. riparius, consid-
ered the least sensitive of the three, exhibited the strongest impact at 10 
mg/L LCO nanosheets and more overlap between 1 mg/L and ion expo-
sures. Affected pathways across species included expected candidates 
such as oxidative stress related pathways, as well as some less-explored 
responses including neurological pathways, hormone and cardiovascular 
impacts. Species-specific responses included cobalamin biosynthesis (D. 
magna), and, as an example for D. rerio: androgen/estrogen/progesterone 
biosynthesis. Both D. rerio and C. riparius exhibited a very low amount 
of body burden (0 – 0.02 µg/individual), while D. magna exhibited the 
highest (0 – 1.35 µg/individual). This work helps to achieve a deeper 
understanding of the molecular mechanisms of impact across species, in 
turn informing nanoparticle redesign to achieve the desired function and 
efficacy while reducing toxicity.

1.11.16 Impacts of Differentially Shaped Silver Nanoparticles With 
Increasingly Complex Hydrophobic Thiol Surface Coatings in Small-
Scale Laboratory Microcosms
B.J. Harper, A.M Engstrom, Oregon State University / Department of 
Environmental and Molecular Toxicology; M.R. Mackiewicz, Oregon 
State University / Chemistry; S.L. Harper, Oregon State University / EMT
Surface functionalization has the potential to expand the potential 
applications of silver nanoparticles (AgNPs), yet these modifications can 
also alter their stability, bioavailability and toxicity. We investigated the 
impacts of AgNPs with diverse physicochemical characteristics designed 
to control the release of silver ions in a small-scale microcosm to provide 
insight into the role of surface functionalization on biological interactions 
across multiple trophic levels. A suite of hybrid lipid-coated spherical 
and triangular-plate shaped AgNPs were synthesized with increasingly 
complex hydrophobic thiol surface chemistries designed to prevent sur-
face oxidation and ionic release. We conducted paired AgNP exposures 
in microcosms comprised of algae (Chlamydomonas reinhardtii), bacteria 
(Escherichia coli), crustaceans (Daphnia magna) and developing verte-
brates (Danio rerio). Each microcosm was exposed to one of five surface 
chemistries within each shape profile of AgNP at 0, 0.5, and 5 mg/L to 
investigate the relative influence of surface composition and dissolution 
on organismal uptake and toxicity over 7 days. Particle characterization 
showed negative zeta potentials and little agglomeration occurred except 
for spherical particles with hexanethiol surface ligands. Overall dissolu-
tion determined by ICP-MS was 5% or less for both shapes and all surface 
chemistries. Toxicological impacts were greatest for D. magna, with the 
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spherical surface chemistries having the highest impacts on survival. 
Algal growth was low and similar to control for the low concentration tri-
angular exposures, while the high concentration resulted in significantly 
increased algal growth, similar to both exposure concentrations in the 
spherical particles. Bacterial populations declined over the 7 day exposure 
in all particle exposures. No significant impacts on zebrafish survival 
were noted in any of the exposures. Silver uptake by organisms had weak 
correlations with the amount of dissolved silver released during the expo-
sure. Thus, the largest impacts were on daphnid species; however, the 
slow release of silver did decrease bacterial populations, while increasing 
algal populations when daphnia mortality decreased grazing. Although 
individual species toxicological assessments provide valuable estimates 
of environmental impacts, our results suggest the identification of the 
nanoparticle sensitive species in the system may be of greater immediate 
value in determining nanoparticle risks.

1.11.17 Established Chemical Markers for Nascent Engineered 
Materials: Identifying Endocrine Disruption Potential After 
Nanocellulose Exposure
M.R. George, H. Lujan, C.M. Sayes, Baylor University / Environmental 
Science
Cellulose is a renewable resource and is used as an additive in consumer 
products including paper and mill, food packaging, and cosmetics to 
name a few. Specifically, interest in the use of cellulose nanocrystals 
(CNC) has recently been studied as a novel engineered material for other 
types of applications; the emergence of CNC in consumer products and 
industrial processes pose potential hazards to the environment, aquatic 
organisms, and humans alike. Previous studies have shown that inhaling 
CNC materials can cause an inflammatory response where sex deter-
mines potency. In this study, a simulated CNC exposure was performed 
in order to identify key biomarkers of perturbations along the inflamma-
tory and steroidogenic pathways. Two different animal alternative cell 
types, i.e. human bronchial epithelial and human adrenal gland cells, were 
used to monitor the endocrine disruption potential. The expression level 
of twenty different steroidogenic genes were measured using quantita-
tive real-time polymerase chain reaction (qRT-PCR). Several genes in the 
steroidogenic pathway were perturbed, but not statistically significantly 
compared to cells exposed to positive control (i.e. atrazine). The results 
in this study indicate little to no endocrine disrupting potential induced 
after CNC exposure. This information will shed light on sex-specific 
exposure responses as well as help inform regulators and risk assessors 
of the potential effects of CNC use in new products. These studies aid in 
the advancement of safety measures when producing and utilizing nascent 
renewable resources.

1.11.18  Impact of Mn2O3 Nanoparticles on Physiological Activities 
and Gene Expression of Nitrifying Bacteria
D. Phan, A. Matta, V. Kapoor, University of Texas, San Antonio
The short-term effects of Mn2O3 nanoparticles (NPs) were examined 
for nitrifying bacterial enrichments exposed under low and high dis-
solved oxygen (DO) conditions using substrate (ammonia) specific 
oxygen uptake rates (sOUR), reverse transcriptase – quantitative poly-
merase chain reaction (RT qPCR) assays, and by analysis of 16S rRNA 
sequences. Samples from nitrifying bioreactor were exposed in batch 
vessels to Mn2O3 NPs (1, 5 and 10 mg/L) for either 1 or 3 h under no addi-
tional aeration or 0.25 L/min aeration. There was increase in nitrification 
inhibition as determined by sOUR with increasing dosages of Mn2O3 NPs 
for both low and high DO. At 10 mg/L Mn2O3 NPs, the inhibition was 
about 7 to 10 % for 1 and 3 h exposure in both cases. There was notable 
reduction in the transcript levels of amoA. hao and nirK for 10 mg/L of 
Mn2O3 NPs under 3 h, high DO exposure, which corresponded well with 
sOUR. The 16S rRNA sequencing showed that there was an inhibitory 
effect on ammonia oxidizers activity upon exposure to 10 mg/L of Mn2O3 
NPs. Collectively, the findings in this study advanced understanding of 
the different effects of Mn2O3 NPs on nitrifying bacteria.

1.11.19 In Vivo Toxicity of Biodegradable Chitosan-Doped Lignin 
Nanoparticles in Embryonic Zebrafish (Danio rerio)
J. Stine, Oregon State University / Chemical, Biological, and 
Environmental Engineering; B.J. Harper, Oregon State University / 
Department of Environmental and Molecular Toxicology; C. Conner, 
O.D. Velev, North Carolina State University / Department of Chemical 
and Biomolecular Engineering; S.L. Harper, Oregon State University / 
EMT
Lignin is the second most abundant natural biopolymer on Earth after 
cellulose. It is found in trees and is widely available as a byproduct of 
the paper industry. Capable of breaking down in the environment, lignin 
nanoparticles may serve as biodegradable carriers of biocidal actives. 
Conventional antimicrobial products may contain toxic metal-based 
nanoparticles, such as copper and silver nanoparticles, that can persist in 
the environment. Lignin nanoparticles have the potential to replace metal 
nanoparticles in certain applications, reducing the metal burden on the 
environment. Chitosan, a polysaccharide derived from the exoskeletons 
of shellfish, has been shown to enhance the adsorption characteristics 
of nanoparticles to biological samples by altering their surface charge. 
Previous research has also shown that both lignin and chitosan may 
exhibit antimicrobial properties. Lignin nanoparticles doped with chitosan 
were engineered for this study as potential biodegradable antimicrobial 
delivery alternatives. Our study aimed to determine if plain lignin or 
chitosan-doped lignin nanoparticles would elicit toxicological responses 
in embryonic zebrafish. Our study indicated that chitosan-coated lignin 
nanoparticles were more toxic than plain lignin nanoparticles at very 
high concentrations, with plain lignin nanoparticles not eliciting signifi-
cant mortality compared to controls. LC50 values were determined for 
chitosan-coated lignin nanoparticles at 548 mg/L for embryos with their 
chorion intact and 105 mg/L for embryos with their chorions enzymati-
cally removed.

1.11.20 Agglomeration of Escherichia coli With Positively Charged 
Nanoparticles Can Lead to Artifacts in a Standard Caenorhabditis 
elegans Toxicity Assay
S. Hanna, National Institute of Standards and Technology / Biosystems 
and Biomaterials Division; A.R. Montoro Bustos, National Institute of 
Standards and Technology / Chemical Sciences Division; A.W. Peterson, 
National Institute of Standards and Technology / Materials Measurement 
Laboratory; V. Reipa, NIST; L. Scanlan, California Department of 
Pesticide Regulation / Materials Measurement Laboratory; S. Hosbas 
Coskun, National Institute of Standards and Technology; T.J. Cho, 
National Institute of Standards and Technology / Materials Measurement 
Laboratory; M.E. Johnson, National Institute of Standards and 
Technology / Chemical Sciences Division; V.A. Hackley, National 
Institute of Standards and Technology; B.C. Nelson, National Institute 
of Standards and Technology / Biosystems and Biomaterials Division; 
M. Winchester, J.E. Elliott, NIST; E. Petersen, National Institute of 
Standards and Technology / Biosystems and Biomaterials Division
The increased use and incorporation of engineered nanoparticles (ENPs) 
in consumer products requires a robust assessment of their potential 
environmental implications. However, a lack of standardized methods for 
nanotoxicity testing has yielded results that are sometimes contradictory. 
Standard ecotoxicity assays may work appropriately for some ENPs with 
minimal modification but produce artifactual results for others. Therefore, 
understanding the robustness of assays for a range of ENPs is critical. In 
this study, we evaluated the performance of a standard Caenorhabditis 
elegans (C. elegans) toxicity assay containing an Escherichia coli (E. 
coli) food supply with silicon, polystyrene, and gold ENPs with different 
charged coatings and sizes. Of all the ENPs tested, only those with a posi-
tively charged coating caused growth inhibition. However, the positively 
charged ENPs were observed to heteroagglomerate with E. coli cells, 
suggesting that the ENPs impacted the ability of nematodes to feed, lead-
ing to a false positive toxic effect on C. elegans growth and reproduction. 
When the ENPs were tested in two alternate C. elegans assays that did 
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not contain E. coli, we found greatly reduced toxicity of ENPs. This study 
illustrates a key unexpected artifact that may occur during nanotoxicity 
assays.

1.11.21 Examining Toxicity of Phosphorene in Unbound and 
Membrane Form and its Application for Removal of Per- and 
Polyfluoroalkyl Substances (PFAS)
O.V. Tsyusko, University of Kentucky / Plant and Soil Sciences; E. Joyner, 
I. Escobar, University of Kentucky / Chemical and Materials Engineering
Phosphorene is a two-dimensional nanomaterial with wide-spread 
applications due to its unique electronic and photocatalytic properties. It 
is also a promising candidate to be used as an additive material for self-
cleaning membranes. However, it is unknown whether phosphorene can 
be released from such membrane at toxic concentrations. The objectives 
of this study were 1) to develop novel phosphorene membranes with mini-
mal toxicity to a model organism Caenorhabditis elegans and 2) to test 
ability of phosphorene to breakdown per- and polyfluoroalkyl substances 
(PFAS), which are known for their environmental persistence and toxicity, 
into less toxic compounds. The unbound form of phosphorene caused 
mortality to C. elegans in moderately hard reconstituted water (MHRW) 
starting at 45 mg/L. The reproduction, which is a more sensitive endpoint, 
demonstrated decrease to the unbound phosphorene at 2 mg/L. To prepare 
polymeric nanocomposite membranes, phosphorene was incorporated 
into a blend of polysulfone (PSf) and sulfonated poly ether ether ketone 
(SPEEK). There were no significant changes observed in morphology and 
structure of the membranes when phosphorene was added. The multiple 
filtration of MHRW through the phosphorene membranes did not show 
toxicity to C. elegans at both endpoints tested, and the phosphorene 
concentration in the filtrates was below detection level indicating that no 
release of phosphorene from the membranes was occurring. Our pre-
liminary data with PFAS, Perfluorooctanoic acid (PFOA), and unbound 
phosphorene suggest that there is a decrease in PFOA concentrations, 
but experiments to investigate whether this phenomenon is due to PFOA 
adsorption or degradation are currently ongoing. We are also examining 
whether there is a change in toxicity of PFOA to C. elegans mutant strains 
after treatment with phosphorene.

1.11.22 Cross-Boundary Transport of Nanoparticles Via Merolimnic 
Insects Compromises Aquatic Subsidy Quality
M. Bundschuh, Institute for Environmental Sciences University of 
Koblenz-Landau / Department of Aquatic Sciences and Assessment; 
A. Feckler, D. Englert, R. Rosenfeldt, University of Koblenz-Landau /, 
Institute for Environmental Sciences; R. Bundschuh, SETAC Europe; S. 
Lüderwald, BASF SE / iES Landau, Institute for Environmental Sciences; 
F. Seitz, J.P. Zubrod, R. Schulz, University of Koblenz-Landau / Institute 
for Environmental Sciences
Knowledge on how and to which extent contaminants are transported 
from the aquatic environment to terrestrial ecosystems is still scarce. The 
emergence of merolimnic aquatic insects may constitute one potential 
pathway for contaminants directly into terrestrial food webs. At the same 
time, contaminants may cause adverse effects on the temporal emergence 
pattern and nutritional quality of aquatic insects. Consequently, both 
the trophic transfer of contaminants by and shifts in the availability and 
quality of aquatic subsidies can be of serious concern for the well-being of 
terrestrial predators and their offspring. To address this issue, we exposed 
caddisfly larvae (Chaetopteryx villosa) towards nanoparticles (4 and 
400 µg nTiO2/L; 6.5 µg nAu/L) as model contaminants for 140 d using 
a laboratory flow-through stream microcosm system. In addition, the 
photocatalytic effects of nanoparticles on the response of Chaetopteryx 
were assessed by additional exposure to ultraviolet irradiation at ambi-
ent intensities. Consumption of leaf material, survival, emergence rate 
and its temporal pattern, energy reserves (=lipids), and concentration of 
nanoparticles in adult (emerged) organisms were monitored.The temporal 
emergence pattern and energy reserves of adult caddisflies were affected 
by nanoparticle presence. Nanoparticles delayed Chaetopteryx emergence 
by ≤30 days and reduced lipid reserves by ≤40%. More importantly, 

emerging Chaetopteryx carried substantial concentrations of nTiO2 (up to 
2.68 ng/mg) and nAu (1.51 ng/mg). These results underline the conjec-
tured potential for nanoparticle transfer from the aquatic to the terrestrial 
ecosystem via the emergence of merolimnic aquatic insects. Based on 
the assumptions that environmental concentrations of nTiO2 and nAu 
reach those tested here and that the internal concentrations are compa-
rable among merolimnic insect species, fluxes of nTiO2 and nAu from the 
aquatic to the terrestrial environment can potentially be as high as 2.4-
56.5 mg/m2 and 1.4-31.8 mg/m2. It is suggested that terrestrial predators 
feeding on emerging aquatic insects may ingest substantial amounts of 
nanoparticles and may additionally suffer from alterations in the temporal 
availability and nutritional quality of their prey. Therefore, nanoparticles 
may ultimately decouple aquatic and terrestrial food webs with meta-eco-
system level consequences, considering the substantial transfer of insect 
biomass to terrestrial ecosystems.

1.11.23 Colloidal Transformations of Agriculturally Relevant 
Phosphorus Based Nanomaterials Determines Their Aquatic Fate 
and Effects on Microalgal Species
A. Priyam, Deakin University / School of Life and Environmental 
Sciences; C. Tripathi, The Energy and Resources Institute (TERI) / 
Sustainable Agriculture Division; A.G. Schultz, Deakin University / 
School of Life and Environmental Sciences; P. Singh, The Energy and 
Resources Institute (TERI) / Sustainable Agriculture Division
In recent years there has been an increase in the global development and 
commercialisation of engineered nanomaterials (ENMs) for agricultural 
applications, such as fertilisers and pesticides due to their small size and 
high surface area to volume ratios. The addition of these ENMs to the 
environment can result in their interaction with various biotic and abiotic 
components that can transform the ENMs from their pristine form and 
alter their behavior, fate, transport and overall impacts on the environ-
ment. Limited research has assessed the behaviour of these agriculturally 
relevant NMs in aquatic environments and so this study provides an 
in-depth time-course analysis of the behaviour of biologically synthesized 
phosphorous-based nanomaterials (P-based NMs) in response to vary-
ing water salinities and pH. The biogenic P based NMs were examined 
for electrokinetic properties and hydrodynamic diameters to determine 
the stability of these ENMs in different water types in a time-dependent 
manner. Interaction energies based on Derjaguine-Landaue-Verweye-
Overbeek (DLVO) theory were calculated, which corroborated their 
observed behavior (aggregation and stability) on interaction with different 
water types. Furthermore, in order to investigate the potential impact of 
pristine and transformed forms of these NMs on aquatic species a time-
dependent study (up to 72h) on freshwater (Scenedesmus t3x) and marine 
(Dunaleilla tertiolecta) species of microalgae was also carried out. The 
biomass, chlorophyll and lipid contents were analysed after analysing 
the interactions of the ENMs with microalgae. The study showed that 
P based NMs aggregate under high saline and in basic water environ-
ments, however, in acidic conditions the ENMs dissoluted with time with 
significant aggregation and dissolution after 6-8h. The preliminary results 
obtained by following the OECD test guideline 201 suggested that these 
ENM’s are non-toxic to microalgae up to a concentration of 1000 μg/mL 
due to their aggregation and possible sedimentation in aquatic media. 
The transformative changes of the ENMs are predominantly influenced 
by their interaction with water type, water chemistry, abiotic and biotic 
factors. Understanding the impacts of these ENM interactions and trans-
formations in different water sources is essential to predict potential risk 
to environment and human health. 
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1.11.24  Phytotoxicity Assessment of Mycosynthesized Iron Oxide 
Nanoparticles on Oryza sativa (Asian Rice) in Different Soil Types
S. Gehlout, Deakin University / School of Life and Environmental 
Sciences; L.O. Afonso, Deakin University / Marine Science; A.G. Schultz, 
Deakin University / School of Life and Environmental Sciences; P. Singh, 
The Energy and Resources Institute (TERI) / Sustainable Agriculture 
Division
The development of nano-based iron fertilisers has been accelerated in 
recent years to overcome shortcomings of the conventional bulk fertilis-
ers currently used in agricultural practices. A number of physical and 
chemical techniques have been previously developed for the synthesis of 
these new nanofertilisers. However, most of these synthesis methods are 
hazardous to the environment and living organisms. Therefore, the devel-
opment of eco-friendly and nontoxic methods for the synthesis of greener 
nanofertilisers is of utmost importance to expand their agricultural 
application. In this study, we have synthesized iron oxide nanoparticles 
(nFe3O4) employing a biogenic approach, using an isolate of Aspergillus 
terreus. Physicochemical characterization of the synthesized nFe3O4 
were carried out using UV-Vis spectroscopy, DLS, XRD and, TEM, and 
confirmed the successful synthesis of the nanoparticles. The mechanism 
underlying the synthesis was then investigated using nitrate reductase 
(NR) enzyme-inhibition assay, which showed the role of the enzyme NR 
in the synthesis of nFe3O4. Furthermore, in order to corroborate the pos-
sibility of its application for agriculture purposes, the effect of biogenic 
nFe3O4 was evaluated on different strains of plant-growth-promoting 
bacteria and Oryza sativa (asian rice) at different concentrations of the 
nanomaterials (10 and 100 μg/mL). This study also looked at the effect 
of soil pH on the efficiency of nFe3O4 for agricultural applications. The 
results showed no bactericidal effect of the nFe3O4 on any of the bacterial 
species tested up to a concentration of 100 µg/mL. Similarly, evaluation 
of the phytotoxic effects of nFe3O4 application showed a beneficial effect 
of the nano additives on plants in terms of percentage germination (30%), 
wet (55%) and dry biomass (40%) and shoot length (10%) in comparison 
to the bulk controls for all soil types. The most valuable after-effects were 
observed on the application of nFe3O4 to soil having neutral pH. To our 
knowledge, this is the first study concerning the synthesis and the effect 
of biogenic nFe3O4 on the rice plants in soils with different pH conditions.

1.11.25 Nanoscale Micronutrients to Enhance Crop Disease 
Resistance: Unintended Consequences in the Rhizosphere?
J.C. White, Connecticut Agricultural Experiment Station; J. 
Vangronsveld, Universiteit Hasselt; L. Zhao, Nanjing University; W. 
Elmer, The Connecticut Agricultural Experiment Station
Achieving global food security will become increasingly difficult as a 
changing climate increases crop loss due to greater pathogen activity. 
Nano-enabled agrichemical delivery platforms can manage pathogens and 
increase productivity with reduced negative environmental consequences. 
We have used nanoscale micronutrients to suppress crop diseases 
through modulation of plant nutrition. We have shown the potential of Cu 
nanomaterials to enhance the nutrition and growth of tomato, eggplant, 
watermelon, and soybean upon fungal infection. The particles were foli-
arly applied once to seedlings prior to greenhouse or field growth. Fungal 
infection reduced plant growth by up to 65% across all species but foliar 
amendment with nanoscale Cu significantly reduced disease. Disease was 
reduced by 31-40% in tomato, resulting in greater plant mass. Similar 
findings were reported for field studies with soybean, eggplant and 
watermelon. In tomato and soybean, the time-dependent expression of 
plant-defense genes was uniquely modulated by nanoscale amendment. 
However, any application of nanotechnology in agriculture must include 
a thorough understanding of the potential implications. We have shown 
that certain nanoscale materials may offer some benefit to the plant but 
also cause negative changes in the rhizosphere microbial community. 
For example, there is significant interest in using nanosilver for pathogen 
control. We analyzed the metatranscriptome of the maize rhizosphere 
and observed multiple unintended effects of 117-d exposure to 100 mg/kg 
nanosilver. The Archaea population was reduced by 30%, compromising 

their involvement in nitrogen cycling. Certain phytopathogenic fungal 
groups showed significantly increased abundance, likely due to the 
negative effects of nanosilver on bacteria that exert natural biocontrol. A 
separate study with cucumber showed similar findings using a GC-MS-
based metabolomic approach to evaluate rhizosphere impacts from 
nanosilver exposure. The results highlight the potential of nano-enabled 
strategies to increase food production but also highlight the importance 
of a thorough understanding of the relevant mechanisms of action so as to 
ensure the sustainability of these approaches.

1.11.26 Assessment of Nanoplastic Skin Penetration Using 3D 
Human Skin Cell Cultures
W. Xu, L. Martin, S. Marbach, Texas A&M University, Corpus Christi / 
Life Sciences
Plastics production surpasses all other synthetic material production glob-
ally and is accumulated in landfills and the natural environment. After 
disposal, these plastics are fragmented by UV irradiation and mechanical 
means, over time, into nanoscale plastic (NP) particles. Although there 
are many possible routes of human exposure, very little has been reported 
regarding the entry of NPs through skin absorption. To assess the entry 
of NPs through human skin and the potential risk of NP accumulation 
in skin cells, we adopted a previously developed 3D human cell cul-
ture model to the study. This model includes a stratified multi-layer of 
keratinocytes and a separate phase containing dermal fibroblast cells, 
which simulates the human skin structure and the interactions between 
keratinocytes and fibroblast cells. Fluorescently labeled NP particles, with 
a diameter of 100 nm, were applied to the top of the stratified keratinocyte 
culture. The penetration of the NPs through the multiple layers of the 
keratinocytes, the entry of NPs to keratinocytes, and the absorption of 
NPs by co-cultured dermal fibroblast cells were all visualized by scan-
ning fluorescent microscopy. The genetic regulation of the keratinocyte 
and fibroblast cells in response to the entry of NPs were also analyzed. 
The results suggested that the NPs went through the stratified keratino-
cytes and reached to the basal layer cells with 6 hours of penetration. 
The NPs were either retained by keratinocytes or the co-cultured dermal 
fibroblast cells. The mRNA levels of several proinflammatory cytokines 
were altered in the keratinocytes with the NPs. The activation of dermal 
fibroblast cells containing NPs was also found by the fibroblast cell 
activation markers. The results indicated that the entry of NPs to human 
skin resulted in a risk of skin inflammatory diseases. Individuals, such as 
elderlies, children, and those with compromised skin barrier functions, 
may under higher risks when exposed to NPs.

1.11.27  Nano-QSAR: An In Silico Modeling to Predict Inter-Species 
Acute Toxicity Between Daphnia and Fish
U. Jung, Seoul National University of Science and Technology / Dept. 
of Environmental Engineering; H. Shin, Korea Institute of Toxicology 
/ Toxicoinformatics; K. Kim, Seoul National University of Science and 
Technology / Department of Environmental Engineering
Engineered nanomaterials (ENMs) have been widely used in industrial 
and commercial products for decades. As adverse effects on aquatic envi-
ronment have been concerned, efforts on in silico methodology such as 
Quantitative Structure Activity Relationships (QSARs) modelling, have 
been attempted to predict ecological ENM toxicity. However, no study 
was reported for predicting inter-species ENM toxicity. We have first 
performed the meta-analysis in silver nanoparticles (Ag NPs) to correlate 
their acute toxicity (i.e., LC50) between daphnia and fish by using 66 
publications. On the basis of the Euclidean distance (E.D), we developed 
a nano-QSARs model, showing that correlation of acute toxicity between 
daphnia and fish was revealed to be the highest when the distance was 10. 
The correlation of bare Ag NPs (R2bare=0.54, RMSEbare=0.66) was higher 
than that of coated Ag NPs (R2coated=0.42, RMSEcoated=0.93), the latter 
was improved to be R2coated=0.52 by applying the descriptors of coat-
ing materials based on Simplified Molecular-Input Line-Entry System. 
In addition, we found that the correlation was enhanced by considering 
particle size, and better correlation was derived in the consideration of 
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both particle size and zeta potential in the same time. We demonstrate that 
an E.D approach and further application of physicochemical properties 
are efficient to develop a nano-QSARs model to predict inter-species 
acute toxicity of Ag NPs between daphnia and fish. This study provides 
insight for future in silico research on QSAR model development in 
ENM toxicology. Keywords : Engineered nanomaterials(ENMs), Silver 
nanoparticles, Nano-QSAR, Interspecies toxicity

1.11.28 Toward Achieving Harmonization in a Nanocytotoxicity 
Assay Measurement Through an Interlaboratory Comparison Study
J.E. Elliott, NIST; M. Rösslein, Empa - Swiss Federal Laboratories for 
Materials Science and Technology / Particles-Biology Interactions 
Laboratory; B. Toman, NIST; A. Kinsner-Ovaskainen, JRC; M. Salit, 
NIST; E. Petersen, National Institute of Standards and Technology / 
Biosystems and Biomaterials Division; F. Sequeira, E. Romsos, NIST; 
N. Song, J. Lee, KRISS; N. von Moos, École Polytechnique Fédérale 
de Lausanne; F. Rossi, European Commission, Joint Research Centre / 
Institute for Health and Consumer Protection; C. Hirsch, EMPA; H.F. 
Krug, Empa Swiss Federal Laboratories for Materials Science and 
Technology; R. Maniratanachote, Nanotec; P. Wick, Empa Swiss Federal 
Laboratories for Materials Science and Technology / Particles-Biology 
Interactions Laboratory
Development of reliable cell-based nanotoxicology assays is impor-
tant for evaluation of potentially hazardous engineered nanomaterials. 
Challenges to producing a reliable assay protocol include working with 
nanoparticle dispersions and living cell lines, and the potential for nano-
related interference effects. Here we demonstrate the use of a 96-well 
plate design with several measurement controls and an interlaboratory 
comparison study involving five laboratories to characterize the robust-
ness of a nanocytotoxicity MTS cell viability assay based on the A549 
cell line. The consensus EC50 values were 22.1 mg/L (95% confidence 
intervals 16.9 mg/L to 27.2 mg/L) and 52.6 mg/L (44.1 mg/L to 62.6 
mg/L) for positively charged polystyrene nanoparticles for the serum-
free and serum conditions, respectively, and 49.7 μmol/L (47.5 μmol/L to 
51.5 μmol/L) and 77.0 μmol/L (54.3 μmol/L to 99.4 μmol/L) for positive 
chemical control cadmium sulfate for the serum-free and serum condi-
tions, respectively. Results from the measurement controls can be used 
to evaluate the sources of variability and their relative magnitudes within 
and between laboratories. This information revealed steps of the protocol 
that may need to be modified to improve the overall robustness and preci-
sion. The results suggest that protocol details such as cell line ID, media 
exchange, cell handling, and nanoparticle dispersion are critical to ensure 
protocol robustness and comparability of nanocytotoxicity assay results. 
The combination of system control measurements and interlaboratory 
comparison data yielded insights that would not have been available by 
either approach by itself.

12. Per- and Polyfluoroalkyl Substances (PFAS): 
Analytical and Site Assessment Tools to Understand 
the Fate and Transport of PFAS at Contaminated 
Sites
1.12.01  Determination of Per- and Polyfluorinated Alkyl Substances 
(PFAS) in Drinking Water Using Automated Solid Phase Extraction 
and LC-MS/MS
C. Qiu, X. Zhang, R. Ullah, W. Chen, Y. Liu, C. Shevlin, Thermo Fisher 
Scientific
Per- and polyfluorinated alkyl substances (PFAS) are a group of 
man-made chemicals including perfluorooctanoic acid (PFOA), per-
fluorooctanesulfonic acid (PFOS), and GenX chemicals that have been 
manufactured and used in a variety of industries globally. PFAS are 
currently of great public health and environmental concern due to their 
persistence and adverse human health effects. In this presentation, we will 
discuss the development of an analytical method using an automated solid 

phase extraction (SPE) system and LC-MS/MS for determination of eigh-
teen PFAS following the guidelines provided by USEPA Method 537.1. 
We have demonstrated that the method provides reliable automated SPE 
for determination of PFAS in large-volume (20 mL-4 L) aqueous samples, 
meeting the requirements of USEPA Method 537.1.

1.12.02  What PFAS Are Present in Samples After the Total Oxidized 
Precursor (TOP) Assay? Application of High-Resolution Mass 
Spectrometry (HRMS) for Improved Understanding of TOP
N. Kumar, Texas Tech University / Environmental Toxicology; M. Shojaei, 
S. Chaobol, J. Guelfo, Texas Tech University / Department of Civil, 
Construction, and Environmental Engineering
Per-and polyfluoroalkyl substances (PFAS) pose a threat to the environ-
ment and are being extensively used as surfactants in various applications, 
including aqueous film-forming foams (AFFF). By some estimates, 
thousands of PFAS may be environmentally relevant, many of which are 
difficult to analyze in environmental media due to a lack of analytical 
standards. One tool that has been applied to quantify this “unknown” 
fraction of PFAS is the total oxidizable precursor assay (TOP). TOP 
is an indirect measure of total precursors, which are compounds that 
may transform into perfluoroalkyl carboxylates (PFCAs). During the 
TOP assay polyfluorinated alkyl substances (precursors) oxidize into 
measurable PFCAs in the presence of hydroxyl radicals. However, there 
are technical and practical challenges with the TOP assay. A primary 
concern is the lack of or incomplete oxidation of some polyfluoroalkyl 
substances leading to underestimation of total PFAS in a sample. Another 
tool for identifying the “unknown” PFAS fraction is high-resolution mass 
spectrometry (HRMS) suspect screening, which has recently enabled 
researchers to identify suspect PFAS, without analytical standards, in 
complex mixtures like AFFF and environmental media. Application of 
suspect screening to samples subjected to TOP may also elucidate the 
efficacy of TOP. The goal of the current project was to couple TOP and 
suspect screening of one AFFF and one AFFF-impacted soil sample 
to determine 1) which PFAS remained in samples following applica-
tion of TOP and 2) if any PFAS other than PFCAs should be included 
as routinely monitored TOP endpoints. The foam and soil samples were 
initially characterized using both targeted analysis and suspect screening 
using HPLC-QTOF (X500R, Sciex) in ESI negative and positive modes. 
Next, the same samples were subjected to TOP and reanalyzed using 
both targeted analysis and suspect screening to measure increased PFCA 
concentrations and incomplete or unoxidized PFASs. Analytes identified 
with suspect screening were quantified using a previously published semi-
quantitative method. Preliminary data indicated the presence of various 
incomplete/unoxidized classes of PFAS in post-TOP samples, including 
O-PFAS, Cl-PFAS, UPFAS, H-UPFAS, F5S-PFAS, F5S-PFAA. This 
suggests that these classes of PFAS are recalcitrant to TOP conditions and 
could be terminal degradation products like PFCAs. Semiquantitative 
(SQ) analysis suggests that a failure to account for these PFAS during 
TOP leads to underestimation of total PFAS by about 12.01 % in the foam. 
To our knowledge, suspect screening has not previously been coupled 
with the TOP assay to explore TOP effectiveness. Our results improve the 
understanding of total PFAS concentrations through identification of par-
tial or unoxidized PFAS classes that may need to be routinely monitored 
after TOP. Finally, though TOP is not representative of degradation under 
environmental conditions, these findings may nevertheless aid in under-
standing which recalcitrant PFAS should be included for targeted analysis 
during environmental monitoring of PFAS.

1.12.03  PFAS Analysis With a Total Organic Carbon Instrument
J. Wang, University of Nevada, Reno; R. Marfil-Vega, Shimadzu Scientific 
Instruments; D. Hanigan, University of Nevada, Reno
Per- and polyfluoroalkyl substances (PFASs) are class of man-made 
chemicals that have been widely used in various industrial processes 
and products including fire-fighting foams. In addition to their global 
widespread application, PFAS are environmentally stable and therefore 
are concerning from an environmental and human health perspective. 
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Sampling and quantifying PFASs is challenging because the process is 
time-consuming, requires costly instrumentation and expertise (LC-MS/
MS), and fails to capture many organofluorine transformation products 
and precursors that may also pose other health hazards. In this study, we 
investigated the adaptation of total organic carbon instrumentation as a 
combustion furnace to combust organofluorine to HF gas because the 
instrumentation is readily available in environmental laboratories. We 
evaluated the effects of combustion oven temperatures, carrier gasses, 
furnace packing material and pH on the conversion of PFASs to HF gas. 
HF was measured by capturing the gas as F- in an impinger and measure-
ment by IC. Across 12 PFAS species, recovery of F in the impinger ranged 
from 40% to 80%, and was dependent on alkyl chain length and terminal 
functional group. Additional experiments were conducted to evaluate 
removal of interfering inorganic fluoride with two metal oxides which 
chemically sorb HF at reduced solution pH.

1.12.04  Per- and Polyfluoroalkyl Substance Dark Matter: Role of 
Total Organofluorine Analysis
H.L. Lord, L. Khachatryan, Bureau Veritas Laboratories / Environmental 
Research and Development; R. Major, Bureau Veritas Laboratories / 
Ontario Environmental Services; T. Obal, Bureau Veritas Laboratories
Significant effort continues in delineating the extent of Per- and 
Polyfluoroalkyl Substance (PFAS) contamination and recent advances in 
remedial approaches hold promise. However, the extent of remedial effort 
required for many of these sites remains unknown due to the presence 
of large PFAS precursor compounds and other unknown or uncharacter-
ized PFAS, which are not included as part of the suite of PFASs routinely 
monitored but over time may transform to the monitored compounds or 
otherwise contribute to the risk burden of a site. The challenge in account-
ing for this pool of undetermined PFAS can be significant as its nature 
and quantity is generally unknown (the Dark Matter). Bureau Veritas 
Laboratories is actively developing technologies to determine the magni-
tude of total PFAS including the Dark Matter in environmental matrices 
such as soil, water and biota. In this presentation two of the available 
technologies for providing data on total PFAS – Total Organofluorine by 
Combustion Ion Chromatography and – Total Organofluorine by Neutron 
Activation Analysis will be discussed. We will describe achievements to 
date in developing practical methods for both technologies as well as les-
sons learned and anticipated next steps. The role that these new analysis 
options are likely to take in the investigation of PFAS sources and reme-
diation will be described. Keywords: Methods, Monitoring, Remediation, 
PFAS

1.12.05  High-Throughput Suspect Screening for PFAS in 
Environmental Waters by Online Solid Phase Extraction and High-
Resolution Mass Spectrometry
L. Ferguson, Duke University / Civil and Environmental Engineering, 
Nicholas School of the Environment; G.J. Getzinger, Duke University / 
Civil and Env. Engineering
Per- and polyfluoroalkyl substances (PFAS) are a ubiquitous and per-
sistent class of organic pollutants. PFAS occur widely in drinking water 
sources, prompting concerns regarding human exposure and poten-
tial health effects. PFAS risk assessment necessitates identification of 
trace-level unknown PFAS, which requires determinative methods with 
detection limits in the ng L-1 range and the ability to provide detailed 
molecular and structural information. High-resolution mass spectrometry 
(HRMS) enables comprehensive characterization of PFAS. However, 
application of HRMS PFAS screening approaches is currently limited by 
poor method throughput incurred through extensive sample preparation 
and manual mass spectral interpretation steps. Here we report the devel-
opment of peak-focusing online solid phase extraction-HRMS method for 
the analysis of PFAS in environmental waters. Filtered 10 mL water sam-
ples were injected into an automated fluidics system with PFAS analyte 
capture by weak anion exchange chromatography and subsequent analyte 
transfer to a reverse-phase UHPLC column for separation prior to detec-
tion by electrospray high-resolution Orbitrap MS/MS. Method validation 

using forty-five model PFAS compounds revealed detection limits in the 
low- ng L-1 range and suitable recoveries and precision (< 10% RSD). 
Evaluation with NIST standard reference materials indicated quantitative 
accuracy averaged 93%. We have applied the developed method to detect 
and identify PFAS compounds in stormwater impacted by an AFFF spill 
in North Carolina. We used a suspect screening approach incorporating a 
custom PFAS molecular database, expanded experimental and predicted 
tandem mass spectral libraries, and computational mass spectrometry and 
cheminformatics approaches to annotate detected PFAS compound struc-
tures and explore precursor-transformation product relationships among 
compounds. A number of AFFF-derived PFAS structures were annotated 
as prominent features in the data set, including 6:2 fluorotelomer thioether 
amido sulfonic acid (6:2 FTSAS) and associated hydrolysis and oxidation 
products of this compound. Overall, results indicate that the developed 
methodology is suitable for high-throughput structural characterization of 
PFAS compounds in environmental waters at trace levels.

1.12.06 Non-Targeted Analysis Supports Widespread 
Characterization Efforts for PFAS in Industrially Impacted New 
Jersey
J.P. McCord, M.J. Strynar, K.E. Miller, U.S. Environmental Protection 
Agency / Center for Environmental Measurement and Modeling (CEMM)
Per- and polyfluoro alkyl substances (PFAS) are an environmentally 
persistent and high interest class of chemical pollutants with a rapidly 
expanding roster. High resolution mass spectrometry (HRMS) has been a 
workhorse technique supporting non-targeted approaches to sample anal-
ysis, compound discovery, and chemical characterization across a range 
of media and unique circumstances. Concerns over the potential human 
health impact from long-term exposure to legacy PFAS has resulted in 
the development of numerous novel replacement species in recent years. 
Environmental-monitoring activities have been crucial in identifying 
the existence and environmental spread of emerging compounds in 
environmental media, such as water and soil. New Jersey has shown 
nationally elevated levels of PFAS, motivating additional examination of 
environmental samples to identify potential emerging PFAS contamina-
tion. While examining surface and ground water in southern New Jersey 
we were able to detect and characterize a chlorinated, perfluorinated 
ether (ClPFPECA) and determine its likely origin from discharge of 
Solvay Specialty Polymers, a local fluoropolymer manufacturer. Several 
homologous compounds, as well as dechlorinated degradants/byproducts 
were identified as widespread contaminants in the region. Water from 
local potable wells was analyzed by non-targeted analysis to monitor the 
relative concentration of the emerging contaminants when subjected to 
activated carbon treatment systems. The systems appeared to be equally 
effective at removing emerging and legacy contaminants in the affected 
waters. Raw feedstocks were acquired and characterized by high resolu-
tion mass spectrometry to determine the source materials, additional trace 
contaminants, and to provide better quantitative estimates of environmen-
tal PFAS levels.

1.12.08  Analytical and Site Assessment Tools to Understand the Fate 
and Transport of PFAS at Contaminated Sites
N. DeStefano, North Carolina State University; A. Joyce, Duke University 
/ Civil and Environmental Engineering; Y. Han, M. Sun, University of 
North Carolina at Charlotte / Civil and Environmental Engineering; 
N. Alexander, North Carolina State University / Civil, Construction 
and Environmental Engineering; L. Ferguson, Duke University / Civil 
and Environmental Engineering, Nicholas School of the Environment; 
D. Knappe, North Carolina State University / Civil, Construction and 
Environmental Engineering
Past studies suggest that drinking water supplies in NC are vulnerable 
to contamination by per- and polyfluoroalkyl substances (PFAS). For 
example, high levels of emerging PFAS, such as GenX, were identified in 
finished drinking water downstream of a fluorochemical manufacturing 
plant on the Cape Fear River through non-targeted approaches. Standard 
analytical methods typically target < 30 legacy PFAS and do not include 
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many per- and polyfluoroalkyl ether acids and other emerging PFAS. 
Drinking water providers and residents throughout the state of NC want 
to know if PFAS are present in their water supplies. In response, state 
legislation mandated the formation of a network of academic researchers 
to address this information gap. The PFAS Testing Network was formed 
in response, and participating researchers developed a combination of 
targeted and non-targeted workflows for PFAS detection in conjunction 
with an adsorbable organic fluorine (AOF) method. In this work, raw 
water was collected from 191 municipal surface water systems and 149 
municipal ground water systems. Results from liquid chromatography 
triple quadrupole mass spectrometry (LC-TQ/MS) show that 30 PFAS 
out of 48 total targets were present in at least 1 water system, 11 of which 
would have been missed by EPA Method 537 and by EPA Method 533. 
The highest PFAS concentrations (up to 1170 ng/L) were detected in water 
supplies impacted by wastewater and air emissions from a fluorochemical 
manufacturer. Both groundwater systems in the vicinity of the plant as 
well as surface water systems located ~100 miles downstream of the plant 
were impacted. Dominant PFAS in these samples were fluoroethers, such 
as PFMOAA, PFO2HxA and PMPA, most of which are not targeted by 
standard PFAS methods. To assess whether our targeted method missed 
important PFAS, we used non-target workflows using high liquid chroma-
tography high resolution mass spectrometry (LC-HRMS) and adsorbable 
organic fluorine (AOF) analysis. Data analysis for the latter approaches is 
ongoing. The results of these strategies will be presented in this talk.

1.12.09 Validation of Novel Software for Non-Targeted Analysis of 
PFAS
S.L. Nason, Connecticut Agricultural Experiment Station / Environmental 
Science; J.P. Koelmel, Yale University / School of Public Health 
Environmental Health Sciences YSPH Global Health Concentration; N. 
Zuverza-Mena, Connecticut Agricultural Experiment Station / Analytical 
Chemistry; J.A. Bowden, The University of Florida; K. Pollitt, Yale 
University / Environmental Health Sciences
Per and polyfluoroalkyl substances (PFAS) are a class of highly toxic con-
taminants. Over 7,500 PFAS are listed on the EPA CompTox Dashboard, 
but standards are available for less than 2% of listed PFAS. Liquid 
chromatography – high resolution mass spectrometry based non-targeted 
analysis is therefore a highly useful technique for identifying the range 
of PFAS present in environmental samples. However, non-targeted data 
analysis is lengthy and has a steep learning curve, leading to a bottleneck 
that delays results. Recently, FluoroMatch, a new open source, vendor 
neutral software, was developed specifically for the purpose of automat-
ing data processing for non-targeted analysis of PFAS. Instrument files 
can be used directly, or FluoroMatch can be interfaced with additional 
data analysis programs. FluoroMatch screens for over 7,000 PFAS in 
72 (sub)classes and provides annotations based on m/z values for MS2 
fragments. We analyzed soil contaminated with aqueous film forming 
foam (AFFF), and compared the results generated by FluoroMatch to 
those obtained using Compound Discoverer, an established non-targeted 
analysis software program. The analysis with Compound Discoverer 
found more potential PFAS compounds overall, but FluoroMatch identi-
fied PFAS in more classes. The results were very similar for compounds 
with high confidence of identification, with 27 out of 31 compounds found 
using both methods, suggesting high quality PFAS annotation using both 
software programs. The FluoroMatch method was faster, simpler to set 
up, and required significantly less manual curation than the Compound 
Discoverer method. FluoroMatch is a promising new analytical tool for 
assessing PFAS contamination.

1.12.10 Multi-Lab Study Evaluating the Validity of Quadrupole 
HRMS in Quantification and Screening of PFAS
T. Anumol, R. Hindle, Vogon Labs; J. Pyke, Agilent Technologies; B. 
Clarke, University of Melbourne / School of Chemistry
Per/Polyfluoroalkyl substances (PFAS) have uniquely desirable properties 
for use in various industries. However, their wide-ranging use leads to 
emission into the environment, and their persistent and bioaccumulative 

properties are a concern in the environment. Traditionally, methods such 
as USEPA 533, 537 and ASTM 7979 are designed to monitor a small 
and discrete number of PFAS compounds using tandem quadrupole 
LC/MS. These methods strive to analyze PFAS at low ng/L levels but 
can be limited in scope. The total fluorinated compounds in a sample 
may be underestimated by not monitoring the precursor compounds 
of which these compounds are formed from with >4,000 known to 
have been manufactured globally. Other techniques such as the Total 
Oxidizable Precursor (TOP) Assay attempt to measure the total fluori-
nated compounds by forcing degradation of precursors into measurable 
end-products. However, this technique is time consuming and may not 
degrade all precursors into measurable end-products while giving no 
information on the identify of specific PFAS in the sample. Additionally, 
some countries have decided to phase out specific classes of PFAS manu-
facturing and use, which has led manufactures to find alternative classes 
of PFAS, leading to new precursors and degradation products being found 
in environmental samples. Identifying PFAS present in an environmental 
sample may impact decisions in treatment processes at remediation sites 
and help deduce possible degradation products that could exist in the envi-
ronment. Consequently, scientists are interesting in looking at several of 
the thousands of other PFAS that may be present. Traditional instruments, 
such as LC-MS/MS technology, are targeted to quantify commonly 
monitored PFAS end-products. This study conducted a multi-lab valida-
tion across 4 labs using high-resolution LC/MS to evaluate environmental 
samples for quantification of target PFAS in an EPA method and also then 
report additional PFAS screened for and identified by HRMS. We will 
present method performance criteria for quantification of PFAS like spike 
recoveries, reproducibility, accuracy and blank evaluation seen in the labs 
and also an evaluation of the additional PFAS identified using non-target 
workflows. This is the first known multi-laboratory evaluation study for 
analysis of targeted and non-targeted PFAS using HRMS.

1.12.11  Determination of AOF in Aqueous Samples by Combustion 
IC As a Complementary Screening Method for PFAS
E. von Abercron, Hessian State Laboratory; D. Jensen, Thermo Fisher 
Scientific; U. Neist, I. Klocke, S. Georgii, H. Brunn, Hessian State 
Laboratory; C. Shevlin, Thermo Fisher Scientific
Per- and polyfluoroalkyl substances (PFAS) have unique chemical proper-
ties that have led to a wide variety of uses in many consumer products. 
Unfortunately, many of the characteristics that make them ideal for use in 
manufactured goods, such as their durability and persistence, also makes 
them a concern as environmental contaminants due to their toxicity and 
bioaccumulation in waters and soils. Two compounds have been the 
traditional focus to investigate environmental and health impacts, per-
fluorooctanoic acid (PFOA) and perfluorooctanoic acid sulfonate (PFOS). 
However, it has now been well established that there are possibly greater 
than 4000 compounds that can vary in length, linear or branched and 
ether telomer forms. USEPA methods 537 and 537.1 have been developed 
for PFAS determination using offline solid phase extraction (SPE) fol-
lowed by LC-MS/MS detection, but a more recent method, EPA method 
533, incorporates smaller length PFAS compounds, telomers and precur-
sor compounds. Despite the effort to add these additional compounds, the 
list of environmentally relevant fluoroorganic compounds and precursors, 
which cannot yet be analyzed, continues to grow. In addition, many PFAS 
compounds and their precursors, such as fluorinated pharmaceuticals, 
are not accounted for by existing analytical methods. Consequently, to 
increase our understanding of the total mass balance of PFAS compounds, 
there is great interest in a technique that permits a direct sum determina-
tion of as many PFAS compounds as possible in one analytical workflow. 
To accomplish this goal, a Combustion Ion Chromatography (CIC) 
method has been developed in which the halogen-containing organics 
(from aqueous samples) are first adsorbed onto activated carbon. The 
activated carbon is then washed to remove inorganic halides. Sample 
and adsorbent are combusted, and the combustion gases are absorbed 
in DI-water. This solution is subsequently analyzed by IC. This work 
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presents an automated method to determine a large variety of different 
PFAS by CIC and applies this approach to surface, ground, municipal, 
and industrial waste waters.

1.12.12  Supercritical Fluid Extraction for PFAS Extraction From 
Environmental Samples
R. Marfil-Vega, W. Hedgepeth, Y. Fujito, Shimadzu Scientific Instruments
The study of the occurrence of PFAS in multiple environmental and food 
samples has captured the attention of scientist in the past years. Currently, 
sample preparation for the analysis of PFAS in tissue and other solid sam-
ples are laborious, include multiple steps and cannot be easily automated. 
Supercritical Fluid Extraction (SFE) is an alternative for these methods 
that addresses the drawbacks mentioned above. In this presentation, we 
will demonstrate the suitability of SFE for the analysis of 18 PFAS in fish 
tissue. Extraction efficiency, reproducibility, and dynamic range will be 
discussed together with the automated workflow that was implemented for 
the analysis of PFAS in several types of fish.

1.12.13  Occurrence, Fate and Fish Uptake of Per- and 
Polyfluoroalkyl Substances After an Accidental Pulsed Aqueous 
Film Forming Foam Discharge
L.M. McIntosh, Woodard & Curran, Inc. / Risk Assessment Services; B. 
Chandramouli, SGS AXYS; T. Fitzpatrick, SGS AXYS Analytical Services 
Ltd.; D. Bryant, Woodard & Curran
The use of per- and polyfluoroalkyl substances (PFAS) in multiple appli-
cations including aqueous film forming foam (AFFF) have resulted in 
widespread contamination. When discharges, especially unplanned, occur 
into waterbodies used for recreation, food and water consumption, risk 
assessment and the development of fish consumption advisories require 
sustained, multi-compartment monitoring of PFAS. The complexity, 
need for multi-matrix assessment, and the generation of temporal trends 
to assess fate and fish uptake require particular attention to the quality 
of the PFAS methods used to generate the data. In 2019, two discrete, 
pulsed discharges of AFFF occurred at the Bradley Airport in Hartford, 
Connecticut, ultimately reaching the Farmington River. , AFFF was acci-
dentally discharged to a sanitary sewer, through a wastewater treatment 
plant, and released from an outfall to the Farmington River. Emergency 
responses to recover the foam were conducted in the river after the 
discharge occurred. In the second event, AFFF was used in an emergency 
response to a plane crash. Despite efforts to contain the release at the 
time of the accident, AFFF was discharged through surface stormwater 
conveyances to a brook that drains into the Farmington River. Detailed 
collection of samples from surface water, sediment and two species of fish 
conducted for up to one year following the discharges provides a record 
of how PFAS concentrations within the watershed attenuate after these 
high-volume, pulsed discharge events. Samples of AFFF product, waste-
water and biosolids were also analyzed to evaluate potential multi-source 
contributions of PFAS throughout the discharge conveyance system. 
Since the first event, multiple rounds of surface water and fish tissue con-
centrations of 33 target PFAS were monitored using isotope dilution liquid 
chromatography-tandem mass spectrometry (LC-MS/MS) following each 
discharge, from locations upstream, at, and far downstream of the dis-
charge points, in order to evaluate residual concentrations and for risk and 
fish consumption advisory assessments. The resulting data demonstrate 
that surface water PFAS concentrations return to ambient conditions 
within several weeks after discharge but that fish tissues, which preferen-
tially accumulated PFOS, especially in predatory species, exhibit a longer 
attenuation period to return to ambient background conditions.

1.12.14  Occurrence of Per- and Polyfluoroalkyl Substances (PFAS) 
in Precipitation in the Central United States
K.A. Pike, P. Edmiston, College of Wooster / Chemistry; J.J. Morrison, 
College of Wooster / Mathematical & Computational Sciences; J. Faust, 
The College of Wooster / Chemistry
Per- and polyfluoroalkyl substances (PFAS) are a class of chemical con-
taminants of growing concern due to their persistence and toxicity. PFAS 
that are transported through the atmosphere can return to Earth’s surface 
by deposition. The concentrations of 15 PFAS species were monitored in 
precipitation samples collected at six locations in the Ohio-Indiana region 
of the U.S. during the summer of 2019 and compared to samples collected 
at a distant site in Wyoming. The total PFAS concentrations ranged from 
50-850 ng/L. Trifluoroacetic acid was the dominant compound at all 
locations. Concentrations of perfluorooctanoic acid (PFOA) and perfluo-
rosulfonic acid (PFOS) were similar to amounts observed over the past 20 
years, indicating persistence in the atmosphere. ANOVA modeling and 
correlation matrices were used to determine association of PFAS con-
centrations, location, and functional group and chain length. Statistically 
significant differences (p < 0.05) in PFAS profiles across sites separated 
by 10-100 km indicate that local point sources strongly contribute to wet 
deposition. This work introduces correlation plots for PFAS that allow 
rapid visual comparison of multi-analyte and multi-site data sets. Ongoing 
work seeks to extend the analysis to include fluorotelomer alcohols 
(FTOHs), which could be a source of PFAS in wet deposition.

1.12.15 Creation of a Groundwater Reference Material for Per- and 
Polyfluoroalkyl Substances
A.E. Rodowa, National Institute of Standards and Technology / EMT; 
J. Reiner, National Institute of Standards and Technology / Chemical 
Sciences Division
Reference materials (RMs) are homogeneous, well-characterized materi-
als that are used to validate measurements and improve the quality of 
analytical data. The National Institute of Standards and Technology has 
a wide range of RMs that have values assigned for clinically important 
analytes, legacy organic pollutants, and toxic metals. Per- and polyfluo-
roalkyl substances (PFAS) are abundant in the environment as a result of 
the use and disposal PFAS containing products including aqueous film-
forming foams, textiles, carpets, etc. As a result, PFAS are contaminants 
in groundwater, soil, sediment, and biota including humans. Routine 
monitoring methods, method development, and commercial analysis 
have therefore become more widely available for PFAS, but currently 
no RMs for PFAS in groundwater exist. Although select RMs exist for 
PFAS (e.g. fish tissue, blood, etc), the goal of the present work is to create 
a groundwater RM comprised of more than 20 native and spiked PFAS in 
order to reflect the increasing availability of commercially available PFAS 
analytes and those potentially present in ground water. Because PFAS are 
known to present analytical challenges, especially in ground water, this 
RM can be used for method development, method evaluation, data consis-
tency and quality control. The production, homogenization, and storage 
of the newly created groundwater RM is currently underway. Storage of 
the RM will be tested over 1-2 years, and will result in an inter-laboratory 
study to verify PFAS concentrations across different methodologies.

1.12.16  ATSDR’s PFAS Exposure Assessments: Results From 
Communities with Known Past Drinking Water Concentrations 
Greater than EPA’s Health Advisory
B. Goodwin, K. Scruton, P. Kowalski, A. Pomales, J. Sautner, C. Reh, 
CDC/ATSDR; R. Rogers, Centers for Disease Control and Prevention 
(CDC)
The Agency for Toxic Substances and Disease Registry (ATSDR) is 
conducting exposure assessments (EAs) for per- and polyfluoroalkyl 
substances (PFAS) in selected communities with known PFAS contami-
nation in drinking water near current or former military installations in 
the United States. Concentrations of PFAS were measured in serum and 
urine and exposure information was collected through a questionnaire. 
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Tap water and indoor dust samples from a subset of participant homes 
were also analyzed for PFAS. These EAs provide the first large scale, 
multi-site analysis of PFAS body burden in communities with known 
PFAS concentrations in drinking water above the US Environmental 
Protection Agency’s (EPA’s) health advisory. ATSDR will completed data 
collection in June 2020. ATSDR compared aggregate EA concentrations 
of PFAS in serum and urine to national averages from the most recent 
National Health and Nutrition Examination Survey (NHANES). ATSDR 
compared tap water concentrations of PFOA and PFOS to EPA’s health 
advisory. ATSDR presents PFAS concentrations in indoor dust to show 
the range found in participant homes. There is currently no benchmark to 
which PFAS dust concentrations can be compared. Biomonitoring results 
are interpreted using exposure data collected from the questionnaire 
(drinking water consumption rate, demographics, duration of residence, 
occupational history, etc.). In this presentation, ATSDR will present and 
discuss aggregate community-level results for four exposure assessment 
sites. The preliminary findings and conclusions are those of the authors 
and do not necessarily represent the views of the Agency for Toxic 
Substances and Disease Registry/Centers for Disease Control (ATSDR/
CDC). The full manuscript is currently under development and has not yet 
been approved by ATSDR/CDC.

1.12.17  Enhanced Total PFAS Recovery From Afff-Impacted Soils 
Using In Situ Pre-Treatment
M. Shojaei, J. Guelfo, Texas Tech University / Department of Civil, 
Environmental, & Construction Engineering; M. Crimi, Clarkson 
University / Institute for a Sustainable Environment
Tens to hundreds of per- and polyfluoroalkyl substances (PFAS) may 
occur at AFFF-impacted sites, including anionic perfluoroalkyl acids 
(PFAAs), and anionic, cationic, and zwitterionic polyfluoroalkyl sub-
stances. This poses challenges for remediation techniques, particularly 
those that rely on pump and treat technologies. Whereas recovery of 
PFAAs and other relatively more mobile, anionic PFAS may be relatively 
easy, slower recovery of stronger sorbing (in most soils), zwitterionic 
and cationic PFAS may lead to complicating factors such as extended 
remediation times and rebound in aqueous PFAS concentrations. Further, 
precursors not recovered during pump and treat efforts may continue 
to transform to PFAAs over time. Remediation techniques, such as in 
situ persulfate oxidation and biosparging, have potential to facilitate 
transformation of precursors to PFAA endpoints. This would convert a 
complex mixture of PFAS, some of which are less mobile, to a relatively 
more mobile, recoverable, and simple mixture of PFAAs. The objective 
of this study was to determine if persulfate oxidation and biosparging 
can lead to increased recovery of total PFAS in AFFF-impacted soils. 
Two types of batch experiments were used to evaluate these techniques. 
First, heat-activated persulfate was applied in batch reactors containing 
a slurry of AFFF-impacted soil and deionized water and followed by a 
14-day desorption experiment. Total PFAS recovery in soil and water was 
evaluated immediately following oxidation and over the 14-day desorp-
tion period. Second, separate batch reactors were prepared using the same 
AFFF-impacted soil and deionized water and connected to an oxygen 
sparging manifold. Aqueous phase recovery of total PFAS was measured 
over 40+ days, and soil was analyzed at the mid-point and completion of 
the experiment. All results were compared to recovery in control experi-
ments in which no treatment was applied. Soil and water were analyzed 
using a combination of targeted, liquid chromatography mass spec-
trometry techniques, total oxidizable precursors, and suspect screening 
using high resolution mass spectrometry (HRMS) methods. Following 
persulfate oxidation, total PFAS composition showed the expected shift 
to a higher fraction of PFAAs following oxidation and higher total PFAS 
recovery (85%) in the aqueous phase than controls (72%) at the end of 
the 14-day desorption period. Biosparging experiments and data analysis 
are ongoing, but preliminary results suggest a faster release of PFAAs, a 
decrease in precursors, and an increase in PFAAs in sparged reactors vs. 
controls. HRMS analysis shows occurrence of precursors and intermedi-
ate transformation products consistent with the PFAS transformation 

literature. These results suggest that in situ remediation methods have 
promise for application as PFAS flushing techniques and also have impli-
cations for sites where prior remediation has been conducted to address 
other classes of contaminants.

1.12.18  Analytical Strategies to Close the Fluorine Mass Balance for 
PFAS in North Carolina Drinking Water Sources
A. Joyce, Duke University / Civil and Environmental Engineering; N. 
DeStefano, North Carolina State University; D. Knappe, North Carolina 
State University / Civil, Construction and Environmental Engineering; 
L. Ferguson, Duke University / Civil and Environmental Engineering, 
Nicholas School of the Environment
Per- and Polyfluorinated alkyl substances (PFASs) contaminate drinking 
water sources throughout the United States and have been measured at 
elevated concentrations at several locations in the state of North Carolina 
(NC). There are several distinct sources of PFAS contamination in North 
Carolina, which impact drinking waters including fluorochemical and 
textile manufacturing discharge to rivers, firefighting activities at military 
installations, and application of biosolids to agricultural fields leading to 
runoff into reservoirs. Prompted by the known PFAS contamination and 
mandated by state legislative action, a comprehensive monitoring study 
was conducted to measure occurrence and better resolve sources and 
variability of PFAS compounds throughout the state of North Carolina. 
Water samples from 93% of municipal drinking water sources within 
the state of NC were analyzed for PFAS contamination. A total of 376 
individual sites were sampled and 48 known PFAS compounds were 
targeted for measurements as low as 1 ng/L at each site. In most samples 
collected, measured PFAS were present at levels < 10 ng/L. PFOS and 
PFOA were measured most frequently above their 1 ng/L detection limit 
(~25 % of samples), and measured levels rarely exceeded 20 ng/L for these 
compounds. Temporal variability was noted for PFAS in some surface 
waters used as drinking water sources in NC, specifically high concen-
trations (> 70 ng/L) of C4-C7 PFCA’s were measured at several sites in 
the Haw River during a second round of sampling. Overall, measurable 
PFAS were overwhelmingly more prevalent in surface water compared 
to ground water around NC. Active sources of PFAS contamination in 
the state yielded distinct PFAS signatures where levels were measurable. 
For instance, emerging “ether-acid” PFAS compounds were consistently 
observed in surface waters in the Cape Fear River, down-stream from a 
fluorochemical manufacturing plant; in the Haw River PFAS concentra-
tions fluctuated temporally but maintained a consistent profile of C4-C6 
PFCAs; and point sources of fire-fighting foams lead to elevated concen-
trations of sulfonic acids in isolated samples.

1.12.19 Environmental Partitioning of New-Generation Per- and 
Polyfluoroalkyl Substances in New Jersey, USA
M. Davis, U.S. Environmental Protection Agency / Office of Research 
and Development; M.G. Evich, U.S. Environmental Protection Agency 
/ Center for Environmental Measurement and Modeling (CEMM); B.W. 
Acrey, U.S. Environmental Protection Agency / Office of Research 
and Development; S.M. Goodrow, E.L. Bergman, New Jersey Dept. 
of Environmental Protection; J.W. Washington, U.S. Environmental 
Protection Agency / Office of Research and Development
The rapid development and employment of new per- and polyfluoroalkyl 
substance (PFAS) chemistries in industrial processes and commercial 
products has made properly identifying and classifying these com-
pounds an increasingly difficult challenge. A new class of PFAS, named 
chloroperfluoropolyether carboxylates (ClPFPECAs), has recently been 
discovered in surface soils in New Jersey, USA. Here, we extend the study 
of these new-generation compounds to determine their presence and 
relative abundance in corresponding vegetation and soil-core samples. 
Non-targeted analysis of samples was conducted using liquid chromatog-
raphy coupled with high-resolution mass spectrometry (LC-HRMS) to 
tentatively identify ClPFPECAs in vegetation and soil cores. Conventional 
LC-MS was used to semi-quantitate ClPFPECAs as well as quantitate 
legacy compounds (i.e. perfluorooctanoic acid; PFOA). Analyzing the 
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relative abundance of both new generation and legacy compounds in these 
matrices enables elucidation of the partitioning of these compounds in 
the environment with respect to chemistry and fluorinated-carbon chain 
length. Notably, ClPFPECAs were found to partition more strongly in 
vegetation than legacy perfluoro carboxylates, with a similar dependence 
on fluorinated-carbon chain length. Expanding the study of PFAS-matrix 
partitioning to these new-generation compounds will help to broaden the 
understanding of their environmental mobility.

1.12.20  Measurement of Per- and Polyfluoroalkyl Substances 
(PFAS) in the Blacklegged Tick As a Novel Strategy to Monitor 
Environmental Contamination Levels
J. Aristizabal-Henao, J.A. Bowden, University of Florida / Department of 
Physiological Sciences
Per- and polyfluoroalkyl substances (PFAS) are a class of organic pol-
lutants that have been used ubiquitously in consumer products over the 
last 70-80 years due to their high heat and chemical stability, as well 
as surfactant, hydrophobic and oleophobic properties. PFAS tend to 
accumulate in blood-rich tissues, and some PFAS have been shown to 
have negative health effects even at low concentrations in various models. 
While some PFAS (namely perfluorooctanoic acid (PFOA) and perfluo-
rooctanesulfonic acid (PFOS)) are banned for use in the U.S., traditional 
and emerging PFAS are frequently detected in high amounts in waste, 
as well as water and soil near contaminated areas. Wildlife is often 
used in risk assessment efforts and to monitor polluted sites. However, 
many current sampling techniques are invasive (i.e., necessitate a blood 
draw) and require immobilization of the animal (often large mammals), 
resulting in the need for multiple trained personnel and concern over the 
welfare of animals. In this study, we explored the potential of Blacklegged 
Ticks (Ixodes scapularis) as novel sentinels for environmental PFAS risk 
assessments. Ticks were collected from PFAS-contaminated sites in New 
York and North-Central Florida by tick flagging, whereby a 6ft x 6ft piece 
of fleece fabric attached to an 8ft dowel was swept over leaf debris and 
vegetation. Ticks were picked from the fabric and stored in cryovials at 
-80°C until analysis. PFAS were extracted by placing whole ticks in 3mL 
2:1 chloroform:methanol in the presence of known amounts of 23 mass-
labeled internal standards, and blending using a Polytron homogenizer. 
Samples were centrifuged at 3000g for 10min, and the resulting super-
natant was removed, evaporated under N2 gas, reconstituted in 100µL 
methanol, and saved at 4°C until analysis. Quantitative PFAS profiling 
was completed by targeted UHPLC-MS/MS using a Thermo Vanquish 
UHPLC system coupled to a Thermo Quantis triple-quadrupole mass 
spectrometer. Our results indicate the presence of various PFAS in ticks 
as well as varying levels of these contaminants across sites, suggesting 
that ticks are a valid tool for monitoring environmental PFAS levels. 
Further work remains in validating these methods using other species of 
hematophagous ectoparasites, as their global presence may serve as an 
invaluable way to identify/evaluate PFAS hotspots and track remediation 
efforts.

1.12.21  An AFFF Reference Material
J. Reiner, B. Place, National Institute of Standards and Technology / 
Chemical Sciences Division
The National Institute of Standards and Technology (NIST) provides a 
wide range of reference materials for the quality assurance and quality 
control (QA/QC) of chemical measurements. NIST reference materials 
are produced to be homogenous and stable with SI-traceable, quantitative 
values for individual organic compounds concentrations. As a unique 
class of organic contaminants, per- and polyfluoroalkyl substances 
(PFAS) present measurement challenges to the environmental analyti-
cal community that can affect the accuracy and precision of quantitative 
measurements. Currently, NIST has ten different reference materials 
with concentration values of PFAS on them; however, there are relevant 
gaps in the NIST library of reference materials. A major gap is a refer-
ence material of technical mixtures, specifically an aqueous film-forming 
foam (AFFF) material. NIST currently has four AFFF materials in-house 

and has sent out these materials for an interlaboratory study to determine 
the usability of the materials. This presentation will discuss the current 
efforts at NIST to produce an AFFF reference material and the results of 
the interlaboratory study.

1.12.22  A Shift in Perfluoroalkyl Substance Profiles in Wastewater 
Influent and Effluent in Canada, 2009/10 vs. 2019
A.O. De Silva, Environment and Climate Change Canada / Water Science 
and Technology Directorate; S.B. Gewurtz, Environment and Climate 
Change Canada; C. Spencer, Environment and Climate Change Canada 
/ Water Science Technology Directorate; S. Smyth, Environment and 
Climate Change Canada 
Perfluoroalkyl substances (PFAS) are a class of anthropogenic substances 
containing the moiety (CF2CF2)n and are used in a variety of industrial 
and commercial products. Perfluoroalkyl acids (PFAA) are of particularly 
concern given their persistence and ubiquitous presence in all environ-
mental media. It is well established that wastewater treatment plants 
(WWTPs) have PFAA in their influent and effluent. Of particular interest 
is the transformation of PFAA precursors in influent resulting in higher 
PFAA concentrations in effluent. In order to provide a current snapshot of 
PFAA in Canadian wastewater, we sampled raw influent and final influent 
from June to October 2019 from 14 different WWTPs. The WWTPs were 
selected to represent diversity in geographic location, community sizes, 
and treatment types. Here, the selected WWTPs represent facultative 
lagoon (FL), primary treatment (PT), and secondary treatment includ-
ing trickling filter, extended aeration, and conventional activated sludge, 
and advanced biological nutrient removal. We used solid phase extrac-
tion to concentrate PFAA with analysis by ultra high performance liquid 
chromatography tandem mass spectrometry to report 20 congeners of 
perfluoroalkyl carboxylates (PFCA) and perfluoroalkyl sulfonates (PFSA). 
Overall, the total PFAS (Æ©20PFAS) range was 11-440 ng/L (median 42 
ng/L) in raw influent and 20-240 ng/L (median 42 ng/L) in final effluent. 
PFCA were dominant in all samples with a Æ©PFCA: Æ©PFSA ratio 
being 2-10 (median 4) in effluent and 2-50 (median 4) in influent. In our 
previous paper, a smaller suite of PFAA were measured in Canadian 
WWTPs sampled Feb 2009 – April 2011 (Guerra et al. 2014). Five of the 
WWTP sites from the 2009/11 study are also sampled in the 2019 study, 
facilitating a comparison in PFAS WWTP trends over a 10 year span. In 
general PFAS with 8 or more carbons are lower in influent and effluent 
in 2019 compared to 2009/11. These include perfluorooctanoate (PFOA), 
perfluornonanoate (PFNA), perfluorodecanoate (PFDA), and perfluooroc-
tane sulfonate (PFOS). In contrast to this trend, the shorter chain PFCA 
were higher in 2019 influent compared to 2009-11, particularly perfluo-
robutanoate (PFBA), perfluoropentanoate (PFPeA), perfluorohexanoate 
(PFHxA), and perfluoroheptanoate (PFHpA). The decrease in concentra-
tion of PFCA with 8+ carbon atoms and PFOS in 2019 could be due to 
legislation restricting the use of PFOS, PFOA and long-chained PFCA 
and their precursors in Canada. The increase in concentration of PFAS 
containing ≤ 7 carbons may be a reflection of a manufacturing shifts to 
shorter perfluoroalkyl chain length chemistry. Consistent with other stud-
ies, PFAS removal efficiency was < 30% in the liquid stream, regardless 
of the treatment strategy. In some cases, effluent concentrations were 
higher than influent.

1.12.23 Development of a High-Throughput Targeted Analysis 
Method for Per- and Polyfluoroalkyl Substances (PFASs) in 
Drinking Water
K.E. Miller, J.P. McCord, C.B. Fuller, M.J. Strynar, M. Medina-Vera, 
U.S. Environmental Protection Agency / Center for Environmental 
Measurement and Modeling (CEMM)
Per- and polyfluoroalkyl substances (PFASs) are emerging contaminants 
widely used in a variety of industrial and consumer applications (e.g., 
fire-fighting foams, cosmetics, food wrappers, household products, etc.). 
These man-made chemicals persist ubiquitously in various environmental 
media and have been detected in drinking water at trace concentrations. 
As a result, states and drinking water utilities are increasingly sampling 
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treated drinking water to assess their communities’ PFAS levels. In 
order to scale up operations that would facilitate screening treated water 
for PFASs on a regular basis, a quicker approach is needed. This study 
addresses the need for high-throughput targeted methods that analyze 
for multiple PFAS classes in drinking water. In this research, EPA 
developed a targeted analytical method to analyze 16 PFASs in drinking 
water samples. Method development included creating a new workflow 
that utilized online solid phase extraction (SPE) performed by a CTC 
PAL autosampler. By using online SPE, sample preparation time is 
significantly reduced. This new approach was compared to the previous 
offline SPE workflow in terms of reproducibility, limits of detection, and 
recovery efficiencies. Ultra-high-performance liquid chromatography-
high resolution mass spectrometry (UHPLC-HRMS) was used to detect 
and quantify 9 perfluoroalkyl carboxylic acids (PFCAs) and 7 perfluoroal-
kanesulfonic acids (PFSAs). Target analytes from PFCA and PFSA classes 
included C4-C12 and C4-C10, respectively. An automated high-through-
put targeted analysis method for detecting PFASs in drinking water will 
help researchers and utilities more quickly monitor for these emerging 
contaminants.

1.12.24 Evaluation of Several Adsorbents for Possible In Situ 
Remediation of PFAS -Contaminated Groundwater
N. Hayman, Naval Information Warfare Center Pacific / Energy & 
Environmental Sustainability Branch; J. Carilli, Naval Information 
Warfare Center Pacific / Energy & Environmental Sustainability 
Branch; Y. Liu, M. Shields, Texas A&M University / Geochemical and 
Environmental Research Group; R.D. George, Naval Information 
Warfare Center Pacific; L. Hsu, Naval Information Warfare Center 
(NIWC) Pacific / Energy and Environmental Sustainability; M. Sanders, 
Naval Information Warfare Center Pacific
Per- and polyfluoroalkyl substances (PFAS) are pervasive and recalcitrant 
contaminants in groundwater. The mitigation of PFAS in groundwater 
represents a significant liability for the Department of Defense. The US 
Department of the Navy (DON) is investigating possible technologies to 
remediate PFAS contamination in situ. This project, funded through the 
Navy Environmental Sustainability Development to Integration (NESDI) 
program, aims to evaluate several mature adsorbent technologies for the 
adsorption of a variety of PFAS (short-chained, long-chained, precur-
sors, etc.) for eventual use as in situ amendments for groundwater PFAS 
contamination. The first year of this three-year project focuses on a 
thorough literature review of current sorbent technologies and a suite of 
laboratory studies at environmentally realistic concentrations in ground-
water. The effect of pH, background ions, and natural organic matter will 
be examined. The results of the first study, a batch adsorption experiment, 
and preliminary results from the rapid small-scale column test will be pre-
sented. Future directions of this project, including a pilot field study, will 
be discussed. Results from this project will inform future DON remedia-
tion actions for PFAS contaminated groundwater.

1.12.25  Development of a Sensitive LC-MS/MS Method to 
Characterize Legacy and Emerging Poly- and Perfluoroalkyl 
Substances in Drinking and Surface Water in South Florida
X. Li, Florida International University / Chemistry and Biochemistry; D. 
Cui, Florida International University; N. Quinete, Florida International 
University / Chemistry
Poly- and perfluoroalkyl substances (PFAS) are extremely stable 
anthropogenic pollutants widely distributed in the aquatic system, flora, 
and fauna worldwide. Its ubiquitous presence in surface and drinking 
water supply and significant adverse health effects observed in animals, 
associated with its bioaccumulation potential, pose big concerns. In 
Florida, PFAS have been found in surface water, sediment, and aquatic 
animals. However, the systematic information on PFAS occurrence and 
distribution in South Florida is still quite unclear. Although the most 
prevalent PFAS have been phased out in the U.S., the alternative fluori-
nated compounds as well as their degradation products are still present 
in the environment. The impact of those alternative compounds is largely 

underestimated, especially in Florida. The current study, therefore, 
focused on the development of an accurate and sensitive method able to 
detect an extended group of PFAS, including legacy PFAS and emerg-
ing short-chain PFAS substitutes, at low parts-per-trillion (ppt) levels by 
liquid chromatography–mass spectrometry (LC-MS/MS) to assess PFAS 
in South Florida environments. A solid phase extraction (SPE) procedure 
followed by LC-MS/MS has been optimized and the developed meth-
odology has been applied for the preliminary determination of PFAS in 
drinking water collected from different counties (Miami-Dade, Broward 
and Palm beach) and in surface water from Miami river and canals and 
the preserved areas of the Everglades. Such knowledge on PFAS contami-
nation status in South Florida is needed to provide detailed information 
for local and regional executive agencies related to water quality, further 
facilitating the development of guidelines and procedures for pollution 
control and reduction in Florida.

13. Per- and Polyfluoroalkyl Substances (PFAS): 
Distribution, Bioconcentration, Bioaccumulation and 
Biomagnification
1.13.01  Global Scanning Assessment of Per- and Polyfluoroalkyl 
Substances in Groundwater: Meta-Analysis of Occurrence and 
Analytical Techniques
K. Stroski, J.L. Sims, S. Kim, G. Killeen, Baylor University / Department 
of Environmental Science; M.F. Simcik, University of Minnesota / 
School of Public Health; B.W. Brooks, Baylor University / Department of 
Environmental Science
Per-and polyfluoroalkyl substances (PFASs) have been in both con-
sumer and military products since the 1950s but have recently been 
under scrutiny worldwide. The United States Environmental Protection 
Agency (EPA) identified 24 PFAS compounds of interest for further study 
and possible regulation. A literature review was performed to assess 
the environmental occurrence for these 24 PFASs which include acids, 
sulfonates, fluorotelomer sulfonates, a sulfonamide, and two PFAS precur-
sors, in global surface and groundwater dating back to 2001. Analytical 
techniques and practices were also analyzed in each paper. Here, the 
previously published data on global groundwater occurrence was utilized 
to construct environmental exposure distributions (EEDs) which were 
compared to guideline values. Analytical techniques are also discussed. 
A majority of PFASs (18/24) had sufficient data to generate global EEDs, 
and fifteen of those were further analyzed by geographic region. Current 
EPA lifetime health advisory values for perfluorooctane sulfonate (PFOS) 
and perfluorooctanoate (PFOA) is 70 ng/L while the lowest groundwater 
specific value has found at 10 ng/L. From 2015-2020 these values were 
exceeded 27 and 48%, respectively, for PFOS, and 23 and 52% of the 
time for PFOA. Significant geographic data gaps included limited data 
from Africa and South America, and chemical data gaps included odd 
numbered sulfonates and PFAS precursor compounds. Analytical tech-
niques analyzed, such as bottle material (47% polypropylene) and internal 
standards used (median: 9), were compared to standard EPA published 
methods. Data obtained from studies will be useful in understanding 
global and regional PFAS groundwater exposure, prioritizing substances 
and locations for study, and serving as a guide for future water quality 
research.

1.13.02  Global Occurrence and Distribution of Per- and 
Polyfluoroalkyl Substances in Environmental Surface Waters
J.L. Sims, K. Stroski, S. Kim, G. Killeen, Baylor University / Department 
of Environmental Science; M.F. Simcik, University of Minnesota / 
School of Public Health; B.W. Brooks, Baylor University / Department of 
Environmental Science
Per- and Polyfluoroalkyl Substances (PFASs) are a class of emerging con-
taminants that have been used in many daily-use products and aqueous 
film-forming foam. Though their use and resistance to degradation have 
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resulted in contamination of the environments around the world, there 
is limited information on the global distribution of these contaminants. 
To examine the global occurrence of select PFASs in surface water, we 
conducted a critical review of available literature regarding occurrence of 
24 PFASs in surface waters. Probabilistic environmental hazard assess-
ments were performed after environmental exposure distributions (EEDs) 
of PFASs were developed by geographic region and type of water matrix 
for each compound. We then identified potential exceedances of several 
global guideline values for each compound, again by region and matrix. 
There was sufficient occurrence information of target PFAS in surface 
water from Asia, Europe, and North America while data from South 
America, Antarctica, and Africa is relatively limited. Not surprisingly, the 
carboxylate acids and sulfonates were the most commonly detected func-
tional group of PFASs. Our EED analysis demonstrated that some surface 
water concentrations exceeded guideline values. For example, in the past 
five years, perfluorooctanoic acid and perfluorooctane sulfonate in North 
American and European surface waters exceeded the USEPA drinking 
water guideline (70 ng/L) 9.80 and 10.47%, respectively. Information from 
this critical review and meta-analysis is useful to understand PFAS trends, 
hot-spots and data gaps, and to prioritize future water quality research 
needs.

1.13.03 Distribution of Legacy and Emerging Per- and 
Polyfluoroalkyl Substances (PFAS) in Seabirds and Fish From 
Atlantic Offshore and Coastal Environments
A. Robuck, University of Rhode Island / Graduate School of 
Oceanography; J.P. McCord, U.S. Environmental Protection Agency 
/ Center for Environmental Measurement and Modeling (CEMM); 
M.G. Cantwell, U.S. Environmental Protection Agency / Atlantic 
Coastal Environmental Sciences Division (ACESD); M.J. Strynar, 
U.S. Environmental Protection Agency / Center for Environmental 
Measurement and Modeling (CEMM); D.N. Wiley, Stellwagen Bank 
National Marine Sanctuary / National Oceanic and Atmospheric 
Administration (NOAA); R. Lohmann, University of Rhode Island / 
Graduate School of Oceanography
Long-chain per- and polyfluoroalkyl substances (PFAS) demonstrate 
remarkable environmental persistence, bioaccumulative capacity, and 
have been found globally in surface water and biota, including birds from 
diverse habitats. Seabirds are ideal sentinels to assess the occurrence 
of both legacy and emerging PFAS in food webs, as their upper trophic 
level position allows them to assimilate resources and related biological, 
physical, and chemical conditions across the ecosystems on which they 
rely. Here, PFAS were measured in multiple tissues from juvenile Atlantic 
seabirds collected in 2017 and 2018 from Narragansett Bay in Rhode 
Island, Massachusetts Bay off the coast of Massachusetts, and the Cape 
Fear River Estuary (CFRE) in southeastern North Carolina. Multiple 
tissues were analyzed for legacy and emerging PFAS using liquid chroma-
tography/high resolution mass spectrometry, employing both targeted and 
suspect screening methods. Sand lance, a key forage fish in Massachusetts 
Bay were also measured for PFAS via LC-MS/MS. PFOS dominated 
most tissue samples across all individuals and habitats, making up ~60% 
of concentrations observed in liver (range: 16 - 280 ng/g). PFOS was 
also the dominant compound in sand lance at levels equal to or slightly 
higher than wildlife protection criteria. Chicks hatched downstream of 
a fluoropolymer production site contained elevated concentrations of a 
perfluorinated ether sulfonic acid (Nafion byproduct-2; range: < LOD – 
110 ng/g in liver) and two perfluorinated ether carboxylic acids (PFO4DA 
and PFO5DoDA; PFO5DoDA range: < LOD – 30 ng/g in liver). These 
novel compounds were detected in up to ten different tissues. Nafion 
byproduct-2 was detected at concentrations similar to or exceeding legacy 
PFOS in brain while PFO5DoDA showed a reduced preference for brain 
compared to similar PFCAs. Nafion BP2 was also detected in liver and 
muscle of individuals outside the Cape Fear region.Our results demon-
strate the importance of molecular size and ether substitutions on where 
PFAS end up in tissues. While the legacy PFOS remains the dominant 

PFAS in marine food webs, we find evidence for the emerging presence 
of novel perfluoroalkyl ether acids in immature seabirds, in particular in 
their blood, brains, and livers.

1.13.04  Targeted Analysis of Per- and Polyfluoroalkyl Substances 
(PFASs) in Fledgeling Shearwaters from a Remote Pacific Island, 
Australia
D. Szabo, University of Melbourne / School of Chemistry; J. Lavers, 
University of Tasmania / Institute of Marine and Antarctic Studies; R. 
Mulder, M. Green, University of Melbourne / School of Biosciences; B. 
Clarke, University of Melbourne / School of Chemistry
Populations of marine birds are declining around the world due to anthro-
pogenic impacts. Flesh-footed Shearwaters (FFSH; Ardenna carneipes) 
and Wedge-tailed Shearwaters (WTSH; A. pacifica) breeding on Lord 
Howe Island, NSW, Australia are particularly impacted by marine debris 
which is mistaken for food and fed to the young. Lord Howe Island is a 
remote island approximately 600 km east of Australia which makes it an 
ideal location to observe long-range anthropogenic impacts. The aim of 
this study was to 1) quantify the occurrence of 50 per- and polyfluoroalkyl 
substances (PFASs) in the livers of fledgling shearwaters; 2) investigate 
a correlation between PFAS concentrations and physiological growth 
parameters in the birds; and 3) to determine if PFAS concentrations were 
correlated with the mass of plastic found in each bird to ascertain whether 
PFAS absorbance to plastic is a substantial source of PFASs in these 
birds. Livers from 42 shearwater fledglings (n = 33 FFSH; n = 9 WTSH) 
were collected in 2019 and concentrations of PFASs were determined by 
LC-MS/MS. All fledglings were between 89 – 90 days old and total body 
mass, wing chord, head to bill, and culmen lengths were measured. The 
number and mass of plastic in the bird’s proventriculus and gizzard were 
recorded. Plastic was found in 70% of birds (0 – 7.575 g). PFOS was the 
dominant compound, ranging in concentration between < 0.1 – 13.4 ng/g 
ww. PFNA, PFDA, PFUDA and PFTrDA were also detected in >50% of 
birds with concentrations ranging between < 0.2 – 1.2, < 0.2 – 0.8, < 0.1 
– 1.2 and < 0.1 – 0.8 ng/g ww respectively. There was a weak positive cor-
relation between the concentrations of PFTrDA and total body mass (R2 
= 0.4, P = 0.008) but not any other PFAS or growth parameters (P > 0.1). 
These findings provided evidence for the potential impact of PFTrDA (a 
relatively unknown compound) on body weight in shearwater fledglings. 
Whereas, there was no correlation between PFAS concentrations and 
plastic mass, indicating ingested plastic is not a primary exposure source. 
This is the first study to quantify the occurrence of PFASs in fledgling 
marine birds from the southern hemisphere. Based on this, further stud-
ies in adult shearwaters and other marine birds are warranted, as valid 
biomonitors of oceanic pollution and the health of ecosystems.

1.13.05  Perfluorinated Compounds in Plasma of Smallmouth Bass 
from the Chesapeake Bay Watershed
C. Smith, U.S. Geological Survey / Fish Health Branch; H. Walsh, U.S. 
Geological Survey / Leetown Science Center; V. Blazer, U.S. Geological 
Survey / National Fish Health Research Laboratory
Smallmouth bass are an economically important sportfish throughout 
their range. In the Chesapeake Bay watershed smallmouth bass have 
suffered mortalities and skin lesions of both adults and young-of-year. In 
addition, intersex or testicular oocytes and plasma vitellogenin have been 
observed in a high proportion of the males. To better understand the risk 
factors associated with these disease issues and identify potential manage-
ment actions to improve the health of affected populations, a fish health 
monitoring project was conducted in 2013 – 2019. Adults were collected 
in the spring prespawn and fall during recrudescence at four sites, two 
in the Potomac and two in the Susquehanna drainage. A comprehensive 
assessment included documenting external and internal abnormalities, 
obtaining morphometric parameters, blood for plasma analyses, tissue 
samples for histopathology and gene expression, otoliths for age and in 
2016-2018 anterior kidney was collected for immune function assays. 
Plasma was aliquoted into 2-3 cryovials. One was used for plasma vitello-
genin analyses and in 2017-2019 perfluorinated (PFAS) compounds were 
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measured in one aliquot. The four sites ranged from a mostly forested site 
to sites with varying types of agricultural landuse. One site had wastewa-
ter treatment plant influence. Thirteen PFAS compounds were measured 
by LC-MS/MS. Detection limits were in the 0.5 - 1 ng/mL range for a 
0.5 mL serum sample. Perfluoropentanoic acid (PFBA), PFBS, PFHpA, 
PFHxS, PFHxA, PFOA, and PFPeA were not detected in any samples, 
while PFDA, PFDoA, PFOS and PFUnA were found in every smallmouth 
plasma sample. Perfluorononanoic acid (PFNA) was only detected in 
5.6% of samples from the South Branch Potomac, 12.5% from Pine Creek, 
3.6% from West Branch Mahantango Creek and 29.4% from Antietam 
Creek. Detectable concentrations of PFOSA were observed in 0% in 
the South Branch Potomac, 12.5% at Pine Creek, 96.4% at West Branch 
Mahantango and 73.5% at Antietam Creek. The effects of age, sex, site 
and land use will be discussed.

1.13.06 Insights and Uncertainties in the Derivation and Use of 
PFAS Tissue-Based Toxicity Reference Values in Avian Species
J.L. Newsted, D. Tazelaar, Ramboll
Internal concentrations of chemicals have been used in ecological risk 
assessments as a more realistic measure of exposure in that it takes into 
account aspects of bioavailability, routes of exposure, assimilation, and 
metabolic capacity of an organism. Tissue-based toxicity reference values 
(TRV) for organisms such as birds, typically consists of extrapolating tox-
icity data from a surrogate species to a species of interest. Furthermore, 
many TRVs have been derived for persistent and lipophilic organic 
chemicals where tissue accumulation and distribution are influenced an 
organs lipid content and metabolism. Perfluoroalkyl substances (PFAS) 
represent a large, diverse group of chemicals that with varying capacities, 
partition into lipid as well as also bind to various proteins. As a result, the 
tissue distribution of PFAS may vary based on based chemical structure 
of different fluorochemical groups, but also could vary due to inter- and 
intraspecies-specific differences in physiology and biochemistry. To 
address this question, a critical examination pharmacokinetic and toxic-
ity data from laboratory and field studies was conducted to examine the 
tissue distribution of PFAS in avian species. Aspects related to species 
and tissue specific differences in metabolic capacity and protein binding 
characteristics along chemical structure related to fluorocarbon chain 
length, functional head group will be evaluated and discussed relative to 
their importance in deriving tissue based TRVs.

1.13.08  Filling the Gaps on Per- and Polyfluoroalkyl Substances 
(PFAS) Bioaccumulation and Toxicity in Freshwater Organisms
L. Mercier, M. Giraudo, Environment and Climate Change Canada / 
Aquatic Contaminants Research Division; G. Munoz, S. Sauvé, University 
of Montreal / Chemistry; M. Houde, Environment and Climate Change 
Canada / Aquatic Contaminants Research Division
Per- and polyfluoroalkyl substances (PFAS) are a group of synthetic 
chemicals used globally in industry and consumer goods. Considerable 
environmental research has been done on common PFAS [e.g. perfluo-
rooctanoic acid (PFOA; C8) and perfluorooctane sulfonic acid (PFOS; 
C8)], however, little is known on the presence and toxicity of emerging 
PFAS in freshwater environments. The first objective of this project was 
to deepen our knowledge of the bioaccumulation and biomagnification 
of 50 PFAS in the St. Lawrence River food web (QC, Canada), including 
perfluoroalkyl carboxylic acids (PFCA; C4 to C18), perfluoroalkyl sul-
fonic acids (PFSA; C3 to C12), perfluoroalkyl sulfonamides, fluorotelomer 
sulfonates, perfluorooctane sulfonamidoacetic acids, and novel cationic 
and zwitterionic PFAS. Thirteen species of fish representing different 
types of feeding ecology, 4 species of invertebrates, 3 species of plants, 
as well as water and sediment were sampled near a metropolitan area in 
the fall of 2019. Muscle of fish and whole homogenates of invertebrates 
and plants were collected for stable isotope analysis. Freeze-dried whole 
body homogenate were submitted to PFAS analysis using ultra-high 
performance liquid chromatography high-resolution mass spectrometry 
(UHPLC-HRMS). The second objective was to investigate the acute 
toxicity (48-h acute toxicity) of 7 PFCA (C4, C6, C9, C10, C12, C14, and 

C18) and 3 PFSA (C4, C6 and C9) on the freshwater invertebrate Daphnia 
magna. All tested PFAS had LC50 values > 100 mg/L, with the exception 
of perfluorotetradecanoic acid (PFTeDA; C14) with an LC50 of 35 mg/L 
and perfluorooctadecanoic acid (PFOcDA; C18) for which the highest 
concentration tested was 40 mg/L due to solubility. Swimming irregulari-
ties and immobility were observed for most PFAS, suggesting potential 
behavioral effects. Chronic (21-d) and multi-generational (3 generations) 
exposure of D. magna to C4, C6 and C9 PFSA and PFCA will comple-
ment the toxicity assessment. A multi-biological level approach, from 
gene transcription and biochemical markers to apical endpoints such as 
first day of moult, first day of reproduction, total number of neonates 
produced, and survival, will be used. Overall, this study will provide new 
occurrence and bioaccumulation data on emerging PFAS in freshwater 
food webs. Acute and chronic aquatic toxicity values of a range of PFAS 
will also support environmental risk assessment.

1.13.09  Systematic Mapping and Meta-Analysis of Perfluorooctane 
Sulfonate (PFOS) Concentrations in Birds Around the World
R. Flamenco, University of Connecticut / Natural Resources & the 
Environment; A. Bonisoli Alquati, California State Polytechnic 
University, Pomona / Department of Biological Sciences
Perfluorooctane sulfonate (PFOS) is a carcinogenic, teratogenic, and 
endocrine disrupting contaminant that has been a focus of the environ-
mental toxicology community. PFOS was shown to bioaccumulate and 
biomagnify in top predators in marine food webs due to its proteophilic 
properties. Yet no comprehensive analysis exists of variation in its con-
centrations across species, time, and space. This meta-analysis explores 
variation in PFOS concentrations across bird species, which are generally 
regarded as sentinels of the ecotoxicological risk of persistent organic 
pollutants. We collected more than 500 estimates of PFOS concentra-
tions in eggs, liver, and blood from studies of over 100 species across 
all continents, to explore temporal, geographic, and taxonomic varia-
tion. Our results show that liver PFOS concentrations have increased 
into 2010s among birds, with no slowdown as a result of the 2000-2002 
PFOS production phase out. Eggs and liver PFOS concentrations were 
overall similar, and significantly higher than blood concentrations. In the 
northern temperate region concentrations were higher than in the Arctic, 
consistent with most sources of PFOS and its precursors being at temper-
ate latitudes. Diet was a predictor of egg and liver PFOS concentrations, 
with opportunists having the highest concentrations, while herbivores had 
the lowest. A number of life-history traits also predicted PFOS concentra-
tions across species and tissues. Longer-lived species had higher liver and 
egg PFOS concentrations (liver: R2 = 0.141, p = 0.005; eggs: R2 = 0.089, p 
= 0.035). The effect of lifespan also depended on migratory behavior, with 
egg PFOS concentrations specifically increasing among resident birds 
and short-distance migrants. Our results show PFOS concentrations have 
increased in birds’ livers in the past few decades, even in remote regions. 
The evidence collected supports PFOS bioaccumulation among birds, 
with longer lived, opportunistic, and resident bird species at greatest 
risk. Broad gaps still exist regarding the toxicological significance of the 
documented PFOS concentrations for bird species and their ecosystems. 
The relative inefficacy of phasing out PFOS in reducing its concentra-
tions in birds should serve as an argument for accelerating the phaseout 
of other PFAS, and for potentiating their environmental monitoring and 
remediation.
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1.13.10  Exposure Concentration-Dependent PFOS Bioaccumulation 
in Zebrafish After 14- and 28-Day Exposures
K.A. Gust, M.S. Wilbanks, U.S. Army Engineer Research and 
Development Center / Environmental Laboratory; J.E. Mylroie, Bennett 
Aerospace, Inc. / Environmental Laboratory; A. Kimble, U.S. Army 
Engineer Research & Development Center / Environmental Chemistry; 
N. Reyero, USACE Engineer Research and Development Center / 
Environmental Laboratory; D.W. Moore, US Army Corps of Engineers / 
Engineer Research & Development Center (ERDC)
The distributed presence of per- and polyfluoroalkyl substances (PFAS) 
as environmental contaminants represents a global environmental quality 
challenge. A critical component to understanding the ecotoxicological 
risk of PFAS is the ability to determine how exposures translate into 
bioaccumulation and internal dose, especially in early life stages. In the 
present study, bioaccumulation of a predominant PFAS of concern, per-
fluorooctanesulfonic acid (PFOS), was investigated in zebrafish exposed 
as embryos through 14 and 28 days of development. Fish were exposed to 
a concentration series of PFOS (0, 0.1, 0.6, 3.2, 20, and 100µg/L) initially 
as static exposures including a minimum of 80 fish per replicate for the 
first 14 days and then transitioning a minimum of 30 fish per replicate to 
a flow-through exposure through day 28, where all exposures included 
5 replicates per treatment. PFOS concentrations in the exposure media 
and tissue burdens in whole fish are currently being analyzed. The results 
from these sub-chronic exposures will provide valuable information about 
exposure concentration-dependent PFOS bioaccumulation in early life 
stages of zebrafish, thus providing critical information connecting PFOS 
exposure to internal dose.

1.13.11  Solid Phase Micro Extraction (SPME) as Proxy for PFAS 
Fish Bioaccumulation
J. Becanova, University of Rhode Island / Graduate School of 
Oceanography; B. Clark, U.S. Environmental Protection Agency / 
Atlantic Coastal Environmental Sciences Division (ACESD); M.G. 
Cantwell, U.S. Environmental Protection Agency Office of Research 
and Development / Atlantic Coastal Environmental Sciences Division 
(ACESD); D.E. Nacci, U.S. Environmental Protection Agency / Atlantic 
Coastal Environmental Sciences Division (ACESD); R. Lohmann, 
University of Rhode Island / Graduate School of Oceanography
Significant attention and concern have focused on the health and ecologi-
cal implications of the widespread environmental distribution of diverse 
compounds categorized as per- and poly-fluoroalkyl substances (PFAS). 
Filling knowledge gaps for PFAS patterns of bioaccumulation and toxicity 
will improve predictability and contribute to minimizing risks of legacy 
and novel PFAS. Laboratory and field studies to address these gaps will 
be advanced through the development of rapid and effective methods to 
assess PFAS concentrations in biological tissues. In this study, biomimetic 
extraction using solid phase microextraction (SPME) is being evalu-
ated as a proxy for the bioavailability of compounds in fish tissues and 
embryos; this approach minimizes methods development and preparation 
time required to measure PFAS in various biological matrices. The initial 
phase of this work used laboratory studies with developing embryos of 
a well-studied marine fish, the Atlantic killifish (Fundulus heteroclitus), 
and the model compounds, perfluorooctanesulfonate (PFOS) and per-
fluorohexanesulfonate (PFHxS). Following 6-day waterborne exposures, 
concentrations of these compounds in exposed embryos were highly 
correlated over orders of magnitude with those measured in co-exposed 
SPMEs. While procedures are being further validated and extended 
to other tissues and classes of PFAS, these results suggest the value of 
SPMEs in characterizing PFAS bioaccumulation.

1.13.12  Trophic Magnification of Poly-And Perfluoroalkyl 
Substances Within an Urban Terrestrial Food-Web
K. Fremlin, Simon Fraser University / Biological Sciences; J.E. Elliott, 
Environment and Climate Change Canada / Science and Technology 
Branch Ecotoxicology and Wildlife Health Division; R.J. Letcher, 
Environment and Climate Change Canada / Ecotoxicology and Wildlife 
Health Division; F. Gobas, Simon Fraser University / Resource & 
Environmental Management
At present, Canada and the USA use water-biased screening thresholds 
to evaluate the bioaccumulation potential of chemicals by using limited 
endpoints and criteria. The primary endpoints and criteria currently used 
to define a substance as bioaccumulative include log octanol-water parti-
tion coefficient (log KOW) values greater than 5 and/or bioconcentration 
or bioaccumulation factors (BCF or BAF) greater than 5,000. However, 
restricting our legislation to these endpoints limits our ability to identify 
substances that may be bioaccumulative in air-breathing organisms or ter-
restrial ecosystems since they do not account for chemical exposure from 
air or within air-breathing organisms. In addition, these endpoints, par-
ticularly log KOW, are not suitable for understanding the bioaccumulation 
potential of poly-and perfluoroalkyl substances (PFAS) within terrestrial 
systems because KOW cannot be reliably measured for ionic surfactants 
like PFAS. Only one study to date has estimated trophic magnification of 
PFAS in an arctic terrestrial food chain; our study is the second terrestrial 
study to confirm that PFAS [which are all perfluoroalkyl acids (PFAAs) 
such as perfluorooctane sulfonic acid (PFOS)] biomagnify in terrestrial 
food webs. In order to establish effective guidelines that protect terrestrial 
species, there is a need to further investigate the bioaccumulation process 
of PFAS in terrestrial organisms. Thus, we assessed biomagnification of 
a suite of mainly PFAAs in an urban terrestrial food-web that included an 
avian apex predator, the Cooper’s hawk (Accipiter cooperii). We analysed 
95 samples of Cooper’s hawk eggs, songbirds, invertebrates, soil, and 
air samples for concentrations of 18 PFAAs listed on the Government of 
Canada’s Chemicals Management Plant. Each biotic organism sample 
will be analysed for protein and phospholipid content to account for 
differences in sorbing matrices between organisms. Using stable isotope 
analysis of δ13C and δ15N signatures, we estimated the trophic position of 
each organism. We determined Trophic Magnification Factors (TMFs) 
for contaminants that were detected with >60% frequency in all of the 
biota samples using wet weight concentrations and protein normalized 
concentrations. TMFs of PFAAs using wet weight concentrations ranged 
from 0.75 to 6.8, indicating that most PFAAs are biomagnifying in this 
urban terrestrial system. TMFs of PFAAs using protein normalized 
concentrations will be determined once protein and phospholipid analyses 
are completed.

1.13.14  Putting Bounds on the PFAS Problem: Sensitivity Analysis 
of an Uptake Model
A. East, U.S. Army Public Health Center / Toxicology
Per- and polyfluoroalkyl substances (PFAS) have retained their problem 
status due to continuing uncertainty associated with diverse mechanisms 
of environmental fate and receptor exposure. While the magnitude of 
PFAS isotypes present in the environment will not likely decrease, the 
amount of bioconcentration and accumulation data will increase. To 
strategize future data generation and advance risk characterization, the 
impact of currently available data on accumulation and exposure estima-
tion should be assessed. Essentially, identify the bounds of outcomes 
given the available data. To demonstrate this principle, I have constructed 
an uptake model using Monte Carlo resampling techniques to present a 
range of outcomes given a range of parameter values. This sensitivity 
analysis highlights the influence of particular datasets, assumed distribu-
tions associated with parameters, and the model structure itself. As an 
illustrative example, biota soil accumulation factors (BSAF) for PFOS 
published from field and laboratory samples cover multiple orders of mag-
nitude. This creates a large effect on uptake outcomes and has yet to be 
clearly explained—is the distribution of BSAF values for PFOS bimodal 
due to multiple process or is there just not enough data? Additionally, this 
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model clearly identified that individual receptors’ ecological and biologi-
cal characteristics have a similar influence on the magnitude of uptake as 
compared to BSAF. To converge our understanding of PFAS accumula-
tion and uptake with new PFAS development/detection, we need agile 
and robust modeling platforms to isolate risk-relevant boundaries. From 
these bounds, data generation and adaptive management of ecological and 
human health risks can advance in a data-driven manner.

1.13.15 Estimating the Bioaccumulation Potential of Per- and 
Polyfluoroalkyl Substances (PFAS) Across Species by Integrative In 
Silico Approaches
W. Cheng, University of Pittsburgh; J.A. Doering, University of 
Lethbridge / Mid-Continent Ecology Division; C.A. LaLone, U.S. 
Environmental Protection Agency / ORD/CCTE/Great Lakes Toxicology 
& Ecology Division; C.A. Ng, University of Pittsburgh / Civil & 
Environmental Engineering
Per and polyfluoroalkyl substances (PFAS) are diverse chemicals widely 
used in industrial and consumer products for decades. In the US, current 
estimates suggest about 602 PFAS are currently in active commerce out 
of ~1200 registered under TSCA. Many more may have been produced 
and used in the past, in other countries, or are formed as unintended 
byproducts. The majority have little information available on their bioac-
cumulation potential and toxic effects. The data are even more sparse 
across species, preventing effective ecological risk assessment. Given the 
vast number of PFAS and our limited resources, reliable and cost-effective 
in silico approaches to predict their behavior across species would be 
beneficial. Studies have shown that PFAS-protein interactions, such as 
with serum albumin and liver fatty acid binding protein (LFABP), are 
critical contributors to their bioaccumulation potential across species. 
Here, a complementary evaluation with the US Environmental Protection 
Agency’s Sequence Alignment to Predict Across Species Susceptibility 
(SeqAPASS) tool and a multi-step molecular modeling workflow was used 
to evaluate potential differences across human, rat, chicken, zebrafish, 
rainbow trout, fathead minnow and Japanese medaka. The interactions 
between wild-type and 9 PFAS were critically compared. Sequence-based 
comparisons from SeqAPASS predicted similar bioaccumulation poten-
tial to PFAS between humans and vertebrates when comparing primary 
amino acid sequences and critical amino acids identified from previous 
work. The tool also identified potentially important individual LFABP 
residues (i.e., F50, A54, T81, T93, and N97) that were predicted as dif-
ferent between human and other taxa. When comparing whole-sequence 
wild-type LFABP across species, human LFABP had comparable PFAS 
binding affinity to all other species (p > 0.05) except for significantly 
weaker binding for Japanese medaka and fathead minnow (p < 0.05) for 
some PFAS ligands. This pipeline highlights how structural consider-
ations enhance understanding of PFAS bioaccumulation potential beyond 
the sequence alone. The molecular modeling workflow was also used to 
evaluate single residue mutations to the human LFABP structure based on 
individual amino acids identified by SeqAPASS. These mutations did not 
significantly change predicted binding affinity, with the exception of the 
F50V mutation for PFNA. Our study provides valuable insights into PFAS 
bioaccumulation potential across species.

14. Per- and Polyfluoroalkyl Substances (PFAS): 
Novel Methods for Characterization, Toxicity, 
Toxicokenetics and Risk Assessment
1.14.01 Chronic Toxicity of Environmentally Relevant Exposure 
Concentrations of Individual PFAS Versus Binary Mixtures of PFAS 
to Northern Bobwhite Quail
N.M. Dennis, M.L. Dennis, S. Subbiah, A. Karnjanapiboonwong, T.A. 
Anderson, Texas Tech University / Environmental Toxicology
Per- and Poly-fluoroalkyl substances (PFAS) are a broad class of environ-
mentally persistent chemicals that include thousands of potentially toxic 

synthetic molecules. There is a lack of terrestrial toxicity data on indi-
vidual PFAS as well as PFAS mixtures for comprehensive risk assessment 
and therefore a lack of data to inform regulation of these chemicals. Thus, 
we utilized a common avian species (Colinus virginianus) to perform 
sub-chronic (90-day) toxicity studies via oral exposure to three increasing 
concentrations bracketing environmental relevance to both single chemi-
cals and binary chemical mixtures of PFAS. The test chemicals included 
perfluorooctane sulfonate (PFOS) and perfluorohexanoic acid (PFHxA), 
and the test substances included binary mixtures of either PFOS and 
perfluorohexane sulfonate (PFHxS) at a 2:1 ratio or PFOS and PFHxA at 
a 4:1 ratio. Our endpoints included: number of eggs laid, hatching suc-
cess, pipped-only proportion, day of arrested embryo development, adult 
weight change, and chick weights (hatch, 7-day, and 21-day), growth, 
and survival. We calculated individual adult daily doses from amount 
of water consumed during the studies, then sought to determine if any 
dose-response relationships existed among these variables. From a 90-day 
exposure to PFOS and the PFOS:PFHxS mixture, an average daily intake 
(ADI) was calculated and the ADI lowest observable adverse effect level 
(LOAEL) toxicity reference value (TRV) for adult quail was established 
as 2.45 x 10-3 ± 0.01 x 10-3 and 3.10 x 10-3 ± 0.15 x 10-3 mg/Kg body 
weight/day for PFOS and the PFOS:PFHxS mixture, respectively. We 
also investigated avian biometrics and liver lipid content and quantified 
and reported PFAS residues from liver tissue and whole egg homogenates 
to confirm maternal deposition and to establish an avian liver tissue and 
whole egg LOAEL TRV for PFOS and the PFOS:PFHxS mixture. These 
TRVs can be applicable for use in ecological risk assessment of PFAS-
impacted sites. We present the newly established LOAEL TRVs and 
reproductive outcome of the PFOS and PFOS:PFHxS mixture exposures 
in relation to the current reproductive outcome and ADI LOAEL TRV 
of the PFHxA and PFOS:PFHxA mixture exposures to shed light on the 
toxicity of PFAS mixtures. Our ongoing research has suggested that PFAS 
mixtures are unique in toxicity as well as possibly in accumulation poten-
tial compared to the single chemical exposures and will likely require 
varying or individual regulation.

1.14.02  PFAs Mixture Study Design With Chironomus Dilutes
C.J. McCarthy, Jacobs Engineering Group, Inc. / People and Places 
Solutions; S.A. Roark, Jacobs Engineering Group, Inc. / Global 
Environmental Services; D. Wright, Jacobs Engineering Group, Inc.
PFAS have been around for decades and have been studied nearly as 
long. Although attention to PFAS has grown in the last five years, there 
are many unanswered questions. Detectable PFAS are always found in 
nature as mixtures, yet the potential additivity, synergism, or antagonism 
of these chemicals remains unknown. We previously conducted single-
chemical chronic toxicity bioassays with Chironomus dilutes exposed to 
PFOS and PFHxS. Significant concentrations-response regressions were 
established for PFOS with survival response and for PFHxS with survival, 
growth and biomass responses. Using 20 percent effect concentrations 
(EC20) thresholds from the single chemical tests, we designed a mixture 
experiment to attempt to answer two distinctly different questions. First, 
do PFOS and PFHxS demonstrate synergism, additivity, or antagonism 
at environmentally relevant concentrations? Given that the EC20 we 
observed for PFHxS was well above most environmentally relevant mea-
sures (mg/L range), we also attempted to answer a second question. Do 
PFOS and PFHxS demonstrate synergism, additivity, or antagonism in the 
range of known EC20s? This talk will focus on the challenges in design-
ing mixture experiments for PFAS, given the data observed to-date, which 
include difficulties in achieving measured concentrations close to nominal 
concentrations and accounting for known EC20s for some chemicals at 
concentrations well above environmentally relevant concentrations.
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1.14.03  Sensitivity and Accumulation of PFAS Mixtures in Fathead 
Minnows (Pimephales promelas) Exposed Over Critical Life-Stages 
of Reproduction and Development
J.G. Suski, M. Hudson, EA Engineering, Science, and Technology, Inc., 
PBC / Water and Natural Resources; M.K. Chanov, EA Engineering, 
Science, and Technology, Inc., PBC / Ecotoxicology; C.J. Salice, Towson 
University / Environmental Science & Studies Biology
Per- and polyfluoroalkyl substances (PFAS) have emerged as con-
taminants of environmental concern following release from industrial 
practices and use of Aqueous Film Forming Foam (AFFF). Of the 
identified PFAS in surface water samples from known AFFF release 
sites, perfluorooctanesulfonate (PFOS) and perfluorohexanesulfonic acid 
(PFHxS) are frequently detected. The focus of this study was to deter-
mine effects of PFOS and PFHxS as well as a mixture of PFOS:PFHxS 
to the native (and common) fathead minnow, Pimephales promelas, over 
critical life-stages of reproduction and development. A 42-day experi-
ment was carried out using sexually mature fish, exposed to either PFOS, 
PFHxS, or a mixture of PFOS:PFHxS. Exposure concentrations for PFOS, 
PFHxS, and PFOS:PFHxS mixtures were as follows: 0 µg/L (control), 150 
and 300 µg PFOS/L, 200 µg PFHxS/L, 150 µg PFOS/L:100 µg PFHxS/L, 
and 300 µg PFOS/L:200 µg PFHxS/L. At day 21 of the adult exposure, 
eggs were collected and reared for 21 days to determine effects of PFOS, 
PFHxS, or PFOS:PFHxS on larval development, growth and survival. No 
significant differences were observed on adult (F0) fish mass or survival 
among treatments. However, in juvenile fish (F1), biomass and survival 
were significantly reduced compared to controls at the highest mixture 
concentration (300 µg PFOS/L:200 µg PFHxS/L). In this study, results 
suggest PFOS may be the driver of toxicity to fathead minnows rather 
than PFHxS; however, there are trends of synergistic effects as significant 
decreases in biomass and survival in juvenile fish were not seen in 300µg 
PFOS/L alone.

1.14.04  Evaluating the Effects of PFAS Mixtures, Legacy and Short 
Chain Alternatives on the Plasma Proteome & Metabolome of 
Rainbow Trout
S. Pollard, Ontario Tech University / Department of Biology
Per- & polyfluoroalkyl substances (PFAS) are a class of persistent & 
bioaccumulative pollutants which have been in wide use in industrial 
and consumer products since the 1950s. Much like Polychlorinated 
Biphenyls (PCBs), PFAS is detected in the global environment and biota 
as a mixture of structurally similar congeners. However, little information 
is available on the mixture toxicity of PFAS, the effects of newer short-
chain alternatives, or whether concentrations in the low-mid ppt range 
as detected in the environment pose risks to aquatic wildlife. In order to 
address these knowledge gaps, we performed a 3-week, aqueous exposure 
of rainbow trout to 3 different concentrations of a PFAS mixture (50 ng/L, 
100 ng/L & 500 ng/L) along with equimolar concentrations of individual 
PFAS (25 nM PFOS, 25 nM PFOA, 25 nM PFBS, 25 nM PFBA). The 
composition of the PFAS mixture consisted of several long and short 
chain forms (35%-PFOS,30%-PFOA, 10%-PFHpA, 5%-PFHxS,5%-
PFHxA,5%-PFBS,5%-PFBA) modeled after Lake Ontario sampled in 
2010 (Environ Sci & Technol, 2011. 45(19): p. 8060-8066). In addition, 
the equimolar exposures were conducted at higher, less environmentally 
relevant concentrations for purpose of comparison across congeners. 
Upon termination of the exposures, we collected blood plasma and liver 
tissues. We performed shotgun proteomics and targeted metabolomics 
analyses on the blood plasma using LC-MS/MS. An additional endpoint 
measuring liver electron transport chain efficiency using iodotetrazolium 
was also employed as legacy forms of PFAS have been demonstrated 
to be mitochondrial toxins. In this presentation we will discuss how 
environmentally relevant concentrations of a mixture of PFAS affect the 
biological processes of rainbow trout compared to higher concentrations 
of individual PFAS compounds, with emphasis on whether short-chain 
alternatives have less adverse impacts compared to their long-chain 
counterparts.

1.14.05  Mixture Toxicity of Per- and Polyfluoroalkyl Substances 
(PFAS) in Human Liver Cancer Cells (HepG2)
A.F. Ojo, C. Peng, J. Ng, The University of Queensland / Queensland 
Alliance for Environmental Health Sciences (QAEHS)
The combined effects and toxicological interactions of perfluoroalkyl and 
polyfluoroalkyl substances (PFAS) mixtures remain largely unknown 
even though they occur as complex mixtures in the environment. This 
study investigated the toxicity of individual and combined PFAS to 
human liver cell line (HepG2). The Combination Index (CI)-isobologram 
equation method was used to determine the toxicological interactions of 
PFAS in binary, ternary and multi-component mixtures. The results indi-
cated that the cytotoxicity of individual PFAS to HepG2 cells increased 
with increasing carbon chain lengths when separated into non-sulfonated 
and sulfonated groups. The respective cytotoxicity of PFAS is in the order 
of PFDA > PFNA > PFOA > PFHpA for perfluoroalkyl carboxylic acids 
and in the order of PFOS > PFHxS for perfluoroalkane sulfonic acids. 
The toxicological interaction of PFOS and PFOA with other PFAS clearly 
showed a different pattern of combined toxicity in HepG2 Cells. The 
binary, ternary, and multi-component combinations of PFOS with PFOA, 
PFNA, PFDA, PFHxS, and PFHpA displayed synergistic interactions 
for almost all inhibitory effect levels tested, whereas, either synergistic 
or antagonistic effect was observed in mixtures with PFOA. Overall, the 
pattern of interactions of PFAS mixtures is predominated by synergism, 
especially at low to medium effect levels; the exceptions to this were 
the antagonistic interactions found in mixture with PFOA, PFHxS, and 
PFHpA. These cytotoxicity results may have an implication on the health 
risk assessment of PFAS mixtures.

1.14.06  Joint Toxicity Assessment of Perfluoroalkyl Substances 
(PFAS) Mixtures
M. Mumtaz, Centers for Disease Control and Prevention (CDC) / Agency 
for Toxic Substances and Disease Registry; H. Pohl, CDC/ATSDR
Humans are exposed to multiple perfluoroalkyl substances (PFAS), 
through a combination of intake of food, water, dust particles, and 
hand-to-mouth transfer. Communities across the country are becoming 
increasingly aware and concerned about the presence of these chemicals 
in their bodies, but the mechanisms of toxicity of PFAS have not been 
well understood. The 2018 ATSDR mixtures framework recommends 
three broad approaches for toxicity assessment that are also now used 
by other federal and state agencies. Of these, the most often used is the 
hazard index (HI) approach that is based on potency weighted additively 
of the toxicity of individual components. Recent experimental toxicity 
studies of mixtures containing perfluorooctane sulfonic acid (PFOS), 
perfluorooctanoic acid (PFOA), perfluorohexane sulfonic acid (PFHxS), 
and perfluorononanoic acid (PFNA) as well as an assessment of 17 PFAS 
found in the general population revealed no major concern for joint 
toxicity based on the HI approach. ATSDR conducted risk assessment 
of binary mixtures of PFAS for multiple toxicity endpoints applying this 
approach. Using estimated lifetime exposures reported in the literature, 
we determined that a 2-component hypothetical mixture of PFOS and 
PFOA will yield hazard indices (HIs) of 30, 2.01, and 0.215 for high-expo-
sure scenarios; 8.4, 0.13, and 0.102 for intermediate-exposure scenarios; 
and 3.63, 0.034, and 0.047 for low-exposure scenarios for developmental, 
reproductive, and thyroid toxicity, respectively. In these calculations, we 
utilized the intermediate duration minimal risk levels and target organ 
toxicity doses. The HI values are used as a screening and prioritization 
tool, the concern for exposures increase as the HI values increase. For HI 
values >1, a follow-up including uncertainty factor analysis is conducted. 
Until further insights are gained in their mechanistic toxicology, based on 
our current knowledge, the HI approach appears most suitable to address 
present day PFAS public health concerns. However, this approach must be 
used cautiously because of the uncertainties related to the large toxicity 
data gaps that exist for an overwhelming majority of PFAS. The findings 
and conclusions in this presentation have not been formally disseminated 
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by the Centers for Disease Control and Prevention/the Agency for Toxic 
Substances and Disease Registry and should not be construed to repre-
sent any agency determination or policy.

1.14.07  Effect of the Chorion on PFOS Toxicity in Zebrafish
J.E. Mylroie, Bennett Aerospace, Inc. / Environmental Laboratory; 
M.S. Wilbanks, U.S. Army Engineer Research and Development Center 
/ Environmental Laboratory; K.T. To, USACE-ERDC-EL; A. Kimble, 
U.S. Army Engineer Research & Development Center / Environmental 
Chemistry; K.A. Gust, U.S. Army Engineer Research and Development 
Center / Environmental Laboratory; D.W. Moore, U.S. Army Corps 
of Engineers / Engineer Research & Development Center (ERDC); 
E.J. Perkins, U.S. Army Engineer Research and Development Center / 
Environmental Laboratory; N. Vinas, U.S. Army Corps of Engineers / 
Institute for Genomics, Biocomputing and Biotechnology
Perfluorooctanesulfonic acid (PFOS) is a perfluorinated compound used 
in many industrial and consumer products. It has been linked to a broad 
range of adverse health effects in several species, including zebrafish 
(Danio rerio). The zebrafish embryo is a widely used vertebrate model 
to elucidate potential adverse effects of chemicals, as it is amenable to 
medium and high-throughput. Although many zebrafish testing method-
ologies prescribe chorion removal prior to chemical exposure, there has 
been little research conductesed to compare zebrafish embryo responses 
to chemical exposures with or without chorion. To test the potential 
effects of chorion removal, we exposed both chorinated and dechorinated 
zebrafish embryos to both lethal and sub-lethal PFOS concentrations 
(0.37, 0.71, 1.53, 2.55, and 3.26 mg/L) from 7 – 120 hours post fertiliza-
tion. Results from this study indicated that the chorion affects the timing 
and incidence of mortality as well as morphometric endpoints such as 
spinal curvature and swim bladder inflation, which are characteristically 
impacted in zebrafish embryos exposed to PFOS. Removal of the chorion 
prior to PFOS exposure increased sensitivity of genes involved the peroxi-
some proliferator-activated receptor (PPAR) nuclear signaling pathway, 
a known PFOS molecular target. Quantitative PCR results indicated 
PFOS downregulated expression of several genes known to be regulated 
by PPAR signaling that are involved in lipid metabolism and gluconeo-
genesis. Expression in dechorinated embryos were affected at 0.37mg/L 
PFOS, while expression in embryos with chorions were not affected until 
1.53 mg/L PFOS. These results indicate that the chorion can significantly 
affect movement of PFOS into the embryo. The role of the chorion in 
protecting the embryo from chemicals should be carefully considered in 
experimental design. This work indicates that more research is warranted 
to fully elucidate the protective role of the chorion and the critical timing 
of adverse effects.

1.14.08  Exploration of Novel PFAS Extraction Techniques From 
Dried Blood Spots for Prospective Marine Mammal Health 
Assessments
E. Griffin, University of Florida / Physiology; J. Aristizabal-Henao, J.A. 
Bowden, University of Florida / Department of Physiological Sciences
Whole blood is widely used in clinical research to measure biological 
markers and their associations with diet, stressors, and pathophysiological 
states. The advent of minimally-invasive sampling strategies have further 
propelled the possibilities for human health assessment. Specifically, the 
use of dried blood spots (DBS) has increased in recent years in research 
and clinical settings, as this sampling technique offers several advantages 
over conventional blood collection methods including facilitated sample 
handling, shipping and storage, while providing increased analyte stabil-
ity as stored materials. We postulate that the same potential of using DBS 
for human health assessment should be explored with wildlife popula-
tions. DBS offer the potential to reduce human interaction and amount of 
biological material that must be collected during routine health assess-
ments of endangered or threatened species. Marine mammals such as the 
West Indian manatee, can serve as informative environmental sentinels 
both for the presence and effect of anthropogenic chemicals such as per- 
and polyfluoroalkyl substances (PFAS), as well as other environmental 

stressors in highly variable and shared environments to humans (e.g., 
coastal waters). PFAS are a group of anthropogenic chemicals that have 
been increasingly identified in terrestrial and aquatic ecosystems. Their 
resistance to degradation by conventional remediation methods and 
adverse health effects to humans and animals even at low concentrations 
have led to an increased demand for novel ways to measure and monitor 
contaminant burden to the environment. In this study, we examined five 
extraction techniques employing different volumes, ratios and types of 
solvents to determine the optimal analytical method for PFAS profiling 
in DBS from Florida manatees. Targeted mass spectrometric workflows, 
employing ultra-high performance liquid chromatography coupled to 
tandem mass spectrometry, were utilized. Determining to what extent a 
wildlife population is affected by environmental stressors (e.g., contami-
nants, algal blooms, climate change) is a central theme of ecotoxicology 
and wildlife pathology and overall, an important bridge to understanding 
common overlaps with human health. We aim to utilize the DBS extrac-
tion technique developed in this study to supplement routinely collected 
data in order to provide further insights regarding manatee health.

1.14.09 A Biotransformation and Toxicoproteomics Atlas of Per- and 
Polyfluoroalkyl Substances
H. Peng, University of Toronto; J. Han, University of Toronto / 
Department of Chemistry
Thousands of per- and polyfluoroalkyl substances (PFAS) with diverse 
structures have been detected in the ambient environment. However, 
apart from a few well studied PFAS, the structure-related toxicokinetics 
of a broader set of PFAS remain unclear. In this study, we determined 
the metabolism pathways and toxicoproteomics profiles of 74 structur-
ally diverse PFAS from the USEPA screening library, using the early 
life stages of zebrafish (Danio rerio) as a model. We first employed 
high-resolution mass spectrometry based nontarget analysis to identify 
the metabolites in zebrafish exposed to each of the 74 PFAS at 5 µM. 
We identified five structural categories of PFAS prone to metabolism. 
The metabolism pathways of PFAS are highly related to their struc-
tures and significantly impact their bioaccumulations and toxicities. We 
also verified liver carboxylesterase 1 (CES1) as an enzyme capable of 
hydrolyzing diverse PFAS, with strong substrate preferences towards 
perfluoroalkyl amides. Then we used proteomics to characterize the 
impacts of 74 PFAS exposure on zebrafish at the proteome-wide level. 
The large dataset (~450 proteomics samples, ~1,500 instrumental hours) 
generated in this study was analyzed with machine learning algorithms to 
relate toxicoproteomics profiles with phenotypic toxicities (i.e., mortal-
ity) and chemical structure similarity. We found that multiple biological 
pathways in zebrafish were impacted by PFAS exposure, largely related 
to chemical structures. For example, 107 proteins were significantly 
impacted by N-MeFOSA while only 19 significantly changed proteins 
were observed for PFOS. This study established a biotransformation and 
toxicoproteomics atlas of PFAS, and provides a starting point to inform 
the potential health risks of other PFAS.

1.14.10 Comparative Serum Pharmacokinetics of Per- and 
Polyfluoroalkyl Substances (PFAS) in White-Footed Mice
A. Narizzano, U.S. Army Public Health Center / Toxicology; C.A. 
McDonough, Stony Brook University / Civil Engineering; C.P. Higgins, 
Colorado School of Mines / Civil and Environmental Engineering; M. 
Quinn, U.S. Army Public Health Center / Health Effects Division
Per- and polyfluoroalkyl substances (PFAS) are compounds manufactured 
for use in paints, cleaning agents, fire suppressants, non-stick cookware 
and food containers, and water-resistant products. Concerns about PFAS 
stem from their ubiquitous presence in the environment, widespread 
reports of general toxicity in laboratory animals, and the resistance of 
these compounds to degradation. In the present study, five perfluoroalkyl 
substances and one polyfluoroalkyl substance were administered to white-
footed mice (Peromyscus leucopus) to elucidate the accumulation of each 
chemical over 28 days of exposure. PFOA, perfluorohexane sulfonate 
(PFHxS), and perfluorobutane sulfonate (PFBS) were administered to 
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male and female mice via drinking water. PFOS, perfluorononanoate 
(PFNA), 6:2 fluorotelomer sulfonate (6:2 FTS), and PFHxS were adminis-
tered to male and female mice via oral gavage. Blood samples were taken 
at 0, 14 or 21, and 28 days of exposure and analyzed for individual PFAS 
concentrations via liquid chromatography/tandem mass spectrometry 
(LC-MS/MS). In general, serum concentrations were comparable in male 
and female P. leucopus exposed to PFAS. Animals appeared to reach 
serum steady-state after approximately 21 days of exposure and serum 
steady-state concentrations for each PFAS were generally proportional 
to the administered dose. Exceptions included: 1) 6:2 FTS and PFHxS, 
where biotransformation and/or rapid clearance seemed to be occurring 
between days 21 and 28 of exposure, and 2) PFNA, where females had 
higher body burdens than males. As such, future work on the toxicokinet-
ics of these three chemicals in P. leucopus would be valuable.

1.14.11  Discerning the Values Which Define ‘Selected Analogues’ for 
Chemical Assessment - a Case Study Using PFAS Chemicals
M. Kawa, L. Cassidy, L. Morlacci, SRC, Inc. / Environmental Health 
Analysis
Selecting an appropriate analogue is critical to fill data gaps in physical-
chemical, environmental fate and toxicity data for chemical evaluation. 
These endpoints are used in assessing new chemical substances for 
regulatory purposes. Of recent regulatory interest is the Per- and poly-
fluoroalkyl substances (PFAS) group of chemicals. These compounds 
are used for consumer and industrial products, primarily to make stain, 
grease, and water-resistant items. It is necessary to identify structural 
analogues for members of this class of molecules as many of these 
compounds are expected to degrade to common persistent transforma-
tion products in the environment, but are data poor and often outside 
the domain of QSAR models. This work presents an examination of two 
commonly used methods for selecting structural analogues, similarity 
scores and fragment-based approaches. Discrete chemical structures 
from EPA’s PFAS dataset Chemistry Dashboard were run through EPA’s 
ChemACE/AIM to identify key fragments. Tanimoto, Tversky and Euclid 
similarity search methods were run on a subset of diverse chemicals from 
the dataset for comparison with the fragment based analogues provided 
from AIM. Based on this evaluation, one can observe the relative efficien-
cies and drawbacks of each analogue selection technique on this class 
of molecules for the physical-chemical, environmental fate and toxicity 
endpoints considered in chemical assessment. This presentation will also 
demonstrate how the fragment-based and similarity score techniques can 
be applied to inform Domain of Applicability (DoA) coverage of freely 
available QSAR estimation models with publicly available training sets 
relative to this class of compounds.

1.14.12 Regulation of Gonadal Androgen Secretion by Per- and 
Polyfluoroalkyl Substances in Male Rats
S. Bradley, R. Knight, B. Jeminiwa, Auburn University College of 
Veterinary Medicine / Anatomy Physiology and Pharmacology; B.T. 
Akingbemi, Auburn University College of Veterinary Medicine / 
Department of Anatomy and Physiology
Per- and polyfluoroalkyl substances (PFASs) are chemicals used in the 
manufacture of fire-safety foams, photo imaging, and non-stick dishware. 
Unregulated disposal of PFASs into landfills has caused contamination of 
groundwater sources for drinking and agriculture. Toxicity concerns have 
resulted in the enactment of regulations prohibiting the use of long-chain 
PFASs, perfluorooctanoic acid (PFOA) and perfluorooctanesulfonic acid 
(PFOS). It has been suggested that short-chain PFASs, such as perfluoro-
butanoic acid (PFBA) and perfluorobutanesulfonic acid (PFBS), may be 
safer alternatives although these agents which possess highly degradation-
resistant carbon-fluorine bonds are shown to bioaccumulate. Also, there is 
little information on hormonal activity and/or endocrine-disrupting prop-
erties of short-chain PFASs. The objective of this study is to compare the 
effects of long and short-chain PFASs in the male neuroendocrine axis. 
First, male Long-Evans rats were administered PFOA and PFBA in drink-
ing water at graded doses (1, 10, 100, and 1000 ng/L) for 14 days from 21 

to 35 days of age. In a follow-up experiment, male rats were administered 
PFOA and PFBA in drinking water at 10 or 100 ng/L for 28 days from 21 
to 49 days of age. At the end of both experiments, serum was separated 
from blood collected at sacrifice. In addition, testes were dissociated in 
order to isolate Leydig cells which were incubated in DMEM/F-12 culture 
medium without (basal) and with 100 ng/mL ovine LH (LH-stimulated) 
for 3 h. Serum and testicular testosterone (T) concentrations were mea-
sured by RIA. Results showed that male rats exposed to 10 ng/L PFBA 
in drinking water exhibited increased (P< 0.05) serum T concentrations 
compared to control, but this effect was not seen in any other treatment 
group. In the follow-up experiment, there was a dose-dependent increase 
in serum and basal and LH-stimulated Leydig cell T production at the 10 
ng/L concentrations of PFOA and PFBA. These data demonstrated that 
PFBA may exert dose-dependent effects on Leydig cell T production. 
However, more exposure paradigms warrant to be tested to fully identify 
differences between long- and short-chain PFASs. Funding for this project 
was provided by an Auburn University PAIR grant award.

1.14.13  Toxicity of Short-Chain Perfluoroalkyl Sulfonic Acids and 
Perfluoroalkyl Carboxylic Acids in the Hermaphrodite Freshwater 
Snail Planorbella pilsbryi
E.A. Gilroy, M. Villella, K. Chan, E.M. Strub, V. Pham-Ho, Environment 
and Climate Change Canada / Aquatic Contaminants Research Division; 
A.J. Bartlett, A.O. De Silva, Environment and Climate Change Canada 
/ Water Science and Technology Directorate; C. Spencer, Environment 
and Climate Change Canada / Water Science Technology Directorate; 
S.A. Robinson, Environment and Climate Change Canada / Wildlife and 
Landscape Science Directorate
Per- and polyfluoroalkyl substances (PFAS) are a group of high-produc-
tion usage chemicals, which, since the 1940s, have been in commerce 
as ingredients or intermediates of surfactants, and as surface protec-
tors for a variety of industrial and consumer applications. Over the last 
few decades, some of these compounds, in particular perfluorooctane 
sulfonic acid (PFOS), and more recently, perfluorooctanoic acid (PFOA), 
have been under scrutiny due to their persistence, toxicity, potential for 
bioaccumulation and global distribution. Since 2002, the use of PFOS has 
been gradually phased out. There have been decreasing concentrations 
of PFAS reported in aquatic biota, however, in some cases, concentra-
tions of shorter-chain replacement products (perfluoroalkyl sulfonic acids 
(PFSAs) and perfluoroalkyl carboxylic acids (PFCAs)) have increased. 
These concerns are being addressed by the Chemicals Management Plan, 
a government initiative aiming to reduce the risks posed by chemicals to 
Canadians and their environment. In the present study, we assessed the 
subchronic toxicity of short-chain PFSAs in juvenile and adult freshwa-
ter snails (Planorbella pilsbryi), using a 7-day assay examining survival 
and egg production (adult snails), and survival and growth (juveniles). 
In adult snails, subchronic toxicity values (the geometric mean of NOEC 
and LOEC) of 22, 224 and >500 mg/L were calculated for PFOS (C8), 
PFHxS (C6) and PFBS (C4), respectively; toxicity increased with chain 
length. The sensitivity of juvenile snails was similar to that of adult snails. 
Reproductive output in the adult snails was the most sensitive endpoint 
investigated. Experiments to assess the subchronic toxicity of short-chain 
PFCAs are in progress. Research to date indicated that PFOA was less 
toxic than PFOS, with a subchronic toxicity value of 316 mg/L (PFOA), 
compared with 22 mg/L (PFOS) in adult snails. Comparisons among 
PFCAs of differing chain lengths and between PFSAs and PFCAs of the 
same chain lengths will be conducted when testing with PFHxA and 
PFBA has been completed.
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1.14.14 Development of Ecological Screening Values for Per- and 
Polyfluoroalkyl Substances for Use at Superfund Sites
J. Bond, U.S. Air Force / AFCEC; K. Picel, Argonne National Laboratory 
/ Environmental Science Division; I. Hlohowskyj, Argonne National 
Laboratory / Ecological Science and Environmental Risk; M. Grippo, J. 
Hayse, Argonne National Laboratory
Argonne National Laboratory, in support of the Air Force Civil Engineer 
Center anticipated remediation efforts, developed per- and polyfluoro-
alkyl substances (PFAS) ecological screening values (ESVs) for surface 
water and soil. The work was performed as a collaboration with the Tri-
Services Environmental Risk Assessment Working Group, and USEPA’s 
Ecological Risk Assessment Forum. Identifying and delineating soil and 
surface water with PFAS concentrations that present potential risks to 
ecological receptors requires ESVs for PFAS in these media. The initial 
effort of this project aimed at developing ESVs for the C4, C6, C8, C9 
and C10 linear carboxylates and the C4, C6, and C8 linear sulfonates. 
The ESVs were developed following USEPA guidance for water quality 
criteria and soil screening levels, and using published data from studies 
that met specific data quality criteria. The ESVs derived from published 
toxicity values, included NOAEL-LOAEL, using species summary plots 
and species-sensitivity distribution plots, benchmark dose development, 
and approximation approaches. Derivation of the ESVs involved various 
methods that translate laboratory-derived toxicity values to environmen-
tal media concentration benchmarks for ecological receptors of interest. 
The ESVs for aquatic systems are protective of the most sensitive native 
aquatic genera, and of aquatic food chain-dependent birds and mammals, 
accounting for biomagnification. For soils, the ESVs take into consider-
ation ingestion of contaminated soil and of soil-dwelling prey species. 
The ESVs will be used in future remedial investigations to delineate areas 
on which to focus site-specific ecological risk assessments and remedial 
actions, potentially avoiding costly baseline risk assessments, and gaining 
regulatory consensus.

1.14.15  Tools for Evaluating Ecological Risks and Foodweb 
Modeling of Per- and Polyfluoroalkyl Substances
J. Arblaster, J. Zodrow, Geosyntec Consultants, Inc.; J. Conder, K. 
Bridges, Geosyntec Consultants, Inc.
Ecological Risk Assessments (ERAs) for PFAS require specific data 
needs and tools, many of which have been historically lacking. Recently, 
under a Department of Defense Strategic Environmental Research 
and Development Program (SERDP) statement of need, a number of 
practicable tools for completing ERAs for PFAS were developed. This 
presentation will highlight two new tools available under SERDP: 1) 
Excel based foodweb modeling tools for aquatic and terrestrial foodwebs, 
and 2) a comprehensive set of wildlife screening criteria. To support 
refined-SLERA and baseline ERAs, SERDP Project ER18-1614 developed 
a foodweb modeling framework for aquatic and terrestrial foodwebs fol-
lowing a critical review of over 1000 bioaccumulation metrics for PFAS 
(e.g. bioconcentration, bioaccumulation, and biota-soil accumulation fac-
tors). The modeling framework has been developed into an Excel-based 
modeling tool where concentrations of PFAS in abiotic media can be 
input by users with minimal additional data needs, to facilitate foodweb 
modeling and risk characterization for wildlife. To support screening level 
ERAs, SERDP Project ER18-1653 developed screening levels for aquatic 
life (aquatic plants, invertebrates, fish, and amphibians) using the Great 
Lakes Initiative methodology, and for terrestrial plants, soil invertebrates, 
and terrestrial and aquatic wildlife (birds and mammals) following 
USEPA Ecological Soil Screening Levels methodology. Along with high-
lighting these new tools for PFAS ERAs, ongoing data gaps and research 
needs will be discussed.

1.14.16  Ecological Toxicity of Per- and Polyfluoroalkyl Substances 
(PFAS): Data Identification, Curation, and Distribution Using 
ECOTOXicology Knowledgebase Protocols
J.H. Olker, U.S. Environmental Protection Agency / Office of Research 
and Development, National Health and Environmental Effects Research 
Laboratory, Mid-Continent Ecology Division; C. Elonen, U.S. 
Environmental Protection Agency / Office of Research and Development; 
A. Pomplun, A. Anderson, General Dynamics Information Technology; 
G. Elonen, SpecPro Professional Services; A. Pilli, General Dynamics 
Information Technology; D.J. Hoff, U.S. Environmental Protection 
Agency / Office of Research and Development
Per- and polyfluoroalkyl substances (PFAS) are of potential concern for 
ecological impacts, but the biological effects are not well understood. 
Given the number of PFAS and ecological species that may be at risk, 
along with mandates to reduce animal testing, chemical assessments must 
initially rely on existing empirical data and computational models. Our 
goal was to comprehensively and systematically assemble available evi-
dence for ecological effects of PFAS using the well-established curation 
protocols of the ECOTOXicology Knowledgebase (ECOTOX, www.epa.
gov/ecotox) and report the extent, distribution, and types of evidence for 
PFAS ecotoxicity. ECOTOX is the world’s largest compilation of ecotoxic-
ity data, providing support for chemical assessments and research for over 
30 years through systematic and transparent procedures to identify and 
curate ecological toxicity data. To update the data for PFAS in ECOTOX, 
we conducted comprehensive literature searches for over 300 PFAS, 
screened titles and abstracts of the resulting 16,000 references, and full-
text reviewed over 500 papers that met inclusion criteria for ECOTOX 
(e.g., verifiable species and CASRN, control reported). In this search, 
we identified 462 acceptable papers to add to ECOTOX, for which all 
pertinent study details were extracted [species, chemical(s), test methods, 
and toxicity results]. With these updates, ECOTOX now contains fully 
curated ecotoxicological data for 112 PFAS from 654 references with 440 
unique biological test species. Most data in these studies were for PFOS 
and PFOA in a handful of species (e.g., zebrafish, earthworm, chicken), 
with 30% traditional growth/reproduction/mortality toxicity endpoints 
and nearly 40% biochemical effects or gene expression data reported. To 
support data synthesis and evidence integration, we continue to improve 
ECOTOX’s interoperability with other computational resources and 
databases, tools for study evaluations, and links to existing informatic 
languages and ontologies. These capabilities will enable end-users to 
assimilate the ecological toxicity data identified and curated through 
these efforts and will inform ecological risk assessments, development of 
Adverse Outcome Pathways, species extrapolation, and other applications, 
as well as highlight knowledge gaps in biological species and classes of 
PFAS. This abstract does not necessarily represent the views or policies 
of the U.S. Environmental Protection Agency.

1.14.17 Data Quality Assessment of Aquatic Ecotoxicological Test 
Data for PFAS
K. Parakal, R.P. Lanno, Ohio State University / Department of Evolution, 
Ecology, and Organismal Biology
Per- and polyfluoroalkyl substances (PFAS) are a large group of environ-
mentally persistent organic pollutants with diverse physical and chemical 
characteristics. This group of chemicals has recently drawn great concern 
due to their ubiquitous presence in aquatic environments and the potential 
hazard they present to aquatic organisms. While these chemicals have 
important consumer and industrial applications due to their unique prop-
erties of heat, grease, oil, and water resistance, these same properties also 
make them very stable in the environment and difficult to biodegrade. 
They thus tend to persist in the environment and may bioaccumulate in 
humans, plants, and animals, posing ecological and human health haz-
ards. In order to better understand the ecological hazards associated with 
PFAS, high quality ecotoxicological testing data are required. However, 
the characteristics of available data have not been assessed in terms of 
PFAS that have been tested, the types of tests (acute vs chronic), and the 
adherence of these tests to standardized toxicity testing protocols. The 
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goal of this study was to examine the types and quality of data available 
from PFAS aquatic toxicity tests. A literature search of the ECOTOX 
Knowledgebase (USEPA) was conducted to identify relevant published 
data under the broad category of PFAS and aquatic toxicity testing and 
a critical review of the testing methods was conducted to determine the 
strengths and weaknesses of available data. In this review we have sum-
marized methods from seventy papers on PFAS aquatic toxicology from 
the years 2000 to 2019. An initial summary of information suggests that 
the most fundamental problem was the lack of verification of exposure 
dose. Well over half of the studies did not measure PFAS exposure con-
centrations in the test water and even fewer measured PFAS in control or 
dilution water. Other issues included lack of chemical identification (i.e., 
not providing a CAS (Chemical Abstract Service) number), not defin-
ing or adhering to standard protocols, and lack of reporting of standard 
environmental physical and chemical characteristics. These shortcom-
ings can have a significant impact on the quality of data available for the 
determination of aquatic ecological hazards related to PFAS exposure. 
Our study further proposes the development of a comprehensive QC 
(Quality Control) checklist which can assist in evaluating the quality of 
and interpreting toxicity test results.

1.14.18  PFAS and Ecological Risk Assessment - Time for a Paradigm 
Shift
J.L. Durda, D.V. Preziosi, Integral Consulting Inc.
The current paradigm for ecological risk assessment utilizes estimates 
of exposure and toxicity to predict outcome. Assessments are typically 
conducted on a chemical-by-chemical basis and utilize simplifying 
assumptions to extrapolate effects on ecological populations and com-
munities. Though significant uncertainties exist, this traditional paradigm 
has become status quo in many management models because informa-
tion is available or readily obtainable, uncertainties are accepted and/
or factored into the decision, and results are achievable in a reasonable 
timeframe. PFAS challenge the utility of this paradigm. Hundreds of 
PFAS may be present at a site, and potential toxicological interactions 
and behavior in environmental, biological, and ecological systems are 
poorly characterized, even for the most well studied PFAS (i.e., PFOA and 
PFOS). Much of the ongoing research on PFAS is focused on generat-
ing data to fit into the traditional risk assessment paradigm (e.g., toxicity 
benchmarks, bioaccumulation factors). We propose a move away from 
chemical by chemical approach to one more grounded in empirical 
measures of ecological condition in the field. We utilize concepts from 
USEPA’s Causal Analysis/Diagnosis Decision Information System 
(CADDIS) and ecological epidemiology, coupled with parts of the 
traditional ecological risk assessment paradigm to develop a framework 
for PFAS risk assessment to support management decisions for locations 
where PFAS has been released to the environment. We discuss the prac-
ticality, utility, and plasticity of this approach to support comprehensive 
ecosystem management across a broad array of stressors.

1.14.19 Ecological Screening Levels to Assess Per- and 
Polyfluoroalkyl Substances Risk to Threatened and Endangered 
Species
J. Zodrow, Geosyntec Consultants; M. Frenchmeyer, K. Dally, E.L. 
Osborn, P.D. Anderson, C. Divine, Arcadis U.S., Inc.
Contamination of soils and waters by per- and polyfluoroalkyl substances 
(PFAS) is a challenge at Department of Defense (DoD) installations where 
use of aqueous film forming foam (AFFF) was common. Evaluating 
chemical risks to threatened and endangered (T&E) species associated 
with AFFF use is a required component for Superfund ecological risk 
assessments; however, limited information exists on the uptake and toxic-
ity of PFAS to these receptors. Risk-based screening levels (RBSLs) were 
developed assessing potential PFAS risk to T&E species, considering 
the known fate and transport of these chemicals and the receptors most 
likely to be impacted by AFFF use at military installations. RBSLs for 
several commonly encountered PFAS were developed for wildlife recep-
tors (birds and mammals), aquatic life (fish and aquatic invertebrates), 

terrestrial invertebrates, and plants. RBSLs for wildlife were developed 
using information for surrogate receptors selected to represent different 
habitat types, feeding guilds, and trophic levels representative of T&E 
species. High-quality uptake and toxicity data were combined with the 
exposure assumptions from the literature to derive RBSLs for PFNA, 
PFOS, PFOA, PFHxA, PFBS and PFBA in soil, sediment, and surface 
water that are protective of no-effect levels for terrestrial and aquatic 
mammals. Terrestrial and aquatic bird RBSLs based on no-effect levels 
were only calculated for PFOS and PFBS due to the limited toxicity data 
available. RBSLs based on lowest effect levels are also provided for each 
medium to allow for risk estimation at sites where protection of ecologi-
cal populations (instead of individuals) is considered appropriate. RBSLs 
for 23 PFAS for aquatic life were developed using published literature 
reviews and peer-reviewed aquatic toxicity studies and following the 
Great Lakes Initiative methodology. Development of RBSLs allow for a 
strategic approach for addressing potential risk to T&E species that could 
be applied to contaminated sites as well as DoD facilities and could result 
in significant efficiencies and cost savings over the course of time.

15. Plant Ecotoxicology: Advances in Aquatic and 
Terrestrial Plant Ecotoxicology and Risk Assessment
1.15.01  Glyceria maxima: Tips and Techniques for Reducing 
Experimental Variability
J. Davies, Syngenta / Environmental Safety; G. Arts, Wageningen 
Environmental Research / Environmental Risk Assessment; R.J. Isemer, 
Bayer AG / Environmental Safety - Environmental Effects; J. Kubitza, 
BASF SE; M. Ratte, ToxRat Solutions GmbH & Co. 
In 2014, a Workgroup affiliated to the SETAC Plant Interest Group 
was formed with the objective of developing a test guideline for assess-
ing effects of chemicals on the rooted, emergent macrophyte Glyceria 
maxima in a water-sediment system. Since this time, the workgroup 
has performed two ring-tests. The first ring-test was completed with 
the herbicide, isoproturon by 13 laboratories during 2016 - 2017, and 
the second ring-test was completed with the herbicide, imazapyr in 11 
laboratories during the Summer/Autumn of 2018. Results from these 
ring-tests were used to establish a test duration of 14 days and assessment 
parameters that focus on shoot, rather than root, measurements. However, 
results also showed high coefficients of variation for control plants, 
indicating the need to reduce experimental variability by improving the 
uniformity of the starting plant material and improving standardiza-
tion of test conditions. A third ring-test is scheduled for Summer 2021 
and the protocol for this ring-test is currently being updated to address 
these issues. In the meantime, training is planned to provide a common 
understanding of experimental techniques specifically: (a) Propagation 
method; (b) Identification of healthy plant material and best practice for 
plant handling; (c) Selection of uniform plant material for testing and (d) 
Conduct of biological assessments.These issues will be summarized in 
this presentation, along with tips and techniques for reducing experimen-
tal variability in Glyceria tests.

1.15.02  Evaluation of Laboratory Tests With Glyceria maxima: 
Which Matrices Need to Be Assessed?
G. Arts, D. Belgers, S. Crum, R. Osman, J.M. Van Smeden, M. Wolters, 
Wageningen Environmental Research / Environmental Risk Assessment
Macrophytes play a key role in the functioning of aquatic ecosystems. For 
this reason, they need to be addressed in the risk assessment of chemi-
cals. Aquatic macrophytes can have different growth forms including 
sediment-rooted submerged macrophytes, sediment-rooted emergent 
macrophytes, free-floating macrophytes and sediment-rooted, floating 
macrophytes. These growth forms recruit nutrients and other compounds 
from one or more matrices (sediment, pore water, overlying water, air), 
making the risk assessment of these life forms complex. OECD test guide-
lines are currently available for free-floating and sediment-rooted and 
submerged macrophytes but not for sediment-rooted and emergent aquatic 
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plants. The latter ones cannot be compared with submerged and floating 
macrophytes as they are characterized by transport processes driven by 
transpiration. The question was if these transpiration processes need to be 
taken into account in the testing and risk assessment of sediment-rooted, 
emergent macrophytes and a second question was if sediment-exposure 
should be taken into account in the risk assessment for these plants. For 
this reason, datasets collected for testing Glyceria maxima, an aquatic 
grass and monocotyledonous, emergent species were re-evaluated at 
Wageningen Environmental Research. One dataset included a compari-
son of exposure via the water layer and via spiked sediments in a static 
test-design following the draft OECD protocol. Glyceria maxima shoots, 
originating from a GLP-certified culture, were adapted to laboratory 
conditions for two days. Shoots were standardized to 2 to 3 leaves and one 
shoot attached to a rooted, 1 cm root-stock. Two other datasets were based 
on exposure of the Glyceria maxima plants via the overlying water layer, 
whereas in one of these datasets also the exposure of the Glyceria plants 
via pore water was evaluated. Transpiration was assessed and its effects 
on the test outcome evaluated. Sediment treatments resulted in lower 
overlying water concentrations than predicted by equilibrium partitioning. 
Sediment dosing resulted in higher concentrations in the Glyceria plants 
compared to water dosing. Dosing of a soluble herbicide in the overlying 
water layer resulted in an equilibrium between overlying water and pore 
water contributing to exposure via the roots.

1.15.03 Toxicity Test Method Development Using a Non-Standard 
Aquatic Macrophyte Species (Vallisneria americana)
A. Kirkwood, Smithers - Environmental Risk Sciences / Terrestrial 
Toxicology; C.R. Picard, C. Hedderig, M.J. Bradley, Smithers / 
Environmental Risk Sciences; A.J. Jones, FMC Agricultural Solutions / 
Environmental Sciences; A. Samel, FMC Corporation / Environmental 
Sciences; T. Scown, FMC Corporation, Agricultural Solutions / 
Environmental Sciences
Testing of aquatic macrophytes is currently limited in standardized 
guidance to OECD Test Guideline 239: Water-Sediment Myriophyllum 
spicatum Toxicity Test. While this guideline provides a general template 
for laboratories to culture and test other species of aquatic macrophytes, 
it is commonly acknowledged that methods for M. spicatum often do not 
translate to similar species of aquatic macrophytes. Alternative spe-
cies often present challenges such as generating highly variable data or 
control performance that does not meet OECD 239 guidance specific to 
M. spicatum. Vallisneria americana is an aquatic macrophyte that has 
been commonly used in regulatory testing with a suite of other species to 
generate Species Sensitivity Distributions. In this poster, we present trials 
designed to elucidate environmental conditions that optimize growth of 
this species under laboratory conditions. Parameters that were investi-
gated include test temperature, test duration, aeration rate and rooted 
versus floating plants. Rooted V. americana held at 28° C without aeration 
for 14 days resulted in the most robust data set when compared to OECD 
239 guidance control acceptability criteria. This combination of param-
eters resulted in an increase in shoot length and fresh weight that was 
2.9 and 3.2x of initial values, respectively, and a shoot fresh weight yield 
coefficient of variance equivalent to 28%. These optimized parameters 
were assessed a second time to confirm repeatability. We were able to 
conclude that these refined V. americana culturing and testing methodolo-
gies enable us to meet the validity criteria of the OECD 239 guidance. The 
results of the trials provide guidance for testing this non-standard species 
used in higher tier risk assessments and provide a blueprint for assessing 
non-standard species that do not conform to the OECD 239 guidance. 
In addition, the revised design allows similar biological endpoints to 
be determined (referenced in the OECD 239 guidance) allowing for an 
improved comparison when used in a Species Sensitivity Distribution.

1.15.04 Statistical Analysis of Plant Survival and Emergence Data
J.W. Green, JohnWGreen-ecostats.com / Data Science and Informatics
Survival data is a common type of response in many ecotoxicity stud-
ies. Estimation of EC50 or ECx for other choices of x is often done by 

probit analysis. Standard probit analysis ignores replicates and does not 
permit treatment of overdispersion. Background or control mortality must 
be taken into account to make a reasonable risk assessment. Abbott’s 
formula is a common way to deal with that, but it can create large errors 
in both ECx point estimates and confidence or credible intervals. Some 
software packages force use of this technique. Simple, practical easily 
implemented unbiased alternatives in SAS, R and other software exist 
to analyze survival data that uses the replicate structure, adjusts for 
background mortality in a direct and mathematically sound manner, and 
also accommodates overdispersion where present. These include probit 
or other generalized nonlinear models with binomial error structure and 
reps treated as a random factor (with an overdispersion adjustment when 
needed), analysis of replicate proportions using regression models for 
continuous responses. Alternative approaches are compared to standard 
probit analysis and to each other and to standard survival models from 
other types of studies using data from regulatory guideline studies for 
non-target terrestrial plants, fish sexual development, and fish early life 
stage studies, as well as extensive computer simulations based on realistic 
assumptions. All approaches include comparisons using two ways to treat 
background mortality (Abbott or direct). Recommendations are made 
for how these and most survival data from guideline ecotoxicity studies 
should be analyzed in the future. Standard models for survival data from 
other disciplines, such as proportional hazard, Kaplan-Meyer, and frailty 
models and sandwich estimators, are shown to be generally unhelpful in 
most ecotoxicity guideline studies. Tests to determine a NOEC are also 
discussed with recommendations.

1.15.05 Toxicity Effects of Polyethylene Terephthalate Microplastic 
Fragments on Duckweed, Lemna minor
Y. An, Konkuk University / Department of Environmental Heath Science; 
R. Cui, Konkuk University / Ecotoxicology
Polyethylene terephthalate (PET) can be broken into microplastic frag-
ments in the process of use and waste. However, there were few studies 
on PET ecotoxicity on aquatic plants. This study conducted 3-d root 
elongation test of duckweed, Lemna minor to evaluate the effects of PET 
microplastic fragments on the growth and photosynthetic activity of the 
plant. PET microplastic fragments of < 200, 200-300, and 300-500 μm 
were prepared from the commercial mineral water PET bottle. Two fronds 
of L. minor without root were used in this study. L. minor was exposed 
individually in 24-well plate with 3 mL of Steinberg medium, and 500 
mg/L of PET. Then, it was incubated under 24h continuous light condi-
tion, 24±1! with 4 replicates. After 3 days incubated, frond number, root 
length, root cell permeability, and photosynthetic activity (Fo, Fm, Fv/Fm, 
QY, NPQ, qN, qP, and qL) of L. minor were measured. As a result, frond 
number, root length, and root cell permeability showed negligible effects 
for L. minor, only Fo and Fm were significantly increased in photosynthe-
sis parameters at PET exposure groups. The change of these parameters 
is one of the stress indicates of plants, and it may be caused by PET or 
the release of additives in PET. Because the exposure time of this study is 
short-term, it is necessary to evaluate the effects of long-time exposure to 
PET on L. minor. In addition, other plastic framents on the aquatic plants 
also need to be studied.

1.15.06 Toxicity of Glyphosate Spray Drift to the Emergent 
Macrophyte Sida hermaphrodita and Its Root-Associated 
Mycorrhizal Fungi
V. Sesin, Trent University / School of the Environment; C.M. Davy, 
Ontario Ministry of Natural Resources and Forestry / Wildlife Research 
and Monitoring Section; K.J. Stevens, R. Hamp, Wilfrid Laurier 
University / Department of Biology; J.R. Freeland, Trent University / 
Department of Biology
A major goal of invasive plant management is the restoration of native 
biodiversity, but effective methods for invasive plant control can also 
be harmful to native plants. Informed application of control methods is 
required to reach restoration goals. The herbicide glyphosate, commonly 
sprayed in invasive plant management, can be toxic to native macrophytes 
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and symbiotic fungi in the soil that form associations with roots and affect 
plant growth and development. Sida hermaphrodita is an endangered 
emergent macrophyte in our study area, and we assessed its response to a 
range of six glyphosate concentrations (410-7–5%) that mimic incidental 
spray drift from nearby invasive plant control. We determined glyphosate 
toxicity to Sida by measuring several above- and below-ground growth 
endpoints and quantifying abundance of arbuscular mycorrhizal fungi 
(AMF) in roots at 14 days post-exposure to glyphosate of varying concen-
trations. Sida exhibited a hormetic response to glyphosate spray

1.15.07 Rapid Active Plant Uptake and Metabolism of 
Isothiazolinone Biocides by Hydroponic Arabidopsis
C.P. Muerdter, G.H. LeFevre, University of Iowa / Civil & Environmental 
Engineering; M.M. Powers, The University of Iowa / IIHR-Hydrosciences 
& Engineering
Isothiazolinone biocides are used extensively as preservatives in paints 
and building products as well as personal care products. During rain 
events or when recycled water is beneficially reused, these biocides 
wash off of the sides of buildings in stormwater or are present in irri-
gation water, and in both cases interact with plants. Nevertheless, 
there is no published data on terrestrial plant uptake or processing of 
isothiazolinones to inform environmental risk assessment and phytore-
mediation potential. With this field context, we determined the uptake 
kinetics of four isothiazolinone biocides [benzisothiazolinone (BIT), 
methylisothiazolinone (MIT), methylchloroisothiazolinone (CMI), and 
octylisothiazolinone] by aseptic hydroponic Arabidopsis thaliana plants. 
All four tested isothiazolinone compounds were rapidly and actively 
taken up from the hydroponic medium by the plants, with ≥98% removal 
after 24 h at all tested concentrations, far exceeding transpiration rates. 
Differences in chemical structure vs. the base BIT structure, including 
methylation, chlorination, or addition of a carbon chain, did not signifi-
cantly impact plant uptake at 24 h. BIT, CMI (mixed with MIT), and MIT 
(mixed with CMI) were all rapidly taken up by the plants at a statistically 
indistinguishable (p = 0.47) second-order removal rate. BIT uptake rate 
changed at four different initial concentrations (8–2,100 μg/L), appear-
ing to follow substrate inhibition when characterizing Michaelis-Menten 
kinetics. There was no change in BIT plant uptake rate when in the 
presence of the chemically-similar compound benzotriazole, suggesting a 
lack of competitive effects. We also tested competitive uptake inhibition 
by tryptophan, to determine if this pathway is used by isothiazolinones, 
and screened four other inhibitors to probe potential isothiazolinone plant 
uptake pathway(s); inhibition was not evident. Finally, we conducted a 
semi-untargeted metabolomics study to elucidate novel in planta trans-
formation products from isothiazolinones. We discovered at least one 
abundant and novel amino acid conjugate of BIT. Future field validation is 
needed, but these results indicate the potential for plant uptake and trans-
formation of isothiazolinone biocides from stormwater, recycled water, 
or other points of plant interaction. This work contributes important 
information for assessing the environmental risk and potential phytore-
mediation of plant exposure to isothiazolinones.

1.15.08  An Ecosystem Study of DMA806BR (a.i. 2,4D) Effects on 
Three Macrophyte Growth Forms, Macroinvertebrates, Zoo- and 
Phytoplankton Community
M. Yoshii, NEEA/ CHREA - São Carlos Engineering School; J.M. 
Van Smeden, R. Osman, Wageningen Environmental Research / 
Environmental Risk Assessment Team; E. Espindola, University / 
Hydraulics and Sanitation; M. Daam, CENSE, New University of Lisbon; 
G. Arts, Wageningen Environmental Research / Environmental Risk 
Assessment
Brazil is the world’s largest producer of sugarcane and ethanol, with 
the Southeast region accounting for more than half of national produc-
tion. This production, however, requires the use of several pesticides, 
the herbicide 2,4D standing out as the most used herbicide in this crop. 
Like other pesticides, 2,4 D directly and indirectly affects human health 
and health of ecosystems. In addition to contamination of terrestrial and 

aquatic environments, studies show that non-target organisms are directly 
affected by the use of pesticides, resulting in structural and functional 
disorganization of ecosystems. Many studies on the effects of herbicides 
have already been carried out, but in most cases the standard macrophyte 
Lemna sp. has been used. The main objective of this study is to evaluate 
the effects of growth and stress of the commercial product DMA806BR 
(a. i. 2,4D) on three macrophyte growth forms, i.e. the emergent macro-
phyte Glyceria maxima, the submerged and sediment-rooted macrophyte 
Myriophyllum spicatum and the free-floating macrophyte Salvinia natans 
as well as the macroinvertebrate-, zoo- and phytoplankton community. 
The experiment is being carried out since June 1st 20’ in twenty-six white-
colored polyethylene cylindrical microcosms (height: 67 cm, internal 
diameter: 45 cm, depth: 50 cm and volume ± 0,08m3) completely sunk 
in the soil to water surface level and located at the outdoor Sinderhoeve 
research facility, Renkum, The Netherlands. The concentrations were 
based on a literature review of other studies and macrophyte responses 
to different exposures (1; 10; 100; 1000 and 3000ug/L). Each mesocosm 
contains 6 units of each species of macrophytes, zooplankton and macro-
invertebrates such as Chironomidae, Corixidea, Asellus and Planorbidae 
collected from uncontaminated ditches at the Sinderhoeve Experimental 
Station, Renkum. The plants are sampled at T0, T14 and T28 and fresh 
and dry biomass, root length, total length, number and size of leaves will 
be used for endpoints. The macroinvertebrates, zoo- and phytoplankton 
will be sampled at T0 and T28. After screening and identification, the 
ecological index will be applied. Nutrients, chlorophyll-a and pesticides 
present in the water column will be analyzed. Effects such as the growth 
inhibition and visible stress (necrosis, chlorosis, discoloration, and growth 
abnormalities) are expected and will be presented.

1.15.09  Biochar and Other Amendments Promote Douglas Fir 
Survival and Growth on Mine Spoil
D. Olszyk, M. Johnson, M. Bollman, M. Nash, U.S. Environmental 
Protection Agency / CPHEA, PESD; K. Trippe, V. Manning, U.S. 
Department of Agriculture / Agricultural Research Service, FSCR; D. 
Watts, J. Novak, U.S. Department of Agriculture / Agricultural Research 
Service, CPSWPRC
In the western US, there are over 33,000 abandoned sites where heavy 
metal contaminated mine tailings contaminate local ground and surface 
water sources. At these sites, revegetation is required to prevent further 
erosion of heavy metal contaminated soils into nearby waters. However, 
successful growth of plants is often limited by degraded soil conditions, 
including low soil pH and associated high soil heavy metal concentra-
tions, poor soil structure, diminished water holding capacity, limited soil 
fertility, soil carbon, and microbial activity. In a field study, we evaluated 
the effects of a mixture of amendments (lime, biosolids, biochar, locally 
effective microbes) on spoil pH and metal concentrations and subse-
quent impacts on injury, growth and needle elemental concentrations for 
Douglas fir [Pseudotsuga menziesii (Mirb.) Franco] growing in mine spoil 
at the Formosa mine Superfund site in southwestern Oregon. Two years 
past amendment application, the spoil had a pH increase and lowered 
metal availability, resulting in enhanced seedling survival, growth, and 
needle N contents; while reducing needle heavy metal concentrations, 
such as Cu. This study indicates that biochar, along with lime and nutri-
ents, can enhance tree seedling growth and affect needle elements in mine 
affected spoils.
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16. Sediment: Confounding Factors and Best Testing 
Practices in Sediment Toxicity Testing
1.16.01  Relating Monitoring of Sediments With Models: Towards 
Explaining Differences Between Chemical, Toxicological and 
Ecological Indicators
J. Hendriks, Radboud University / Environmental Science; L. Lautz, 
Radboud University, Nijmegen; J. Wang, R. van Zelm, Radboud 
University, Nijmegen / Environmental Science; A.M. Ragas, Radbound 
University / Environmental Science; R. Leuven, Radboud University, 
Nijmegen / Department of Environmental Science; L. Posthuma, National 
Institute for Public Health and the Environment RIVM; W. De Cooman, 
Flemish Environment Agency (VMM); J. Postma, Ecofide; J. Vink, 
DELTARES / Dept Soil and Groundwater systems; T. Nolte, Radboud 
University, Nijmegen / Department of Environmental Science
The North Sea region is one of the most densely populated areas world-
wide, encompassing catchments of several large rivers. In this area 
sediment pollution has become problematic for navigation, nature devel-
opment and other interventions. Over the years, risks have been assessed 
in different ways. Well-standardised chemical detection techniques allow 
comparison across systems. By contrast, toxicological assays are not 
routinely applied, involve region-specific testing procedures and include a 
few species only. Ecological surveys differ even more across regions and 
over time. Consequently, our aims were to compare and interpret chemi-
cal, toxicological and ecological monitoring across countries, authorities 
and systems based on fequently used modelling tools linking chemical 
concentrations to biological effects. Monitoring data were obtained from 
programs carried out in Flanders and the Netherlands. Based on differ-
ent approaches, we converted total sediment concentrations to pore water 
levels. We subsequently translated water concentrations to effects using 
a database on median effect concentrations (LC50, EC50 and HC50) 
of 12836 chemicals. The sum of the toxic units TU = ΣC/LC50 of all 
substances for a given species was calculated and compared to actu-
ally measured survival in lab assays. We also computed the potentially 
affected fraction (PAF) and linked this to actually measured macrofauna 
abundance in field inventories. Most relationships were poor (r2< 50%) but 
improved substantially (up to r2=90%) by a detailed analysis of chromium, 
tin and ammonia availability and toxicity. We discuss the implications of 
these results for application of risk assessment tools in water and sediment 
management, using our OMEGA (Optimal Modelling for Eco(toxico)
logical Applications) model as an example. Additionally, an outlook is 
provided considering options to extend toxicological endpoints (TU, PAF 
etc.) to ecologically relevant indicators (diversity, productivity, ecosys-
tems services etc.) that appeal to managers and policy-makers.

1.16.02 Investigation of the Viability and Comparability of the 
Manila Clam (Venerupis philippinarum) to the Bent-Nosed Clam 
(Macoma nasuta) for 28-Day Bioaccumulation Exposures
P. Arth, A. Cibor, K. Skrivseth, K. Cram, K.M. Payne, Enthalpy Analytical 
/ Aquatic Toxicology
The recommended Ocean Testing Manual (OTM; USACE/USEPA 1991) 
mollusc species for bioaccumulation potential evaluation for dredge 
material disposal analysis is Macoma nasuta, the bent-nosed clam. In 
recent years, M. nasuta has become increasingly challenging to procure 
consistently and in sufficient quantities. With few commercial suppliers 
in existence to begin, supplier access to the wild organism can be further 
restricted by weather, tides, and regulatory restrictions, as well as general 
seasonality and variable demand. Additionally, the need for bioaccu-
mulation testing as part of dredge material evaluations has become less 
predictable and project pathways have become more phased in approach, 
which can expend precious sample holding time. This combination of 
variables often means that test organisms for bioaccumulation must be 
obtained by the laboratory on short notice. The OTM does offer alternate 
mollusc species for use, among them the Manila clam, Venerupis philippi-
narum. However, little if any literature is readily available discussing the 

comparability of the bent-nosed clam and the Manila clam specifically in 
bioaccumulation exposures. Our study aimed to investigate the viability 
and comparability of using the Manila clam as a substitute in place of the 
bent-nosed clam for 28-day bioaccumulation exposures. Consideration 
was given to any unique test exposure conditions, differences in organ-
ism sensitivity, bioaccumulation potential of common contaminants of 
concern, and ease of procurement, among other interests.

1.16.03  Investigation of Two Different Feeding Methods in a Chronic 
Sediment Study With Hyalella azteca
T.R. Catron, BASF Corporation / Agricultural Solutions; B. Snow, 
Smithers Environmental Risk Sciences / Sediment Toxicology; M.J. 
Bradley, Smithers / Environmental Risk Sciences
According to Regulation (EU) 582/2012, toxicity to sediment-dwelling 
organisms must be addressed for all biocides that are expected to adsorb 
and persist in sediment. For highly lipophilic biocides (log Kow > 5), 
multiple exposure routes including ingestion of food should be consid-
ered to ensure substance toxicity is not underestimated. Recommended 
diets are specified for standard OECD sediment species (i.e. Chironomus 
and Lumbriculus), but no guidance is provided for non-standard OECD 
species (e.g. Hyalella azteca) with different feeding behaviors. The 
objective of this study was to characterize the biological performance of 
control H. azteca receiving food via two different methods in a 42-day 
pilot chronic sediment study (ASTM 1706, EPA/600/R-99/064). One 
group received a daily suspension of ground flake fish food, also used 
in H. azteca culture. The second group received Urtica dioica (nettle 
leaf) powder incorporated into the sediment at study initiation (0.5% of 
sediment dry weight), similar to recommendations for OECD standard 
species. On Day 28 (end of sediment exposure), organisms in both groups 
subsequently received a flake fish food suspension daily until study 
termination (Day 42). Endpoints measured included survival, growth, 
and reproduction. Average survival on Day 42 was >94% in both groups. 
Length of organisms that received a daily flake fish food suspension was 
7.05 cm on Day 42, compared to 5.38 cm for organisms that had Urtica in 
the sediment. Organisms that received a daily flake fish food suspension 
produced 26 offspring/female on Day 42, while organisms that had Urtica 
in the sediment produced 9.3 offspring/female. Test acceptability criteria 
(EPA) were met in both groups. Growth and reproduction data were also 
aligned with historical control data from comparable chronic H. azteca 
sediment studies. Overall, optimal biological performance of H. azteca 
was observed when a daily fish flake food suspension was provided as a 
food source for the entire 42 days. This study demonstrates that H. azteca 
are a viable species for sediment testing when exposure via food must be 
evaluated and highlights the importance of considering biological traits 
and feeding behaviors of test organisms when designing non-standard 
regulatory studies.

1.16.04 Comparison of Hyalella azteca 28 and 42-Day Toxicity 
Testing Endpoints
M.K. Chanov, EA Engineering, Science, and Technology, Inc., PBC / 
Ecotoxicology; J. Ayers, M.D. Jirsa, J. Redifer, EA Engineering Science 
and Technology, Inc., PBC; R. Brooks, EA Engineering, Science, and 
Technology, Inc., PBC / Toxicology Lab
Sediment toxicity testing with the freshwater amphipod, Hyalella azteca, 
has been an integral part of risk assessments for decades. Currently, there 
are two promulgated methods that range from 10 to 42 days in duration. 
However, several testing programs outline the use of a 28-day sediment 
toxicity test. This methodology is a modification of the 42-day method 
that outlines a 28-day sediment exposure period, followed by a 14-day 
water only exposure period. The modified exposure follows the guidance 
outlined in the 42-day method but terminates after the sediment exposure 
period. The benefits of this method modification are, that consistent with 
all other sediment toxicity testing, the organisms are exposed to the con-
taminant for the duration of the exposure period. The endpoints that can 
be generated at the end of the 28-day exposure period (survival, growth, 
and fecundity) are comparable to the same endpoint categories generated 
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in the 42-day test. This presentation discusses case studies that generated 
28-day endpoints (survival, growth and fecundity as percent females with 
eggs) and compares them to those generated in the full 42-day exposure 
(survival, growth and fecundity as mean young per female). This presen-
tation evaluates the comparability for both control performance and site 
sediments that exhibited a range of toxicological effects.

1.16.05  Applicability of Freshwater Formulated Sediment to 
Seawater Using Estuarine Amphipod Grandidierella japonica by 
Evaluation of Survival Rate
S. Lee, T. Tobino, The University of Tokyo / Department of Urban 
Engineering; F. Nakajima, Environmental Science Center, The University 
of Tokyo / Environmental Science Center
Formulated sediment, as control sediment for sediment toxicity test, have 
the advantage to provide consistent quality of the sediment for evalu-
ation of chemical toxicity to the living organism, but applicability to 
the estuarine or marine environment is not confirmed. Considering the 
characteristics of seawater are different from freshwater (i.e. chemical 
equilibrium partitioning, dissolved oxygen, and nutrient releasing), it 
is necessary to demonstrate in seawater environment whether adequate 
organic carbon sources are provided through the control of food and 
organic matter in sediments. To verify the applicability of freshwater 
formulated sediment to seawater sediment toxicity test, the current study 
was performed to find out a suitable combination of formulated sedi-
ment and feeding conditions with an estuarine amphipod Grandidierella 
japonica (G. japonica). Two freshwater formulated sediments, namely 
the OECD sediment in TG 218 and the Kemble’s sediment proposed 
in Kemble et al (1999), having an equal ratio of organic carbon (5 %) 
but different carbon sources (peat moss and ð›¼-cellulose) and three 
types of food condition (10 mg of TetraMin®, 20 mg of TetraMin®, and 
YCT+HALIOS(1.75 ml +3.15 mg)) were conducted on for validity test. 
Every six combinations of sediments and food sources were demonstrated 
to the test acceptability of more than 80 % of the survival rate. The 10-day 
survival of G. japonica was tested using a static system without water 
renewal, and chambers were fed every two days. In the use of TetraMin® 
as a food source, the survival of G. japonica exposed to OECD sediment 
was below test validity as 63.8 % and 70.0 % at 20 mg and 10 mg, other-
wise, Kemble sediment showed more than 80% in both feeding rates. The 
results of using YCT+HALIOS showed that survival rates were 83.3% in 
OECD and 87.5% in Kemble sediment. The combination of Kemble sedi-
ment with 20 mg TetraMin® satisfied the test acceptability showing the 
highest survival rate was at as 90.7 ± 9.9 (average ± S.D, %). The impact 
on survival rates, under the dissolved oxygen rate of more than 60 % in 
all formulated sediment, may vary depending on the quality of organic 
sources from both formulated sediment and food source. Confirmation of 
suitably formulated sediment for both freshwater and seawater is expected 
to enable the screening of toxic substances, and to suggest measures for 
chemical management in both the water phases.

17. The Microbiome: An Emerging Tool for 
Predictive Ecotoxicology
1.17.01  Exploring the Potential Roles of Emerging PFAS on the Gut 
Microbiome and its Associated Functions with Gut Homeostasis and 
Lipid Metabolism
M. Khazaee, University of Pittsburgh / Civil and Environmental 
Engineering; J.M. Kuhn, University of Pittsburgh / Environmental and 
Occupational Health; S.J. Haig, C.A. Ng, University of Pittsburgh / Civil 
& Environmental Engineering
In recent years, the study of the interactions and impacts of xenobiotics 
and environmental stressors on the gut microbiome has been integral to 
our understanding of how human bodily functions operate and develop. 
The impacts of many xenobiotics on the gut microbiome, including 
pesticides, antibiotics, heavy metals, and microplastics have been exten-
sively researched in the literature, with much less attention dedicated to 

a large group of extremely environmentally persistent and bioaccumula-
tive chemicals; per- and polyfluoroalkyl substances (PFAS). PFAS are 
a family of over four thousand chemical compounds manufactured for 
various industrial and commercial uses. Most extensively studied are 
the legacy PFAS, or long-chain compounds, which have been linked to a 
variety of toxic impacts in humans and wildlife and are detectable within 
the environment on a global scale. Due to the phase-out of long-chained 
PFAS in many regions, there is an urgent need to investigate the potential 
mechanisms of toxicity of shorter-chained emerging PFAS. One potential 
cause for concern is the structural similarity of emerging PFAS to that 
of short chain fatty acids such as butyrate. Speculatively, this structural 
mimicry may disrupt lipid metabolism and synthesis that sustain the 
diversity and key functions of the gut microbiome via competitive antago-
nism. To explore the impacts of PFAS on the gut microbiome and related 
metabolisms, 86 papers published between 1987 and 2020 were reviewed. 
Previous studies have shown that exposure to many xenobiotics not only 
alter the gut microbiome composition at the richness and diversity level, 
but also modify the genes and metabolites involved in lipid, energy, fatty 
acid, nucleotide and amino acid metabolisms. Additionally, the adverse 
effects of PFASs on these genes and metabolites have been documented. 
Based on similarities across the behavior of PFAS and other xenobiotics, 
PFAS may perturb gut bacterial communities and affect related metabo-
lisms like short chain fatty acid production. While there are very limited 
direct observations of PFAS impacts on the gut microbiome, our compara-
tive review suggests that antagonism caused by exposure to emerging 
PFAS may modify the relative abundance of gut bacterial taxa responsible 
for butyrate reduction and synthesis, disrupt the crucial interactions 
between gut bacteria and organ systems, and ultimately initiate the patho-
genesis of disease within the host.

1.17.02  Effects of Wastewater Effluent on the Gut or Whole-Body 
Microbiome of Aquatic and Riparian Organisms
V. Restivo, E. Millar, McMaster University / Biology; K.A. Kidd, 
McMaster University / Department of Biology and School of Geography 
and Earth Sciences; J.Y. Wilson, McMaster University / Department 
of Biology; M.G. Surette, McMaster University / Department of 
Biochemistry and Biomedical Sciences
The microbiome is a community of bacteria integral in maintaining host 
health. At present, little is known about the gut microbiome of aquatic and 
riparian organisms, but preliminary research suggests that it is influenced 
by host species, diet, and environment. This study evaluated whether 
exposure to wastewater treatment plant (WWTP) effluent in the central 
Grand River (Ontario, Canada) affects the diversity and composition of 
the gut or whole-body microbiome of rainbow darter fish (Etheostoma 
caeruleum), flutedshell mussels (Lasmigona costata), various insect 
larvae, and riparian long-jawed orb weaver spiders (Tetragnathidae). In 
October 2018, biota were collected from sites located at varying distances 
upstream and downstream of two major WWTPs. In October 2019, 
additional water samples were collected from field sites and WWTP 
discharges. Genomic DNA was extracted, PCR amplification of the 16S 
rRNA gene V3-V4 region was conducted, and Illumina sequencing were 
performed. Amplicon sequence variants were filtered using the DADA2 
pipeline and mapped back to bacterial species using the SILVA data-
base. Fish and mussel gut content or whole spider and macroinvertebrate 
microbiomes were dominated by the bacterial phylum Proteobacteria; 
spider microbiomes were dominant in Firmicutes and Bacteriodetes; 
both Heptageniidae insect and mussel microbiomes were dominant in 
Bacteriodetes and Cyanobacteria; and rainbow darter microbiomes were 
dominant in Firmicutes and Cyanobacteria. The alpha diversity of gut 
bacteria in rainbow darter and spiders increased (p< 0.02), and decreased 
in mussels (p< 0.001) at downstream sites. Bacterial communities were 
distinct based on sample type (p< 0.001), with clustering indicating simi-
larity: fish and mussels clustered together, macroinvertebrates clustered 
together, and spiders clustered with river water and WWTP effluents. 
Results indicated that gut microbiome is determined by the host species. 



SETAC North America 41st Annual Meeting | 77

Environmental Toxicology and Stress Response | Track 1

Overall, downstream organisms differed from samples collected upstream 
of the WWTPs and these differences may indicate altered health of the 
host, but further research is needed.

1.17.03 Analysis of the Gastrointestinal Microbiome Reveals 
Disrupted Bacterial Heme and Selenium Metabolism in Zebrafish 
Following Dieldrin Exposure
C.J. Martyniuk, University of Florida / Physiological Sciences; O. 
Adamovsky, Masaryk University, RECETOX; H. Qing, Inner Mongolia 
University / Inner Mongolia Key Laboratory of Environmental Pollution 
Control & Waste Resource Reuse; H. Vespalcova, Masaryk University / 
Research Centre for Toxic Compounds in the Environment RECETOX; 
J. Boyda, University of Florida / Department of Physiological Sciences; 
J. Schmidt, University of Florida / Physiological Sciences; M. Kozuch, 
University of Florida / Center of Environmental and Human Toxicology; 
S.L. Craft, P. Ginn, University of Florida / Department of Comparative, 
Diagnostic and Population Medicine; S. Smatana, E. Budinska, Masaryk 
University / Research Centre for Toxic Compounds in the Environment 
RECETOX; M. Persico, Masaryk University / RECETOX, Faculty of 
Science; J.H. Bisesi, University of Florida / Environmental and Global 
Health
Dietary exposure to chemicals can alter the diversity of microbiome 
communities and can lead to pathophysiological changes in the gastro-
intestinal system. The organochlorine pesticide dieldrin is a persistent 
environmental contaminant that bioaccumulates in fatty tissue of aquatic 
organisms. The objectives of this study were to determine whether envi-
ronmentally-relevant doses of dieldrin altered gastrointestinal morphology 
and the microbiome of zebrafish. Adult zebrafish at ~4 months of age 
were fed a measured amount of feed containing either a solvent control or 
one of two doses of dieldrin (measured at 16, and 163.5 ng/g dry weight) 
for 4 months. Body burden levels of dieldrin in zebrafish at the end of 
the four-month exposure were 0.60±0.52 ng/g (background), 11.47±1.13 
ng/g (low dose) and 18.32±1.32 ng/g (high dose) wet weight [mean±std]. 
Extensive histopathology at the whole organism level revealed that 
dieldrin exposure did not induce notable tissue pathology, including the 
gastrointestinal tract. A repeated measures mixed model revealed that, 
while fish gained weight over time, there were no dieldrin-specific effects 
on body mass. Fecal content was collected from the gastrointestinal tract 
of males and 16S rRNA sequencing conducted. Dieldrin at a dose of 16 
ng/g reduced the abundance of Firmicutes, a phylum involved in energy 
resorption. At the level of class, there was a decrease in abundance of 
Clostridia and Betaproteobacteria, and an increase in Verrucomicrobiae 
species. We used predicted relative metabolomic turnover (PRMT) to 
predict how a shift in microbial community composition affects exchange 
of metabolites. Dieldrin was predicted to affect metabolic turnover of 
uroporphyrinogen I and coproporphyrinogen I [enzyme]−cysteine, hydro-
gen selenide, selenite, and methyl-selenic acid in fish. These pathways 
are related to bacterial heme biosynthesis and selenium metabolism. Our 
study demonstrates that dietary exposures to dieldrin can alter microbiota 
composition, however the long-term consequences of such impacts are not 
well understood.

1.17.04  Assessing the Impact of Fluoxetine on the Gut Microbiome of 
Fathead Minnows
A. Weber, Y. Xie, A. DeBofsky, J.K. Challis, University of Saskatchewan / 
Toxicology Centre; P. Ankley, University of Saskatchewan / Toxicology; 
J. Giesy, University of Saskatchewan / Department of Veterinary and 
Biomedical Sciences
The symbiotic relationship between the microbiome and the host in 
which it lives has only recently been recognized as an important aspect of 
ecotoxicology. The microbiome plays an essential role in host health, with 
the ability to detoxify and activate toxicants as well as crosstalk with the 
immune and nervous systems. With recent insights into the microbiome-
gut-brain-axis, such as its ability to manipulate neurochemicals further 
impacting host behavior, and the ability for bacteria to synthesize and 
transport biogenic amines such as serotonin, it is valuable to understand 

how pharmaceuticals that heavily impact serotonin and its transporters 
may influence the microbiome and in turn, the host. Selective serotonin 
reuptake inhibitors (SSRIs) have received attention in ecotoxicology 
for the potential impacts of these pharmaceuticals on vertebrate and 
invertebrate behavior, reproduction, and development. However, no 
ecotoxicological work thus far has been conducted on identifying the 
effects SSRIs may have on the microbiome. At high concentrations, the 
SSRI fluoxetine, can impede the growth of bacteria cultured from the guts 
of fathead minnows, Pimephales promelas. Therefore, it is expected that 
bacteria will be affected in-vivo. A sub-acute exposure was performed on 
adult male and female P. promelas to understand if fluoxetine can impact 
the microbiome. A 28-day, static renewal test was performed with fluox-
etine concentrations of 0.01, 1, 10, 100 µg/L. Using 16S rRNA amplicon 
sequencing of the V3/V4 region, bacterial communities of the intestine 
will be analyzed. Alpha and beta diversity will be used to explore shifts 
among the gut-associated microflora related to fluoxetine concentrations 
and PICRUSt2 will be used to determine presumptive functional annota-
tion of the bacteria identified. This research will provide an understanding 
of how a prominent pharmaceutical may impact fish gut microbiota, 
emphasizing the importance of the microbiome as a functioning organ 
within the body and stressing the need to incorporate it into toxicological 
studies.

1.17.05  Shotgun Metagenomic Profiling Identifies Effects of Crop 
Production on Cecal Microbiota of Wild Prairie Grouse
S.V. Drovetski, U.S. Geological Survey / Patuxent Wildlife Research 
Center; B.K. Schmid, J.E. Lai, Smithsonian Institution / National Museum 
of Natural History; N.K. Karouna-Renier, U.S. Geological Survey / 
Patuxent Wildlife Research Center
Agriculture is the most important threat to biodiversity globally. Recent 
studies have demonstrated that since the 1960s, 74% of farmland birds 
have experienced significant population decline in the USA and Canada. 
Since 1970, grasslands have suffered by far the greatest decline of avian 
abundance among North American biomes. Chemicals used in modern 
crop production may affect non-target wildlife through direct exposure 
or indirectly by depleting wildlife food resources and hindering animal 
growth, development, health, survival, and reproduction. Agrochemicals 
also suppress wildlife immune systems, thereby facilitating emergence 
and spread of infectious diseases with unusually high mortality rates. 
Wildlife gut microbiota is crucial for its host’s response to environmental 
stressors. Gut microbiota participates in food digestion and detoxification, 
defense against pathogens, stimulating host’s immune system, producing 
vitamins and hormones, regulating brain function, behavior, and repro-
duction. Microbiota and its functionality are sensitive to diet changes and 
environmental pollution both of which are associated with crop produc-
tion. Understanding the breadth and mechanisms of sublethal effects of 
agrochemicals on non-target wildlife is a key for developing sustainable 
agricultural practices. In this study, we utilized shotgun metagenomic 
sequencing to test whether exposure to modern agriculture affects cecal 
microbiota of the sharp-tailed grouse (Tympanuchus phasianellus) and 
greater prairie chicken (T. cupido). We sampled populations residing 
in areas with and without crop production in Nebraska and compared 
richness and composition of their prokaryotic microbiota and virulomes. 
Grouse cecal microbiota is responsible for detoxification of plant second-
ary compounds and environmental toxins, and variation in its richness 
and composition is significantly lower than in other gut regions. Our data 
demonstrate that exposure to grain production significantly affects cecal 
microbiome richness and composition and increases virulome richness 
and load. These effects are consistent in both host species. Composition 
of microbiota and virulomes in exposed grouse populations appears to 
converge, whereas in unexposed populations they are distinct.
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18. General Environmental Toxicology and Stress 
Response
1.18.01  Splitting Fine Particulate Matter (PM2.5) Filters: 
Comparison of Oxidative Potential Between Filter Pieces
A. Sidwell, C. Roper, University of Mississippi / BioMolecular Sciences
Fine particulate matter (PM2.5) is a portion of air pollution that can cause 
serious, adverse health effects in humans, and therefore is important to 
study and understand. A major cause of the negative effects on health 
is the ability of PM2.5 to increase oxidative stress within tissues, which 
can lead to inflammation and disease exacerbation. In order to measure 
oxidative potential and provide other toxicological and compositional 
data, PM2.5 can be collected onto filters and then extracted. To run mul-
tiple assays on the same sample, filters are frequently split into sections, 
assuming equal distribution of PM2.5 and its components across the 
filter. The goal of our study is to perform the dithiothreitol (DTT) assay 
to compare oxidative potential on different portions of the same PM2.5 
filter sample, which will provide data on the validity of splitting filters 
for use in multiple analyses. PM2.5 filters from urban and rural sampling 
locations throughout Arkansas will be used, totaling 6 filters (3 from each 
location). Each filter will be split into four equal pieces, resulting in four 
pieces per filter sample and 12 pieces per location. Following this, PM2.5 
will be extracted by sonication for 60 minutes in methanol and an aliquot 
of each PM2.5 solution will be used for analysis with the DTT assay, run 
in triplicate. An additional aliquot will be stored for future elemental anal-
ysis. This work will test for differences in the oxidative potential between 
quadrants of the same filter. Our preliminary data suggests that there are 
differences in the elemental distribution across a PM2.5 filter (one-way 
ANOVA, p< 0.05 for Fe, U, Cs, and Tl), and therefore, we anticipate that 
we will observe differences in oxidative potential between filter pieces. 
We will also explore differences between sample locations and the impact 
on oxidative potential by testing filters from rural and urban areas. We do 
not anticipate that these location differences and thus concentration and 
composition differences will impact the oxidative potential comparisons 
across individual filters. This work will provide much needed information 
on the ability to split PM2.5 filters to conduct multiple tests on the same 
sample.

1.18.02  Tentative AOP Network for Pulmonary Fibrosis by Use of 
Multiple Biocides
S. Lee, W. Kim, Korea Institute of Toxicology / Predictive Toxicology; M. 
Song, K. Lee, Korea Institute of Toxicology; S. Yoon, Korea Institute of 
Toxicology / Predictive Toxicology
Biocides are widely used in various consumer products. In some cases, 
multiple biocides are included in a single product. People might be 
exposed to multiple biocides by using one or more consumer products. 
Thus, mixture effects of multiple biocides on adverse health outcomes 
should be considered. Adverse outcome pathway (AOP) is a concep-
tual model which portrays existing knowledge concerning the linkage 
between a molecular initiating event and an adverse outcome at a biologi-
cal level of an organism. AOP network is composed of multiple AOPs 
that share common key events. The concept of AOP network could be 
applied to estimate the mixture effects of chemicals, i.e., biocides. In this 
present study, thus, we aimed to develop a new tentative AOP network 
based on the multiple biocide use scenario. In this study, we conducted 
literature review to choose the adverse outcome which can be induced by 
biocides. To construct a new tentative AOPs, we reviewed related AOPs 
and articles and used internal experimental data. Based on the literature 
review, in this study, we selected pulmonary fibrosis as the adverse out-
come induced by biocides because the amount of data was more sufficient 
than others. Among the AOP wiki, three of AOPs are available related 
to lung fibrosis (AOP 173, AOP 206, and AOP 241). Major molecular 
initiating events and key events were peroxisome proliferator-activated 
receptor γ (PPAR γ) activation, transforming growth factor β1 (TGF β1) 
activation, and epithelial-mesenchymal transition (EMT). Based on the 

internal experimental data, a new tentative AOP was constructed with 
toll-like receptor 4 (TLR4) as a molecular initiating event and c-Jun 
N-terminal kinase (JNK) as a key event. As a combination of AOP 206 
and our internal data, we developed a new tentative AOP network sharing 
TGF β1 between them. To confirm the effectiveness of the tentative AOP 
network, molecular initiating events and key events are being tested after 
the mixture exposure of positive chemicals. We developed a new tenta-
tive AOP network for lung fibrosis in this study. Our new tentative AOP 
network can be used to estimate the mixture effects of biocides on lung 
fibrosis. Acknowledgement: This study was supported by Ministry of 
Environment (RE20184085).

1.18.03  Impact of Fine Particulate Matter (PM2.5) Filter Extraction 
Techniques on Oxidative Potential Measurements
A.M. Craze, C. Roper, University of Mississippi / BioMolecular Sciences
Fine Particulate Matter (PM2.5) is well documented to cause acute and 
chronic health hazards. Because of the known health effects, PM2.5 is 
collected on filters to gain an increased understanding of the chemi-
cal composition and potential mechanisms of these exposures. In order 
to conduct these analyses, various extraction methods exist without a 
consistent method across research groups. In this study, four differ-
ent filter extraction techniques commonly used in toxicology research 
were used to determine if the extraction method impacts the findings of 
subsequent analyses, specifically oxidative potential. The filter extraction 
techniques are 1) sonication in methanol 2) sonication in dichlorometh-
ane, 3) sonication in DI water 4) sonication in 0.9% saline. Extraction 
will be performed on co-located PM2.5 filters collected by the Arkansas 
Department of Environmental Quality. In total 6 filters, 3 sampling days 
with 2 co-located filters each day, from North Little Rock, AR will be 
used. Each filter will be split into two equal pieces, resulting in four filter 
pieces per sample period. Each filter piece underwent one of the four 
extraction methods detailed above, resulting in PM2.5 collected from the 
same location/time that was extracted in four different ways. Following 
extraction, aliquots of the PM2.5 solutions are removed for oxidative 
potential analysis. The remaining solution is stored for chemical analysis. 
For oxidative potential analysis, the dithiothreitol (DTT) assay will be 
run in triplicate for each sample using a 96-well plate and DTT calibra-
tion curves. Comparisons will be made between extraction methods and 
samples to determine if the oxidative potential is impacted by the filter 
extraction technique. Preliminary data demonstrates that there are sig-
nificant differences in DTT consumption (nmol/min/µg PM2.5) between 
days at the same location of PM2.5 collection. We anticipate that these 
results will identify the importance of filter extraction in interpretation 
of oxidative potential results. Ultimately, we will make connections to 
specific chemical constituents of PM2.5 that are differentially extracted 
based on the methods used as well as identify trends with constituents 
and oxidative potential measurements. Long-term this work will provide 
information for adoption of a future standardized extraction method for 
better reproducibility across research projects.

1.18.04 Qualitative and Quantitative Analysis of Microplastic 
Contamination in Effluents of the City of Saskatoon Wastewater 
Treatment Plant
S. Prajapati, University of Saskatchewan / School of Environment and 
Sustainability; M. Brinkmann, University of Saskatchewan / School 
of Environment and Sustainability and Toxicology Centre; J. Maley, 
University of Saskatchewan / Saskatchewan Structural Science Centre; 
M. Beal, City of Saskatoon / Wastewater Treatment Plant
In recent years, contamination of the environment with microplastics has 
received increasing scientific and public attention. Wastewater treatment 
plants (WWTPs) are considered important emitters of microplastics into 
aquatic systems. Among these microplastics are microparticles from, 
e.g., cosmetic products, and microfibers that are released during laundry 
of textiles made from synthetic fibers. The purpose of this study was to 
qualitatively and quantitatively characterize microplastic contamination 
in effluents of the City of Saskatoon WWTP, Saskatchewan, Canada. The 
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WWTP discharges directly into the South Saskatchewan River, which 
is an important water resource of central economic and environmental 
importance to the Canadian Prairies. To achieve this goal, a reference 
dataset was developed by determining Raman and Fourier Transform 
Infrared (FTIR) spectra of neat plastic standards. Subsequently, samples 
were obtained from the final effluent of the Saskatoon WWTP during 
winter, spring, and summer 2019 by use of fine-meshed plankton nets. 
Microparticles and -fibers were extracted using Fenton oxidation and 
filtration, counted, and their identity determined by comparing Raman 
and FTIR spectra of individual particles and fibers with the previously 
developed reference dataset. The concentrations of both microparticles 
and -fibers were relatively stable across seasons, and fibers accounted for 
82% of the total number of microplastics. Although the average total con-
centration of microplastics was only 1.76 per liter of effluent, at an average 
daily discharge of 80 million liters, this would amount to the emission 
of 141 million microparticles and -fibers into the river per day. While the 
environmental relevance of these findings remains to be demonstrated, 
these results are an important first step toward understanding the magni-
tude of microplastic contamination in the Canadian Prairies.

1.18.05  Impacts of Metal(loid) Exposures to Farmworkers in Yuma 
County, Arizona
J. Credo, University of Arizona/Northern Arizona University / Chemistry 
and Biochemistry; A. Chandos, Northern Arizona University / Biological 
Sciences; C. Checinski, Northern Arizona University / Chemistry 
& Biochemistry; F.A. von Hippel, Northern Arizona University / 
Department of Biological Sciences
Yuma, Arizona is an agricultural hub located on the U.S.-Mexico border 
that produces more than 175 crops consumed nationally and globally. 
Pesticides are applied year-round to maintain high agricultural yields and 
represent a source of significant exposure to Yuma residents, especially 
migrant farmworkers who comprise the bulk of the agricultural labor 
force. Previous work in these communities focused on a limited set of 
contaminants, such as lead, but little is known about concentrations 
of other contaminants, including metal(loid)s used in pesticides. This 
research, funded by the Flinn Foundation, examined the metal(loid) 
concentrations in the hair of 300 wild-caught rodents and 323 human 
volunteers from Yuma County. Utilizing inductively coupled plasma-mass 
spectrometry and cold vapor atomic absorption spectroscopy, contami-
nants including lead, manganese, cadmium, copper and mercury were 
detected at concentrations associated with neurotoxicity in children and 
adults in both human hair and rodent fur. Metal(loid) concentrations were 
compared to health data of volunteers collected from electronic medical 
records and health surveys. Additionally, the hair analysis validated the 
use of the local wild-caught rodent (Peromyscus) as a model for human 
exposure. On-going histological, transcriptomic and metabolomic work in 
the rodent model, comparing animals collected from agricultural fields vs. 
a reference site, will provide information on mechanisms of toxicity and 
developmental disruption.

1.18.06 The Toxic Effect of BDE-47 on Nuclear Receptors in 
Sk-N-Sh Human Neuroblastoma Cells
J. Song, J. Zhang, Y. Li, Shenzhen Center for Disease Control and 
Prevention; C. Zhao, Lanzhou University; Q. Zhou, Chinese Academy of 
Sciences
Polybrominated diphenyl ethers (PBDEs) are endocrine-disrupting chemi-
cals that possess neuroendocrine and reproductive toxicity in humans and 
disturb thyroid hormone homeostasis, neurobehavior, and development. 
The most predominant congener of PBDEs in humans and other organ-
isms is 2,2’,4,4’-tetrabromodiphenyl ether (BDE-47). Nuclear receptors 
(NRs) are a family of transcription factors that sense changes in envi-
ronmental or hormonal signals. However, most studies have only been 
about the modulation of one receptor and the pathway involved, and there 
is limited information available on the structural characteristics of the 
binding with NRs induced by BDE-47. Therefore, we evaluated the toxic 
effect, NRs activation and detailed binding interactions of BDE-47 with 

NRs in SK-N-SH human neuroblastoma cells. The CCK-8 cell viability 
assay showed that the proliferation of human SK-N-SH cells exposed to 
BDE-47 was significantly inhibited in time- and dose-dependent manners. 
In the test of oxidative stress level, intracellular ROS ( Reactive oxygen 
species), the expression of hOGG1 (8-hydroxy guanine DNA glycosidase) 
mRNA were increased by DCFH-DA fluorescence and quantitative PCR 
after BDE-47 exposure. While WST-1 and colorimetric tests showed that 
the activity of SOD (Superoxide Dismutase) and GSH-Px (Glutathion 
peroxidase) were decreased significantly. Moreover, compared with the 
control group, the expression of retinoic acid receptor alpha (RXRα), 
pregnane X receptor (PXR), thyroid hormone receptors (TRs), and 
peroxisome proliferator-activated receptors (PPARs) at the mRNA and 
protein levels was significantly increased, as determined by quantitative 
PCR and western blot analysis, demonstrating that BDE-47 activated the 
NRs in vitro. Besides, BDE-47 could bind to all four NRs in the affinity 
order of PPARγ > PXR > TRβ > RXRα under molecular dynamics. These 
different affinities between BDE-47 and NRs might partially explain 
our results showing that BDE-47 displayed diverse activation with NRs. 
The findings of this study will provide an understanding the action and 
molecular initiating events by BDE-47 interference of ligand-dependent 
nuclear receptors on neurovirulence. However, the specific NRs cross-talk 
and complicated biological effect induced by BDE-47 should be addressed 
in future research.

1.18.07 Thyroid Endocrine Disruption and Neurobehavioral Effects 
of EHMC in Zebrafish (Danio rerio) Embryo/Larvae
D. Ahn, Seoul National University / School of Public Health
2-Ethylhexyl-4-methoxycinnamate (EHMC) is one of the major organic 
ultraviolet (UV) filters of which use has increased during last decades. 
Widespread used of EHMC has led to frequent occurrences in the aquatic 
environment. We evaluated thyroid disruption and neurotoxic potentials 
of short term exposure to EHMC using zebrafish embryo-larvae. The 
zebrafish embryos were exposed to Control, SC, 1, 3, 10, 30 uM EHMC 
for 5 days, and were measured for survival, hatchability, and malforma-
tion rate. In addition, effects on thyroid hormones (T3 and T4), genes 
related to thyroid hormone transport (lat2 and oatp1c1), thyroid hormone 
receptor corepressor (ncor1), thyroid hormone target genes (klf9 and mbp) 
in central nervous systems (CNS) were quantified. To investigate neu-
robehavior effect of EHMC, Total distance moved (mm), Mean velocity 
(mm/s), Zone latency to first (s) were evaluated under both dark condition 
and light-dark transition by using Daniovision Ethovision® XT, following 
120±1 hours of exposure. Exposure to EHMC significantly altered thyroid 
hormone regulation, genes related to thyroid hormone, CNS and neurobe-
havior. Whole body T3 and T4 concentrations significantly decreased. 
In addition, lat2 and oatp1c1 genes were significantly down-regulated, 
indicating decreased T3 transport into the cells. Moreover, significant 
down-regulations of klf9 and mbp mRNA were observed, suggesting 
neurodevelopmental impairment partly because of thyroid hormone regu-
lation. Under dark condition, Zone latency to first (s) was significantly 
increased at the highest experimental concentration. Zone latency to first 
(s) is used to determine thigmotaxis, commonly observed behavioral 
pattern of anxiety or fear. Total distance moved (mm) and Mean velocity 
(mm/s) decreased dose-dependently but statistical significance was not 
observed. Our study clearly shows that exposure to EHMC could disrupt 
normal thyroid function and impair neurobehavior. Further studies on 
potential consequenes following long term exposure are needed.

1.18.08  Indoor Air Dispersion of PLA and ABS Microfilaments 
During 3D Printing: Do 3D Printers Cause Indoor Microplastics 
Pollution?
B. Dean, Environment and Climate Change Canada; L. Jantunen, 
Environment and Climate Change Canada / Air Quality Processes 
Research Section
3D printing is gaining traction in the industrial sector and for personal 
applications due to its affordability and relatively rapid prototyping of 
unique and complex materials. 3D printing is becoming more popular in 
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industries, such as electronics, medicine, consumer products, aerospace, 
automotive, entertainment, and education; however the studies are sparse 
regarding the dispersion of microfilaments of working in proximity to 3D 
printers. 3D printing is a process that involves making a physical object 
from a 3D digital model by laying down many successive thin layers of 
thermally-activated material, such as acrylonitrile-butadiene-styrene 
(ABS) and polyacetic acid (PLA). ABS is a bio-composite, meaning 
it consists of biodegradable components and treated with fillers, such 
as anthropogenically modified cellulose, polycarbonate, polyethylene 
tetraphthalate and nylon. PLA is marketed as the “environmentally 
friendly” solution in 3D printing as it is biodegradable; however, for it to 
be biodegradable, the waste has to be transported to a proper composting 
facility. The risks of ingestion and inhalation of microplastics and micro-
fibers has been documented outside of the 3D printing world; however 3D 
printing studies mostly assess the risk of inhalation of the volatile organic 
compound byproducts and ultrafine particles (< 0.1 μm) produced during 
thermal processing of PLA and ABS. In order to quantify microplastics 
released during 3D printing and estimate dispersion of microparticles 
associated with 3D printing, passive air samplers consisting of a petri 
dishes lined with double-sided adhesive were placed next to a 3D printer 
and in a room adjacent to the 3D printer for 2 - 7 days while the printer 
was operational. Microscopy was used to document microfilaments 
ranging in size from 200 to 2000µm in five different indoor environ-
ments with varying ventilation. Deposition rates ranged from 628 - 12575 
particles/day/m2 in the 3D printer room and 471 – 2358 particles/day/m2 in 
the adjacent room. Particle emissions from 3D pens was also investigated 
and will be reported. We will also present the smaller size range ~25 
to 200µm, estimate the deposition rate and make recommendations on 
proper usage and ventilation to reduce indoor exposure.

1.18.09 The Novel Inebriator System for Ethanol Exposure in Two 
Honey Bee Subspecies (Apis mellifera mellifera and Apis mellifera 
scutellata/Mellifera Hybrid)
K.N. Stauch, C.I. Abramson, Oklahoma State University / Psychology
Honey bees (Apis mellifera) consume ethanol when they forage from 
food sources such as fermenting nectar and decaying fruit. Researchers 
have found that bees actively seek out ethanol and demonstrate prefer-
ences for specific types of alcohol. The inebriator system was originally 
developed to dose fruit flies (Drosophila melanogaster) with ethanol; in 
this apparatus, ethanol is vaporized through an air pump bubbler system 
and delivered through plastic tubing to a falcon tube containing an insect 
for a predetermined amount of time. The present study discusses the 
modification of the Drosophila model for use with honey bees. The results 
from the inebriator method will also be compared to the traditional feed-
ing method. After ethanol dosing, bees had their hemolymph drawn and 
gas chromatography analysis was conducted to determine blood alcohol 
content. This presentation discusses the establishment of a dose-response 
curve for the inebriator system with honey bees exposed to various 
concentrations of ethanol in Puerto Rico (Apis mellifera scutellata/
mellifera hybrid) and Oklahoma (Apis mellifera mellifera). Preliminary 
results showed that Puerto Rican bees had higher baseline blood alcohol 
concentration as compared to bees collected in Oklahoma. This suggests 
that differences in subspecies environmental conditions might influence 
their foraging on resources containing alcohol such as decaying fruits. An 
additional sample of Oklahoma bees from early spring will be compared 
to the data described in the above preliminary analysis.

1.18.10  Effects of Hexabromocyclododecane (HBCD) on Adult 
Fathead Mnnow (Pimephales promelas)
S.H. Malala Irugal Bandaralage, University of Saskatchewan / 
Toxicology; J. Bertucci, University of Saskatchewan / Toxicology 
Centre; M. Brinkmann, University of Saskatchewan / School of 
Environment and Sustainability and Toxicology Centre; A.J. Masse, 
University of Saskatchewan / Toxicology; J. Xia, McGill University 
Macdonald Campus / Institute of Parasitology; O. Soufan, McGill 
University / Faculty of Agricultural and Environmental Sciences; D. 
Crump, Environment and Climate Change Canada / National Wildlife 
Research Centre; N. Basu, McGill University / Faculty of Agricultural 
and Environmental Sciences; N.S. Hogan, University of Saskatchewan 
/ Department of Animal and Poultry Science and Toxicology Centre; 
M. Hecker, University of Saskatchewan / School of the Environment & 
Sustainability and Toxicology Centre
Flame retardant (FR) use is predicted to increase as urbanization, demand 
for affordable housing and growth in the construction and automotive 
industries rise. However, concerns associated with adverse effects (i.e. 
cancer, hormone disruption, development) in humans and animals has 
resulted in many of these chemicals being classified as persistent organic 
pollutants (POPs) and thereby banned from use. One such chemical is 
hexabromocyclododecane (HBCD), a FR commonly used in the building 
industry as foam insulation panels. HBCD presents a threat to aquatic 
organisms as it can biomagnify in the food web and cause adverse toxic 
effects. Current research suggests HBCD impacts endocrine function by 
altering thyroid hormone balance. However, little is known regarding the 
specific molecular mechanism driving HBCD toxicity. The purpose of 
this study is to identify key gene expression pathways predictive of apical 
outcomes of regulatory relevance following dietary exposure of fathead 
minnow (Pimephales promelas) to HBCD. Adult male and female fathead 
minnows were exposed to three concentrations of HBCD (10, 33, 100 
ng/g) and a solvent control for 49 days via the diet under static renewal 
conditions. After 7 days, a subset of fish were sampled and liver tissue 
was collected to characterize omics endpoints (transcriptomics, pro-
teomics, metabolomics). The fish exposed for 49 days were assessed for 
apical endpoints (i.e. histopathology, gross morphology, fecundity, liver 
somatic index and gonad somatic index). Female fish exposed for 49 days 
displayed a trend towards greater GSI and lower LSI. Transcriptomics 
analysis is ongoing with the goal of identifying dysregulated pathways 
and key gene expression signatures predictive of apical outcomes. This 
study is part of the EcoToxChip project (www.ecotoxchip.ca).

1.18.11 Sub-Lethal Toxicity Assessment of the Phenylurea Herbicide 
Linuron in Developing Zebrafish (Danio rerio) Embryo/Larvae
C.J. Martyniuk, University of Florida / Physiological Sciences; S. 
Maharaj, University of Florida; N. El Ahmadie, University of Florida 
College of Veterinary Medicine; S. Rheingold, J. El Chehouri, University 
of Florida; L. Yang, Institute of Hydrobiology, Chinese Academy 
of Sciences; C.L. Souders II, University of Florida / Department of 
Physiological Sciences
Due to run-off and rain events, a significant number of agrichemicals 
can enter water catchments, exerting endocrine disruption effects and 
toxicity to aquatic organisms. Linuron is a phenylurea herbicide used to 
control a wide variety of vegetative weeds in agriculture in addition to 
residential applications. The objectives of this study were to assess the 
acute toxicity of linuron to zebrafish embryos by measuring mortality, 
morphological deformities, oxidative respiration, gene expression, and 
locomotor activity via the Visual Motor Response test. Zebrafish embryos 
at ~6-h post-fertilization (hpf) were exposed to either embryo rearing 
medium (ERM), or one dose of 1.25, 2.5, 5, and 10 μM linuron for up to 
7 days post-fertilization (dpf) depending on the assay. Zebrafish larvae 
exposed to linuron displayed deformities such as pericardial edema, yolk 
sac edema, and spinal curvature. Oxidative respiration assessments in 
embryos using the Agilent XFe24 Flux Analyzer revealed that linuron 
decreased mean basal respiration and oligomycin-induced ATP-linked 
respiration in 30 hpf embryos at 20 μM after a 24-hour exposure. In 7 dpf 
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larvae, transcript abundance was determined for 6 transcripts that have a 
role in oxidative respiration (atp06, cox1, cox4-1, cox5a1, cytb, and nd1) 
and there were no changes in the levels of any transcript measured. A 
Visual Motor Response test was conducted on 7 dpf larvae to determine 
whether linuron (0.625 to 5 µM) impaired locomotor activity. Larval 
activity in the dark period decreased in a dose dependent manner and 
there were indications of hypoactivity as low as 1.25 µM. Transcript 
abundance was determined for tyrosine hydroxylase (th1) and glutamic 
acid decarboxylase 67 (gad1b), two rate limiting enzymes that control 
the production of dopamine and gamma-aminobutyric acid respectively. 
The mRNA levels of gad1b (p=0.019) were reduced with increasing 
concentrations of linuron while th (p=0.056) showed a similar decreasing 
trend, suggesting that neurotransmitter biosynthesis may be altered with 
exposures to linuron. This study improves knowledge related to the toxic-
ity mechanisms for linuron in early stages of fish, and suggests that this 
well described anti-androgenic chemical may also have neurotoxic effects 
related to neurotransmitter biosynthesis.

1.18.12  Size-Dependent Neurotoxicity of Microplastics in Zebrafish 
Embryos
S. Jeong, K. Kim, Seoul National University of Science and Technology / 
Department of Environmental Engineering
Microplastic (MP), defined as < 5 mm in size, is an emerging pollutant 
in aquatic environments. Because of their ubiquitous presence and small 
size, accumulation of MPs in aquatic organisms is unavoidable, caus-
ing unknown impacts on their health integrity. Although recent studies 
suggest that the exposure to MPs may disrupt fish larvae swimming 
competence, no systematic study has been conducted on size-dependent 
neurotoxicity of MPs. To investigate potential neurotoxic effects, MPs in 
four size ranges (1, 6, 10, 25 μm) were exposed to dechorionated zebrafish 
embryos at three concentrations (500, 5000, 50000 particles/mL). No det-
rimental effects of MPs on larval development and growth were observed. 
Only exposure to 50000 particles/ml of 6 μm-sized MPs caused changes 
in the behavior of zebrafish larvae under light-dark transitions. We found 
in electroencephalographic analysis that MPs could induce a seizure-like 
phenotype in larval zebrafish in a size-dependent manner, linking to 
disrupted production of thirty-two neurotransmitters of zebrafish larvae. 
We demonstrate the presence of dominant size causing neurotoxic effects 
of MPs in the zebrafish model, which helps to better understand their 
potential risks to the aquatic environment.

1.18.13 Integrated Assessment of Sediment Quality in Reservoirs 
and Lakes of the Saskatchewan River Basin
S. MacPherson, University of Saskatchewan / Toxicology; T. Jardine, 
University of Saskatchewan / School of Environment and Sustainability 
and Toxicology Centre; L.E. Doig, University of Saskatchewan / 
Toxicology Centre; G. Strickert, University of Saskatchewan / School 
of Environment and Sustainability; M. Brinkmann, University of 
Saskatchewan / School of Environment and Sustainability and Toxicology 
Centre
The Saskatchewan River Delta (SRD) is the largest inland delta in North 
America. Over the past fifty years, anthropogenic changes upstream, 
including the construction of E.B. Campbell and Gardiner Dam, have 
altered the water and sediment transport dynamics such that a sediment 
deficit has been created. This has lowered the productivity of the SRD 
far below historical norms, resulting in cultural and economic devasta-
tion for the community of Cumberland House that is located in the SRD. 
Among multiple restoration options currently discussed, transporting 
sediment from elsewhere in the Saskatchewan River Basin to the SRD 
may be one potential solution. To screen candidate sediments for their 
quality, chemical and physico-chemical properties such as metal concen-
trations and sediment texture, as well as the potential to cause adverse 
biological effects, will be assessed. Cell-based bioassays with either 
fish or mammalian cell lines will be used to screen for cytotoxicity and 
detect the potential for effects from environmentally-relevant chemicals 
such as dioxin-like chemicals, estrogenic and anti-estrogenic chemicals, 

androgenic and anti-androgenic chemicals, as well as genotoxicants. This 
integrated sediment quality assessments will provide valuable informa-
tion for future decision-making to the Delta Stewardship Committee in 
Cumberland House.

1.18.14 Ecotoxicity Studies of Lone and Mixtures of Selected 
Pharmaceuticals Using a Battery of Bioassays
E.O. Omotola, UKZN / Chemistry; B. Genthe, CSIR South Africa; O.S. 
Olatunji, School of Chemistry and Physics / Chemistry
Environmental effects of active pharmaceutical drug (APD) residues are 
not well characterized, hence the need for comprehensive evaluation. 
In this study, 6 ecotoxicological bioassays of single compounds and a 
mixture of APDs, namely lamivudine (L) an antiretroviral; ciprofloxacin 
(C) and vancomycin (V) – antibiotics; and acetaminophen (A) and diclof-
enac (D) - NSAIDs at a concentration range between 0.01 µg/mL and 0.1 
µg/mL was conducted using five indicator organisms namely; Lactuca 
sativa seeds, Allium cepa, Daphnia magna, Salmonella typhimurium 
(TA 98P450, TA 100, and TA 100P450) and Saccharomyces cerevisiae 
(YES assay). The biological assays were selected because they represent 
different trophic levels within the ecosystem. Results from exposure to 
lone APD quintets (L, A, V, C, and D) showed that L, C, and D individu-
ally caused fatal impacts on daphnids, with 100, 75, and 95 % mortality 
rates respectively, while acetaminophen and vancomycin exerted no fatal 
impact (100 % survival), even after 48 hr exposure. High concentrations 
(0.1 µg/mL) of lamivudine and ciprofloxacin and low concentrations 
(0.01 µg/mL) of vancomycin and diclofenac indicates slight mutagenicity 
to TA 98P450 Salmonella typhimurium test strain, with mutation ratios 
(background/sample ratio of bacteria colonies) 1.61, 1.64, 1.88, and 1.79, 
respectively. A decrease in germination rate, relative to the control, was 
induced on Lactuca sativa seeds by lamivudine and vancomycin (P< 
0.05, P = 0.013). Lamivudine (P< 0.05, P = 3.60E-3) and acetaminophen 
(P< 0.05, P = 0.035) had a lethal impact on the root length of Allium cepa. 
Further microscopic examination of the Allium cepa root tip revealed 
chromosomal aberrations on exposure to each of the compounds. The 
ecotoxicology bioassays on the mixture of LAVCD indicated a synergistic 
effect on the daphnids with the sum of toxicity unit of 1.58, which may 
probably be due to potentiation. The LAVCD-mix also had a cytotoxic 
effect (evidenced by the absence of bacteria colonies) on the tested three 
Salmonella typhimurium strains. However, no harmful impact was 
exerted on Lactuca sativa seed germination by the LAVCD mixture, and 
no estrogenic activities were detected in Saccharomyces cerevisiae YES 
assay.

1.18.15 Increasing Adult Honey Bee Longevity in Laboratory 
Bioassays for Microbial Pesticide Evaluation
D.R. Schmehl, L.S. Ortego, Bayer CropScience / Environmental 
Effects and Risk Assessment; M. Sultan, Bayer CropScience / School of 
Environmental Sciences; K. Rahman, Bayer CropScience / Environmental 
Modeling; R. Sammons, K. Huntzinger, Bayer CropScience / 
Environmental Effects and Risk Assessment
The interest in and use of biological materials (e.g. biostimulants, 
biopesticides) in crop production is increasing globally at a rapid pace. 
Part of the interest is that these technologies are viewed as safer alterna-
tives to conventional chemicals and provide immense value in a holistic 
integrated pest management approach. While establishing the safety of 
these materials is as important as for conventional chemicals, there are 
important distinctions between them. For example, micro-organisms need 
to be evaluated for their pathogenic potential. The current EPA honey 
bee test guideline for assessing the pathogenicity potential of a micro-
bial pesticide (OCSPP 885.4380) requires a 30-day observation period 
after dosing, but this test duration is difficult to achieve. A reliance upon 
shorter 10-day duration studies based upon OECD guideline #245 may 
not capture signs of pathogenicity, as some known bee pathogens take up 
to two weeks to elicit signs of an infection. Additionally, microbial-based 
test material can be difficult to deliver within a syringe feeder due to 
potential clogging or difficulty in maintaining homogeneity. The primary 
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objective of the present study is to identify the factors that may increase 
adult longevity in laboratory cage bioassays. The evaluation of cage type, 
number of bees, the presence of wax, honey, or water were investigated. 
with the goal of combining the factors that lead to consistently high sur-
vival. Furthermore, we considered the benefits and drawbacks of utilizing 
the pollen diet as a delivery mechanism for a test material. Our data will 
inform an optimized test design for assessing the potential pathogenicity 
of a microbe.

19. Late Breaking: Environmental Toxicology and 
Stress Response
1.19.01 Assessing the Impact of Postnatal Exposure to 
Benzophenone-3 on the Mammalian Female Reproductive System
K. Roosa, State University of NY at Oneonta / Biology
In mammals, female fertility depends on an adequate supply of healthy 
oocytes contained within follicles of somatic cells. These follicles are 
formed early in development, either before or shortly following birth. 
Exposure to reproductive toxicants, including endocrine disrupting 
chemicals, can affect ovarian follicle formation. Benzophenone-3 (BP-3) 
is an ultraviolet radiation screen found in sunscreens, cosmetics, and 
personal care products. There is evidence that it has estrogenic and anti-
androgenic endocrine disrupting effects. Estrogen signaling is important 
in the process of ovarian follicle formation in mammals. The impact on 
BP3 on ovarian follicle formation and development in mammals has not 
yet been well studied. To test the hypothesis that BP3 disrupts ovarian 
follicle formation in mammals, two-day-old female rats were treated with 
environmentally relevant doses of BP3 (8, 2, or 0.2 mg/kg) by subcutane-
ous injection once daily for four days, which spans the time of follicle 
formation in the rat. Oocytes were counted in histological sections to 
assess the degree of follicle formation in treated animals vs. controls. The 
total number of oocytes counted in histological section was not affected 
by any dose of BP3 (p = 0.57 one-way ANOVA), nor was the percent of 
oocytes that had formed follicles (p = 0.25). There was also no effect of 
BP3 on the rate of ovarian follicle development after they were formed. 
However, the compound decreased uterus mass at a dose of 2 mg/kg (p 
= 0.05). These results indicate that at the dosages applied, BP3 does not 
affect the rate of ovarian follicle formation in neonatal rats, but there may 
be a toxic effect on the uterus. These data add to the current paucity of 
information on the impact of BP3 exposure on the female reproductive 
system of mammals. Ongoing studies will help to determine if postna-
tal BP3 exposure impacts the expression of genes important for follicle 
formation, development, and quality in the ovary. The impact of postnatal 
exposure on sexual maturation and follicle dynamics later in life is also 
currently being investigated.

1.19.02  Bioaccumulation and Biomagnification of Per- and 
Polyfluoroalkyl Substances in the Sub-Arctic Ringed Seal Foodweb 
of Lake Melville, Canada
D. Xiong, I. Lehnherr, University of Toronto, Mississauga / Department 
of Geography and Planning; A.O. De Silva, Environment and Climate 
Change Canada / Water Science and Technology Directorate; J.L. Kirk, 
Environment and Climate Change Canada / Aquatic Contaminants 
Research Division; Y. Sun, South China Sea Institute of Oceanology, 
Chinese Academy of Sciences / Aquatic Contaminants Research 
Division; D.C. Muir, Environment and Climate Change Canada / Aquatic 
Contaminants Research Division; E.M. Sunderland, Harvard University 
/ John A. Paulson School of Engineering and Applied Sciences; M. 
Li, University of Delaware / Marine Science and Policy; X. Wang, 
Environment and Climate Change Canada / Aquatic Contaminants 
Research Division; A. Gleason, Environment and Climate Change 
Canada; C. Spencer, Environment and Climate Change Canada / Water 
Science Technology Directorate; M. Williamson, Environment and 
Climate Change Canada; T. Sheldon, Environmental Sciences Group / 
Royal Military College; R. Laing, L. Pijogge, Nunatsiavut Government
Per- and polyfluroalkyl substances (PFAS) are a series of synthetic 
organic compounds that are highly persistent and possess high bioaccu-
mulative potential in various organisms. The ringed seal (Phoca hispida) 
foodweb of Lake Melville, a semi-enclosed estuarine fjord located in 
northern Labrador of eastern Canada, may be impacted by these chemi-
cals. The Lake Melville region is currently undergoing environmental 
changes including climate warming and reservoir creation for hydroelec-
tric power developments. Anthropogenic sources such as a military base 
and an airport also exist in this region, PFAS levels throughout the ringed 
seal foodweb may therefore increase, posing potential health concerns for 
local Inuit populations who rely on ringed seals, fish, and other tradi-
tional country foods for sustenance. In this study, a total of 156 water 
and biota samples were collected to investigate concentrations, congener 
profiles, bioaccumulation, and biomagnification of PFAS throughout 
the ringed seal foodweb. Samples of water, invertebrates, fish and seal 
livers and muscles were chemically extracted and then analyzed for 19 
PFAS using ultra-high performance liquid chromatography coupled with 
tandem mass spectrometry. PFAS are ubiquitous in Lake Melville water 
and biota. Perfluorobutanoic acid (PFBA) was the dominant congener 
in water samples. PFBA and perfluorooctane sulfonate (PFOS) were the 
dominant congeners in freshwater and marine zooplankton, respectively. 
Long-chain odd numbered perfluorocarboxylic acids (PFCAs) and PFOS 
were the major congeners in fishes and seals. Freshwater fish close to local 
sources of contamination, fishes with increased foraging activities within 
the benthopelagic environment, and seals that feed on foodweb organ-
isms supported by terrestrial and freshwater organic carbon sources were 
associated with higher PFAS levels. Highest water-biota bioaccumulation 
factors (BAF) were observed for perfluorododecanoic acid (PFDoA) in 
freshwater zooplankton in the 153-500 µm size and benthic freshwater 
fish, PFOS in freshwater zooplankton >500µm, marine zooplankton, krill, 
scallop, and seals, perfluoroundecanoic acid (PFUnDA) in benthopelagic 
fishes, and perfluorooctane sulfonamide (FOSA) in benthic marine fish. 
Predator-prey biomagnification factors (BMF) and trophic biomagnifica-
tion factors (TMF) indicate that long chain PFCAs, PFOS, and FOSA 
biomagnify throughout the ringed seal foodweb. This study is the first to 
investigate PFAS in a complete foodweb in Labrador.

1.19.03  Chitin Synthase Inhibition Leading to Increased Mortality: 
Development of a Conceptual Adverse Outcome Pathway
S. Schmid, Y. Song, K. Tollefsen, Norwegian Institute for Water Research 
(NIVA) / Section of Ecotoxicology and Risk Assessment
Arthropods undergo molting in order to develop, grow, and reproduce, 
and are highly dependent on the synthesis of the N-Acetyl-D-
Glucosamine polymer chitin. It constitutes the main part of the arthropod 
exoskeleton that functions as protection against predators, physical barrier 
against pathogens, and provides support for muscular function. In arthro-
pods, cuticular chitin is synthesized from trehalose in several enzymatic 
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steps where the final step is the polymerization by the chitin synthase 
isoform 1 (CHS1). The high conservation of chitin synthetic processes 
and their absence in other taxa makes them exploitable for specific pest 
controlling agents that are globally used in agriculture. Since the process 
of molting is directly dependent on the successful synthesis of a new exo-
skeleton, disturbances of chitin synthesis are detrimental for arthropods. 
Although these chemicals are not normally harmful for vertebrates, they 
may represent a risk for non-target arthropods such as crustaceans which 
are indispensable for healthy ecosystems. Since risk assessors and regula-
tors are challenged with a steadily rising number of chemicals to assess, 
the need for an efficient, mechanistically based risk assessment emerges, 
in which the Adverse Outcome Pathway (AOP) framework finds its appli-
cation. A conceptual AOP was proposed for Chitin Synthase Inhibition 
and the supporting experimental evidence assessed using evolved 
Bradford-Hill criteria. The AOP assembly and key event identification 
on different levels of biological organization were based on information 
of biological processes and effects triggered by exposure to a number of 
chemical stressors. Biological plausibility and essentiality of key events as 
well as coherence between key event relationships were demonstrated to 
be high, albeit the confidence in the AOP was considered moderate due to 
the lack of quantitative data for certain stressors. Analysis to identify the 
taxonomic and chemical applicability domain of the AOP suggest that the 
present AOP may have relevance for a number of chemicals and species/
taxa, and thus potentially have substantial environmental relevance and 
regulatory applicability. The AOP, presenting a novel contribution to a 
limited number of non-vertebrate AOPs, is anticipated to provide insight 
into the current knowledge, identify knowledge gaps and propose testing 
and analysis needs to expand the qualitative and quantitative knowledge 
domains of this AOP.

1.19.04 Comparative Transcriptomic Analysis to Identify Commonly 
Dysregulated Genes in Early-Life Stage Xenopus laevis in Response 
to Eight Environmental Chemicals
S.V. Jois, A. Alcaraz, University of Saskatchewan / Toxicology Centre; O. 
Soufan, McGill University / Faculty of Agricultural and Environmental 
Sciences; A.J. Masse, University of Saskatchewan / Toxicology; J. Xia, 
McGill University / Faculty of Agricultural and Environmental Sciences; 
D. Crump, Environment and Climate Change Canada / National Wildlife 
Research Centre; N. Basu, McGill University / Faculty of Agricultural 
and Environmental Sciences; M. Hecker, University of Saskatchewan / 
School of the Environment & Sustainability and Toxicology Centre; N.S. 
Hogan, University of Saskatchewan / Department of Animal and Poultry 
Science and Toxicology Centre
There is increasing pressure to replace live animal toxicity testing with 
strategies that are more ethical, high-throughput, and low-cost. Early-life 
stage (ELS) testing coupled with mechanism-based approaches show 
promise in predicting apical outcomes of regulatory relevance; however, 
this approach needs to be standardized and made widely available. In 
this study, we used RNA sequencing to identify commonly dysregulated 
genes in Xenopus laevis in response to eight chemicals that were chosen 
as representative environmental contaminants. Individual water-borne 
exposures to benzo(a)pyrene, chlorpyrifos, ethinyl estradiol, fluox-
etine hydrochloride, lead (II) nitrate and trenbolone were conducted 
with embryo-larval Xenopus laevis while exposure to hexabromocy-
clododecane and selenomethionine was achieved through maternal 
transfer. Individuals were collected after a 96 h exposure, pooled (n=5) 
and prepared for RNA sequencing. Raw files were analyzed using 
alignment-based (Hisat2) and pseudo-alignment (Kallisto) workflows 
in the EcoToxXplorer-hosted Galaxy server to obtain the raw counts. 
Differential gene and transcript expression were done using Xenopus lae-
vis specific Gene Expression module in ecotoxxplorer.ca. Transcriptomic 
analysis obtained from various chemical exposures on ELS Xenopus 
laevis revealed several genes and transcripts that were up or down regu-
lated at the gene and transcript levels. Interestingly the hits obtained using 
HiSat2 and Kallisto workflows were similar in number. Further analysis 
will be directed towards identifying the most common overlapping genes 

that are dysregulated by all eight chemical treatments. This information 
will enable the development of the Xenopus laevis EcoToxChip (eco-
toxchip.ca), an alternative testing approach using embryonic Xenopus 
laevis for chemical testing and prioritization. This study is part of the 
EcoToxChip project (ecotoxchip.ca).

1.19.05  How Well Can Partitioning-Based Aquatic Food Web 
Models Predict Bioaccumulation of PFAS?
J. Sun, Harvard University / Environmental Science & Engineering; H. 
Pickard, E.M. Sunderland, Harvard University / John A. Paulson School 
of Engineering and Applied Sciences
Per- and polyfluorinated alkyl substances (PFAS) are a broad class of 
highly persistent, globally distributed anthropogenic compounds that have 
been linked to a variety of adverse human health effects. Consumption 
of fish and other seafood has been identified as a major source of human 
exposure to some of these compounds, but several gaps remain in our 
current understanding of the mechanisms driving different patterns of 
uptake and bioaccumulation for different PFAS. Here we adapt an exist-
ing aquatic food web bioaccumulation model for ionogenic compounds 
to further investigate the dominant drivers of PFAS bioaccumulation in 
fish, and extend the model to describe full food-web bioaccumulation 
to evaluate the model’s utility in regulatory and risk assessment con-
texts. We parameterize the model using laboratory bioconcentration and 
biomagnification studies, and present an assessment of model sensitivity 
to uncertainties in model parameters and mechanisms using a published 
field dataset. We apply the model to a new paired water and fish dataset 
from nine New Hampshire lakes and rivers to probe several outstanding 
questions about bioaccumulation drivers, including (1) the prevalence of 
concentration-dependent bioaccumulation, (2) the relative importance 
of phospholipid and protein binding, and (3) the role of different uptake 
pathways. Preliminary results indicate long-chained perfluoroalkyl acid 
(PFAA) bioaccumulation is primarily driven by phospholipid binding, 
while short-chained PFAA bioaccumulation is more strongly driven by 
protein binding linked to concentration-dependent bioaccumulation pat-
terns. These results suggest that (1) partitioning-based bioaccumulation 
models can be appropriate for the more bioaccumulative long-chained 
PFAAs, and (2) surface water quality standards should account for 
concentration-dependent bioaccumulation for short-chained PFAAs.

1.19.06 Impacts of RDX Soil Contamination and Differential Water-
Resourcing on Health, Survival, and Pollinator Interactions in 
Multiple Plant Species
R. Lance, A.D. Butler, C.M. Jung, D.L. Lindsay, N.E. Harms, ERDC - 
Environmental Laboratory; X. Guan, Bennett Aerospace, Inc.; S.M. Feist, 
ERDC - Environmental Laboratory
The first order effects of hexahydro-1,3,5-trinitro-1,3,5-triazine (RDX) 
soil contamination on plant germination, growth, and health have been 
widely studied, but second order effects on plant ecology are less well-
known. The interaction of water-stress and RDX contamination on such 
first and second order phenomena is a further complication. We compared 
plant health (wilting, chlorosis, and chlorophyll content index) in eight 
species (Antirrhinum majus, Dianthus sp., Hibiscus mocheutos, Pentas 
lanceolata, Plumbago auriculata, Ruellia caroliniensis, Salvia coccinea, 
and Tulbaghia violacea) under factorial combinations of 0, 50, or 100 ppm 
soil RDX and 0.5X or 1.0X water-resourcing. For P. lanceolata, we com-
pared sugar and nectar chemistry under all six treatments, and microfloral 
composition under four factorial treatments (0 or 100 ppm RDX, 0.5X or 
1.0X water-resourcing). In an outdoor trial, we compared plant-pollinator 
interactions and plant survival for three plant species, P. lanceolata, R. 
caroliniensis, and Conradina canescens under the same four treatments. 
DNA metabarcoding of insect pollen loads and flower petal eDNA supple-
mented direct observation of plant-pollinator interactions. Measurements 
of RDX concentrations in soil and plant tissues demonstrated contami-
nant uptake. The impacts of RDX and water-resourcing on plant health 
were widely variable, both among plant species and among treatments. In 
some cases, statistically significant interaction effects between RDX and 
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water-resourcing were observed. These interactions were generally asso-
ciated with decreases in plant health, but not always. On outdoor plots, 
RDX contamination significantly diminished survival in P. lanceolata 
and C. canescens, but not in R. caroliniensis, which exhibited very little 
mortality (water-resourcing had no significant effect). In P. lanceolata, 
RDX contamination was associated with changes in nectar sugars (e.g. 
reduced glucose:sucrose ratios) and decreases in key protein concentra-
tions, along with changes in microfloral constituency and diversity. Sugar 
ratios are associated with plant preferences among pollinator species, 
while some nectar proteins are important pollinator trophic resources. 
Nectar microflora significantly impact the quality of nectar as a food 
resource and its attractiveness to pollinators. Analyses of differences in 
plant-pollinator interactions among treatment classes are forthcoming.

1.19.07  Perfluorooctanoic Acid (PFOA) Induced Physiological and 
Biochemical Changes in Plants
C. Rico, Missouri State University / Chemistry
Perfluorooctanoic acid (PFOA) belongs to a class of chemicals compounds 
called ‘forever chemicals’. PFOA has been detected in sediments from 
wastewater treatment plants and leachates from landfills that terrestrial 
organisms, especially plants, are exposed to PFOA. Their persistence in 
the environment is a major concern because they pose significant health 
challenges in humans and animals. Therefore, understanding the implica-
tions of their interaction within agricultural ecosystem and food chain 
is imperative. This study determines the responses of wheat (Triticum 
aestivum) and velvetleaf (Abutilon theophrasti) exposed to PFOA in soil. 
The data showed changes in agronomic data (plant height, biomass pro-
duction, grain yield), elemental compositions, and biomolecules profile. 
Preliminary findings warrant further studies to get better understanding 
of the effects of PFOA in these plants.

1.19.08 Spatiotemporal Trends of Mercury Deposition in Sub-Arctic 
Lakes Influenced by Historic Gold Mining Activities
C. Cheney, University of Ottawa / Biology; K. Eccles, University of 
Toronto, Mississauga / Department of Geography; L.E. Kimpe, University 
of Ottawa / Department of Biology; I. Lehnherr, University of Toronto, 
Mississauga / Department of Geography and Planning; J.M. Blais, 
University of Ottawa / Department of Biology
Natural resource extraction is an important economic driver of the 
Canadian economy; however, a by-product of this industry can be the 
introduction of mercury (Hg) into the ecosystem. Mercury contamination 
in aquatic systems can lead to potential adverse human and environmen-
tal health outcomes. At the most productive gold mine in Yellowknife, 
Giant Mine, Hg amalgamation was used to recover gold from 1948-
1958. Elevated Hg concentrations have been previously documented 
in sediments close to the historic mine site, and an inverse relationship 
between Hg concentration and distance from Giant Mine was reported 
in nearby lakes. Here we analyzed dated sediment cores from 20 small 
lakes to investigate the spatial and temporal deposition of Hg within 40 
km of the city of Yellowknife. Sediment Hg increased coeval with the 
onset of regional mining, and decreased when the mine closed. Sediment 
Hg concentrations exceeded the Canadian Council for Ministers of the 
Environment Interim Sediment Quality Guideline (ISQG) for Hg (0.17 
mg/kg dw) in 41% of the lakes (n=9) when Giant Mine used Hg amalga-
mation to extract gold. All lakes that exceeded the ISQG are within 20 
km of the mine’s roasting stack, and linear regression analysis indicates 
that sedimentary Hg concentration was inversely related to distance 
from Giant Mine. These results show how past mining practices affected 
mercury distributions prior to routine environmental monitoring of the 
site. As Hg is bioaccumulative, and has known neurotoxicological effects 
to humans and aquatic biota, improved understanding of historic mercury 
emissions will inform regulators and the community of Yellowknife, 
many of whom have relied for generations on subsistence hunting and 
fishing to supplement their diets.

1.19.09  The RiskAOP Project - Quantitative Adverse Outcome 
Pathway Assisted Risk Assessment of Mitochondrial Toxicants
Y. Song, M.T. Hultman, J. Moe, K. Petersen, Norwegian Institute for 
Water Research (NIVA) / Section of Ecotoxicology and Risk Assessment; 
T. Rundberget, Norwegian Institute for Water Research (NIVA) / Section 
of Environmental Chemistry and Technology; L. Xie, Norwegian 
Institute for Water Research (NIVA) / Section of Ecotoxicology and Risk 
Assessment; Y. Cao, Orebro University / Clinical Epidemiology and 
Biostatistics, School of Medical Sciences; C.V. Esguerra, University 
of Oslo / Centre for Molecular Medicine; R. de Bin, University of Oslo 
/ Department of Mathematics; Y. Lee, Norwegian University of Life 
Sciences (NMBU) / Faculty of Biosciences; K. Solhaug, Norwegian 
University of Life Sciences (NMBU) / Faculty of Environmental Sciences 
and Natural Resource Management; J. Kamstra, J. Legler, Utrecht 
University / Institute for Risk Assessment Sciences (IRAS); T. Iguchi, 
Yokohama City University; A. Lillicrap, NIVA / Section of Ecotoxicology 
and Risk Assessment; S. Andersen, Norwegian Environment Agency; 
D.L. Villeneuve, U.S. Environmental Protection Agency / Center for 
Computational Toxicology and Exposure; K. Tollefsen, Norwegian 
Institute for Water Research (NIVA) / Section of Ecotoxicology and Risk 
Assessment
Due to the high number of chemicals and species, it is not feasible to 
assess the risk of every chemical to human and ecosystems. Cost-effective 
alternative ecotoxicity testing strategies with reduced needs for labora-
tory animal use are highly demanded. New Approach Methodologies 
(NAMs), such as high-throughput screening and high-content toxicoge-
nomics, in combination with mathematical/computational models are 
potential solutions. Quantitative Adverse Outcome Pathways (qAOPs), 
that employ mathematical/computational models to capture the quanti-
tative relationships and complexities of toxicological responses across 
levels of biological organization, are one of the novel approaches to better 
align NAMs with risk assessment and regulatory decision-making. The 
RiskAOP project was launched as a proof-of-concept study to develop 
qAOPs and evaluate their applicability in risk assessment, using chemical-
mediated mitochondrial dysfunction in commonly used regulatory testing 
species (duckweed, water flea and zebrafish) as a demonstrative case. 
The aims of the project are: 1) Develop new AOP networks and associ-
ated NAMs for efficient testing of mitochondrial toxicants; 2) Generate 
new experimental data for mechanistic and quantitative understanding 
of chemical-mediated mitochondrial dysfunction across different trophic 
levels; 3) Develop novel qAOP network models and evaluate their robust-
ness and applicability for hazard assessment towards regulatory needs; 4) 
Propose new strategies for qAOP assisted risk assessment and regulatory 
decision-making. Advanced laboratory techniques such as 3D spheroid 
cell testing, reduced transcriptomics, multiomics, and model construction 
approaches, such as Bayesian networks, structural equation modeling and 
statistical learning will be used to facilitate qAOP development. Risks of 
chemicals will be predicted based on a combination of molecular/cellular 
effects (instead of individual effects) and exposure information via the 
qAOP models. Ultimately, recommendations on how qAOPs and NAMs 
can facilitate screening, classification, prioritization, and risk assessment 
of chemicals will be provided. Acknowledgement Funding - Norwegian 
Research Council project 301397 (www.niva.no/en/projectweb/riskaop); 
Support - NIVA Computational toxicology Program (NCTP, www.niva.
no/en/projectweb/nctp).

1.19.10  Toxicity Profiling of Neuroactive Compounds in the Aquatic 
Environment: Scientific Concept Integrating Mechanistic Data Into 
Adverse Outcome Pathway Framework
S. Kaisarevic, University of Novi Sad Faculty of Sciences / Department 
of Biology and Ecology; D. Tenji, T. Tomic, University of Novi Sad, 
Faculty of Sciences / Department of Biology and Ecology, Laboratory for 
Ecophysiology and Ecotoxicology - LECOTOX; I. Teodorovic, University 
of Novi Sad / Department of Biology and Ecology
Neuroactive compounds (NCs) such as pharmaceuticals, illicit drugs 
and neuroactive pesticides are recognized as an emerging problem in the 
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aquatic environment posing a risk for wildlife and humans. Descriptions 
of Adverse Outcome Pathways (AOPs) for NCs, centralized within the 
AOP Knowledge Base (AOP-KB) including publicly available electronic 
repository AOP-Wiki, are mostly focused on human health, with most of 
them being still under review or in a less advanced stage of development. 
Concerns regarding the presence of NCs in the environment and lack 
of knowledge on their AOPs and adverse effects on aquatic non-target 
species, represent a newly opened field of investigation, which can suc-
cessfully combine fundamental scientific research with computational 
and data mining approach. We present a scientific concept relying on 
integration of mechanistic data on (neuro)toxic potency of NCs frequently 
occurring in the aquatic environment into existing AOP frameworks 
to provide new lines of evidence for Key Events Relationship (KERs) 
between NCs exposure and Adverse Outcomes (AOs). Experimentally 
derived mechanistic data are deriving from: (1) biomarkers of neuro-
toxicity in brain tissue from fish caged at the pollution hot spot in the 
Danube and Sava Rivers (in situ study - conducted in the frame of the 
FP7 SOLUTIONS project) and (2) biomarkers of neurotoxicity in human 
neuroblastoma cells treated with environmentally relevant NCs with vari-
ous primary modes of action and their mixtures (in vitro study). We have 
chosen an approach to transfer experimental data to specific biomarker 
response patterns, link them to Molecular Initiating Events (MIEs) and/
or Key Events (KEs) reported in the AOP frameworks extracted by 
data mining from the AOP-KB and relevant literature, suggest KERs 
and imply to AO of tested NCs. Such an approach in toxicity profiling 
provides indication of neurotoxic potential of (mixtures of) emerging 
compounds and present the initial line of evidence in prioritization of 
chemicals for additional testing. The concept supports and facilitates fur-
ther integration of AOP framework into environmental risk assessment. 
Acknowledgements: This research was supported by the Science Fund 
of the Republic of Serbia, PROMIS, Grant No. 6061817, BIANCO. The 
abstract content is the responsibility of the Faculty of Sciences University 
of Novi Sad, and it does not reflect the opinion of the Science Fund of the 
Republic of Serbia.

1.19.11 Toxicogenomic Signatures Suggest Differential Sensitivity of 
Double-Crested Cormorants and Japanese Quail Following Early-
Life Stage Exposure to Chlorpyrifos
E. Legrand, McGill University / Natural Resource Sciences; J. Desforges, 
McGill University / Bioscience; P. Liu, McGill University / Institute 
of Parasitology; Y. Jeon, E. Boulanger, McGill University / Natural 
Resource Sciences; N. Basu, McGill University / Faculty of Agricultural 
and Environmental Sciences; M. Hecker, University of Saskatchewan / 
School of the Environment & Sustainability and Toxicology Centre; D. 
Crump, Environment and Climate Change Canada / National Wildlife 
Research Centre; J. Xia, McGill University / Faculty of Agricultural 
and Environmental Sciences; B. Chandramouli, SGS AXYS; H. Butler, 
SGS AXYS Analytical Services, Ltd. / Metabolomics; J. Head, McGill 
University / Natural Resource Sciences
Toxicogenomics has tremendous potential to provide unprecedented detail 
on molecular effects and functional pathways affected by chemicals. The 
organophosphate pesticide, chlorpyrifos (CPF), induces oxidative stress, 
neurotoxicity and genotoxicity in organisms. However, there is a lack of 
data about species sensitivity, especially in non-model species. This study 
aims to compare the response of the liver transcriptome and metabolome 
after CPF exposure of model (Japanese quail; JQ) and non-model (double 
crested cormorant; DCCO) avian species. Fertilized, unincubated, eggs 
of both species were exposed to solvent control (DMSO) or CPF at 3 dif-
ferent concentrations (low (LD), medium (MD) and high dose (HD)) by 
air cell injection. The eggs were incubated for 9 and 14 days for JQ and 
DCCO, respectively (mid-incubation). The HD was selected to be < lethal 
dose 20. The liver transcriptome from 5 individuals per dose group was 
sequenced using Novaseq Illumina and analyzed using Seq2Fun (www.
seq2fun.ca). Liver metabolites from 3 individuals per dose group were 
extracted using a 3x methanol protocol and analyzed by LC-MS (SGS-
AXYS). CPF-HD elicited the greatest effect on both the transcriptome 

and metabolome in JQ with 132 DEGs and 46 metabolites disrupted, 
respectively. In contrast, there were a limited number of dysregulated 
genes (2) and metabolites (4) in DCCO embryonic liver following 
CPF-HD exposure. In depth pathway analyses are ongoing. The finding 
that JQ are more sensitive than DCCO in terms oftranscriptomic and 
metabolomic response to CPF was consistent with our previous data on 
apical consequences of CPF exposure (e.g. growth retardation and devel-
opmental abnormalities) in these species. The present work contributes 
novel toxicogenomics data following chemical exposure in support of the 
EcoToxChip project (www.ecotoxchip.ca), which aims to develop novel 
tools for screening and prioritization of environmental chemicals.

1.19.12 Transformation and Stability of Dimethylmonothiolated 
Arsinic Acid (DMMTA) in Environmental Conditions
H. Yoon, Korea Basic Science Institute / Seoul Center; M. Cho, S. Jeong, 
Korea Basic Science Institute
The occurrence of a highly toxic dimethylmonothioarsinic acid 
(DMMTA) in natural environment is concern of many environmental sci-
entists. DMMTA can occur in aquatic environment during transformation 
reaction via chemical and biological thiolation process of DMA or oxida-
tion of dimethyldithioarsinic acid (DMDTA). In this study experiments 
were performed to assess the conditions where highly toxic DMMTA can 
be formed. Kinetics and controlling factor for forming DMMTA in abiotic 
condition were tested in laboratory by varying concentrations of reactive 
chemicals and pH condition. Various condition including changing pH 
and presence of two clay minerals were also tested for evaluating DMA 
thiolation to form DMMTA and possibility of reverse reaction process. 
As known Dimethylarsenic acid (DMA) is considered less toxic, however 
highly toxic dimethylmonothioarsinic acid (DMMTA) can be formed in 
environment by both chemical and biological thiolation of DMA or oxida-
tion of dimethyldithioarsinic acid (DMDTA). Conditions of highly toxic 
DMMTA stays and transformation reaction condition to form DMA and 
DMDTA was studied. Kinetics of forming DMMTA in abiotic condition 
were tested in laboratory by varying concentrations of reactive chemicals 
and pH condition. This research was supported by the National Research 
Foundation of Korea (grant number NRF-2019R1A2C2007092).

1.19.13  Zebrafish Behavior Assay as a Cost-Effective Approach 
to Assess the Biological Effects of Exposure to Complex Chemical 
Mixtures in the Drinking Water
E. Craig, University of Maine / School of Marine Science; D.V. 
Ekanayake, University of Ruhuna / Zoology; R. Babich, N. Jayasundara, 
University of Maine / School of Marine Sciences; P.C. De Silva, 
University of Ruhuna / Department of Zoology
Effect directed analyses (EDA) are critical to understanding the adverse 
outcomes of contaminant mixtures in the environment. The emergence 
of chronic kidney disease of unknown etiology (CKDu) around the world 
has highlighted a key knowledge gap in the role of environmental con-
taminant mixtures in the initiation and progression of kidney dysfunction. 
Synergistic mixture effects of drinking water contaminated with heavy 
metals are thought to be a leading cause of this disease, especially in Sri 
Lanka, where this disease is highly prevalent. Given that fish behavior is 
highly sensitive to metal exposure, here we developed a zebrafish (Danio 
rerio) behavior assay to (i) consider different biological effects of metal 
mixtures in the drinking water collected from CKDu affected regions and 
(ii) potentially develop a low-cost environmental water monitoring tool. 
Following exposure to drinking water from CKDu endemic (Padaviya), 
emerging (Monaragala), and non-endemic (Matara) regions throughout 
Sri Lanka, zebrafish behavior was quantified by total distance traveled 
using Ethovison digital tracking software. A One Way ANOVA LSD 
Fisher Test was used to determine statistical significance in the following 
metrics: area under the curve, total distance traveled, and variation during 
a light-dark cycle. No difference was seen in zebrafish behavior in the 
non-endemic region, hypoactivity was observed in the emerging region, 
and hyperactivity was observed in the endemic region. Metal concentra-
tions were measured in each water sample and a principal component 
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analysis (PCA) was used to compare similarities in metal profiles and 
their impact on fish behavior. Levels of all the metals examined were 
below the current regulatory standards. Water composition clustered by 
region, with distinctions between Matara, Monaragala, and Padaviya 
samples. A closer look into each region showed distinct clusters between 
Padavyia patient and non-patient wells. Exposure to lab-derived mixtures 
and individual metals created in the laboratory showed clear mixture 
specific effects. However, further research is needed to develop the 
zebrafish behavioral assay as an EDA to account for the putative biologi-
cal effects of metal mixtures that may contribute to CKDu and to explore 
the relationship between complex chemical mixtures in drinking water 
and disease prevalence.

1.19.14  Zebrafish Larval Locomotor Activity Is Altered by Dimethyl 
Sulfoxide Under Two Different Exposure Scenarios
B. Hill, ORISE Research Participant - EPA; D.L. Hunter, USEPA / ORD 
CCTE BCTD; K.A. Jarema, USEPA / ORD CPHEA CPOS; J. Hedge, 
USEPA / ORD CCTE BCTD; K. Britton, ORAU at USEPA; M. Lowery, J. 
Olin, S. Padilla, USEPA / ORD CCTE BCTD
The U.S. Environmental Protection Agency is evaluating alternative 
methods to screen and prioritize chemicals for developmental neurotoxic-
ity. Assessing larval zebrafish locomotor activity has been recognized 
as a higher throughput testing strategy to identify neurotoxic chemicals. 
There are, however, no standardized protocols for these assays, which 
could result in confounding variables being overlooked. Dimethyl 
sulfoxide (DMSO), a commonly used vehicle, has been reported to affect 
locomotor activity in larval zebrafish; however, these studies have not 

been conducted using many concentrations which fall within the range 
most often used in behavioral assessment, and results vary with experi-
mental conditions and the type of assay. We selected a DMSO range 
(0.3-1% v/v DMSO; anhydrous ≥99.9% pure), representative of com-
monly used DMSO concentrations in zebrafish behavior studies, with 
narrow concentration spacing for better definition of the dose-response 
relationship. The influence of two different DMSO exposure scenarios 
on zebrafish behavior was investigated: locomotor activity was assessed 
in morphologically normal larvae at 144 hours post-fertilization (hpf) 
after either developmental (6-144 hpf) or acute (1.5 h prior to locomotor 
testing at 144 hours post fertilization) DMSO exposures. Results showed 
that locomotor activity was affected as low as 0.5% v/v DMSO for both 
scenarios, however more concentrations affected activity after develop-
mental, as compared to acute, exposure to DMSO. Interestingly, DMSO 
exposure caused biphasic activity patterns for both exposure scenarios, 
but larvae exposed to DMSO during development were affected during 
the dark photoperiod, whereas larvae exposed acutely were only affected 
during the light photoperiod. Finally, DMSO produced no increases in 
overt toxicity (mortality and morphological changes) as compared to the 
DMSO-free control. These results indicate that acute and developmental 
DMSO exposure can affect larval zebrafish locomotor activity at routinely 
used concentrations in developmental neurotoxicity assessments. Overall, 
these results also highlight the importance of understanding the influence 
of experimental conditions on zebrafish larval locomotor activity that may 
ultimately confound the interpretation of results. This abstract may not 
necessarily reflect official Agency policy.
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1. Biotransport: Advances in Understanding Food 
Web Structure and Contaminant Transfer
2.01.01  Forest Management Impacts on Autochthony and Mercury 
in Biota: Do Effects Accumulate Spatially?
L. Negrazis, McMaster University / Department of Biology; M. Erdozain, 
University of New Brunswick / Department of Biology; K.A. Kidd, 
McMaster University / Department of Biology and School of Geography 
and Earth Sciences; E.J. Emilson, Natural Resources Canada / Great 
Lakes Forestry Centre; M. Gray, University of New Brunswick / 
Department of Biology
The effects of forestry on the fate of carbon and mercury (Hg) in small 
streams are well documented, yet little is known about spatially cumula-
tive effects of this catchment disturbance on downstream systems. River 
networks are fundamentally cumulative, and the longitudinal connec-
tions may increase the amount of terrestrial matter and contaminants, 
such as Hg, transported downstream. This may affect the uptake of Hg 
into the base of the downstream food web and its subsequent levels in 
upper-trophic-level organisms. Herein, we investigated how the use of 
instream production and Hg – methylmercury (MeHg) or total mercury 
(THg; fish only) – changed in abiotic and biotic samples from headwa-
ters to larger downstream systems (n=6 sites/basin) within three basins 
ranging in forest management intensity (intensive, extensive, minimal) 
in New Brunswick (Canada). Water, particulates, biofilms, macroinverte-
brates and slimy sculpin (Cottus cognatus) were collected in the summer 
and fall of 2017 and 2018 and analyzed for Hg and stable C, H and N 
isotopes. Based on C and H isotope models, the use of instream produc-
tion of fish was 8% greater in the minimal basin than the intensive basin 
and 5% greater at the extensive than intensive basin. Autochthony of fish 
was greater at downstream sites in the reference basin, and it decreased 
with % clear cut in the catchment within both the extensive and minimal 
basins. MeHg in autochthonous food sources, coarse particulate organic 
matter, filtered water, and Ceratopsyche was greater in the extensive 
basin, but there were few relationships between MeHg levels and catch-
ment variables. Water MeHg significantly increased with % clear cut in 
the extensive basin, whereas there was a slight decrease or no change with 
this variable in the intensive or minimal basin, respectively. MeHg in fine 
particulate organic matter was highest in small streams of the extensive 
basin, but due to a longitudinal increase in the other basins and decrease 
in the extensive basin, these site differences were inverted downstream. 
THg in sculpin did not show longitudinal patterns, nor significant rela-
tionships to any other catchment variables. These results suggest that 
increased forest management intensity may weaken longitudinal increases 
in autochthony by increasing the delivery of terrestrial materials (sedi-
ments, DOC) to downstream sites and that the majority abiotic and biotic 
levels of Hg were not related to catchment variables or drainage area.

2.01.02  Timber Harvest Alters Mercury Bioaccumulation and Food 
Web Structure in Headwater Streams
J.J. Willacker, C.A. Eagles-Smith, B. Kowalski, U.S. Geological Survey / 
Forest and Rangeland Ecosystem Science Center; R. Danehy, Catchment 
Aquatic Ecology; A. Jackson, Purchase College, SUNY; E. Adams, D. 
Evers, Biodiversity Research Institute; C. Eckley, U.S. Environmental 
Protection Agency / EMMD; M. Tate, USGS / Upper Midwest Water 
Science Center; D. Krabbenhoft, US Geological Survey / Upper Midwest 
Water Science Center
Timber harvest has many effects on aquatic ecosystems, including 
changes in hydrological, biogeochemical, and ecological processes that 
can influence mercury (Hg) cycling. Although timber harvest’s influ-
ence on aqueous Hg transformation and transport are well studied, the 
effects on Hg bioaccumulation are not. We evaluated Hg bioaccumula-
tion, biomagnification, and food web structure in 10 paired catchments 
that were either clear-cut in their entirety, clear-cut except for an 8-m 
wide riparian buffer, or left unharvested. Average mercury concentra-
tions in aquatic biota from clear-cut catchments were 50% higher than in 

reference catchments and 165% higher than in catchments with a riparian 
buffer. Mercury concentrations in aquatic invertebrates and salaman-
ders were not correlated with aqueous THg or MeHg concentrations, 
but rather treatment effects appeared to correspond with differences in 
the utilization of terrestrial and aquatic basal resources in the stream 
food webs. Carbon and nitrogen isotope data suggest that a diminished 
shredder niche in the clear-cut catchments contributed to lower basal 
resource diversity compared with the reference of buffered treatments, 
and that elevated Hg concentrations in the clear-cut catchments reflect an 
increased reliance on aquatic resources in clear-cut catchments. In con-
trast, catchments with riparian buffers had higher basal resource diversity 
than the reference catchments, indicative of more balanced utilization 
of terrestrial and aquatic resources. Further, following timber harvest 
THg concentrations in riparian songbirds were elevated, suggesting an 
influence of timber harvest on Hg export to riparian food webs. These 
data, coupled with comparisons of individual feeding guilds, indicate that 
changes in organic matter sources and associated effects on stream food 
web structure are important mechanisms by which timber harvest modi-
fies Hg bioaccumulation in headwater streams and riparian consumers.

2.01.03  Methylmercury Bioaccumulation Factors in High Arctic 
Lakes: What Is the Impact of Climate Change?
K. Hudelson, ETH Zurich / Environmental Science; P. Drevnick, Alberta 
Environment and Parks / Environmental Monitoring and Science 
Division; D.C. Muir, Environment and Climate Change Canada / Aquatic 
Contaminants Research Division; G. Köck, Institute for Interdisciplinary 
Mountain Studies; B.D. Barst, McGill University / Water and 
Environmental Research Center; N. Basu, McGill University / Faculty of 
Agricultural and Environmental Sciences; A. Fisk, University of Windsor 
/ Great Lakes Institute for Environmental Research
Mercury concentrations in Arctic char (Salvelinus alpinus) from lakes 
near Resolute Bay, NU, Canada are among the most well described in the 
Canadian Arctic. Sustained differences in Hg concentrations are apparent 
between populations. Comparing methylmercury bioaccumulation fac-
tors between the deep cold lakes and the warmer shallow lakes provides 
insight into how climate change may affect methylmercury bioaccu-
mulation. We studied methylmercury bioaccumulation in two shallow, 
slightly warmer lakes, and two deep, slightly colder lakes. One of the 
selected shallow lakes is unique in that it is recovering from wastewater-
induced eutrophication which ended in the 1990s. The outflow of this lake 
intermittently connects with one of the selected deep lakes. Lake water, 
sediment, pore water, chironomids (multiple sp., adult and larval stages), 
and Arctic char from two shallow, slightly warmer lakes, and two deep, 
slightly colder lakes, were collected in 2013 and 2014 and analyzed for 
methylmercury and/or total mercury. Organic matter concentration was 
also quantified in the water and sediment samples. No statistically sig-
nificant differences in concentration were detected between years for any 
sample type, and so no distinction was made between years in the sample 
treatment. We determined the methylmercury bioaccumulation factors 
(BAF) from lake water and pore water and the biota-sediment accumula-
tion factors (BSAF), and trophic transfer factors (TTF) for chironomids 
and Arctic char. The BAFs, BSAFs, and TTFs in these oligotrophic lakes 
were generally higher than those calculated for lower latitude lakes and 
Arctic marine food webs. The BAFs and BSAFs were higher for the deep 
lakes compared to the shallow lakes: for example, the log BSAF for Arctic 
char was 0.7 higher for the deep lakes. The deepest lake in this study 
contained the lowest organic carbon concentrations in both sediment 
and water and had the largest fish; TTFs were highest in this lake (7.20), 
but lowest in the other deep lake (2.29). Because the warmer lakes in the 
study had lower BAFs and BSAFs, the results indicate that bioaccumu-
lation of methylmercury in slow-growing Arctic char may decrease as 
Arctic warming progresses. This hypothesis is supported by the observed 
increases in air temperature and decreases in mercury concentrations in 
the Arctic char of these High Arctic lakes over time.
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2.01.05 Dried Blood Spot Sampling of Landlocked Arctic Char for 
Estimating Mercury Exposure and Assessing Feeding Ecology
B.D. Barst, McGill University / Water and Environmental Research 
Center; M.J. Wooller, University of Alaska, Fairbanks / College of 
Fisheries and Ocean Sciences; D.M. O’Brien, University of Alaska, 
Fairbanks / Center for Alaska Native Health Research, Institute of Arctic 
Biology; A. Santa, McGill University / Natural Resource Sciences; N. 
Basu, McGill University / Faculty of Agricultural and Environmental 
Sciences; G. Köck, University of Innsbruck / Institute for Interdisciplinary 
Mountain Research; D.C. Muir, Environment and Climate Change 
Canada / Aquatic Contaminants Research Division
Dried blood spots (DBS) provide a simple and minimally invasive proce-
dure for collecting, transporting, and storing blood. We aimed to develop 
a simple and accurate DBS-based approach for assessing mercury (Hg) 
exposure, dietary carbon sources, and trophic positions of landlocked 
Arctic char, a sentinel fish species in the Arctic. We collected liquid whole 
blood, muscle, liver, and brains of Arctic char (n=36) from eight lakes 
spanning a Hg contamination gradient in the Canadian High Arctic. We 
measured total Hg concentrations of field-prepared DBS and Arctic char 
tissues. Across a wide range, total Hg concentrations of DBS (0.04 μg/g 
to 3.38 μg/g ww) were highly correlated with total Hg of all tissues (r2 
range = 0.928 to 0.996). We also analyzed the compound specific carbon 
(expressed as δ13C values) and nitrogen (expressed as δ15N values) 
isotope ratios of amino acids (CSIA-AAs) isolated from DBS, liquid 
whole blood, and muscle. The δ13C values of five essential amino acids 
(δ13CEAAs; isoleucine, leucine, phenylalanine, valine, threonine) from 
DBS were highly correlated with δ13CEAAs of liquid whole blood (r2 
range = 0.693 to 0.895) and muscle (r2 range = 0.642 to 0.881). The pat-
terns of δ13CEAAs of landlocked Arctic char were remarkably consistent 
across sample types and indicate EAAs are most likely of algal origin. 
Preliminary interpretations of δ15N values of AAs are promising, sug-
gesting that DBS may be used to identify Arctic char trophic positions. 
We demonstrate that a small volume of blood (~50 µL) dried on filter 
paper can be used to determine Hg exposure levels of various tissues, 
fingerprint carbon sources, and possibly indicate trophic positions of 
landlocked Arctic char. We highlight that DBS sampling may decrease 
the logistical and financial burdens of research and may be developed as a 
non-lethal sampling technique.

2.01.06 Methylmercury Accumulation in Grass Shrimp 
(Palaemonetes pugio) from Coastal Salt Marshes in NY/NJ USA
X. He, Rutgers University / Environmental Sciences; W.G. Wallace, 
College of Staten Island, City University of New York / Department 
of Biology; J.R. Reinfelder, Rutgers University / Department of 
Environmental Sciences
Methylmercury (MeHg) is a potent neurotoxin that accumulates in 
marine food webs. In coastal salt marsh of eastern North America, grass 
shrimp (Palaemonetes pugio) are an important prey item for a variety of 
resident and transient consumers, and thus may provide a critical trophic 
link for the transfer of MeHg from benthic infauna to upper trophic level 
organisms. However, the role of grass shrimp as a conduit of this transfer 
is poorly understood. We measured total Hg (THg) and MeHg concen-
trations in sediment and grass shrimp from six salt marshes along the 
perimeters of Arthur Kill and Raritan Bay, NY and NJ, USA subject to 
varying degrees of historic Hg contamination. Mean MeHg concentra-
tions of grass shrimp from each site were significantly correlated with the 
concentrations of both MeHg and THg in sediments. We also analyzed 
prey items (worms and amphipods) of grass shrimp from two sites with 
significantly different sediment Hg concentrations. MeHg concentrations 
were higher in prey from the more contaminated site and at both sites, 
MeHg was higher in amphipods than worms. Interestingly, at both sites, 
we observed similar trophic enrichment factors of approximately 3 for 
MeHg transfer from amphipods to grass shrimp, but a significantly lower 
fold increase in MeHg from worms to grass shrimp at the more contami-
nated site compared to the less contaminated site. Our results demonstrate 
that the accumulation of sediment MeHg by grass shrimp varies with 

environmental contamination and represents a potentially important 
trophic link between MeHg in salt marsh sediments and higher trophic 
levels.

2.01.07  Selenium Trophic Transfer at the Biofilm-Benthic 
Macroinvertebrate Food Chain in Boreal Lakes Downstream from a 
Uranium Mill
M. Peixoto Mendes, B. Cupe Flores, University of Saskatchewan / 
Toxicology Centre; K. Liber, University of Saskatchewan / School of 
Environment and Sustainability
Selenium (Se) is known to bioaccumulate in aquatic food webs at 
relatively low aqueous exposure concentrations potentially impairing 
the reproduction of oviparous species such as fish and birds. Effluent 
discharge from uranium milling activity in northern Saskatchewan can 
increase Se release into downstream boreal lakes and potentially affect 
aquatic biota. The aim of this study was to assess Se bioaccumulation 
in biofilm and macroinvertebrates, and subsequently estimate trophic 
transfer to fish (northern pike and white sucker) in two boreal lakes with 
different degrees of exposure to mill effluent. Water, sediment, biofilm 
and benthic macroinvertebrates were sampled at 10 sites across Vulture 
and McClean Lakes. Samples were analyzed for total Se concentrations 
and the enrichment factor (EF) or trophic transfer functions (TTF) calcu-
lated for each trophic level. Estimated Se body burdens in fish tissue were 
compared to site- specific benchmarks for Se in fish muscle (13 µg/g d.w.) 
and egg/ovaries (19 µg/g d.w.). Overall, significant Se bioaccumulation in 
benthic macroinvertebrates was only observed at higher effluent exposure 
sites (total dissolved Se > 1.5 µg/L). At those sites (Vulture Lake), esti-
mated Se body burdens in fish species were up to 2-3-fold higher than the 
site-specific benchmark. At McClean Lake, Se was found in higher con-
centrations in biofilms with no biomagnification into higher trophic levels 
observed. Some macroinvertebrate taxa sampled near the effluent diffusor 
in McClean Lake, however, showed Se concentrations above 4 µg/g d.w., 
resulting in higher estimated Se body burdens in fish, sometimes above 
benchmark values. To keep an eye on potential risk of Se toxicity to local 
fish populations, this study suggests the continuous monitoring of Se in 
fish tissue at sites where Se concentrations in macroinvertebrate tissue are 
≥ 4 µg/g d.w.

2.01.08  Arsenic Speciation in Boreal Freshwater Fish; Preliminary 
Findings
G.L. Lescord, Laurentian University / Boreal Ecology; T. Johnston, 
Ontario Ministry of Natural Resources; A.S. Lock, Laurentian University 
/ Perdue Central Analytical Facility (PCAF); D. Ponton, Universite de 
Montreal / Biology; J. Gunn, Laurentian University / Boreal Ecology; M. 
Amyot, University of Montreal / Biological Sciences
Elevated concentrations of total arsenic (As) have been reported in boreal 
fish in northern Ontario, Canada, causing the local government to release 
more restrictive consumption guidelines, a concern for nearby remote 
communities where people rely heavily on locally harvested foods. 
However, several species of As that vary in toxicity can be present in fish 
tissue. Much of the previous research on As speciation has focused on 
marine systems and more work is needed to understand which species of 
As are present in freshwater fish and in what abundance. In our study, five 
As species were measured in a total of 303 fish from 6 species and 8 sites 
across northern Ontario. Specifically, arsenous acid (As3+), arsenic acid 
(As5+), arsenobetaine (AB), methylarsonic acid (MMA), dimethylarsinic 
acid (DMA) were measured and compared to independently measured 
total As values. Preliminary results suggest the majority (~70-95%) of As 
in these fish is in the relatively non-toxic AB form of As. This finding is 
consistent with reported results from marine systems, where AB (and/
or DMA, another organic form with low toxicity) are the most common 
As species detected in fish. Once the analyses are complete, we will 
compare As speciation profiles and concentrations among species to with 
fish size and indicators of trophic ecology (i.e., diet and food web position 
via stable isotopes). Previous research has also reported strong effects of 
habitat on As accumulation in fish. For example, our previous work found 
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higher total As concentrations in riverine fish when compared to adjacent 
lacustrine fish; we will therefore spatially compare the As speciation 
profiles between fish from lake and river sites herein. Overall, this study 
will improve our understanding of As accumulation and speciation in a 
variety of freshwater fish, important information for refining consumption 
guidelines and directing future monitoring efforts.

2.01.09  Gastrointestinal Lipidomics as a Biomarker for Foodborne 
Pesticide Toxicity in a Freshwater Predator
A. Wormington, University of Florida / Environmental and Global 
Health; M. Nouri, University of Florida; S. Bisesi, University of Florida 
/ Envirionmental and Global Health; T. Sabo-Attwood, University of 
Florida / Environmental and Global Health; N.D. Denslow, University 
of Florida / Physiological Sciences; J.H. Bisesi, University of Florida / 
Environmental and Global Health
Though phased out in many parts of the world, organochlorine pesticides 
(OCPs) are persistent in the environment and still contaminate soil and 
water around the world. OCPs can bioaccumulate and enter the food web, 
where they concentrate and biomagnify at higher trophic levels. Trophic 
transfer is a potent route of exposure to organic chemicals in aquatic 
predators, and as OCPs primarily partition into soils and sediments, 
predatory fish that occupy benthic habitats or rely on benthic foraging 
may be exposed to higher levels of these chemicals. Many OCPs, includ-
ing dichlorodiphenyltrichloroethane (DDT) and its primary metabolite, 
dichlorodiphenyldichloroethylene (DDE), are lipophilic in nature and 
are known to accumulate in adipose tissues in aquatic biota. Stored 
lipids act as a primary source of nutrients contributing to an organism’s 
scope for growth and reproduction, and alterations in these important 
resources may have detrimental effects on organismal health. Much of 
the conversion of complex lipids for energy use and takes place in the 
gastrointestinal system and the liver—additionally, brain lipids play an 
essential role in feeding behavior, hormone production, and other meta-
bolic processes. Therefore, we proposed to explore associations between 
the gastrointestinal, liver, and brain lipidome and foodborne exposure to 
DDE. Adult largemouth bass (Micropterus salmoides) were fed DDE-
coated food at concentrations within range of environmental relevance (0, 
1.25, and 125 mg/kg). Fish were fed daily for one month, with 18-19 ani-
mals per treatment resulting in no treatment-related mortalities. At the end 
of the exposure period, fish were euthanized and tissues were dissected, 
flash-frozen, and stored at -80°C. SPLASH semi-targeted lipidomics was 
conducted in the liver, gut, and brain using liquid chromatography tandem 
mass spectrometry. Exposure-associated alterations in tissue lipidomes 
were observed in all tissues analyzed at both DDE concentrations com-
pared to controls. Specifically, diacylglycerols, cholesterol esters, and 
phospholipids were altered by dietary pesticide exposure. Tissue-specific 
lipidomic responses were observed, with 42% of lipids significantly 
changed in the gut and 16% in the liver following exposure. Brain lipid 
analysis is ongoing. These data are important for understanding the effect 
of chemical trophic transfer on aquatic predators and highlight an emerg-
ing approach for assessing sublethal pesticide toxicity.

2.01.10 Acute Effects of Co-Exposure to Hypoxia and Lead on the 
Cladoceran, Daphnia magna
C.M. Emadi, F. Bonatesta, University of North Texas / Environmental 
Science; E. Mager, University of North Texas / Department of Biological 
Sciences; S. Nayek, G. Verbeck, University of North Texas / Department 
of Chemistry
Generating an understanding of how stressors in the environment interact 
is important for assessing environmental toxicity. Hypoxia is a stressor 
that impacts both fresh and saltwater ecosystems naturally owing to 
compounding and interacting components like temperature, eutrophica-
tion, and water column stratification. However, hypoxia is increasing in 
severity and prevalence in many ecosystems due to anthropogenic factors. 
Lead (Pb), a non-essential metal and pervasive pollutant, represents 
another source of stress in many aquatic environments; yet, little is known 
regarding the potential interactive effects of co-exposure to hypoxia and 

Pb in aquatic animals. Our study focuses on the acute effects of co-
exposure to hypoxia and Pb on Daphnia magna. In response to hypoxia, 
D. magna have been shown to elevate ventilation and heart rates, increase 
hemoglobin (Hb) concentration and upregulate isoforms of hemoglobin 
with subunits of higher oxygen-binding affinities. Exposure to Pb has 
been shown to decrease Hb production in a variety of animals, includ-
ing D. magna. The significance of Hb in convective oxygen transport 
within D. magna presumably changes with development, becoming more 
important with growth beyond the critical size limit for purely diffusive 
oxygen transport (< 1 mm in normoxia). Thus, sensitivity to Pb might be 
related to oxygen transport effects that likely vary with age-related size 
differences and oxygen availability. To investigate, acute (48-h) mortality 
bioassays were performed for different life stages of D. magna (neonates 
and adults) using Pb exposures in normoxia and hypoxia. To gain insight 
as to the potential role of Pb-induced impairment on convective oxygen 
transport in contributing to the observed toxicity, Hb concentrations and 
oxygen consumption rates were measured. QPCR was implemented to 
quantify the changes in Hb isoform mRNA in response to exposure. This 
data should aid in predicting the toxicity of Pb to D. magna in conditions 
of environmental hypoxia.

2.01.11 Pesticide Cocktail and Heat Stress Co-Exposure Alter 
Free-Swimming Behavior and Increase Action-Less Time Over 
Long-Term Exposure in Goldfish
B. Lacy, University of Texas, Rio Grande Valley / Ocean Coastal Earth 
Sciences; M. Rivera, University of Texas, Rio Grande Valley / Biology; L. 
Estrada, University of Texas, Rio Grande Valley / Biology; M. Rahman, 
University of Texas, Rio Grande / Ocean Coastal Earth Sciences, Biology
Aquatic organisms are toxic in a toxic land, owing to escalating pollut-
ants defiling their natural habitats. Anthropogenic activities, including 
agriculture, introduce ever increasing variety and volume of chemical 
contaminants. These include compounds such as pesticides (more aptly 
called biocides) and contribute to a wide variety of stressors vitiat-
ing aquatic ecosystems. Within this conglomerate, heat stress (through 
global climate change, heat waves, or natural seasonal variation) also 
perniciously influences the life and behavior of aquatic animals. Within 
this study, we examined dose-dependent and time-dependent effects 
of pesticide cocktail (metalachlor, linuron, isoproturon, tebucanazole, 
aclonifen, atrazine, pendimethalin, and azinphos-methyl) and heat 
stress (32°C for 1-month exposure) on the free-swimming behavior and 
cumulative actionless time (resting time) of goldfish (Carassius auratus, 
a model teleost species). Behavioral analysis showed a dose-dependent, 
time-dependent, decrease in distance swam as well as a dose-dependent, 
time-dependent increase in cumulative action-less time. Collectively, 
these results indicate that the combined effects of heat and pesticide stress 
alter behavior and negatively impact natural swimming patterns in teleost 
species.

2.01.13  Mercury Dynamics in Glacier-Fed and Non Glacier-Fed 
Sub-Arctic Lakes, Under Changing Climatic Conditions
T. Luu, University of Toronto / Department Geography and Planning; I. 
Lehnherr, University of Toronto, Mississauga / Department of Geography 
and Planning; H. Swanson, University of Waterloo / Biology
Freshwater lakes in the Arctic and sub-Arctic are an important source of 
food for northern communities. These ecosystems face several threats, 
including contamination by mercury (Hg), which can be atmospheri-
cally transported long distances from industrial sources and deposited 
in remote locations. In aquatic environments, inorganic Hg can be 
converted to methylmercury (MeHg), a neurotoxin that can bioaccu-
mulate and biomagnify in food webs, attaining elevated levels in top 
predators, including fish, that are concerning for human consumers. 
Exposure to elevated MeHg levels can impair reproductive and nervous 
systems and cause death, and levels exceeding the toxicological limit 
of wildlife and humans have been observed in Arctic ecosystems. In 
northern freshwaters, Hg accumulation and methylation are influenced by 
many biogeochemical processes (e.g. glacial inputs) and environmental 
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conditions. Northern ecosystems are also sensitive to climate change. A 
key example demonstrating this sensitivity is Kluane Lake, a sub-Arctic 
lake in the Yukon. The lake once received glacial meltwaters transported 
by the river Ä’äy Chù from Kaskawulsh Glacier, until 2016 when the 
retreat of the glacier abruptly redirected all meltwater to a different river 
and watershed. Kluane Lake now receives a fraction of its former input 
from freshwater streams and it is predicted that the loss of glacial inputs 
will result in higher levels of MeHg in the lake, which is a concern for the 
Kluane First Nation. We propose to investigate the role of environmental 
factors on Hg levels in Kluane Lake and several other sub-Arctic lakes 
with and without glacial inputs. At each lake, fish, water, and sediment 
samples will be collected for total Hg and MeHg measurements, and 
water chemistry parameters (e.g. temperature, pH, etc.) will be measured. 
Stable isotope ratios of nitrogen, carbon, and hydrogen will be measured 
in fish to ascertain trophic level and diet composition. This will allow us 
to model Hg biomagnification in lake food webs and calculate trophic 
magnification factors (TMFs). The TMFs from glacier-fed and non 
glacier-fed lakes will be compared to develop a statistical model that helps 
identify environmental conditions important for explaining differences 
in Hg levels between lakes, to address food security concerns in northern 
communities.

2.01.14  Factors Controlling Arsenic and Chromium 
Bioaccumulation in Freshwater Fish of Ontario, Canada
C. Kluke, Laurentian University / Department of Biology; G.L. Lescord, 
Laurentian University / Boreal Ecology; T.A. Johnston, Ontario Ministry 
of Natural Resources; A.S. Lock, Laurentian University / Perdue 
Central Analytical Facility (PCAF); S. Bhavsar, Ontario Ministry of 
the Environment and Climate Change / Laboratory Services Branch; J. 
Gunn, Laurentian University / Boreal Ecology
Fish consumption can be an important pathway for metal exposure 
to subsistence and recreational fishers. Elevated levels of chromium 
(Cr) and arsenic (As) have been reported in several fish species in the 
province of Ontario by Lescord et al. (2020) and the Ontario Ministry of 
Environment, Conservation and Parks. This is a concern particularly for 
First Nation communities in remote northern areas of the province that 
rely on locally sourced freshwater fish for subsistence and may experi-
ence changes to their environment from proposed mineral extraction 
projects in the “Ring of Fire” region in coming decades. While factors 
affecting bioaccumulation of certain metals in fish (e.g., mercury) have 
been well documented, it is not fully understood why some fish popula-
tions have elevated Cr and As levels in their muscle tissue. In this study, 
data on fish Cr and As concentrations from multiple sources (Ontario 
government; Laurentian University) are being aggregated to assess spatial 
patterns across Ontario to identify regions of greatest concern. Currently, 
the database includes information for 17 fish species representing 334 
populations across Ontario. Since biogeochemical processes are known 
to regulate metal cycling at the watershed level, we will investigate the 
influence of watershed features (e.g., drainage area) and water chemistry 
(e.g., dissolved organic carbon) on Cr and As bioaccumulation in Ontario 
fish. Furthermore, links between fish characteristics, trophic interactions 
and preferred foraging habitat (inferred from stable carbon and nitrogen 
isotopes values) will be examined to determine their role in Cr and As 
bioaccumulation in freshwater fish. In addition to improving the efficacy 
of provincial fish contaminant monitoring programs, this research will 
also inform environmental monitoring and planning for future develop-
ment in the “Ring of Fire” region in the far north of Ontario.

2.01.15 Nanoplastic Effects on Marine Crustacean Artemia francis-
cana Via Direct and Food Exposure
L. Kim, Y. Chae, Konkuk University; D. Kim, Y. An, Konkuk University / 
Department of Environmental Heath Science
With increasing of plastic production, use and exhausting, the plastic 
pollution in marine environment is getting worse. Microplastics and nano-
plastics can occur with various external effects such as weathering. There 
are many researches that micro- and nanoplastics could affect the marine 

organism. In this study, the toxicity tests were conducted to assess the 
toxicity of 200 nm nanoplastic in Artemia franciscana as direct expo-
sure and food exposure with microalgae. In the case of direct exposure, 
A. franciscana was exposed to 0.2 μm nano-sized polystyrene with a 
range of concentrations (0 – 200 mg L-1). Food exposure was conducted 
with microalgae Dunaliella salina as a food which was pre-exposed to 
nanoplastics for 3 days. Mortality of A. franciscana was measured after 
48 h-exposure. The intestinal permeability was observed by apply-
ing blue dye (Brilliant Blue FCF). As a result, A. franciscana showed 
no significant acute toxicity in both exposure groups. However, there 
was little damage in gut microvilli and directly exposured organisms to 
nanoplastics showed increase of intestine permeability. These findings in 
this study can be used to investigate the effects of nanoplastics on marine 
ecosystem and evaluate the direct and indirect effects of nanoplastics on 
marine organisms. Acknowledgement - This study was supported by a 
research project titled “Environmental Risk Assessment of Microplastics 
in the Marine Environment” from the Ministry of Oceans and Fisheries 
(PM60690), South Korea.

2.01.16  Using Green Chemistry to Quantify Persistent Organic 
Pollutants on Nurdles Found Along Texas Beaches
C. Haley, Texas A&M University, Corpus Christi / PENS
Nurdles are tiny plastic pellets that are used in the manufacture of all 
plastic products, including many household goods. Spills from transport 
of nurdles and manufacture of plastics have increased and there is concern 
for their effects on the environment. Nurdles get washed into streams via 
storm drains or get dumped directly into water sources, where they flow 
downstream to the ocean and accumulate on beaches. Aside from being a 
physical problem, nurdles can sorb persistent organic pollutants (POPs) at 
concentrations higher than the surrounding environment. If these nurdles 
are consumed by wildlife, the POPs and other contaminants on the plastic 
may transfer to the organism. This could also lead to exposures for 
higher trophic levels. This proposed research will examine the presence 
and concentrations of POPs present on nurdles in the Gulf of Mexico by 
attempting to develop new methods that incorporate principals of green 
chemistry. Sample analysis will be performed using a GC triple quad-
rupole mass spectrometer. Sample collection will be conducted through 
a partnership with Mission Aransas NERR and the Nurdle Patrol, we 
will use citizen scientists to help us gather nurdles for analysis of POPs. 
This study will be one of the first to apply green chemistry approaches to 
extract and quantify contaminants on nurdles in the Gulf of Mexico, and 
also globally.

2.01.17 Mesocosm Investigations of the Ecotoxicological Effects of 
Metformin on Aquatic Biota
E. Ussery, Environment and Climate Change Canada / Biological 
Sciences; M.E. McMaster, Environment and Climate Change Canada 
/ Water and Science Technology Directorate, Aquatic Contaminants 
Research Division; K. Nielsen, University of Texas, Austin / Marine 
Science Institute; V. Palace, IISD Experimental Lakes Area; J. Parrott, 
Environment and Climate Change Canada / Aquatic Contaminants 
Research Division; K.A. Kidd, McMaster University / Department of 
Biology and School of Geography and Earth Sciences; N. Blandford, 
University of Manitoba; T.W. Clark, Environment Canada; J. 
Cunningham, Environment and Climate Change Canada / Aquatic 
Contaminants and Research Division; A.G. Wynia, Environment and 
Climate Change Canada / Aquatic Contaminants Research Division
Environmental research has recognized the occurrence and fate of 
pharmaceuticals in the aquatic environment as an issue in aquatic toxi-
cology. Currently, one of the most prevalent contaminants is the type-2 
diabetic drug, metformin, prescribed to ~120 million people globally, 
often detected in the ng-µg/L concentration range in surface waters and 
wastewater effluents. However, there is very little in the scientific litera-
ture describing metformin’s fate and effects in the aquatic environment. 
Recent laboratory research observed significant effects on larval growth 
and metabolite profiling and a shift in hepatic sex steroid levels were seen 
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in adult medaka. This raised not only concern regarding metformin’s 
effects on wild fish, but in the aquatic ecosystem as a whole. Thus, an 
8-week mesocosm study was conducted at the IISD-Experimental Lakes 
Area to investigate the fate of metformin in the aquatic environment and 
the effects of the compound on aquatic biota via a food web-analysis. 
Four replicate mesocosms (2 meters in diameter by 1 meter deep, ~ 3,140 
L) were assigned to one of 3 treatments, 0, 4 or 40 µg/L metformin. The 
concentration of metformin through the 8-week study was found to be 
constant, with little to no chemical breakdown. The effects of metformin 
on the nutrient chemistry of mesocosm water, microbial communities, 
phyto- and zooplankton communities and abundance, benthic invertebrate 
communities and abundance, and the health of resident fathead minnows 
(Pimephales promelas) was explored and will be reported.

2.01.18 Acute and Sub-Chronic Toxicity for Three Commonly 
Used Insecticides, Neonicotinoids, and Phenylpyrazole in Marine 
Crustacean, Mysidopsis bahia
M.A. Ghorab, Michigan State University / Wildlife Toxicology 
Laboratory, Animal Science Department; M.S. Khalil, Agriculture 
Research Center / Central Agricultural Pesticides Laboratory (CAPL); 
H.F. Hetta, University of Cincinnati College of Medicine / Internal 
Medicine-Digestive Diseases-Viral Immunology; A. Abdelmoneim, 
Cornell University / Department of Food Science; H.S. Abou-
Elnasr, National Institute of Oceanography and Fisheries (NIOF), / 
Environmental Toxicology Laboratory, Central Laboratories Unit (CLU); 
M. Zwiernik, Michigan State University / Animal Science/ Vet. Med.
The toxicity potency of three commonly used insecticides, acetamiprid, 
imidacloprid, and fipronil were quantified based on water column con-
centrations exposed to the model marine crustacean, (Mysidopsis bahia), 
a wild cultured and used in the laboratory for toxicology testing. The 
results recorded that fipronil, a newly registered chemical, was the most 
potent in terms of acute lethality regardless of exposure duration (48, 72, 
and 96 hrs). The estimated water column effect concentrations ( LC50 ) 
of fipronil were 5.18, 1.29, and 0.56 mg/L after exposure by 48, 72, and 96 
hrs, respectively. Acetamiprid, a neonicotinoid-based compound, was the 
less potent at 2335.49, 256.79, and 214.33 mg/L of LC50 for exposures of 
48, 72, and 96 hrs, respectively. A second commonly used neonicotinoid, 
imidacloprid, produced effect concentrations that were intermediate to 
the other two test compounds at 1011.30, 240.81 and 141.42 mg/L of LC50 
during 48, 72 and 96 hrs of exposure, respectively. In terms of mortal-
ity, acetamiprid recorded the least mortality after 96 hrs of exposure at 
66.67% of individuals at the greatest concentration, followed by fipronil 
and imidacloprid with 76 and 83.33%, respectively. It should be noted that 
the maximum fipronil exposure concentration was 20 fold lesser than the 
two neonicotinoids.

2. Biotransport: Animal-mediated Contaminant Flux 
Among Aquatic and Terrestrial Ecosystems
2.02.01  Contaminants in Linked Aquatic-Terrestrial Ecosystems: 
Predicting Effects of Aquatic Pollution on Adult Aquatic Insects and 
Terrestrial Insectivores
J. Kraus, U.S. Geological Survey / Columbia Environmental Research 
Center
Organisms that move across ecosystem boundaries connect food webs 
in apparently disparate locations. As part of their life cycle, aquatic 
insects transition from aquatic larvae to terrestrial adults, thereby linking 
freshwater ecosystem processes and terrestrial insectivore dynamics. 
These linkages are strongly affected by contamination of freshwater 
ecosystems, which can reduce production of adult aquatic insects (i.e., 
emergence), increase contaminant concentrations in adult insect tissues, 
and alter contaminant flux to terrestrial ecosystems. Despite the potential 
impact of contaminants on adult aquatic insects, little is known about 
predicting these effects. Here, I present a heuristic model based on con-
taminant properties and ecotoxicological principles to predict the effects 

of various classes of aquatic contaminants on adult aquatic insects and 
discuss implications for terrestrial insectivores living near contaminated 
freshwaters. The main finding is that contaminant classes vary greatly in 
how their biologically-mediated effects on aquatic insects affect terrestrial 
insectivores. Highly bioaccumulative contaminants that are well retained 
during metamorphosis, like polychlorinated biphenyls (PCBs), are often 
non-toxic to aquatic insect larvae at concentrations commonly found in 
the environment. Such contaminants flux from aquatic ecosystems in 
large quantities in the bodies of emerging adult aquatic insects and expose 
terrestrial insectivores to toxic levels of pollution. On the other hand, 
contaminants that are less bioaccumulative, excreted during metamorpho-
sis, and more toxic to insects, like trace metals, tend to affect terrestrial 
insectivores by reducing production of adult aquatic insects on which they 
prey. Management applications of this model illustrate type and severity 
of risk of aquatic contaminants to consumers of adult aquatic insects.

2.02.02  PCB Fate and Transport at the Lower Ottawa River (USA): 
A Seven-Year Pre-/Post-Dredging Analysis
R.R. Otter, Middle Tennessee State University / Biology; D. Walters, 
U.S. Geological Survey / Columbia Environmental Research Center; J. 
Lazorchak, United States Environmental Protection Agency / Ecological 
Exposure Research Division; K. Fritz, USEPA / ORD NHEERL; M. 
Mills, U.S. Environmental Protection Agency / Office of Research & 
Development
In 2010, environmental dredging to remediate sediments contaminated 
with PCBs, PAHs, and lead was performed at select site locations in the 
Lower Ottawa River, a portion of the Maumee River Area of Concern 
(Ohio, USA), in 2010 to remediate. Prior to dredging, we designed a 
multi-metric study to assess contaminant fate and transport, ecosystem 
response, and recovery using a multiple lines of evidence approach. We 
measured PCB concentrations in surface sediment, passive samplers 
deployed in the water column, aquatic invertebrates, and spiders from 
2009-2013 & 2015. Site-specific PCB concentrations were significantly 
and positively correlated among all metrics across all years except for 
sediment. Sediment concentrations at remediated and non-remediated 
sites were highly variable throughout the study period and were unreliable 
indicators of PCB concentrations in biota. PCB concentrations in aquatic 
invertebrates were highly correlated with concentrations measured in 
passive samplers, and in turn, were strongly predictive of concentrations 
in riparian spiders that are specialized predators of adult aquatic insects. 
All of these measures of PCB uptake, accumulation, and trophic transfer 
declined by 2015, indicating that the dredging remedy reduced PCB con-
centrations in biota to pre-remedy concentrations or below.

2.02.03 The Spider Exposure Pathway and the Potential Risk to 
Arachnivorous Birds
G.B. Beaubien, U.S. Environmental Protection Agency / Office of 
Research and Development; C. Olson, Syracuse University; A.C. Todd, 
Texas Christian University / Biology; R.R. Otter, Middle Tennessee State 
University / Biology
Spiders are prominent dietary items for many bird species and mediate 
the transfer of contaminants to arachnivorous birds that consume them. 
However, few studies have investigated the potential risk the spider 
exposure pathway poses to these birds. In this study, we developed new 
chronic and acute As, Cd, Cu, Pb, Ni, Se, Zn, and MeHg spider-based 
avian wildlife values (SBAWV) for multiple adult and nestling birds and 
then used the newly generated SBAWVs to characterize the risk to birds 
across two study areas: (1) five reaches in the Southern Appalachian 
Mountains, an area with substantial mercury deposition but minimal 
anthropogenic impact and (2) four reaches adjacent to the Emory River, 
an area impacted by the largest fly coal-ash spill in U.S. history. In this 
study we identified MeHg and Cu, Pb, Se, and Zn as contaminants of 
potential concern at the Appalachian Mountain and Emory River study 
areas, respectively, based on dietary exposure of aquatic contaminants 
via riparian spiders. Additionally, our results indicate that the selection of 
spider taxa can impact risk characterization at contaminated sites.



92 | SETAC North America 41st Annual Meeting

Track 2 | Aquatic Toxicology, Ecology and Stress Response

2.02.04 Mud Dauber Nests As Sources of Spiders in Mercury 
Monitoring Studies
M.P. Hannappel, University of North Texas / Biology; M. Chumchal, 
R. Drenner, Texas Christian University / Department of Biology; J. 
Kennedy, University of North Texas / Biology; B.D. Barst, McGill 
University / Water and Environmental Research Center; J. Castellini, 
University of Alaska, Fairbanks / Department of Veterinary Medicine
Identifying ecosystems where biota may be contaminated with hazard-
ous levels of methyl mercury (MeHg) is a challenge. One widely used 
approach for determining site-specific MeHg contamination is to monitor 
MeHg contamination in sentinel species. Terrestrial shoreline spiders that 
consume adult forms of aquatic insects emerging from water bodies have 
been proposed as sentinels of MeHg contamination. The purpose of the 
present study was to determine if a novel sampling technique, collec-
tion of spiders from nests of mud dauber wasps (Sphecidae), would be an 
efficient method for capturing MeHg-contaminated shoreline spiders for 
use as sentinels in ecological risk assessments. Mud dauber nests were 
collected near the Clear Fork of the Trinity River in Fort Worth, Texas, 
United States on three dates from four human-made structures. Nests 
contained 627 spiders from 5 families: Araneidae, Salticidae, Thomisidae, 
Oxyopidae and Theridiidae. Methylmercury concentrations ranged from 
12.2 ng/g ww to 56.3 ng/g ww in Thomisidae and Araenidae, respectively. 
Concentrations of MeHg in spiders collected were generally low relative 
to risk thresholds for adult birds but a few families could pose a risk to 
nestlings. Although mud dauber nests have been recognized as a source 
of spiders for biodiversity studies, this is the first study to demonstrate the 
potential use of spiders collected from mud dauber nests in ecotoxicology 
studies.

2.02.05  Investigating the Flux, Fate, and Influence of Salmon-
Derived Mercury in Recipient Food Webs
J. Brandt, University of Connecticut / Natural Resources and the 
Environment; K.A. Voss, Regis University; C.A. Eagles-Smith, U.S. 
Geological Survey / Forest and Rangeland Ecosystem Science Center; 
G. Ruso, Center for Environmental Management of Military Lands; 
T. Jardine, University of Saskatchewan / School of Environment and 
Sustainability and Toxicology Centre; C.A. Stricker, U.S. Geological 
Survey / Fort Collins Science Center; R. Lepak, P.B. McIntyre, Cornell 
University / Department of Natural Resources; D. Walters, U.S. 
Geological Survey / Columbia Environmental Research Center
Millions of Pacific salmon return to their natal habitats in eastern Pacific 
watersheds each year to complete their semelparous lifecycle. Salmon 
migration has long been associated with the delivery of key macronu-
trients to recipient freshwater ecosystems and is now also recognized 
as a source of contaminants sequestered in fish tissues. Biotransport of 
marine-derived mercury (Hg) by migrating salmon is a quintessential 
example of upgradient contaminant dispersal. However, recent work 
suggesting that Hg contributions from migrating salmon are not reflected 
by some food webs underscores the importance of understanding how 
background Hg sources and loads mediate the relative contribution of 
biotransport to Hg burdens in recipient ecosystems. To explore this 
concept, we compared fluxes of atmospheric Hg deposition and Hg load-
ing by salmon to the Willamette Basin (OR, USA) and Bristol Bay (AK, 
USA). These watersheds differ considerably in both the sizes of their 
respective salmon runs and rates of atmospheric Hg deposition. Despite 
these differences, we find that in both cases total Hg loading by Pacific 
salmon species is a relatively minor source of Hg when considered at the 
scale of whole watersheds. Importantly, biotransported Hg is delivered 
in the bioavailable methylated form and can be directly incorporated to 
food webs whereas large proportions of deposited Hg are lost to runoff 
and volatilization, or remain unmethylated. To better predict the influ-
ence of these sources, this presentation will contrast estimated fluxes with 
estimated fates of biotransported and atmospherically deposited Hg. This 
work integrates contaminant fate and transport with biogeochemical and 
ecological perspectives to address the question of where and when might 
salmon-derived Hg influence recipient ecosystems.

3. Freshwater Salinization: Causes, Effects and 
Working Towards Solutions
2.03.01  Salt-Laden Winter Runoff and Freshwater Mussels; 
Assessing the Effect on Early Life Stages in the Laboratory and Wild 
Mussel Populations in Receiving Waters
P. Gillis, J. Salerno, Environment and Climate Change Canada / Aquatic 
Contaminants Research Division; V. McKay, Lower Thames Valley 
Conservation Authority; J. Bennett, Environment and Climate Change 
Canada / Aquatic Contaminants Research Division; Q. Rochfort, 
Environment and Climate Change Canada / Water Science Technology 
Directorate; K.L. Lemon, Environment Canada / Aquatic Contaminants 
Research Division; R.S. Prosser, University of Guelph / School of 
Environmental Sciences
The widespread use of road salt for winter road maintenance has led to 
an increase in the salinity of surface water in many temperate regions. 
Freshwater mussels have a heightened sensitivity to salt, which is a con-
cern because many Canadian mussel Species at Risk have ranges limited 
to southern Ontario, Canada’s most road-dense region. This study exam-
ined the effect of winter road runoff on freshwater mussels. The impact of 
two bridges that span mussel habitat in the Thames River watershed (ON), 
the second most species-rich watershed for mussels in Canada, were 
studied. During a winter melt event, bridge snow, bridge runoff, as well 
as creek surface water surrounding the bridges were collected. Chloride 
in samples from bridge deck and tile drains varied (99-8250 mg/L) and in 
general, survival of Lampsilis fasciola glochidia (mussel larvae) exposed 
to those samples reflected chloride levels (84-0%, respectively), though 
elevated potassium (60 mg/L) may have at least contributed to toxicity in 
one sample. Serial dilution exposures with the two most toxic meltwaters 
revealed 48-h glochidia EC50s of 44% (1516 mg Cl-/L) and 26% (2764 mg 
Cl-/L). During the melt event, chloride in surface waters downstream of 
the bridges ranged from 69 to 179 mg Cl-/L; effects on glochidia (viabil-
ity 77-91%) exposed to those waters was minimal, however the chloride 
concentration in some creek samples exceeded the long-term Canadian 
Water Quality Guideline for the protection of aquatic life. There were 
no live mussels surrounding one bridge (Baptiste Creek), likely due to 
poor habitat. At the other targeted bridge (McGregor Creek), freshwater 
mussels were more abundant, diverse, and covered a wider distribution of 
mussel lengths, further away from the bridge than in the immediate vicin-
ity (< 100 M). However, further study is required to determine whether 
the distribution and diversity of mussels is directly related to exposure 
to salt-laden winter road runoff, as other possible contributing factors, 
including nearby agriculture, could have affected the receiving environ-
ment and thus impacted the mussels surrounding the bridge.

2.03.02  Evaluating Variables Influencing the Toxicity of Road Salts 
to Hyalella azteca
C.B. Stevens, Alma College; I. Centurione, Alma College / Biology; A.D. 
Harwood, Alma College / Environmental Studies/Biology
Every year in the United States, millions of metric tons of road salts are 
applied to roads to combat the snow and ice. Approximately half of these 
salts end up in adjacent waterways and pose a potential risk to aquatic 
organisms. Macroinvertebrates such as Hyalella azteca are indicators of 
water quality and are used for evaluating the toxicity of salts. While the 
acute toxicity of salts have been determined, less is understood about 
other variables that could influence toxicity. Therefore, the objective of 
the current study was to evaluate the effects of exposure duration, expo-
sure type, and temperature on mortality estimates. Toxicity tests with 
sodium chloride and potassium chloride were conducted with a 96 hour 
exposure, a 10 day exposure, and a 96 hour exposure with a 7 day dilution 
period, each at 23 and 12 °C. While there was a significant difference in 
the toxicity between sodium chloride and potassium chloride, there was 
no difference in toxicity between the temperatures for a given exposure 
time. Additionally, there was not a difference in toxicity between the 96 
hour exposure and the 96 hour exposure with the 7 day dilution period. 
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These results help us understand that toxicity estimates at standard 
temperatures may accurately estimate toxicity and demonstrates that 
the dilution of the salts after pulse exposure has limited effects on their 
toxicity.

2.03.03 Environmental Contextualization of Urea Toxicity in 
Aquatic Ecosystems
K.F. Honhart, Penn State, Erie, The Behrend College; S. Nutile, Penn 
State, Behrend / Biology; E. Klos, S. White, Penn State, Behrend; M. 
Solan, Baylor University / Environmental Science
Freshwater salinization caused by use of chloride-based deicer dur-
ing winter months has commenced exploration into alternative deicing 
formulations. One formulation advertised as eco-friendly and nontoxic 
is a urea-based formula. Spring runoff and rainfall that follow winter 
applications wash urea into freshwater ecosystems where hydrolysis 
converts urea into ammonium, a toxic chemical. Urea-based deicers dem-
onstrate an order of magnitude greater toxicity to aquatic invertebrates 
than chloride-based deicers due to this hydrolysis reaction. Hydrolysis 
of urea in aquatic environments should be dependent on environmental 
condition such that toxicity of urea-based deicers in aquatic environ-
ments is ecosystem dependent. To better understand the specific effects 
of ammonium toxicity in aquatic environments, 10-d toxicity tests were 
performed on Chironomus dilutus at two temperatures (10°C and 23°C) 
in two substrates (sand and lake sediment) to determine the rate at which 
urea is hydrolyzed to ammonium and the relationship of this hydrolysis 
to toxicity. Testing of urea hydrolysis at different temperatures resulted 
in significantly higher ammonium peak concentrations in warm tem-
peratures (23ËšC) in comparison with cold temperatures (10ËšC) when 
sediments were considered. Similarly, substrate type influenced the rate 
of hydrolysis, with urea hydrolyzing to ammonium at a significantly 
increased rate when lake sediments were used in comparison to sand. 
Interestingly, toxicity associated with urea-based deicers to C. dilutus was 
the same regardless of substrate type or temperature. This suggests that 
despite the influence of substrate type on urea hydrolysis, toxicity is not 
likely to be affected. The role of environmental context in understanding 
risk associated with alternative urea-based deicers may be less important 
than previously assumed, suggesting all aquatic environments will be 
susceptible to the toxic effects of this alternative deicer.

2.03.04  Uptake of Sulfate by Freshwater Animals from Ambient 
Water
M. Griffith, U.S. Environmental Protection Agency / Office of Research 
and Development; J.M. Lazorchak, U.S. Environmental Protection 
Agency / Office of Research and Development Cincinnati; H. Haring, 
Pegasus Technical Services, Inc.
To understand how the sulfate anion (SO4

2−) may contribute to the 
adverse effects associated with elevated ionic strength or salinity in 
freshwaters, we measured the uptake and efflux of SO4

2− in representa-
tives of four freshwater groups: one fish (Pimephales promelas), and three 
invertebrates (the unionid mollusk, Utterbackia imbecillis, the crayfish, 
Procambarus clarkii, and a mayfly, Hexagenia bilineata. Using δ (34S/32S) 
stable isotope ratios and concentrations of S and SO4

2−, we measured the 
SO4

2− influx rate, net flux, and efflux rate during a 24-hr exposure period 
to water containing two concentrations of 34S-enriched NaSO4. For all 
four species, the mean estimates of SO4

2− influx were positive, and SO4
2− 

influx was significantly greater than 0 at both SO4
2− concentrations in 

the fish and mollusk and at the lower SO4
2− concentration in the crayfish. 

The estimates of SO4
2− efflux and net flux were much more variable than 

those for influx, but several species by SO4
2− concentration combina-

tions for efflux and net flux were negative, which suggests net excretion 
of SO4

2− by the animals. The results of our experiments suggest there is 
more uptake and excretion of SO4

2− in freshwater animals than had been 
recognized.

4. Harmful Algal Blooms: Across the Freshwater 
to Marine Continuum – Toxins, Detection, Effects, 
Monitoring and Management
2.04.02 Method Comparison for the Detection of Cyanobacteria and 
Cyanotoxins in Texas Reservoirs
C. Churchill, J. Trevino, U.S. Geological Survey / Ecology
Cyanobacteria and the cyanotoxins they produce pose serious threats 
to public health, water quality, surface-water drinking supplies, and 
ecosystem health. There are numerous field and laboratory methods for 
detecting and quantifying cyanobacteria and their associated cyanotox-
ins; however, few studies have evaluated the efficacy of these methods 
in Texas reservoirs. For this study, water samples were collected from 25 
different reservoirs across the state in 2016 and 2018—selected reservoirs 
were sampled both years. Cyanobacteria, cyanotoxins, and physicochemi-
cal variables were measured at all reservoirs. Results were used, in part, 
to compare three field and laboratory methods (rapid-assessment dipstick 
kits, ELISA, and LC/MS) for the presence and concentration of cyanotox-
ins including anatoxin, cylindrospermopsin, microcystin, and saxitoxin. 
Samples were also analyzed for cyanobacteria taxonomy, cyanotoxin 
synthetase genes, taste-and-odor compounds, and other analytes such as 
nutrients, which are often associated with excess cyanobacterial biomass. 
Results indicate that in situ fluorometer data were highly correlated with 
several salient biological parameters including total phytoplankton and 
cyanobacterial biovolume and abundance (rs 0.69–0.92, p-values < 0.001). 
There was some agreement between ELISA and LC/MS cyanotoxin 
results. Generally, dipstick kits did not perform well when cyanotoxin 
concentrations were low. Identifying the limitations of each method will 
provide information on method capabilities and validity of results. In 
addition, comparisons between different methods such as quantitative 
(LC/MS, microscopy, qPCR), semi-quantitative (ELISA, in situ fluores-
cence), and qualitative (rapid-assessment dipstick kits) methods could be 
used to develop a cost-effective means to support monitoring and evalua-
tion of the presence and concentration of cyanobacteria and cyanotoxins.

2.04.03 Comparison of Targeted and Non-Targeted Analysis of 
Harmful Algal Blooms with Regards to the Application of Passive 
Samplers
H. Mash, U.S. Environmental Protection Agency / ORD/CESER/
WID; J.M. Lazorchak, J. Allen, U.S. Environmental Protection Agency 
/ Office of Research and Development Cincinnati; C.T. Nietch, U.S. 
Environmental Protection Agency / ORD/CEMM/WECD/WMD; K. 
Daniels, U.S. Environmental Protection Agency / Water Supply and Water 
Resources Div; D. Shea, North Carolina State University / Department of 
Biological Sciences
Algae are a natural component of aquatic ecosystems; however, when 
present in large quantities as “blooms”, they can pose a significant poten-
tial threat to human and ecological health. These harmful algal blooms 
(HABs) are often composed of microorganisms known as cyanobacteria, 
some of which have the potential to produce toxins that can cause adverse 
health effects in humans and animals through the contamination of 
waterways used for recreational purposes and as drinking water supplies.
Discrete sampling for known or “targeted” algal toxins is the predomi-
nant method to sample for contaminants of concern, including HAB 
toxins. However, this method does not fully capture the temporal and 
spatial variation that occurs in natural environments, and there are issues 
with reliable and comprehensive coverage of the numerous congeners of 
microcystin. However, the use of passive sampling devices (PSDs) can be 
used to overcome these limitations by capturing a time-averaged exposure 
of extracellular toxins and other contaminants of concern. As such, this 
technique can produce results which better represent the aquatic environ-
ment under different spatial, temporal or discrete controlled exposures. 
These PSDs can also be valuable for measuring differences in exposure 
and congener patterns using non-targeted methodologies.This research 
compares two separate resins used for PSD deployment in several 
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different HAB-impacted aquatic environments. This includes a shallow 
lake, a deep lake, a stretch of river and several nutrient-controlled streams. 
Comparisons will be made between results of targeted analysis obtained 
from discrete sampling and those obtained from the PSD extracts. PSD 
extracts will also be analyzed to determine if discrete patterns can be 
observed using non-targeted high-resolution mass spectroscopy (MS/
MS).

2.04.04  A Simplified Approach and Methods Comparison to Algal 
Toxin and Cyanotoxin Analysis Across the Freshwater to Marine 
Continuum
K.A. Loftin, Z.R. Laughrey, A. Donovan, U.S. Geological Survey / OGRL 
AET Unit
Potential exposure pathways to total, intracellular, and dissolved-phase 
algal toxins and cyanotoxins (toxins) exist across the freshwater to marine 
continuum that includes direct human, companion animal, livestock, 
and ecological exposure via contaminated surface water. Secondary 
exposures can occur through consumption of contaminated organisms 
through diverse and complex food web interactions. Published evidence 
exists of co-occurrence of marine/brackish algal species with cyanobac-
teria and their toxins in estuaries, coastal wetlands, and salinized inland 
lakes, across the United States in addition to cyanobacteria and cyano-
toxins (dissolved-phase) being transported into estuaries. Traditionally, 
the health assessment of marine algal toxins has focused on intracellular 
toxin fractions while the assessment of inland cyanotoxins has focused 
on total toxins. Evaluating the health risks of chemical mixtures to have 
complementary sample collection, preparation, and analytical methods 
procedures so that interpretations are compatible across the exposome 
is critical to working across the freshwater to marine continuum more 
seamlessly. Recently, the United States Geological Survey has developed 
a quantitative liquid chromatography triple-quadrupole mass spectrom-
etry (LC-MS/MS) method and a targeted (quantitative)/non-targeted 
liquid chromatography high resolution mass spectrometry (LC/HRMS) 
method that has minimal sample preparation (no solid-phase extraction) 
for simultaneous quantitation of 21 freshwater and marine toxins for total 
and dissolved toxin analysis. This method was validated in all surface 
water types across the United States ranging in salinity from freshwater 
to 55 Practical Salinity Units with similar minimum reporting levels 
(0.1 to 0.3 µg/L) using single-point standard addition. The approach 
minimizes adduct formation to keep the highest signal-to-noise ratio 
possible. Comparison of non-targeted LC/HRMS analyses of cyanotoxins 
will be compared with ELISA analyses to provide a better understand-
ing of the strengths and weakness of toxin screening and the proposed 
use of equivalents to estimate tentatively identified compounds by LC/
HRMS to support inter-method validation and health risk assessment. 
Given advancements of LC/MS toxin methods to directly measure 
dissolved-phase toxin in brackish and saline waters with minimal sample 
preparation, the barrier to a more wholistic and consistent toxin assess-
ment across the freshwater to marine continuum is now more easily 
obtainable.

2.04.05  A Tiered Approach to Routine Cyanobacteria Monitoring: 
From Cells to Toxins
C.R. Grasso, Oak Ridge Institute for Science and Education at USACE 
ERDC; K. Pokrzywinski, U.S. Army Corps of Engineers ERDC; B. 
Fernando, U.S. Army Engineer Research & Development Center / 
Environmental Laboratories
Harmful algal blooms (HABs) have increased in both frequency and 
intensity in recent years and directly impact US Army Corps of Engineers 
projects including locks, dams, lakes, reservoirs and navigation water-
ways. Protecting these resources requires novel approaches for HAB 
control and mitigation, which first starts with advancing our ability to 
rapidly and accurately detect low-levels of these problematic organisms. 
Of the conventional monitoring methods, microscopic identification 
is the classic approach to identifying the bloom species but is costly 
and time intensive. Pigment analysis provides a rapid estimate of bulk 

biomass but neglects to provide information on the overall genera pres-
ent. Furthermore, enzyme linked immunosorbent assays (ELISAs) for 
cyanobacterial toxins have a limited dynamic range and are also time and 
cost intensive. Our research group aims to provide monitoring strategies 
for management, providing rapid turn-around to give resource managers 
time to implement an appropriate management plan. We therefore use 
molecular approaches to streamline water quality monitoring to save time 
and money and detect low copy numbers of cyanobacteria and their asso-
ciated toxin genes. Our pipeline is as follows: upon sample receipt, we 
extract deoxyribonucleic acids (DNA) and conduct 16S broad cyanobacte-
ria polymerase chain reaction (PCR) for presence/absence. If positive, we 
conduct 1) quantitative real-time PCRs (qPCRs) for microcystins/nodular-
ins, cylindrospermopsin and saxitoxin using the Phytoxigene CyanoDTec 
kit along with PCR for anatoxin-a, and 2) 16S genus-level PCR screen-
ing for Microcystis, Dolichospermum, Oscillatoria, Nodularia and 
Aphanizomenon. If samples are positive for cyanotoxin genes, we conduct 
targeted ELISAs. This tiered monitoring approach can provide lower 
detection limits and faster turn-around times at a lower cost than conven-
tional broad-scale monitoring strategies. Additionally, rapid genus-level 
information will be necessary to identify appropriate management strate-
gies, as it is unlikely that one strategy will work for all cyanobacteria.

2.04.06 An Integrated Approach to Monitor Algal Blooms
H. Adams, City of Wichita Falls; F. Buerkens, Yokogawa Fluid Imaging 
Technologies, Inc.; M. Southard, S. Reeder, C. Barton, D. Nix, City of 
Wichita Falls
Intro This abstract describes the protocol the City of Wichita Falls has 
implemented to analyze for taste and odor compounds and cyanotoxins 
in two surface water reservoirs, one holding reservoir, and two water 
treatment plants. After nearly three years of successful implementation, 
customer complaints have been all but eliminated. This presentation will 
provide other water systems with a blueprint for laboratory analyses to 
create their own protocol. Abstract Climate conditions are conducive 
to both harmful algae blooms (HABs) as well as taste and odor (T&O) 
events with increasing frequency and intensity. As a result, EPA regula-
tions are moving toward requiring cyanobacteria monitoring. Proactive 
drinking water agencies are seeking a streamlined approach to moni-
tor cyanobacteria and nuisance algae. Unfortunately, there is no single 
method that answers all the fundamental questions needed to make treat-
ment decisions and ensure a safe water supply. The City of Wichita Falls, 
TX, has designed and implemented a comprehensive integrated rapid 
monitoring protocol for two surface water reservoirs and one holding res-
ervoir, which includes algae speciation and enumeration by imaging flow 
cytometry, T&O monitoring by GC-MS/ECD, and cyanotoxin monitoring 
by qPCR and LC-MS/MS. Imaging Flow Cytometry: A Fluid Imaging 
Technologies FlowCam is used to analyze samples 3-5 times per week 
in warm months and 1-3 times per week in cooler months. This allows 
rapid enumeration and classification/identification of T&O nuisance algae 
and toxin-producing cyanobacteria. When triggers are hit for either T&O 
or cyanotoxin-producing algae, increased testing by the three following 
methods is implemented. GC-MS: A Thermo Scientific GC-MS/ECD is 
used when T&O algae counts are elevated to analyze samples by SPME 
or HS for T&O compounds as listed in Standard Methods 2170. Powder 
Activated Carbon (PAC) and Potassium Permanganate treatment is initi-
ated when T&O compounds, such as Geosmin and MIB, are detected 
above trigger levels. qPCR: A Thermo Scientific Quantstudio 5 is used 
weekly to rapidly analyze samples for cyanotoxin-producing genes in 
source water and treated plant effluent. Phytoxigene’s CyanoDTec kits are 
a molecular assay produced for the simultaneous detection of hepatotox-
ins – Microcystin, Nodularin, and Cylindrospermopsin, and neurotoxin 
– Saxitoxin. Detection by qPCR indicate the presence of cyanotoxin-
producing genes, but do not confirm toxins. For toxin confirmation, 
samples are analyzed by LC-MS/MS. LC-MS/MS: Samples are sent to 
a contract lab for analysis when samples are found positive by qPCR. To 
this point, no samples have been found to confirm toxins over EPA guid-
ance limits. By using an integrated laboratory approach to monitoring, the 



SETAC North America 41st Annual Meeting | 95

Aquatic Toxicology, Ecology and Stress Response | Track 2

City of Wichita Falls has successfully mitigated twelve episodes before 
water containing T&O compounds was discharged to the City’s residents. 
Customer complaints have been all but eliminated. To date, it has been 
1,347 days since this new strategy was implemented, with no failures.

2.04.07  Cyanotoxins and Algal Toxins in U.S. Estuaries: Results of 
the 2015 National Coastal Condition Assessment
A. Donovan, Z.R. Laughrey, U.S. Geological Survey / OGRL AET Unit; 
K.A. Loftin, U.S. Geological Survey
There is growing evidence that cyanobacteria and cyanotoxins at the 
freshwater to marine continuum not only occur, but have negative health 
outcomes for humans, animals, and ecosystems. The extent to which cya-
nobacteria are transported, proliferate, and produce or release cyanotoxins 
in coastal and estuarine environments is not yet well understood. Brackish 
and saltwater matrices impact sample preparation requirements and ana-
lytical method applications, complicating traditional freshwater methods 
for cyanotoxins. The United States Geological Survey collaborated with 
the Environmental Protection Agency (EPA) to measure cyanotoxins and 
algal toxins in water samples from over 700 U.S. estuary and coastal sites 
as part of the 2015 National Coastal Condition Assessment. A new, salin-
ity tolerant, liquid chromatography triple-quadrupole mass spectrometry 
(LC-MS/MS) method was used to detect a total of 20 cyanotoxins and 
algal toxins. A subset of samples was analyzed for microcystins/nodula-
rins using enzyme-linked immunosorbent assay (ELISA) with saltwater 
pre-treatment. Of the compounds analyzed, domoic acid, anatoxin-a, 
cylindrospermopsin, and microcystins (sum of ten congeners) were mea-
sured above minimum reporting limits in 7.9, 0.7, 1.0, and 2.2% of coastal 
and estuary samples, respectively. In this talk, we will discuss spatial 
distribution of detected cyanotoxins and algal toxins, co-occurrence of 
detected toxins, comparisons between LC-MS/MS and ELISA methods 
for determining microcystins/nodularins, and the application of World 
Health Organization recreational guidelines and recently published EPA 
guidelines to this coastal and estuarine sample set.

2.04.08 Citizen Science Monitoring of Nuisance Algae Blooms in 
Lake Superior
T.P. Hollenhorst, U.S. Environmental Protection Agency / Great Lakes 
Toxicology and Ecology Division; N. Wilson, Lakehead University 
/ Dept. of Geography; P. McKinney, U.S. Environmental Protection 
Agency / Great Lakes Toxicology and Ecology Division; A. Banerji, U.S. 
Environmental Protection Agency / ORD/CCTE/GLTED; H. Snook, U.S. 
Environmental Protection Agency / Region 1
Algal blooms have increasingly become an issue in Lake Superior, partic-
ularly along the south shore and within the Apostle Islands National Lake 
shore, and to the north in the Thunder Bay area. Although these blooms 
have not yet been shown to cause sickness or death among humans and 
domesticated animals or any other significant harmful effects, they have 
drawn nationwide attention of the public and are a concern at multiple 
levels. Here we present a collaborative initiative between the USEPA and 
Great Lake coastal partners designed to establish a network of citizen 
scientists who will monitor for nuisance and harmful algal blooms. This 
work will leverage and optimize use of the BloomWatch mobile phone 
app, and CyanoScope a citizen monitoring kit developed by the Cyano 
Monitoring Collaborative (www.cyanos.org), with technical assistance 
from EPA-ORD. The kit is contained in a soft cooler to ensure ease of 
transport and maintenance of sample viability and provides tools for a 
citizen scientist to simply and reliably collect a concentrated nearshore 
water sample and image the sample at high resolution. The image is then 
loaded up to the CyanoScope project page on iNaturlist (www.inaturalist.
org/projects/cyanoscope), where it is recorded and mapped. If cyano-
bacteria (blue green alga) appear to be at high cell density, various state 
officials are immediately notified for further verification via an automatic 
e-mail system. These initiatives will hopefully inform policy decisions 
helping to safeguard public health and ecosystem services, while provid-
ing a practical affordable approach for initial monitoring of potentially 
harmful algal blooms.

2.04.09 Using Electronic Health Record Data to Monitor Trends in 
Human Illness From Algae Exposure
A. Lavery, L. Backer, J. Daniel, Centers for Disease Control and 
Prevention (CDC) / National Center for Environmental Health
Short-term health effects have been associated with Harmful Algal Bloom 
(HAB) exposure through skin contact, ingestion, or inhalation of the algal 
toxins. Recorded symptoms include skin, eyes, nose, or throat irrita-
tion, headache, neurological symptoms, abdominal pain, vomiting, and 
diarrhea. Little is known about the prevalence of these and other health 
symptoms related to HAB exposure in the United States. Electronic 
health records (EHR) present an opportunity to study the prevalence and 
geographic distribution of health events related to algae exposure. We 
evaluated the use of EHR for modeling of HAB health events across the 
United States. Methods: Three EHR databases were searched for use of 
medical diagnostic codes and key-terms within the medical record related 
to algae exposure. Records were summarized by demographics, loca-
tion, and time. A descriptive analysis summarized the health symptoms 
and procedures listed as part of the clinical encounter. Results from all 
EHR databases will be presented. Results for the largest EHR database 
assessed are discussed below. Results: The IQVIA database had a total of 
13,046 medical records with algae-related exposure from January 2006 
to June 2019. Of these, only 290 patients had a direct diagnosis of algae 
exposure. Patients with algae exposure were mostly female (64%) and 
non-Hispanic white (87%). The mean age of patients was 38 years (range 
1-85). Comparisons of this data to environmental data over space and 
time are currently underway and will be presented.

2.04.10  Could Anatoxin-a Be Responsible for Human Food 
Poisonings in France Associated with Sea Fig Consumption?
R. Biré, T. Bertin, I. Dom, V. Hort, ANSES - Laboratory for Food Safety / 
Chemical Contaminants; C. Schmitt, Poison Control Center of Marseille 
/ Clinical Pharmacology; J. Diogène, IRTA / Marine Continental Waters; 
R. Lemée, Sorbonne Université / Laboratoire d Océanographie de 
Villefranche; L. de Haro, Poison Control Center of Marseille / Clinical 
Pharmacology; M. Nicolas, ANSES - Laboratory for Food Safety / 
Chemical Contaminants
Sea figs, also called violets, sea squirts, sea lemons or sea potatoes, 
depending on the country, are marine organisms (Tunicates) belonging to 
the class of the Ascidians. They are eaten along the French Mediterranean 
coast and are considered as a delicacy by consumers fond of their strong 
iodine taste. From January 2011 to March 2018, 26 patients (16 women 
and 10 men) aged from 20 to 80 years old reported being sick in France 
after eating sea figs of the genus Microcosmus. The patients had symp-
toms evoking a cerebellar syndrome; the most reported symptoms 
included ataxia, dizziness and accommodation disturbances (blurred 
vision, diplopia). Digestive disorders (nausea, vomiting and diarrhea) were 
also reported but were less frequent; so were asthenia, headaches, muscle 
cramps and paresthesia. The onset of the symptoms started 10 to 90 
minutes following the ingestion of the sea figs. All the patients recovered 
completely in a timeframe going from one to 30 hours. Three of the 18 
food poisoning events recorded by the Poison Control Center in Marseille 
and involving four patients were further investigated as the meal leftovers 
were collected and analyzed. Previous studies ruled out the presence of 
the regulated lipophilic marine toxins after low and high-resolution mass 
spectrometry, but further analyses were required to look for hydrophilic 
cyanotoxins. The sea fig leftovers from food poisoning case Numbers 1 
(January 2011), 6 (December 2012) and 17 (March 2018) of this published 
case series were analyzed by hydrophilic interaction liquid chromatogra-
phy coupled to low- and high-resolution mass spectrometry to investigate 
the presence of hydrophilic cyanotoxins. The sea fig samples showed 
anatoxin-a (ATX-a) concentrations ranging from 193.7 to 1240.2 µg/
kg. The sea fig control sample analyzed was also contaminated with 
ATX-a but in a much smaller concentration (22.5 µg/kg). To the best of 
our knowledge, this is the first report of human food poisoning involv-
ing ATX-a as the possible causative toxin where the cyanotoxin could be 
unequivocally identified.
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2.04.11 Generating Ecotoxicity Information on Microcystins and 
Prymnesins: A Different Approach
J.M. Lazorchak, U.S. Environmental Protection Agency / Office of 
Research and Development Cincinnati; H. Haring, W. Thoeny, M. 
Ghorab, J. Jones, Pegasus Technical Services, Inc. / Office of Research 
& Development Cincinnati; N. Dugan, J. Allen, T. Sanan, U.S. 
Environmental Protection Agency / Office of Research and Development 
Cincinnati ; C.T. Nietch, U.S. Environmental Protection Agency / ORD/
CEMM/WECD/WMD; D. Tettenhorst, U.S. Environmental Protection 
Agency Office of Research and Development / Office of Research and 
Development, National Exposure Research Laboratory
There is a lack of information to estimate safe levels for aquatic life con-
cerning the toxicity of natural toxins produced by cyanobacteria and the 
freshwater invasive microalgae Prymnesium parvum. Given the uncer-
tainty of standards for toxins, the cost of using them to conduct acute and 
chronic toxicity tests and their potential impurities, a new approach is 
proposed using cultures and ambient samples. In this study we have used 
laboratory cultures of a toxin producing unicellular Microcystis aeru-
ginosa and P. parvum and non-toxin producing filamentous Anabaena 
flos-aquae. Each culture was centrifuged to remove each species from 
its culture media, then resuspended in moderately hard water. The M. 
aeruginosa culture was then frozen/thawed three times at -20 °C follow-
ing procedures used for ELISA analyses. A similar lysing procedure was 
also used on lake water samples. Acute 48-hr tests and 7-day short term 
chronic tests were conducted with a cell density of 3.7325 × 106 (2017), 
4.4167 × 106 (2018), 4.1610 × 106 (2019) and 1.7464 × 106 (2020) cell/
ml (average microcystin concentrations 73, 52, 37, and 855 ug/L) with 
Ceriodaphnia dubia, Neocloeon triangulifer, Hyalella azteca and larval 
Pimephales promelas. A stock concentration of 1746 ug/L was prepared 
for 100% exposure. For all studies, exposures were conducted at 0, 6.25, 
12.5, 25, 50 and 100% of the stock concentration. Microcystin concen-
trations in the lysed samples as high as 74 ug/L did not cause any acute 
toxicity greater than the lab water controls to any of the 4-test species. 
A. flos-aquae caused mortality greater than the controls to N. triangu-
lifer. For chronic tests, 80 L of the culture M. aeruginosa were used. No 
treatment levels exhibited any adverse survival effects in C. dubia, P. 
promelas or H. azteca tests. The only adverse effects noted in these tests 
were the sub-lethal point estimate endpoints for reproduction inhibition 
(IC25=30.96% [1.37 × 106 cells/ml]) in the C. dubia bioassay. August 2017 
Lake Harsha sample (total # of cells 300,000 cells/ml) was not acutely 
toxic to any of the 4-test species. For chronic toxicity lake water sample, 
the long term lethal concentration (LC50)% was 7.81, 15.33, and 7.59 in C. 
dubia, P. promelas and N. triangulifer tests, and IC25 were 1.03, 8.36, and 
1.14 %, respectively. For P. parvum LC50s were 493,850 cells/ml for C. 
dubia and 121,761 cells/ml N. triangulifer.

2.04.12  An Assessment of Red-Tide” Harmful Algal Bloom (HAB) 
Effects on Marine Organisms Used for Permit Compliance in San 
Diego
K.N. Buckley, C. Stransky, Wood Environment & Infrastructure Solutions, 
Inc. / Aquatic Sciences and Toxicology; R. Schottle, Wood Environment 
& Infrastructure Solutions / Aquatic Sciences; K. OConnell, University 
of California, San Diego / Environmental Affairs; J. VanVoorhis, Wood 
Environment & Infrastructure Solutions, Inc. / Toxicology
Current monitoring  requirements for many ocean-front facilities under 
National Pollution Discharge  Elimination System (NPDES) permits 
include standardized toxicity tests that  require testing of the receiv-
ing water. The University of California, San Diego (UCSD),  Scripps 
Institution of Oceanography (SIO) has monitored effluent and receiv-
ing  water samples under their NPDES permit since 2005. Long-term 
monitoring  results, primarily observed in dry weather, have occasion-
ally identified  naturally occurring toxic algae in the receiving water 
as a likely cause of  limited and transient toxic effects to certain test 
species, including sea urchin  Strongylocentrotus purpuratus and giant 
kelp Macrocystis pyrifera. Additional, ongoing supplementary tests  
performed in support of UCSD’s NPDES permit have since focused on 
potentially  toxic harmful algal blooms (HABs) to provide a long-term 
complementary data set  and quantify natural sources of toxicity using 
the same standardized testing  methods as required under the permit. 
Specifically, “red-tides” a type of HAB  occasionally observed along the 
Southern California coast, have been targeted  for supplementary testing 
due to frequently observed, high concentrations of the  dinoflagellate 
Lingulodinium polyedrum. This species, among others  that are also occa-
sionally observed at bloom concentrations, can produce toxic  metabolites 
and cause harmful effects that have been documented to bioaccumulate  
and cause paralytic shellfish poisoning in mammals, including humans. 
Ho4wever,  the goal of this study was to examine potential toxicity of L. 
polydrum using marine organisms typically  required for permit com-
pliance testing. For this study, “red-tide” samples were  collected from 
various locations in San Diego, CA during a bloom event in June,  2019. 
Density assessments of L. polyedrum  were performed on all samples and 
compared to toxicity test results. Results  from the study found that L. 
polyedrum can  cause toxicity to marine organisms at densities frequently 
encountered during  bloom events. Data obtained from this assessment 
helps identify and understand  natural conditions that may cause toxicity 
in receiving waters that require  NPDES compliance monitoring. In addi-
tion, these observations also contribute to  a broader understanding of 
HAB impacts to marine organisms by linking observed  toxic effects to 
HAB-forming phytoplankton.

2.04.13 Determining the Effects of Harmful Algae Blooms and 
on Fish From Both Environment and Laboratory-Based Studies 
Through the Use of Proteomics
J. Midwood, Fisheries and Oceans Canada / Great Lakes Laboratory for 
Fisheries and Aquatic Sciences; C. Flaherty, Ontario Tech University; 
D.B. Simmons, Ontario Tech University / Faculty of Science
The effects of harmful algae blooms (HABs) on wild, freshwater, large-
bodied fish physiological processes has been underexamined. HABs 
are composed of cyanobacteria which produces toxic peptides called 
microcystins. Microcystins are known to cause liver hemorrhage and 
neurotoxicity in fish species. Collection of samples from wild fish in 
Hamilton Harbor and Lake Erie took place for the purpose of measur-
ing toxic effects of HABs on a molecular level using plasma proteomics 
approaches. Plasma is useful for examining wild fish health because it 
contains proteins from the entire body which provides information on 
biological processes from different organ systems. In our design, we are 
also including fish exposed to harmful algae in a controlled laboratory 
environment to determine the effects on the plasma proteome as a positive 
reference for comparison to the wild fish. Our wild target species from 
Hamilton Harbor were Goldfish (Carassius auratus) and gizzard shad 
(Dorosoma cepedianumi), sampled before HABs formed in the spring, 
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during peak HAB formation in late summer, and after the HABs started 
senescing in the fall. In the laboratory, Rainbow trout (Oncorhynchus 
mykiss) were exposed to microcystis aeruginosa in a 14-day uptake and 
depuration study. The blood plasma from both field and lab samples will 
be analyzed using liquid chromatography with tandem mass spectrometry 
(LC-MS/MS) in order to identify changes in the protein profile of fish 
before, during and after exposure to toxins. The purpose of this research 
is to identify biomarkers that can determine whether a fish has been 
exposed to cyanotoxins, and to understand how HABs affect fish biologi-
cal processes.

2.04.14 A Guide for Public Health Response to Cyanobacterial 
Harmful Algal Blooms in Recreational Freshwater in Texas
E. Reategui-Zirena, H. Bojes, J. Kessinger, Texas Department of State 
Health Services / Environmental Surveillance and Toxicology
Harmful algal blooms (HABs) occur when algae reproduce rapidly in 
bodies of fresh and marine water. In freshwater, many species of blue-
green algae produce toxins called cyanotoxins. Water contamination by 
cyanotoxins poses risks to public health and the environment. Currently, 
the state of Texas does not have statewide guidelines on how to respond 
to cyanobacterial HABs. In consultation with other state agencies, 
we developed guidance to be more proactive in the state’s response to 
cyanobacterial HABs. The guidance describes ways to reduce the risk of 
exposure to humans, pets and livestock from HABs in recreational fresh-
water and describes the responsibilities of partner agencies for monitoring 
and responding to HABs. We made recommendations to local health 
authorities to respond to HABs in their jurisdiction. We proposed a three-
tiered approach, with recommended actions based on visual observations, 
cyanobacterial cell density and cyanotoxins concentration. As part of the 
response, we recommended a communication plan to ensure adequate 
public and stakeholders notification. As this is a project in progress, we 
are also developing outreach and educational materials to create aware-
ness in the community and instruct them in how to recognize a HAB and 
how to report it. As blooms have increased in frequency and duration, we 
will reassess the guidelines in order to meet our objectives.

2.04.15  Freshwater Nodularin Sources Result in Farmpond Fish 
Mortalities (Texas, USA)
P. Zimba, A. Cristan, Texas A&M, Corpus Christi / Center for Coastal 
Studies; B. Fordham, Retired
Nodularin is best known from estuarine systems, with freshwater occur-
rence documented in symbiotic Nostoc, Australian wetlands springs, and 
Pennsylvania streams. During monitoring of ranch farmponds, nodularin 
was detected using HPLC-MS/MS methods. Confirmation using authentic 
standards confirmed this identification. Water column concentrations of 
nodularin exceeded 4 ug/L, however a likely source was not identified in 
the water column. Benthic Chara was “stomached” to remove epiphytic 
algae and subsamples of this material contained 2-22 ug nodularin/gram 
wet weight of Chara. The dominant taxa in the epiphytic fraction were 
Amphora spp. (diatoms) and Komvophoron (filamentous cyanobacteria). 
The latter taxon is not reported to produce nodularin. This occurrence is 
another example of our flawed assumption that the original description of 
toxin occurrence is the only location for its presence, as shown for micro-
cystins, euglenophycin, saxitoxin, and nodularin.

2.04.16 Distinguishing the Toxicokinetics Between Intracellular 
and Extracellular Microcystin Exposure to Rainbow Trout 
(Oncorhynchus mykiss)
R.S. Shahmohamadloo, G. Hankins, K. Hubbs, P. Konopelko, M. 
Sarnacki, D. Strong, University of Guelph / School of Environmental 
Sciences; X. Ortiz Almirall, Ontario Ministry of the Environment, 
Conservation and Parks / Toxic Organic Section; D.B. Simmons, Ontario 
Tech University / Faculty of Science; J. Lumsden, University of Guelph / 
Department of Pathobiology; P.K. Sibley, University of Guelph / School 
of Environmental Sciences
Harmful algal blooms dominated by Microcystis aeruginosa frequently 
produce microcystins, a family of hepatotoxins that can be lethal to 
humans and animals. Freshwater fish are among the most vulnerable 
populations to microcystin toxicity and serve a valuable role in food web 
stability and the human diet. A key knowledge gap in understanding the 
toxicokinetics of microcystins in fish is a paucity of information compar-
ing the accumulation, disposition, and subsequent toxicity of microcystins 
between its intracellular (within M. aeruginosa cell) and extracel-
lular (outside of M. aeruginosa cell) forms. To this end, rainbow trout 
(Oncorhynchus mykiss) at juvenile and adult life stages were exposed for 
96 h to microcystins in both forms at concentrations ranging from 20 to 
80 μg L−1. Fish were sacrificed at 24-h intervals and dissected for tissues 
to perform histopathology on livers, quantitatively measure microcystins 
using LC-QTOF-MS, and qualitatively examine the effects of microcys-
tins exposure as a function of dose and time using shotgun proteomics 
(data pending). Histopathology showed acute lesions, necrosis, apoptosis, 
and hemorrhage in both microcystin exposures at equal rates of sever-
ity. We measured rapid uptake of microcystins in the liver at both life 
stages and lower levels in the muscle of juveniles. The results of this study 
demonstrate that O. mykiss respond differently to microcystin toxicity 
depending on its life stage.

2.04.17  Changes in Protein Expression Following Anatoxin-a (±) 
Exposure in Zebrafish (Danio rerio)
L.M. Langan, L. Lovin, Baylor University / Department of Environmental 
Science; R. Taylor, Baylor University / Department of Chemistry; 
K.C. Chambliss, Baylor University / Department of Chemistry and 
Biochemistry; S. Chatterjee, University of South Carolina / School of 
Public Health; T. Scott, Baylor University / Biology; B.W. Brooks, Baylor 
University / Department of Environmental Science
Anatoxin-A and its analogues are potent neurotoxins produced by several 
genera of cyanobacteria. To date, toxicity studies have not differenti-
ated between the enantiomerically or chemically pure anatoxin-a with 
over 54 % (18 of 33 studies) reporting the use of the racemic mixture 
that is apparently not naturally produced. This reality is not surprising 
as anatoxin-fumerate (±) is more accessible then the enantiomerically 
or chemically pure anatoxin-a, which has only recently become com-
mercially available. During aquatic toxicity studies of harmful algal 
blooms, there is limited “omics” based work with investigations most 
commonly examining saxitoxin producing HABs or microcystin variants. 
Because proteins are the executors of most biological functions, the study 
of the proteome is fundamental for understanding underlying biologi-
cal mechanisms in response to environmental stressors or toxicants. To 
date, there have been no ‘omics’ based approaches to characterize protein 
response in any organism to anatoxins. Thus, the present study represents 
a logical first step in understanding biological responses to HAB exposure 
in zebrafish (Danio rerio). Using data independent acquisition (DIA or 
MSe), which minimizes limitations of inherent irreproducibility and 
under-sampling of DDA, proteome changes were identified and quantified 
in larval zebrafish exposed for 96 h to anatoxin-fumarate (0.01-3 mg/L 
anatoxin-fumerate (±) and caffeine [positive control]). Experimental treat-
ment levels, which were analytically verified by LC-MSMS, were chosen 
based on an environmental exposure distribution (EED) calculated from 
available literature for anatoxin-a. Proteins were extracted and digested 
using a modified FASP approach and proteins separated using a quad-
rupole time-of-flight (Q-Tof) Synapt G2 MS, centroided via MassLynx 
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and data converted to mzML using proteowizard with default settings. 
Spectra was annotated against the UNIPROTKB proteome database for 
“Danio rerio” consisting of 46,848 sequences using four difference search 
engines (MS-GF+, comet, !Xtandem and Myrimatch) resulting in over ~ 
2000 identified proteins. Differentially expressed proteins (DEPs) were 
predominantly down-regulated with respect to control samples, with very 
little overlap between anatoxin-fumerate exposure and caffeine. DEPs had 
varying functions in carbohydrate metabolism and energy production, 
stress response, ATP synthesis and cellular development.

2.04.18  Characterizing Algal Blooms Using Real-Time Fluorescence 
Monitoring
L. Younan, Turner Designs / Environmental Sciences Group
Algal blooms are typically characterized during peak bloom conditions 
via sample collection and lab analyses utilizing High Pressure Liquid 
Chromatography (HPLC), microscopy, PCR and DNA sequencing, or 
other techniques all of which can be tedious, costly, and time consuming. 
Technological advances have led to the development of various in vivo 
fluorometers for detecting fluorescence from specific marker pigments 
characteristic of certain algal groups. In stand-alone mode specific in 
vivo fluorometers are generally used for qualitative studies looking at 
relative abundance of a certain algal group. However, when calibrated 
and used in combination with other specific wavelength fluorometers, 
deconvolution algorithms can be applied enabling the ability to estimate 
algal group concentrations, thereby characterizing algal groups in mixed 
algal populations through bloom conditions. PhytoFind uses three specific 
in vivo fluorometers to distinguish among three algal groups denoted 
as Cyanobacteria, Mixed, and Green-Brown algae. Interference from 
dissolved organics can be a significant factor when accurately estimating 
algal group contributions which is why PhytoFind has an onboard algo-
rithm for automatically correcting interference from DOM. With its high 
resolution data this in situ fluorescence monitor can greatly aid character-
ization efforts by providing information on dominant algal constituents 
from pre to post bloom conditions.

2.04.19 Developing a Comparative Understanding of the Aquatic 
Toxicology of Anatoxin-a in Common Fish Models
L.M. Lovin, S. Kim, L.M. Langan, Baylor University / Environmental 
Sciences; R. Taylor, Baylor University / Department of Chemistry; K.R. 
Scarlett, Baylor University / Environmental Science; K.C. Chambliss, 
Baylor University / Department of Chemistry and Biochemistry; S. 
Chatterjee, University of South Carolina / School of Public Health; T. 
Scott, Baylor University / Biology; B.W. Brooks, Baylor University / 
Department of Environmental Science
Toxins released during harmful algal blooms present risks to global 
health and the environment. Anatoxin-a is a globally found neurotoxic 
cyanobacterial toxin that has been shown to have effects on growth, 
reproduction, and survival of aquatic organisms. Few studies, however, 
have characterized influences of this toxin on behavior of fish coupled 
to gene expression. Therefore, here we examined these responses using 
two common fish species. Fathead minnows, a common North American 
ecological model, and zebrafish, a common biomedical model, larvae 
were exposed to anatoxin-a fumarate at environmentally relevant concen-
trations of 0.01, 0.1, 0.5, 1, and 1.5 mg/L for 96h (zebrafish were exposed 
to an additional 3 mg/L concentration). Experimental treatment levels 
were analytically verified using LC-MSMS. Fish were then analyzed for 
photomotor swimming behavior using a ViewPoint ZebraBox, measur-
ing swimming speed, distance, and number of changes in direction in 
alternating 10-minute light and dark periods for a total of 40 minutes. 
Additional larvae were collected for gene expression analysis. We found 
that duration and total distance of fathead minnows speed at the high-
est threshold (>20 mm/s) was significantly lowered (ANOVA, α = 0.1) 
by anatoxin-a in 0.1, 1, and 1.5 mg/L treatments, while the opposite 
occurred with zebrafish, which increased distance, duration, and number 
of changes in movements at the highest speed, though these were not 
significant. Our observations suggest that fathead minnows may be more 

sensitive than zebrafish to this toxin with regard to swimming behavior. 
No photosensory related effects were found in either species. We further 
examined gene expression focusing on genes related to oxidative stress, 
DNA damage, and neurotoxicity. Target genes such as syn2a, tuba1, 
neurog1, gst, gpx1a, and cyp3a65 were all upregulated at the 3 high-
est anatoxin-a concentrations, but again not statistically different from 
controls (ANOVA, α = 0.05). Differentially expressed proteins also varied 
with species (~124-400) and concentration suggesting species specific 
differences in sensitivity. Such a comparative understanding of cyano-
toxin effects in aquatic organisms is beginning to address key data gaps, 
and is necessary to support more robust assessment and management of 
cyanobacterial blooms, which are increasing in magnitude, frequency and 
duration at the global scale.

2.04.21  Sorption of Microcystins to Microplastics in Freshwater 
Ecosystems
E. Hataley, Queens University / School of Environmental Studies; X. 
Ortiz Almirall, Ontario Ministry of the Environment, Conservation 
and Parks / Toxic Organic Section; C.M. Rochman, University of 
Toronto / Department of Ecology and Evolutionary Biology; R.S. 
Shahmohamadloo, University of Guelph / School of Environmental 
Sciences; D.M. Orihel, Queens University / Department of Biology/
School of Environmental Studies
Microplastics (small particles of plastic less than 5 mm in length) are an 
emerging class of environmental contaminants now recognized as being 
widely distributed around the globe. Microplastics may vary in product 
and polymer type, size, morphology, colour, and additives ingredients. 
Microplastics may impact aquatic ecosystems by adhering to and/or 
be ingesting by organisms which may cause harmful physical effects. 
Additionally, microplastics may be a source of hazardous chemicals via 
their additive ingredients and/or sorption of environmental contaminants. 
Numerous studies have demonstrated the ability of microplastics to 
act as a medium to concentrate environmental contaminants in aquatic 
environments, thus altering their distribution and bioavailability. To 
the best of our knowledge, this research has not been extended to the 
cyanotoxins microcystins despite the co-existence of both contami-
nants in many freshwater ecosystems. Microcystins are relatively polar 
molecules, implying that their affinity for non-polar microplastics in an 
aqueous environment is negligible; however, many microcystin congeners 
contain non-polar amino acid residues. Inherent in this lies the question: 
Can microplastics sorb waterborne microcystins? To address this, we 
conducted batch (laboratory) and in-situ (field) sorption experiments. We 
performed batch sorption experiments to measure the rate and concen-
tration at which a mixture of four microcystin congeners (RR, YR, LR, 
and LA) sorb to four plastic polymers (PET, LDPE, PS, and PVC), all of 
which dominate global plastic production and are commonly reported 
in the environment. We found that microplastics can sorb waterborne 
microcystins, the degree to which is dependent on the polymer type and 
microcystin congener. Additionally, we deployed microplastics at two 
sites in a eutrophic lake for a nine-week period from August to October 
2019. We found that microplastics can sorb waterborne microcystins at 
measurable concentrations in the natural environment.

2.04.22 Investigating the Ecology of Microcystin Synthesis 
in Freshwater Toxic Harmful Algal Blooms via DNA/RNA 
Metabarcoding
A. Banerji, U.S. Environmental Protection Agency / ORD/CCTE/GLTED; 
M. Bagley, J. Shoemaker, U.S. Environmental Protection Agency / Office 
of Research and Development; D.R. Tettenhorst, U.S. Environmental 
Protection Agency / ORD/CESER/WID; C.T. Nietch, U.S. Environmental 
Protection Agency / ORD/CEMM/WECD/WMD; J. Allen, U.S. 
Environmental Protection Agency / Office of Research and Development 
Cincinnati; J.W. Santo Domingo, U.S. Environmental Protection Agency 
/ Cincinnati
The presence of the cyanobacterial hepatotoxin microcystin in drink-
ing water and natural aquatic systems has become a global concern. 
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Understanding the environmental factors that cause cyanobacteria to 
produce microcystin is crucial to the development of lake management 
strategies to minimize harmful exposures. While the literature is replete 
with studies linking microcystin production to putative grazers, competi-
tors, nutrients, and abiotic stressors, few studies have been designed to 
test the relative importance of these factors or their potential synergism, 
and no study has been able to convincingly single out any particular factor 
as a consistent driver in aquatic systems. We performed random forest 
regression analyses using 16S and 18S rRNA gene sequencing data and 
environmental data obtained from a eutrophic freshwater reservoir to 
determine which biotic and abiotic factors best explained spatiotemporal 
variation in concentrations of total microcystin and several specific con-
geners. Model performance was best for prediction of the concentrations 
of the congener MC-LR, with ca. 88% of spatial and temporal variance 
explained. Most of the variance was associated with the relative abun-
dance of the toxic cyanobacterium Microcystis. Additional taxa, including 
other cyanobacteria, heterotrophic bacteria, and bacterivorous protists, 
were also important components of the model, as were pH, total reactive 
phosphorus, and dissolved oxygen. Overall, our results are indicative of 
microcystin being a response to multiple environmental factors, some 
of which seemingly unrelated to prevailing hypotheses of microcystin’s 
function.

2.04.23 Total Microcystin Levels Are Poor Indicators of Seasonal 
Bloom Toxicity to Thamnocephalus platyurus
C. Hipsher, Loyola University Chicago / Institute of Environmental 
Sustainability; J.D. Barker, The University of Minnesota; R.P. 
Lanno, Ohio State University / Department of Evolution, Ecology, 
and Organismal Biology; A. MacKay, Ohio State University / Civil, 
Environmental and Geodetic Engineering; J. Fuchs, The Ohio State 
University
ELISA and LC MS/MS are increasingly used to provide total microcys-
tin levels in waters impacted by harmful algal blooms, however little is 
known as to whether these total microcystin levels reflect their impact 
to humans and aquatic organisms. This study aims to determine if there 
is a strong correlation between total microcystin levels and acute lethal 
toxicity to the freshwater crustacean Thamnocephalus platyurus over the 
course of a bloom season. Phytoplankton samples were collected from 
five sites in Ohio from May to October 2017 and exposed to T. platyurus 
to determine their acute lethal toxicity. Acute toxicity levels, as measured 
by the lethal concentration to 50% of the T. platyurus organisms (LC50), 
were compared to total microcystin levels to determine if a correlation 
between these metrics exists. No statistically significant correlation was 
found between the T. platyurus LC50 levels of the collected phytoplankton 
and the corresponding ELISA and LC MS/MS total microcystin concen-
trations for the water and phytoplankton samples. The lack of correlation 
could not be attributed to changes in microcystin variant composition 
throughout the season and instead may be due to the presence of unde-
tected cyanotoxins or other pollutants. As a result, water managers need 
to be aware that total microcystin levels do not necessarily reflect acute 
lethal toxicity to T. platyurus. Instead, testing of a wider array of cyano-
toxins may provide more promising information to assess the ability of 
blooms to cause harm to aquatic organisms and humans.

2.04.24  Physiochemical Factors Impacting Persistent Lyngbya wollei 
Blooms in Lake Wateree, South Carolina
C. Boucher, T.J. Shaw, M. Bodine, C. Crandell, University of South 
Carolina / Department of Chemistry and Biochemistry
South Carolina’s Lake Wateree is a man-made lake that provides a drink-
ing water source for two towns and outflows into the Wateree River and 
into Lake Marion and further to the coast in Charleston, SC. The lake 
has supported a large persistent algal population of Lyngbya wollei for a 
number of years. An investigation into the environmental factors in Lake 
Wateree that mitigate the persistence and density of algal mats has been 
ongoing since early 2019. Physiochemical factors including pH, dissolved 
oxygen, air and water temperature, phosphorous, iron, and nitrate were 

measured in samples of sediment pore waters, interstitial water in algal 
mats, and in the lake water column. Initial results suggest that iron cycling 
may mediate phosphorous availability to the Lyngbya wollei mats. The 
concentrations of these compounds were colorimetrically determined 
and compared to elucidate processes that impact depth distribution as 
chemical environment (water column, algae, and pore water). Preliminary 
results indicate algal mats mediate redox gradients and iron and phos-
phorous availability. These findings suggest that Lyngbya wollei mediate 
redox conditions to support sequestration of phosphorous through cycling 
of authigenic iron phases within the mats.

2.04.25 Seasonal Modulation of Water Quality, Plankton Diversity 
and Microbial Community in Tropical Freshwater Lakes
I.N. Anyanwu, Alex Ekwueme Federal University, Ndufu Alike; C.A. 
Ezema, Alex Ekwueme Federal University, Ndufu Alike / Biological 
Science
Seasonal change is causing significant impacts in tropical ecosystems; 
thus, verification of water-quality is essential for freshwater ecosys-
tems serving as drinking-water and food-sources, which occasionally 
changes over seasons. Such changes may also be associated with shifts 
in plankton diversity and microbial community. The study investigated 
seasonal effects (dry/wet seasons) on water quality, plankton diversity 
and microbial community of four tropical freshwater lakes serving as 
drinking-water-sources. Results showed that physico–chemical-parame-
ters (temperature, DO, total hardness, PO4) recorded high values during 
dry-season, while, pH, BOD, TDS, transparency, turbidity, electrical 
conductivity, total alkalinity and NO3, measured greater values in wet 
season. Low pH (5.76–5.93) was measured during dry season. Plankton 
analysis revealed phytoplankton(s) (phylum Chlorophyta, Bacillariophyta, 
Cyanophyta, Dinophyta) were the most abundant with Desmidiaceae, 
Microcystaceae, and Euglenaceae showing dominance. In zooplankton, 
phylum Rotifera was the most recorded with Branchionidae dominating 
the lakes in dry season. During wet season however, phylum Chlorophyta, 
Cyanophyta, Bacillariophyta, Dinophyta were the most predominant 
phytoplankton with Aphanizomenonaceae and Microcystaceae record-
ing higher taxa. Also, phylum Rotifera (Branchionidae) was the most 
encountered zooplankton. Disease-pathogens Ascaridae, Trichuridae, 
Ancylostomatidae (phylum Nematoda) were detected in the lakes during 
high-rain, indicating faecal-contamination. Seasonal differences were 
observed in microbial counts, with higher microbial loads during the 
dry season. This suggests that seasonal change decreases water qual-
ity and enables transportation of contaminants, bacteria, pathogens and 
disease-causing-organisms to the waterbodies. Thus, regular assessment 
of drinking water quality and subsequently climatic impacts should be 
assigned high priority in the region.

2.04.26  Southern California Wildfire, Harmful Algal Bloom, and 
Fish Kill in Lake Elsinore, California
J.D. Rudolph, Wood Environment & Infrastructure Solutions, Inc. / 
Aquatic Sciences; C. Stransky, Wood Environment & Infrastructure 
Solutions, Inc. / Aquatic Sciences and Toxicology; N. Dailey, City of Lake 
Elsinore; H. Boyd, California State Water Resources Control Board - 
Santa Ana Region
The Holy Fire wildfire in Southern California began on August 6, 2018 
and reached full containment on September 13, 2018 with a total burned 
area of 35.9 square miles. Lake Elsinore lies at the bottom of several large 
canyons draining the burned area. Since the fire containment, the area 
received numerous storms of varying strength from < 0.25 to 5.5 inches, 
totaling approximately 25 inches of rain from October 2018 through 
March 2019. Debris flows from the burn area deposited a large sediment 
delta in the lake. Shortly after the first two major storms in late November 
2018 hit the area, a large fish die-off was observed in Lake Elsinore which 
continued through January 2019. Based on multiple lines of evidence this 
die-off was attributed to the Golden Algae, Prymnesium parvum, a spe-
cies not previously observed at high densities in the lake. The City of Lake 
Elsinore embarked on a study to determine if runoff from the Holy Fire 
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had triggered the Golden Algae bloom and subsequent fish kill. Chemistry 
and toxicity analyses were performed on both water and sediment samples 
in and around the fire sediment delta. Samples for phytoplankton tax-
onomy were also collected in and around the fire sediment delta, as well 
as during monthly routine mid-lake sampling. A comprehensive analysis 
of results will be presented showing the magnitude of effect on lake water 
and sediment quality and potential for long-term impacts.

2.04.27 The Role of Peroxide-Based Algaecides in Determining the 
Environmental Fate of Lyngbya wollei Toxins
T.T. Metz, E. Sellers, S. Putnam, J.L. Ferry, University of South Carolina 
/ Department of Chemistry and Biochemistry; G.I. Scott, University of 
South Carolina / Department of Environmental Health Sciences - Arnold 
School of Public Health
Lyngbya wollei is a benthic cyanobacteria occurring in both fresh and 
brackish waters, and is known to produce several neurotoxic saxitoxin 
analytes. L. wollei is capable of dominating a significant portion of the 
biomass in a waterway, and as blooms of L. wollei become more perva-
sive and persistent, chemical control is becoming the preferred method 
for combating this issue. Sudden die-offs of L. wollei post-algaecide 
application can inundate the water column with intracellular contents, 
including the neurotoxic Lyngbya wollei toxins (LWTs). This work reports 
early efforts to determine the environmental fate of released LWTs upon 
treatment with peroxide-based algaecides, focusing on LWT 4-6 and their 
possible reactions with reactive oxygen species generated by the algae-
cides. Laboratory experiments were conducted with freeze-dried and live 
L. wollei samples to determine the effect of algaecide on the persistence 
and speciation of the toxins and their degradation products. The implica-
tions of peroxide-based L. wollei remediation on the formation of new 
products and environmental lifetimes of LWTs are discussed.

2.04.28 A Study of Harmful Algae During Pesticide Treatment in a 
Freshwater System in South Carolina
S. Putnam, University of South Carolina / Department of Chemistry 
and Biochemistry; J. Riser, C.W. Moorer, Santee Cooper / Biological 
Services; A. Womer, T.J. Shaw, University of South Carolina / 
Department of Chemistry and Biochemistry; G.I. Scott, University of 
South Carolina / Department of Environmental Health Sciences - Arnold 
School of Public Health; J.L. Ferry, University of South Carolina / 
Department of Chemistry and Biochemistry
Dean Swamp is an impoundment directly connected to Lake Marion, a 
large reservoir that is part of the Santee River watershed. This area has 
a persistent bloom of the harmful benthic algae Lyngbya wollei, which is 
known to produce several toxins in the saxitoxin family. Due to residen-
tial property surrounding the area, the water was treated several times 
with a copper and diquat herbicide to control the Lyngbya wollei. Water 
and algae samples were collected before, during, and after these treat-
ments along with continuous water quality data. Liquid chromatography 
and mass spectrometry were used to detect and quantify toxins in algal 
samples. The toxin in the algal biomass was tracked for the course of 
the study. A biological oxygen demand experiment was performed in 
the presence of L. wollei material to determine the ability of the system 
to biodegrade the material. Correlations between water quality param-
eters and other measurements are presented to demonstrate the effect 
of herbicide on a relatively closed natural system containing L. wollei. 
Changes in pH and dissolved oxygen, while statistically significant, were 
not proportionate to the biomass of L. wollei present. This suggests that L. 
wollei may be more biologically resilient than other cyanobacteria in the 
presence of herbicide. Our study presents a novel opportunity to examine 
the effects on management practices on a large scale when applied to L. 
wollei, and the interactions with the rest of the system.

2.04.29 Evaluation of a Peroxide-Based Algaecide Product for 
Cyanobacterial Control in Lake Okeechobee
K. Pokrzywinski, U.S. Army Corps of Engineers ERDC; W. Bishop, 
SePRO Corporation; C.R. Grasso, Oak Ridge Institute for Science 
and Education at USACE ERDC; B. Fernando, U.S. Army Engineer 
Research & Development Center / Environmental Laboratories; B. 
Sperry, University of Florida / Center for Aquatic and Invasive Plants; 
D. Berthold, H. Laughinghouse, University of Florida / Institute of Food 
and Agricultural Sciences; E. Van Goethem, SePRO Corporation; K. 
Volk, Credere Associates, LLC; M. Heilman, SePRO Corporation; K. 
Getsinger, U.S. Army Corps of Engineers ERDC
A field study was conducted in the summer of 2019 to evaluate the 
effectiveness of sodium carbonate peroxyhydrate for controlling cyano-
bacteria in Lake Okeechobee waterways. Mesocosms containing natural 
populations of cyanobacteria were deployed in Pahokee Marina in Lake 
Okeechobee with treatments consisting of an untreated control, a single-
application treatment with algaecide at 10 mg·L-1 (max label rate), and a 
two-part sequential treatment comprising an algaecide application at 10 
mg·L-1 followed by a second treatment of 5 mg·L-1 (half max label rate) 
48 hrs after initial treatment. Hydrogen peroxide concentrations rapidly 
decreased after treatment and were non-detectable by 48 hrs. Within 10 
mins of application, substantial pigment loss was visible. These observa-
tions were confirmed with empirical data, which revealed that in vivo and 
extracted chlorophyll a concentrations were reduced by over 80% 6 hrs 
after peroxide treatment compared to untreated mesocosms. Additionally, 
phycocyanin was reduced in treated mesocosms by greater than 60% 24 
hrs after treatment. While parameters of cyanobacteria biomass were 
reduced from peroxide treatment, the majority of the remaining popula-
tion was still dominated by cyanobacteria (> 90%) 72 hrs after treatment. 
Furthermore, after 24 hrs some biomass recovery was observed in 
mesocosms that received only one application. The greatest efficacy was 
observed under repeated peroxide dosing which had a sustained decrease 
in chlorophyll a by over 74 % for the entire study. This suggests that a 
sequential peroxide treatment may be required after the initial application 
to effectively manage cyanoHABs in the field. These data support the 
further evaluation of peroxide-based algaecides for rapid short-term relief 
from cyanobacterial harmful algal blooms. Future research is required 
to investigate and refine this technology under operational field settings. 
Work is also required to determine the sensitivity of various cyanobac-
teria species to avoid potentially more toxic succession events in mixed 
populations.

2.04.30 Screening of Peroxide-Based Algicides on Cyanobacteria 
Monocultures: Species Sensitivity Assessments
B. Fernando, U.S Army Engineer Research & Development Center / 
Environmental Laboratories; C. Grasso, Oak Ridge Institute of Science 
and Education; K. Pokrzywinski, U.S. Army Corps of Engineers ERDC; 
B. Sartain, U.S. Army Corps of Engineers; K. Getsinger, U.S. Army Corps 
of Engineers ERDC
Harmful algal blooms (HABs), mainly consisting of cyanobacteria 
(cyanoHABs), are of growing concern in many freshwater lakes and 
rivers. These blooms have significant ecological and economic impacts 
on fisheries resources, commercial and recreational waterway usage, and 
potable water supplies. While advances have been made in early detec-
tion through routine monitoring, limited studies have been conducted 
on rapid response, particularly in the absence of confounding variables. 
Conventional chemical treatment typically requires pre-screening agents 
in the laboratory from a collected bloom sample, often delaying time-
sensitive management in the field. Therefore, the purpose of this study 
was to develop foundational knowledge on cyanobacteria sensitivity to 
five USEPA registered, peroxide-based algicides. Products were screened 
against monocultures of known bloom forming cyanoHABs across North 
America including several strains of Microcystis spp., Dolichospermum 
spp. (Anabaena), Aphanizomenon spp., and Oscillatoria spp. among 
others. To each culture, algicides were applied at various rates and dif-
fering cell densities to assess concentration-dependent limitations on 
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efficacy. Efficacy was determined 72 hrs post algicide exposure via in 
vivo Chlorophyll a and phycocyanin fluorescence and optical density. 
Prior to efficacy testing, each culture was pre-screened for known toxin 
producing genes using molecular markers either developed in-house or 
via the Phytoxigene assay. In cultures that displayed positive markers for 
toxin genes, free and total cyanotoxin concentrations were assessed using 
targeted enzyme linked immunosorbent assays (ELISAs) following treat-
ment. This study was performed as the base level in a tiered management 
approach for cyanobacteria control. The next phase includes replicated 
small-scale management trials with peroxide-based algicides in larger 
volumes and under longer exposure periods. Results of these studies form 
the foundation of a targeted decision support tool for resource manag-
ers to rapidly respond to cyanoHAB events. These results can also be 
incorporated into site-specific modeling efforts to pre-determine efficacy 
at a larger scale. Further work is required to refine information on product 
efficacy under various nutrient conditions, water chemistries and light 
intensities/durations, all of which can directly influence cyanoHABs 
physiology in the field.

2.04.31  DinoSHIELD: A Slow-Release Natural Algicide Produced 
by Shewanella sp. IRI-160 for Management of Red-Tide
C.R. Grasso, Oak Ridge Institute for Science and Education at USACE 
ERDC; K. Pokrzywinski, U.S. Army Corps of Engineers ERDC; Y. Wang, 
K. Coyne, University of Delaware / School of Marine Science and Policy
Blooms of the harmful dinoflagellate Karenia brevis are known to occur 
regularly in the Gulf of Mexico and present a major human health threat 
as they produce a class of potent neurotoxins (brevetoxins). Toxic blooms 
in Florida also have negative effects on the economies of coastal com-
munities, often costing millions of dollars in lost revenue with impacts 
extending over hundreds of square miles. Previous research investigated 
an algicidal bacterium, Shewanella sp. IRI-160, which exhibited algi-
cidal activity against dinoflagellates, including K. brevis, while having 
no negative impacts on other algal taxa tested. Additionally, previous 
research indicated that this bacterium secretes a group of water-soluble 
algicidal compounds, “IRI-160AA”, to control the growth of dinoflagel-
lates without the requirement of direct bacteria-algae contact. Cell death 
of dinoflagellates was accompanied by inhibition to cell cycle progression, 
leading to autocatalytic cell death. Further research indicated the algicide 
is non-toxic to ecologically and economically important invertebrate and 
vertebrate species at levels required to kill dinoflagellates. In spite of 
promising results of prior research, high-dose repeated application of the 
bacteria or cell-free algicidal filtrate may raise concerns about biosafety. 
Recent research demonstrated the algicidal activity of Shewanella sp. 
IRI-160 and cell-free algicidal filtrate in alginate hydrogel (designated 
as “DinoSHIELDs”) as an effective alternative to the application of the 
algicide itself for inhibiting dinoflagellate growth. The advantage to using 
immobilized algicidal bacteria is two-fold. First, immobilized algicidal 
bacteria provide continuous in-situ control of HABs without the need for 
frequent, high-dose reapplication. Second, immobilized bacteria may be 
strategically deployed in areas that are experiencing or at risk for HABs, 
and then removed when no longer needed. The overall goals of the project 
are to (i) optimize delivery of the algicide from DinoSHIELDs contain-
ing either the immobilized Shewanella sp. IRI-160 or cell-free algicidal 
productsl and (ii) demonstrate the utility of this technology for continuous 
red-tide management.

2.04.32  HABscope: Classification and Quantification of Karenia 
brevis Blooms Using a $500 Field Kit and Deep Learning
R. Currier, Texas A&M University / Oceanography; B. Kirkpatrick, 
Texas A&M University / Department of Oceanography; R. Stumpf, NOAA 
Fisheries / National Centers for Coastal Ocean Science, Center for 
Coastal Monitoring and Assessment
Cell counts for Karenia brevis samples are typically completed manually 
by a technician and laboratory microscope. The counts can take several 
days to complete and at the height of the bloom season are unlikely to 
be valid when published. HABscope was designed to be usable by a 

volunteer with minimal training and to provide real-time cell counts 
from the sampling location. The HABscope field kit consists of an Omax 
microscope, Apple iPod Touch, 3D printed adapter, a hot-spot enabled 
smart phone, power supply and case. An app is loaded on the iPod Touch 
and provides sentinels with the ability to record a thirty second video and 
upload the video to a cloud server. When a video is uploaded to the server 
it is first rotated for proper orientation and then run through the detection 
algorithm. The algorithm uses visual characteristics in the first pass to 
discriminate between particles of interest and detritus. Based on morpho-
logical characteristics regions of interest (ROI) are identified. Each ROI 
is clipped from a frame and fed to a Google TensorFlow model. Using 
image recognition techniques each ROI is classified as ‘Karenia’ or ‘Not 
Karenia.’ Karenia cells are marked with a green target indicator. Other 
moving objects are marked with a red target indicator. The maximum 
number of visible cells is used to calculate cells/Liter. The scale used in 
the calculation is self-generated by the algorithm. The HABscope has a 
detection threshold of about 100,000 cells/Liter, which is the point where 
respiratory risk becomes evident. Higher concentrations are reliably 
estimated to more than 10 million cells/Liter. The HABscope consis-
tently distinguishes between low, medium and high risk categories and 
has become an important contributor of data to the NOAA HAB forecast 
model.

5. Metals in the Environment
2.05.01 Developing and Testing RNA-Cleaving DNAzymes for 
Bioavailable Metal (Pb2+) Sensing
G. Gill, S.D. Smith, Wilfrid Laurier University / Department of Chemistry 
and Biochemistry
The on-site and real-time detection of metal ions is important for envi-
ronmental monitoring and risk assessment. For appropriate management 
decisions, it is necessary to specifically sense the bioavailable fraction of 
metal rather than total metal. DNA-based sensors (so called DNAzymes) 
are a promising new technology for possible bioavailable metal monitor-
ing that have not yet been fully tested in real waters. In clean, buffered, 
laboratory waters specific DNAzymes interact with specific metal ions 
and produce a signal (e.g., fluorescence) that can be used to determine 
total metal concentration. In more complex, natural, solutions it is likely 
that the free ion concentration is reduced by complexation (e.g., to dis-
solved organic matter, DOM) and the signal would not be proportional to 
total metal, but possibly proportional to the bioavailable fraction of total 
metal; i.e., the fraction of metal available to interact with the DNAzyme. 
Our research utilizes an existing metal specific RNA-cleaving DNAzyme 
for Pb2+ (GR5) in test waters representative of natural solutions. In the 
DNAzyme GR5, lead acts as a specific co-factor catalyzing the cleavage 
of the RNA-containing fluorogenic substrate. In these samples we sys-
tematically vary pH, ionic strength and DOM concentrations and assess 
changes in DNAzyme generated fluorescence signal compared to calcu-
lated lead speciation. There is some ambiguity about what species of lead 
the GR5 actually responds to. To resolve this uncertainty, calibrations 
were performed with the assumption that different species or combina-
tions (e.g., Pb2+, PbOH+, Pb2+ + PbOH+, …) generated the analytical 
signal. Each calibration was applied to titration data for the same solution 
chemistry but with added DOM. This data was compared to Windermere 
Humic Aqueous Model (WHAM) modelled lead for the same water 
chemistry, including DOM. The best R2 value of 0.985 between predicted 
and observed speciation was found when it was assumed that the GR5 
fluorescence signal was caused by both Pb2+ and PbOH species. After this 
assessment of DNAzyme responses in natural waters, it will be possible 
to start a comparison test between DNAzyme generated signal to toxicity 
test results as a `̀ true’’ measure of bioavailability. Eventually this will 
allow us to develop tools for real-time, on-site detection of bioavailable 
metals. Funded by Global Water Futures.
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2.05.02 The Role of Advanced Inductively Coupled Plasma 
Triple Quadrupole Mass Spectrometry in Ecology by Examining 
Generational Toxicology in the Brine Shrimp Artemia franciscana
A. Nutzhorn, Brooks Applied Labs / Sample Control; B.N. Parsons, 
Brooks Applied Labs / Trace Metals Group; N.W. Sadiq, Brooks Applied 
Labs / Research & Development
The detection of bioaccumulating heavy metals and metal species 
between parent (P) and offspring (F1) generation of the brine shrimp 
Artemia franciscana is investigated in this research, with a focus on 
examining the potential for ultra-low-level metal detection by Agilent 
8800 ICP-QQQ-MS in ecological monitoring and research. A. fran-
ciscana cysts - metabolically inactive eggs released under non-ideal 
environmental conditions - may be higher in metal toxins relative to their 
P generation. Globally, A. franciscana are considered scientifically and 
commercially important due to their ecosystem role and distinctive lifecy-
cle. Though few generational full life-cycle studies have been completed 
for A. franciscana, previous studies show that the species can bioaccumu-
late metal toxins; those commonly studied are arsenic (As), mercury (Hg), 
and selenium (Se). The metal concentrations of cysts are important to 
study because of their potential to persist beyond the general life span of 
their species. If significant toxins are present in the cysts, there may be the 
potential for generational toxins to be locally deposited and released later 
as a nonpoint source pollutant or transported by environmental vectors to 
new regions or species. In this study, samples were collected from mul-
tiple sampling sites in the Great Salt Lake in autumn of 2019. The samples 
were split into low-mass subaliquots of cysts and adults by hand under 5x 
magnification using plastic spatulas. The subaliquots were then prepared 
for analysis by acid digestion to create a homogenous solution. This study 
analyzed over 20 different elements using an ICP-QQQ-MS with a focus 
on As, Hg, Se, cadmium (Cd), and lead (Pb). As speciation analysis was 
conducted on samples to determine if variations can be found between 
As species within the samples. Total metal toxin concentrations differed 
significantly between P and F1 generations with the most ecologically 
significant increases observed for As and Se. These results indicate that 
A. franciscana cysts may play a role in the accumulation and distribution 
of metals of ecological concern, as they may retain from their P genera-
tion select elements for extended periods of time. If this research is an 
indicator, ICP-QQQ-MS can continue to play a role in examining toxins 
across ecological systems with ppt-level detection limits, sensitive enough 
to quantify results from extremely low-mass samples.

2.05.03 Effects of Capping Materials on Porewater pH and Zinc 
Release in Mining Pit Sediments
G.A. Burton, E.C. Cervi, University of Michigan / School for Environment 
and Sustainability; K. Schanke, J. Rigsby, FTN Associates, Ltd.; M. 
Hudson, EA Engineering, Science, and Technology, Inc., PBC / Water 
and Natural Resources; L. Michalovicz, EMATER; S.S. Brown, Dow / 
Environmental Remediation & Restoration
A laboratory mesocosm investigation was conducted to evaluate how 
well selected capping materials reduce potential risks in a 16-acre former 
mining pit lake by neutralizing porewater pH and partitioning zinc (Zn) 
contaminated sediments from overlying water. Sediment mesocosms 
(acrylic core tubes 914 x 51 mm) were collected from the pit lake and used 
to conduct a 28-day study to compare the effects of capping materials 
(limestone + gravel, limestone + bentonite clay, and limestone + ben-
tonite clay + gravel) on porewater chemistry and Zn release to overlying 
water. Mesocosms held 20 cm of native sediment and capping materials 
were gently added in a layer thickness of 7-8 cm each. A non-capped 
control (i.e., native sediments) was also tested. Overlying water was 
maintained at 15 °C and simulated lowest (i.e., reasonable worst-case) 
pH conditions observed in the pit lake hypolimnion (pH 5.5). Dissolved 
Zn was monitored in overlying water and in porewaters within the cap-
ping layer and the underlying sediment of each mesocosm. Apart from 
gravel, the capping materials improved buffering capacity under low pH 
conditions and maintained Zn at low levels in overlying water compared 
to the non-capped control. For the duration of the 28-day experiment, 

dissolved Zn was maintained below 40 µg L-1 in overlying waters of all 
capped microcosms. Zinc sharply increased between days 7 and 21 in 
the overlying water of the non-capped control, but Zn remained below 
the USEPA Water Quality Criterion for freshwater organisms (120 µg 
L-1). Zn concentrations in porewaters within the capping materials also 
remained low (< 30 µg L-1). This study demonstrated that a cap of some 
type was needed to reduce Zn flux from pit lake sediments in the presence 
of low pH water, and that the combination of limestone + bentonite clay 
+ gravel was most effective. A cap consisting of approximately 8-20 cm 
gravel (bottom), 5-15 cm bentonite clay (middle), and 9-15 cm limestone 
(top) was applied to the bottom of the pit lake. Chemical and biological 
monitoring following installation demonstrated that the cap maintained 
near-neutral pH and low dissolved Zn in overlying water, and, despite 
its relatively low nutrient load, the pit lake supported a diverse plankton 
community and a robust sunfish population. The laboratory-based sedi-
ment mesocosm tests described here provided important data to support 
the selection of an appropriate and effective sediment remedy.

2.05.04 Comparative Study on the Growth Response and 
Remediation Potential of Panicum Maximum and Axonopus 
Compressus in Lead Contaminated Soil
S. Ukoh, M.O. Akinola, K. Njoku, University of Lagos Nigeria / 
Department of Cell Biology and Genetics
The global problem concerning contamination of the environment as a 
consequence of heavy metals is on the increase. Soil contamination by 
heavy metals is a worldwide problem, therefore effective remediation 
approaches are necessary. Some plants can absorb these toxic metals and 
help to clean them up from the soil and sediment. This fact may be useful 
for developing rational forms of environmental safety management and 
innovative technology which more efficiently clean soils and improve 
their ecological condition with for agriculture. Phytoremediation is known 
as an eco-friendly and cost-effective way of reducing pollutants from the 
soil. Therefore, the present experiment was undertaken to investigate the 
comparative potential of two grasses, Panicum maximum and Axonopus 
compressus to bioremediate lead polluted soils. In addition, the impact of 
Pb on the antioxidant defense system of the plants was studied. Pb(NO3)2 
salts were mixed with soil at various concentrations 5 mg/kg, 10 mg/kg, 
20 mg/kg, 40 mg/kg and 80 mg/kg in triplicates and control experiment 
was also setup. After 4 months, the plants were removed and their parts 
(root, shoot and leaf) separated. They were analysed for morphological, 
biochemical parameters and Pb concentration. Soil samples were also 
analyzed for Pb. The root length of both P. maximum and A. compressus 
generally decreased as the concentration of Pb in the soil increased. The 
least shoot length inhibition of A. compressus was 7.13 % (5 mg/kg) while 
the highest shoot length inhibition was 36.29 % (40 mg/kg). The least 
shoot length inhibition of P. maximum was 10.51 % exposed to 5 mg/kg 
and the highest shoot length inhibition was 42.46 % (40 mg/kg). There 
was more significant reduction of the heavy metals in vegetated soils for 
both P. maximum and A. compressus at the end of the study compared 
to the to the heavy metals in the soils at the beginning of the study (p < 
0.05). A. compressus is a better removal of Pb than P. maximum, however, 
it was not significant. Glutathione (GSH) levels varied significantly (p 
≤ 0.05) with respect to concentration of heavy metals as well as differ-
ent part of the plants. A. compressus has more effects on the Glutathione 
activities than P. maximum. Pb caused a decrease in the metallothionein 
level (10.11 %) in P. maximum while A. compressus metallothionein level 
increased by 116.10 % in 5 % treatment.
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2.05.05  Mercury Concentrations in Dolly Varden (Salvelinus 
malma) Living Near a Formerly Used Defense Site on St. Lawrence 
Island, Alaska
R.R. Jordan, Northern Arizona University / Biology; E. Dominguez, D. 
Dillon, Northern Arizona University / Biological Sciences; P.K. Miller, 
Alaska Community Action on Toxics; D. Carpenter, University at Albany-
State University of New York / Institute for Health and the Environment; 
C.L. Buck, F.A. von Hippel, Northern Arizona University / Department of 
Biological Sciences
Mercury (Hg) contamination causes adverse health effects in many 
organisms and may contribute to health disparities for Alaska Native 
communities that depend on subsistence foods. St. Lawrence Island, 
Alaska is a remote island located in the Bering Sea approximately 200km 
off the west coast of mainland Alaska. The island’s proximity to Russia 
(formerly USSR) made it a strategic location for U.S. military defense 
sites during the Cold War. Two radar surveillance stations were installed 
on St. Lawrence Island, including a White Alice Communications Station 
on the Northeast Cape. High levels of persistent organic pollutants and 
toxic metals continue to leach from the Northeast Cape formerly used 
defense (FUD) site despite large-scale remediation efforts in the early 
2000s. Previous research reported a six-fold increase in Hg concentrations 
in soils sampled from the Northeast Cape FUD site, which suggests that 
fish and wildlife in this area may also be contaminated with Hg. In this 
study, we quantified total Hg concentrations and stable isotope signatures 
in skin and muscle tissue from 32 Dolly Varden (Salvelinus malma), an 
important subsistence species, living downstream of the Northeast Cape 
FUD site. We found that Dolly Varden collected near the FUD site had 
significantly higher levels of Hg than fish from other sites, and that 53% 
of fish analyzed had Hg levels exceeding the USEPA advisory limits for 
safe consumption. Hg concentrations significantly correlated with both 
13C and 15N stable isotope ratios, indicating dietary sources of Hg and 
biomagnification. These results suggest that the Northeast Cape FUD site 
remains a point source of Hg pollution and contributes to higher Hg levels 
in resident fish. Moreover, elevated Hg levels in fish near the FUD site 
may pose a health risk for the Siberian Yupik people living on the island.

2.05.06 Dynamic Transfer of Uranium Across Trophic Levels of 
the Aquatic Food Chain: From Primary Producers to Secondary 
Consumers
S. Scheibener, Norwegian University of Life Sciences / Centre for 
Environmental Radioactivity; Y. Song, Norwegian Institute for Water 
Research (NIVA) / Section of Ecotoxicology and Risk Assessment; 
T. Storebakken, Norwegian University of Life Sciences / Faculty of 
Biosciences; K. Tollefsen, Norwegian Institute for Water Research / 
Section of Ecotoxicology and Risk Assessment; B. Salbu, Norwegian 
University of Life Sciences / Centre for Environmental Radioactivity; H. 
Teien, Norwegian University of Life Sciences / Centre for Environmental 
Radioactivity
Uranium (U) enters the environment through a variety of naturally 
available and artificially produced sources, with potential to cause harm 
to freshwater organisms. Concerted effort over recent decades focuses 
on biological effects of U from waterborne exposures, with limited 
knowledge concerning the dietary route. Furthermore, comparisons of 
waterborne and dietary U transfer in the aquatic food chain are lack-
ing, although valuable information regarding cumulative risk could 
be attained. This work highlights the transfer of U across a freshwater 
food chain from both waterborne and dietary sources using the model 
organisms Raphidocelis subcapitata (green algae), Daphnia magna 
(crustacean) and Salmo salar (juvenile Atlantic salmon) in controlled 
laboratory experiments. For waterborne exposures, algae were exposed to 
uranyl solutions for 4 hrs, daphnia for 48 hrs and salmon for 28 days, with 
U concentrations ranging 50-500 µg/L, 10-250 µg/L and 10-100 µg/L, 
respectively. For dietary exposures, algae were continuously exposed in 
batch (12 x 5 L tanks) for 6 days at 500 µg U/L (5 total batches). Algae 
were transferred to bulk daphnia tanks (7 tanks, 5,000-10,000 individu-
als/tank) where daphnia could freely consume over the course of the 

experiment. Contaminated live daphnia were transferred twice daily to 
tanks containing salmon. Dietary transfer into salmon occurred over the 
course of 28 days. Uptake was followed by a depuration period in clean 
water (2 days for daphnia, 50 days for salmon) to obtain information 
on loss rates. Results show that at environmentally relevant waterborne 
concentrations, U is directly taken up in algae, daphnia and fish. Dietary 
transfer studies show that U in contaminated algae is transferred to daph-
nia and further to juvenile salmon; however, biodilution occurs across 
biological compartments from daphnia to salmon. Dynamic transfer rates 
demonstrate that uptake of U directly from water is higher than uptake 
of U from contaminated diet and that the distribution of U in daphnia 
and salmon depends on the exposure route. Results highlight the need to 
understand mechanisms behind trophic transfer of contaminants as well 
as the responses in order to evaluate potential environmental impact. The 
observed biodilution will be discussed in light of mechanistical under-
standing of biochemical changes relevant for both toxicokinetics (uptake, 
distribution, metabolism and excretion) and toxicodynamics (effects).

2.05.07  Metals Toxicity As Seen From the Rainbow Trout 
Transcriptome
J.R. Reichman, U.S. Environmental Protection Agency / ORD/CPHEA/
PESD; R. Hockett, U.S. Environmental Protection Agency / ORD/CCTE/
GLTED; H. Ren, A. Fisher, U.S. Environmental Protection Agency / ORD/
CPHEA/PHITD; J.T. Markwiese, U.S. Environmental Protection Agency 
/ ORD/CPHEA/PESD; M.D. Jankowski, U.S. Environmental Protection 
Agency / R10/LSASD
Although lethal toxicity of cationic metals in fish has been well-studied, 
the molecular determinants of how toxicity varies across metal, exposure 
concentration, and exposure duration are not well understood. Therefore, 
we compared transcriptome changes in gill and liver of juvenile rain-
bow trout (Oncorhynchus mykiss) exposed to copper (Cu), cadmium 
(Cd), or zinc (Zn) to control laboratory waters, 17, or 50% of available 
metal-specific 96-hour LC50 concentrations for 48 and 96 hours (N=6 
within each of 36 sample groups). From 190 of 216 fish, 15,305,931 ± 
25,483 trimmed Illumina reads/sample were aligned to an Omyk_RefSeq 
template consisting of 79,244 transcripts. Expression levels compared to 
controls were normalized with DESeq2, and a combined set of 4664 dif-
ferentially expressed genes (DEGs) were identified (i.e., ≥2-fold change, 
corrected P ≤0.05 & 95% confidence). The number of DEGs differed by 
metal (P< 0.05); Cu (3751), Zn (1047), and Cd (24), with only a single 
DEG shared by all 3 metals. While Cu primarily affected gene expression 
in the liver, Cd and Zn effects were concentrated within gill tissue. The 
total number of DEGs increased with exposure duration (P< 0.05), but not 
exposure concentration (P=0.864). Principal components analysis showed 
that PC1 accounted for 63.6% of the variation in the expression data and 
was associated with tissue differences, with the influence of metal being 
secondary. Gene Ontology (GO) enrichment analyses were performed 
for all up and down regulated DEG sets (corrected P≤0.05, FDR ≤ 0.05). 
A total of 1484 GOs were enriched for 18 DEG sets. Interestingly, the 
single shared transcript had 76 GO annotations plus 3 enzyme codes 
related to transferring phosphorous-containing groups. Altered expres-
sion of DEGs coding for enzymes occurred in 112 KEGG pathways. Six 
of the pathways were affected by 10 or more treatment conditions. Most 
notably, expression of genes for multiple enzymes in purine and thiamine 
metabolism pathways were variously changed for 15 and 13 of the DEG 
sets, respectively, which spanned all metals, durations, concentrations, 
and tissues. The unique gene expression patterns across metals and tissues 
suggests that each metal may bind tissue sites differently during exposure; 
however, there appears to be some convergence among impacted down-
stream biochemical pathways that warrants further investigation.
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2.05.08 Monitoring Changes in Trace Element Concentrations in 
Amblema plicata in the Guadalupe River Basin (Texas, USA) Using a 
Cage Transplant Study
J.W. Bakker, Texas State University, San Marcos / Biology; A. Schwalb, 
Texas State University / Department of Biology; C. Robertson, Texas 
Parks and Wildlife Department / River Studies Program; B. Jackson, 
Dartmouth College / Department of Earth Sciences; J. Dutton, Texas 
State University / Department of Biology
Exposure to contaminants, including trace elements, has been partially 
responsible for unionid mussel population declines throughout North 
America. Texas has over 50 species of native mussels, including 16 spe-
cies that are state threatened; however, little is known about the impact 
of contaminants on Texas mussels. We investigated the accumulation 
of trace elements (As, Cd, Cu, Fe, Hg, Pb, Se, and Zn) in gill tissue of 
Threeridge (Amblema plicata) at six sites in the Guadalupe River Basin 
using a cage transplant experiment. Mussels were collected from a 
reference site (Lake Wood) and transplanted to five different sites (Plum 
Creek, Palmetto State Park, Sandies Creek, and two sites downstream 
of the Victoria wastewater treatment plant) for up to 10 weeks. After 3 
weeks and 10 weeks, mussels were collected and the concentration of 
trace elements in gill tissue was determined using acid digestion and 
ICP-MS analysis. The concentration of trace elements in gill tissue and 
calculated Biota Sediment Accumulation Factors (BSAF) were compared 
between time points within and among sites. Overall, mean gill tissue 
concentrations for essential trace elements (Cu, Fe, Se, and Zn) were 
higher than non-essential trace elements (As, Cd, Hg, and Pb). For all time 
points and sites combined, mean gill concentrations (µg/g dry weight) 
were greatest for Fe (838), followed by Zn (433), As (8.64), Cu (7.08), Se 
(3.51), Pb (0.415), Cd (0.248), and Hg (0.075). Changes in trace element 
concentrations varied by individual element and location, and there was 
no clear accumulation pattern over time. This could be due to heavy rain 
events that occurred during the experiment which resulted in either trace 
elements being added to the river due to urban and agricultural runoff or 
the dilution of trace elements at a given site. The mean Se:Hg molar ratio 
in gill tissue was > 1:1 at each site, indicating that Se may have a protec-
tive role against Hg toxicity in freshwater mussels. A. plicata at each site 
had a mean BSAF > 1 for all trace elements except Fe and Pb, indicating 
that mussels are generally more enriched in trace elements than sediment 
at each location. These results show the complexity of Texas rivers and 
provide important information that will aid in the development of conser-
vation and recovery plans for Texas mussels.

2.05.09 What to Survey? A Systematic Review of the Choice of 
Biological Groups in Assessing Ecological Impacts of Metals in 
Running Waters
Y. Iwasaki, National Institute of Advanced Industrial Science and 
Technology (AIST) Japan / Research Institute of Science for Safety and 
Sustainability; H. Namba, Yokohama National University; J. Heino, 
Finnish Environment Institute; H. Matsuda, Yokohama National 
University
Which biological groups (periphyton, macroinvertebrates, fishes) are 
surveyed is a fundamental question in assessing environmental impacts 
in metal-contaminated rivers. In this study, we performed a systematic 
review of 202 studies that investigated population- or community-level 
ecological impacts of metal contamination in streams and rivers to exam-
ine (1) which biological groups were surveyed, (2) whether their responses 
were correlated with each other, and (3) which biological group was most 
responsive to changes in metal contamination level. In these studies, 
published from 1991 to 2015, benthic macroinvertebrates were most 
frequently chosen throughout the period (approximately 60–75% in differ-
ent 5-year periods), followed by periphyton and fishes, and the number of 
studies that surveyed at least two or three biological groups was very lim-
ited (10%). Correlations between the metrics of different biological groups 
were often low, emphasizing the importance of investigating multiple 
biological groups to better understand the responses of aquatic communi-
ties to metal contamination in running waters. Despite the limited data 

collected, our meta-analysis showed that, in most cases, biological metrics 
based on macroinvertebrates were more responsive to changes in metal 
contamination level than those based on periphyton or fishes. This finding 
suggests that benthic macroinvertebrates could be a reasonable choice to 
detect the ecological impacts of metal contamination at a local scale.

2.05.10 The Effects of Winter Temperature on Acute and Chronic 
Cadmium Bioaccumulation and Toxicity in the Banded Killifish 
(Fundulus diaphanus)
E. Suominen, University of New Brunswick, Saint John; B. Speers-
Roesch, University of New Brunswick / Biological Sciences; A. Crémazy, 
University of New Brunswick, Saint John / Biological Sciences
Metals are an important contaminant in freshwater systems. Freshwater 
environments also experience large seasonal temperature fluctuations 
which affect the fate and effects of the metals as well as the physiology of 
fish. However, despite the profound influence of temperature on biologi-
cal and chemical processes, winter temperatures are often overlooked 
in ecotoxicology studies, which are mainly conducted at ambient lab 
temperatures (i.e., 15-20°C). Our study investigates the effects of low 
temperature on acute and chronic cadmium (Cd) bioaccumulation and 
toxicity in a freshwater fish: the banded killifish (Fundulus diaphanus). 
Killifish were acclimated to either cold winter (4°C) or warm spring 
(14°C) water temperatures. They were then exposed to either a low or 
high sub-lethal Cd concentration at their acclimation temperature for up 
to 30 days. We will measure cadmium accumulation within various tis-
sues (i.e., gills, liver, gut, kidneys, and muscle) and markers of oxidative 
stress (e.g. protein carbonylation) in gills and livers. Cadmium accumula-
tion rates are expected to be lower in cold-acclimated fish, because of the 
typical slowing effects of temperature on uptake rates. However, a higher 
toxic response (e.g. greater protein carbonylation) may be observed in 
cold-acclimated fish, because they must cope with Cd toxicity in addition 
to the winter stress. Overall, our study will deepen our understanding of 
the influence of seasonal temperature on metal toxicity in aquatic organ-
isms, which will improve environmental risk assessments for metals.

2.05.12 Metal Analysis of Submerged Aquatic Vegetation in the 
Lower St. Johns River, Florida
G.K. Bielmyer-Fraser, K. Llazar, A. Ward, B. Akintunde, Jacksonville 
University / Chemistry; K. Fioravante, T. Trent, St. Johns River Water 
Management District
The St. Johns River, Florida’s longest river, has been recognized as 
threatened due to a variety of factors, including poor water quality condi-
tions, pollution, and global climate changes. Industrial discharge and 
stormwater runoff from agricultural and urban areas have resulted in 
metal pollution in the Lower St. Johns River (LSJR) in Northeast, Florida. 
Submerged aquatic vegetation (SAV) are ecologically important plant 
species that provide habitat for many organisms and serve as an integral 
food source for several other species, including the Florida manatee. SAVs 
in parts of the LSJR have been declining in recent years from a variety 
of factors including pollution, hurricanes, and other disturbances. In this 
study, eight species of SAVs (Vallisneria americana, Ruppia maritima, 
Chara sp., Najas guadalupensi, Eleocharis sp., Hydrilla verticillate, 
Zannichellia palustris, Sagittaria subulate) were collected along the LSJR 
from Central Florida northward to Jacksonville and the Atlantic Ocean. 
The SAVs were identified, digested, and measured for a suite of metals 
(copper, cadmium, lead, nickel, zinc, silver) using atomic absorption 
spectrophotometry. SAV metal concentrations varied across species and 
collection sites. This study provides new data about SAV health in the 
LSJR and may help in development of new management strategies.
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2.05.14 Analysis of Heavy Metal Concentrations in Tissues of 
Stranded Bottlenose Dolphins in Northeast Florida, 2016-2020 
Compared to the Unusual Mortality Event (UME) of 2013-2015
A. Ward, Jacksonville University / Marine Science Research Institute
Anthropogenic metal pollution in marine ecosystems is a growing 
concern. Metal contamination can cause developmental, metabolic, 
and reproductive problems in aquatic organisms and lead to increased 
susceptibility to pathogenic infections. Reference metal concentrations 
and toxicity levels are largely unknown in bottlenose dolphins and have 
never been documented in Northeast Florida. In this study, concentra-
tions of cadmium, copper, nickel, zinc, silver, and lead were measured 
in the blubber, muscle, liver, skin, and small intestine of dolphins that 
stranded presently from 2016 to 2020 and those that stranded from the 
past 2013 to 2015 unusual mortality event (UME). Metal concentrations 
were compared among tissues, and between dolphins collected from the 
two-time periods to better understand the UME causes and the effects of 
metal pollution. Except for nickel (intestine), tissue metal accumulation 
was greatest in the liver and lowest in the blubber. Tissue metal accumula-
tion ranged from 27 to 745 µg/g dw copper, 18 to 503 µg/g dw zinc, 0.41 
to 28.9 µg/g dw nickel, 0.03 to 4.09 µg/g dw cadmium µg/g dw, 0.001 to 
1.45 µg/g dw lead, and 0.33 to 1.8 µg/g dw silver. So far, the differences in 
metal concentrations between the two-time periods demonstrated mixed 
results. Bottlenose dolphins are top coastal predators and serve as indica-
tors for environmental health. This study will contribute new information 
on metal accumulation in these important species.

2.05.15  Comparative Impacts of Smelter Operation: The Copper-
Zinc Smelter at Flin Flon, Manitoba and the Lead-Zinc Smelter at 
Trail British, Columbia
M. Evans, Environment and Climate Change Canada / Watershed 
Hydrology and Ecology Resarch Division; J.L. Kirk, Environment and 
Climate Change Canada / Aquatic Contaminants Research Division; 
J. Wiklund, University of Waterloo; S. Robertson, Department of 
Environment and Climate Change Canada / Aquatic Contaminants 
Research Division; D.C. Muir, Environment and Climate Change 
Canada / Aquatic Contaminants Research Division; J. Smol, Queens 
University / Department of Biology; K.M. Rühland, Queen’s University 
/ Department of Biology; B. Simmatis, Queens University / Department 
of Biology; A. Mohamed, University of Regina / Lab. Environmental 
Biology; A. Gleason, Environment and Climate Change Canada / 
Aquatic Contaminants Research Division; J. Keating, Environment and 
Climate Change Canada / Watershed Hydrology and Ecology Resarch 
Division; X. Wang, Environment and Climate Change Canada / Aquatic 
Contaminants Research Division
Smelters are a major source of mercury (Hg), other metals, and acidify-
ing emissions. In western Canada, the two most significant mercury 
emitters were the copper-zinc smelter at Flin Flon, Manitoba which 
operated over 1930-2010, and the lead-zinc smelter at Trail, British 
Columbia, which began operations in the late 1800s and continue to this 
day. This study summarizes the major findings of our investigations of 
metal deposition to lake sediments and impacts to lake ecosystems. Both 
regions are characterized by high metal concentrations in soils and lake 
sediments close to the smelter, with sediment quality guidelines often 
exceeded. Concentrations decrease with increasing distance from the 
smelters; sediment core studies reveal reductions in metal concentra-
tions with improvements in smelter technology. Environmental damage 
from the Flin Flon smelter became evident by the 1970s in the form of 
damaged forests within a few kilometers of the smelter. However, despite 
significant SO4 emissions, there was no evidence of soil acidification, 
possibly because the high zinc (an amphoteric metal) concentrations 
neutralized acidifying compounds. Paleolimnological investigations of 
diatom and invertebrate assemblages in Phantom Lake, a circumneu-
tral, well-buffered lake located close to the smelter, also provided no 
evidence of acidification with smelter operation. However, there was 
strong evidence of diatom and invertebrate impairment and then recov-
ery with smelter operation which is attributed to metal toxicity. Despite 

high concentrations of Hg in sediments in lakes close to the smelter, 
Hg concentrations in northern pike were not elevated, possibly because 
high concentrations of selenium inhibited Hg accumulation and/or toxic 
concentrations of metals inhibited Hg methylation by bacteria. Fish were 
healthy. Flow of the emission plume from the smelter at Trail is channeled 
by the Columbia River valley, limiting its dispersal. In the early 1900s, 
crops and forests were damaged along the valley with SO4 emissions 
indicated as the primary cause. Paleolimnology studies of Cedar Lake, 
located 20 km downwind of Trail, revealed a shift in diatom assemblages 
with metal-tolerant taxa becoming prevalent with the onset of smelter 
operation but no evidence of acidification. Hg concentrations were low 
in rainbow and brown trout, the top fish predators in the Trail area; these 
species tend to be low in Hg concentrations and were young because 
heavy fishing required stocking.

2.05.16  Evaluation of General Stress, Detoxification Pathways, 
and Genotoxicity in Rainbow Trout Exposed to Dysprosium and 
Lutetium Rare Earths
F. Gagne, Z. Taranu, Environment and Climate Change Canada; P. 
Turcotte, C. Gagnon, J. Kowalczyk, Environment and Climate Change 
Canada / Aquatic Contaminants Research Division
Rare earth elements (REE) have been recently identified as emergent 
contaminants because of their numerous applications in technology. The 
purpose of this study was to evaluate the toxicity of Lu and Dy in rainbow 
trout after 96h of exposure. The lethal concentration (LC50) was deter-
mined and the expression of 14 genes involved in different pathways such 
as oxidative stress, xenobiotic detoxification, mitochondrial respiration, 
DNA repair, protein folding and turnover, inflammation, calcium binding 
and ammonia metabolism was monitored in surviving fish. In parallel, 
lipid peroxidation (LPO), DNA damage, metallothionein level (MT) and 
cycloxygenase activity (COX) were examined. The data revealed that 
Lu was more toxic than Dy, with a 96h-LC50 of 1.88 and 11.04 mg/L, 
respectively. Lu was able to affect all investigated pathways by changing 
the expression of studied genes except SOD, CAT and GST and induce a 
decrease in DNA repair at concentrations 29 times below the LC50. This 
suggest that Lu could trigger a general stress to disrupt the cell homeosta-
sis leading to genotoxicity without promoting oxidative stress. However, 
Dy induced modulation in the expression of genes involved in the protec-
tion against oxidative stress, detoxification, mitochondrial respiration, 
immunomodulation, protein turnover and an increase in the DNA strand 
breaks at concentrations 170 times lower than LC50. Changes in mRNA 
level transcripts could represent an early signal to prevent against toxicity 
of Dy, which exhibit inflammatory and genotoxcic effects. This study 
provides therefore a useful knowledge enhancing our understanding of 
survival strategies developed by rainbow trout to cope with the presence 
of those lanthanides in the environment.

2.05.17  Understanding the Influence of pH, Hardness and Dissolved 
Organic Carbon on Zinc Toxicity to a Tropical Freshwater 
Microalga
G. Price, University of Technology, Sydney / School of Life Sciences; 
J. Stauber, CSIRO / CSIRO Land and Water; A. Holland, La Trobe 
University / Ecology, Environment and Evolution; D.J. Koppel, University 
of Technology, Sydney / School of Life Sciences; E.J. Van Genderen, 
International Zinc Association / Environment & Sustainability; D.F. 
Jolley, University of Wollongong
Zinc mining and refining is extensive across Australia, and robust 
water quality guidelines are required to protect Australian ecosystems. 
Understanding the influence of water quality parameters on zinc toxicity 
in Australian freshwaters enables incorporation of bioavailability-based 
approaches into the guideline derivation and application process. It is well 
known that water quality characteristics such as hardness, pH and dis-
solved organic carbon (DOC) alter metal bioavailability and consequently 
toxicity to freshwater biota. Laboratory-prepared waters, with water 
quality characteristics representative of Australian freshwater systems, 
were used to assess the individual influences of pH, hardness and DOC on 
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zinc toxicity to a tropical freshwater microalga. The interactive effects of 
pH and hardness, and pH and DOC were also assessed. Different qualities 
of DOC (source and concentrations of humic substances) were assessed to 
better understand the nature of DOC complexation with zinc from vary-
ing sources and under varying conditions. Increases in pH (6.5 – 8.5) were 
found to result in a 4-fold increase in toxicity to the algae. Similarly, hard-
ness was found to have a significant influence on toxicity, with increasing 
hardness having protective effects on the algae across the hardness range 
of 5 to 400 mg CaCO3 /L. Interactive effects of pH and hardness, and pH 
and DOC were also observed. DOC concentration and source were found 
to have a significant influence on the observed toxicity, showing protec-
tive effects at higher concentrations and in DOC types with higher levels 
of humic substances. This research presents zinc water chemistry and 
exposure data typical for Australian freshwaters and highlights the needs 
for bioavailability-based guidelines in Australia to account for the highly 
variable water chemistries across Australia’s freshwater ecosystems.

2.05.18  Dietary Uptake of Metals From Periphyton Into Mayfly (N. 
triangulifer) Larvae
N. Fuad, T. Vadas, University of Connecticut / Civil and Environmental 
Engineering
Healthy streams are vital components in healthy ecosystems. Metals can 
impair health of streams. US-EPA sets regulatory limits for metals with 
the aquatic life criteria by testing toxicity of different organisms. Tools 
such as biotic ligand model are often used to modify acute concentra-
tion for some metals such as Cu. However, data is scarce for a family 
of organisms, insects, for which dietary uptake has been shown to be 
significant for biouptake and bioaccumulation. Moreover, differences in 
metal speciation caused by source water chemistry or chronic exposure 
are yet to be fully accounted for in established toxicity assays. Hence, 
to protect stream health in chronic exposure cases, establishing differ-
ent benchmarks and alternative means of assessment is necessary as 
opposed to setting daily average concentration limits. This requires a 
better understanding of the speciation of metals from different sources 
and their impact on biouptake via different pathways. Dietary uptake 
is known to be an important exposure pathway for macroinvertebrates. 
This study aimed at investigating uptake and assimilation from diet 
borne metals onto mayfly exposed to various contaminated source water. 
Uptake of metals into the food, periphyton, was investigated in exposure 
experiments with 63Cu and 65Cu isotopes rendering ~5 mg/L total copper. 
Collected stream water, wastewater treatment plant (WWTP) effluent and 
their mixture were used as source water. To investigate uptake into the 
macroinvertebrates, the organisms and their food were exposed to recon-
stituted exposure water. Extracted organic matter from different source 
waters will be used to investigate the effect of OM type. Results show 
uptake rate (6-17 mg/g h) into periphyton to be higher for source water 
with high Cu/DOC. Metal speciation related to higher uptake rates and 
high percentage of copper weakly bound to OM. The exchangeable frac-
tion was established as the bioavailable fraction by analyzing conditional 
uptake rate constants. Experiments show uptake equilibrium after 2 days 
with a maximum accumulation of 40 mg/g. Efflux rates were calculated 
by switching isotopes. Waterborne uptake into mayflies from OM free 
water in 6 h was 7 times than organism background at 20ppb exposure. 
Diet caused 3.5 times more uptake under same exposure condition. 
Planned experiments are expected to show effects of different OM types 
in uptake into the organisms via both pathways. We expect lower uptake 
from water with OM from WWTP.

2.05.19  Ecotoxicity of Technology Critical Elements (TCEs) and the 
Influence of Dissolved Organic Matter (DOM) on Bioavailability and 
Toxicity of TCEs
R. Shah, K. Madyk, J. Zazzarini, J. McGeer, Wilfrid Laurier University / 
Biology
Technology critical elements (TCEs) such as the rare earth elements 
are being increasingly used in new technologies, phosphate fertiliz-
ers, medical equipment, and other related industrial processes which 

raises concerns about their potential impacts on the aquatic ecosystems. 
Dissolved organic matter (DOM) modifies the biogeochemistry of these 
elements. Currently, there is little data available on the bioavailability and 
toxicity of TCEs and the toxicity modifying effects of DOM. My research 
is aimed at investigating the bioavailability and toxicity of three TCEs 
including germanium (Ge), lanthanum (La), and yttrium(Y) on impor-
tant aquatic target species such as Daphnia magna and Hyalella azteca. 
Moreover, I will study the effect of DOM on bioavailability and toxicity 
of these TCEs under conditions similar to Canadian environments. So 
far, Acute and chronic toxicity tests of Ge with and without DOM were 
performed following Environment and Climate Change Canada standard 
test methods. The exposure solutions were prepared using the five-salt 
standard artificial medium containing 1mM CaCl2, 1mM NaHCO3, 
0.01mM NaBr, 0.05mM KCl, and 0.25 mM MgSO4at pH 7.3. The effect 
of DOM was tested by adding dissolved organic carbon at a nominal 
concentration of 10 mg C/L. Different sources of DOM were compared 
for their ability to influence toxicity. Acute toxicity tests of Ge revealed H. 
azteca to be more sensitive than D. magna. The acute EC50 of Ge to D. 
magna is 170mM and to H. azteca is 81mM. The addition of DOM offers 
some protection against Ge toxicity to D.magna. The chronic EC50 of Ge 
to H. azteca is 8.4mM. In the future, toxicity and bioavailability of La and 
Y along with the toxicity modifying effect of DOM will be studied. Data 
obtained will be used to develop predictive uptake and toxicity models for 
improved ecological risk assessments of TCEs in Canada. The outcome 
of this research will help in a better understanding of the bioavailability 
and toxicity of TCEs. This will reduce the uncertainty of their potential 
environmental impacts and will help regulators to establish scientifically 
proven guidelines for environmental protection.

2.05.20 Implementing Selenium Tissue Criteria through 
Bioaccumulation Modeling - Influence of Variable Input Parameters
D. Guth, S. Skigen-Caird, GEI Consultants, Inc. / Ecology; S.P. Canton, 
GEI Consultants, Inc. / Ecological Division
EPA’s tissue-based selenium criteria were finalized in 2016. Soon there-
after, EPA produced draft implementation guidance documents to assist 
states and dischargers with interpreting the tissue-based criteria and 
application of the criteria into states’ water quality standards and NPDES 
permits. However, these documents were withdrawn, leaving states with 
no clear guidance from EPA on how to proceed with adoption and imple-
mentation of the tissue-based criteria. The criteria document provides two 
modeling approaches to develop a site-specific water column criterion 
element based on fish tissue concentrations: use of a mechanistic model 
or use of site-specific bioaccumulation factors. While we agree with this 
process conceptually, we have concerns with the variability and valida-
tion of bioaccumulation model results, especially when using site-specific 
data. Furthermore, the dramatic fluctuations in flows resulting from 
seasonal snowmelt, combined with naturally elevated selenium concen-
trations throughout Colorado, appear to complicate the model usage as 
it was originally intended. In this presentation we compare results from 
bioaccumulation and mechanistic model runs using site-specific data to 
determine which method most accurately predicts the conditions observed 
at the site.

2.05.21 Potential Metals Risk Determination Strategies Not 
Requiring a Carbon Analyzer
S.D. Smith, M. Nielsen, G. Gill, Wilfrid Laurier University / Department 
of Chemistry and Biochemistry; J. McGeer, Wilfrid Laurier University 
/ Biology; K. Chokmani, P. Campbell, University of Quebec / INRS Eau 
Terre Environnement; J. Cardille, McGill University / Department of 
Natural Resource Sciences and McGill School of Environment; J. Liu, 
University of Waterloo / Department of Chemistry
It is well established that water chemistry can influence the toxic effects 
of metals; in particular, dissolved organic matter (DOM) can decrease the 
toxicity of copper, nickel, lead and zinc. This effect, DOM as a toxicity 
modifying factor, can quantitatively be predicted using established biotic 
ligand models (BLMs). For this modelling, DOM is represented by the 
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measurable quantity of dissolved organic carbon (DOC; i.e., mg C/L). 
Typically, DOC in aqueous samples is determined in a laboratory using 
a specialized instrument called a carbon analyzer. Many governments 
recommend use of the BLM, and other related bioavailability approaches, 
for establishing site-specific water quality criteria, or for risk assessment. 
Unfortunately, many local jurisdictions lack the ability to consistently and 
accurately measure DOC or have logistical difficulties accessing sites for 
routine sampling. There are two strategies that could circumvent the need 
for routine sampling and lab-based carbon analysis: (1) remote sensing of 
DOC, or (2) direct in situ measurement of bioavailable metal. Advantages 
of these approaches will be discussed along with recent progress in our 
research laboratories assessing the feasibility of these approaches to 
assess metals risk without sampling and subsequent laboratory-based 
carbon analysis. As a proof of principle, we demonstrate that by using 
the intrinsic colour of DOC, for un-impacted lakes in Quebec, using 
both drone- and Landsat-based methods, it is possible to estimate DOC 
remotely. Using BLM modelling, the estimates of DOC can be con-
verted to metals risk estimates (i.e., effects concentrations). Similarly, 
we demonstrate that DNAzymes have the potential to directly sense the 
bioavailable fraction of total metal in surface waters. Catalytic DNA (so 
called DNAzymes) based sensors are a promising new technology for 
possible bioavailable metal monitoring that have not yet been fully tested 
in real waters. Our research utilizes GR5, an existing RNA-cleaving 
DNAzyme specific for Pb2+. In GR5 lead acts as a specific co-factor in 
DNA catalyzing the cleavage of an RNA-containing fluorogenic sub-
strate. In DOC-containing samples we systematically vary pH, major ions 
and DOM concentrations and assess changes in DNAzyme generated 
fluorescence signal compared to calculated lead speciation. Field-based 
metal bioavailability sensors are the ultimate goal for this DNA-based 
technology. The two approaches presented here represent potential alter-
natives to traditional DOC monitoring for metals risk assessment but both 
methods require further research and development. Funded by NSERC, 
International Copper Association and Global Water Futures.

6. Stormwater Runoff: Fate and Effects of Chemicals 
from Stormwater Runoff
2.06.01 Acute Neurovascular Effects of Stormwater Runoff on 
Juvenile Coho Salmon
S. Blair, Washington State University; C. Barlow, The Evergreen State 
College; J. McIntyre, Washington State University / Puyallup Research 
and Extension Center
Urban stormwater runoff is chemically complex and its toxicologi-
cal significance for aquatic species is poorly understood. Coho salmon 
(Oncorhynchus kisutch) are an indicator species for impairment of surface 
waters by non-point source pollutants. Exposure to highway runoff elicits 
symptoms of cardio-respiratory distress in coho (e.g. surfacing, increased 
hematocrit) and neurological impairment (e.g. loss-of-equilibrium). We 
used Evans Blue dye (EBD) to explore vascular permeability in juvenile 
coho exposed to highway runoff until symptomatic. EBD was intracardi-
ally injected in anesthetized fish, allowed to circulate for 5 minutes, and 
followed by a saline washout for 15 minutes. Brain and olfactory rosettes 
of symptomatic coho demonstrated high retention of EBD relative to 
controls, suggesting blood retention and/or plasma extravasation. Blood-
brain barrier (BBB) disruption is of particular interest as it may allow 
toxic molecules to enter into and damage the central nervous system. 
Ongoing work is focused on the timing and degree of BBB disruption 
in coho exposed to highway runoff, using a combination of EBD and 
sodium fluorescein as high and low molecular weight tracers, respectively. 
Mode-of-action studies in the acute mortality response of coho salmon to 
urban runoff may help to elucidate sublethal effects on sympatric aquatic 
species.

2.06.02 Contaminants of Emerging Concern in Urban Stormwater 
in the San Francisco Bay Area
R. Sutton, San Francisco Estuary Institute; A. Gilbreath, San Francisco 
Estuary Institute / Watershed Program; D. Lin, M. Mendez, San 
Francisco Estuary Institute; E.P. Kolodziej, University of Washington, 
Tacoma / Center for Urban Waters Interdisciplinary Arts and Sciences 
Civil and Environmental Engineering; Z. Tian, University of Washington 
Tacoma / Center for Urban Waters; C.P. Higgins, Colorado School of 
Mines / Civil and Environmental Engineering; N. Fitzgerald, Colorado 
School of Mines; K. Mills, Colorado School of Mines / Department of 
Civil and Environmental Engineering; L. Ferguson, Duke University 
/ Civil and Environmental Engineering, Nicholas School of the 
Environment; D. Chen, Jinan University / School of Environment
As the largest estuary on the west coast of the Americas, the San 
Francisco Bay supports a dense urban population of over 7 million people 
and serves as a useful laboratory for studies of anthropogenic contami-
nants in urban stormwater. Although small local tributaries contribute 
only 6% of the fresh water entering the Bay, they contribute a dispropor-
tionately large percentage of the pollutant load for many legacy pollutants 
of concern, including PCBs, dioxins, PAHs, trace metals, and pesticides. 
However, to date, urban stormwater has not been adequately character-
ized as a pathway for a broad range of contaminants of emerging concern 
(CECs). The Regional Monitoring Program for Water Quality in San 
Francisco Bay (RMP) has launched a three-year screening study to evalu-
ate the concentrations of key classes of CECs in stormwater. Sampling 
sites have been selected primarily based on the extent of upstream urban 
land uses, with an emphasis on proximity to roadways and unique land 
uses associated with potential contaminant sources. In collaboration 
with four academic laboratories, several classes of compounds are being 
monitored, including per- and polyfluorinated alkyl substances (PFAS), 
ethoxylated surfactants, organophosphate esters (OPEs), bisphenols, and 
several chemicals associated specifically with urban stormwater, such as 
urban use pesticides and ingredients in vehicle tires. Preliminary results 
from the first year of sampling will be presented; sampling will continue 
through at least 2021.

2.06.06  Microplastics and Anthropogenic Fibers in Water, 
Sediment, and Invertebrates from Constructed Wetlands and 
Stormwater Retention Ponds
T. Groeneveld, MacEwan University / Department of Physical Sciences; 
K. Weisgerber, MacEwan University / Department of Biological Sciences; 
T. Bujaczek, MacEwan University / Department of Physical Sciences; 
Z. Vydra, R. Hender, E. Gaydosh, D. Locky, MacEwan University / 
Department of Biological Sciences; M. Ross, MacEwan University / 
Physical Sciences
In urban areas, stormwater runoff transports microplastics and other 
anthropogenic particles from the terrestrial to aquatic environments. 
Stormwater retention ponds are engineered to capture, retain, and remedi-
ate stormwater runoff before its discharge into larger bodies of water, such 
as lakes or streams, and thus may act as a temporary sink for microplas-
tics. This project aimed to assess the magnitude of microplastic pollution 
in constructed and natural wetlands, including stormwater retention ponds 
in Edmonton, Alberta─Canada’s fifth largest city. High volume (>1000L) 
water samples, sediment, and invertebrate samples were collected from 
50 sites throughout the city. Selected sites varied with respect to the type 
of land use surrounding the sites, and included residential, industrial, 
highway, urban park, and natural areas. It was hypothesized that the 
surrounding land use patterns would have an impact on the magnitude 
of microplastic pollution, with high-population/high-use sites having a 
greater magnitude of microplastic pollution than low-population/low-use 
sites. We found microplastic concentrations in water to be similar to other 
local freshwater bodies and dominated by fibers. Low levels of microplas-
tics (< 10 pcs) of all morphologies (fibers, fragments, foams, films) were 
ingested by freshwater shrimp (Gammarus lacustris). Work is ongoing to 
quantify and characterize microplastics in sediment samples and addi-
tional invertebrate species, and to chemically identify microplastics by 
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Raman microscopy, to provide a more holistic understanding of micro-
plastic fate in these constructed wetland ecosystems. This work represents 
one of the first and most comprehensive studies on the occurrence of 
microplastics in stormwater retention ponds.

2.06.07  More Than a First Flush: Urban Creek Storm Hydrographs 
Demonstrate Broad Contaminant Pollutographs
K. Peter, National Institute of Standards and Technology / Chemical 
Sciences Division; F. Hou, Z. Tian, C. Wu, University of Washington 
Tacoma / Center for Urban Waters; M. Goehring, King County / Green, 
Duwamish & Central Puget Sound Watershed (WRIA 9); F. Liu, China 
Agricultural University / Department of Applied Chemistry, College 
of Sciences; E.P. Kolodziej, University of Washington, Tacoma / 
Center for Urban Waters Interdisciplinary Arts and Sciences Civil and 
Environmental Engineering
Contaminants in stormwater runoff clearly impact the water quality and 
ecological health of urban receiving waters. Management efforts are often 
guided by conceptual models of contaminant “first flushes”, defined by 
disproportionate concentrations or mass loads early in the storm hydro-
graph. However, previous studies of contaminant transport and receiving 
water hydrology have primarily focused on traditional stormwater 
contaminants and point sources (such as wastewater effluents), with less 
evaluation of chemically complex non-point pollution sources (such as 
roadway runoff). Here, we conducted baseflow and storm sampling in 
Miller Creek, a representative small, urban watershed in the Puget Sound 
region (WA, USA). We characterized organic contaminant profiles and 
storm/seasonal dynamics via targeted quantification of 35 emerging 
stormwater-derived chemicals, complementary non-target high resolution 
mass spectrometry (HRMS) analyses, and surrogate chemical metrics of 
ecological health. Total daily baseflow loads of quantified contaminants 
were 0.8-3.4 g/day and storm event loads were ~80-320 g/storm (~48 h), 
with nine contaminants detected during storms at >500 ng/L, including 
tire rubber-derived chemicals, corrosion inhibitors, and chemicals com-
monly considered “wastewater-derived” (caffeine, ibuprofen). Notably, 
urban creek “pollutographs” were much broader than relatively sharp 
storm hydrographs and many contaminants exhibited transport-limited 
(rather than mass-limited) source dynamics. Accordingly, low-intensity 
initial rainfall and “drizzle” events can drive substantial water quality 
degradation, and continued mobilization of contaminant mass across 
the entire hydrograph can yield lengthy exposure periods and high peak 
concentrations for ecologically relevant contaminants. Study outcomes 
support prioritization of source identification and focused stormwater 
management efforts to improve water quality and promote ecosystem 
function in small urban receiving waters.

2.06.08 Source Apportionment of Polycyclic Aromatic 
Hydrocarbons in Road Dust in Houston Metropolitan Area
J. Madykova, Texas Southern University / Environmental and 
Interdisciplinary Sciences; H. Hwang, Texas Southern University / 
Department of Environmental and Interdisciplinary Sciences
Road dust contains high levels of polycyclic aromatic hydrocarbons 
(PAHs) that are transported into streams and rivers via stormwater runoff 
and linked to urban aquatic ecosystem contamination. Unlike vehicle 
exhaust that has been reported as the primary source of PAHs in road 
dust, tire wear particles have received less attention as another major 
source of PAHs in road dust. The objective of this study was to quantify 
the relative contribution of tires and tailpipe exhaust to PAHs in highway 
road dust in regards to traffic volume and particle size using diagnostic 
ratios, distribution patterns of PAHs, and chemical mass balance model. 
PAH concentrations in road dust varied between 298 ng/g and 2,438 ng/g 
and positively correlated with average daily traffic volumes. Highest level 
of PAHs was found in the smallest particle fraction (< 20 µm). However, 
particles in the size of 63-250 µm accounted for 48-63% of the total 
PAHs in road dust because particles in this size accounted for 42-59% of 
dust mass. The contribution of tires was higher in dust from Interstate 
Highway 45 (I-45) than in dust from other highways (Interstate Highway 

10 and State Highway 6), likely due to greater traffic volumes of heavy-
duty trucks in I-45. Greater contribution of tires was observed in larger 
particles. Chemical mass balance modeling indicated that 32-40% of 
PAHs in road dust was originated from tires that revealed tires as a sig-
nificant contributor to PAHs in road dust. The results of the present study 
can be used as the basis to adopt a new environmental policy to limit PAH 
levels in extender oil used in tire production that has been implemented in 
Europe since 2005.

2.06.09 Development and Application of Monitoring Tools to 
Characterize Sediment Contamination Due to Stormwater and 
Performance Evaluation of Engineered Source Controls
B. Anandha Rao, D.D. Reible, Texas Tech University / Civil and 
Environmental Engineering; I. Drygiannaki, Texas Tech University; 
D. Athanasiou, Exponent, Inc.; M. Rakowska, Texas Tech University/ 
Envirostatus / Civil and Environmental Engineering; T. Hussain, 
Texas Tech University / Department of Civil Environmental and 
Construction Engineering; C. Gomez-Avila, H. Zhou, D. Sackey, Texas 
Tech University; M. Colvin, Naval Information Warfare Center Pacific 
/ Energy and Environmental Sustainability; B. Chadwick, Coastal 
Monitoring Associates; G.H. Rosen, N. Hayman, Naval Information 
Warfare Center Pacific / Energy and Environmental Sustainability; J. 
Ervin, M. Otto, B. Steets, Geosyntec Consultants; R. Pitt, The University 
of Alabama
This presentation describes efforts to identify and implement methods to 
assess the contribution and impacts of stormwater pollutants on receiv-
ing water sediments as well as the performance of mitigation methods for 
minimizing those impacts. Previous studies have focused on the loading 
and toxicity of stormwater itself, but few have evaluated the linkage of 
stormwater loading to the impacts on sediments. As such, our focus is 
on applying size segregated stormwater sampling that can be related to 
deposition rates in the receiving waters as well as direct measurement of 
receiving sediment accumulation with sediment traps, active and passive 
chemical sampling to assess contaminant accumulation, and bioassays 
to link stormwater to contaminant bioavailability. The methods were 
applied during intensive sampling at a Naval base within the mixed-use 
Paleta Urban creek watershed in San Diego and National City, California 
that drains to the receiving waters of the bay. Size fractionation results 
showed that, surprisingly, several contaminants (e.g., Cd and PAH) were 
predominantly associated with coarser particle fraction in the stormwater 
(> 63 micron) that tend to influence near-field areas close to the outfall 
due to rapid deposition. This was verified in the sediment traps deployed 
along the longitudinal transect from the stormwater outfall with high 
contaminant accumulations in the trap samples deployed nearest to the 
mouth of the creek. However, this relationship was not apparent for other 
contaminants (e.g., Cu, and Hg) due both to stormwater source charac-
teristics and presence of non-stormwater source inputs. Taken together, 
size-segregated stormwater contaminant concentrations combined with 
measurements of deposition in sediment traps was found useful to dif-
ferentiate between direct contamination by stormwater and that of other 
sources. Furthermore, porewater analysis through passive samplers and 
biota assessment revealed that the incoming flux of the coarse particle 
laden contaminant, although in some cases led to sediment contamina-
tion, had limited adverse effect in bioaccumulation and toxicity. Current 
studies are evaluating the performance of stormwater controls (media 
filters and sedimentation devices) for the removal of sediment recontami-
nation relevant contaminants. Particle size-based treatment effectiveness 
is particularly useful in defining performance of these stormwater con-
trols relative to sediment recontamination.
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2.06.10 Urban Runoff Sources of Several Trace Metals to 
Wastewaters
A. Peters, wca; G. Merrington, I. Wilson, WCA Environment Limited; 
S. Comber, Plymouth University / Environmental Science; G. Deviller, 
DERAC / Environmental Risk Assessment of Chemicals; S. Baken, 
European Copper Institute; A.C. Ryan, International Zinc Association; 
A. Boullemant, Rio Tinto Aluminium Pechiney; C. Cooper, International 
Zinc Association / Environment & Sustainability; C.E. Schlekat, NiPERA, 
Inc.; J. Mertens, EPMF; S. Carey, IMOA; E.R. Garman, E.T. Middleton, 
NiPERA, Inc.
Urban wastewater systems often carry a proportion of the runoff from 
urban areas during rainfall events. This is especially common in older 
systems which combine both wastewaters and runoff for treatment in 
wastewater treatment plants. This can lead to very high flows in wastewa-
ter treatment plants, and consequently short residence times for the treated 
wastewater so more modern systems tend to send runoff directly to sur-
face waters, often via sustainable urban drainage systems. There can be a 
variety of trace metals present in urban runoff from a variety of sources, 
with architectural applications, and road transport being key contributors 
for many of the metals. However, atmospheric deposition and importantly, 
natural backgrounds and natural sources can also be relevant sources 
of some metals to urban runoff. The principal sources of several metals 
to urban runoff are identified and quantified where possible in order to 
estimate loadings of these metals from runoff sources into urban waste-
water treatment plants in Europe. Any retention of the metals between the 
sources and the wastewater, for example in gutters, pavements, and buffer 
strips is also taken into account where possible. The assessment of metal 
fluxes requires assessing the volume of urban runoff water collected by 
the combined sewer systems, and combining that with the concentrations 
of the metals in the runoff water. The relative importance of different 
sources for several different metals are identified and regional varia-
tions due to differences in e.g. levels of architectural uses or road traffic 
densities are assessed. Finally, the relative importance of urban runoff as 
a contributor to the overall load of metals to urban wastewater treatment 
plants is also estimated.

2.06.11 Effects of Stormwater Best Management Practices on Trace 
Organic Contaminants in the Urban Environment
S. Elliott, R.L. Kiesling, U.S. Geological Survey / Upper Midwest Water 
Science Center; H.L. Schoenfuss, St. Cloud State University / Aquatic 
Toxicology Laboratory
Urban stormwater can be an important pathway for trace organic contami-
nants to enter the environment. Best management practices are often used 
to mitigate the hydrologic and chemical effects of urban stormwater on 
receiving waters. Previous research mostly focused on best management 
practice ability to reduce nutrients and metals, but recent work suggests 
that best management practices may also reduce trace organic contami-
nants in stormwater. From 2018 to 2020, we conducted two studies on the 
fate of 217 pesticide and 110 pharmaceutical trace organic contaminants 
in stormwater: (1) removal by iron-enhanced sand filter ponds, and (2) 
transport to shallow groundwater from underground infiltration basins. 
A total of 4 iron-enhanced sand filter ponds, 2 traditional ponds, and 
2 underground infiltration basins were sampled throughout the Twin 
Cities Metropolitan Area in Minnesota, USA. Samples were collected 
from the inflows and outflows of sand filters at iron-enhanced sand filter 
ponds, inflows and outflows at traditional ponds, and inflows and shallow 
groundwater at underground infiltration basins. Pressure transducers were 
installed in monitoring wells adjacent to underground infiltration basins 
for one year to monitor groundwater levels. Preliminary data show that 15 
pesticides and 6 pharmaceuticals were detected in 30 percent of all sam-
ples collected from iron-enhanced sand filter and traditional ponds; fewer 
were detected in samples collected from underground infiltration basins 
than in ponds. More pesticides were detected and at higher concentrations 
in some iron-enhance sand filter and traditional pond outflows, compared 
to inflows, perhaps a result of flushing or re-release of pesticides sorbed 
to sediments. Conversely, pharmaceuticals were slightly lower in outflow 

compared to inflow. Generally, fewer trace organic contaminants were 
detected in groundwater compared to inflow at underground infiltration 
basins, and at lower concentrations. Groundwater hydrographs show that 
the two underground infiltration basins have differing measured effects 
on the local groundwater table. An almost immediate recharge event is 
evident at one site, while the other shows no apparent direct relation with 
infiltration. Results show that stormwater best management practices may 
provide an added benefit by removing some trace organic contaminants 
from the environment, but questions remain regarding the fate of trace 
organic contaminants within best management practices.

2.06.12 Bioretention Treatment of Urban Stormwater Prevents 
Cardiac Impacts in Developing Pacific Herring (Clupea pallasii)
J.A. Spromberg, NOAA Fisheries - Northwest Fisheries Science Center / 
Ecotoxicology Program; L.B. Harding, M. Tagal, T. Linbo, J. Incardona, 
N. Scholz, G.M. Ylitalo, NOAA Fisheries - Northwest Fisheries Science 
Center; J. McIntyre, Washington State University / Puyallup Research 
and Extension Center
Urban stormwater runoff has become a significant water quality threat 
to aquatic habitats in the Salish Sea. Human population growth drives 
development and land conversion in coastal watersheds, leading to 
greater imperviousness and increasing volumes of stormwater runoff. 
Urban runoff is a complex chemical mixture, consisting of thousands of 
distinct compounds, the majority of which have not been identified or 
characterized in terms of adverse environmental effects. Several thousand 
manmade outfalls discharge directly to the nearshore marine environ-
ment in Puget Sound. These areas provide spawning habitat for forage 
fish species, including Pacific herring (Clupea pallasi). Our objective 
was to determine if a conventional green infrastructure method, soil 
bioretention, was protective for shore-spawning forage fish. We compared 
developmental effects in herring embryos exposed to stormwater with 
embryos exposed to stormwater pre-treated by soil bioretention. Results 
indicate that hearts of herring exposed to stormwater runoff exhibited 
developmental abnormalities. In addition, stormwater exposures caused 
reductions in larval length and greater egg yolk area, consistent with a 
failure to mobilize embryonic energy stores (yolk). The observed effects 
are consistent with the known cardiotoxicity of polycyclic aromatic 
hydrocarbons (PAHs) to fish embryos and could result in delayed adverse 
outcomes such as reduced cardiorespiratory fitness and subsequent mor-
tality. Pretreating the stormwater by passing it through a soil bioretention 
filter prevented the cardiac developmental abnormalities. Incorporating 
green stormwater infrastructure methods in development and redevelop-
ment land use projects would reduce the incidence of cardiac injury to 
developing Pacific herring embryos.

2.06.13 Longevity of Bioretention Depths for Preventing Acute 
Toxicity from Urban Stormwater Runoff
L.W. Maguire, Washington State University / School of the Environment; 
J. Davis, U.S. Fish and Wildlife Service / Washington Fish and Wildlife 
Office; J. McIntyre, Washington State University / Puyallup Research and 
Extension Center
The migration of coho salmon every fall from the ocean to freshwater 
streams coincides with increasing rainfall in the Pacific Northwest. 
Much of this rainfall runs off of asphalt and other impervious surfaces 
found in urban areas, such as the Puget Sound Basin, and into the very 
streams where salmon spawn. Exposure to urban stormwater runoff, 
which contains a complex mixture of contaminants, can be acutely toxic 
to coho salmon. Previous studies have demonstrated the effectiveness of 
bioretention treatment systems in treating urban runoff and preventing 
acutely lethal and sublethal effects to aquatic organisms. Municipalities 
are especially motivated to incorporate bioretention treatment systems 
into existing infrastructure in order to comply with National Pollutant 
Discharge Elimination System (NPDES) permit requirements. NPDES 
permits are administered by the Washington Department of Ecology 
(Ecology) and require local governments to manage polluted storm-
water in order to mitigate the effects of pollution and contamination 
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on downstream waters. The current study aims to determine the effec-
tiveness and longevity of bioretention soil media over time at various 
infiltration depths, including those shallower than 18 inches, the depth 
currently required by Ecology. Stormwater runoff is being collected from 
a busy, urban road site and applied to experimental columns, contain-
ing five different depths of bioretention soil media. Runoff is applied at 
an accelerated rate in order to simulate 10 water years over two calendar 
years. The chemical and biological effectiveness of the columns in treat-
ing urban stormwater runoff will be assessed using analytical chemistry 
and the health of two fish species: juvenile coho salmon and zebrafish 
embryos. The study outcomes are expected to help inform stormwater 
managers, National Pollutant Discharge Elimination System (NPDES) 
permit coordinators, and others involved in stormwater management.

2.06.14  Iron-Enhanced Sand Filtration on Mitigation of Biological-
Active Contaminants in Urban Stormwater
S. Kohno, St. Cloud State University / Biology; J. Gerads, H.L. 
Schoenfuss, St. Cloud State University / Aquatic Toxicology Laboratory
A variety of pollutants, including contaminants of emerging concern, are 
polluting urban stormwater. It is essential to reduce the level of pollutants 
before they are released into the environment. Both analytical chemis-
try and biological endpoints were utilized to investigate the mitigation 
potential of stagnant ponds and iron-enhanced sand filtration (IESF) in 
vitro and in vivo. Inflow and effluent samples were collected from seven 
stormwater ponds in St. Paul, Minnesota, USA, metropolitan area fol-
lowing precipitation events during snowmelt, spring flush, and summer 
rains. Seven stormwater ponds, including regular and IESF ponds, were 
used to evaluate the effectiveness of the treatment. Seasonal effects on 
pH, conductance, and total dissolved solids (TDS) of stormwater were 
identified, but there were no treatment effects at these endpoints. The 
stormwater treated by the IESF reduced the pH of the stormwater com-
pared to the fall effluent. Seasoning and treatment respectively affected 
the concentrations of nine elements (Ca, Cd, Cu, Fe, K, Mg, Mn, P, and 
Zn) and four elements (Na, Mg, Mn, and Zn) in stormwater, but treat-
ment reduced only Zn concentrations and increased Na, Mg, and Mn 
concentrations in stormwater. Seasonality affected the concentration of 
Nonylphenol, an estrogenic endocrine disruptor, in stormwater with a 
peak in spring, but no effect of treatment on nonylphenol concentrations. 
Fathead minnow larvae were tested for survival, consumption, and escape 
response after 21 days of developmental exposure to urban stormwater. 
Seasonality affected all biological endpoints in the organism. Treatment 
reduced larval survival in exposures to stormwater collected in spring and 
summer, whereas consumption was affected by treatment in fall-collected 
stormwater exposures. In addition, an in vitro cell culture system was 
employed to analyze the biological activity of stormwater. At 24 h expo-
sure to stormwater, none of the sites or treatments affected estrogenicity 
via estrogen receptor 1 in fathead minnows, bluegill, and largemouth 
bass, but we identified differences in cell viability between sites at 6 h 
exposure to stormwater. These results showed that the potential mitigation 
of reservoirs for stormwater treatment varied by season, but the benefits 
of IESF were not evident in the mitigation of the contaminants in the cur-
rent study.

2.06.15 Metabolization of Tire Wear Products in Synthetic 
Stormwater by Three Model White Rot Fungi
E. Wiener, G.H. LeFevre, University of Iowa / Department of Civil and 
Environmental Engineering
Extracellular white rot fungal enzymes have broad specificity, target-
ing a wide variety of structurally complex compounds such as lignin, 
polycyclic aromatic hydrocarbons, and pesticides. One situation where 
fungi could be used is within engineered natural treatment systems to 
treat the myriad of contaminants often present in urban stormwater. Tire 
wear products (TWP) are emerging contaminants of concern in storm-
water. Tire wear particles are generated from the mechanical abrasion of 
tires with road surfaces. Tire particles can then be washed into surface 
water during rain events, allowing TWP to leach into streams and rivers 

and subsequently impact aquatic health. TWP have been implicated as 
key drivers of acute coho mortality following rain events among other 
ecological impacts, meriting novel treatment strategies such as fungal 
bioremediation to address the complex mixture of contaminants. To 
assess treatment potential of fungi for TWP in stormwater, we con-
ducted batch experiments with three different white rot fungi species and 
select tire wear products. We quantified fungal removal of four tire wear 
products in synthetic stormwater: acetanilide, 1,3-diphenylguanidine, 
hexamethoxymethylmelamine, and n,n’-dicyclohexylurea. To measure 
changes in concentration of TWP over time, we used liquid chromatog-
raphy coupled with diode array detection or mass spectrometry. These 
results indicate the potential of using white rot fungi to target select TWP 
in stormwater in engineered natural treatment systems such as bioreten-
tion cells. Ongoing work includes identifying fungal metabolic products 
of TWP using an untargeted metabolomics approach. In addition, we are 
undertaking a study to characterize the existing fungal communities in 
Iowa stormwater bioretention systems to evaluate the potential for in-situ 
remediation capacity on a genetic level.

2.06.16 Impacts of Stormwater Pulses on Constructed Wetland 
Effectiveness in Treating Industrial Effluents
C. Fulghum, P.T. Stankus, D.E. Fletcher, University of Georgia / 
Savannah River Ecology Laboratory
The H-02 wetland system was constructed as a green technology initia-
tive on the Department of Energy’s Savannah River Site, Aiken SC to 
treat building process effluents and stormwater runoff from an industrial 
area. Constructed wetlands play an important role in the SRS environ-
mental plan to achieve regulatory compliance for the discharge of effluent 
waters. The H-02 wetlands were built to regulate pH and remove trace 
metals, primarily Cu and Zn, from the effluent line before release to state 
waters. The system consists of a retention basin, two wetland treatment 
cells, an effluent pool, and a discharge stream. Extensive monitoring at 
base flow has established maintenance of effluent concentrations below 
regulatory limits. However, our previous work with biomonitors found 
substantially higher levels of biologically available Cu downstream of 
the wetland than expected. This study evaluates the effect of stormwater 
pulses on the effectiveness of metal removal by the wetland. Automated 
water sampling units located upstream and downstream of the treatment 
cells were used to collect high resolution time series of water samples 
along with water quality data from associated multi-parameter probes. 
Total and dissolved Cu and Zn concentrations were determined in hourly 
samples. Results show that large amounts of both Cu and Zn can leave 
the treatment cells during storm events. Severity of the storm influences 
discharge, metal concentrations and fluxes, as well as the form of metal 
leaving the treatment cells. These wetland responses also change over the 
course of a storm event. During severe storm events, a 2-hour first flush 
was associated with substantially elevated metal concentrations, metal 
flux, and total suspended solids with most Cu associated with particulates. 
In subsequent hours, concentrations, metal flux, and TSS were lower with 
most Cu in the dissolved phase. However, discharge can remain elevated 
for multiple days resulting in elevated metal loads leaving the retention 
basin and wetland treatment cells. Even though significant amounts of 
metal left the wetlands, more metals entered than left the wetland cells. 
Thus, the wetland system was still functioning to lessen impacts on the 
receiving stream. Treatment cells appeared to be overloaded over the 
course of a large storm event. Our efforts will continue to focus on identi-
fying conditions under which metals leave the wetland and on developing 
strategies to improve wetland treatment efficiency.
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2.06.17  Nutrient Dynamics and Remediation Potential of Floating 
Treatment Wetlands Over Winter
J. Dekle, Clemson University / Biology; M.A. Schlautman, Clemson 
University / Environmental Engineering and Earth Sciences; W.H. 
Strosnider, University of South Carolina / Baruch Marine Field 
Laboratory; S.A. White, Clemson University / Plant and Environmental 
Sciences
Agricultural and specialty crop operations are considered major non-
point source contributors of excess nitrogen and phosphorus into surface 
and ground waters. Effective removal of excess nutrients from irrigation 
return flow is necessary to prevent eutrophication and growth of harm-
ful algal blooms as a result of nutrient contamination of surface and 
groundwater. Floating treatment wetlands (FTW) are a novel remediation 
technology that utilizes floating mats to support wetland plants at the 
water surface. Previous research has demonstrated that FTWs efficiently 
remediate nutrients from water in a variety of geographic regions. Some 
nutrients (notably phosphorus) can be re-released from plant tissues when 
the plants senesce during winter months, though the degree to which 
plants re-release phosphorus is not well characterized. The need to harvest 
FTWs is debated in the literature, especially in terms of year-round nutri-
ent management. If nutrients are released from senescing tissues during 
winter, FTWs may require a higher degree of maintenance. The goal of 
this study was to quantify the mass of nutrients released from senescing 
plant tissues over winter, to assess need for more intensive management. 
The present study evaluated nutrient release from Juncus effusus and 
Pontederia cordata established in FTWs over three winter months. If 
plants senescence results in appreciable nutrient release into the water 
column, then supplemental treatment in conjunction with FTWs would 
provide a way to reduce the need for year-round maintenance/harvesting, 
while still mitigating the nutrient load.

7. Using Lab and Field Collected Invertebrates in 
Ecotoxicology: Challenges and Opportunities
2.07.01 Changes in Macroinvertebrate Assemblage Structure in a 
Seasonally Flowing Stream and the Implications for Saline Mine-
Water Discharges
T.J. Mooney, J. Hanley, A.J. Jansen, M. Sandgren, A.J. Harford, Dept. 
of Agriculture, Water and the Environment / (ERISS) Environmental 
Research Institute of the Supervising Scientist Divison; C.L. Humphrey, 
ERISS / Department of Agriculture, Water and the Environment
The composition of aquatic macroinvertebrate assemblages changes 
naturally throughout phases of the hydrology in temporary streams. 
These assemblages are typically dominated by aquatic insects, of widely 
varying sensitivity to toxicants. Hence, assemblage response to a toxicant 
at a given point in the hydrograph is dependent on the sensitivities of 
individual species and inter-species interactions which may lead to 
indirect toxicant effects. Aquatic insects are often omitted in ecotoxico-
logical assessments because they are difficult to culture under laboratory 
conditions. However, given their importance in food web dynamics and 
ecological processes, they should be considered when assessing the risk 
of toxicant discharges to receiving waters. The current study assessed 
the relative toxicity of magnesium (Mg) to macroinvertebrate taxa in a 
seasonally-flowing stream of tropical northern Australia. This stream 
receives treated mine-waters, with elevated Mg, from an adjacent uranium 
mine. Laboratory-based acute Mg toxicity tests were undertaken on a 
cross-section of macroinvertebrate taxa collected from the field at four 
periods of the hydrograph: early flow, high flow, recessional flow and 
pooling. At each of these periods the macroinvertebrate assemblages were 
sampled and species identified to characterise changes in the assemblage 
over time. Results from the acute Mg toxicity testing indicated that 
sensitivities to Mg were highly varied, ranging between 36 (Caenidae, 
Tasmanocoenis spp.) and 4400 (Dytiscidae, Clypeodytes feryi) mg/L Mg, 
based on the 50% Lethal Concentration (LC50). Species sensitivities were 

used to assess the risk Mg poses to the macroinvertebrate assemblage 
at a given point in the hydrological cycle. This information will inform 
qualitative and quantitative risk models to assess the impacts of mine-
water discharges.

2.07.02  Using Great Salt Lake Invertebrates - Brine Fly and Brine 
Shrimp - to Assess the Acute Toxicity of Arsenic, Copper, and Lead 
in Hypersaline Conditions
D.A. Pillard, TRE Environmental Strategies / Environmental Toxicology; 
R.B. Naddy, A. Bidlack, TRE Environmental Strategies, LLC; G. 
Belovsky, University of Notre Dame; C. Bittner, Utah Division of Water 
Quality / Utah Environmental Quality
The Great Salt Lake, Utah, is one of several hypersaline, inland lakes 
found worldwide that present a wide range of physiochemical conditions 
as well as unique invertebrate communities that have adapted to those 
conditions. Although freshwater in-flows moderate the saline conditions 
at perimeter locations, particularly in the southern arm, much of the lake 
water is hypersaline with salinities up to and exceeding 120 ppt. The acute 
toxicity of As, Cu and Pb were studied using immature stages of brine 
shrimp (Artemia franciscana) and brine fly (Ephydra gracilis formerly 
cinerea). During the 96-hour tests, organisms were fed Dunaliella viridis, 
an alga found in the GSL. In brine shrimp tests the alga was suspended 
in the test solution while for the brine fly larvae algae were collected on 
filter pads which were placed in test chambers. Total and dissolved As 
concentrations measured in the test solutions were similar regardless 
of the absolute concentrations used in the tests, while there were much 
greater differences between the total and dissolved portions for Cu and 
Pb. Brine shrimp proved to be more sensitive to all metals than brine fly 
larvae. Brine fly larvae were so insensitive to Pb in the acute tests that an 
LC50 could not be generated regardless of the amount of lead in the test 
solutions. These studies showed that control survival (>90%) was accept-
able over four days and that good concentration-response curves could be 
generated for the two species. Brine shrimp was the more sensitive of the 
two and may prove a useful and representative model to assess the acute 
and chronic toxicity of wastewaters flowing in to the GSL.

2.07.03 Sensitivity to Chemical Substances and Eutrophication 
Level of Species Habitat in Freshwater Oligochaeta
J. Mejia-Castaneda, Indepediente; S.D. Reynaldi, National University 
of Colombia, Medellin / Agronomical Science Department, Agrarian 
Science Faculty
Assessing the sensitivity of millions of species to more than 159 million 
chemical substances requires knowing the species traits associated with 
the sensitivity to chemical substances. The Ecotox database contains val-
ues of median lethal concentration (LC50) determined in eight species of 
freshwater oligochaetes exposed separately to mercury chloride (HgCl2), 
sodium pentachlorophenate (Na-PCP) and cadmium sulfate (CdSO4) 
under comparable experimental conditions. The species sensitivity dis-
tribution curves were unique for each chemical substance. However, for 
all substances, the most sensitive species was from hypertrophic habitats, 
and the most tolerant specie was from oligotrophic habitats. This contrast 
encompassed five species for Na-PCP and the eight species for CdSO4. 
The principal component analysis explained 97,5 % of the total variability 
of LC50 of the species respect to chemical substances. The first component 
correlated positively with the three substances and separated sensitive 
from tolerant species. The sensitive species were from hypertrophic habi-
tats, and the tolerant species were from oligotrophic habitats. The second 
component correlated only with CdSO4 and HgCl2. A similar sensitivity 
resulted for species of hypertrophic habitats, but a very different sensitiv-
ity resulted for species of oligotrophic habitats. The sensitivity was related 
to eutrophication level of the species habitat. However, the intensity of this 
relationship depended on the chemical substance.
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2.07.04  Field-Collected River Mussels (Anodonta spp.) As 
Biomarker Models of Freshwater Systems
G.M. Ekelund Ugge, Lund University / Department of Biology; A. 
Jonsson, B. Olsson, University of Skövde / Department of Bioscience; O. 
Berglund, Lund University / Dept of Biology
River mussels of the Anodonta genus are geographically distributed 
across Europe, Asia and North America. As stationary filter feeders, they 
constitute promising candidates for exposure studies both in the labora-
tory and in the field. Due to a complex life cycle, including a parasitic 
larval stage, laboratory culturing is however extraordinarily impractical 
and challenging. A more appealing and ecologically relevant approach 
may therefore be to rely on wild-caught mussels. In a series of labora-
tory experiments run 2017-2019, we collected adult mussels (Anodonta 
anatina) in southern Sweden on a location free from point source pollu-
tion. After two to four weeks acclimatization to laboratory conditions, 
we performed 96 h exposures to either copper or industrial wastewater. 
A panel of molecular stress markers was assessed in gills and digestive 
glands to address (i) biomarker variability, and (ii) responses to chemi-
cal stress. Selected biomarkers included gene expression of catalase 
(cat), glutathione-S-transferase (gst), heat shock proteins 70 (hsp70) and 
90 (hsp90), metallothionein (mt) and superoxide dismutase (sod), and 
enzymatic activity of acetylcholinesterase (AChE) and glutathione-S-
transferase (GST). In gravid mussels, every tested biomarker has in at 
least one experiment demonstrated significant sex effects, sex:tissue 
interactions and/or sex:treatment interactions. More specifically, we have 
observed sex-specific differences, independent of treatment, in multiple 
gill responses (cat, mt, hsp70, AChE and GST), but only in one digestive 
gland marker (AChE). These baseline differences add to the background 
noise and potentially obscure low-magnitude stress responses. We will 
present our experiments and, based on these findings, address biomarker 
variability with particular focus on mussel gravidness. Finally, we will 
discuss the future outlook for A. anatina as a biomarker model species for 
chemical pollution in laboratory and field experiments, and the potential 
to develop a standardized biomarker model to provide early warnings as 
well as predict adverse effects on higher biological levels.

2.07.06 The Establishment of a New Culture of Hyalella azteca that 
Would Permit Toxicity Tests to Be Conducted on Low Ionic Strength 
Waters
S. Walsh, I. Gosselin, Canadian Nuclear Laboratories CNL / Dept 
Environmental Sciences; D. Lee, Independant; M. Stuart, Canadian 
Nuclear Laboratories CNL / Dept Environmental Sciences
The Chalk River Laboratories Toxicity Laboratory (CRLTL) (Ontario, 
Canada) conducts toxicity tests focusing on adverse effects on survival, 
growth and reproduction with exposure to contaminants on Hyalella 
azteca (H. azteca). Historically, the strain of H. azteca used in the CRLTL 
was obtained from the Canadian Centre of Inland Waters (Burlington, 
Ontario, Canada) and was tested in a high ionic strength standard artifi-
cial medium (SAM), representative of the water qualities found near Lake 
Ontario, where they originated. It has been recognized that the results of 
the toxicity tests performed using the SAM may not be representative of 
toxicity effects in local watersheds due to the differences in water quality 
as water hardness can mediate the toxicity of metals. A wild strain of 
H. azteca was collected from a low ionic strength, seepage lake (Twin 
Lake) within the Ottawa River watershed on the property of Chalk River 
Laboratories (CRL). To determine the minimum aqueous ion require-
ments for an optimal culturing medium for the CRL strain, Twin Lake 
was monitored for water quality and ionic content over a three-year 
period. The data collected was used to formulate a medium containing 
NaHCO3, CaCl2, MgSO4, KCl, NaBr, NaF and LiCl with an electrical 
conductivity of 89 ± 3 µS/cm. It was concluded that the artificial medium 
promotes health and supports reproduction (8 ± 2 neonates/female/
week) of the wild amphipod. The CRL strain of H. azteca can therefore 
be maintained in laboratory settings and allows for toxicity testing to be 
conducted on low ionic strength waters, with electrical conductivities less 
than 200 µS/cm.

2.07.07  Grass Shrimp (Palaemon [Palaemonetes] Species) As a 
Model Organism in Lab, Mesocosm, and Field
P.B. Key, National Ocean Service / National Centers for Coastal Ocean 
Science; K.W. Chung, National Ocean Service / under contract to 
NOAA, National Centers for Coastal Ocean Science; P.L. Pennington, 
J. Daugomah, NOAA / National Centers for Coastal Ocean Science; B. 
West, CSS, Inc. / under contract to NOAA, National Centers for Coastal 
Ocean Science; E.F. Wirth, M.E. DeLorenzo, NOAA / National Centers 
for Coastal Ocean Science
Several grass shrimp species, of the genus Palaemon (Palaemonetes), are 
a common inhabitant of East and Gulf coast estuaries of the US. These 
crustaceans are crucial to the food web as key components in the diets 
of recreationally and commercially important fish that use estuaries as 
nursery grounds. The National Ocean Service laboratory in Charleston, 
SC has employed grass shrimp as a model organism for over 30 years in 
numerous lab, mesocosm, and field studies. Our laboratory toxicity tests 
have used all grass shrimp life stages in standard acute assays, with asso-
ciated development of biomarkers of exposure, and investigated growth 
and reproduction in chronic assays. In our simulated salt marsh meso-
cosm tests, we have used both free swimming and caged grass shrimp. 
Our field studies with grass shrimp include population assessments and 
caged studies as an indicator of human impacts on estuarine systems. 
This presentation will review the challenges we have faced in our ecologi-
cally based studies, toxicity testing and sublethal assessments in grass 
shrimp, and show how they have laid the groundwork for this genus to 
be an indicator species. Correlating traditional grass shrimp assays with 
ecological monitoring and biomarkers of exposure is a goal that will have 
to be met if environmental managers are to make informed decisions on 
the use of this crustacean as a model species.

2.07.08  Organic and Trace Metal Pollution at Restored Oyster Beds 
with Variable Design
A. Russell, C.R. Whitcraft, California State University, Long Beach 
/ Department of Biological Sciences; V. Lorenzi, California State 
University, Long Beach / IIRMES; D. Zacherl, California State 
University, Fullerton / Department of Biological Science; K. Nichols, 
Orange County Coastkeeper; E.B. Holland, California State University, 
Long Beach / Department of Biological Sciences
Despite many recent restoration efforts, Olympia oysters (Ostrea lurida) 
remain extremely threatened, and the estuarine ecosystems where they 
are typically found are degraded due to historic and ongoing activities. 
This degradation includes the presence of significant amounts of pollution 
found in many estuaries where O. lurida were historically observed; how-
ever, ongoing restoration design and monitoring efforts do not take into 
account the potential impact of contaminant burdens and how contami-
nant may affect different restoration efforts. This study aims to evaluate 
contaminant burdens across differing restoration plot designs and to 
address burdens across multiple restoration sites within one estuary. 
Specifically, we collected O. lurida tissue from four living shorelines sites 
established in Upper Newport Bay, CA in 2016 for organic (PAHs, PCBs, 
OCPs) and trace metal contaminants analysis. Each site contained restora-
tions plot designed with oyster beds alone and oyster beds paired with 
neighboring eelgrass. At each site and plot within a site, we also collected 
sediment near the beds for chemical analysis and comparison to levels 
found in O. lurida tissue. The total organics detected did not significantly 
vary between the four living shoreline sites and there was not a significant 
difference in organic burdens between plots built with oysters alone and 
plots with oysters and eelgrass. Overall, the average total organic burden 
observed within the estuary was 51.71 ng/g WW for oyster tissue, which 
was dominated by the OCP 4,4’-DDE, and 25.41 ng/g DW for sediment, 
which was dominated by various PAH analytes. Similarly, total metals in 
oyster tissue did not significantly vary by site or plot design. The average 
total metal burden in oyster tissue of 742.00 μg/g WW which was primar-
ily comprised of aluminum, iron, copper, and zinc. In sediment, total 
metals were primarily comprised of aluminum and iron. For sediment, 
total metals did vary by across two living shoreline sites and 15 of the 22 
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metals detected were significantly different between two sites as well, 
which may be due to location within the estuary. Given the levels and 
patterns of detected contaminant burdens in both matrices, further work 
should be conducted to determine whether pollution affects the health of 
oysters in these ongoing restoration efforts.

8. Whole Effluent Toxicity (WET): Applications of 
and Developments in WET and Ambient Testing
2.08.01  Aquatic Toxicity Methods Collaboration: Historical 
Perspective & the Future Role of the Aquatic Toxicity Testing 
Interest Group
S.L. Clark, Pacific EcoRisk; T. Watson-Leung, Ministry of the 
Environment, Conservation and Parks / Aquatic Toxicology Unit 
Aquatic toxicity testing protocols for effluents and ambient waters have 
been applied in regulatory settings in North America for nearly 40 
years. Early in the development of the methods, goals were to establish 
reproducible protocols that could be applied in laboratory settings and 
to educate regional regulators. This was followed by efforts in the 1990s 
to educate the laboratory community in the methods to build labora-
tory capacity and capabilities. The Society of Environmental Toxicology 
and Chemistry-North America (SETAC-NA) played a significant role in 
those education efforts through the Wild, Wild, Whole Effluent Toxicity 
(WET, which includes testing of ambient waters) and related Toxicity 
Identification Evaluation courses, as well as through presentations on 
WET at annual meetings. Additionally, regional chapters held sessions 
on WET and participated in the formation of forums for sharing informa-
tion on WET (e.g., Northern California and Southern California Toxicity 
Assessment Groups). These efforts greatly improved the understanding 
of the methods by regulatory agencies and improved the organism culture 
and testing capabilities of laboratories. Since the 1990s, the efforts to 
share lessons learned about the methods moved away from workshops, 
short courses, and discussion forums and has been limited to presenta-
tions at scientific conferences. SETAC-NA presentations in the last 
10 years have identified new test interferences, varying test outcomes 
depending on available control waters, sources of laboratory variability, 
challenges in developing consistency in the regulatory application of the 
methods, the need for new methods, and a need to improve laboratory 
accreditation (i.e., within lab training requirements) and audits. Although 
the SETAC-NA conferences have provided opportunities to discuss these 
issues, a greater effort is necessary to improve the outcomes of the test-
ing, increase the confidence in the methods by both decision makers and 
the regulated community, and provide a platform for evaluating emerg-
ing methods. The SETAC-NA Aquatic Toxicity Testing Interest Group 
(ATTIG) was recently formed to facilitate these next steps in the science 
of aquatic toxicity testing. A Steering Committee has been formed and 
is developing goals for the future, including collaboration with other 
interest groups and the students of SETAC. A draft list of priorities will 
be provided in this presentation. This abstract does not necessarily reflect 
EPA policy.

2.08.02 An Approach to Common Challenges Encountered with 
WET Sampling and Testing of NPDES Permittees- a Permit Writing 
and Laboratory Perspective
S. Zavala Bogdan, U.S. Environmental Protection Agency / NPDES 
Permits and TMDL Branch; N. Love, GEI Consultants, Inc.
WET testing methods outline a unique set of sampling and testing 
requirements that must be met for data to be valid for compliance 
reporting. On the other hand, every permitted facility has a unique set 
of conditions that influence decisions on how to sample and test their 
effluent. A single set of sampling procedures for all permittees does not 
work for a universe of dischargers that have a wide range of variables to 
consider before test initiation. Some of these challenges include setting 
up a sampling plan that considers the representativeness of the discharge, 
especially when dealing with an industrial setting, or a sampling plan that 

considers the intermittent nature of the discharge. What should be done 
when a discharge suddenly ceases in the middle of a 5-day collection 
period? What about samples that are received after the maximum holding 
time which is becoming increasingly more frequent due to Covid-19-
related issues with the common shipping companies? This presentation 
will focus on identifying common challenges faced by permittees and 
contractors conducting sampling and testing for WET permit require-
ments, and how the regulated agency must consider these challenges 
when writing requirements in a permit. We will highlight some of the 
flexibility built into the WET methods and suggest approaches for permit-
tees, laboratories, and regulating agencies to work together through these 
challenges.

2.08.03 Developing Procedures to Ensure Reported WET Data Is 
Useful and Beneficial for Regulatory Reporting and Permitting 
Decisions
V.A. Lozano, U.S. Environmental Protection Agency / NEPA; S. Zavala 
Bogdan, U.S. Environmental Protection Agency / NPDES Permits and 
TMDL Branch
The current approved USEPA WET Methods were developed to provide 
a wide variety of information on the method development, test criteria, 
procedures, data analysis, etc. But what happens once the data is submit-
ted? Once analysis is complete, how are the endpoints utilized and what 
do the endpoints mean in a purely data/numbers format? How do these 
numbers transform into requirements in NPDES permits, how is this data 
collected and managed, and in what ways does data capture need to be 
improved? Regionally and nationally within EPA internal WET training 
has been provided to WET coordinators to support proper understanding 
of the application of the WET methods. This training is leading to clearer 
permitting language and better understanding of the proper use of WET 
methods within the NPDES permitting program. However, there remains 
a gap in the overall understanding of what the data endpoints mean to 
permit writers without WET experience. This gap in understanding also 
affects managerial decisions, programming of discharge monitoring 
report limitations and monitoring requirements, and external users who 
rely on the data collected by the USEPA to understand NPDES WET 
permit limitations and make conclusions about a facility’s impact to the 
environment through the use of this data. This session will explain the 
gaps in data capture as well as reporting issues. We will also provide 
suggestions for regulatory agencies and discuss laboratory involvement to 
ensure continued effective data findings. We will also provide recom-
mended updates to the way that data is analyzed, captured, uploaded, 
viewed, and handled; for current approved methods and methods cur-
rently under development. DISCLAIMER: The views, conclusions and 
recommendations expressed are those of the authors and do not necessar-
ily represent the policies or positions of the USEPA.

2.08.05  Are Vertebrates Still Needed in Whole Effluent Toxicity 
Testing? Findings From a Historical Review of Oil and Gas Toxicity 
Data Used for Regulatory Compliance
S.A. Hughes, Shell Health - Americas / Shell Health Risk Science Team; 
E. Maloney, University of Minnesota, Duluth / Biology; A.C. Bejarano, 
Shell Health - Americas / Shell Health Risk Science Team
Routine whole effluent toxicity (WET) testing is commonly used to 
monitor effluent discharges for regulatory compliance in North America. 
However, the use of fish in WET testing raises ethical concerns related to 
animal welfare and therefore understanding if invertebrates can be used 
to reduce and/or replace the need of vertebrate testing is an important 
question to be explored. A study was performed to evaluate WET data 
collected for regulatory compliance from 20 different oil and gas facilities 
located across Canada and the United States between 2003 and 2019. By 
collating and analyzing historical data from a broad range of effluent dis-
charges from facilities with varying testing requirements (n = 2500 tests), 
this study aimed to determine whether there were any collective trends 
related to performance against WET passing criteria. In particular, trends 
in overall compliance and relationships in response between vertebrates 
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(i.e. fish) and invertebrates in paired WET samples were explored. Results 
indicated that across all examined years, regulatory compliance remained 
high (94-100%), with most WET tests passing the established criteria by 
large margins (67 - 224% across operation types). Furthermore, despite 
the expected variability in WET testing endpoints, the historical record 
indicates that invertebrates displayed equal to or greater sensitivity to 
tested effluents than fish. For example, based on no observed effect 
concentrations for survival and growth (n = 111), Americamysis bahia 
was more sensitive than Menidia beryllina in 79% and 67% of respec-
tive pair-comparisons, respectively. Our study demonstrates for the first 
time a comparative analysis of WET data across multiple jurisdictions 
and permit requirements, providing a comprehensive characterization of 
the effectiveness of WET for assessing effluent quality over time. These 
results can help guide refinement in WET testing and its application in 
effluent discharge permits thus supporting the reduction in frequency and/
or replacement of vertebrates in WET testing.

2.08.06  Whole Effluent Toxicity Testing Reporting: What Is 
Sufficient?
M.K. Chanov, EA Engineering, Science, and Technology, Inc., PBC / 
Ecotoxicology; J. Redifer, EA Engineering Science and Technology, Inc. 
PBC; R. Brooks, EA Engineering, Science, and Technology, Inc., PBC / 
Toxicology Lab
Whole effluent toxicity (WET) testing is required for facilities in the 
United States which discharge treated wastewaters directly to sur-
face waters as a requirement within the Natural Pollutant Discharge 
Elimination System permit. Both acute and/or chronic toxicity testing 
with aquatic organisms may be a requirement to determine if the waste-
water discharge has the potential to cause an impact on the receiving 
waterbody. Current test methodologies have been developed and promul-
gated by a variety of regulatory and stakeholder organizations. However, 
consistent reporting requirements have not been developed. The specific 
reporting requirements for WET testing vary from state to state. The level 
of detail contained in a WET testing report can affect the ability to audit 
the laboratories performance of the testing. The lack of sufficient detail 
in reporting can limit quality assurance/quality control review, client 
interpretation of the results and regulatory oversight of the testing. This 
presentation discusses the benefits and limitations of a variety of report-
ing guidelines.

2.08.07  Retrospective Analyses of Aquatic Freshwater Species 
Sensitivity Using Reference Toxicant Testing Data
J.M. Lazorchak, R. Martin, U.S. Environmental Protection Agency 
/ Office of Research and Development Cincinnati; H. Haring, W. 
Thoeny, M. Ghorab, Pegasus, Inc. c/o USEPA / Office of Research and 
Development Cincinnati
KCl is a reference toxicant studied in our laboratory in relation to 
its effects on seven species: Pimephales promelas, Daphnia magna, 
Ceriodaphnia dubia, Neocloeon triangulifer, Hyalella azteca, 
Chironomus dilutus and Lumbriculus variegatus. In a retrospective analy-
sis of tests for these species dating back to 1998, we assessed variation 
in sensitivities using control charts, simple calculations of the coefficient 
of variation (CV) metric, and a Bayesian hierarchical model. For each 
species, we calculated the CV for control charts organized for the first 20, 
middle 20, and last 20 tests, as well as over the entire period of record. 
The Bayesian hierarchical model was then fit to all data to estimate means 
and variation within and between species and over the period of record. 
CV calculations for the 96-hr acute P. promelas tests, based on 128 tests 
in eight years, ranged from 12% to 19% . CVs for the 48-hr acute D. 
magna tests, utilizing results from 81 tests conducted over nine years, 
ranged from 3% to 11%. CVs for the the D. magna 4-day growth tests ( N 
= 41) ranged from 14.9% to 15.6%. CVs for the 48-hr acute C. dubia tests 
ranged from 17.3% to 24.4 % across four test sets. Thus, control charts 
CV calculations for all tests were near or well below 20%, suggesting 
that the toxicity information generated in those studies was reasonably 
reliable and reproducible. Estimates from the Bayesian model indicated 

that variability in (log-scale) mean acute test LC50 (K mg/L) was much 
larger between species (sd = 0.77) compared to tests within (sd = 0.19). 
Additionally, year-to-year variation in overall mean LC50 was estimated 
to be quite low (sd = 0.12); and year-to-year variation in mean LC50 
within species even lower (sd = 0.07). Finally, mean LC50 estimates, 
averaging over the period of records, were highest for C. dilutus (96-hr; 
95% credible interval (CI) for mean = 4335 – 5771 mg/L), followed by P. 
promelas (48-hr; CI = 803 – 928 mg/L), D. pulex (48-hr; CI = 641 – 779 
mg/L), D. magna (48-hr; CI = 612 – 731 mg/L), L. variegatus (96-hr; CI = 
559 – 686 mg/L), C. dubia (48-hr; CI = 412 – 478 mg/L), D. pulex (96-hr; 
CI = 364 – 511 mg/L), and H. azteca (48-hr; CI = 306 – 374 mg/L).

2.08.08 Effect of LED Light on Reproduction and Survival of 
Ceriodaphnia dubia Exposed to TiO2
R. Cooper, Arkansas State University; J.L. Bouldin, Arkansas State 
University / Biological Sciences
Due to the phasing-out of incandescent lights, alternatives for use in cul-
ture organism light/dark cycles need to be investigated. A previous study 
found that Ceriodaphnia dubia survival and fecundity, as well as neonate 
performance in reference toxicity tests (NaCl) from culture boards, were 
not different between cultures maintained with incandescent or LED 
lights at comparable light intensity. However, the potential difference in 
reproduction and survival of C. dubia when exposed to a light-sensitive 
compound under these two types of culturing lights has yet to be evalu-
ated. Therefore, this study investigated the effect of the light-sensitive 
compound titanium dioxide on C. dubia 48-hour acute and 7-day chronic 
tests. Endpoints were reproduction LOEC, reproduction IC25, control 
group percent variation, survival LOEC, and survival EC50. Additionally, 
the experiment was conducted with and without UV light in order to 
allow for comparison to previous work and to isolate the effects of the two 
light types. Titanium dioxide concentrations were validated with GFAAS.

2.08.09 Comparison of Incandescent and LED Lights on Daphnia 
magna Toxicity Assays
J.L. Bouldin, Arkansas State University / Biological Sciences; R. Cooper, 
Arkansas State University
The phasing out of incandescent lights necessitates a switch to LED lights 
as an alternative light source for laboratory-reared invertebrates. Our past 
studies reported no significant difference in Ceriodaphnia dubia cultures 
under similar light intensity of LED and incandescent lighting, nor were 
differences measured in standard reference toxicity exposures under these 
same light exposures. However, a need exists for testing larger Daphnia 
species prior to accepting LED lighting for all laboratory-reared cladocer-
ans. Reference toxicity tests (NaCl) were conducted for 21-d on Daphnia 
magna to measure survival LOEC and EC50, reproduction NOEC and 
IC25, and control percent variation. We found no significant differences 
between any parameters tested, and conclude that LED lights at compa-
rable light intensity are a viable alternative to incandescent for D. magna 
culturing and testing.

2.08.10  Do Light Emitting Diode (LED) Lights Meet the Light 
Quality Requirements of the Current USEPA WET Methods?
N. Love, A. Romero, GEI Consultants, Inc.
As the country moves towards a more energy efficient and conservation-
focused mindset, the lights that are used in our daily lives have changed. 
The incandescent and fluorescent bulbs common throughout schools and 
houses everywhere are slowly being phased out for energy-saving light 
emitting diode (LED) lights. While specific light intensity is recom-
mended in the United States Environmental Protection Agency’s (EPA) 
Methods for whole effluent toxicity (WET) testing, the medium to deliver 
the intensity is not. Light quality is also mentioned in the WET methods, 
but the definition of quality light is not. A Google search of “DURATEST 
®” lighting that is referenced in the 2002 Pimephales promelas Larval 
Survival and Growth Test Method turns up discontinued options and 
referenced “cool-white fluorescent lamps” are becoming more difficult 
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to find in stores. Other studies have evaluated different brands of LED 
lights to establish whether they could negatively impact WET tests. These 
studies have been valuable, but additional studies are needed to assess all 
three chronic freshwater WET species responses to LED light. GEI has 
been evaluating the three freshwater species to determine whether LED 
lights could provide the quality that is necessary to maintain consistent 
test results. Studies compared LED light to the cool white fluorescent light 
referenced in the EPA methods to maintain the quality lighting require-
ments for WET tests. The results of the studies will be discussed along 
with new lighting recommendations that are more in-line with the current 
lighting on the market.

2.08.11 The Development of a Short-Term Chronic Toxicity Test 
Using Brine Shrimp
R.B. Naddy, TRE Environmental Strategies; A. Bidlack, TRE 
Environmental Strategies, LLC; D.A. Pillard, TRE Environmental 
Strategies / Environmental Toxicology; G. Belovsky, University of Notre 
Dame; C. Bittner, Utah Division of Water Quality / Utah Environmental 
Quality
The unique hypersaline waters (~120 ppt) for the Great Salt Lake limit 
the species that can inhabit these waters as well as provides challenges 
for mimicking these waters in laboratory settings to evaluate contami-
nant bioavailability. Initial studies presented in a companion paper at this 
meeting (Pillard et al. 2020) will provide examples of the initial chal-
lenges we encountered working with this matrix. Once those challenges 
were resolved, additional acute toxicity studies were performed as well 
as the development of a short-term chronic (STC) toxicity test that could 
be used for whole effluent toxicity testing with the brine shrimp Artemia 
franciscana. The STC test with A. franciscana evaluated food type and 
quantity, test duration, solution volume, renewal frequency, organism 
number, as well as pre-test conditions. A STC test evolved after the initial 
round and was used to test the short-term chronic toxicity of arsenic, cop-
per, lead, and zinc in this hypersaline water. Previous toxicity studies with 
brine shrimp have indicated that survival endpoints were more sensitive, 
however, this seemed to depend on the particular toxicant as survival end-
points seemed to be more sensitive for some materials (e.g., lead), whereas 
growth was much more sensitive for other toxicants (e.g., zinc). Overall, 
the STC test method developed for brine shrimp is similar to other STC 
WET methods and is relatively easy test to perform

2.08.12 Development of a New Standardized Test Using a Marine 
Invertebrate
L.A. Van der Vliet, Environment and Climate Change Canada / Biological 
Assessment and Standardization Section; P.M. Jackman, Environment 
and Climate Change Canada / Atlantic Laboratory for Environmental 
Testing; C. Buday, Environment and Climate Change Canada / 
Pacific Environmental Science Center; L.J. Novak, S.J. Kirkpatrick, 
P.M. Antunes, AquaTox Testing & Consulting Inc.; R.P. Scroggins, 
Environment and Climate Change Canada / Biological Assessment and 
Standardization Section
Rainbow Trout and Daphnia magna have been used to measure acute 
lethality for decades, but in the context of Canadian effluent regulations, 
there is currently no salt water equivalent to these freshwater test species. 
During the 10 year review of the Metal Mining Effluent Regulations, the 
importance of this gap was recognized, as there are some mines in the far 
North which are expected to discharge a saline effluent (mine pit waters, 
considered a treated effluent) into marine waters. To address this gap, the 
Methods Development and Applications Unit of Environment and Climate 
Change Canada began developing standardized test methods for a marine 
fish (the three-spine stickleback, Gasterosteus aculeatus) and a marine 
invertebrate (the copepod, Acartia tonsa). For the stickleback method, 
there was an existing Environment and Climate Change Canada test 
method, which could be used as a starting point for refinement. There was 
experience in both public and private labs with stickleback. In contrast, 
for Acartia tonsa, there was no Canadian method and no lab experience 
with the test species. Like D. magna, the A. tonsa test method is a 48 hour 

acute lethality test where lethality is expressed as a combination of the 
absence of egg hatching success and immobility of young. Challenges 
faced in developing the standardized test method for A. tonsa included 
a lack of Canadian experience in culturing and testing with this species 
and short timelines for method development. During the research and 
inter-laboratory study, we uncovered some technical details that increased 
variability in the test results within and among labs, and which could 
ultimately compromise the reproducibility of the test. Through side-by-
side experiments and conversations with analysts, we were able to address 
these issues through standardization.

2.08.13  A Comparison of Species Sensitivity of Freshwater Species 
Used in Whole Effluent Toxicity Testing
A. Johnson, U.S. Environmental Protection Agency / Toxicology; T. 
Norberg-King, U.S. Environmental Protection Agency ORD NHEERL/
Mid-Continent Ecology Division Laboratory / National Health and 
Environmental Effects Research Laboratory
The USEPA has acute and short-term chronic, freshwater, estuarine and 
marine toxicity test methods for test species that are used for conducting 
water quality assessments on both effluents and receiving waters. Within 
EPA’s effluent toxicity test methods, the procedures are provided so that 
toxicity data generated is representative of the sample(s) assessed and 
the tests produce valid and scientifically defensible data. The freshwater 
methods for acute lethality include three cladoceran species, i.e., Daphnia 
magna, D. pulex, Ceriodaphnia dubia and four fish species, i.e., fathead 
minnow (Pimephales promelas), bannerfish shiner (Cyprinella leedsi), 
rainbow trout (Oncorhynchus mykiss), and brown trout (Salvelinus 
fontinalis). The short-term chronic freshwater methods include only one 
cladoceran (C. dubia), one fish species (P. promelas) and includes a plant 
species (green alga (Raphidocelis subcapitata, formerly Selenastrum 
capricornutum). In an effort to add additional species in the suite of test 
species, effluent test protocols are being developed to include for a mussel 
for acute and short-term chronic tests, a short-term chronic method for the 
cladoceran, Daphnia magna, and at a later date, will include the acute and 
short-term chronic tests using the mayfly, Neocloeon triangulifer. In this 
poster, we present the comparative evaluation of the species sensitivity 
for each of the commonly used species in the effluent program with single 
chemicals along with the species that are being incorporated into test 
protocols for effluents, taking care to assess water chemistry effects and 
various testing variants used for chemical testing. We will also discuss 
the results from side by side tests with mussels using existing methods 
to validate their applicability. Disclaimer: The views expressed in this 
presentation are those of the authors and do not necessarily reflect the 
opinions or policies of USEPA.

2.08.14 Progress Towards the Development and Validation of 
a Proposed Modified WET Test Procedure to Assess Episodic 
Exposures and Gaining Regulatory Acceptance
C. Stransky, Wood Environment & Infrastructure Solutions, Inc. / Aquatic 
Sciences and Toxicology; M. Colvin, G.H. Rosen, N. Hayman, Naval 
Information Warfare Center (NIWC) Pacific / Energy and Environmental 
Sustainability
Many permittees across the nation are required to monitor and comply 
with various water quality objectives for stormwater runoff and other 
episodic (non-continuous) discharges. These requirements generally 
include end-of-pipe monitoring, enforced by National Pollutant Discharge 
Elimination System (NPDES) permits, prior to mixing in the receiving 
water. Regulatory concern with stormwater discharges is associated with 
the Clean Water Act’s goal to prevent discharge of toxics in toxic amounts. 
As a result, the existing EPA whole effluent toxicity (WET) test methods 
developed to assess continuous point source discharges are now being 
applied to episodic discharges as well. A more realistic assessment of 
episodic discharges such as stormwater is desired to provide environmen-
tally-relevant, scientifically-defensible, and conservative results to more 
accurately assess potential for receiving water impacts. This presentation 
will highlight the overall project objectives and current status of a 4-year 
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ESTCP-funded program to test and validate a proposed modification of 
current WET test methods to incorporate a pulsed exposure duration that 
includes a post-exposure evaluation of latent effects. The ultimate goal 
of the program will be the publication of a vetted method and striving for 
regulatory acceptance to use the modified method for routine compliance 
monitoring where applicable. Plans are currently in progress to conduct a 
nation-wide intercalibration study including over a dozen laboratories in 
the U.S. and Canada. The proposed path, hurdles, and progress towards 
regulatory acceptance will be highlighted as well.

2.08.15 Validation of Pulsed Exposure Toxicity Methods at San 
Diego Regional Naval Bases
M. Colvin, G.H. Rosen, Naval Information Warfare Center Pacific 
/ Energy and Environmental Sustainability; C. Stransky, Wood 
Environment & Infrastructure Solutions, Inc. / Aquatic Sciences and 
Toxicology; N. Hayman, Naval Information Warfare Center Pacific 
/ Energy and Environmental Sustainability; J. VanVoorhis, Wood 
Environment & Infrastructure Solutions, Inc. / Toxicology; K. Kowal, 
San Diego State University Research Foundation; J.M. Guerrero, 
Space and Naval Warfare Systems Command / Energy & Environmental 
Sustainability Branch
Episodic discharges (i.e. stormwater) require environmentally-relevant, 
scientifically-defensible, and conservative toxicity test designs to assess 
potential for receiving water impacts. Permittees in industrialized areas 
are required to conduct 96-h (or longer) toxicity tests on stormwater 
collected at end-of-pipe associated with events that are generally less 
than 24-h. This project is evaluating alternative toxicity test designs for 
episodic exposures that would require minimal modification to standard 
methods, yet increase realism towards protection of beneficial uses from 
episodic discharges. The pulsed exposure methodology was validated 
to ensure that it is indeed representative of actual site conditions during 
runoff events. This was performed through end-of-pipe monitoring of 
stormwater discharge samples coupled with concurrent in situ toxicity 
testing at select locations. SEA Rings were used for exposing the same 
species as the laboratory exposures and house water quality loggers for 
characterization of the stormwater runoff. In situ efforts were performed 
at San Diego Regional Naval Bases during two storm events. Three SEA 
Rings were deployed at two targeted sites at 3 depths including near 
surface. For laboratory exposures, receiving water samples were collected 
prior to the storm for use as renewal water for the respective stormwater 
samples. Receiving water was also collected during the storm concurrent 
to and immediately adjacent to where stormwater samples were collected 
for side-by-side testing. All samples were tested for toxicity using the 
mysid (Americamysis bahia) acute survival test and the chronic sea urchin 
(Strongylocentrotus purpuratus) embryo-larval development test. All 
samples were tested (25, 50, and 100%) using a series of pulsed exposures 
equal to 6, 12, and 26-hr, in addition to a standard 96-hr static-renewal 
exposure. Following pulsed exposures, organisms were transferred to 
receiving water for the remainder of the 96-h exposure period. Results 
from the in situ testing showed that toxicity in the immediate receiving 
water was less than or equal to that observed using all of the different 
pulsed exposure durations. Toxicity was also generally greatest in the 
96-hr end-of-pipe exposure indicating an overprotective assessment using 
this standard approach. These results indicate that the pulsed exposure 
method provides a more accurate assessment of potential impacts and was 
shown in this study to still be conservative in relation to effects that may 
be encountered in adjacent receiving waters due to end-of-pipe runoff. 
This ESTCP & NESDI funded project was introduced at SETAC in 2017 
and this presentation will summarize results to date and future plans to 
assess proposed WET test modifications within NPDES requirements for 
episodic discharges.

2.08.16 Pulse Exposure Monitoring Method for Assessing Toxicity 
of Stormwater Contaminants: Case Studies with Copper and Zinc 
Exposures to Ceriodaphnia dubia and Hyalella azteca
H. Karic, Loyola University Chicago; M. Colvin, G.H. Rosen, Naval 
Information Warfare Center Pacific / Energy and Environmental 
Sustainability; J. VanVoorhis, Wood Environment & Infrastructure 
Solutions, Inc. / Toxicology; C. Stransky, Wood Environment & 
Infrastructure Solutions, Inc. / Aquatic Sciences and Toxicology; T. 
Hoang, Loyola University Chicago
Aquatic organisms are often exposed to contaminants like heavy metals 
from stormwater discharges and runoff for various durations, depending 
on the duration of rainfall. Therefore, research using standardized con-
tinuous exposure methods developed for whole effluent toxicity (WET) 
might not accurately convey the effect of stormwater and runoff contami-
nants. The present study characterized the acute toxicity of copper (Cu) 
and zinc (Zn) to Ceriodaphnia dubia and Hyalella azteca using a pulse 
exposure with post exposure monitoring period. Based on analysis of 
rainfall intensity and frequency in the U.S. over the past 20 years, 6 h, 12 
h, 26 h, and 96 h were chosen as the pulse durations given their relevance 
to runoff and stormwater exposure. Less than 24-h-old C. dubia and 
7-d-old H. azteca were exposed to laboratory water spiked with Cu or Zn 
using 6, 12, 26, or 96 h pulse durations under standard laboratory condi-
tions. Except for the 96 h exposure, surviving organisms at the end of the 
shorter pulses were transferred to clean water and monitored for mortal-
ity to 96 h post-initiation of the exposure. Lethal median concentrations 
(LC50s) were determined based on mortality of the organisms both at the 
end of each pulse and the full 96 h test period. In general, acute toxicity 
increased with increasing pulse duration. For example, with C. dubia, 
the LC50 for end pulse mortality decreased, following a power function, 
from 44.8 to 23.5 µg/L Cu for 6 h and 96 h pulses and 752 to 158 µg/L Zn 
for 12 h and 96 h pulses, respectively. The differences were even more 
pronounced for H. azteca. The end pulse LC50 decreased from 4,828 
to 48 ug/L Cu and 24,274 to 465 ug/L Zn for the 6 h and 96 h pulses, 
respectively. Surviving C. dubia from metal exposed treatments were 
visually smaller and had lower reproduction than those in the control. 
Interestingly, mortality continued to increase post-metal exposure after 
the organisms were transferred to clean water. LC50s based on survival 
immediately after a pulsed exposure were up to 10 times greater than 
LC50s for the same test extended to 96-hr. These results indicate a latent 
effect of Cu and Zn to C. dubia and H. azteca. This study revealed that 
continuous exposures without post-exposure assessment might underesti-
mate the toxicity of contaminants, especially from runoff and stormwater 
discharges. However, using the 48 h or 96 h continuous exposure WET 
method would also overestimate the effects of stormwater and runoff 
contaminants. The proposed pulsed exposure design provides a comprise 
that is a more realistic than current WET methods to assess impacts from 
episodic events and also accounts for potential latent effects which may be 
detrimental and missed without a post-exposure observation period.

2.08.17  Evaluation of Sodium Bisulfite for Contribution to Chronic 
Toxicity of the Water Flea, Ceriodaphnia dubia
P. Arth, A. Cibor, E. Green, K.M. Payne, Enthalpy Analytical / Aquatic 
Toxicology
Chlorine is one of the most ubiquitous wastewater treatment disinfectants 
in use today. Although chlorine protects humans from pathogens in water, 
release of chlorinated water into the receiving environment can have 
adverse effects to sensitive aquatic life. There are regulations are in effect 
to mandate removal of chlorine prior to effluent discharge, and several 
methods for dechlorination are readily available. Sodium bisulfite (SBS) 
is a commonly used chemical reducing agent for neutralization of chlorine 
in water. As wastewater treatment plants opt to recycle more water, or as 
flows change based on input (seasonal or otherwise), consistent moni-
toring and adjustment of SBS dosage is necessary. An excess of SBS 
present in the final effluent discharge has the potential to deplete dissolved 
oxygen and alter the pH of the receiving environment. In our work with 
wastewater treatment plants, we were also able to link SBS to observed 
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reproductive effects in the water flea, (Ceriodaphnia dubia), a common 
freshwater species used for NPDES permit monitoring. A series of SBS 
spiking studies were undertaken to establish NOEC and EC50 values 
for water flea survival and reproduction, and a Toxicity Identification 
Evaluation (TIE) study was also able to identify a treatment that suc-
cessfully removed the toxicity. Upon successful identification of SBS as 
a potential constituent of concern for the water flea, SBS spiking studies 
were also conducted with the green alga (Selenastrum capricornutum) 
and fathead minnow (Pimephales promelas) to establish threshold limits 
for all three principal freshwater chronic toxicity monitoring species.

2.08.18  Novel Approach to Comply With Site-Specific Whole 
Effluent Toxicity Limits Using Bioassessment Data
T.K. Linton, C.G. Delos, D.O. McIntyre, Great Lakes Environmental 
Center; R.J. Reash, Reash Environmental Consulting
When water quality-based effluent limits (WQBELs) contained in 
National Pollutant Discharge Elimination System (NPDES) permits 
include chemical-specific concentrations lower than what dischargers can 
achieve with existing technology, water quality managers can opt to pur-
sue site-specific studies that evaluate options for compliance other than 
treatment. The USEPA has published three methods for developing site-
specific criteria for specific chemicals, but to-date there is no guidance on 
how to modify a whole effluent toxicity (WET) limit. The concept of site-
specific WET limits to achieve appropriate levels of protection for aquatic 
life and other designated uses at a site is novel, and requires development 
of a justifiable approach. This presentation includes the development and 
evaluation of an approach for deriving site-specific modifications to WET 
limits. The approach (safe exposure assessment) consisted of a two-step 
process: (1) determine if the biological community is negatively affected 
by the effluent discharge; and (2) if step 1 indicates no in-stream effects, 
use the existing WET data to determine the number of WET excursions 
that can occur over a three year period. In this presentation, we provide 
the relevant background and scientific information necessary to imple-
ment the approach, as well as a description of the methods used to apply 
the approach, and example results that can be used for future develop-
ment of site-specific permit modifications for WET. The novel approach 
is exemplified using case examples. In one case example, a review of 
the bioassessment data indicated the effluent discharges did not cause 
incremental impairment (there were existing impairments due to legacy 
acid mine degradation) to the biological community downstream of the 
outfalls, so the second step was undertaken. The results of the analyses 
of the historical WET data indicated that a WET limit of 1 acute toxic 
unit (TUa) could be exceeded 22 times over a three-year period (based 
on monthly samples), for four outfalls whose WET data were combined 
for the analysis. Other case examples will be explored and presented. The 
presentation introduces a plausible approach to modify a discharger’s 
WET limit based on site-specific conditions. EPA policy allows site-
specific modification of water quality criteria, including duration and 
frequency, but has not published such procedures for WET or for duration 
and frequency.

2.08.19  Evaluation of Elevated Nitrogen on Freshwater Mussel 
(Bivalvia: Unionidae) Recruitment in the Buffalo National River
A.M. Pieri, Arkansas State University / Biology; J.L. Bouldin, Arkansas 
State University / Biological Sciences; J.A. Steevens, J.L. Kunz, U.S. 
Geological Survey / Columbia Environmental Research Center; J.L. 
Harris, Arkansas State University / Biological Sciences; S. Hodges, A. 
Rodman, National Park Service / Buffalo National River
The Buffalo National River was established as the first national river in 
1972 as a free-flowing Extraordinary Resource Water and Natural and 
Scenic Waterway. In 2012, the Arkansas Department of Environmental 
Quality approved the general permit of a 6,500-head swine concentrated 
animal feeding operation less than 10 km from the confluence of Big 
Creek and the Buffalo National River. This project seeks to address the 
potential threat of elevated nutrients and its association with freshwater 
mussel declines. Laboratory assays have demonstrated that juvenile 

mussels are sensitive to un-ionized ammonia and nitrates; however, in 
situ experiments bridge the gap between statistical biological endpoints 
measured in the laboratory and real-world effects due to exposure. The 
goals of this study are: (1) assess the concentration of nitrogen and its role 
in the recruitment of juvenile mussels using a common species (Lampsilis 
reeveiana) in a caged experiment; (2) compare the toxicity of field-col-
lected water samples to three aquatic bioassay organisms. Results of the 
sediment and aqueous toxicity bioassays have shown varying survival at 
different locations along the river. The survival of Pimephales promelas 
was significantly reduced at Kyle’s Landing site. In addition, L. reeveiana 
showed significant reductions in survival at the Margaret White Springs 
site. The results of this study will support the Buffalo National River’s 
long-term watershed management and the conservation of its resident 
mussel populations by identifying reaches most influential to the survival 
of these sensitive organisms.

2.08.20 Effectively Pivoting from In-Person to Virtual Laboratory 
Audits, Managing through the Global Pandemic
W.L. Goodfellow, K.J. Kulacki, Exponent / Ecological and Biological 
Sciences; W.E. Garrett, Jr., J.B. Ponstein, Alabama Power / 
Environmental Affairs - Compliance Studies
Laboratory audits have long been a tool for effectively managing NPDES 
compliance activities. Audits allow permit holders to evaluate laboratory 
operations, develop an understanding of laboratory performance, quality 
assurance, data management and documentation, and determine how 
these factors might influence compliance. Audits initiated by dischargers 
also allow the opportunity to better understand how they can assist the 
laboratory and improve overall efficiency, including better communica-
tion and management of sampling logistics. One of the impacts of the 
global pandemic, the opportunity to perform in-person laboratory audits, 
has been severely impacted due to temporary closures of businesses, 
shelter in place/work from home requirements, and restriction of travel. 
However, wastewater discharges are still occurring and the resulting 
regulatory compliance requirements remain an essential business activity. 
To effectively meet these business challenges, a virtual laboratory audit 
process was developed to evaluate laboratory operations and continue 
providing meaningful communication between the discharger and the 
laboratory. The audits were performed using a multi-phased approach 
including 1) requesting and obtaining laboratory standard operating 
procedure documentation, training records, log book records, and other 
quality assurance documentation prior to the virtual audit, 2) develop-
ment of a virtual audit checklist to be used during the audit, 3) request 
of pictures or video of laboratory activities, and 4) a conference call 
with laboratory staff to perform the virtual audit. One benefit of this 
approach was that considerable review was able to be performed by the 
team prior to the audit, making the conference call very focused. Another 
(unanticipated) benefit was that considerably more representatives of the 
discharger’s staff could be involved, allowing an opportunity to further 
educate staff on compliance activities and achieve better understanding of 
laboratory operations. Through the use of case studies, this presentation 
will provide the virtual audit strategy used and how it can be an effective 
opportunity for enhanced regulatory compliance activities.
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9. General Aquatic Toxicology, Ecology and  
Stress Response
2.09.01  Bioaccumulation of Chlorpyrifos in Freshwater Amphipods, 
Hyalella azteca
D. Johanif, University of Massachusetts, Boston / School for the 
Environment; K.M. Major, Oregon Department of Environmental Quality 
/ Water Quality Standards; K.E. Huff Hartz, M.J. Lydy, Southern Illinois 
University, Carbondale / Center for Fisheries, Aquaculture and Aquatic 
Sciences, and Department of Zoology; D.P. Weston, University of 
California / Department of Integrative Biology; R.E. Connon, University 
of California, Davis / School of Veterinary Medicine Anatomy, Physiology 
and Cell Biology; H.C. Poynton, University of Massachusetts, Boston / 
School for the Environment
Hyalella azteca is a freshwater invertebrate and a model species for 
ecotoxicology with broad distribution in North America. Because H. 
azteca are not the primary target of insecticides and are exposed primar-
ily through run-off, they play an important role as a non-target species 
in toxicity assessments and evolutionary toxicology. Several populations 
of H. azteca have been identified as resistant to insecticides commonly 
used in agriculture and residential areas including the organophosphate 
insecticide, chlorpyrifos. Due to the prevalence of chlorpyrifos and other 
organophosphate insecticides, populations of H. azteca have acquired 
resistance to these insecticides, with up to 1000-fold increased tolerance. 
A single amino acid substitution in the target site gene acetylcholinester-
ase (ace-1) has been identified to correlate with chlorpyrifos resistance 
in H. azteca populations from California. Widespread presence of this 
resistant mutation across species groups strongly suggests multiple 
independent origins of resistance.We hypothesize that resistant H. azteca 
populations allow for elevated bioconcentration of organophosphate 
insecticides in these amphipods. Furthermore, as an important prey 
species for many native, local fish in California, the bioconcentration of 
contaminants in resistant H. azteca may reduce the overall quality of food 
for critical fish populations already affected by climate change. To better 
characterize the toxicokinetics of chlorpyrifos bioconcentration in resis-
tant and nonresistant H. azteca, we focus on acute exposures to estimate 
uptake, elimination, and biotransformation levels with 14C-chlorpyrifos 
at different concentrations in different relevant environmental settings 
reflective of future climate change scenarios. This research is designed to 
fill in critical knowledge gaps on how non-target species are affected by 
agrochemicals amongst increasing climate change issues.

2.09.02  Selection Preference in Hyalella azteca: Development of a 
Behavioral Assay for Ecotoxicology
K. Deloe, P. Mehta, A. Monserrate, Pennsylvania State University / Dept. 
of Biology; L.E. Beaty, Pennsylvania State University - Erie / Biology; 
A.M. Simpson, Penn State Erie, The Behrend College / Biology; S. Nutile, 
Penn State, Behrend / Biology
Sublethal effects associated with pollutants are often overlooked in 
ecotoxicology yet have significant environmental implications. In com-
parison to lethality, study of sublethal effects, such as behavioral changes, 
can provide insight into toxicology effects that occur below lethal 
concentrations but result in lethality through indirect means. Despite the 
importance of behavioral effects of toxicants, few reliable assays exist 
for evaluating behavioral endpoints, particularly in aquatic invertebrate 
species. The objective of this study was to determine if Hyalella azteca 
exhibit preferential selection to substrates as an estimate of this species’ 
behavioral response to contaminants. By designing a two-choice test 
chamber, avoidance and preferential selection behaviors were tracked, 
observed, and measured. Individual H. azteca were given a choice 
between field-collected sediment and sand. They were then monitored 
for 10 minutes. Experiments with individuals were repeated twice to 
determine intraindividual variation. The results show that H. azteca 
significantly exhibit selection preference behavior of sediment substrate, 
but a bias for one side of the experimental chamber was observed during 

initial trials, which is being explored in current experimentation. Despite 
this side bias, H. azteca demonstrate a clear preference for field collected 
sediment over sand, suggesting this assay serves as a viable means to 
explore sublethal behavioral effects of toxicants. Establishing a viable 
behavioral assay lends future opportunity to make determinations on 
H. azteca environmental preference and how contamination alters these 
preferences. Behavioral changes caused by substances ranging from 
pharmaceuticals to industrial contaminants can be studied using this 
experimental design, allowing for a more realistic view of the impact of 
pollution on the environment. The design of this study has the potential 
to progress ecotoxicology in that the focus is not strictly on lethality, but 
rather a more encompassing ecological approach.

2.09.03 Copy Number Variation of Mutated Ace-1 Gene Involved in 
Pesticide Resistance in Hyalella azteca
D. Johanif, University of Massachusetts, Boston / School for the 
Environment; K.M. Major, Oregon Department of Environmental 
Quality / Water Quality Standards; D.P. Weston, University of 
California / Department of Integrative Biology; V. Deery, University of 
Massachusetts, Boston / School for the Environment
Conserved genes are generally maintained in the same number of 
copies as the ploidy of an organism. However, if gene duplication 
provides a selective advantage, it may become common in a population. 
Acetylcholinesterase in insects are targeted by organophosphate pesti-
cides (OPs), causing death through neurotoxicity. However, populations 
of Hyalella azteca, a crustacean used for sediment toxicity testing, have 
evolved resistance to OPs, due to point mutations in the acetylcholinester-
ase gene (ace-1). Our hypothesis is that populations duplicated their ace-1 
gene, developed a mutation in one copy, but also preserved a wild-type 
copy. The mutated ace-1 genes can provide resistance to OPs present and 
the wild-type gene preserves full functionality in the absence of OPs. To 
test for gene duplication, we examined copy number variation (CNV) in 
multiple populations of H. azteca from California with and without resis-
tance to OP insecticides. Two conserved reference genes, Ran Binding 
Domain and Uracil Phosphoribosyltransferase, were identified as single 
copy according to a Benchmarking Universal Single-Copy Ortholog 
(BUSCO) list. Using quantitative PCR, different populations of H. azteca 
were tested to confirm single copies of both reference genes. Within the 
same individuals, we expect to relate proportionally the amount of an 
acetylcholinesterase activity assay with CNV of the ace-1 gene deter-
mined by quantitative PCR ace-1 copy number result. Confirming ace-1 
gene duplication in H. azteca will give insight into the role of evolutionary 
biology for risk assessments and sediment toxicity.

2.09.04 Identifying Genes Driving Sexual Determination and 
Gonadal Development in the Mummichog (Fundulus heteroclitus)
C.B. Sing-Judge, A. Lister, Wilfrid Laurier University / Department of 
Biology; G.J. Van Der Kraak, University of Guelph / Intergative Biology; 
D. MacLatchy, Wilfrid Laurier University / Biology
Sexual fate in fishes is a plastic response that is susceptible to perturba-
tion by both endogenous and exogenous hormones. Sexual determination 
(SD) is controlled by a delicate balance of various genes including double 
sex and Mab-3 related transcription factor 1 (dmrt1), anti-Müllerian 
hormone (amh) and cytochrome P450 family 19 subfamily A member 
1 (cyp19a1). Many teleosts have shown altered expression patterns of 
these genes during exposure to endocrine disrupting compounds (EDCs) 
that can affect gonadal differentiation (GD) regardless of genetic sex. 
An early-life stage bioassay (ELSB) is being developed in the estuarine 
mummichog (Fundulus heteroclitus) to test EDC effects on development 
and growth. The genes controlling SD and GD in the mummichog are 
currently unknown. To address this, the genes supporting natural SD and 
GD processes in the mummichog are being investigated. Utilizing a new 
protocol to generate large cohorts of fertilized eggs, sample sizes for each 
treatment can be standardized and hatching times manipulated to attain 
similarly aged fry, less than one day in age apart. Within 24 h of hatch, 
fish will be randomly allocated into 4L flow through tanks and sampled 
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weekly from one to four weeks of age to obtain samples before, during 
and after GD. At sampling, fish will be euthanized and cut transversely 
in the center of the abdomen, with the anterior half preserved in 10% 
buffered formalin for temporal histological assessment of gonad develop-
ment and the remaining gonad will be excised from the posterior half 
for gene expression analysis using real-time PCR. Mummichog-specific 
primers have been developed and optimized in adult mummichog gonadal 
tissue for genes implicated in SD and GD in other common teleosts. 
These genes, including dmrt1, amh and cyp19a1, will now be quantified 
in developing mummichog to characterize their expression during SD 
and GD. Once critical genes have been identified, they can be included in 
the ELSB to support mechanistic EDC studies. The results of this study 
will strengthen our knowledge of mummichog SD and GD mechanisms, 
as well as further our understanding of sexual development in fish. The 
knowledge obtained from these studies will incorporate reproductive, 
developmental and growth endpoints to assist in developing the mummi-
chog ELSB as an alternative environmental testing method.

2.09.05 Ziram as an Investigative Probe to Assess Skeletal 
Abnormalities Across an Isogenic Population of Medaka Fish 
(Oryzias latipes)
M. Gronske, North Carolina State University; A.T. Watson, North 
Carolina State University / Biological Sciences; S.W. Kullman, North 
Carolina State University / Toxicology Program
Zinc dimethyldithiocarbamate (Ziram) is a broad-spectrum fungicide that 
has been linked to an array of neurotoxic effects. Introduced to the United 
States in the 1960s, it is still widely used in agriculture today. Recent 
research has shed more light on the developmental impacts of Ziram. A 
previous study in our lab exposing wild type medaka fish embryos to 
low concentrations (2.5 µM) of Ziram produced an abnormal phenotype 
including a wavy notochord. Further, we demonstrated that Ziram causes 
downregulation of the rab32a gene, which plays an important role in 
normal notochord vacuolization and development. In this study we used 
Ziram as a probe to conduct a preliminary G x E screen of the medaka 
Kiyosu panel, an isogenic population of medaka fish consisting of over 
100 genetically distinct lines, similar to that of the Mouse Collaborative 
Cross (MCC) and the Drosophila Reference Genome Panel (DRGP). Since 
developmental exposure to Ziram produces a grossly observable pheno-
type, it served as an obvious choice to investigate differential sensitivities 
to mortality and skeletal abnormalities across the panel. Our preliminary 
results using only five of the medaka lines indicate that sensitivity to 
Ziram differs between genetic lines, which may be due to intrinsic differ-
ences in the rab32a gene.

2.09.06 Environmentally Relevant Concentrations of 
Psychopharmaceuticals (SNRIs) Attenuates Neurogenesis and 
Disrupts Larval Behavior in Zebrafish
S. Nash, Texas Tech University / Environmental Toxicology; J. Crago, 
Texas Tech University / Department of Environmental Toxicology The 
Institute of Environmental and Human Health TIEHH
Venlafaxine and Citalopram are widely prescribed antidepressants that 
are selective serotonin and norepinephrine reuptake inhibitors (SNRI). 
Both parent compounds and their active metabolites (o-desmethylven-
lafaxine and n-desmethylcitalopram) are found in aquatic environments 
around the United States ranging from 1ng/L to 500ng/L. Although they 
occur in the environment at lower concentrations, they may be more 
bioactive. There are a number of studies that have shown the impacts of 
the parent compounds on juvenile fish behavior and morphology, but little 
information is known about the impacts of their active metabolites at 
environmentally relevant concentrations. Here, we will test the hypoth-
esis that o-desmethylvenlafaxine and n-desmethylcitalopram disrupt 
molecular responses responsible for serotonin reuptake and developmen-
tal programming using Zebrafish (Danio rerio). In this study, we will 
analyze Zebrafish behavior and morphology post-exposure to Venlafaxine 
and Citalopram as well as their metabolites, o-desmethylvenlafaxine and 
n-desmethycitalopram, at various concentrations. Through qPCR we will 

analyze the mRNA expressions of several genes within the serotonin 
pathway such as HTR3B, TPH, HIAA, and SLCXXX in Zebrafish. We 
plan to measure serotonin concentrations in Zebrafish larvae as well. 
Our goal of this study is to map the potential mechanisms and signaling 
pathways of these active metabolites. To the best of our knowledge, this 
study reports the first findings on the impacts of o-desmethyvenlafaxine 
and n-desmethycitalopram in Zebrafish.

2.09.07  Antimicrobial Residues and Developmental Neurotoxicity: 
Study on Autism Spectrum Disorder and Exposure to Antimicrobial 
Water Contamination
S. Epstein, Harvard University / Human Evolutionary Biology 
Department; N. Cavanaugh, S. Chan, A. Chaumette, Harvard University; 
T. Natterson, Crossroads School; S. Ogunnowo, Harvard University; 
T. Shivkumar, Brentwood School; I. Singh, Harvard University; J. 
Yang, Trinity College; A. Linde, Kansas State University; B. Natterson-
Horowitz, Harvard and UCLA / Medicine-Cardiology
Environmental factors are believed to play a significant role in rising rates 
of autism spectrum disorder (ASD) over the past decades. An association 
has been found between gestational exposure to agricultural pesticides 
and ASD, so avoidance of these chemicals is recommended during preg-
nancy. Environmental antimicrobial residues (EARs) represent another 
group of contaminants present in these rural communities. However, 
EARs have received limited attention as a contributing factor in ASD. 
Antimicrobials have the capacity to alter the enteric microbiome and 
influence neurodevelopment. For example, antibiotic-induced alteration 
in murine microbiota is associated with neurodevelopmental abnormali-
ties and altered behavioral phenotypes. The enteric microbiota influences 
the growing brain through communication with the brain’s microglial 
cells, which shape neurodevelopment through selective synaptic pruning, 
myelinization, and more. Antibiotic consumption in human pregnancy is 
associated with an increased risk of neurodevelopmental disorders. What 
remains unknown is whether incidental exposure to EARs during preg-
nancy and other vulnerable periods of brain development, alters enteric 
microbiota and consequently neurodevelopment. We theorize that ASD 
rates are higher in areas with significant antimicrobial water contamina-
tion, and plan to carry out an ecologic study to explore this further. Using 
data from University Centers for Excellence in Developmental Disabilities 
Education, Research & Service as well as departments of developmental 
services, rates of ASD in communities with versus without industrial 
scale animal farming exposures will be analyzed (since the majority of 
antibiotics is used by this industry). Available published data of measured 
concentrations of EARs and ASD data will furthermore be integrated into 
a geographic information system (GIS) tool to assess trends that would 
suggest linkage between neurodevelopmental disorder and exposure to 
EARs during gestation and post-natal neurodevelopment. In summary, 
this study highlights the range of: 1) agricultural chemicals with poten-
tial neurodevelopmental toxicities, 2) adverse human health effects of 
widespread antimicrobial usage, and 3) potential environmental factors 
influencing rising rates of ASD and other neurodevelopmental disorders 
in human populations.

2.09.08  Assessing Effects of 17 α-Ethynylestradiol (EE2) on the 
Mortality, Growth, and Reproduction of a Freshwater Gastropod
M. Subba, M.J. Keough, The University of Melbourne / School of 
Biosciences; C. Kellar, AQUEST RMIT University; V.J. Pettigrove, RMIT 
University / Sciences
Estrogens (natural and synthetic hormones) are reportedly released by 
wastewater treatment plants (WWTPs) in the water bodies. Although 
present in very low concentration (ng/L), they are considered sufficient 
to produce endocrine-disrupting effects in aquatic species (e.g. fish). 
Synthetic estrogen, 17 α-ethynylestradiol (EE2) is an active ingredient in 
contraceptive birth control pills. This research investigated the effect of 
environmentally relevant concentrations (ERCs) of EE2 on the freshwater 
mudsnail Potamopyrgus antipodarum. Adult snails (shell length, 3.5 - 4 
mm) were exposed to EE2 (0, 5, 25 and 100 ng/L) for 28-d. Endpoints 
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included: survival, growth and reproduction (shelled and unshelled 
embryos). The key findings of this study were: i. the EE2 exposure had 
no significant effect on the growth and mortality of the snails, and ii. 
the EE2 exposure affected the reproduction output of snails. 25 ng/L of 
EE2 caused a decline in shelled embryos (mean ± standard error, 1.483 ± 
0.328) and total embryos (mean ± standard error, 5.316 ± 0.433) while 100 
ng/L of EE2 increased the number of unshelled embryos (mean ± stan-
dard error, 5.580 ± 0.653) and total embryos (mean ± standard error, 7.750 
± 0.980). Little to no impact on the growth and survival of snails indicates 
their tolerance to ERCs of EE2, and potential to survive these concentra-
tions in the aquatic environment. The EE2 affected reproductive output 
in P. antipodarum indicating its potential to show an effect from ERCs of 
estrogenic compounds on other freshwater mollusc species. However, our 
results show a paradoxical response, i.e. showing both suppression and 
boost in reproduction, depending on the concentration of the estrogen. 
This makes it difficult to predict ecologically relevant effects from ERCs 
of EE2 on the mollusc population in the aquatic ecosystems.

2.09.09  Antimicrobial Residues and Neurotoxicity: Study on 
Affective Disorders Rates in Communities with Dissimilar 
Antimicrobial Water Contamination
I. Singh, N. Cavanaugh, S. Chan, A. Chaumette, Harvard University; S. 
Epstein, Harvard University / Human Evolutionary Biology Department; 
T. Natterson, Crossroads School; S. Ogunnowo, Harvard University; 
T. Shivkumar, Brentwood School; J. Yang, Trinity College; A. Linde, 
Kansas State University; B. Natterson-Horowitz, Harvard and UCLA / 
Medicine-Cardiology
Environmental factors may contribute to rising rates of anxiety and 
depression among adolescents and young adults. It is unknown whether 
exposure to environmental antimicrobial residues (EARs) plays a role in 
these disturbing trends. Ingestion of antimicrobials during pregnancy and 
early life has been associated with increased risk of psychiatric disorders 
in offspring. However, the impact of incidental exposure to EARs on 
human neurodevelopment and vulnerability to psychopathology has not 
been explored in detail. Emerging research links brain development to 
communication between an animal’s enteric microflora and microglial 
cells in the brain that direct myelinization and some synaptic pruning. 
The murine gut microbiome is sensitive to alteration by antimicrobials, 
which may result in behavioral phenotypes characterized by enhanced 
anxiety. However, an information gap exists with respect to the impact 
of EAR exposure on human enteric microbiome and neurodevelopment. 
Large quantities of antibiotics are used in industrial animal agricul-
ture, leading to significant EAR contamination in local communities. 
Consequently, we surmise that affective disorder rates may be increased 
in areas with high antimicrobial water contamination levels. We will 
conduct an ecologic study comparing rates of affective disorders in areas 
with versus without industrial animal agriculture with respect to anti-
microbial water contamination levels. We plan to collect information on 
water contamination levels from database searches as well as published 
reports. Information on regional affective disorders rates will be obtained 
from published studies and data from health agencies. Additionally, we 
plan to integrate findings in a geographic information system (GIS) tool 
to evaluate population level trends across the different areas. Identifying 
possible new linkages between EARs in water and psychopathology will 
add important insights to the range of health implications associated with 
widespread use of antibiotics. This study may offer new insights into: 1) 
potential neurodevelopmental toxicities of environmental antibiotics, 2) a 
deeper understanding of the impact of antimicrobials on vulnerabilities to 
mental illness, and 3) exposure of previously underappreciated environ-
mental factors impacting rising rates of affective disorders in human 
populations.

2.09.10  Mosquitofish, Gambusia affinis, as a Model for Endocrine 
Disruption: The Impacts of Arsenic Exposure on Growth and 
Reproductive Development
R.J. Smith, Makah Tribe / Environmental Division; K.M. Kollus, Northern 
Arizona University / Department of Biological Sciences; C.R. Propper, 
Northern Arizona University / Biological Sciences Department
The metalloid, arsenic (As), is known to cause various detrimental health 
problems including cancer, non-cancer illnesses, and endocrine disrup-
tion. At low environmentally relevant levels, arsenic has been shown to 
act as an endocrine disrupting compound (EDC) that has been linked 
to alterations in various male reproductive genetic signaling pathways, 
hormonal profiles, and subsequently, secondary sex characteristics. In 
the U.S., As has a regulatory limit of 10 ppb. In Arizona, surface waters 
and groundwaters have naturally elevated levels of arsenic from geologic 
deposits and contamination is exacerbated by anthropogenic activity 
such as mining. In aquatic environments, Gambusia affinis have been 
suggested to be a good bioindicator species of EDCs because of the 
distinct androgen-related development of an intermittent organ in males. 
To evaluate As impacts to mosquitofish reproductive and developmental 
endpoints, two studies were conducted. In the field study, adult male 
mosquitofish were collected in Arizona waterways with averaged low, 
medium, and high levels of arsenic. In the laboratory experiment, juvenile 
male mosquitofish were exposed to sodium arsenite (0 ppb, 0.75 ppb, 7.5 
ppb, and 75 ppb) for 30 days. In both studies, higher As exposure was 
significantly associated with lower heptao-somatic indices, altered fish 
shape, shortened gonopodia, and lowered gonopodia-somatic indices. In 
the field experiment, population level differentiation in biomarkers were 
correlated with high As levels; fish exhibited lower condition factors, 
lower gonadal-somatic indices, distinct gonopodia shapes, and altered 
gene expression for estrogen receptor alpha and vitellogenin, but not for 
expression of androgen receptors. Results suggest that arsenic exposure 
at environmentally relevant levels affects general growth and reproduc-
tive development in mosquitofish. Although observed effects may further 
impact individual health, mobility, or reproductive function, G. affinis is 
a species known to tolerate and adapt to a wide range of environments 
proving to be a useful local bioindicator species and a model organism in 
laboratory studies.

2.09.11  Antimicrobial Residues and Wildlife Behavior: Potential 
Relevance for Human Psychopathology
S. Ogunnowo, N. Cavanaugh, S. Chan, A. Chaumette, Harvard 
University; S. Epstein, Harvard University / Human Evolutionary Biology 
Department; T. Natterson, Crossroads School; T. Shivkumar, Brentwood 
School; I. Singh, Harvard University; J. Yang, Trinity College; A. Linde, 
Kansas State University; B. Natterson-Horowitz, Harvard and UCLA / 
Medicine-Cardiology
Environmental contamination with antimicrobials in soil and waterways 
constitutes a significant public health problem as it drives drug resis-
tances and may disrupt the microbiota of multiple species. Emerging 
research has exposed the central role of the enteric microbiome in shap-
ing the developing brain through microglial directed selective synaptic 
pruning, myelinization and other effects. We surmise that through this 
mechanism, environmental antimicrobial residues (EARs) may be alter-
ing human brain development and play a role in rising rates of mental 
illness. Wildlife behavior is a reflection of animal brain function and 
observational studies on altered behavior can be a proxy for neurotoxicity 
consequent to environmental exposures. Altered wildlife behavior can 
serve as a sentinel for environmental exposures with potential human 
neurotoxicity. We plan to conduct an ecologic study to compare behav-
ioral changes reported in aquatic wildlife over time among geographical 
areas with and without significant levels of water contamination with 
antimicrobials. Environmental antibiotics expectedly decrease microbi-
ome diversity in aquatic wildlife. Our hypothesis is that aquatic wildlife 
inhabiting antimicrobial-contaminated waters exhibit altered behavior 
trends indicative of neuropathology. We plan to collect information on 
behavioral abnormalities in aquatic wildlife from published studies and 
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interviews with experts. Information on antimicrobial contamination of 
water will be obtained through published reports and database searches 
on water contamination. This study is relevant to both wildlife and human 
populations as both: 1) are increasingly exposed to environmental anti-
microbial residue and 2) have demonstrated altered biobehavioral profiles 
over the past decades. This project is designed in context of a broader 
species-spanning approach seeking to highlight shared vulnerabilities 
between humans and other animals. This may shed light on adverse 
impacts of environmental antimicrobials on mental health outcomes. 
Emission of antimicrobial-containing waste into the environment may 
constitute a significant hazard to human mental health. Altered aquatic 
wildlife behavior can direct our attention to environmental factors that 
contribute to human psychopathology.

2.09.12 Utilizing In Vitro, In Vivo, and In Situ-Based Assays to 
Evaluate the Estrogenicity of the Santa Ana River, an Effluent-
Dominated River in California, USA
J.T. Magnuson, G. Harraka, University of California, Riverside / 
Environmental Sciences; B. Du, Southern California Coastal Water 
Research Project / Chemistry; C.S. Wong, Southern California Coastal 
Water Research Project Authority / Chemistry; D. Schlenk, University of 
California, Riverside / Department of Environmental Sciences
Estrogenically active compounds (EACs) present in surface waters can 
disrupt the endocrine system of biota, raising concern for aquatic spe-
cies. Concentrations of EACs are generally higher in effluent-dominated 
aquatic systems, such as the Santa Ana River in California. Addressing 
the estrogenicity of effluent-dominated waters is increasingly important 
due to both increasing urbanization and climate change. As such, water 
samples were collected during the winter, summer, and fall of 2018-2019 
from multiple sites downstream of wastewater treatment plants and inter-
mittent points along the Santa Ana River. The estrogenicity of the Santa 
Ana River was assessed using in vitro, in vivo, and in situ-based assays. 
The highest estradiol equivalencies (EEQs) from all Santa Ana River 
extracts between the summer and fall 2018 sampling events were from 
Yorba Linda (EEQ = 1.4 ± 0.26 ng/L) and Prado (1.1 ± 0.27 ng/L) during 
low flow conditions, respectively. Water from Yorba Linda in January 
2019, following a major rainfall event, had an EEQ of 10.0 ± 1.2 ng/L. 
During low flow conditions in fall 2018, male Japanese medaka (Oryzias 
latipes) fish were exposed to Santa Ana River water to compare to cell 
bioassay responses. Chemistry-based EEQ correlations with in vitro 
EEQs were statistically significant, though vitellogenin mRNA expression 
in medaka livers exposed to Santa Ana River extracts was not signifi-
cantly different compared to controls. Yellow bullhead (Ameiurus natalis) 
were collected from the Rialto Channel in December 2018 to evaluate 
resident fish species from the Santa Ana River, in situ. Males had approxi-
mately 100-fold increases in vitellogenin mRNA expression relative to 
fish collected from a reference site. Additionally, there were no significant 
differences in vitellogenin expression between male and female fish from 
the Santa Ana River. These results indicate that seasonal variation and 
surface water runoff events influence estrogenic activity in the Santa 
Ana River and may induce estrogenic effects to native fish populations in 
wastewater-dominated systems.

2.09.13 Differential Gene Expression Revealed with RNA-Seq and 
Parallel Genotype Selection of the Ornithine Decarboxylase Gene in 
Zebrafish Exposed to EDCs
M.A. Ghorab, Michigan State University / Wildlife Toxicology Laboratory, 
Animal Science Department; H.F. Hetta, University of Cincinnati College 
of Medicine / Internal Medicine-Digestive Diseases-Viral Immunology; 
H. Alerfai, University of Cincinnati College of Medicine / Department 
of Internal Medicine; A. Abdelmoneim, Cornell University / Department 
of Food Science; L.M. Jackson, University of Cincinnati / Biology; M. 
Zwiernik, Michigan State University / Animal Science/Vet. Med.; M.S. 
Khalil, Agriculture Research Center / Central Agricultural Pesticides 
Laboratory (CAPL)
Pesticides as endocrine-disrupting chemicals produce these effects on 
the endocrine system encompass a variety of pesticide chemical classes. 
Some of these pesticides are pervasive and widely dispersed in the 
environment. Some are persistent, can be transported long distances,and 
others are rapidly degraded in the environment or the human body. 
However, even brief exposure to pesticides that alter endocrine func-
tion can cause permanent effects if the exposure occurs during critical 
windows of reproductive development. While much attention has been 
focused on mammals associated with aquatic exposure pathways, little 
work has been done to evaluate the exposure of genetically impact associ-
ated with terrestrial food chains.Furthermore, to date, no other studies 
have collected analytical nor biological data representing in toxicological 
model fish species, zebrafish Danio rerio, as organisms adapt to unfavor-
able environmental conditions utilizing plasticity or selection of favorable 
genetic variants is a central issue in evolutionary biology. We hypoth-
esized that zebrafish Danio rerio in this study has plastic and/or genetic 
responses to these conditions. Using RNA-Seq, we identified differen-
tially expressed genes in individuals from two exposed test compared 
with fish inhabiting non-exposed. In one treatment, the main upregulated 
genes were related to cellular proliferation as well as suppression and pro-
gression of tumors. At the same time, biological processes and molecular 
functions involved in apoptotic processes were overrepresented in the 
upregulated genes of the second exposure treatment. The ornithine decar-
boxylase gene (related to tumor promotion and progression), which was 
overexpressed in both treatments, was sequenced, and a parallel pattern of 
a heterozygote deficiency and increase of the same homozygote genotype 
in both polluted sites compared with fish inhabiting the non-exposure 
treatmentwas detected. These results suggest the occurrence of both a 
plastic response in gene expression and an interplay between phenotypic 
change and genotypic selection in the face of anthropogenic pollution

2.09.14 Potentials of Thyroid, Neurological, and Renal Toxicity of 
Two Commonly Used UV Filters (EHMC and BP-3) in Embryo-
Larval and Adult Male Zebrafish (Danio rerio)
B. Kwon, S. Chu, J. Lee, Seoul National University, Graduate School 
of Public Health; M. Kim, Seoul National University Hospital; Y. Park, 
Seoul National University Hospital / Department of Internal Medicine; 
B. Oh, Lee Gil Ya Cancer and Diabetes Institute, Gachon University 
College of Medicine / Department of Physiology; K. Choi, Seoul National 
University / Environmental Health Sciences
The 2-ethylhexyl 4-methoxycinnamate (EHMC) and 2-hydroxy-4-me-
thoxybenzophenone (BP-3) are two commonly used UV filters that come 
in frequent contact in everyday lives. While experimental studies indicate 
their thyroid disrupting activities, neurotoxic and nephrotoxic potentials 
of these chemicals are not well characterized. In this study, we investi-
gated thyroid disruption, neurotoxic and nephrotoxic effects of EHMC 
and BP-3 using the embryo-larval and adult male zebrafish. Both EHMC 
and BP-3 significantly altered regulation of the genes related to thyroid, 
neurological, and renal systems in zebrafish larvae and adults after 5 days 
and 21 days of exposure, respectively. In zebrafish larvae, significant 
down-regulations of tshb and sult1 st5 and ttr genes were observed by 
EHMC, suggesting its thyroid disrupting potential. Neurotoxicity markers 
such as mbp, gap43, syn2a genes were significantly down-regulated and 
c-fos gene was significantly up-regulated. For renal injury markers such 
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as kim-1, podocin genes were significantly up-regulated and etv4 gene 
was significantly down-regulated. Following exposure to BP-3, significant 
up-regulation of tg, ugt1ab, and dio1 genes and increased up-regulation of 
tshb, tpo, nis, pax8, dio2 and ttr genes were observed in the larvae, sug-
gesting thyroid disruption. However, regulatory changes of neurotoxicity 
markers were not observed, except for a few genes related to nephro-
genesis. In adult male zebrafish, T3 hormone level was decreased after 
exposure to EHMC, along with significant down-regulation of tra and 
trb genes in brain, tshr, tg, nis, tpo, dio1, dio2 genes in thyroid gland, and 
dio1 and dio2 genes in liver. Neurotoxicity marker such as syn2a gene was 
significantly up-regulated in brain. Renal injury and nephrogenesis mark-
ers such as podocin and wt1a genes were significantly down-regulated. 
Exposure to BP-3 also significantly lowered T3 levels of the adult fish, 
however, different pattern of gene regulation was observed, e.g., dose-
dependent up-regulation of tshb, trh, nkx2.1, tra genes in brain, tshr, tg, 
nis, tpo, dio1, dio2 genes in thyroid gland. For neurotoxicity, significant 
down-regulation of mbp and up-regulation of c-fos genes were observed 
in brain. Renal injury marker such as kim-1 gene was significantly 
down-regulated. Our observations clearly demonstrate that exposure to 
two common sunscreen chemicals could disrupt normal thyroid function 
probably through different modes of action. These chemicals exhibited 
neurotoxic and nephrotoxic potentials in the fish, but further studies 
are warranted to confirm the consequences of the transcriptional level 
changes following longer-term exposure.

2.09.15  Effects of 17α-Ethinylestradiol (EE2) and Ketoconazole (KZ) 
on Mytilus Edulis Sex Differentiation Gene Expression
G. Evensen, E. Rusin, University of Massachusetts, Boston / School for 
the Environment; B. Blalock, U.S. Environmental Protection Agency; 
W.E. Robinson, UMass Boston (retired) / The School for the Environment; 
H.C. Poynton, University of Massachusetts, Boston / School for the 
Environment
Mytilus edulis, the common blue mussel native to the north Atlantic 
Ocean, is a keystone species in intertidal shore communities. Blue mus-
sels are utilized world-wide for monitoring environmental quality of 
coastal waters including pollutant bioaccumulation and potentially effects 
from endocrine disrupting compounds (EDCs). Previous work suggests 
that sexual development and natural sex ratios of M. edulis are being 
perturbed due to EDCs. Estrogen is an important hormone for vertebrate 
sex differentiation, specifically the female pathway, and possibly for 
mollusk sex differentiation. Using a gene expression analysis assay, we 
showed the estrogen, 17α-ethinylestradiol (EE2), causes male mussels to 
become feminized. The sex ratio of mussels from New York Harbor, a site 
polluted with EDCs, was skewed towards females. In these mussels, we 
found that genes involved in female gonad development were significantly 
upregulated. Furthermore, genes involved in detoxification were also 
significantly upregulated. In addition, ketoconazole (KZ), a steroidogen-
esis inhibitor and fungicide, has been shown to reduce aromatase activity 
(i.e., estrogen production) in a closely related species (Mytilus trossulus), 
which may reduce estrogen production. Therefore, we chose EE2 and KZ 
to further investigate the effects of EDC pollution on sex differentiation 
in bivalves. Mussels were collected, and sex was identified using gene 
expression of a male (VCL) and a female (VERL) gene from hemolymph 
samples. Males were then exposed to 50 ng/L of EE2, and females were 
exposed to 30 μg/L of KZ for 26 days. Mantle tissue samples were taken 
for gene expression analysis of sex determining genes. This study aims to 
confirm the feminization of male mussels and further investigate which 
genes are necessary for sex differentiation in M. edulis and how they are 
affected by pollutants.

2.09.16 Assessment of Selected Endocrine Disrupting Phenolic 
Compounds in Water Samples and Wastewater Treatment Plant 
Effluent
L. Mhlongo, Cape Canaveral Scientific, Inc. / Department of 
Environmental Health & Safety
Cape Town, in the Western Cape, is one of the regions of South Africa 
where potable water is becoming increasingly scarce because of the ongo-
ing drought. The region’s water resources are under threat by industrial 
and agricultural pollution due to the release of organic contaminants such 
as phenol into water bodies. This reduces water quality, thereby decreas-
ing the availability of clean water. Potable water (tap and bottled) as well 
as effluent from WWTPs are among the most important water resources 
in the Western Cape. This study focuses on two phenolic compounds 
in question. Namely; 2,4-Dichlorophenol and 4-Chlorophenol which 
were analysed in Stellenbosch wastewater effluent, tap water, and four 
brands of bottled water using the HPLC/DAD. Toxicity assessments were 
also conducted using; Daphnia magna, a primary consumer that feeds 
on algae, Pseudokirchneriella subcapitata (a primary producer) and 
Tetrahymena. thermophila a protozoan (decomposer) and were exposed to 
the Stellenbosch wastewater effluent. Moreover, mutagenicity test (Ames 
Test) was conducted using the T98, T100 strain and with the S9 activation 
enzyme. Tap water, Stellenbosch wastewater effluent and two brands of 
bottled water (found to be having the highest concentration of 2,4-DCP 
and 4-CP) were tested for mutagenicity. Finally, the Risk assessment was 
also conducted to assess the potential risk of drinking these water with 
these phenolic compound over a period of time. Chemical analysis by the 
HPLC/DAD revealed minute presence of both 2,4-DCP and 4-CP in all 
samples in question and were way below the limits set by authorities such 
as the EPA, EU DWAF and WHO. The concentrations levels for 2,4-DCP 
in Stellenbosch wastewater effluent, tap water and brand ‘A’, ‘B’, ‘C’ and 
‘D’ ranged from; ND-5.40×10ˉ6, ND- 1.90×10ˉ5, ND-1.31×10ˉ5, 3.68×10ˉ6 
- 1.37×10ˉ5, ND-6.85×10ˉ6 and 6.28×10ˉ6 - 1.47×10ˉ5 respectively. For 
the phenolic compound 4-CP, the concentration levels ranged from 
4.04×10ˉ6 - 5.61×10ˉ5, 9.96×10ˉ6 - 1.90×10ˉ5, ND-5.81×10ˉ6, ND-6.95×10ˉ6, 
ND-9.78×10ˉ6 and 8.90×10ˉ7 - 6.74×10ˉ6 (mg/L) respectively. The cumula-
tive immobility of daphnids in a Daphina Magna test against the effluent 
during the test period of 48 h indicated a clear minute concentration-
response relationship. Throughout the 48 h test period, there were no 
significant deaths of the daphnia( i.e 1/20 to a maximum of 6/20 in all 
different concentrations). For the Pseudokirchneriella subcapitata, 
the results showed a substantial constant increase or growth of algae 
throughout the 72 h period in all different concentrations (including the 
100% undiluted effluent) thus indicating that the algae’s is not affected by 
the whole undiluted effluent from the Stellenbosch wastewater treatment 
plant. Throughout the three months of the Tetrahymena thermophila tox-
icity test against the effluent, the mean percentages between the different 
concentrations shows a decline in the optical dens(OD), thus, substantiat-
ing that the inhibited culture growth is reflected by remaining turbidity. 
action. These ch

2.09.17 Impact of Biotic and Abiotic Stressors on Early Life History 
Stages of the Eastern Oyster, Crassostrea virginica
A.F. Barnett, University of Mississippi / BioMolecular Sciences; J.L. 
Pruett, University of Mississippi / National Center for Natural Products 
Research; K.L. Willett, University of Mississippi / BioMolecular Sciences; 
S. Showalter-Otts, University of Mississippi / National Sea Grant Law 
Center; D.J. Gochfeld, University of Mississippi / National Center for 
Natural Products Research
Oyster reefs provide essential ecosystem services and are vital to the 
health of estuarine ecosystems worldwide. Oyster reefs in the northern 
Gulf of Mexico (GoM) were once among the world’s most productive, but 
have experienced significant declines, largely due to overfishing. In recent 
years, oyster reefs in the GoM have been increasingly exposed to stressors 
related to climate change, including ocean acidification and increased 
precipitation that results in extreme flooding events. In addition, eutro-
phication caused by this increased freshwater runoff has caused hypoxic 
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events and harmful algal blooms (HAB) that threaten oyster reef survival 
and the success of restoration efforts. Many studies have assessed the 
effects of these stressors on adult oysters, whereas the health and survival 
of early life history stages represents a critical bottleneck for the future 
of oyster reefs. The present study aims to integrate laboratory and field 
research on the impacts of abiotic (low salinity, pH, and dissolved oxygen 
[DO]) and biotic (HAB) stressors on early life stages of oysters. In Assay 
I, oyster larvae will be exposed, beginning at 24 h post-fertilization and 
lasting for 96 h, to levels of the following stressors: salinity, pH, DO, and 
microcystin-LR, a toxin produced by HABs. The EC20 and EC50 toxic-
ity of each stressor will be determined for developmental abnormalities, 
growth, and mortality. Assay II will expose hatchery-reared juvenile oys-
ters (< 10 mm) from the same spawn as the larvae used in Assay I to the 
EC50 concentration of the most sensitive response variable determined 
for each of the stressors tested in Assay I. Growth and survival will be 
measured throughout a 28-day laboratory exposure. Following Assay II, 
surviving oysters will be deployed in the Mississippi Sound to assess the 
effects of prior exposure to stressors on subsequent growth and survival 
in the field. Water quality at the deployment site will be tested for micro-
cystin concentrations, temperature, DO, pH, and salinity. The results 
of this study will improve our understanding of how chronic and acute 
environmental stressors affect early life stages of oysters and will inform 
restoration practitioners on optimal conditions for oyster reef production 
and sustainability in coastal waters.

2.09.18  The Sins of the Father: Multi-Generational Effects of Sub-
Lethal Copper Toxicity in Freshwater Snails
R.K. Osborne, R.S. Prosser, University of Guelph / School of 
Environmental Sciences
Traditional toxicological testing can be limited to assessing the risk posed 
to an organism at only one life stage or portion of its life cycle, and tend 
to only assess the immediate, observable effects caused during exposure. 
This can be due to the time and resources required to maintain an expo-
sure through a full life cycle, especially for larger or long-lived organisms. 
However, there is increasing evidence to suggest that past exposure (his-
torical or earlier in life) can cause latent or even multi-generational effects 
that extend beyond the exposure period. In order to better understand 
whether multi-generational tests are more representative of long term 
and population scale effects of past contaminant exposure, we used the 
freshwater snail Planorbella pilsbryi to conduct a two-generation study on 
the effects of copper in a pulse exposure scenario involving recovery. This 
study builds on our previous work which demonstrated that the LC50 for 
Cu of naïve juveniles laid by non-exposed parents, 29.25 ug/L Cu 95%CI 
[22.17-36.32 ug/L Cu], was significantly higher than the LC50 of naïve 
juveniles born to parents who were exposed to copper, 11.57 ug/L Cu 
95%CI [3.71-19.43 ug/L Cu] suggesting increased offspring sensitivity due 
to past parental exposure. The present study involved a 7-day exposure 
of the parental generation to sub-lethal Cu concentrations followed by 
several phases of recovery, ranging from 0-30 days post-parental-expo-
sure. Each cohort of juveniles born during the exposure and subsequent 
recovery phases was raised in clean water and subjected to an acute Cu 
challenge to assess their relative sensitivities. Results are forthcoming.

2.09.19 Does the Proportion of Metals Shed in Exuviae by Emerging 
Dragonflies Temporally Vary Throughout the Flying Season?
D.E. Fletcher, C.M. Fulghum, A. Lindell, P.T. Stankus, University of 
Georgia / Savannah River Ecology Laboratory
Dragonfly adults and their aquatic immature stages are important parts 
of food webs and their complex life cycle provides a link between aquatic 
and terrestrial components. We are using dragonflies as biomonitors of 
contaminant export from a constructed wetland on the Savannah River 
Site, SC, USA. Previous work established metals accumulating in aquatic 
biota from this wetland constructed to remove primarily Cu and Zn from 
an industrial effluent line. When a dragonfly aquatic nymph emerges from 
the wetland, metals can be shed with their exuviae (nymph exoskeleton) 
or be incorporated into their body and enter the terrestrial food web as 

adults fly away. Consequently, to determine the amount of contaminants 
exported from the wetland versus left behind, we analyzed metal concen-
trations (Cu, Zn, Pb, Cd, Ni, Al, Fe, V, Mn, Ba, Mg, and B) in emerging 
dragonflies (the teneral) and their shed exuviae. Many dragonfly species 
emerge throughout an extended flying season, typically spring through 
late summer. Water quality in constructed wetlands can temporally vary, 
particularly in response to the plant growing season that largely coincides 
with the dragonfly flying season. Consequently, the potential exists for 
levels of metals accumulating in either the emerging dragonfly or shed 
exuviae to temporally vary throughout the season. We evaluated metal 
concentrations and masses accumulating in the teneral and shed exuviae 
in three dragonfly species over the course of a season. Whether higher 
concentrations of a specific element accumulated in the teneral versus 
exuviae was generally consistent among species and collection periods 
with the exception of boron. However, substantial temporal differences 
in metal accumulation in both tenerals and exuviae were observed. 
Generally, differences occurred in individual sampling events rather than 
gradual trends throughout the season. Patterns in metal accumulation 
were both element and species specific.

2.09.20 Assessing the Chronic Toxicity of Aquatic Contaminant 
Mixtures and Validating the Protectiveness of Individual Water 
Quality Guideline Values
M. Trenfield, C.J. Pease, S.L. Walker, Environmental Research Institute 
of the Supervising Scientist / Department of Agriculture, Water and the 
Environment; C.L. Humphrey, ERISS / Department of Agriculture, Water 
and the Environment; R.A. van Dam, WQadvice; S.J. Markich, Aquatic 
Solutions International; A.J. Harford, Dept. of Agriculture, Water and 
the Environment / (ERISS) Environmental Research Institute of the 
Supervising Scientist Divison
Many studies have reported that the toxicity of a whole-effluent mixture 
can be difficult to predict due to interactions associated with individual 
constituents. In this study, six tropical freshwater species were used to 
assess the toxicity of uranium (U), magnesium (Mg), manganese (Mn) 
and total ammonia nitrogen (TAN); key contaminants of potential con-
cern for a uranium mine adjacent to a World-Heritage area in northern 
Australia. The contaminants were assessed both in the form of simple 
synthetic mixtures and various mine-site “whole-effluents”, encompass-
ing a range of physicochemical (dissolved organic carbon, pH, electrical 
conductivity and calcium) conditions. Toxicity was generally underesti-
mated in the simple synthetic mixtures compared to that in mine waters 
with equivalent contaminant concentrations. Toxicity of the mine waters 
could be attributed primarily to Mg (for shallow groundwater) and Mn 
(for process waters), based on their hazard scoring and predicted bio-
availability, i.e. occurring as the free metal ion; Mg2+ (84-96%) or Mn2+ 
(76-92%). Uranium was predicted to be strongly bound to fulvic acid (93-
98%), a proxy for dissolved organic matter, and hence considered to have 
low bioavailability in the mine waters. In most cases, the toxicities of the 
mine-waters were less than expected based on the concentration addition 
(CA) or independent action (IA) models, providing assurance that exist-
ing individual Water Quality Guideline Values for U, Mg, Mn and TAN 
would adequately protect ecosystems downstream of the mine. Toxicity 
was predicted more accurately when the contribution of copper was incor-
porated, highlighting the benefit of developing site-specific Water Quality 
Guideline Values for key contaminants.

2.09.21 Comparing the Toxicity of Complex Mixtures and Individual 
Contaminants Under Pulse Conditions to a Tropical Copepod, 
Acartia sinjiensis
S. Stone, University of Technology Sydney / School of Chemistry; S.L. 
Simpson, M. Binet, K. McKnight, CSIRO Land and Water / Centre for 
Environmental Contaminants Research; D.J. Koppel, University of 
Technology Sydney / School of Life Sciences; D.F. Jolley, University of 
Wollongong
Effluent discharges from industrial sources or urban stormwater can 
potentially result in high concentrations of contaminant mixtures entering 
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aquatic environments for short-term durations (episodic, intermittent). 
Both the discharge duration and chemical composition of mixtures can 
vary greatly, resulting in chemical exposures to organisms varying 
spatially and temporally. Predicting risk of adverse environmental effects 
to aquatic organisms of such varying exposures poses a challenge for 
industry and regulatory bodies. To date, most literature has compared 
ecotoxicological effects of continuous and pulse exposures to individual 
contaminants, where organisms can generally tolerate greater concentra-
tions of contaminants when exposed for shorter durations. There are few 
studies investigating pulse toxicity of contaminant mixtures. Investigating 
pulse exposures of chemical mixtures should improve the environmental 
relevance of pulse toxicity data and its use in management decisions. 
In this study we assessed the toxicity of two complex effluents, and 
two of the chemical components of each mixture individually (copper 
and ammonia), to the tropical euryhaline copepod Acartia sinjiensis. 
Differences in pulse toxicity were assessed comparing continuous expo-
sure (78-h), with 6-h and 18-h pulse exposures initiated at 24-h and 48-h. 
Regardless of exposure type, observations of larval development success 
were completed after 78-h incubation, accounting for latent effects. 
Detailed chemical analysis identified changes in concentrations of key 
chemical toxicants during the exposures, which were linked to differ-
ing toxic responses of pulse scenarios. For both mixtures and individual 
contaminant exposures, the copepod was shown to tolerate greater 
concentrations when exposed as a 6-h pulse compared to an 18-h pulse. 
For individual contaminants, the EC50 values differed from continuous 
exposure by 6 – 9-fold and up to 2-fold for 6-h and 18-h pulse exposures, 
respectively. For complex mixtures, EC50 values differed from continu-
ous exposure by up to 2.5-fold for 6-h exposures but were similar for 
18-h exposures. For a mixture with volatile organic compounds, organ-
ism survival was significantly reduced in pulsed exposures compared to 
continuous exposures. This research aims to fill knowledge gaps in pulse 
exposure toxicity testing by investigating the pulse toxicity of mixtures to 
improve recommendations for modified approaches to the regulation of 
pulse exposures.

2.09.22  Whole-Embryo In Vivo EROD Assay Using Fathead 
Minnow and Menidia beryllina to Determine CYP1A Enzymatic 
Activity in Water Accommodated Fractions of Crude Oil
H.G. Kurita Oyamada, N.D. Denslow, K.J. Kroll, University of Florida / 
Physiological Sciences
The EROD assay is used to determine the enzymatic activity of the 
CYP1A enzyme of individuals exposed to crude oil or oil components. 
This is done by measuring the fluorescence of the byproduct of the assay, 
resorufin. Normally EROD is measured in tissue homogenates, mainly of 
liver. Here, we explore the possibility of using whole organisms in order 
to measure the CYP1A activity in fish, using embryonic stages and with-
out the laborious step of homogenizing tissue. Fish embryos can easily fit 
in 96-well plate, which is used for the assay. It also requires a plate reader 
that can detect low emission intensity of the fluorescence. Embryo stages 
of fathead minnow (1dpf) and Menidia beryllina were exposed to the 
water accommodated fraction of crude oil for 24h, then transferred to a 
96-well plate for the incubation with 7-ethoxyresorufin (CYP1A substrate) 
for 2h. In order to measure the enzymatic activity, the liquid where the 
embryos where incubated was transferred to a new 96-well plate. Results 
show a concentration dependent activity of CYP1A, increasing the fluo-
rescence units of the liquid over a concentration gradient from low to high 
of WAF. Our results suggest that the activity of CYP1A can be detected 
and measured using the embryo media in the well. Furthermore, since 
the animal can be retrieved after the assay, it can be used for other assays 
such as gene expression or follow up experiments to observe other apical 
end points changed in the fish.

2.09.23 Chronic Exposure to Low, Environmentally Realistic 
Concentrations of Deepwater Horizon Polycyclic Aromatic 
Hydrocarbons Impair the Marine Vertebrate Stress Axis
E. Milton, University of Miami; M.C. Cartolano, M. McDonald, RSMAS, 
University of Miami / Marine Biology and Ecology
The Deepwater Horizon (DWH) oil spill is the largest in U.S. history – the 
toxicity of DWH polycyclic aromatic hydrocarbons (PAHs) is well-
established, but a knowledge gap exists regarding how the vertebrate 
stress axis functions in the presence of DWH PAHs. We hypothesize that 
marine vertebrates exposed to DWH PAHs experience stress axis impair-
ment, and that co-exposure to an additional stressor may exacerbate 
these effects. In vivo plasma cortisol and plasma ACTH in Gulf toadfish 
exposed to environmentally relevant DWH-PAH concentrations for 7 
days were not significantly different from controls, whether fish were 
exposed to chronic stress or not, not supporting our hypothesis. However, 
in vitro cumulative kidney cortisol secretion was significantly lower in 
unstressed DWH-PAH-exposed Gulf toadfish 15, 30 and 60 minutes (2.5 
± 0.6 (15), 4.6 ± 1.1(7) , and 9.9 ± 2.3 (7) ng/50 mg wet weight, respec-
tively) after stimulation with adrenocorticotropic hormone (ACTH), 
relative to unstressed controls (7.6 ± 2.0 (15), 16.3 ± 6.0 (7), and 25.9 ± 
6.7 (7) ng/50 mg wet weight, respectively; p< 0.05, one-way ANOVA). By 
the 120 minute time point, cortisol secretion was no longer significantly 
different, suggesting a delayed stress response in PAH-exposed fish. We 
are currently investigating mechanisms through which downregulation 
of cortisol secretion is occurring, for example, changes in cholesterol in 
addition to compensatory mechanisms that may be responsible for the 
lack of response in vivo: e.g., potential upregulation of ACTH, changes 
in melanocortin 2 receptor (MC2R) function, or increased sensitivity to 
serotonin. It is necessary to address this knowledge gap as fish and marine 
mammals are facing continuous threats from oil spills, and our data will 
aid in the recovery of recreationally and commercially important species 
experiencing sublethal PAH-toxicity.

2.09.24 Assessing Multigenerational and Aryl Hydrocarbon 
Receptor-Mediated Impacts of Dietary Benzo[a]pyrene Exposure
K.L. Willett, Z. Pandelides, C.E. Thornton, K. Dickson, D. Decker, K. 
Thigpen, University of Mississippi / BioMolecular Sciences; N. Aluru, 
WHOI / Biology
Polycyclic aromatic hydrocarbons (PAH), such as benzo[a]pyrene (BaP), 
are implicated in neural tube defects, growth deficits, cardiovascular 
toxicities, endocrine disruption, childhood cancers and infertility in 
offspring of exposed parents. However complete understanding of the 
molecular mechanisms for the developmental and potential multi/trans-
generational effects associated with PAH exposures is lacking. Our 
previous work has revealed significant multigenerational effects of BaP 
dietary exposure on survival and developmental deformities in AB strain 
zebrafish larvae. The goal of the study is to characterize the transcrip-
tomic and epigenetic changes associated with preconceptional exposure 
to BaP and determine the role of the aryl hydrocarbon receptor (AHR). 
To accomplish this, adult 5D and AHR2-null (ahr2osu1) zebrafish were fed 
78.3 or 708 µg BaP/g diet (measured) at a rate of 1% body weight twice/
day (1.6 or 14 µg BaP/g fish/day) for 21 days. At the end of the 21-day 
parental exposure, fish were spawned using a crossover design, and the 
effects in F1 generation were monitored. BaP exposure had no significant 
effect on fecundity in the 5D strain, however, ahr2osu1 F0 fish did not pro-
duce eggs in any treatment or control group. In the F0 5D line, there was 
no significant effect on open field behavior, but in the high BaP concentra-
tion F1 adults, there was significantly reduced female open field behavior 
(velocity, distance travelled). In BaP exposed ahr2osu1 F0 fish, the male 
but not female fish displayed significantly reduced open field behavior. 
In contrast to our previous findings, we did not observe any significant 
developmental deformities in this study, suggesting that the AB zebrafish 
line may be more sensitive to BaP exposure. However, larval behavior 
(96 hpf) assessed through the light:dark test was significantly altered in 
both the F1 and F2 generations of 5D fish exposed to both BaP concentra-
tions. Furthermore, F1 5D fish were significantly shorter in length at 1 
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and 3 months of age. These results demonstrate that dietary BaP exposure 
causes adverse developmental outcomes in multiple generations that may 
be strain related. Research is supported by NIEHS 1R21ES030154.

2.09.25 The Transgenerational Effects of Benzo[a]pyrene Exposure 
on F3 and F4 Generations of Zebrafish
L. Jasperse, Duke University / Nicholas School of the Environment; J.S. 
Kozal, Cardno ChemRisk; R. Trevisan, S. Heissenberger, K. Morton, 
Duke University / Nicholas School of the Environment; E.D. Levin, Duke 
University / Department of Psychiatry and Behavioral Sciences; R.T. Di 
Giulio, Duke University / Nicholas School of the Environment
Aquatic environments are ubiquitously contaminated with environmen-
tal contaminants, including polycyclic aromatic hydrocarbons (PAHs), 
through both natural and anthropogenic sources. PAHs, including 
benzo[a]pyrene (BaP), are known to be toxic to humans and wildlife and 
have been shown to cause mortality and developmental effects in early 
life stages of fish. The well-documented reproductive and developmental 
toxicity of PAHs necessitates the study of these contaminants in mul-
tigenerational studies. Previous studies in our laboratory investigated 
the cross-generational effects of chronic (21 d) dietary BaP exposure on 
zebrafish (Danio rerio) mitochondrial function across multiple gen-
erations (F0: direct exposure; F1: maternally exposed; F2: germline 
exposed). BaP exposure impaired mitochondrial function in F0 ovaries 
as well as in F1 and F2 embryos, and caused hypoactivity in F1 larvae. 
These data indicated that maternal BaP exposure could have effects on 
mitochondrial function that persist for multiple generations. The pres-
ent study investigated the transgenerational effects of BaP on zebrafish 
physiology, including reproduction, development, locomotion, and energy 
metabolism, using F3 and F4 generations of BaP-exposed zebrafish, 
the earliest generations of offspring without direct or indirect exposure 
to BaP. Mitochondrial respiration was impaired in both the F3 and F4 
generations of offspring, including decreases in ATP-linked respiration 
and coupling efficiency. Transgenerational history of BaP exposure also 
altered embryo heart rates and resulted in larval hypoactivity in both the 
F3 and F4 generations. These data demonstrate that BaP exposure results 
in persistent transgenerational effects on mitochondrial bioenergetics 
and development of zebrafish that last through at least 4 generations of 
offspring, suggesting that alterations in epigenetic mechanisms may play 
a role in the observed effects.

2.09.26 Discovery of a Novel AhR Pathway Driving Heart Defects 
Induced by PCB Exposure in Fish
C. Singleman, Queens College / Center for Teaching and Learning; N.G. 
Holtzman, Queens College / Biology
Polychlorinated biphenyls (PCBs) and TCDD are environmental con-
taminants known to impact heart formation, a key step in the embryonic 
development of most animals. Several studies suggest that these contami-
nants act within cells via an AhR-mediated genetic pathway, however, 
additional evidence suggests this genetic pathway is not the primary 
molecular mechanism driving the observed cardiac defects in contami-
nant-exposed fish species. The primary cardiac defect starts with a defect 
in cardiac looping early in embryonic development. This is followed by 
a failure in the inner endocardial lining of the heart to properly maintain 
integrity resulting in fluid accumulation and a gap between the endocar-
dium and myocardium. This phenotype suggests faults in cadherins based 
adherens junction protein function. In contaminant-exposed embryos of 
both zebrafish and Atlantic sturgeon, this cardiac defect often leads to 
cardiac failure and fish lethality. Based on preliminary observations, we 
hypothesized a non-canonical AhR mediated molecular pathway driving 
the observed cardiac defect: PCB- and TCDD-activated AhR phosphory-
lates Src, which then phosphorylates the endothelial adherens junction 
protein, VEcadherin, in the endocardium. This causes the VEcadherin 
dimers to separate, reducing endothelial tissue integrity resulting in the 
observed heart defect. We tested this hypothesis by visualizing the tissue 
integrity and identifying protein phosphorylation state. Often protein 
phosphorylation is visualized in isolation, however we devised a protocol 

to visualize phosphorylated VEcadherin in situ to better establish tissues 
directly affected by this pathway. Finally, we inhibited the hypothesized 
molecular pathway using small molecules to rescue the fish from the 
PCB- and TCDD- induced cardiac phenotype. These data suggest that 
the mechanism for PCB and TCDD action in the heart is distinct from the 
canonical mechanism described in the literature and that cardiac defects 
are impacted by this nongenomic mechanism.

2.09.27 Effects of Embryonic Exposure to Aroclor 1254 on 
Neurologic and Cardiac Endpoints in Zebrafish (Danio rerio)
C. Green, University of North Texas / Department of Biological Sciences 
and Advanced Environmental Research Institute; J.M. Morris, Abt 
Associates; L.B. Rosman, M.L. Gielazyn, NOAA; R.R. Leads, University 
of North Texas / Biological Sciences & Advanced Environmental 
Research Institute; C.R. Lay, Abt Associates; A.P. Roberts, University of 
North Texas / Advanced Environmental Research Institute
Polychlorinated biphenyls (PCBs) are synthetic organic compounds 
known for their toxicity to both humans and the environment and have 
been widely used on a global basis. PCBs were generally released as 
mixtures into the environment rather than individual congeners. One such 
mixture, Aroclor 1254, has been reported to have the highest propor-
tion of dioxin-like congeners. In the present study, we investigate the 
cardiac and neurological effects of exposure to Aroclor 1254 in zebrafish 
embryos. Embryos were exposed at 6 hpf via aqueous solution for 96 hr 
without renewal. Many studies only report nominal concentrations of 
Aroclor 1254; these can range from 50% to 120% of actual concentra-
tions. For this study, exposure solutions and tissue samples were analyzed 
for individual congeners. Samples for RNA-Seq analysis were collected 
at 102 hpf and cardiac edema was assessed. Heart rate and a neurological 
endpoint (eye tremors) were measured at both 102 and 174 hpf. Results 
were analyzed using Kruskal-Wallis multiple comparison nonparametric 
tests. Cardiac edema was not present in Aroclor 1254-treated zebraf-
ish at any exposure concentration but was observed in those exposed to 
PCB-126 as a positive control. However, dose dependent bradycardia was 
observed in zebrafish exposed to Aroclor 1254 and PCB-126 at both 102 
and 174 hpf. Similarly, a dose dependent increase in eye tremor behav-
ior, duration, and intensity was observed in embryos exposed to Aroclor 
1254 at both 102 and 174 hpf. Although dopamine was not measured, eye 
tremor behavior appears similar to that of other dopaminergic-related 
neurodegeneration associated with PCB exposure.

2.09.28  Monitoring Polychlorinated Biphenyls (PCBs) and 
Legacy Pesticides in Small Forage Fish From the Anacostia River 
Watershed: 2018-2019
A.E. Pinkney, U.S. Fish and Wildlife Service / Chesapeake Bay Field 
Office; E.S. Perry, Statistical Consultant
Since 2015, the District of Columbia Department of Energy and 
Environment (DOEE) has been investigating contamination in 
the Anacostia River, Kingman Lake, and Washington Channel in 
Washington, DC and Maryland, USA. Elevated concentrations of poly-
chlorinated biphenyls (PCBs), polycyclic aromatic hydrocarbons (PAHs), 
and organochlorine (OC) pesticides in sediments pose a risk to aquatic 
wildlife and people. A 2020 Interim Record of Decision will identify 
and start a provisional cleanup for 11 Early Action Areas. In addition to 
legacy sediments, Lower Beaverdam Creek, a Maryland tributary has 
been identified as a major source of current PCB loading. We describe 
a pre- and post-cleanup biota monitoring program for PCBs and OC 
pesticides (focused on chlordane). Mummichogs (Fundulus heteroclitus) 
and banded killifish (F. diaphanus) were chosen because they have home 
ranges of less than one half mile and a lifespan of ~3 years. In 2018 and 
2019, we collected these species from the five largest tributaries, five 
mainstem Anacostia locations, Kingman Lake, and three from an area 
of the Potomac River used as a reference for Anacostia sediments. Some 
locations had both species, some only one. Both species from the two 
Lower Beaverdam Creek locations had far higher median total PCBs (719 
to 1055 ppb) than those from the other tributaries (48 to 273 ppb) and 
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mainstem Anacostia River and Kingman Lake (77 to 460 ppb). Lowest 
concentrations were in fish from Northwest and Northeast Branches and 
the Potomac River (29 to 90 ppb). A linear model was developed to test 
between locations, with lipid as a covariate. Lower Beaverdam fish had 
significantly higher total PCB concentrations than fish from any other 
location. They also had higher percentages of di-, tr-, and tetra homo-
logs than other locations. Total chlordane was more evenly distributed 
among the tributaries. The highest concentration at Poplar Point in the 
mainstem Anacostia may reflect nearby elevated sediment concentra-
tions of chlordane. Sampling in 2020 will establish a 3-year pre-remedial 
baseline. Future monitoring will be coordinated with cleanup and source 
control actions. Fish health will also be monitored through histopathol-
ogy, focusing on the liver, kidney, and gonads. The study will supplement 
Ecological Risk Assessments and injury assessment for Natural Resource 
Damage Assessment.

2.09.29  Autism Spectrum Disorder in Zebrafish After Exposure to 
Four Organophosphate Pesticides
S. Rogers, University of Louisiana Monroe; M. Overturf, University of 
Louisiana, Monroe / Biology
The effects of environmental contaminant exposure are detrimental to 
organisms especially during development. Exposure of environmental 
contaminants [i.e., organophosphate pesticides (OP)] during pregnancy 
or during early stages of development may have the potential to cause 
neurobehavioral disorders such as autism spectrum disorder (ASD). There 
has been a correlation between OP exposure and the prevalence of ASD; 
however, no empirical data has been presented to confirm this correlation. 
Thus, the objective of this study was to determine whether organophos-
phate pesticides altered behavior of the zebrafish (Danio rerio) in order to 
further understand the mechanism of action of autism in children when 
exposed to this class of pesticides. An increased association between 
this disease and exposure has been identified in multiple epidemiology 
studies. To determine if there is a correlation, 48-hour post fertiliza-
tion zebrafish were exposed to chlorpyrifos, parathion, malathion, and 
methyl-parathion for five days at 0, 0.01, 0.1, and 1 μM. At the end of the 
exposure period, animals were subjected to the following behavioral and 
social experiments: larvae activity, light/dark activity, startle response, 
and 3-point tracking. The two chemicals with the most significant effects 
on behavior and sociality were chlorpyrifos and parathion. Future studies 
should include alterations in the timing of exposure as well as the age at 
which zebrafish embryos and larvae are exposed.

2.09.30 Toxicity of Ziram to Grass Carp Ctenopharyngodon idella
N.E. Kemble, K. Grabner, D. Whites, J.A. Steevens, D. Walters, U.S. 
Geological Survey / Columbia Environmental Research Center
The Grass Carp, Ctenopharyngodon idella, is an invasive species in 
North America and has been recorded in 45 states with breeding popula-
tions in several major rivers. In an attempt to control or removed invasive 
species such as the Grass Carp, oral piscicide baits have been developed, 
in which piscicide is absorbed through the gastrointestinal tract. Common 
piscicide based baits have been tested with mixed results on Grass Carp, 
indicating a need for a more consistent control method. Our goal was to 
develop a single-dose Ziram bait to target Grass Carp. Ziram is a broad-
spectrum pesticide and agricultural fungicide not expected to persist in 
soil or water. Two 48-hr bioassays following an Up-and-Down method 
were conducted with Ziram concentrations ranging from 0.25 to 250 mg/
kg with a single fish dosed at each concentration by gavage. Anesthetized 
fish were dosed using a gavage needle inserted into a fish’s gastrointesti-
nal tract beyond the pharyngeal teeth. Mortality was monitored at 24- and 
48-hrs. Mortality of Grass Carp was defined as a lack of operculum 
and general movement exceeding 5 minutes. To determine if carp were 
regurgitating Ziram, (potentially resulting in toxic concentrations in an 
aqueous solution), we stocked two untreated juvenile Bluegill, which had 
not been dosed , in each aquarium at 24-hr in the second bioassay. Due 
to the lack of mortality in the first two bioassays, a third bioassay was 
conducted using a single Ziram concentration. Five fish were dosed at 150 

mg/kg of Ziram using either gavaging or intraperitoneal injection (IPJ). 
Mortality was monitored for 48 hr. Survival of Grass Carp and Bluegill in 
the first two bioassays was 100% in the controls and at all 10 concentra-
tions tested. Control survival of Grass Carp in the third bioassay ranged 
from 80 to 100%. Survival of gavaged Grass Carp was 80% using the 
DMSO carrier and 100% with the polyethylene glycol carrier. Grass Carp 
survival was significantly reduced compared to control fish dosed by IPJ 
with both carriers. While Ziram was not lethal to gavaged Grass Carp, it 
was lethal to Grass Carp at a dose of 150 mg/kg when administered via 
IPJ. The higher survival observed in gavaged fish may be the result of the 
Ziram being processed through the digestive system rapidly. However, 
neither of these dosing methods is ecologically relevant in terms of fish 
feeding on dosed baits, and additional studies are needed to evaluate dif-
ferent deliveries of Ziram and other pisicides.

2.09.31 Testing a Slow-Release Polymer Delivery Matrix With 
Neonicotinoids in Northern Leopard Frogs: Serum Cortisol, 
Hematology, and Brain Acetylcholinesterase
T. Dartez, A.E. Castille, United States Geological Survey / Wetlands & 
Aquatic Research Center; S.M. Ghazal, University of New Hampshire 
/ Department of Biological Sciences; N.M. Hoffpauir, U.S. Geological 
Survey / Wetlands & Aquatic Research Center; B.L. Brown, University 
of New Hampshire / Department of Biological Sciences; R.O. Draugelis-
Dale, U.S. Geological Survey / Wetlands & Aquatic Research Center; 
K.L. Smalling, U.S. Geological Survey / New Jersey Water Science 
Center; S. Kirschner, SR Veterinary Technologies / Development; J.A. 
Jenkins, U.S. Geological Survey / Columbia Environmental Research 
Center
Exposing amphibians by conventional aquatic immersions can result in 
confounded data due to poor water quality, photodegradation of molecules 
of interest, and other environmental effects. Thus, we tested a novel drug 
delivery device widely used clinically in mammalian species, but not 
yet applied to other taxa. The effectiveness of this slow-release polymer 
delivery matrix was tested in male Northern leopard frogs (Lithobates 
pipiens). The matrix, or “carrier,” was used to deliver neonicotinoids, a 
class of insecticides implicated in bee declines globally and increasingly 
detected in the environment. Thiamethoxam, at either 20 or 100 ppm, 
and clothianidin, at either 10 or 50 ppm, were mixed with the carrier and 
injected intraperitoneally; control groups included sham-injected (carrier 
only) and uninjected. After 28 days, several biomarkers were measured 
in frogs, including serum cortisol (n=54), hematological neutrophil 
counts (n=59), and brain acetylcholinesterase (AChE; n=83). Cortisol was 
quantified with an enzyme-linked immunosorbent assay, and AChE was 
quantified using a fluorescent enzyme activity assay. Both parameters 
were normalized as units per total serum or brain protein, respectively. 
Percentages of neutrophils in total leukocytes were determined by differ-
ential cell staining and light microscopy analysis. Means of serum cortisol 
ranged from 0.57 (SE 0.10) to 3.14 (SE 0.85) ng/mg protein, neutrophil 
percentages of leukocytes ranged from 7.55% (SE 1.00) to 12.92% (SE 
2.13), and means of brain AChE concentrations ranged from 0.89 (SE 
0.13) to 3.24 (SE 1.67) mmol/mg protein. Results from statistical analy-
ses on all frogs indicate this slow-release delivery method is useful for 
exposing amphibians to neonicotinoids for examining potential biomarker 
effects of chemicals compounded with the matrix. Initial results suggest 
no statistical differences in biomarker values between the carrier and 
uninjected control treatment groups. Trends were observed in biomarker 
values among treatment groups, but few were significantly different from 
the controls.

2.09.32 Multi- and Trans-Generational Effects of Chlorpyrifos 
Exposures to Daphnia magna
S. Maggio, J.J. Jenkins, Oregon State University / Environmental and 
Molecular Toxicology
Chlorpyrifos (CPF), a broad-spectrum organophosphate insecticide 
widely used in agriculture, is subject to transport in air and water from 
application sites to aquatic ecosystems, and it is known to be persistent in 
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aquatic environments. CPF elicits neurotoxic effects in aquatic organ-
isms by inhibiting the acetylcholinesterase enzyme and prolonging nerve 
transmission, which can result in neurotoxic symptoms and death at high 
doses. While adverse effects have been investigated in aquatic receptors 
for acute and chronic exposures, effects on fitness and survival following 
long-term, multi-generational exposures to CPF are largely unknown.To 
better understand adverse effects in aquatic receptors following long-term 
CPF exposures, we employed multi- and trans-generational bioassays 
using Daphnia magna, a relatively sensitive aquatic species. The multi-
generational assay consisted of continuous CPF exposure across four 
consecutive 21d chronic assays, using progeny from the previous assay. 
The trans-generational assay also consisted of four consecutive 21d 
chronic assays using progeny from the previous assay, but only the initial 
assay consisted of CPF dosing to assess adverse effects in the unexposed 
2nd, 3rd, and 4th generations. Bioassay data were analyzed for cumula-
tive survival and reproduction across treatments and generations to aid 
in understanding the potential for population-level effects on fitness and 
survival as a result of seasonal CPF-use practices.

2.09.33 Subchronic Impacts of 2,4-D Herbicide on Associative 
Learning in Juvenile Yellow Perch (Perca flavescens)
G. Dehnert, B. Anton, University of Wisconsin, Madison / Zoology; W.H. 
Karasov, University of Wisconsin, Madison / Forest and Wildlife Ecology
Aquatic herbicides are commonly used to control a wide variety of 
invasive and nuisance plants. One common active ingredient used in 
commercial herbicide formulations in midwestern states is 2,4-dichlo-
rophenoxyacetic acid (2,4-D). Due to 2,4-D stability in aquatic 
environments, many non-target aquatic species experience prolonged 
exposure throughout critical developmental life stages that can affect 
essential behaviors. The impact(s) of 2,4-D exposure on learning behav-
iors in juvenile fish are poorly understood. Therefore, we conducted a 
series of experiments using a maze environment to determine the effects 
of exposure to a commercial 2,4-D amine salt herbicide formulation 
(Weedestroy®AM40; WAM40; at 0.00, 0.50, 2.00, and 50.00 ppm 2,4-D 
a.e.) on a yellow perch’s ability to perform a feed associated learning 
behavior. We observed a significant decrease in the ability of yellow 
perch to choose the specified target arm in a plus maze environment in 
under 200 s when exposed to WAM40 at 2.00 and 50.00 ppm 2,4-D as 
compared to controls (p=0.0184; p =0.0002, respectively). Furthermore, 
we observed a significant decrease in the ability of yellow perch to cor-
rectly complete the feed associated learning behavior within 600 seconds 
when exposed to WAM40 at 2.00 and 50.0 ppm 2,4-D as compared to the 
controls (p=0.0107 and p < 0.0001). Overall, we observed no change in the 
locomotion, hunger motivation, and visually guided startle response in all 
treatment groups tested as compared to controls, suggesting that 2,4-D 
exposure inhibits associative learning behavior in juvenile yellow perch. 
Altogether, the results indicate that the use of 2,4-D herbicides for weed 
control in aquatic ecosystems at current recommended concentrations (< 
2ppm whole lake; < 4ppm spot treatment) could present risks to the cogni-
tive functioning of yellow perch.

2.09.34 Changes Induced by Atrazine in Clarias Gariepinus Provide 
Insight Into Alterations in Ovarian Histoarchitecture and Direct 
Effects on Oogenesis
P.A. Opute, A.O. Udoko, I.P. Oboh, University of Benin, Benin City / 
Department of Animal and Environmental Biology; E.F. Mbajiorgu, 
University of the Witwatersrand, Johannesburg / School of Anatomical 
Sciences, Faculty of Health Sciences
Clarias gariepinus juveniles with an initial average weight of 17.57 ± 
1.95g were exposed to environmentally relevant concentrations of 0 
(control), 2.5, 25, 250 and 500 μg L−1 atrazine in a quality-controlled 
28-day laboratory procedure. Findings revealed a significant decrease in 
the serum levels of follicle-stimulating hormone, luteinizing hormone 
and prolactin relative to control (p < 0.05). Atrazine reduced the lev-
els of testosterone while increasing the concentration of progesterone. 
Histologically, the control and treatment groups presented three stages 

of oocyte maturation, i.e. the chromatin nucleolar oocyte stage, early 
perinucleolar oocyte stage and the vitellogenic oocyte stage. However, in 
the ovaries of the treatment group with the lowest treatment concentration 
(2.5 μg L−1), atretic oocytes with broken membranes invaded many of the 
dead ova and empty spaces. In other treatments (25, 250 and 500 μgL−1), 
interfollicular spaces, vacuolation in oocyte formation, and dissolution of 
oocyte walls were observed. Disruption of the yolk vesicle and clumping 
of the cytoplasm in maturing oocytes was observed only at the highest 
atrazine concentration (500 μg L−1). Gross alterations in ovarian histoar-
chitecture and serum reproductive hormone levels observed in this study 
showed interference with oogenesis which may result in reduced egg 
viability and fecundity in fish with ecological implications in water bodies 
exposed to atrazine even at reduced concentrations.

2.09.35 Exposure to Pyrethroid Pesticides Across a Salinity 
Gradient in a Model Estuarine Organism
S. Hutton, Oregon State University / Environmental and Molecular 
Toxicology; E.I. Pederson, Oregon State University / Department 
of Fisheries and Wildlife; C.Y. Markgraf, Oregon State University / 
Department of Biochemistry; A. Segarra, University of California, Davis 
/ Anatomy, Physiology & Cell Biology, School of Veterinary Medicine; 
M.L. Hladik, U.S. Geological Survey / California Water Science Center; 
R.E. Connon, University of California, Davis / School of Veterinary 
Medicine Anatomy, Physiology and Cell Biology; S.M. Brander, Oregon 
State University / Environmental and Molecular Toxicology
Previous studies have shown that pyrethroid pesticides cause toxic effects 
at environmentally relevant concentrations (low ng/L). Additionally, 
recent findings indicate that as salinity increases, toxicity can increase; 
we have found that pyrethroid solubility in water increases with salin-
ity which can change bioavailability. As climate change progresses 
and salinity intrusion worsens, investigating the effect of salinity on 
the toxicity of pyrethroids and other persistent chemicals is becoming 
increasingly important in assessing risk to estuarine fish species. This 
is of particular relevance in the San Francisco Bay estuary and associ-
ated delta (SFBD) in California, where water quality criteria have been 
established for pyrethroids, but are based mainly on freshwater species. 
To evaluate the validity of these criteria for estuarine species, the Inland 
Silversides (Menidia beryllina), a model estuarine organism found in the 
SFBD, have been exposed to environmentally relevant concentrations 
of the six pyrethroid pesticides at three different salinities. After these 
exposures, changes in swimming behavior and gene expression will be 
assessed. Here we present our results from swimming behavioral analysis 
of Menidia beryllina larvae exposed to pyrethroids. Swimming behavior 
will be analyzed with Nodlus Ethovision software where we will use a 
stimulus to assess differences in response between pesticides and salinity. 
We hypothesize that as salinity increases, behavioral changes due to pyre-
throid exposure will also increase. These data will provide knowledge to 
managers and environmental planners to help further protect threatened 
and endangered fishes in the SFBD.

2.09.36 The Effect of Two Pestices Used in Sugarcane Crop on 
Macroinvertebrates Community of Eichhornia crassipes
M. Yoshii, NEEA/ CHREA - São Carlos Engineering School; T.J. 
Pinto, University of São Paulo / São Carlos School of Engineering; 
L. Conceição Menezes da Silva, University of São Paulo / Núcleo de 
Ecotoxicologia e Estudos Ambientais - NEEA; J. Freitas, University 
of São Paulo / São Carlos School of Engineering; L. Lopes, FURG- 
Universidade Federal do Rio Grande / São Carlos School of Engineering; 
B.V. Goulart, Chemistry Institute - University of Campinas; C.C. 
Montagner, UNICAMP / Institute of Chemistry; M. Daam, CENSE, 
New University of Lisbon; E. Espindola, University / Hydraulics and 
Sanitation
The State of São Paulo is responsible for more than 50% of sugarcane pro-
duction in Brazil. To improve the crop agricultural inputs, such pesticides 
are used. Based on literature, is it know that the pesticides can be carried 
to the soil and water (surface and ground) many studies already showed 
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the effects of pesticides, single and mixture, on non-target organism. This 
study evaluated the effects of pesticides used in sugarcane production the 
commercial product herbicide DMA806BR (a. i. 2,4-D) and the insecti-
cide Regent800WG (a. i. fipronil) on the macroinvertebrates community 
associated with the roots of the macrophyte Eichhonia crassipes. The 
experiment was carried out in 1500L mesocosms completely sunk in 
the soil to water surface level and located at the outdoor Centre of Water 
Resources and Environmental Studies research facility, Itirapina, Brazil, 
with the following treatments: Control (C), D (2,4D), F (fipronil) and M 
(2,4D + fipronil mixture). The recommended doses for sugarcane crop 
were applied following the manufacturer’s label. For the analysis of the 
effects of pesticides on the macroinvertebrate community, two samples 
were performed: 2 days before and 30 days after pesticides dosing. A 
total of 21.882 individuals were sampled, distributed in 9 orders. After 
exposure by the pesticides, the significant effects (p> 0.05) were in the F 
and M treatments where there was a decrease in the richness index from 
13 and 10 to 3 and 4, respectively, and diversity on F was 1.03 to 0.53 and 
M from 0.93 to 0.35. In treatments C and D significant differences was 
not identificated (p < 0.05). Others results are the disappearance of EPT 
orders in F and M treatments after exposure and the dominance of orders 
Gastropoda and Clitellata (Oligochaetas) justified by being resistant to 
environmental disturbances, less competition for food and absence of 
predators. It is concluded that the presence of fipronil in F 2,0 ng/L and 
M 3,5 ng/L is toxic to aquatic organisms at the applied concentrations 
following the recommended dose for sugarcane crop and 2,4D at low 
concentrations had no toxicity during the analyzed time.

2.09.37 The Effect of Atrazine on Zooplankton Metacommunities 
with Varying Habitat Heterogeneity
R. Bowser, A. Dzialowski, Oklahoma State University / Department of 
Integrative Biology
Metacommunities are defined as a set of local communities that are 
linked by the dispersal of several potentially interacting species. As 
such, communities may respond differently to stressors depending on 
how strong metacommunity dynamics are. In Metacommunity Theory, 
Species Sorting paradigm suggests that increases in heterogeneity can 
lead to increases in specialist species within the metacommunity, but 
Mass-effects views heterogeneity as being able to exert an effect depend-
ing on the degree of heterogeneity and connectivity. Herbicides, such as 
atrazine, can lead to changes in community structure of primary produc-
ers and changes in abiotic parameters, which can contribute to habitat 
heterogeneity. Atrazine primarily has a direct negative effect (EC50) on 
phytoplankton, due to its known mechanism of action, but some species 
of zooplankton may have reductions in number of offspring(>250µg/L) 
and survival(>15µg/L) in the presence of atrazine. The objective of this 
research is to better understand how metacommunity dynamics influ-
ence community responses in the presence of a chemical disturbance. 
Twelve metacommunities, each of which consisting of three mesocosms 
for a total of 36 mesocosms were used. Mesocosms were filled with 8L 
of water from surrounding lakes and filtered through a screen (5.0 mm 
mesh) to prevent fish, debris, and larger invertebrates from entering the 
mesocosms. Metacommunities contained zero mesocosms with atrazine, 
then increase in the number of mesocosms with atrazine (100µg/L) until 
all three mesocosms in the metacommunity are exposed to atrazine. Each 
mesocosm had 5% of water, by volume, filtered for zooplankton twice to 
exchange individuals with each other mesocosm in their metacommunity. 
This method was used as our dispersal mechanism to avoid transfer of 
chemicals between mesocosms. Zooplankton samples were collected 
before dispersal each week using a depth-integrated PVC sampler. In 
addition to zooplankton sampling, water quality, phytoplankton, and 
phosphorous were measured weekly. Observing communities as linked 
and interacting with each other through the metacommunity framework 
can be an important way to study the relationship between differing 
spatial scales in ecology.

2.09.38 Thyroid Disruption and Neurobehavioral Effects of p,p’-
DDE in Early Life Stage of Zebrafish (Danio rerio)
H. Chae, M. Kim, B. Kwon, Seoul National University; M. Kim, Seoul 
National University Hospital; Y. Park, Seoul National University Hospital 
/ Department of Internal Medicine; B. Oh, Lee Gil Ya Cancer and 
Diabetes Institute, Gachon University College of Medicine / Department 
of Physiology; K. Choi, Seoul National University / Environmental Health 
Sciences
DDT (dichloro-diphenyl-trichloroethane) has been banned for use since 
1970’s due to its toxicity and extremely long persistence. p,p’-DDE 
(2,2-bis(4-chlorophenyl)-1,-dichloroethylene) which is a major breakdown 
product of (DDT) is still ubiquitously found in aquatic environment and 
biota due to its persistence and bioaccumulative physico-chemical charac-
teristics. Several studies have documented that p,p’-DDE to be a thyroid 
disrupting chemical and can adversely affect normal neurodevelopmental 
process. However, toxicological information regarding especially on 
linking thyroid disrupting effect and neurodevelopmental toxicity are 
limited. The aim of this study is to evaluate effects of p,p’-DDE in thyroid 
system and neurodevelopment and uderlying its mechanisms in early 
life stage of zebrafish. In this study, zebrafish embryos were exposed to 
series of concentrations of p,p’-DDE (0, 0.01, 0.03, 0.1 μM) for 6 days, 
and effects on embryo-larval survival, hatchability and malformation rate 
were measured. At the end of exposure, whole body larvae were collected 
to analyze transcription of genes belonging to hypothalamic-pituitary-
thyroid (HPT) axis, thyroid hormone transport (lat2 and oatp1c1), 
thyroid hormone receptor corepressor (ncor1), thyroid hormone regulated 
neurodevelopmental genes (klf9 and mbp) in the central nervous system 
(CNS). To assess neurodevelopmental toxicity, zebrafish embryo-larvae 
were exposed to the same concentrations for 5 days. Daniovision® 
Ethovision EX was used to determine behavioral changes including total 
distance moved (mm) and mean velocity (mm/s). Exposure to p,p’-DDE 
significantly altered regulation of the genes related to thyroid system, 
neurodevelopment and locomotor behavior. In HPT axis, significant 
up-regulation of crhβ, tshβ, nkx2.1, tg, dio1, dio2 genes and significant 
down-regulation of ttr gene were observed indicating thyroid dysfunc-
tion potential of p,p’-DDE. Moreover, lat2 and oatp1c1 genes which are 
known as TH transporters in brain were significantly up-regulated sug-
gesting more THs uptake in the body. Furthermore, dose-dependent and 
significant up-regulation of klf9 gene was observed. klf9 is one of the TH 
regulated genes that are important in neurodevelopment. For locomotor 
behavior, both total distance moved and mean velocity were signifi-
cantly decreased at 0.1 μM. Our observations demonstrate that p,p’-DDE 
exposure can disrupt thyroid system by interfering central regulation, 
synthesis and metabolism of thyroid hormone, and may possibly lead to 
decrease TH. Altered THs were coincided with and possibly linked with 
changes in normal neurodevelopment and behavior. Acknowledgement: 
This study is supported by a grant (18182MFDS365) from Korean 
Ministry of Food and Drug Safety (MFDS) in 2019.

2.09.39 Exposure to the Pesticide, Thiamethoxam, Impacts Survival 
and Embryonic Motor Activity in Local Fish Species
S.R. Michel, University of Wisconsin, La Crosse / Biology; M. Hein, 
University of Wisconsin, La Crosse / Biology Department, River Studies 
Center; E. Harrahy, University of Wisconsin, Whitewater / Biological 
Sciences; T. King-Heiden, University of Wisconsin, La Crosse / Biology
Thiamethoxam (TM) is a neonicotinoid pesticide that is a nicotinic 
acetylcholine receptor (nAChR) agonist, causing paralysis and death. 
TM was designed for invertebrate nAChRs; however, recent research has 
indicated that vertebrates may suffer sublethal effects as a result of expo-
sure to TM. Thiamethoxam is a commonly used pesticide in agriculture 
and has been found in Wisconsin surface waters at concentrations above 
ecological threshold levels. Therefore, the effects of chronic exposure to 
environmentally relevant concentrations of TM on a local fish species 
were assessed. Fathead minnow (Pimephales promelas) embryos and 
larvae were exposed to 0, 0.02, 0.2, 2, 20, or 200 µg TM/L for 7 days and 
then raised in TM-free water until fish reached 21 days. Embryos exposed 
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to TM displayed no changes in hatching rates, predator escape response, 
or feeding efficiency, but showed up to 17, 20, and 21% reduced survival 
following exposure to 0.02, 20, and 200 µg TM/L, respectively. Increases 
in embryonic motor activity also occurred following exposure to 0.02 
and 200 µg TM/L. Chronic exposure to TM beginning at the larval 
stage resulted in no significant impacts on overall health or neurotoxicity 
indicators. Together, our work suggests that TM is capable of activating 
fathead minnow nAChR, and age at exposure needs to be considered 
when assessing its safety. These findings indicate the need for further 
investigation of the effects of TM on local fish species for the purpose of 
determining the impacts of this prevalent pesticide on the overall health of 
aquatic ecosystems.

2.09.40 Cyprosulfamide Induced Effects on Growth and 
Reproduction of Daphnia magna
O. Femi-Oloye, Toxicology Center / Veterinary and Biomedical Sciences; 
P.D. Jones, University of Saskatchewan / School of Environment 
and Sustainability and Toxicology Centre; J. Giesy, University of 
Saskatchewan / Department of Veterinary and Biomedical Sciences
Safeners are a group of chemicals applied simultaneously to protect crops 
from potential adverse effects of agricultural products used to kill weeds 
in monocotyledonous and some dicotyledonous crops. These chemicals 
get into the environment through various means such as leaching and 
runoff and therefore, pose a potential threat to the aquatic environment. 
The chemicals are also classified as inert for regulatory purposes, but 
some common ones like the dichloroacetamides, which were tested 
for potential effects on living non-target organisms were found to have 
effects. Therefore, the need to assess new and emerging safeners such 
as cyprosulfamide on living organisms became important. The effect of 
cyprosulfamide, a sulfonamide safener, on the growth and reproduction 
of a freshwater invertebrate (D. magna) was examined because daph-
nids form an important part of the aquatic community and food chain. 
This chronic study was designed using two concentrations (10mg/l and 
120mg/l) and control and lasted for 21days. 10 true replicates were treated 
with each concentration and control. The body length of the daphnids 
was recorded every two days and the number of neonates was recorded. 
Results revealed that cyprosulfamide affected the growth and reproduc-
tion of daphnids at both concentrations compared to the control group. 
Retarded growth was observed in daphnids cultured in 10 and 120mg/l 
concentrations though this was more apparent in the 120mg/l concen-
tration while there was a 60% death of daphnids treated with 120mg/l 
concentration. This study gives information on the potencies of emerging 
safeners such as cyprosulfamide to D. magna and could be used to infer 
effects on agricultural systems and in higher animals. Research on the 
effect of cyprosulfamide and its primary herbicide, isoxaflutole, on the 
growth and reproduction of D. magna will also be carried out.

2.09.41 Comparative Uptake and Depuration Kinetics of 
Perfluorooctanoic Acid (PFOA) and Its Alternative in Embryo-
Larval Zebrafish
K. Satbhai, Texas Tech University; J. Crago, Texas Tech University / 
Department of Environmental Toxicology The Institute of Environmental 
and Human Health TIEHH
Perfluoroalkyl substances (PFAS) are receiving an increased attention 
due to their persistence in the environment and their adverse effects 
on animal and human health. GenX (ammonium 2,3,3,3-tetrafluoro-
2-(heptafluoropropoxy) propanoate), an alternative to perfluorooctanoic 
acid (PFOA), has been detected in drinking waters all over the world. 
Most of the PFAS are released in water bodies and so it is important to 
understand their effects on the aquatic flora and fauna. Generally, alter-
native compounds are shown to be less toxic due to their shorter chain 
lengths (>C8 ) and less bioaccumulation potential. The objective of this 
study was to perform a comparative analysis, using uptake and depuration 
kinetics, for Gen X and PFOA in embryo-larval zebrafish. We assessed 
the uptake at 0-, 3-, 5-day post fertilization (dpf), and depuration at 7 
dpf. We hypothesized that GenX, the short-chained alternative of PFOA, 

will have similar uptake as PFOA but will be eliminated from the body 
at a faster rate. The findings of this study will help us to understand the 
differences in the bioaccumulation potential and depuration kinetics of C8 
PFOA and its alternative GenX in zebrafish embryo-larvae as well as to 
lay the foundation for further assessment of the differences in the mode of 
action and effect concentrations of the C8 PFAS and their corresponding 
alternatives.

2.09.42 Disruption of Male Mating Strategies in a Chemically 
Compromised Environment
M.G. Bertram, P. Tomkins, M. Saaristo, J.M. Martin, Monash University / 
School of Biological Sciences; M. Michelangeli, University of California, 
Davis / Department of Environmental Science and Policy; B. Tomkins, 
Centre for AgriBioscience / Department of Environment, Land, Water and 
Planning (DELWP); B.B. Wong, Monash University / School of Biological 
Sciences
A leading source of endocrine-disrupting chemicals (EDCs) in the 
environment is run-off of veterinary pharmaceuticals used in agriculture, 
including hormonal growth promotants (HGPs). Despite being banned 
in various countries, HGP use is still common in beef production around 
the world. The androgenic steroid 17β-trenbolone (17β-TB) is a HGP that 
commonly enters surface waters via livestock effluent run-off. Here, we 
used a flow-through system to expose wild-caught adult male guppies 
(Poecilia reticulata) to an environmentally realistic level of 17β-TB (aver-
age measured concentration = 2 ng/L) for 21 days. We then compared the 
response of exposed and unexposed males to sequentially presented large 
and small stimulus (unexposed) females. Due to a positive size-fecundity 
relationship, larger females are generally expected to be preferred by 
males. While we found no evidence that the size of a previously encoun-
tered female affected the amount of courtship or coercive ‘sneak’ mating 
behaviour performed by males during the second presentation, males 
from both exposure treatments conducted more frequent courting events 
towards larger females during both presentations, suggesting an absolute 
preference for greater female size. Further, across both presentations, 
17β-TB exposure caused a shift in male mating strategy towards increased 
coercive sneaking behaviour, although male sequential investment into 
mating effort was not impacted at the tested dosage. In combination, our 
findings demonstrate that exposure to a field-realistic level of a wide-
spread agricultural pollutant alters male mating strategies in fish, and 
contribute to a growing understanding of sub-lethal impacts of chemical 
contaminants on complex behaviours in wildlife.

2.09.43  Adverse Outcome Pathway Development: Glucocorticoid 
Receptor Activation Leads to Impaired Fin Regeneration
A. Cole, Baylor University / Environmental Science; G.T. Ankley, U.S. 
Environmental Protection Agency / Center for Computational Toxicology 
and Exposure; B.R. Blackwell, U.S. Environmental Protection Agency 
/ Great Lakes Toxicology and Ecology Division; J.E. Cavallin, U.S. 
Environmental Protection Agency / Center for Computational Toxicology 
and Exposure; K.M. Jensen, M.D. Kahl, U.S. Environmental Protection 
Agency / Great Lakes Toxicology and Ecology Division; D.L. Villeneuve, 
U.S. Environmental Protection Agency / Center for Computational 
Toxicology and Exposure
Glucocorticoid receptor (GR) agonists are used in a variety of prescribed 
and over the counter medications. In association, GR activity has been 
detected in wastewaters and wastewater impacted surface waters. 
However, relative to other endocrine active chemicals like estrogen 
receptor agonists, androgen receptor agonists, or inhibitors of steroid 
biosynthesis, potential adverse effects associated with exposure of aquatic 
organisms to GR agonists have not been well documented. Thus, an aim 
of the present work was to identify evidence linking GR activation to in 
vivo effects with plausible ecological relevance. Unlike mammals, fish 
can regenerate damaged or amputated extremities. Damage to fins is a 
common occurrence throughout a fish’s life cycle. Inhibition or delayed 
ability to regenerate fins could plausibly reduce ecological fitness; e.g. 
making affected fish less capable of obtaining food, avoiding predation, 



130 | SETAC North America 41st Annual Meeting

Track 2 | Aquatic Toxicology, Ecology and Stress Response

and/or migrating within their range. In house exposure to well-known 
GR agonist, budesonide have caused impaired fin regeneration in juvenile 
fathead minnows (Pimephales promela). The aim of the present work 
was to provide weight of evidence linking GR activation to impaired fin 
regeneration in fish. A novel AOP with key events linking GR activation 
to cripto-1 expression, inhibition of activin signaling, altered cellular 
migration associated with wound repair, and ultimate fitness effects of 
unrepaired fin damage was assembled. There was strong empirical sup-
port for a relationship linking cripto-1 to impaired fin regeneration as the 
basis for the Adverse Outcome Pathway (AOP). However, this relationship 
is non-adjacent to the actual adverse effect, and recognition of intermedi-
ate key events would lead to a better understanding of the pathway. To 
assess this, a literature review was conducted to develop a novel AOP 
with defined and supported intermediate key events associating GR 
activation, cripto-1 expression, inhibition of activin signaling and cellular 
migration. Further developments in the understanding of fin regeneration 
in relation to GR agonists will lead to increased evidence supporting the 
development of this AOP. The contents of this abstract neither constitute 
nor necessarily reflect USEPA policy.

2.09.44 Plausibility of Daphnia magna as a Surrogate Model to 
Evaluate Toxicity on Eicosanoids Pathway
S. Lee, Korea Institute of Toxicology (KIT) / Predictive Toxicology; G. 
Jung, Kyunghee Univ.; K. Eghan, Korea Institute of Toxicology; J. Lee, K. 
Kim, Kyunghee Univ.; W. Kim, Korea Institute of Toxicology / Predictive 
Toxicology
Eicosanoids are important signaling molecules in inflammation, allergy, 
fever and immune responses. In the eicosanoids pathway, cyclooxygenase 
(COX) catalyzes the conversion of arachidonic acid to prostaglandins 
(PG) and is an essential target of painkiller pharmaceuticals such as 
ibuprofen and aspirin. Thus, toxicological study on eicosanoids pathway, 
especially COX reaction is important not only for new painkiller drug 
discovery, but also for the evaluation of adverse health outcome induced 
by environmental contaminants. However, the experimental models 
which can satisfy the 3R principle is very limited. The aim of this study 
was to find out the plausibility of a surrogate model for evaluating toxicity 
on eicosanoids pathway. To this end, we adopted an invertebrate model, 
Daphnia magna, because of its sensitivity to environmental stressors, 
easiness of culture and abundant genome information. In this present 
study, ibuprofen was selected, because it is a well-known COX inhibi-
tor. Daphnia magna was exposed to 0, 0.25, 2.5, or 25 μM of ibuprofen 
for 6 h. The analysis of related gene transcriptions (cox, cyp361a1, pgd2, 
and pge2) by qPCR were followed. In addition, the concentration of 
eicosanoid molecules, such as arachidonic acid, thromboxane A2 and 
prostaglandins, were analyzed by LC-MS/MS. Multiple reaction monitor-
ing was used for the selective quantification of target molecules. After 6 
h of ibuprofen exposure, transcription of the cox gene was up-regulated 
and that of cyp361a1, pgd2 and pge2 were down-regulated. In addition, 
the whole-body level of arachidonic acid which is converted by COX 
was slightly increased by COX inhibitor ibuprofen. However, the level of 
eicosanoid molecules which is downstream of COX reaction, such PGG2, 
PGF2 and thromboxane A2, was decreased. From the gene transcriptions 
and eicosanoid molecules analysis, it is shown that D. magna has similar 
eicosanoids pathway with other vertebrate models. This might indicate 
the plausibility of D. magna as an alternative animal model to assess the 
toxicity of the eicosanoids pathway.

2.09.45 Ecotoxicological Study of an Emerging Pharmaceutical 
Pollutant: The Pyridinium of Furosemide (PoF)
F. Sandre, L. Garrigue-Antar, C. Morin, Université Paris Est Créteil / 
LEESU Laboratoire Eaux Environnement et Systèmes Urbains
Pharmaceutical compounds are released into the environment due 
to incomplete elimination by wastewater treatment plants (WWTPs) 
or uncontrolled releases like combined sewer overflows. Sometimes, 
compounds such as furosemide occur at concentrations higher than the 
predicted environmental concentration (PEC) and constitute a major 

environmental issue. Furosemide is the most widely prescribed loop 
diuretic in Europe since 1965. It is detected in surface waters around 
the world at high concentrations in hospital or urban WWTPs effluents 
(30000 and 2000 ng/L, respectively) but is rapidly decreased in rivers 
(50 ng/L). Its degradation products have been identified, however their 
toxicity is poorly documented. Among them, Pyridinium of furosemide 
(PoF), has recently been identified and shown to induce biological mark-
ers characteristic of Parkinson’s disease at high doses (1mM) in rodent 
models. However, this dose does not allow extrapolation of environmental 
exposure to PoF. The main objective of this study is therefore to acquire 
environmental data on PoF and other degradation products of furosemide 
in order to be able to characterize the risk they represent alone and in 
mixtures. Developmental and behavioural toxicity is assessed on zebraf-
ish larvae in chronic and acute exposures (from 2 and after 5 days post 
fertilization (dpf)) at environmentally relevant furosemide concentrations 
(50 ng/L to 50000 ng/L) and concentrations ranging from 1mM to 1nM 
for PoF. Mortality and deformations of the larvae are recorded and stress 
response assays (dark-light transition test and touch response test) are 
performed from 5 to 7 dpf. The first results show a diminution of mobility 
for larvae exposed to PoF below 10 nM and in cocktail with furosemide at 
1 nM. Furthermore, furosemide alone at concentrations as low as 50 ng/L 
leads to a decreased larval activity. Moreover, PoF alone affects larval 
development by inducing severe torsions of zebrafish larvae skeletons as 
well as cardiac and pericardial oedemas at the same concentrations.Tests 
in progress should provide more information on the cardiotoxicity of furo-
semide and PoF. In parallel, the degradability of furosemide into PoF by 
common WWTP tertiary treatments will be assessed. These preliminary 
results highlight furosemide toxicity at environmentally relevant concen-
trations. PoF alone and in cocktails with furosemide shows significant 
toxicity which may be of concern due to the probable presence of PoF in 
the environment.

2.09.47 Effects of Metformin and Its Metabolite Guanylurea on 
Fathead Minnow (Pimephales promelas) Reproduction
B.R. Blackwell, U.S. Environmental Protection Agency / Great Lakes 
Toxicology and Ecology Division; G.T. Ankley, J.E. Cavallin, U.S. 
Environmental Protection Agency / Center for Computational Toxicology 
and Exposure; A. Cole, Baylor University / Environmental Science; 
A. Kittelson, ORISE at U.S. Environmental Protection Agency / Great 
Lakes Toxicology and Ecology Division; K.M. Jensen, M.D. Kahl, 
U.S. Environmental Protection Agency / Great Lakes Toxicology and 
Ecology Division; C. Tilton, ORISE at USEPA; D.L. Villeneuve, U.S. 
Environmental Protection Agency / Center for Computational Toxicology 
and Exposure
Metformin (MET) is a drug commonly used for the treatment of type-2 
diabetes. It is currently estimated to be among the top five most com-
monly prescribed drugs in the US. MET is not metabolized in humans; 
however, once excreted, the majority of MET is biotransformed to 
guanylurea (GU) during wastewater treatment. Given the widespread use 
of MET, both MET and GU are commonly detected in surface waters at 
low µg/L concentrations leading to concerns about their potential adverse 
ecological effects. Previous studies have documented an increase in 
intersex, reduction in fecundity, and alterations in development of teleost 
fish following exposure to MET or GU, further increasing concern for the 
two chemicals. To better characterize their potential ecological effects, we 
investigated impacts on reproduction in the fathead minnow (Pimephales 
promelas) using a fish short-term reproduction assay (FSTRA). Spawning 
pairs of fathead minnows (n = 12) were exposed for 23 d to one of three 
nominal concentrations of each compound (0.41. 4.1, 41 µg/L MET; 1.0, 
10, 100 µg/L GU) or control Lake Superior water. Measured concentra-
tions of MET and GU were within 25 and 10% of nominal, respectively. 
Fecundity of the fish was not impacted in any of the treatment groups. 
Several gene targets related to reproduction were measured in liver 
(esr1, vtg) or gonad (AR, cyp19a1, 3βhsd, 17βhsd) of males, but none 
of them were affected by either chemical. Overall, while MET and GU 
may be commonly detected in the environment, neither appear to impact 
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reproduction of adult fathead minnows at environmentally relevant 
concentrations. The contents of this abstract neither constitute nor neces-
sarily reflect USEPA policy.

2.09.48  Chronic Embryo-Larval Exposure of Fathead Minnows to 
the Pharmaceutical Drug Metformin
J. Parrott, Environment and Climate Change Canada / Aquatic 
Contaminants Research Division; G. Pacepavicius, Environment and 
Climate Change Canada; K. Shires, Environment Canada; S. Clarence, 
Environment Canada / Water Science & Technology Directorate; H. 
Khan, Environment and Climate Change Canada / Aquatic Contaminants 
Research Division; M. Gardiner, C. Sullivan, M. Alaee, Environment and 
Climate Change Canada
Metformin is a glucose-lowering drug taken by a large number of people. 
Degradation of metformin in wastewater is variable. Concentrations in 
municipal wastewater effluents (MWWEs) have been shown to vary 
between 10-70 µg/L, and in rivers < 1 to 10 µg/L. The current study 
investigated the chronic effects of metformin in early-life stages of the 
fathead minnow (Pimephales promelas). Eggs and larvae were exposed to 
metformin nominal concentrations of 0, 3.1, 31, and 312 µg/L in a static-
renewal set-up, with 20 embryos per beaker and 16 replicate beakers for 
controls and 9 replicate beakers for each metformin treatment. The low 
and mid metformin exposure concentrations represent river and MWWE 
concentrations of metformin. Mean measured concentrations (± stan-
dard deviation) of metformin were on average 0.020 (± 0.017) µg/L (for 
controls), and 3.44 (± 0.23), 33.6 (± 1.6) and 269 (± 11) µg/L for the three 
metformin exposure concentrations. Over the 21-day exposure (5 days 
in the embryo, and 16 days post-hatch, dph), metformin did not affect 
survival or growth of the larval fish. Hatch success, time-to-hatch, defor-
mities in hatched fry, and survival until 9 and 16 dph were similar across 
all treatments. Growth (wet weight, length, and condition factor) assessed 
at 9 and 16 dph was also unaffected by metformin. These exposures show 
that metformin at environmentally-relevant concentrations (3.44 and 33.6 
µg/L), and at 10 x MWWE concentrations, caused no negative effects in 
this commonly-used lab fish species.

2.09.49 The Biological Impacts of Complex Pharmaceutical 
Mixtures in a Wastewater Treatment Plant Effluent-Dominated 
Stream
E. Meade, University of Wisconsin, Milwaukee / School of Freshwater 
Scienes; H. Zhi, University of Iowa / Civil and Environmental 
Engineering; G.H. LeFevre, University of Iowa / Department of Civil 
and Environmental Engineering; D.W. Kolpin, S.M. Meppelink, U.S. 
Geological Survey / Central Midwest Water Science Center; L.R. 
Iwanowicz, U.S. Geological Survey / Leetown Science Center; R. Lane, 
U.S. Geological Survey / Organic Geochemistry Research Laboratory; 
R. Klaper, University of Wisconsin, Milwaukee / School of Freshwater 
Sciences
Pharmaceuticals are an important class of contaminants that are released 
into the environment by wastewater treatment plants (WWTPs). The 
incomplete removal of pharmaceuticals during treatment within WWTPs 
poses potential risk to aquatic organisms in streams receiving effluent, 
particularly during low-flow conditions when elevated concentrations 
of complex mixtures of pharmaceuticals occur. Although the endocrine 
disrupting potential of select individual pharmaceuticals has been studied, 
less is known regarding mixtures of pharmaceutical compounds which 
are known to be present in WWTP effluent and receiving water bodies. 
To characterize the potential risks of adverse effects that pharmaceutical 
mixtures pose to aquatic organisms, Muddy Creek, a small (22.5 km2) 
stream receiving effluent from the North Liberty WWTP in Iowa, was 
selected as a field laboratory for study. Four sampling sites were chosen to 
capture the spatial and temporal variability of pharmaceutical mixtures: 
(1) 100 m above the WWTP outfall, (2) the WWTP outfall, (3) 100 m 
below the WWTP outfall, and (4) 5 km downstream of the WWTP outfall. 
From September 2017 to August 2018, monthly water samples were col-
lected during low-flow conditions and analyzed by the U.S. Geological 

Survey for 111 pharmaceuticals and total estrogenicity using a biolumi-
nescent yeast estrogen screen. Corresponding monthly water samples 
were also sent to the University of Wisconsin-Milwaukee for zebrafish 
(Danio rerio) exposure and gene expression studies. Zebrafish embryos 
were exposed to monthly water samples for 3- and 6-day durations. Next 
generation sequencing and RNAseq were used to assess differences in 
gene expression among the upstream, outfall, and downstream sites. 
Important transcripts identified from these comparisons were used in 
the design of a custom nCounter CodeSet that allowed for multiplexed 
measurement of 50 transcript abundance endpoints in zebrafish embryos. 
The transcript-level impacts of exposure to complex mixtures of pharma-
ceuticals in wastewater effluent are also being investigated in an in-stream 
exposure with adult fathead minnows (Promelas pimephales). Ultimately, 
the gene expression from lab and field studies will inform a predictive 
model to correlate real-world mixtures of pharmaceuticals to specific 
biological impacts using model organisms.

2.09.50 Roles of Cnr1, Cnr2, and PPAR³ in 9-Tetrahydrocannabinol 
and Cannabidiol Developmental Toxicity
Z.P. Pandelides, C.E. Thornton, B.R. Westling, K.E. Dickson, H. Watts, 
University of Mississippi / BioMolecular Sciences; N. Aluru, WHOI / 
Biology; K.L. Willett, University of Mississippi / BioMolecular Sciences
Increased availability of cannabis and cannabinoid-containing products 
necessitates the need for understanding how exposure to these compounds 
can affect development. Furthermore, as the ∆9-tetrahydrocannabinol 
(THC) and cannabidiol (CBD) industry and subsequent consumer use 
continues to grow there will be increased deposition of these compounds 
in the environment. Using cannabinoid receptor-null zebrafish (cnr1-/- and 
cnr2-/-), we conducted experiments to assess the roles of these receptors 
in cannabinoid developmental and behavioral toxicity. THC increased 
mortality and deformities (pericardial and yolk sac edemas) in cnr1-/- and 
cnr2-/- fish. Conversely, CBD-induced malformations and mortality were 
significantly reduced in the cnr1-/- and cnr2-/- larvae. THC and CBD 
exposure caused significantly decreased larval activity (96 hpf), however, 
decreased activity was not observed in the cnr1-/- fish, suggesting this 
receptor is responsible for mediating behavioral toxicity. Transcriptomic 
profiling in cnr+/+ embryos developmentally exposed to 4 μM THC or 
0.5 μM CBD revealed that a significant portion of differentially expressed 
genes were targets of PPARγ, a predicted upstream regulator. In both 
Cnr-positive and Cnr-null embryos, co-exposure to the PPARγ inhibitor 
GW9662 and THC or CBD, there was increased toxicity compared to 
exposure with THC or CBD alone. Co-treatment in the cnr1-/- fish with 
GW9662 did not alter the CBD-induced decrease in activity. However, 
co-treatment with GW9662 did remove the protective effect observed in 
cnr1-/- fish treated to THC alone. Collectively, these results indicate that 
PPARγ, Cnr1, and Cnr2 all play crucial roles in the developmental toxicity 
of THC and CBD. (Supported by the National Institute on Drug Abuse 
R21DA044473-01).

2.09.51 Comparative Toxicity of a Phthalate and its Alternative in 
Embryo-Larval Zebrafish
K. Satbhai, Texas Tech University; S. Nash, Texas Tech University / 
Environmental Toxicology; J. Crago, Texas Tech University / Department 
of Environmental Toxicology The Institute of Environmental and Human 
Health TIEHH
Plasticizers, most commonly phthalates, are widely known as endocrine 
disrupting chemicals (EDCs). Bis (7-methyloctyl) cyclohexane 1,2 dicar-
boxylate (DINCH) is a recent phthalate replacement to di(2-ethylhexyl)
phthalate (DEHP) and diisononyl phthalate (DINP). DINCH is hydro-
phobic. To understand the effect of the novel replacement compounds, it 
is important to assess toxicity comparing the phthalate with its replaced 
alternative. In this study, we aimed to assess acute toxicity of DEHP and 
its replacement DINCH to zebrafish larvae at 120-hours post fertilization 
(hpf). The endpoints assessed were survival, behavior response, and mal-
formations. Dechorionated zebrafish embryos were exposed to DINCH 
and DEHP at 6 hpf and were assessed for malformations at 48 hpf, 72 hpf, 
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and 120 hpf; survival and startle response were assessed at 120 hpf. The 
findings of this study will contribute to our understanding of the potency 
of phthalate substitutes and the safety of the products containing these 
substitutes.

2.09.52  Assessment of the Toxic Effects of Nanoplastics on Zebrafish 
(Danio rerio) Embryonic Development
S. Marbach, W. Xu, Texas A&M University, Corpus Christi / Life Sciences
Plastic pollution is a global environmental threat which has been found 
to have toxic effects on aquatic organisms. In recent years, plastics at the 
nano levels became a concern because the small sizes of those particles 
allow them to enter and accumulate in various tissues and cells of the 
aquatic organisms. However, the mechanisms of the nanoplastic toxic 
effects on the aquatic organisms remain largely unknown. In this study, 
we analyzed the effects of polystyrene nanoplastic particle pollution on 
Zebrafish (Danio rerio) embryonic development and stress response. 
The Zebrafish embryos were immersed in aqueous suspensions of 
fluorescently tagged polystyrene nanoplastic particles. The treatments 
consisted of concentrations of 0.1ppm, 1.0ppm, and 10ppm with nanoplas-
tics ranging in sizes from 0.03μm to 0.1μm. The embryos were imaged 
using fluorescence microscopy at 24 hours post treatment (hpt), 48 hpt, 
72 hpt, and 96 hpt to observe the migration and bioaccumulation of the 
nanoplastic particles within the embryo. We found that polystyrene 
nanoplastic particles were attached to the surface of the egg’s chorions 
and penetrated the chorions. Additionally, we found traces of nanoplastics 
within the developing embryos. Embryos from each treatment and control 
group were collected at the above-mentioned time points and used for 
gene expression analysis of a range of Zebrafish stress response genes, 
including catalase encoding genes (cat), cyp1a, sod, il6, il1a, and il1b. We 
observed an increase in cyp1a expression with increasing duration and 
concentration of the nanoplastic treatment. The nanoplastic treatment also 
resulted in an upregulation of il6, which encodes a protein that induces a 
transcriptional inflammatory response through the interleukin 6 receptor. 
These changes in gene expression point towards the possible mechanisms 
involved in the transport of nanoplastics during embryonic development 
of Zebrafish.

2.09.53 Effects of Polymer Type and Environmental Aging on the 
Toxicity of Microplastic Fiber Leachates to Americamysis bahia
A. Johnson, R. Sofield, Western Washington University / Environmental 
Sciences
Microplastic monitoring studies have found many types of plastic 
particles and fibers in several species and environments, but little is 
known about the toxicological effects and how these change as plastics 
age, especially in the case of microplastic fibers. Plastic polymers have 
varying chemical compositions and additives, meaning plastics could 
vary in toxicity just as different chemicals do. Plastics also tend to con-
centrate chemicals from their surrounding environments on the plastic 
surface, which may further alter toxicity. Leachate from plastics has been 
previously shown to cause acute toxicity to Daphnia magna, Nitocra 
spinipes, and Amphibalanus amphitrite. In this study, the acute toxic-
ity of several different microplastic fiber leachate types (generated from 
either non-deployed microplastic fibers or microplastic fibers deployed 
in Bellingham Bay for 2.5 months) are assessed using the saltwater 
crustacean Americamysis bahia. Microplastic fibers of two polymer 
types, polyester and polyacrylonitrile, are shaken in clean seawater for 48 
hours to create leachate which contains plastic additives, monomers, and 
in the case of the field-aged plastics, contaminants from Bellingham Bay. 
Americamysis bahia are then exposed to plastic fiber leachates at a range 
of concentrations, and mortality is assessed after 96 hours of exposure. 
Results are compared between microplastic fiber types to rank their 
toxicity, and are supported with chemical analysis of the leachates per-
formed with LC-QTOF-MS. The 96-hour LC50 values will be compared 
with log-likelihood ratios to determine significant differences between 

microplastic fiber types and whether they were deployed or not. The 
chemical analysis shows a clear difference in composition of leachates 
between fiber polymer types and between deployed and non-deployed 
fibers.

2.09.54 Plastic Pollution in the Environment
K. Somers, USEPA / Water Division
Plastic pollution is a growing concern as plastics are seemingly ubiquitous 
in aquatic environments. Plastic production is continuing at increas-
ing rates despite its presence in the environment. Plastics can be found 
in macro or micro sizes and have the capability of impacting important 
resources in our environment. This presentation will be a broad, informa-
tive overview of plastics highlighting its history, its production and how 
plastics enter our environment. This presentation will also provide sum-
maries of select projects that the US Environmental Protection Agency 
has supported to help address plastic pollution in the environment.

2.09.55  An Interactive Toxicity of Microplastic Fragments and 
Benzophenone-3 Additives to Daphnia magna
J. Song, J. Na, Korea University; J. Jung, Korea University / 
Environmental Science and Ecological Engineering
Microplastics (MPs; < 5 mm) have emerged as important anthropo-
genic pollutants, because of their ubiquity, small particle size, and high 
potential toxicity to aquatic organisms. Moreover, MPs can pose further 
toxicological risks to aquatic organisms, owing to leaching of chemical 
additives (e.g. photostabilizer, antioxidant, and flame retardant). Though 
MPs can act as a point source of plastic additives, most previous studies 
have focused on the role of pure MPs as a vector of hydrophobic organic 
pollutants in aquatic environments. In this study, polyethylene MP frag-
ments (39.72 ± 14.45 μm) with benzophenone-3 (BP3; 12.18 ± 1.97% w/w) 
were synthesized to identify the interactive toxicity to Daphnia magna. 
MP fragments enhanced the bioconcentration of BP3 in D. magna, which 
resulted in the synergistic effect on 48-h acute (oxidative stress and mor-
tality) and 21-d chronic (mortality, growth and reproduction) toxicity to 
D. magna. Overall, this study suggests a significant ecological risk of the 
interaction between MPs and chemical additives in aquatic organisms.ta

2.09.56  The Effect of Microplastic Shape (Beads and Fragments) on 
Chronic Toxicity to Daphnia magna
D. An, J. Na, Korea University; J. Jung, Korea University / Environmental 
Science and Ecological Engineering
Microplastics (MPs) are emerging contaminants in freshwater environ-
ment and many studies have investigated acute and chronic toxicity of 
MPs on aquatic organisms. However, there is limited information on the 
effect of MPs shape on the adverse impacts. In this study, we compara-
tively examined the chronic toxicity (21 d) of polyethylene MP beads and 
fragments (25-53 µm) in Daphnia magna. At the concentration of 5 mg 
L-1, the mortality of D. magna was greater in MP fragments (40%) than 
MP beads (10%). The MP fragments were notably accumulated in the 
gut of dead D. magna, possibly leading to starvation. However, both MP 
beads and fragments did not induce significantly (p < 0.05) different body 
length and reproductive traits (total of offspring, number of brood and 
the time to first brood) of live D. magna, when compared to the control 
(M4 medium). This may be explained by the fact that micro-sized plastics 
cannot not be absorbed through the gut. Therefore, further studies should 
be conducted with nano-sized plastics to prove the sublethal toxicity to D. 
magna.
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2.09.57 Assessing the Cytotoxicity Effect of 
Hexabromocyclododecane (HBCD) on Liver Tissue Cultures from 
Fathead Minnow (Pimephales promelas)
J. Bertucci, University of Saskatchewan / Toxicology Centre; S.H. Malala 
Irugal Bandaralage, University of Saskatchewan / Toxicology; M. Hecker, 
University of Saskatchewan / School of the Environment & Sustainability 
and Toxicology Centre
Hexabromocyclododecane (HBCD) is a ubiquitous environmental 
contaminant of current concern despite its global ban in 2013 due to its 
characteristics as a persistent organic pollutant. While the toxicity of 
HBDC in vertebrates has been extensively studied, the specific molecular 
mechanisms underlying its toxicity in fish are not fully understood to 
date. Therefore, the aim of this work was to determine the in vitro cyto-
toxicity of HBCD in the fathead minnow (Pimephales promelas) using 
liver explants, and to investigate the molecular mechanisms underlying 
these effects. Explants were incubated with nine different concentra-
tions of HBCD (0.00032, 0.0016, 0.008, 0.04, 0.2, 1, 5, 25 and 125 mg 
HBCD/L) for 6 and 24 h, and cytotoxicity was tested by using the Lactate 
Dehydrogenase (LDH) assay. The expression of genes with a key role 
in the regulation of apoptosis, oxidative stress, cryoprotective responses 
to reactive oxygen species (ROS), and xenobiotic metabolism was also 
measured in liver explants after exposure to 0.00032, 0.0016, 0.008, 0.2, 
and 25 mg HBCD/L. After 6 h, a significant concentration-dependent 
increase in cytotoxicity was observed at concentrations between 0.008 
and 1 mg/L HBCD and a decrease in cytotoxicity between 1 and 25 mg/L. 
Cytotoxicity reached 100% at a concentration of 125 mg/L HBCD. After 
24 h, HBCD showed a biphasic response with a concentration-dependent 
decrease in cytotoxicity between 0.0016 and 1 mg/L that returned to 
baseline levels at 5 mg/L. At concentrations greater than 5 mg/L cytotox-
icity increased to reach a maximum value at 125 mg/L. Changes in the 
expression of genes related to apoptosis (apoEn, apoIn, caspase2, caspase9 
and bax) were also time- and concentration-dependent. Genes related to 
antioxidant responses such as gst and catalase were generally decreased 
after 6 h of incubation and increased after 24 h. The same pattern was 
observed for cyp1a and cyp3a, both related to xenobiotic metabolism. 
The expression of genes related to cryoprotective responses anti ROS 
(akt and pi3k) decreased at almost all HBCD concentrations tested after 
6 h but remained unaltered after 24 h. Overall, we demonstrated that 
the cytotoxic effect of HBCD in fathead minnow liver explant was not 
proportional to its concentration in the culture media. Cytotoxicity was 
highly dynamic and did not follow a typical concentration-response pat-
tern, complicating its toxicological characterization.

2.09.58 Key Gene Expression Signatures of 
Hexabromocyclododecane (HBCD) Exposed Fathead Minnows 
(Pimephales promelas)
S.H. Malala Irugal Bandaralage, University of Saskatchewan / 
Toxicology; J. Bertucci, University of Saskatchewan / Toxicology Centre; 
M. Brinkmann, University of Saskatchewan / School of Environment 
and Sustainability and Toxicology Centre; A.J. Masse, University of 
Saskatchewan / Toxicology; J. Xia, McGill University Macdonald Campus 
/ Institute of Parasitology; O. Soufan, McGill University / Faculty of 
Agricultural and Environmental Sciences; D. Crump, Environment and 
Climate Change Canada / National Wildlife Research Centre; N. Basu, 
McGill University / Faculty of Agricultural and Environmental Sciences; 
N.S. Hogan, University of Saskatchewan / Department of Animal 
and Poultry Science and Toxicology Centre; M. Hecker, University 
of Saskatchewan / School of the Environment & Sustainability and 
Toxicology Centre
Brominated flame retardant (FR) use is slowly declining due to asso-
ciations with serious health concerns (i.e. cancer, hormone disruption, 
hinder development) in humans and animals; however, their lipophilic 
properties result in the persistence of these chemicals in biotic and abiotic 
matrices. A predominant FR since the 1990s that has now been banned 
and classified as a persistent organic pollutant (POP), is hexabromocy-
clododecane (HBCD). HBCD presents a threat to aquatic organisms as it 

can be maternally transferred to the young and has been hypothesized to 
hinder development by way of oxidative stress and apoptosis. However, 
little is known to date regarding the specific molecular mechanisms that 
drive the toxicity of HBCD. The purpose of this study is to identify key 
molecular response patterns predictive of apical outcomes of regulatory 
relevance altered by exposure to maternally transferred HBCD in the fat-
head minnow (Pimephales promelas). The study exposed adult male and 
female fathead minnows to three concentrations of HBCD (10, 33, 100 
ng/g) and a solvent control for 49 days via the diet under static renewal 
conditions. Eggs from these fish were collected between days 28 – 42 and 
reared in petri dishes and 10L tanks for 7 and 14 days post-fertilization, 
respectively. The larvae sampled 7-days post fertilization were subject to 
‘omics (transcriptomics, proteomics, metabolomics) analysis whilst the 
14-day larvae were assessed for apical outcomes (meristic parameters, 
growth, survival, histopathology). The larvae reared for 14 days exhib-
ited significant decrease in survival at the highest concentration, while 
differential gene expression analysis revealed dysregulation of pathways 
involved in membrane integrity and metabolic processes. Proteomics 
analysis is ongoing with the goal to integrate transcriptomics and pro-
teomics data to establish key gene expression signatures that can be used 
to predict apical outcomes. We predict this research will identify critical 
biological endpoints and pathways for the toxicity of HBCD in early life 
stages of fathead minnows, which could be utilized to develop a gene 
expression-based toxicity model to predict apical outcomes that can also 
be applied across different species and chemicals acting through a similar 
mechanism of action. This study is part of the EcoToxChip project (www.
ecotoxchip.ca).

2.09.59  Sediment Quality Changes in the Southern California Bight: 
1998-2018
A.N. Parks, D.J. Greenstein, Southern California Coastal Water Research 
Project / Toxicology; K. McLaughlin, K. Schiff, Southern California 
Coastal Water Research Project
With over 28 million residents, the Southern California coastal oceans 
have been subject to many anthropogenic inputs including treated waste-
water, urban runoff, industrial discharges, vessel discharges, amongst 
others . Although environmental monitoring has been required for these 
regulated discharges, those efforts focus on 3% of the roughly 3,500 km2 
that comprise the region’s coastal ocean habitats. The Southern California 
Bight Regional Monitoring program, a consortium of nearly 100 regulated 
and regulatory agencies tasked with maintaining the health of southern 
California’s coastal ocean, has been monitoring sediment quality – includ-
ing sediment toxicity - for over 25 years. The objectives of this monitoring 
are to determine the extent and magnitude of sediment toxicity in the 
SCB, how the extent and magnitude of toxicity compares among different 
coastal habitats, and how these results have changed over the last two 
decades. Sediment quality was evaluated using the California Sediment 
Quality Objective (SQO) framework, which includes the use of two toxic-
ity tests: one acute (amphipod survival test) and one sublethal (mussel 
development test). A Generalized Random Tessellated Stratified sampling 
design is used to evaluate sediment toxicity for over 250 stations per 
survey across seven different habitats (Continental Shelf, Marinas, Ports, 
Bays, High Salinity Estuaries, Brackish Estuaries, and Offshore Islands). 
In 2018, 96% of the Southern California sediments were categorized as 
Nontoxic, with less than 1% of categorized as Moderate or High Toxicity. 
These results are consistent with the observed reduction in Bight-wide 
sediment toxicity magnitude and spatial extent over the past 20 years. 
Although Bight-wide sediment quality has improved since the 1998 
survey, the areal extent and magnitude of sediment toxicity in Marina and 
Estuary habitats increased in 2018 compared to 2013. Brackish Estuaries 
had the greatest extent and magnitude of toxicity compared to other strata 
in 2018.
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2.09.60 Comparison of Biodegradation for Seven Chemicals 
Between Coulometer® and OxiTop®

S. Takekoshi, K. Takano, Y. Matoba, M. Sato, Sumitomo Chemical Co., 
Ltd. / Chemical Safety Assessment Group
Ready biodegradability tests in accordance with the OECD TG 301 series 
are generally required in many countries for chemical safety management. 
Japanese Chemical Substances Control Law (CSCL) requires the OECD 
301C or 301F test and biodegradability of test substance in the tests is 
evaluated by measuring biochemical oxygen demand (BOD). Coulometer 
and OxiTop are different respirometric systems to determine BOD. The 
former system is exclusively used for application to CSCL, being a large 
instrument which accommodates 6 sample bottles to measure BOD by 
electrochemically replacing the oxygen consumed by microorganisms 
during the test. The latter one is a compact cap-shaped instrument which 
is attached to each sample bottle to detect decrease of air pressure in the 
bottle caused by consumption of oxygen by microorganisms during the 
test. In this study, we compare biodegradation of test substances between 
Coulometer and OxiTop. The test substances were sodium benzoate, 
aniline, sodium acetate, benzyl alcohol, phenol, 2,4-dichloroaniline and 
2,3-dichlorobenzoic acid. Each test substance was exposed to the stan-
dard activated sludge or activated sludge taken from a municipal sewage 
treatment plant in the 301C or 301F test, respectively. Concentrations of 
the test substance and the sludge were set at 100 and 30 mg L-1, respec-
tively, in both tests. Former five substances was easily degraded and latter 
two substances was not degraded at all for both respirometric systems, 
and BOD curves of the five substances showed similar changes over time 
including rising times of the curves between the two systems. Based on 
these results, we confirmed that both 301C and 301F test results using 
Coulometer could be reproduced by OxiTop for the purpose of evaluation 
of biodegradability of test substances under CSCL.

2.09.61 Towards a Harmonised Approach to Conducting a Globally 
Accepted Algal Toxicity Study
E. Danby, Covance / Aquatic Ecotox and Biodegradation; D. Sacker, 
Covance / Aquatic Sciences and Assessment; H. Vryenhoef, Covance 
Laboratories / Aquatic Ecotoxicology and Biodegradation
Algae are internationally established test organisms in chemical risk 
assessment. Toxicity test guidelines incorporating algae are largely 
focused on traditional apical endpoints such as growth rates following a 
72-h chemical exposure as per OECD 201 guidelines. However, depend-
ing on the country of registration, the OCSPP 850.4500 might be required, 
which looks at endpoints over 96-h. In a number of 96-Hour algal tests it 
has been noted that the algal growth rate in control groups and uninhib-
ited test groups has a tendency to drop off after 72 hours. The reason 
for the decline is suspected to be due to the algal growth entering the 
stationary phase. The OECD and OCSPP test guidelines give minimum 
algal density increases in the control of 16x over 72 hours and 100x over 
96 hours respectively; however, typical algal density increases have been 
recorded of 362x over 72 hours and 438x over 96 hours. It is therefore 
likely that the failure to maintain exponential growth has been caused by 
a limiting factor such as nutrient availability or insufficient gas exchange. 
Here we present the findings of a series of experiments to investigate 
modifications to the 96 hour test design to ensure exponential growth is 
maintained throughout the 96 hours of exposure. A reduction of growth 
rate in the control groups which is not observed in the inhibited test 
groups may result in an under estimate of toxicity as the test groups catch 
up with the controls.

2.09.62  Evaluation of Chronic Sensitivity of a Freshwater Mussel 
Using Partial Life-Cycle Toxicity Tests and Long-Term Toxicity 
Tests
N. Wang, J.L. Kunz, J.A. Steevens, U.S. Geological Survey / Columbia 
Environmental Research Center; S. Raimondo, U.S. Environmental 
Protection Agency / Gulf Ecosystem Measurement and Modeling 
Division; T. Augspurger, U.S. Fish and Wildlife Service / Ecological 
Services; C. Barnhart, Missouri State University / Biology
ASTM E2455 standard recommends a 4-week duration for chronic toxic-
ity tests with juvenile mussels. Because mussels can live for decades, 
concerns have been expressed whether the responses of survival and 
growth over a 4-week exposure are adequate to assess long-term impacts. 
Additionally, no standard method is available to evaluate toxicant effects 
on mussel reproduction. The objectives of this study were to (1) refine 
methods for a long-term 12-week toxicity test and a partial life-cycle 
toxicity test with a commonly tested unionid mussel (fatmucket, Lampsilis 
siliquoidea) and (2) evaluate the sensitivity of the different endpoints from 
these tests. A reference toxicant (KCl) was used in the first-year study. 
In the partial life-cycle test, gravid female fatmucket brooding mature 
glochidia were held individually in each of four replicate chambers in 
a flow-through diluter system with five KCl concentrations of up to 25 
mg K/L (50% dilution series) and a control water for 6 weeks. A sub-
sample of glochidia was isolated from each adult mussel to determine the 
glochidia viability at the end of the adult exposure. Glochidia were also 
collected from each exposed adult and tested for 24 hours in the same 
KCl concentrations as the adults. Preliminary results based on nominal 
concentrations showed that the EC20 (~15 mg K/L) for the viability of 
glochidia at the end of the adult exposure was similar to EC20 (~14 mg 
K/L) from the 24-hour glochidia exposure, indicating that the additional 
24-hour exposure with free glochidia did not change the toxicity to glo-
chidia after the adult exposure. In the long-term test, 2-week-old juveniles 
were exposed to five KCl concentrations of up to 50 mg K/L and a control 
water in the diluter for 4- and 12-week exposures. The 12-week EC20 for 
survival (~6.4 mg K/L; growth measurements are ongoing) was 4-fold 
lower than the 4-week EC20 (~27 mg K/L), indicating that increasing 
chronic test duration from 4 to 12 weeks substantially increased the KCl 
toxicity. In addition, the survival endpoint from the 12-week juvenile test 
was more sensitive than the reproduction endpoint from the partial life-
cycle test. The ongoing second-year study will repeat the first-year study 
with a second toxicant (nickel) and additional reproduction endpoints 
(e.g., juvenile metamorphosis success).

2.09.63 Comparative Toxicity of Common Coastal Contaminants 
and UV Filters to the Scleractinian Coral Acropora cervicornis
C.L. Mitchelmore, University of Maryland Center for Environmental 
Science / Chesapeake Biological Laboratory; D.A. Renegar, Nova 
Southeastern University / Dept. of Marine and Environmental Science; N. 
Turner, Nova Southeastern University / Marine Biology
Scleractinian corals are keystone species, of significant ecological and 
economic value in tropical coastal regions. Despite their importance, 
there are relatively few toxicity studies which evaluate coral sensitivity to 
common coastal chemical contaminants or reference toxicants compared 
to standard invertebrates. The recent legislative activity in the USA due 
to concerns over UV filter toxicity to corals has highlighted this data 
gap and the limited available toxicological studies have shown highly 
variable toxicological responses in adult and larval forms in a number 
of coral species, with acute and chronic toxicity values in the parts per 
billion to million. Additionally, comparison between studies is compli-
cated due to differing exposure regimes, coral species, and life stages 
as well as a lack of analytical verification. Toxicity tests using corals 
should therefore follow standard procedures similar to those conducted 
for other invertebrate test species, including the use of positive controls, 
to allow for effective comparison across studies and species sensitivity 
assessments. Consideration of effects to both symbiotic partners should 
also be addressed by using multiple biological endpoints. We conducted 
several acute (i.e. 48-96 hour) toxicity tests, based on standard EPA and 
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OECD guidelines, with the Atlantic staghorn coral Acropora cervicor-
nis. Multiple endpoints were examined to assess the sensitivity of A. 
cervicornis compared to other corals and invertebrate species, including 
those pertinent to risk assessments (i.e. mortality, LC50s) along with 
other biological effects such as visual bleaching, mucus production, polyp 
retraction and photosynthetic efficiency. In preliminary range finding 
tests, the highest mortality (96 hr) was observed with copper (LC50 = 
0.26 mg/L) but was not observed with octocrylene or diuron at concentra-
tions up to 10 mg/L. Despite no visual impact to the coral, concentrations 
of diuron > 10 µg/L resulted in significant (up to 100%) reductions (IC50= 
6.9 µg/L) in photosynthetic activity of the symbiont, highlighting the 
need to consider implications to both host coral and algal symbiont. The 
results of this study provide new data on the sensitivity of A. cervicornis 
to common coastal contaminants, and provides guidance on toxicity test 
parameters specifically applicable to scleractinian corals.

2.09.64 UV Disinfection Attenuates Tonalide and Associated 
Biological Activity
S. Shadle, University of St. Thomas / Environmental Science; T. Grieder, 
University of St. Thomas / Biology; K.H. Wammer, University of St. 
Thomas / Department of Chemistry; D.R. Stoll, Gustavus Adolphus 
College / Dept of Chemistry; D. Martinovic-Weigelt, University of St. 
Thomas / Biology
The polycyclic musk tonalide (AHTN) is a synthetic fragrance commonly 
used in consumer products; it is frequently detected in wastewater-
impacted surface waters. AHTN’s omnipresence in the environment is of 
concern due to its potential to interact with a variety of molecular targets 
including efflux transporters and nuclear receptors. The goal of this 
study was to evaluate potential of UV disinfection treatment to attenuate 
biological effects associated with AHTN. Ability of the native freshwa-
ter mussel (Elliptio complanata) gill to efflux rhodamine B (indicator of 
ABC transporter function) was evaluated first. Efflux was reduced upon 
exposure to 10 uM AHTN but not 10 uM AHTN photoproducts (AHTN-
PHOTO, 120s). The effects on mitochondrial bioenergetics were evaluated 
by perturbing rainbow trout cells with a series of model mitochondrial 
toxicants. ATP-dependent, maximum, and proton-leak dependent respira-
tion were measured (Seahorse XFe Extracellular Flux Analyzer, Agilent). 
Neither AHTN nor AHTN-PHOTO (at 10uM, 120s) had significant 
effects on the basal respiration and spare capacity. Commercially avail-
able, well-characterized TRANS- FACTORIAL™ assays (Attagene Inc. 
Morrisville, NC) were used to assess activation of 24 human nuclear 
receptors. Both AHTN and AHTN-PHOTO upregulated multiple nuclear 
receptors including retinoic acid receptor alpha and beta, estrogen recep-
tor alpha, and pregnane X receptor (relative to solvent controls). AHTN 
photoproducts exhibited biological activity, but the activity of AHTN 
was typically reduced by UV treatment (with the exception of PXR and 
ADRB1 – their biological potency was not lowered upon UV treatment). 
Overall, UV treatment attenuated toxicity of the AHTN.

2.09.65 Effect of Pastureland Use on Subwatersheds of the Buffalo 
National River, Arkansas
N.R. Craddock, J.L. Bouldin, Arkansas State University / Biological 
Sciences
The Buffalo National River (BNR) became the United States’ first 
national river in 1972 and was designated as an Extraordinary Resource 
Waterway by the Arkansas Department of Environmental Quality 
(ADEQ) in 2008. The BNR is valued for its ecological and economic 
resources, putting it under an extra blanket of protection by the state of 
Arkansas as well as protection by the federal government. The ADEQ 
identified the economic resources of the BNR as primary and secondary 
contact recreation (full contact activities and water–related activi-
ties respectively) and as a domestic, agricultural, and industrial water 
resource. These economic resources do not include ecological resources 
such as habitat for endangered and threatened species. These protections 
open the need for monitoring water quality of the watershed and any 
subwatersheds feeding into the river corridor, especially since much of 

the unforested area around the river and subwatersheds is agricultural 
and pastureland. This agricultural land use is listed as one of the likely 
sources of contamination of the Bears Outlet Creek – Buffalo River 10–
digit HUC according to the ADEQ 2016 303(d) list. The conditions listed 
as the cause for this subwatersheds impairment are Total Dissolved Solids 
(TDS), Dissolved Oxygen (DO), and Temperature which are all potential 
contaminants of pastureland near streams and rivers due to soil erosion 
and runoff. In order to protect the water quality of the Buffalo National 
River and determine potential sources of contaminants, it is necessary to 
monitor water quality parameters of the subwatersheds at the headwater 
and outlet to determine potential sources of excess nutrients or contami-
nants from pastureland use.

2.09.66  Comparative Freshwater Fish Toxicity Testing Using Whole 
Blood with the Piscicide Antimycin A
B. Baudoin, J. Giewat, U.S. Geological Survey / Wetlands & Aquatic 
Research Center; R. Calfee, J.A. Jenkins, U.S. Geological Survey / 
Columbia Environmental Research Center
Aquaculturists and fishery managers have used the piscicide antimycin 
a (antimycin) as a management tool for decades. For example, scaled 
fish have been removed from production ponds and native trout species 
restored in streams. Understanding antimycin sensitivity in both target 
and sympatric fish is necessary prior to its application. In support of the 
Asian Carp Action Plan, this project is researching effective strategies for 
controlling invasive Asian carp species without influencing non-target 
species in freshwater ecosystems. Historically, studies on the resultant 
respiratory inhibition have used non-analytical grade antimycin formula-
tions on whole fish. Antimycin’s mode of action involves binding at the 
cytochrome B subunit Qi site of complex III within the electron transport 
chain in mitochondria. The goal of this project is to examine the bind-
ing site of analytical grade antimycin at the cellular level among multiple 
fish species. Organismal-specific information from literature and the 
sequences of amino acids effectuating binding were compared within and 
among target Asian carp and non-target fish. Mitochondrial function of 
blood cells from fish species will be laboratory tested. The hypothesis is 
that antimycin toxicity to mitochondrial function will be expressed in a 
concentration and species dependent manner, paralleling the variation in 
amino acid sequences of the cytochrome B binding site, and reflecting a 
similar whole-body response. Species being studied include Bighead Carp 
(Hypophthalmichthys nobilis), Silver Carp (Hypophthalmichthys molitrix), 
Grass Carp (Ctenopharyngodon idella), Black Carp (Mylopharyngodon 
piceus), Bluegill Sunfish (Lepomis macrochirus), Fathead Minnow 
(Pimephales promelas), Channel Catfish (Ictalurus punctatus), and 
Common Carp (Cyprinus carpio). Thus far the results show that the spec-
trum of diversity of amino acid sequences is highest in catfish and lowest 
in Asian carp. Insight on comparative toxicity at the amino acid- and 
organelle levels could aid in predicting species sensitivities to antimycin 
in efforts to limit the prevalence of invasive Asian carp, while minimizing 
effects on non-target species.

2.09.67 The Use of Non-Targeted Metabolomics to Assess the 
Toxicity of Bifenthrin to Juvenile Steelhead Trout (Oncorhynchus 
mykiss) and Chinook Salmon (Oncorhynchus tshawytscha)
J.T. Magnuson, Z. Cryder, University of California, Riverside / 
Environmental Sciences; M. Giroux, ORISE c/o USEPA / ORD/CEMM 
Atlantic Coastal Environmental Sciences Division; J. Gan, D. Schlenk, 
University of California, Riverside / Department of Environmental 
Sciences
An increase in urban and agricultural application of pyrethroid insec-
ticides in the San Francisco Bay Estuary and Sacramento San Joaquin 
Delta has raised concern for the populations of several salmonids, 
including steelhead trout (Oncorhynchus mykiss) and Chinook salmon 
(Oncorhynchus tshawytscha). Bifenthrin, a type I pyrethroid, is among 
the most frequently detected pyrethroids in the Bay-Delta watershed, with 
surface water concentrations often exceeding chronic toxicity thresholds 
for several invertebrate and fish species. Since the brain is considered 
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to be a significant target for bifenthrin toxicity, juvenile steelhead 
and Chinook were exposed to concentrations of bifenthrin previously 
measured within the Delta with subsequent evaluation of metabolomic 
profiles within this target. Pathway analysis software predicted induced 
cellular apoptotic and necrotic responses in steelhead exposed to 60 ng/L 
bifenthrin, which was largely driven by a reduction of acetyl-L-carnitine 
(ALC), docosahexaenoic acid (DHA), and adenine. Steelhead exposed to 
120 ng/L bifenthrin had reductions of lysophosphatyidylcholines (LPC), 
lysophosphatyidylethanolamines (LPE), and increased levels of betaine, 
which were predicted to induce an inflammatory response. In Chinook 
salmon, pathway analysis of metabolomic profiles similarly predicted 
increased apoptotic, inflammatory, and reactive oxygen species responses 
in Chinook following exposure to 0.15 and 1.50 µg/L bifenthrin. These 
responses were largely driven by reduced levels of inosine, hypoxanthine, 
and guanosine. To confirm apoptotic predictions, the expression of cas-
pase 3 was targeted for measurement and was significantly upregulated 
in steelhead and Chinook following exposure to 120 ng/L and 1.50 µg/L 
bifenthrin, respectively. These data indicate that bifenthrin may have 
multiple targets within the brain that affect general neuron viability, func-
tion, and signaling potentially through alterations in signaling fatty acids. 
This research was made possible by the Delta Science Fellowship, State 
and Federal Contractors Water Agency, and a Proposition 1 grant from the 
California Department of Fish and Wildlife.

2.09.68  Chasing Zebras: Creative Diagnostic Interpretations from 
the Biomedical Research Bubble
J.C. Wolf, EPL, Inc.
During the past 30 years the zebrafish (Danio rerio) has emerged as a 
premier research model for a variety of diverse fields that include infec-
tious and non-infectious human disorders, fish diseases, developmental 
biology and teratology, tissue regeneration, environmental toxicology, 
high-throughput drug screening, and carcinogenesis. As recently as 
2013 it was estimated that greater than 3,250 institutions throughout 100 
countries housed zebrafish laboratory colonies. Due in part to publica-
tion of the complete zebrafish genome in 2011, the high predictivity of 
zebrafish study outcomes for assessing human health hazards, and the 
advent of CRISPR-Cas gene editing, many contemporary zebrafish stud-
ies are thought to represent the very cutting edge of biomedical research. 
For example, the Zebrafish Information Network (ZFIN; https://zfin.
org/action/fish/search) currently lists 106,271 mutant, knockdown, and 
transgenic strains in its comprehensive database. Perhaps predictably, 
the exponential rise in D. rerio popularity has not occurred without a 
modicum of significant growing pains. Advanced zebrafish studies often 
incorporate a complex array of behavioral, biochemical, morphologic, 
molecular, and other “omics” endpoints; however, based on a review of 
the literature, one endpoint that does not always receive adequate vet-
ting is histopathology. The purpose of this presentation is to illustrate a 
representative selection of the types of diagnostic misadventures that have 
been all too frequently observed in recently published zebrafish articles. It 
is hoped that the result of this exercise and other similar efforts will be a 
call to action aimed at reforming procedures used to collect, validate, and 
publish histopathology findings from zebrafish bioassays.

2.09.69  Investigating the Toxicity of the UV Filter Benzophenone-3 
(BP-3 or Oxybenzone) on the Coral Galaxea fascicularis
A.J. Conway, University of Maryland Center for Environmental Science; 
C.L. Mitchelmore, M. Gonsior, A. Heyes, C. Clark, C. Ross, University 
of Maryland Center for Environmental Science / Chesapeake Biological 
Laboratory 
Despite limited toxicological studies of UV filters in hard coral species, 
legislative activity in Hawaii, the US Virgin Islands and other loca-
tions has led to bans on the sale and/or use of sunscreens containing the 
specific active ingredient benzophenone-3 (BP-3 or oxybenzone). The 
few published studies on this compound have shown highly variable 
toxicological responses in adult and larval forms of various coral spe-
cies, with acute and chronic toxicity values reported in the µg/L to mg/L 

range. Comparison between existing studies are limited due to differing 
exposure regimes, coral species, life stages, and a lack of appropriate 
analytical verification requiring additional toxicological assessments to 
determine the environmental risk of this UV filter to corals. Furthermore, 
coral toxicity tests should follow standard procedures similar to those 
conducted for standard invertebrate test species and conduct a concurrent 
positive control exposure to allow for better comparison across studies. 
Therefore, we conducted a number of acute (i.e. 96-hour) and chronic 
(i.e. 28 days) toxicity tests using nubbins from a common shallow-water 
hard coral species, Galaxea fascicularis. These experiments were coupled 
with chemical analysis to determine the actual aqueous concentrations at 
several time points during the exposures. Two different positive controls 
were used in order to determine the most appropriate for use with corals 
and secondly to demonstrate the sensitivity of this species compared with 
other corals and standard invertebrate test species. Multiple endpoints 
pertinent to risk assessments (i.e. mortality and growth) were examined 
along with other biological endpoints such as bleaching, algal cell loss, 
photosynthetic efficiency, and polyp retraction. With the results from 
these experiments, NOECs, LC50s, and EC50s were calculated to com-
pare the results of this test to previous assessments of BP-3 coral toxicity 
and were used to conduct a risk assessment of BP-3 on Galaxea fascicu-
laris coupled with global analytical values of BP-3 in seawater from a 
variety of coral reef locations.

10. Late Breaking: Aquatic Toxicology, Ecology and 
Stress Response
2.10.01 Acute Toxicity of Neonicotinoid Insecticide Thiamethoxam 
on Diaphanosoma Sp. and Diaptomus Sp.
M. Hasan, S. Kaspia, S.B. Habib, K.A. Sumon, M. Shahjahan, Bangladesh 
Agricultural University / Department of Fisheries Management; R. 
Bhandari, University of North Carolina, Greensboro / Department of 
Biology; H. Rashid, Bangladesh Agricultural University / Fisheries 
Management
Two neonicotinoid insecticides, thiamethoxam (THM) and imidacloprid, 
are extensively used in Bangladesh for agricultural crop protection and 
marketed in 290 brand names and applied on more than a dozen crops. 
In 2017, year Bangladesh used 31 tonnes of these insecticides. Since 
agriculture practices in Bangladesh are done along river-sides or low-
lands that are connected to rivers, residues of these insecticides can easily 
reach the aquatic ecosystem through surface runoff and spray drift. The 
fate and effects of THM on non-target freshwater organisms have not 
been well investigated in Bangladesh. To this aim, the present study was 
conducted to establish the acute toxicity and sub-lethal effects of THM on 
two freshwater zooplanktons - Diaphanosoma sp. and Diaptomus sp. In 
this experiment, Diaphanosoma sp. and Diaptomus sp. were exposed to 
0, 6.25, 12.5, 25, 37.5, 50, and 75 μg/L THM and monitored for 96 hours. 
Based on mortality data, LC50 values were calculated using probit analy-
sis and were found to be were 4.47μg/L and 13.82μg/L for Diaphanosoma 
sp. and Diaptomus sp., respectively. Thereafter, sub-lethal concentrations 
of THM were applied for 14 days which were 0.28, 0.56, 1.12, 2.25 µg/L 
for Diaphanosoma sp. and 0.86, 1.72, 3.44, 6.88 µg/L for Diaptomus sp. 
Different types of abnormalities such as swollen body, cysts, bend abdo-
men, shrunken body and black spot were observed in Diaphanosoma sp. 
under sub-lethal exposure. In Diaptomus sp., cysts, fade body color, swol-
len body were observed under sub-lethal exposure. It could be concluded 
that, THM is highly toxic to tropical freshwater zooplankton.
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2.10.03 An Integrative Approach to Long-Term Monitoring of 
Smallmouth Bass Reproductive Health in a Major Tributary of the 
Chesapeake Bay
H. Walsh, U.S. Geological Survey / Leetown Science Center; V. Blazer, 
U.S. Geological Survey / National Fish Health Research Laboratory; A. 
Sperry, U.S. Geological Survey, Leetown Science Center / Fish Health 
Lab; S. Gordon, U.S. Geological Survey, Leetown Science Center; M. 
Kashiwagi, Maryland Department of Natural Resources
In environmental monitoring studies, smallmouth bass (Micropterus 
dolomieu) are becoming more widely recognized as a species sensitive to 
endocrine disruption. Testicular oocytes, or intersex, were first described 
in male smallmouth bass from the Potomac River (a major tributary of the 
Chesapeake Bay) in 2003 and were found to have reduced sperm motility 
and abundance. In multiple fish species, intersex and endocrine disruption 
biomarkers have been associated with exposure to estrogenic endocrine 
disrupting contaminants, such as pesticides/herbicides, pharmaceuticals, 
hormones and phytoestrogens. While studies of wild smallmouth bass 
have identified correlations of TO prevalence and severity with agricul-
tural land use and individual chemicals such as estrone and herbicides, 
important risk factors that could be addressed through management 
actions are not yet fully understood. In 2013, the US Geological Survey 
Chesapeake Bay Program initiated long-term monitoring assessments 
of sites impacted by a range of agricultural uses in the Chesapeake Bay 
watershed. One goal of these assessments was to integrate land-use, water 
and sediment chemistry, and smallmouth bass health at impacted sites 
in the Susquehanna and Potomac River drainages over multiple years. 
As part of this study, smallmouth bass were sampled from the Antietam 
Creek/Potomac River at Dargan, Maryland, a site with mixed urbaniza-
tion and agricultural land-use. Discrete water samples were collected 
monthly throughout the year and sediment was collected in the spring 
and fall for analyses of pesticides, hormones, phytoestrogens, pharma-
ceuticals, and total estrogenicity. Tissues from smallmouth bass were 
preserved for histopathology, transcript abundance analysis, and plasma 
was collected for vitellogenin. The goals of this study were to 1) use histo-
pathology to identify gonadal abnormalities (including TO prevalence and 
severity), 2) use Nanostring nCounter® technology to obtain reproductive 
transcript abundance in both the testes and liver and immune transcript 
abundance in the testes, and 3) identify associations among gonadal 
abnormalities, transcript abundance, contaminants and landuse attributes 
(both annually and temporally).

2.10.04  Analyses of Gut Pathologies in Juvenile Fish From Corpus 
Christi Bays
E. DiBona, Texas A&M University, Corpus Christi / Department of Life 
Sciences; A. Girard, Texas A&M University, Corpus Christi; C. Haley, 
Texas A&M University, Corpus Christi / PENS; S. Geist, F. Seemann, 
Texas A&M University, Corpus Christi / Department of Life Sciences
The Texas Gulf Coast is a vast ecoregion, hosting a diversity of aquatic 
organisms, which invites recreational fishing activities but equally a 
region of infrastructural development. Harboring petro-chemical and 
chemical manufacturers, Lavaca Bay is a restored superfund site, known 
to be polluted with microplastics, heavy metals, polycyclic aromatic 
hydrocarbons (PAHs), and persistent organo-chlorines. Despite current 
remediation efforts, mercury concentrations remain elevated in adult 
predatory fish. To understand potential teratogenic effects and develop-
mental impairment in juvenile fish, the most abundant species, striped 
anchovy (Anchoa hepsetus) and silversides (Menidia spp.) have been 
collected and compared to samples from a reference site. Both species are 
of critical importance as prey items. The condition factor was signifi-
cantly lower in juveniles collected from Lavaca Bay. Histological analysis 
was performed to assess components of the gastrointestinal tract in each 
species with respect to recent reports on increased inflammation and 
intestinal tissue damage in response to laboratory microplastic exposure 
experiments. Reduced microvilli length and width indicated significant 
changes of the gut surface when compared to the samples from the 
pristine site. A decreased gut surface hampers the capacity of the nutrient 

absorption and is likely to result in impaired fish growth and reduced fish 
condition and fitness. The findings indicate a potential necessity for long-
term monitoring of restored superfund sites. Future research will yield 
a more adequate understanding of the extent of impacts on the prey fish 
populations and subsequent ecosystem consequences.

2.10.05  Biochemical Responses on Embryos of Zebrafish Danio rerio 
Exposed to Omeoprazole
A. Sobrino-Figueroa, Universidad Autonoma Metropolitana Iztapalapa 
/ Departament of Hidrobiology; J. Salazar Hernandez, Biology Career / 
Biology
Omeprazole is a proton pump inhibitor, it is used for the control of 
gastritis, for this reason it is one of the most prescribed drug, consumed 
by millions of people in the world. This drug has been associated with 
acid rebound hypersecretion, decreased absorption of nutrients, osteo-
porosis and neurological disorders. Its toxic effects have been evaluated 
in mice and rats only, for this reason in this work was made an evalua-
tion of the toxic effects of Omeprazole in zebrafish embryos. Bioassays 
were performed (OECD test 236) where the embryos were exposed to 5 
concentrations of the drug (200, 100, 50, 25, 12.5 mg/L) plus a negative 
control, to determine the LC50 (24 hours). The embryos were subsequently 
exposed to the LC1 LC5 and LC10 for 72 hours to evaluate the degree of 
lipoperoxidation, by means of the evaluation of Tbars, the activity of the 
enzyme AchE as an indicator of effects neurotoxic and the frequency of 
malformations (OECD test 236). In the lethality tests, the LC50 value of 
193.87 ± 18.48 mg/L was obtained. In the sublethal bioassays at 72 hours 
of exposure it was observed an increased in the degree of lipid peroxida-
tion (52%) in in embryos exposed to LC10. In the evaluation of the AchE 
activity, significant differences were obtained between the control and the 
embryos exposed to Omeoprazole (p < 0.05), in the concentrations LC1 
and LC5 a decrease in the activity of this enzyme was observed. The per-
centage of inhibition of AchE varied from 9 to 66.7%. A higher frequency 
(22%) of deformed embryos was observed in the LC10 concentration. The 
results of this study showed that Omeoprazole has a neurotoxic and pos-
sibly genotoxic effect in sublethal concentrations in zebrafish embryos.

2.10.06 Can Ibuprofen and Acetaminophen Promote Alterations in 
Neotropical Bivalve Anodontites Trapesialis After Acute Exposure?
M. Cabral, W. Santos, Universidade Estadual de Londrina; C. Martinez, 
Universidade Estadual de Londrina / Ciencias Fisiologicas
The effects of contaminant mixtures on aquatic organisms have been 
increasingly studied, since several substances end up in water bodies. 
Although they are found at low concentrations, concerns about emerging 
contaminants are highlighted, particularly with respect to their long-term 
effects. However, few studies have explored the acute effects, mainly in 
Neotropical bivalves. Thus, this study investigated the acute toxicity of 
ibuprofen (Ibu) and acetaminophen (Ace), isolated and combined, on the 
freshwater bivalve Anodontites trapesialis. Animals (n = 40, length = 
122 mm ± 6, weight = 152 g ± 23) were collected from a local fish farm 
(Parana, Brazil) and acclimated in dechlorinated and aerated water (400 
L) for ten days, with renovation every 24 h and a 12 h/12 h photoperiod. 
Individuals were fed with Raphidocelis subcapitata algae (~10,000 cells 
mL−1) every two days. The animals were divided into five groups: only 
dechlorinated water (CTR); and dechlorinated water with methanol 
solvent (MeOH), Ibu at 0.08 ug L-1 (Ibu), Ace at 30 ug L-1 (Ace), and Ibu 
0.08 + Ace 30 (Mix). Exposure was performed individually in beakers 
(1.5 L) for 24 h. Subsequently, hemolymph was collected for analysis 
of Na+, K+, Cl-, Ca2+, Mg2+, and glucose concentrations. The bivalves 
were anesthetized on ice to remove the gills, digestive gland, and mantle 
for determination of lipoperoxidation (LPO), glutathione S-transferase 
(GST), and catalase (CAT) activity. The mantle and muscle (foot) were 
processed to determine acetylcholinesterase activity (AChE). There was a 
decrease in Cl- concentration in the Ibu group, but this alteration was not 
observed in the Mix group. The Ca2+ concentration showed a decrease in 
the Ace group in relation to the other groups. Furthermore, there was an 
increase in glucose concentration in the Mix group compared to the CTR. 
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The LPO showed a decrease in gills only in Ace group, whereas GST in 
gills presented an increase in Ibu group in relation to MeOH, and GST in 
the digestive gland showed an increase in Ace group compared to CTR. 
With respect to CAT activity, both the gills and digestive gland presented 
increases in the Ibu and Mix groups in relation to the other groups. 
Finally, AChE activity in the mantle and muscle showed an increase 
in the Ace group compared to the other groups. These results provide 
evidence of different effects of ibuprofen and acetaminophen, isolated or 
combined, in parameters ranging from ions and glucose in hemolymph, to 
phase 2 enzymes of biotransformation, oxidative stress, and neurotoxicity 
enzymes.

2.10.07 Can the Temperature Rise Increase the Toxicity of 
Cyanotoxins on Neotropical Catfish?
M. Vicentini, S.L. Calado, J.R. Lirola, Federal University of Paraná; C.L. 
Beghetto, L.A. Coral, Federal Technological University of Parana; V.F. 
Magalhães, Federal University of Rio de Janeiro; M.M. Cestari, H.C. 
Silva de Assis, Federal University of Paraná
Pollution is one of the most world problems caused by human activi-
ties and can lead to eutrophication. Global warming can enhance this 
process and this whole condition can increase the cyanobacterial blooms 
frequency and intensity. These organisms have been shown to be a major 
problem mainly due to their ability to produce cyanotoxins. Raphidiopsis 
raciborskii (or Cylindrospermopsis raciborskii) is a cyanobacteria that 
has the potential to produce neurotoxins, called paralytic shellfish toxins 
(PSTs) or saxitoxins (STXs). The liver is the main metabolism organ in 
animals, so it can be affected by both toxins and abiotic factors, such as 
temperature. Thus, this study aimed was to evaluate the responses to 
the cyanotoxin with the temperature increase in the catfish. After seven 
acclimatization days at the experiment temperature, females and males 
of catfish Rhamdia quelen were exposed for 96 hours to four treatments: 
control at 25°C (C25), control at 30°C (C30), toxic extract equivalent to 
105 cells/ml of R. raciborskii at 25°C (STX25) and toxic extract equiva-
lent to 105 cells/ml at 30°C (STX30). The liver was collected to measure 
biochemical and genotoxic biomarkers. The data were analyzed by t test 
or Wilcox test, according to normality and homoscedasticity assump-
tions, in R software. The cyanotoxins quantification results showed the 
neosaxitoxin (neoSTX) analog concentration was not different between 
temperatures, and the others saxitoxins analogs will still be analyzed. The 
exposure to the cyanobacteria extract at 25°C was able to increase DNA 
breakage damage in males, which was also observed in this exposure at 
30°C. In females, the exposure to cyanobacteria at 25°C did not present 
biomarkers alterations, but at 30°C sublethal effects occurred. Glutathione 
S- transferase and non-protein thiols increased, showing the induction of 
this metabolism pathway when fish were exposed to cyanotoxins at 30°C. 
The increased at metabolic activity can lead to oxidative damage, repre-
sented here by lipid peroxidation and DNA breakdown that increased on 
females exposed to cyanotoxins at 30°C. These results demonstrated that 
temperature rise can enhance the cyanotoxins effects, at least in female 
fish, leading to DNA damage.

2.10.08  Chronic Effects of a Low Mixture of Perfluorooctane 
Sulfonate (PFOS) and Perfluorohexane Sulfonate (PFHxS) on 
Northern Leopard Frog (Lithobates pipiens) Development
E.R. Perez, T.D. Hoskins, R.W. Flynn, J. Hoverman, Purdue University 
/ Forestry and Natural Resources; C. de Perre, L.S. Lee, Purdue 
University / Department of Agronomy; M.S. Sepulveda, Purdue 
University / Forestry and Natural Resources
Aqueous Film-Forming Foam (AFFF) sites are generally impacted with a 
mixture of per and polyfluoroalkyl substances (PFAS). With an increase 
in the frequency of detection in aquatic systems, persistent nature, and 
bioaccumulative behavior of PFAS, amphibian populations are likely at 
risk of exposure at or near AFFF sites. Perfluorooctane sulfonate and 
PFHxS are usually the most common and found at the highest concentra-
tions at AFFF sites. Considering the higher toxicity and bioaccumulative 
potential of the PFAS sulfonates in comparison to the carboxylates, as 

well as their suspected endocrine disrupting effects, we designed a low 
mixture laboratory experiment that mirrored environmentally relevant 
concentrations of PFOS and PFHxS. Low single doses of 0.5 and 1 ppb, 
and a binary mixture of 0.5 + 0.5 ppb PFOS and PFHxS were used to 
expose larval Lithobates pipiens in the water column. Northern leopard 
frogs were exposed at the free-swimming stage (Gosner 26-28) and reared 
through tail absorption (Gosner 46). The study will report effects on 
survival, body length, body mass, and development. Results of the pres-
ent study will be useful for the development of improved environmental 
quality criteria for two of the most commonly detected PFAS (PFOS and 
PFHxS).

2.10.10 Comparative Study on Malformations Induced by Different 
Non Steroidal Anti-Inflammatory Drugs in Xenopus laevis
I. Pérez-Alvarez, Universidad Nacional Autonoma de Mexico / 
Environmental Toxicology; H. Islas-Flores, Facultad de Química, 
Universidad Autónoma del Estado de México / Toxicología Ambiental; 
L.M. Gómez-Oliván, Universidad Nacional Autonoma de Mexico / 
Farmacia; M. Hernández-Navarro, Autonomous University of the State of 
Mexico / Department of Toxicology
Non-Steroidal Anti-inflammatory Drugs (NSAIDs) are one of the most 
consumed pharmaceuticals worldwide, NSAIDs are frequently detected 
in water bodies, their main ways of entry are by its high production, 
consumption, and mis disposal, the foremost NSAIDs detected in surface 
waters are diclofenac, ibuprofen, paracetamol, acetylsalicylic acid, and 
naproxen. It is well known that NSAIDs can generate adverse effects 
in aquatic organisms, damage in different organs such as kidney, liver, 
stomach, and intestine, also cytotoxicity, reproductive alterations, and oxi-
dative stress, to name some, on the other hand, toxic effects of NSAIDs 
in amphibians are not fully explored. The aims of this study were to 
evaluate and compare the toxic effects of four NSAIDs in Xenopus laevis 
at early life stages. For this purpose we exposed 20 oocytes in medium 
blastula stage to 5 different concentrations (1, 4, 8, 16, 32, 62.5 mg/L) of 
each NSAID and a control group, all on triplicate, after 96 h of exposure 
medium lethal concentration (LC50), medium effective concentration for 
malformations (EC50), and teratogenic index (TI) were determined, and 
the evaluation of malformations was performed. This results shown that 
diclofenac, ibuprofen, and naproxen are teratogenic, but acetylsalicylic 
acid is not, the most frequent malformations observed in all NSAIDs 
tested were: microcephaly, cardiac and face edema, axial malformations, 
and gut miscoiling, the organisms exposed to diclofenac, ibuprofen, and 
naproxen shown the most severe malformations.

2.10.11 Comparison of the Toxic Effects of 2 Pesticides on Juvenile 
Zebrafish Danio rerio
A. Sobrino-Figueroa, Universidad Autonoma Metropolitana Iztapalapa 
/ Departament of Hidrobiology; A. Perez-Rojas, Universidad Autonoma 
Metropolitana Iztapalapa / Limnology and Geology Laboratory. 
Department of Hydrobiology; M. Geraldo Morales, Hydrobiology Career
In this study an evaluation of the toxic effects of 2 pesticides: Dichlorvos 
which is an organophosphorus, used for the control of ectoparasites in fish 
and Imiprothrin a synthetic pyrethroid insecticide used as a main compo-
nent in products for domestic use was carried out, because the previous 
studies with these products are scarce, the objective of this work was to 
evaluate its toxicity and its effects in 3 biomarkers: peroxidation of lipids 
(lipoperoxidation), the activity of the enzyme acetylcholinesterase (AchE) 
and the production of biomacromolecules (proteins, lipids and carbohy-
drates). Initially a test (96 hrs) was made, where zebrafish juveniles were 
exposed to 5 concentrations of pesticides (10, 1, 0.1, 0.01, 0.001, 0.0001 
mg/L) to determine the 50 lethal concentration (LC50). Subsequently a 
bioassay with a duration of 15 days it was carried out where zebrafish 
juveniles were exposed to 2 sublethal concentrations (LC1 and LC5). The 
results obtained show that Imiprothrin was more toxic (LC50 = 1.67 ± 
0.873 mg / L) than Dichlorvos (LC50 = 5.3 mg/L). In the sublethal bioas-
says it was observed that the toxicity of these xenobiotics increased with 
the time of exposure. The degree of lipoperoxidation in the Imiprothrin 
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tests varied from 64.7 to 147.5 nM Tbars/mg and was higher than that 
observed in the bioassays with Dichlorvos (22.6 to 93.8 nM Tbars / 
mg). In the fish exposed to Dichlorvos a decrease of 43% to 86% in the 
activity of the AchE enzyme was observed and from 14% to 64% in the 
juveniles exposed to Imiprothrin The juveniles of zebrafish that showed 
a decrease in the activity of the AchE greater than 35% had changes in 
their swimming behavior and in their feeding. The energy content of 
the fish exposed to pesticides decreased by 64% in the Imiprothrin tests 
and 81% in the Dichlorvos bioassays. The insecticides Dichlorvos and 
Imiprothrin are less persistent in the environment, their half-life is 5 to 8 
days, but the results of this study indicate that their effects on organisms 
are irreversible

2.10.12 Developmental Impacts of Low Arsenic Exposure in 
Zebrafish
O.R. Lujan, A. Grajal-Puche, C.R. Propper, M. Salanga, Northern 
Arizona University / Biological Sciences
Arsenic (As) is a naturally occurring element in the earth’s crust with 
levels varying between locations, which can contaminate ground water 
and impact drinking water resources. The Navajo Nation for example 
contains unregulated wells that are used daily and may exceed current 
EPA maximum contaminant levels (MCL) of 10 μg/L As. Research has 
elucidated some of the effects of ingesting As contaminated water using 
translational models such as zebrafish and rats including developmental 
defects, nephrotoxicity, carcinogenicity, and an impairment in progeny 
development; however, the doses used in those studies are often many 
times higher than what is commonly encountered. Furthermore, toxicity 
from environmentally relevant levels of As in developmental systems is 
much less studied, and is the focus of our research. The fish embryo toxic-
ity test (FET), developed by the Organization for Economic Cooperation 
and Development was utilized to test the hypothesis that low-dose 
arsenic exposure in embryonic zebrafish induces negative developmental 
outcomes. Briefly, embryonic zebrafish were raised in 24-well plates, 
one embryo per well containing 0, 0.0173, 0.173, 1.73, or 8.65 uM of 
sodium arsenite (NaAsO2) or 2.5 mM of acetaminophen (C8H9NO2). 
The developing zebrafish were scored for specific morphological points 
every 24-hours for a 96-hour duration. As a positive control, acetamino-
phen exposure affected eye formation, movement, and heart formation, 
but environmentally relevant sodium arsenite-treated embryos showed 
no developmental impairments. Because many water sources contain a 
mix of As and Uranium, future work will assess how arsenic and uranium 
mixtures impact development using the same evaluation methods.

2.10.13 Do Biogenic Silver, Titanium Dioxide, and Iron 
Nanoparticles for Agricultural Use Pose a Threat to Non-Target 
Organisms?
M. Tesser, Universidade Estadual de Londrina; M. Guilger, N. Bilesky- 
José, T. Pasquoto Stigliani, R. Lima, Uniso / Biotechnology; C. Martinez, 
Universidade Estadual de Londrina / Ciencias Fisiologicas
Silver, titanium dioxide, and iron nanoparticles synthesized using the 
fungus Trichoderma harzianum are effective in the control of the agricul-
tural pathogen Sclerotinia sclerotiorum and may represent an alternative 
to pesticide use. These nanoparticles have a metallic core stabilized 
by a capping of biomolecules, secreted by the fungus employed in the 
synthesis, which can influence their activity and toxicity toward organ-
isms. For their safe use, possible effects on non-target organisms must 
be evaluated. Thus, this work aimed to evaluate the sublethal effects on 
the Neotropical freshwater mussel Anodontites trapesialis after acute 
exposure (24 h) to silver (nAg), titanium dioxide (nTi), and iron (nFe) 
nanoparticles based on T. harzianum. Individuals of A. trapesialis were 
divided into four groups (n = 8/group): a control group, kept in water only; 
a group exposed to nAg at the concentration of 3 x 109 NPs/mL (355.96 
µg Ag/L); a group exposed to nTi at the concentration of 1 x 108 NPs/mL 
(38.94 µg Ti/L); and a group exposed to nFe at the concentration of 3 x 107 
NPs/mL (123.98 µg Fe/L). After the exposure, lipoperoxidation and activ-
ity of glutathione S-transferase, catalase, and superoxide dismutase were 

evaluated in the gills, mantle, and digestive gland. Ion content (Na+, K+, 
Cl-, Ca+2, Mg+2) and glucose concentration were assessed in the hemo-
lymph. Glycogen was quantified in the gills, mantle, and digestive gland. 
Acetylcholinesterase activity was determined in the foot and adductor 
muscle. Data obtained for all groups were compared using ANOVA or the 
Kruskal-Wallis test. Mussels exposed to nAg showed a decrease in Na+ 
and Cl- concentrations in the hemolymph, which is probably associated 
with the absorption of Ag ions by the gills, and the consequent impair-
ment in Na+ and Cl- uptake. In this case, the capping of biomolecules 
that compose the nanoparticles was not protective, and the toxicity was 
related to the ionic form of silver. On the contrary, nTi and nFe elicited 
no effects, which could be because the concentration of the metal was 
not high enough, or the metal was less bioavailable due to the capping or 
the nanoparticle form. Considering the biogenic nanoparticles presented, 
the preferential use of titanium dioxide and iron nanoparticles over silver 
nanoparticles is highlighted. In addition, the effects of titanium dioxide 
and iron nanoparticles should be tested with other species, concentrations, 
and exposure times, to further verify their safe use in agriculture.

2.10.14  Ecotoxicological Effects of Ibuprofen (NSAID) on 
Freshwater Shrimp, Gammarus pulex
O. Ogunbanwo, Lagos State Polytechnic, School of Agriculture, 
Department of Fisheries Ikorodu / Geography (Physical); P. Kay, 
University of Leeds / School of Geography; L. Brown, University of Leeds 
/ School of Geography (Physical)
An increasing number of pharmaceuticals have been found in the aquatic 
environment and the issue has become a human and environmental 
health concern. Many pharmaceuticals are not fully degraded in waste-
water treatment plants (WWTPs) and are continuously released in the 
aquatic environment resulting in concentrations in the low μgl-1 range 
in the receiving waters. Ibuprofen is a widely used non-steroidal anti-
inflammatory drug (NSAID) and is persistent in the aquatic environment. 
This pharmaceutical has been frequently reported in wastewater effluents, 
surface waters, groundwater and even drinking water. NSAIDs are known 
to inhibit the cyclooxygenase activity, an enzyme present in many spe-
cies of the animal kingdom responsible for the synthesis of prostanoids, 
and chronic exposure to environmental ibuprofen may have detrimental 
effects on metabolism of non-target organisms including freshwater 
macro-invertebrate shrimps. In this study, the ecotoxicological effects of 
ibuprofen on growth, feeding and mortality of aquatic macro-invertebrate 
shrimp (Gammarus pulex) was investigated in a laboratory experiment. 
When G. pulex was exposed to environmentally relevant concentrations 
of ibuprofen (420.8 ngL-1, 2629.6 ngL-1 and 4838.4 ngL-1) the growth rate 
(p=0.09), feed intake (p=0.36) and mortality (p=0.53) were not affected.
Key words: Ecotoxicology, Pharmaceuticals, Environmental heath, 
Ibuprofen, Gammarus pulex 

2.10.16 Environmentally Relevant Lead Levels Induce 
Neuromuscular, Cardiovascular and Oxidative Stress Systems 
Derangements in Zebrafish Embryos
A. Kataba, Hokkaido University / Faculty of Veterinary Medicine; 
T.L. Botha, North-West University / Water Research Group, Unit 
for Environmental Science and Management; S.M. Nakayama, Y.B. 
Yohannes, Y. Ikenaka, Hokkaido University / Faculty of Veterinary 
Medicine; V. Wepener, North-West University / School of Biological 
Sciences; M. Ishizuka, Hokkaido University / Faculty of Veterinary 
Medicine
Environmental lead (Pb) exposure remains a constant threat due to its 
deleterious effects on almost all living organisms even at low concentra-
tions. A study that reported that Pb polluted town of Kabwe, Zambia had 
Pb concentrations of 3.0 µg/L (mean) and 94 µg/L (max) in water against 
the allowable level of 50 µg/L. This background formed the rational of the 
present study. To explore the adverse effects of the above aquatic environ-
mentally relevant levels, we exposed zebrafish (Danio rerio) embryos to a 
wide range of Pb concentrations using a Fish Embryo Toxicity (FET) test. 
Zebrafish embryos (2.5 hpf) were assigned to a control and ten treatments 
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of Pb at increasing concentrations (1, 10, 25, 50, 100, 500, 1000, 2000 and 
5000 μg/L) between 4-6 replicates (n = 25 -30) until 96 hpf. Embryo mor-
tality, hatching rates, embryo activity, the cardiovascular, neuromuscular 
and oxidative stress systems were assessed. The results showed increased 
embryo activity at the lowest level of exposure and reduced embryo activ-
ity at higher concentrations. Exposure induced cardiovascular toxicity 
by reducing heart rate and increasing blood flow activity. From 50 µg/L, 
involuntary muscular twitching that increased in number per min and 
duration with increase in Pb concentration at 72 hpf were observed. Lead 
also affected the oxidative stress system by downregulation of catalase, 
and upregulation of heme oxygenase -1, glutathione S-transferase mRNA 
expression. These findings suggest that the Pb aquatic environmental 
concentrations as reported in Kabwe may not be conducive to support the 
early developmental stages of fish and its quality of life. Further studies 
are thus needed on the impact of the Pb concentrations on the survival 
rates of fish and other organisms.

2.10.17  Evaluating Phenotypic Effects of PFAS and Next-Gen 
Replacement Polymer GenX on Gray Treefrog (Hyla versicolor) 
Larvae
A. Scott, T.D. Hoskins, E. Barragan, E.R. Perez, M. Hamilton, J. 
Hoverman, M.S. Sepulveda, Purdue University / Forestry and Natural 
Resources
Per- and poly-fluoroalkyl substances (PFAS) are a class of synthetic 
surfactants widely used in manufacturing operations and aqueous 
film-forming foams. Due to demonstrated toxic effects and widespread 
environmental occurrence, many PFAS have been phased out of use by 
US manufacturers; however, the import of PFAS into the US continues 
via products manufactured internationally. In 2009, the replacement 
short-chain polymer GenX was introduced as a safer alternative to PFOA, 
however research suggests similar toxicity between the two chemicals. 
We exposed groups of captive bred Gray Treefrog (Hyla versicolor) larvae 
to six treatments (10ppb PFOS, 10ppb PFOA, 10ppb GenX, 1.0ppb GenX, 
0.1ppb GenX, control) in outdoor mesocosms. Individuals were collected 
at days 10 and 14, and once reaching Gosner Stage 46. Our goal was to 
assess the effects of PFOS, PFOA, and three concentrations of GenX on 
growth and development of H. versicolor tadpoles based on endpoints 
of SVL, mass, and developmental stage (for days 10 and 14). Analysis 
of whole-body corticosterone concentration to assess generalized stress 
response is forthcoming.

2.10.18  Limited Impact of Weathered Residues From the Deepwater 
Horizon Oil Spill on the Gut-Microbiome and Foraging Behavior of 
Sheepshead Minnows (Cyprinodon variegatus)
M. Wigren, Purdue University / Department of Forestry and Natural 
Resources; T.A. Johnson, Purdue University / Animal Sciences; R.J. 
Griffitt, University of Southern Mississippi / Coastal Sciences; A.G. 
Hay, Cornell University; J.A. Knott, Purdue University; S. Yan, Henan 
Agricultural University / Department of Tobacco Cultivation; M. 
Sepulveda, Purdue University / Forestry and Natural Resources
The Deepwater Horizon disaster of April 2010 was the largest oil spill 
in U.S. history and had catastrophic effects on several ecologically 
important fish species in the Gulf of Mexico (GoM). Within fish, the 
microbiome plays a key symbiotic role in maintaining host health and 
aids in acquiring nutrients, supporting immune function, and modulating 
behavior. This study tested the hypotheses that exposure to weathered 
oil would cause significant shifts in fish gut-associated microbial com-
munities with taxa known for hydrocarbon degradation increasing in 
abundance, that pathways and genes related to xenobiotic or hydrocarbon 
degradation would be differentially expressed, and that foraging behavior 
would decrease. We characterized the gut microbiome of sheeps-
head minnows (Cyprinodon variegatus) using 16S rRNA and shotgun 
metagenomic sequencing after fish were exposed to oil in High Energy 
Water Accommodated Fractions (HEWAF; tPAH = 81.09 ± 12.4 µg/L) 
for 7 days. A foraging behavioral assay was used to determine feeding 
efficiency before and after oil exposure. The fish gut microbiome was 

not significantly altered in alpha or beta diversity. Our most interesting 
finding was that known hydrocarbon degrading taxa – most notably, the 
order Pseudomonadales, the family Paenibacillaceae, and Pseudomonas 
pachastrellae – were enriched in oil-exposed communities and were not 
detected in controls. However, none of the most abundant taxa had any 
significant shifts as a result of oil exposure, with only rare taxa hav-
ing significant shifts in abundance from control to oil treatments. We 
also found that behavior was not significantly affected by oil exposure. 
Analysis of the shotgun metagenomic data is ongoing, but early results 
suggest that there was no significant microbial dysbiosis and that genes 
and pathways related to hydrocarbon degradation were not differentially 
expressed. Potential low bioavailability of the oil may have been a factor 
in our observation of minor shifts in taxa and no behavioral effects. This 
work highlights the need for further research to elucidate the func-
tional metagenomic responses of the fish gut-microbiome under oil spill 
conditions.

2.10.19  Low Levels of Crude Oil Disrupt Ventricular Ballooning 
and Subsequent Trabeculation in Embryonically Exposed Pacific 
Herring
K. Peck, J. Incardona, T. Linbo, B. French, J. Cameron, C.A. Laetz, 
NOAA Fisheries - Northwest Fisheries Science Center; M. Rew, G. 
Hutchinson, Oregon State University / Hatfield Marine Science Center; 
S.E. Allan, NOAA / Office of Response and Restoration; D. Boyd, G.M. 
Ylitalo, N. Scholz, NOAA Fisheries - Northwest Fisheries Science Center
Oil spills pose significant risks to normal cardiac development in 
transiently exposed fish embryos. Cardiotoxicity spans from sublethal 
effects at embryonic stages to long term impacts on cardiorespiratory 
fitness in juveniles. In order to gain a deeper understanding of specific 
crude oil-induced changes in heart shape and function that progress 
gradually through embryonic, larval, and juvenile life stages, Pacific 
herring (Clupea pallasi) embryos were exposed to low-level, environ-
mentally relevant crude oil concentrations throughout embryogenesis, 
then transferred to clean sea water for hatching and growth to the juvenile 
stage. Select genes were chosen for analysis, and embryonic molecular 
initiating events were manifest as differential expression of genes that 
control calcium handling, contractility, and ventricular trabeculation 
(development of finger-like projections in the spongy myocardium). At the 
hatching stage, genetic, functional, and morphometric analyses revealed 
that corresponding gene expression changes continued, along with tissue 
and whole organ level alterations which included reduced ventricular bal-
looning (posterior outgrowth) and cardiac contractility as well as altered 
morphology in both chambers. Months later, during the late larval and 
early juvenile stages, these early developmental alterations had evolved 
into abnormal trabeculation, ventricular tissue hypertrophy, and overall 
changes in ventricular shape. These results contribute to a foundation for 
mechanistically and temporally linking subtle crude oil-induced cardiac 
changes during embryogenesis, to functional and morphological impacts 
during early and late larval stages, to pathological cardiac remodeling 
during the early juvenile stage.

2.10.20 MicroRNAs as Potential Target for BaP Exposure-Induced 
Transgenerational Bone Deformity
E. Constantine, Texas A&M, Corpus Christi; R. Jayarajan, Texas A&M 
University, Corpus Christi / Department of Life Sciences; F. Seemann, 
Texas A&M University, Corpus Christi
The ubiquitous environmental pollutant benzo[a]pyrene (BaP) has been 
shown to impair cardiac and bone development over multiple generations. 
Previous studies indicate that deregulated microRNAs (miR) may play 
a prominent role in the inheritance of ancestral exposure generated phe-
notypes in the offspring. Analyses of ancestrally BaP exposed Japanese 
medaka (Oryzias latipes) larvae revealed a reduced bone mineraliza-
tion, impaired osteoblast maturation and deregulation of miR/mRNA 
pairs in the F1-F4 generation. Due to their role in osteoblast development 
from osteoblast progenitors to premature osteoblasts, the miR/mRNA 
pairs miR-214/ATF4/Osx and miR-199a/Sox9/Col10a1 are the most 
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promising candidates responsible for the generation of the BaP-induced 
bone phenotype in the offspring. To understand the role of mir-199a and 
mir-214 during bone development, functional analyses of agonists and 
antagonists have been conducted for both miRs. It is hypothesized that 
increased miR-214 and miR-199a levels will result in reduced bone calci-
fication and impair osteoblast differentiation in the vertebrae of medaka 
fish. MiR-199a and miR-214 are post-transcriptional regulators silencing 
mRNAs relevant for osteoblast differentiation. A preliminary analyses 
of fluorescence microscopy images from alizarin complexone stained 
vertebral segments in embryos/larvae (3 to 28 days post fertilization) 
revealed a decrease in calcified surface upon miR-214 over-expression. 
The dynamics of miR-199a and miR-214 are strongly correlated with bone 
development. MiR-214 has previously been highlighted as an important 
player in mammalian osteoporosis, affecting bone mineral density. The 
here presented functional research is equally relevant for the risk assess-
ment of BaP exposure as well as for the study of human bone health, 
allowing the exploration of early warning markers for later life-stage 
osteoporosis risk.

2.10.21  Oxidative Stress Assessment in Organisms of Different 
Trophic Level Caused by Exposure to 2 Anti-Inflammatories Drugs
R. Moreno Gutiérrez, Doctoral Program in Biological and Health 
Sciences / UAM-Iztapalapa; S. Sarma, Facultad de Estudios Superiores 
Iztacala, UNAM / Laboratorio de Zoología Acuática II, Unidad de 
Morfología y Función; A. Sobrino-Figueroa, Universidad Autonoma 
Metropolitana Iztapalapa / Departament of Hidrobiology
Pain drugs are freely sold products and its are the substances most 
frequently released into aquatic systems. These compounds can cause 
harmful effects on aquatic organisms as they are designed to have a 
physiological effect at very low concentrations. The objective of this work 
is to evaluate the toxicity of 2 anti-inflammatory analgesics: Diclofenac 
and Ibuprofen, in organisms of different trophic levels: the microalgae 
Monoraphidium pusillum, the cladoceran Cerodaphnia dubia and the 
zebrafish Danio rerio. Static bioassays were performed with a duration of 
48 (cladocerans) and 96 (microalgae and fishes) hours, where 5 concen-
trations of the drugs were tested, to determine the LC50. Subsequently, 
a sublethal test with a duration of 10 days was carried out where the 
organisms were exposed to 3 sublethal concentrations (LC50 /10, LC50 
/100 and LC50 /1000) to evaluate the following responses: microalgae: 
production of chlorophylls, carotenes and degree of Lipoperoxidation and 
in cladocerans and fishes the degree of lipoperoxidation and antioxidant 
enzyme activity (SOD, CAT, GPX). The results obtained showed that the 
most toxic drug was Diclofenac. In the sublethal tests, it was evident that 
the drug with the greatest oxidative effect was Diclofenac for microalgae 
and fish and Ibuprofen for cladocerans. In the bioassays with microalgae, 
a decrease in the chlorophyll concentration was observed at the LC50 
/1000 concentration and an increase in the production of carotenes in all 
cases. In cladocerans, an increase in the activity of antioxidant enzymes 
was observed in organisms exposed to analgesics. And in fish a decrease 
in the activity of SOD and CAT was observed in the tests with Ibuprofen. 
According to the results, we can conclude that both drugs affect micro-
algae, cladocerans and fish in sublethal concentrations and can cause 
harmful effects to populations that are exposed to these drugs.

2.10.22  Proof-Of-Concept Model for Exploring the Impacts 
of Microplastics Accumulation in the Maryland Coastal Bays 
Ecosystem
J. Boyer, University of Maryland, College Park / Fischell Department of 
Bioengineering; K. Rubalcava, University of Maryland Eastern Shore 
/ Department of Marine Estuarine and Environmental Sciences; H. 
Townsend, National Oceanic and Atmospheric Administration Fisheries 
Service / Oxford Cooperative Lab, Office of Science and Technology, 
Ecosystems Division
Microplastics are an emerging contaminant of concern in both freshwater 
and saltwater bodies due to their inability to degrade efficiently and their 
potential to absorb toxic compounds. Microplastic ingestion by aquatic 

ecosystem constituents can in turn transfer microplastic through the 
trophic levels causing deleterious effects on each organism. The Maryland 
Coastal Bays ecosystem is one of the most ecologically diverse East 
Coast estuaries and is susceptible to emerging environmental pressures 
like microplastics. Here, we model how microplastics can accumulate 
throughout the Maryland Coastal Bays food web, using Ecopath with 
Ecosim (EwE) software. We used the Ecotracer module of the EwE 
software to create a proof-of concept model to simulate the flow of 
microplastic contamination through this estuarine food web. Simulations 
were run to determine the accumulation within species under different 
management scenarios with ranging initial concentrations and environ-
mental flow rates. The results of this study will better inform fisheries 
management on key species contaminated with microplastic debris in the 
Maryland Coastal Bays.

2.10.23 Pyrithroid Insecticide Cypermethrin Alters Histo-
Architecture of Ovary and Hemato-Biochemical Parameters of a 
Freshwater Fish Mystus cavasius
M. Uddin, M. Ali, K.A. Sumon, M. Shahjahan, Bangladesh Agricultural 
University / Department of Fisheries Management; H. Rashid, 
Bangladesh Agricultural University / Fisheries Management
Cypermethrin (CP) is a pyrethroid insecticide that is widely used in 
Bangladesh for pest control both in agriculture and public health (mos-
quito control). In both the applications, CP residues easily reach aquatic 
ecosystems through runoff and spray drift. The objectives of the present 
research were to elucidate toxic effects of CP on histo-architecture of 
ovary and hemato-biochemical parameters of Gangetic mystus (Mystus 
cavasius). Adult female M. cavasius were exposed in triplicate to four 
sub-lethal concentrations (0, 4, 8, and 16 µg/L; based on pre-determined 
LC50 value of 30 µg/L) of CP in glass aquaria for a period of 90 day. 
Water exchange was done every 4-day interval followed by respective 
dose of CP application. Gonad and blood samplings were done on 30, 60 
and 90 days of exposure. Several histopathological changes viz., wrinkle 
oocyte, cytoplasmic clumping, atretic follicle, degenerated granulose 
layer, degenerated oocyte wall, increased inter follicular space, adhesion, 
cyst, necrosis were evident in ovary collected from exposed M. cavasius. 
Extent of occurrences of pathological changes in ovary increased with 
increasing concentration of CP and duration of exposure. Over the experi-
mental period, blood glucose levels and white blood cells were found to 
be significantly increased in CP-exposed groups compared to control. On 
the other hand, red blood cell and blood hemoglobin levels showed the 
opposite results.

2.10.24  Relative Sensitivities of Pacific Salmonid Species to 
Stormwater Runoff From an Urban Roadway
B. French, NOAA Fisheries / Northwest Fisheries Science Center; J. Prat, 
Washington State University / Puyallup Research & Extension Center; 
D. Baldwin, J. Cameron, NOAA Fisheries - Northwest Fisheries Science 
Center; K. King, U.S. Fish & Wildlife Service / Idaho Field Office; J. 
Davis, U.S. Fish and Wildlife Service / Washington Fish and Wildlife 
Office; N. Scholz, NOAA Fisheries - Northwest Fisheries Science Center; 
J. McIntyre, Washington State University / Puyallup Research and 
Extension Center
Stormwater runoff is a growing threat to Pacific salmonid species as 
impervious surfaces expand with human population growth around 
the Pacific Rim. Previous field studies have shown adult coho salmon 
(Oncorhynchus kisutch) returning from the ocean to spawn in urban 
waterways die before spawning. Furthermore, in lab studies, juvenile and 
adult coho exposed to stormwater runoff collected from urban roadways 
exhibit the same suite of symptoms as those observed in affected fish in 
the field. The current study examines 1) variation in the susceptibility of 
different salmonid species to urban stormwater runoff and 2) the effect 
of dilution on stormwater toxicity in coho. We co-exposed juvenile coho, 
steelhead (O. mykiss from steelhead stock), Chinook (O. tshawytscha), 
and sockeye (O. nerka) to roadway runoff collected from a busy arterial 
in Seattle during 3 different storm events. Results confirmed that roadway 
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runoff is highly toxic to coho. Steelhead showed vulnerability to runoff 
but to a lesser degree than coho, whereas significant mortality was not 
observed in Chinook and sockeye. We additionally exposed juvenile coho 
to an environmentally relevant range of diluted runoff (1% to 25%) from 
3 additional storms. Coho mortality increased with increasing concen-
tration of stormwater runoff. For all three storms, at a concentration of 
2.2%, nearly all of the coho survived and at a concentration of 25% nearly 
all of the coho died. The estimated median lethal concentration (LC50) 
was 6.1-9.9%. Together, these results suggest salmonids experience 
species-specific and concentration-dependent toxicity in urban waterways 
receiving stormwater runoff. Next steps include evaluating sublethal 
effects, determining concentration-response relationships in species of 
interest beyond coho, and looking at the effects of multiple stressors. 
Given these results, stormwater managers implementing clean water strat-
egies in an effort to protect salmon are presented with a challenge: how 
clean is clean enough and for which species?

2.10.25 Revealing Pathophysiological Mechanisms of Endocrine 
Disruption at the Single-Cell Level Using the Japanese Medaka Fish 
Model
J. Cossaboon, University of California, Davis, School of Veterinary 
Medicine / Anatomy, Physiology, & Cell Biology; Y. Liu, B.W. Draper, 
University of California, Davis / Molecular and Cellular Biology, 
College of Biological Sciences; T. Kurobe, S. Meyers, S. Teh, University 
of California, Davis, School of Veterinary Medicine / Department of 
Anatomy, Physiology & Cell Biology
Embryonic exposure to endocrine disrupting chemicals (EDCs) that 
mimic estrogens and androgens elicit permanent effects on the developing 
gonad. These exogenous compounds are particularly concerning because 
of their suspected role in rising reproductive disorders, infertility, and 
cancers. A significant gap in our knowledge is that exact pathophysiologi-
cal mechanisms of toxicity by EDCs remain largely unknown. To begin 
filling this gap, we will use the Japanese medaka (Oryzias latipes), an 
established fish model for reproductive and developmental toxicity test-
ing. This freshwater teleost fish shares molecular and cellular mechanisms 
with humans and is ideal for studying sex-specific effects of environmen-
tal exposures due to its short life cycle, chromosomal sex determination, 
and sexual dimorphism. Phenotypic sex reversal by exogenous exposure 
of genotypic males to estradiol and females to testosterone has been well 
established in previous studies, resulting in functional ovaries and testes. 
However, sex reversed medaka have significantly lower fertility and 
offspring survival. The medaka genome has been extensively mapped for 
functional genomics, yet single-cell messenger RNA sequencing (scRNA-
seq) has not yet been performed for this species. To this end, we will use 
scRNA-seq to compare transcriptional profiles of gonadal cells isolated 
from normal male and female gonads to those isolated from exposure to 
exogenous sex hormones (17ß-estradiol and 11-ketotestosterone, respec-
tively) during sensitive developmental windows. The short-term goal is 
to identify altered cell types and expression patterns in hormone-treated 
fish, allowing us to further identify hormone-responsive genes, upstream 
regulators, and downstream targets whose upregulation or loss of function 
are implicated in gonadal sex reversal. Characterizing transcriptional 
changes at the single cell level provides a valuable opportunity to pinpoint 
mechanisms by which somatic and germ cell populations (the two main 
gonadal cell classes) are altered following exposures. Defining these 
alterations induced by exogenous hormones and hormone-mimicking 
compounds is necessary due to the ubiquitous environmental presence of 
EDCs, human exposure concerns, and known or suspected roles across a 
spectrum of endocrine-related disease.

2.10.26  Salvinia Molesta for Ciprofloxacin Remediation: 
Physiological Effects and Plant-Reclamation Capacity
R.S. Kitamura, Federal University of Paraná / Pharmacology; J.C. de 
Brito, Ezequiel Dias Foundation; H.C. de Assis, Federal University of 
Paraná / Pharmacology; M.P. Gomes, Federal University of Paraná / 
Botany
The presence of antibiotics on aquatic ecosystems is a global challenge, 
since it has been related to bacterial resistance and toxicity to non-target 
organisms. In this context, ecotoxicity studies and the search for alterna-
tive treatments for water decontamination has been increased. This study 
aimed to evaluate the ciprofloxacin remediation capacity of the floating 
macrophyte Salvinia molesta. Physiological responses and the accumula-
tion of ciprofloxacin by plants were investigated. Plants were exposed by 
168 h to increased concentrations of ciprofloxacin (0, 1, 10 and 100 µg 
L-1). Oxidative stress biomarkers (catalase – CAT; ascorbate peroxidase 
– APX; Hydrogen peroxide – H2O2 and lipid peroxidation - MDA) and 
energetic metabolism (photosynthesis and the activity of enzymes associ-
ated to mitochondrial electron transport) as well as the concentration of 
ciprofloxacin in plant tissues and water were evaluated. Regardless the 
time of evaluation, at 10 and 100 µg ciprofloxacin L-1, reduced activity 
of mitochondrial complex II and III. These results can have contributed 
to the increase of activity of mitochondrial complex IV at 168 hours and 
increase of H2O2 concentration. Ciprofloxacin did not induce oxidative 
damages in plants as observed by H2O2 and MDA concentrations, but 
we observed reduce of the maximum quantum yields of photosystem 
II at 168 h when exposed to 100 µg L-1. At 168 h of exposure to 100 µg 
L-1, however, increased activity of CAT and APX were observed (which 
may contribute to keep H2O2 under control). The presence of plants was 
responsible for a removal of 97 to 100% of the antibiotic from water, 
being significant concentrations of ciprofloxacin detected in plant tissues 
(70,96 to 145,90 ng g DW-1). Although ciprofloxacin disrupts plant respira-
tion, the activation of antioxidant mechanisms may decrease the antibiotic 
toxicity to plants which in addition to its capacity to accumulate cipro-
floxacin, pose Salvinia molesta as a great candidate for phytoremediation 
programs.

2.10.27 Short-Term Chronic Toxicity of Acrylic Acid and Acrylates 
Esters to Alga, Daphnid and Fish
H. Watanabe, M. Kawano, T. Yamagishi, F. Ozawa, K. Ohno, H. 
Yamamoto, National Institute for Environmental Studies / Center for 
Health and Environmental Risk Research
Acrylate esters, derivatives of acrylic acid, are used as raw materials for 
paints, viscosity adhesives, acrylic gums, acrylic textiles, etc. Among 
64 acrylate esters with different length of alkyl chain (C=1~18), methyl 
acrylate (MA), ethyl acrylate (EA), n-butyl acrylate (BA) were assigned 
as priority assessment chemicals under the chemical substance control 
law (CSCL) in Japan and the detailed environmental risk assessment is 
required. However, reliable chronic toxicity data of acrylates are limited 
due to their high volatility. Therefore, we performed three short-term 
chronic toxicity tests: algal growth inhibition test (Raphidocelis sub-
capitata), daphnids reproduction test (Ceriodaphnia dubia), and fish 
short-term toxicity test on embryo and sac-fry stage (Danio rerio) to 
evaluate MA, EA, BA and acrylic acid. In addition to toxicity comparison 
of acrylic acid and acrylates, we also investigated the toxicity of these 
mixtures. Among three test species, the alga was most sensitive to both 
acrylic acid and acrylates and fish was least sensitive. The rank of toxicity 
was acrylic acid > MA > EA > BA for alga, MA > EA > BA > acrylic acid 
for daphnid, MA = EA = BA > acrylic acid (not toxic even at 1000 mg/L) 
for fish. Despite the structural similarity, the mode of action of acrylates 
seemed to be different from that of acrylic acids in all test species. To 
investigate the relationship between the toxicity and the length of alkyl 
chain of acrylates, we also tested 2-ethylhexyl acrylate (2EHA) using 
daphnid and found that the toxicity of 2EHA was almost the same as BA. 
From the literature review, acute toxicity of acrylates (C = 1~8) tend to 
increase as log Kow (alkyl chain); however, log IC25 (mmol/L) among 
the acrylates in this study was not dependent on log Kow, indicating 
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that target structure of chronic toxicity of the acrylates to the daphnid 
may not be related to the alkyl chain. The mixtures of acrylic acid, MA, 
EA, and BA at fixed ratio based on the maximum detected concentra-
tion in Tsurumi River (3,2, 0.01, 0.03, 0.03 µg/L, respectively) resulted 
in toxicity to alga, daphnid, and fish at 0.125 times, 50,000 times, 75,000 
times higher concentration, respectively, than the environmental detected 
concentration of each substances. The observed mixture toxicity could be 
predicted well using the concept of concentration addition in all species.

2.10.28 Simultaneous Determination of Tryptophan, Kynurenine 
and Serotonin in Rainbow Trout (Oncorhynchus mykiss) Liver Using 
HPLC/MS/MS
J.V. Wish, L. Oswald, University of Manitoba / Department of Chemistry 
/ COGRAD Laboratory; A. Holloway, McMaster University / Obstetrics 
& Gynocology; C. Marvin, Environment and Climate Change Canada 
/ Aquatic Contaminants Research Division; P. Thomas, Environment 
and Climate Change Canada / National Wildlife Research Centre; G. 
Tomy, University of Manitoba / Department of Chemistry / COGRAD 
Laboratory
Imbalances in tryptophan (Trp) and its main metabolites kynurenine 
(Kyn) and serotonin (5-HT) are directly related to several neurological 
and immunoregulatory responses. In particular, Trp metabolism down 
the kynurenine pathway (KP) plays a crucial role in the regulation of 
immune response during oxidative stress. This cascading series of events 
begin and progress with imbalances in reactive oxygen species (ROS). 
Furthermore, oxidative stress causes immune activation through inflam-
matory response factors that further enhance Trp metabolism through the 
KP. The first step of the KP is controlled by two rate-limiting enzymes, 
namely: tryptophan 2,3-dioxygenase (TDO) and indoleamine 2,3-dioxy-
genase (IDO). The [Kyn]/[Trp] ratio is used to reflect the activity of IDO 
and is used as an alternative to the measurement of IDO activity since it 
is often too low for detection even under enhanced immune activation. To 
evaluate the changes in Trp metabolism and elucidate whether the [Kyn]/
[Trp] ratio can be used as a diagnostic biomarker for oxidative stress an 
analytical method utilizing high-pressure liquid chromatography-tandem 
mass spectrometry (HPLC-MS/MS) was developed and validated for 
the concurrent determination of Trp, Kyn, and 5-HT in rainbow trout 
(Oncorhynchus mykiss) liver. Samples were lyophilized and 0.02 g of dry 
tissue was spiked with isotope-labeled internal standards (IS); d5-Trp, 
d4-Kyn, and d4-5-HT to assess recovery and matrix effects. Solid-liquid 
protein extraction was achieved using acetonitrile: water (65:35, 1.35 mL). 
Samples were sonicated for 10 mins, vortexed for 1 min and centrifuged 
at 14,800 g for 15 mins. Extracts were reduced in volume by evaporating 
under a constant stream of nitrogen gas to a final volume of 0.5 mL. A 10 
µL sample was injected onto a Sequant® ZIC®-HILIC (2.1 × 150 mm, 3.5 
μm) column and target analytes eluted by gradient elution and detection 
was based on multiple reaction monitoring (MRM) with an electrospray 
ionization source in positive ion mode. To increase selectivity quantitative 
and confirmation MRM transitions ions were selected for each analyte 
and ISs. Calibration curves showed a linear dynamic range from 2.5-750 
pg/µl, with R2 ≥ 0.99. Limits of detection/quantitation for Trp, Kyn, and 
5-HT were 0.98/2.96, 2.11/6.37, 1.39/4.21 pg/µL respectively. Mass labeled 
internal standards were also used to determine repeatability and rugged-
ness. The results of the full validation study will be presented.

2.10.29 Speciation Analysis and Toxicological Studies of Heavy 
Metals in Aquatic Organisms: A Review
I. Ekwere, Akwa Ibom State University / Chemistry
Results obtained from conventional trace metal analysis usually lack 
information on the specific species of the element present in the sample. 
This information is inadequate in toxicological studies, since the toxicity, 
bioavailability and bioaccumulation of chemical elements strongly cor-
relate with the elemental species available. This implies that an element, 
in water, can only be toxic to an aquatic organism if it exists in species or 
chemical forms that can adversely affect the exposed organism. Factors 
that influence the uptake of metal species by marine organisms range 

from physicochemical factors to biological factors. The significance of 
solubility of elemental species in the determination of the fate of trace 
element species and metal interaction in a biological system are also 
emphasized. In summary, this review will examine elemental speciation 
analysis in the context of metal toxicological studies in aquatic organisms, 
while elucidating analytical methods/procedures that can best effectively 
undertake this. Furthermore, current legislations on heavy metals specia-
tion are highlighted and some gaps in speciation regulation guidelines 
are identified; thus, prompting the need for adequate data for effective 
legislation.

2.10.30 Stormwater Treatment Using Permeable Concrete and 
Asphalt Mixtures
B. Leonard, Washington State University - Puyallup / School of the 
Environment; C. Duchet, University of South Bohemia / Ecosystem 
Biology; J. McIntyre, Washington State University / School of the 
Environment; J.D. Stark, Washington State University / Entomology
Permeable pavements transform roadways and parking lots into systems 
that actively manage stormwater runoff by allowing for infiltration. 
However, permeable concrete and asphalt are less structurally resilient 
than their conventional counter parts. The addition of Cured Carbon 
Fiber Composite Material (CCFCM) improves their ability to handle 
heavy vehicle loads, but little is known about how different mixtures may 
impact the water quality of effluents. In this study we investigate (a) how 
permeable pavements alter clean and polluted influents; (b) whether there 
is a treatment difference between permeable pavement types; and (c) what 
effect aging over several treatments has on performance. We evaluated 
permeable concrete and asphalt cores six inches in diameter and depth 
with and without CCFCM in a laboratory setting. Control water and 
highway stormwater runoff collected from a busy arterial road in Seattle, 
WA were pumped at a low flow rate through each core. The use of control 
water (Millipore) is representative of uncontaminated rain water while the 
stormwater treatments show performance when exposed to diverted run-
off from impermeable surfaces. Samples were taken each day during a 5 
day continuous exposure and analyzed for chemistry (total and dissolved 
copper and zinc, dissolved calcium, ammonia, total suspended solids 
(TSS), dissolved organic carbon (DOC), and low-level polycyclic aromatic 
hydrocarbons (PAHs)), water quality (pH, conductivity, dissolved oxygen, 
and turbidity), and for sub-lethal toxicity on zebrafish (Danio rerio) 
embryos.

2.10.32 The Current State of Arctic Ecotoxicology
R. Eldridge, Huntsman Marine Science Centre / Aquatic Services; 
B.P. de Jourdan, Huntsman Marine Science Centre / Environmental 
and Molecular Toxicology; M.L. Hanson, University of Manitoba / 
Department of Environment and Geography
There has been a growing focus to quantify the impact of anthropogenic 
activities on Arctic ecosystems; however, most regulatory guidelines and 
risk assessments are built primarily around temperate species. This may 
result in an underestimation of harm to Arctic organisms. To help address 
this concern, a critical review was performed to assess reported effects 
for these species in relation to current regulatory guidelines, quantify 
knowledge and methodological gaps, and identify future research needs 
for laboratory testing. To accomplish this, an objective evaluation of 
the literature was employed to quantify the strengths and relevance of 
published laboratory studies to determine the utility of the data. We 
developed uniform criteria to score each study, allowing an objective 
comparison across experiments. Data from all publicly available toxic-
ity tests performed on aquatic Arctic algae (n = 22 distinct experiments), 
invertebrates (n = 167), vertebrates (n = 149) and microbial consortiums 
(n = 1) were included. These data encompassed a total of 44 published 
studies, 48 tested compounds, and 74 unique Arctic test species. Our 
preliminary analysis shows that of 339 test substance and species combi-
nations scored (i.e. unique toxicity tests), 273 (81%) failed to meet at least 
one critical study criterion that contributes significantly to data reliability 
for use in risk assessment. Future Arctic ecotoxicology research should 
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work to ensure test concentrations can be analytically confirmed, include 
environmentally realistic exposure scenarios, and report test methods 
more thoroughly. By working to address these identified gaps, future eco-
toxicological risk assessments for Arctic regions should be more robust 
and effective.

2.10.33 The Effects of Early Life Stage Thyroid Disruption on 
Reproductive Behaviors in Fathead Minnows (Pimephales promelas)
A. Bryant, Texas Christian University / Biology
Thyroid disrupting compounds (TDCs) are well known for their effects on 
growth and development, however emerging research indicates that TDCs 
have a wider range of effects. For example, a recent study demonstrated 
that early-life-stage (ELS) thyroid disruption significantly lowered the 
fecundity of fathead minnows and that the exposure history of the males, 
not females, was associated with this decline in reproductive output. 
Gonadosomatic index, along with fertility success and sperm motility 
were measured in exposed males and found that there were no significant 
alterations as a result of thyroid disruption, leading to the hypothesis 
that ELS thyroid disruption causes alterations in neurodevelopment and 
subsequent behavior, including those related to reproduction. Therefore, 
the goal of this project was to determine if male fathead minnows exhibit 
altered behavior resulting from ELS thyroid disruption. Specifically, 
newly hatched larval fathead minnows were divided into three groups and 
exposed to propylthiouracil (PTU, a model thyroid hormone inhibitor) at 
concentrations of 0, 35 or 70 mg/L for 39 days. Thyroid disruption was 
confirmed by decreased growth, reduced follicular thyroxine content 
and altered expression of thyroid hormone-regulated genes. To assess 
general aspects of neurodevelopment and behavior, indicators such as 
neural staining, feeding behavior, and predatory avoidance behavior 
were evaluated during the exposure period. At the end of the exposure, 
fish were returned to clean water and raised to sexual maturity at which 
time reproductive behaviors, such as competition and nest tending, were 
assessed. The results of the feeding and predatory avoidance assays did 
not reveal statistically significant differences between PTU-exposed and 
control fish. Given that fathead minnow reproduction involves intense 
bouts of movement, these findings do not provide evidence that that the 
reproductive impairment previously observed among PTU-exposed males 
stems from alterations in neurodevelopment that affect locomotion. The 
results of assays examining specific reproductive behaviors, including 
competition and nest maintenance, of control and exposed males will be 
discussed. The overall findings of this study can be utilized to shed led 
light on the mechanisms underlying thyroid disruption-induced altera-
tions in reproduction.

2.10.34 The Effects of Physically and Chemically Dispersed Crude 
Oil on the Metabolic and Cardiac Function of American Lobster 
Larvae (Homarus americanus)
A.M. Scovil, University of New Brunswick, Saint John / Biological 
Sciences; T. Boloori, Huntsman Marine Science Centre / Aquatic 
Toxicology; B.P. de Jourdan, Huntsman Marine Science Centre / 
Environmental and Molecular Toxicology; B. Speers-Roesch, University 
of New Brunswick / Biological Sciences
The petroleum industry is a major component of the Canadian economy. 
It is associated, however, with the risk of spills that can impact marine 
ecosystems. There is a poor understanding of the biological effects 
of petroleum products for cold-water marine species, and even less 
is known about the potential additional impact that may be incurred 
from application of spill response measures, such as dispersants. With 
a growing offshore oil industry in Atlantic Canada, there is a need to 
develop a greater understanding of the potential impacts of oil exposure 
on commercially important cold-water marine species in the region. 
Our study evaluated the effects of water accommodated fraction (WAF) 
and chemically enhanced WAF (CEWAF) of conventional crude oil on 
the metabolic and cardiac function of stage I American lobster larvae 
(Homarus americanus). Larvae were exposed to four concentrations of 
WAF and a seawater control, and four concentrations of CEWAF and 

a dispersant control (Slickgone EW) for 24 hours (n = 8-10/treatment). 
Routine mass-specific oxygen consumption rates were measured on 
exposed larvae immediately post-exposure using a 24-channel optical 
fluorescence oxygen reading device, and heart rate was determined by 
visualizing and counting the number of beats under a video microscope. 
We hypothesized there is a concentration-dependent physiological cost 
of exposure to crude oil, such that metabolic rate and heart rate of lobster 
larvae will increase with increasing concentration of oil exposure to 
meet the increased energetic demand required to metabolize the toxic oil 
components. Preliminary results will be presented, including the effects 
of petroleum hydrocarbon concentration on oxygen consumption and 
heart rates of oil-exposed larvae, and a comparison of the physiological 
response to physically vs. chemically dispersed oil. This research employs 
novel techniques to address a pressing concern for the sustainability and 
management of important coastal resources in Atlantic Canada.

2.10.35  The Influence of Hypoxia on the Cardiac Transcriptomes of 
Two Estuarine Species
E.B. Allmon, J. Serafin, Purdue University / Department of Forestry 
and Natural Resources; D. Simning, NCASI, Inc. / Aquatic Toxicology; 
S. Chen, Purdue University / Forestry and Natural Resources; T. 
Bosker, University of Leiden; S. De Guise, University of Connecticut 
/ Department of Pathobiology and Veterinary Science; R.J. Griffitt, 
University of Southern Mississippi / Coastal Sciences; M.S. Sepulveda, 
Purdue University / Forestry and Natural Resources
Increased nutrient loading has led to eutrophication of coastal shelf waters 
which has resulted in increased prevalence of persistent hypoxic zones 
– areas in which the dissolved oxygen content of the water drops below 
2 mg/L. The northern Gulf of Mexico, fed primarily by the Mississippi 
River watershed, undergoes annual establishment of one of the larg-
est hypoxic zones in the world. In fish, exposure to hypoxia has been 
shown to induce physiological impacts on the cardiac system that include 
bradycardia, changes in stroke volume, and altered cardiovascular vessel 
development. While these impacts have been addressed at the functional 
level, there is little information regarding the molecular basis for these 
changes. This study used transcriptomic analysis techniques to inter-
rogate the effects of hypoxia exposure on the developing cardiovascular 
system in newly hatched larvae of two estuarine species that occupy the 
same ecological niche – the sheepshead minnow (Cyprinodon variega-
tus) and the Gulf killifish (Fundulus grandis). Results suggest that while 
differential gene expression is largely distinct between the two species, 
downstream impacts on pathways and functional responses such as 
reduced cardiac hypertrophy, modulation of blood pressure, and increased 
incidence of apoptosis appear to be conserved. Further, differences in the 
magnitude of these conserved responses may suggest that the length of 
embryonic development could impart a level of resiliency to hypoxic per-
turbation in early life stage fish. To our knowledge, this is one of the first 
studies to examine the impacts of hypoxia on the developing cardiovascu-
lar system through the assessment of transcriptomic changes paired with 
predictive downstream analysis.

2.10.36 Toxic Effect of Detergents on Egeria Densa PLANCH 1849 
and Lemna Gibba L. Macrophytes
A. Sobrino-Figueroa, Universidad Autonoma Metropolitana Iztapalapa 
/ Departament of Hidrobiology; S. Alvarez-Hernandez, Universidad 
Autónoma Metropolitana-Iztapalapa / Applied Ficology Laboratory. 
Department of Hydrobiology
Synthetic detergents are compounds used in domestic and industrial 
activities. Its formulation is secret but they contain surfactants (ABS or 
LAS) and additives, which constitute persistent pollutants and harmful 
compounds to aquatic organisms. Due to the fact that in our country the 
studies with detergents are scarce and that the wastewater of Mexico city 
discharges a considerable contribution of detergents to aquatic systems, in 
this study an evaluation of the effects of these compounds on the produc-
tion of biomass, chlorophyll concentration, carotene production, phenol 
production and degree of lipoperoxidation in aquatic macrophytes: Egeria 
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densa and Lemna gibba were made. Bioassays with a duration of 4 days 
were carried out in which the macrophytes were exposed to 5 concentra-
tions of the surfactants: LAS and Triton X and also to 3 detergents with 
different uses: 1. for laundry, 2. for general use and 3. a dishwasher (0.1, 
1.0, 10, 100, 500 mg L-1), to determine the EC50. Later, another test was 
carried out where the macrophytes were exposed to a sublethal concentra-
tion (EC10) (L. gibba: 57.6, 3.26, 51.6, 4.6 and 218.7 mg L-1. E. densa: 6.7, 
2.7, 4.6, 10.4 and 147 mg L-1 for 1, LAS, 2, 3 and Triton X respectively). 
At the end of the exposure period, the following were evaluated: biomass 
(wet weight), chlorophyll a and b concentration, carotenes, phenol produc-
tion and lipoperoxidation. The toxicity of the detergents was (from most 
toxic to least toxic): Dishwasher > general use > laundry. In sublethal 
tests, the results obtained showed significant differences between the 
responses of the control group and the organisms exposed to detergents. 
The most toxic surfactant was LAS and the most deleterious detergents 
were the products containing enzymes: 1 and 3. A decrease in biomass 
production was observed, varying from 14 to 89%. The lowest chlorophyll 
levels were obtained in the tests with the 3 detergents and with the sur-
factant Triton X. The concentrations of phenols were high in the exposed 
macrophytes. The degree of lipoperoxidation was high in the tissues of 
the macrophytes exposed to detergents in all cases. Because Mexico only 
14% of wastewater receives some type of treatment, it is important to 
continue evaluating the sublethal effects of detergents in order to propose 
adequate management measures to reduce the risk due to the presence 
of these compounds. in aquatic systems. Egeria densa showed greater 
sensitivity to detergents compared to Lemna gibba.

2.10.37 Toxicity and Lipoperoxidation Caused by Exposure to 6 
Analgesics Anti-Inflammatories Drugs in Zebrafish Embryos (Danio 
rerio)
A. Sobrino-Figueroa, Universidad Autonoma Metropolitana Iztapalapa 
/ Departament of Hydrobiology; S. Alvarez-Hernandez, Universidad 
Autónoma Metropolitana-Iztapalapa / Applied Ficology Laboratory, 
Department of Hydrobiology; A. Perez-Rojas, Universidad Autonoma 
Metropolitana Iztapalapa / Limnology and Geology Laboratory. 
Department of Hydrobiology
The pain medications are products that are consumed in large quantities 
worldwide. These drugs can cause harmful effects on aquatic organisms 
because they are designed to have a physiological effect at very low con-
centrations. The aim of this study was to determine the toxic effect of 6 
types of analgesics: Acetylsalicylic acid, Ibuprofen, Diclofenac, Naproxen, 
Paracetamol and mixture of Naproxen and Paracetamol in zebrafish 
embryos, to evaluate their sensitivity. Static bioassays were performed 
with duration of 48 hours, the embryos were exposed to 6 concentra-
tions of drugs: 100, 75, 50, 25, 12.5 and 6.25 mg L-1 (12 replicates), plus a 
control without toxic. In the tests LC50 was determined and the degree of 
lipid peroxidation (TBARS) was evaluated. The toxicity of analgesics was 
(from highest to lowest toxicity): Diclofenac > Paracetamol >Ibuprofen 
> mixture Naproxen and Paracetamol > Naproxen > Acetylsalicylic 
acid. The degree of lipid peroxidation was higher in embryos exposed 
to Paracetamol (83 nM MDA mg-1) and the lowest in those exposed 
to Acetilsalisilico acid (24.3 nM MDA mg-1). Organisms exposed to 
sublethal concentrations (LC25 LC15) during the recovery period, showed 
higher degrees of lipid peroxidation to that observed in control group 
at the start of the test, the percentage of survival in the recovery period 
varied from 80 to 65%.

2.10.38  Toxicity Assessment and Recovery of Four Hydraulically 
Fractured Wells in the Duvernay Region
I. Luu, S. Myers, T. Blewett, University of Alberta / Biological Sciences
Hydraulic fracturing (HF) for oil and gas extraction is a widespread 
practice in Western Canada. HF uses large volumes of water and chemi-
cal additives under high pressures to fracture geological formations of 
low permeability. During this time injected water “flows back” to the 
surface, with the original injection chemicals and newly formed geogenic 
chemicals, termed flowback and produced waters (FPW). FPW toxicity is 

characterized by the geological characteristics of the formation, injec-
tion fluid, and shut-in period. Currently wells are individually assessed, 
despite being on the same geological formation. This project aimed to 
determine whether toxicity was similar between wells on the same geo-
logic formation at the same spatial time point and using the same injection 
fluid. We performed an acute (48h) LC50, 21 day chronic, and a 48-hour 
exposure to 19 day recovery experiment on keystone species, Daphnia 
magna, using the most toxic well out of 4 wells (O, P, U, V) which origi-
nated from the same well pad. The 21-day chronic experiment showed 
well O was the most toxic. Molting and reproduction decreased after acute 
exposure to 0.75% FPW O, showing results similar to the 21 day chronic 
experiment, demonstrating that recovery is not possible in the first genera-
tion exposed to FPW. 

2.10.50 Effect of Trophic Position on Mercury Concentrations in 
Northern Gulf of Mexico Bottlenose Dolphins
M.A. McCormack, W.H. Nowlin, J. Dutton, Texas State University / 
Department of Biology
Mercury (Hg) concentrations in marine species from the Gulf of Mexico 
are elevated compared to conspecifics from the Atlantic Ocean. However, 
within the northern Gulf of Mexico, tissue Hg concentrations in lower 
trophic level organisms vary spatially, resulting from differences in Hg 
sources, Hg methylation rates, and the incorporation of Hg into the food 
web. Previous research reported that Hg concentrations in bottlenose dol-
phin skin samples were greater in dolphins that stranded along the Florida 
(FL) panhandle compared to dolphins that stranded along the coast of 
Louisiana (LA), supporting what has been reported in lower trophic 
level organisms. The objectives of this study were to determine whether 
there are fine-scale differences in Hg concentrations within dolphins in 
FL and LA and to explore whether differences in trophic positions could 
explain the variation in Hg concentrations. We measured the carbon 
(δ13C), nitrogen (δ15N), and sulfur (δ34S) stable isotope ratios and total Hg 
(THg) concentrations in skin from bottlenose dolphins that stranded along 
the FL panhandle (n = 29) and LA (n = 72) coast. First, dolphins were 
assigned to 5 nodes, based on their δ13C, δ15N, and δ34S values. Second, 
we incorporated the δ15N values in baseline organisms taken from the 
literature into Bayesian models to estimate trophic position for each node. 
Finally, we compared the THg concentrations among nodes, accounting 
for sex and body length, in relation to the estimated trophic position. Node 
and sex had a significant effect on Hg after accounting for body length. 
The estimated marginal mean THg concentration (µg/g dw) was greatest 
in the east estuary node 5 (4.71), followed by the coastal node 1 (3.33), east 
estuary node 6 (2.62), west barrier island node 2 (1.01), and west estuary 
node 3 (0.704). Total Hg concentrations in the coastal node 1 and east 
estuary node 5 were similar; however, dolphins assigned to east estuary 
node 5, of which 96% stranded along the FL panhandle, had greater mean 
THg concentrations than nodes associated with dolphins stranded in LA. 
Mean trophic position estimations ranged from 4.86-5.09, suggesting that 
differences in trophic position do not explain differences in Hg concen-
trations among dolphins from the northern Gulf of Mexico. In contrast, 
it suggests that the spatial variability in Hg concentrations observed 
in lower trophic level consumers is biomagnified up the food web and 
observed in top predators.

2.10.51 An Analysis of the Effects of the Cattle Growth-Promoting 
Androgen, Trenbolone, on the Immune Function of Female Fish
H.M. Schluterman, M.K. Sellin Jeffries, A. Mielcuszny, Texas Christian 
University / Biology
Trenbolone (TB) is a growth-promoting androgen known for being a 
potent endocrine-disrupting compound found in the environment, typi-
cally in surface waters downstream of cattle feeding operations. Field 
studies have revealed an association between exposure to endocrine-dis-
rupting compounds and impaired immune function in wild populations of 
fish. Furthermore, laboratory studies have shown an association between 
androgen exposure and immune function. Therefore, it was hypoth-
esized that trenbolone induces immune dysfunction in fishes. To test 
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this hypothesis, we compared the molecular- and tissue-level pathogen-
stimulated immune responses of TB-exposed female fathead minnows 
to those of unexposed females. To accomplish this, females were divided 
into three groups- 0, 50, and 500 ng/L TB- and exposed for 7 days before 
being infected with the pathogen Yersinia ruckeri. After 8 hours, tissues 
including blood, spleen, and livers were collected. Blood was used to 
evaluate white blood cell counts and hematocrit, while spleens were used 
for the determination of spleen somatic index (SSI). Livers were utilized 
to evaluate the expression levels of genes which encode inflammatory 
cytokines and complement proteins. The results of these analyses will 
be presented to uncover the environmental impacts of trenbolone on 
organism fitness as well as the overall impact of androgens on the female 
immune system.

2.10.52  Development of Draft Federal Water Quality Guidelines and 
Ecological Screening Assessment for Aluminium
M.A. Beking, Environment and Climate Change Canada / Ecological 
Assessment Division; K. McTavish, Environment and Climate Change 
Canada / National Guidelines and Standards Office; J.S. Prindiville, 
Environment and Climate Change Canada / Ecological Asessment 
Division; D. Spry, Environment and Climate Change Canada / National 
Guidelines and Standards Office
Aluminium is the third most abundant element and most abundant metal 
in the Earth’s crust. It is most widely used in construction, transportation, 
and consumer goods. Aluminium is mobilized in the environment by both 
natural and anthropogenic processes. In elevated concentrations, and par-
ticularly in conditions of low or fluctuating pH, aluminium can cause both 
ionoregulatory and respiratory effects to aquatic organisms. As part of the 
Chemicals Management Plan, Environment and Climate Change Canada 
and Health Canada are assessing the potential for certain aluminium-
containing substances to cause harm to the environment and human 
health. Data compiled from the National Pollutant Release Inventory, 
surveys issued pursuant to Canadian Environmental Protection Act, 1999 
(CEPA) section 71 notices, water quality monitoring under the Metal 
and Diamond Mining Effluent Regulations, and other sources were used 
to characterize ecological exposures. Concurrently, draft Federal Water 
Quality Guidelines (FWQG) for the protection of freshwater aquatic life 
are being developed for aluminium. The draft FWQG follows Canadian 
Council of Ministers of the Environment (2007) methods and meets the 
minimum data requirements for a statistical species sensitivity distri-
bution approach. A multiple linear regression approach was used to 
incorporate toxicity modifying factors. Therefore, the draft guideline is 
expressed as an equation, where users input pH, hardness, and dissolved 
organic carbon values to calculate a guideline specific to that water chem-
istry. The draft FWQG provides the predicted no-effect concentrations 
used in the draft screening assessment of certain aluminium-containing 
substances. Progress on both the draft FWQG and draft ecological screen-
ing assessment will be presented.

2.10.53 Impacts of Elevated Salinities on Physiological Parameters 
of Freshwater Aquatic Hydrophytes
U.J. Farha, Z. Subah, Asian University for Women / Environmental 
Sciences Program; M. Uddin, Bangladesh Agricultural University 
/ Department of Fisheries Management; H. Rashid, Bangladesh 
Agricultural University / Fisheries Management
Local impacts of global climate change are already evident in the aquatic 
ecosystems of a maritime country like Bangladesh. An inevitable con-
sequence of this global phenomenon is salinity intrusion in this vibrant 
delta resulting in gradual movement of salinity into surface water - mostly 
through coastal estuaries and rivers. This salinity intrusion can have 
detrimental impacts on the hydrophytes or the plants living in these water 
bodies. The current experiment was conducted to see impacts on the 
physiological traits of some freshwater river hydrophytes – water hyacinth 
(Eichhornia crassipes), buffalo spinach (Enhydra fluctuans) and taro 
(Colocasia esculenta) against different salinity concentrations (0, 10, 20 
and 30 ppt) exposed for 48 hours. The physiological parameters measured 

were Biomass, Stomata density, Transpiration rate, Total chlorophyll 
content, relative water content and histo-architectural changes in roots 
and stems. A prominent reduction in biomass was noticed with increas-
ing salinity. For stomatal density, it was established that the number of 
stomata per millimetres square decreased with the increase in salinity 
concentration. Result for transpiration rate was also in compliance with 
the result of stomata density. As taro was observed to be salt tolerant 
to some extent and had a stomata density of 6 per square mm at 30 ppt, 
it had the capacity to transpire after 48 hours whereas the rest of the 
two plants did not have any open stomata at 30 ppt. Hence there was 
no transpiration in water hyacinth and buffalo spinach after 48 hours. 
Chlorophyll content was also found to be decreasing in water hyacinth 
and buffalo spinach but increasing in taro with the increasing salin-
ity concentration. Relative water content decreased substantially for all 
the hydrophytes with increasing salinity concentration after 48 hours. 
Histological study showed deformity in root and tuber tissue structure 
of water hyacinth and buffalo spinach. The epidermis of the both plant’s 
tissue was thickened at 30 ppt of salt due to the osmotic pressure created 
by salt stress. There was expansion in the vascular bundle of those tissues 
which was identified at 30 ppt salt which was caused due to the inhibition 
of the process of water uptake of those plants. All the plants upon pro-
longed exposure did not survive and the physiological alteration observed 
and measured after 48 hours justified these conclusions.

2.10.54 Contraceptive Pill Sourced Synthetic Estrogen in Water 
Results in Gonadal and Hematological Deformities in Climbing 
Perch Anabas testudineus
C. Weerasinghe, N. Akhtar, Asian University for Women / Environmental 
Sciences Program; M. Uddin, K.A. Sumon, Bangladesh Agricultural 
University / Department of Fisheries Management; R. Bhandari, 
University of North Carolina, Greensboro / Department of Biology; H. 
Rashid, Bangladesh Agricultural University / Fisheries Management
The current study was conducted to understand changes in gonadal cells 
and hematological parameters in climbing perch (Anabas testudineus) 
exposed to synthetic estrogen mixture of ethinylestradiol (EE2) and 
desogestrel (DES). Adult climbing perch were exposed to four different 
concentrations of EE2/DES mixture viz. 0 ng of EE2 & DES/L of water 
(T0), 3 ng EE2 & 15 ng DES/L (T3), 30 ng EE2 & 150 ng DES/L (T30), 
and 300 ng EE2 & 1500 ng DES/L (T300) in plastic water tanks for a 
period of 60 days. Sampling was performed on day 45 and 60 and param-
eters studied were - gonadosomatic index (GSI), Hepatosomatic index 
(HSI), gonad histology and haematological investigations. GSI increased 
in both females and males with increasing concentrations of estrogens 
mixtures except for T30 female (2.92±0.92) which was the lowest among 
all the four treatments. HSI showed elevated pattern in male with increas-
ing estrogen concentration but in female HSI did not vary between control 
and treatment except for T30 (1.79±0.24) which was the highest among 
all the treatments. Histological observations showed no feminization or 
intersexuality but several germ cell deformities in ovary (adhesion, degen-
erated oocyte wall, degenerated granulose layer, increased inter follicular 
space, atretic follicle, cytoplasmic clumping, etc.) and testes (increased 
interstitial area, focal loss of spermatocyte, dilation of the lumen, break-
age of tubular epithelium, elongated seminiferous tubule, etc.) were 
observed in 45-day samples exposed to EE2/DES mixture. Among the 
hematological parameters studied, RBC count, hemoglobin, glucose and 
hematocrit were, in general, relatively lower while exposed to higher con-
centrations of EE2/DES mixture (except for 60-day sample of T300 male 
hemoglobin which was highest of all treatments). WBC was progressively 
higher with increasing EE2/DES concentrations. It was also observed 
that there were significant erythrocyte cytoplasmic abnormalities and 
erythrocyte nuclear abnormalities in higher EE2/DES concentrations 
while the cases were less intense in lower concentrations. The present 
study provides insights into adverse outcomes in fish physiology caused 
by synthetic estrogens in waters sourced from human contraceptive pills.
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2.10.55 Toxicity of an Anticancer Drug Sorafenib Tosylate on 
Banded Gourami Trichogaster fasciata
K. Tarannum, Asian University for Women / Environmental Sciences 
Program; M. Uddin, Bangladesh Agricultural University / Department 
of Fisheries Management; R. Bhandari, University of North Carolina, 
Greensboro / Department of Biology; H. Rashid, Bangladesh Agricultural 
University / Fisheries Management
In this research, the impacts of an anticancer drug, sorafenib tosylate, 
was tested on a native freshwater fish, banded gourami (Trichogaster 
fasciata). Adult T. fasciata were exposed to three different concentra-
tions of sorafenib tosylate (0.05, 0.10 and 0.15 ug/L designated as T5, 
T10 and T15, respectively) along with one control (0 ug/L; T0). Fish 
exposure was carried out for 50 days in PVC tanks with 80L of water in 
each. Samplings were done after 20- and 50-days of exposure. During 
exposure, behavioral and morphological changes were observed and 
hematological parameters, mean corpuscular volume (MCV) and mean 
corpuscular hemoglobin concentration (MCHC) and bold cell deformity 
were studied from the collected samples. For both samplings, body color 
of fish in T15 was relatively faded compared to T5 and T10. There was a 
considerable loss in fish weight with increasing concentration of the drug. 
Feeding rates were reduced which was highest in T15. Erratic movements 
and vibration were more evident in T15 while less in T05 and T10. Mucus 
secretion increased with increasing concentration of the drug. Surfacing 
followed by fish death was observed in T15 on 29th and 40th day and in 
T5 on 42th day. Hematological tests showed that RBC was suppressed 
with increasing concentration of sorafenib tosylate in water (in both 20- 
and 50-day samples), showing a declining pattern in both sampling with 
increasing concentrations of drugs, compared to control. Conversely, 
hemoglobin, glucose and hematocrit increased with increasing concentra-
tion in both sampling compared to control. WBC count was increased 
for higher concentrations for both samples. There were significantly high 
erythrocyte cytoplasmic abnormalities and erythrocyte nuclear abnor-
malities such as tapered, crescent shaped and elongated cells; notched, 
blebbed and lobbed cytoplasm; and some binuclei in erythrocytes along 
with signs of rupturing and clumping of cells in higher treatment groups 
compared to control group. T15 showed some signs of initiation of blood 
clotting and aggregation. This research has tried to bring some attention 
towards plausible eco-physiological effects caused due to pharmaceutical 
pollution in freshwater biota like fish.

2.10.56 Hemato-Biochemical Changes and Erythrocytic 
Abnormalities in a Freshwater Fish Trichogaster fasciata Exposed to 
Elevated Salinities
M. Khatun, M. Uddin, M. Haque, H. Rashid, Bangladesh Agricultural 
University / Fisheries Management
Anthropogenic drivers like climate change, upstream water withdrawal 
and dam construction are resulting in salinity intrusion in freshwater 
ecosystems of Bangladesh. This experiment was conducted to find out 
the effects of different salinity levels on hemato-biochemical parameters 
and erythrocyte structures in a small indigenous species banded gourami 
(Trichogaster fasciata). Firstly, median lethal concentration (LC50) of 
salinity for adult T. fasciata was determined and found to be 11.59‰. 
Then fishes were exposed to four sub-lethal concentrations (0‰, T0; 3‰, 
T3; 6‰, T6; and 9‰, T9) of saline waters (table salt) in three replications 
of 70 L plastic drums for a period of 90 days. Highest & lowest blood 
Hb values were measured in T0 (16.17 ± 1.24) & T6 (11.00 ± 2.43) and T0 
(15.33 ± 0.39) & T9 (10.10 ± 0.34) on day-30 and -60 samples, respectively; 
values from 90-day samples did not differ significantly. Highest & lowest 
blood glucose values were measured in T9 (175.00 ± 13.65) & T0 (95.50 
± 20.92), T9 (105.30 ± 2.63) & T0 (90.75 ± 2.22) and T6 (98.75 ± 1.50) & 
T0 (86.50 ± 1.29) on day-30, -60 and -90 samples, respectively. Highest 
& lowest blood RBC counts were found in T0 (0.72 ± 0.07) & T6 (0.55 ± 
0.02), T3 (0.68 ± 0.02) & T6 (0.61 ± 0.03) and T0 (0.68 ± 0.04) & T6 (0.49 
± 0.04) on day-30, -60 and -90 samples, respectively. Highest & lowest 
blood WBC counts were found in T9 (1469.00 ± 64.91) & T0 (1151.00 
± 45.54) and T3 (1320.00 ± 36.19) & T0 (1210.00 ± 30.92) on day-30, 

-60 samples, respectively; values from 90-day samples did not differ 
significantly. Observations of erythrocytic cellular abnormalities (ECA, 
% of change) and erythrocytic nuclear abnormalities (ENA, % of change) 
revealed similar findings and showing that the changes were significantly 
(P< 0.01) higher in T9 samples in comparison to T3 and T6; changes in T0 
were negligible.

2.10.57  Removal of Contaminants From Stormwater Using 
Bioretention Amended with Biochar and Fungi
C. Mitchell, Washington State University / School of the Environment; A. 
Jayakaran, J. McIntyre, Washington State University / Puyallup Research 
and Extension Center
Current stormwater permitting regulations in the state of Washington do 
not include performance goals for the treatment of Polycyclic Aromatic 
Hydrocarbons (PAHs) and bacteria (fecal coliform, Escherichia coli). 
Biochar and fungi are two amendments with the potential to improve the 
attenuation of PAHs and Fecal Indicator Bacteria (FIB). We conducted 
a factorial bioretention column experiment to test the effects of adding 
biochar and/or fungi to a typical bioretention soil media mix made of sand 
and compost (hereafter called “BSM”). Bioretention treatments were BSM 
(control), BSM + Fungi, BSM + biochar, and BSM + fungi + biochar. 
Each treatment had 3 replicate columns. Columns were initially condi-
tioned with clean water and then dosed with stormwater collected from 
a highway downspout in Tacoma, WA. Effluents for each column were 
analyzed for 23 PAHs, E. coli, Fecal coliform, dissolved organic carbon, 
and total suspended solids. To track the fate and transport of PAHs within 
the bioretention columns, soil cores were taken from sampling ports at 
two-column strata before dosing with stormwater, and after 2 stormwater 
dosing events. To date, one clean water conditioning experiment, 4 of 8 
stormwater dosing experiments, and 2 of 4 soil sampling events have been 
conducted using the mesocosms. Total PAHs were almost completely 
removed by all treatments across all storms, with removal rates ranging 
from 97-100%. Conversely, E. coli and fecal coliform were exported from 
all treatments in all sampling events. Suspended solids (TSS) removal was 
variable, ranging from -50% (export) to 67%. DOC was always exported 
from the columns, and export ranged from 2 to 20 times the influent DOC 
concentrations. The treatments containing biochar performed significantly 
better than those without biochar (Kruskal-Wallis, p=0.0056). Soil TPAHs 
decreased significantly from baseline levels in the BSM and BSM + Fungi 
treatments after 2 stormwater dosing events (Wilcoxon, p=0.0022).

2.10.58 Large-Scale Water Quality Remediation and Habitat 
Restoration Differentially Affect Benthic Communities and Fish 
Populations
C. Kotalik, W. Clements, Colorado State University / Fish, Wildlife and 
Conservation Biology; E. Richer, Colorado Parks and Wildlife
The likelihood that degraded ecosystems can recover following the 
removal of a stressor, and the length of time required for these systems 
to return to pre-disturbance conditions, are critical questions in applied 
ecology. Stream remediation and restoration projects that are designed 
to improve water quality and habitat conditions offer unique opportuni-
ties to address these questions. However, despite investments exceeding 
$1 billion (U.S.) per year, our ability to quantify the effectiveness of 
stream restoration projects remains limited. Poor study designs, failure 
to implement effective pre- and post-restoration monitoring, limited spa-
tiotemporal scales, and failure to consider ecological theory significantly 
impede our ability to learn from these potential management “experi-
ments”. A large-scale remediation and restoration project completed in 
the upper Arkansas River (Colorado) provided a unique opportunity to 
assess biological responses to improvements in water quality and habitat. 
The first phase of the project, which was completed in 1999, focused on 
improving water quality at California Gulch, a USEPA Superfund Site. 
These remediation activities resulted in dramatic improvements in water 
quality, which significantly improved benthic communities and fish popu-
lations. The second phase of the project focused primarily on the physical 
environment, including improvements of in-stream habitat, riparian 
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habitat, and reduction of bank erosion designed primarily to enhance trout 
populations. Fish populations responded positively, with increased density 
and biomass from pre-habitat restoration levels. In contrast, benthic mac-
roinvertebrate abundance and taxa richness responded modestly to habitat 
restoration treatments, though benthic composition changed among all 
control and habitat treatment sites within the restoration reach. Increased 
abundance of filter-feeding caddisflies was primarily responsible for 
the change in composition. These results suggest that physical habitat 
restoration provided relatively greater benefit to fish compared to benthic 
macroinvertebrates, and that water quality may still be the most important 
driver in structuring benthic communities. The substantial recovery of 
brown trout populations in the upper Arkansas River has resulted in Gold 
Medal stream recognition in the state of Colorado.

2.10.59  Crayfish Behavioral Response and Tissue Accumulation to 
Environmental Exposures of PFAS in Iosco County, Michigan
A. Steele, Exponent, Inc.; L.M. Stevenson, Oak Ridge National 
Laboratory / Biological Sciences; P.A. Moore, Bowling Green State 
University / Department of Biological Sciences
Per- and polyfluoroalkyl substances (PFAS) are a family of synthetic 
compounds that have been used in commercial products and industrial 
processes since the 1950s. PFAS gained research attention due to their 
widespread detection and stability within the environment. Previous 
research demonstrated PFAS are bioaccumulative, however, poten-
tial behavioral effects have not been well documented. Because of the 
prevalence and uptake of PFAS compounds by aquatic organisms, we 
investigated the possible relationship between environmental PFAS 
concentrations, tissue PFAS accumulation, and fitness-related behaviors. 
This study evaluated potential accumulation and behavioral consequences 
of 21 PFAS analytes in crayfish species collected from contaminated field 
sites located in Iosco County, MI, USA. Since crayfish play an essential 
role as keystone species in aquatic ecosystems, the monitoring of these 
organisms allows for conclusions to be drawn regarding the potential 
impact of an environmental contaminant on ecosystem health. This work 
evaluated two ecologically important behaviors to crayfish individuals: 
foraging and antipredator responses. Subsequent to behavioral analysis, 
crayfish hepatopancreas tissues were analyzed for concentrations of PFAS 
analytes. Independent water chemistry sampling provided verification 
of PFAS concentrations at crayfish sampling sites. Once quantified, 
these concentrations were used to determine the relationships between 
behavioral responses, PFAS tissue accumulation, and PFAS exposure. 
Linear mixed model (LMM) analysis and model comparisons using likeli-
hood ratio tests found that five individual PFAS analytes (PFOA, PFDoA, 

PFNA, PFDA, PFUnA) as well as total PFAS (calculated as the sum of 
the 21 PFAS compounds quantified) detected in crayfish tissues were sig-
nificantly related to foraging response observed in crayfish (LMM: 128.4 
AIC, p < 0.001). Similar analysis for antipredator behavior found that 
antipredator response was not influenced by water or tissue PFAS con-
centrations. This study suggests some crayfish behaviors such as foraging 
may be affected by PFAS constituents in aquatic ecosystems, whereas 
some other behaviors appear to not be impacted. This presentation will 
also discuss how future studies may be designed to further evaluate the 
results of this study, including evaluating the potential presence of other 
chemicals and impacts to ecosystem health.

2.10.60 Regioselective Toxicity of 2- and 6-Hydroxychrysene During 
Japanese Medaka Embryogenesis
P. Tanabe, C.A. Mitchell, V. Cheng, University of California, Riverside 
/ Department of Environmental Sciences; Q. Chen, East China Normal 
University; D.C. Volz, D. Schlenk, University of California, Riverside / 
Environmental Sciences
Exposure to oxygenated polycyclic aromatic hydrocarbons (oxy-PAHs) at 
critical developmental time-points in fish models impairs red blood cell 
concentrations in a regioselective manner, with 2-hydroxychrysene being 
more potent than 6-hydroxychrysene. To better characterize this phe-
nomenon, embryos of Japanese medaka (Oryzias latipes) were exposed to 
2- or 6-hydroxychrysene (0.5, 2, or 5 µM) from 4 h-post-fertilization (hpf) 
to 7 d-post-fertilization (dpf). Following exposure, hemoglobin concen-
trations were quantified by staining fixed embryos with o-dianisidine 
(a hemoglobin-specific dye) and stained embryos were imaged using 
brightfield microscopy. Exposure to 2-hydroxychrysene resulted in a con-
centration-dependent decrease in hemoglobin relative to vehicle-exposed 
embryos, while only the highest concentration of 6-hydroxychrysene 
resulted in a significant decrease in hemoglobin. All tested concentrations 
of 2-hydroxychrysene also caused significant mortality (12.2% ± 2.94, 
38.9% ± 14.4, 85.6% ± 11.3), whereas mortality was not observed follow-
ing exposure to 6-hydroxychrysene. Therefore, treatment of embryos 
with 2-hydroxychrysene at various developmental stages and durations 
was subsequently conducted to identify key developmental landmarks 
that may be targeted by 2-hydroxychrysene. A sensitive window of 
developmental toxicity to 2-hydroxychrysene toxicity was found between 
52-100 hpf, with a 24 h exposure to 10 µM 2-hydroxychrysene resulting 
in significant anemia and mortality. Since exposure to 2-hydroxychrysene 
from 52-100 hpf, a window that includes liver morphogenesis in medaka, 
resulted in the highest magnitude of toxicity, liver development and func-
tion may have a role in 2-hydroxychrysene developmental toxicity.
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1. Ecotoxicology of Amphibians and Reptiles: New 
Developments
3.01.01  Effects of 17β-Estradiol on Cricket Frog Development Using 
a Mesocosm Testing Design
S. Windle, S.T. McMurry, Oklahoma State University / Integrative 
Biology; R. Brain, J.D. Maul, Syngenta Crop Protection, Inc. / 
Environmental Safety; D. Pickford, Syngenta / Institute for the 
Environment; J.C. Wolf, EPL, Inc.; J. Belden, Oklahoma State University / 
Department of Integrative Biology
Blanchard’s cricket frogs (Acris blanchardi) were exposed as larvae to 
nominal concentrations of 17β-estradiol (0.0, 0.015, 0.053, 0.18, 0.64, 2.3 
µg/L E2) within outdoor mesocosms. Larvae were exposed from free 
swimming (Gosner stage 26) until metamorphosis. Body mass, snout-
vent length (SVL), sex ratio, gonad size, and several histopathological 
indications of altered sexual development (e.g., testicular oocytes (TO), 
mixed sex, intersex) were examined in frogs at about 60 days post-meta-
morphosis. Body mass and SVL were not influenced by exogenous E2 
exposure for either sex. Similarly, gonad size differences of females and 
males among treatment groups were negligible. The sex ratio for control 
organisms was 44% female, similar to wild caught frogs. The highest E2 
treatments had female ratios of 57 and 54%, but there was no significant 
difference across treatments. Similarly, although not statistically signifi-
cant, males exposed to 0.64 and 2.3 µg/L E2 had a 2.5-fold and 4.5-fold 
increases, respectively, in oviduct development. Interestingly, exposure to 
increasing E2 concentrations had a negative effect on both female oviduct 
and ovary development. Both ovary and oviduct development of females 
exposed to the two highest E2 concentrations (0.64 and 2.3 µg/L) was 
approximately half that of control and low E2 dosed females (0.0-0.18 
µg/L). Estradiol did not have a significant effect on testicular develop-
ment. A single occurrence of intersex was observed in an individual 
exposed to 0.18 µg/L and a single occurrence of TO was observed in a 
wild caught male. Generally, Acris blanchardi was comparatively insensi-
tive to E2 relative to other test species (e.g. Xenopus). The mesocosm 
testing design shows promise for developmental testing using cricket 
frogs.

3.01.02  Transcriptome Assembly and Expression Profiling of the 
Molecular Responses to Ethinylestradiol (EE2) in Early-Life Stage 
Northern Leopard Frog (Lithobates pipiens)
N.S. Hogan, University of Saskatchewan / Department of Animal and 
Poultry Science and Toxicology Centre; J. Galvez, McGill University / 
Department of Human Genetics; N. Baldwin, University of Saskatchewan 
/ Toxicology Centre; O. Soufan, McGill University / Faculty of 
Agricultural and Environmental Sciences; A.J. Masse, University of 
Saskatchewan / Toxicology; J. Xia, McGill University Macdonald 
Campus / Institute of Parasitology; D. Crump, Environment and Climate 
Change Canada / National Wildlife Research Centre; N. Basu, McGill 
University / Faculty of Agricultural and Environmental Sciences; M. 
Hecker, University of Saskatchewan / School of the Environment & 
Sustainability and Toxicology Centre
De novo transcriptome sequencing is a valuable tool that can be used to 
identify and characterize relevant molecular toxicity pathways associ-
ated with chemical exposure and is especially valuable for non-model 
organisms without reference genomes. Generating such toxicogenomic 
data, which are particularly lacking for ecological species of relevance, 
will provide a basis for using transcriptomic responses as indicators of 
adverse outcomes in sensitive taxonomic groups, such as amphibians. 
In this study, we performed high throughput sequencing and de novo 
assembly of the transcriptome from early-life stage Northern leopard frog 
(Lithobates pipiens), a native North American frog whose range extends 
from northern Canada to southwest United States and is used extensively 
in toxicological studies to understand the potential impact of chemicals 
and other environmental stressors on non-model amphibians. We first 
isolated RNA from post-hatch individuals that were exposed to the 

model estrogenic compound, ethinylestradiol (EE2) for 96 h at nominal 
concentrations of 0.04, 0.2, and 1 ug/L. Samples were prepared for whole 
transcriptome analysis (RNASeq). A transcriptome for leopard frog was 
assembled and annotated de novo using Trinity/Trinotate. Functional 
annotation and characterization of transcripts in the assembly is in 
progress. We will then use this assembled transcriptome to determine the 
differential expression of transcripts (using EdgeR) to characterize molec-
ular toxicity pathways in the leopard frog in response to early-life stage 
exposure to EE2. Following the 96 h early life stage exposure and sam-
pling, a subset of tadpoles was then transferred to a flow-through diluter 
system for exposure through to metamorphosis (~ 40 d) and assessed for 
developmental stage, morphometrics, gonadal histology and genetic sex. 
There was no effect of EE2 exposure on morphometric parameters or 
number of days to reach metamorphosis (Gosner Stage 42); however, there 
was a higher proportion of individuals exhibiting ovotestes or gonadal 
abnormalities in the group exposed to 1 ug/L EE2 when compared to the 
control group. We anticipate that this work will identify critical toxicity 
pathways and associated sentinel genes to be used in an early-life stage 
gene expression assay to predict apical outcomes of ecological and regula-
tory relevance in amphibians. This study is part of the EcoToxChip project 
(www.ecotoxchip.ca).

3.01.03 Metals, Metalloids, Major Elements, and Stable Isotopes 
in Salvaged Eggs of Satellite-Tracked Kemp’s Ridley Sea Turtles 
(Lepidochelys kempii) From Texas, 2010-2013
B.K. Kunz, U.S. Geological Survey / Columbia Environmental Research 
Center; D.J. Shaver, U.S. National Park Service / Padre Island National 
Seashore; K.M. Hart, U.S. Geological Survey / Wetland and Aquatic 
Research Center; J.S. Walker, U.S. National Park Service / Padre 
Island National Seashore; D. Cleveland, M.J. Hooper, U.S. Geological 
Survey / Columbia Environmental Research Center; C.A. Stricker, 
U.S. Geological Survey / Fort Collins Science Center; D. Walters, C.J. 
Schmitt, U.S. Geological Survey / Columbia Environmental Research 
Center
We hypothesize that analyte profiles in non-viable sea turtle eggs pro-
vide insight into the location of maternal foraging areas and migration 
histories, and therefore potential chemical exposure. Composite samples 
(n=48) of unhatched eggs salvaged from the nests of 39 Kemp’s ridley sea 
turtles that nested in Texas from 2010-2013 were analyzed for a suite of 
metals, metalloids and major elements, and for δ13C and δ15N. The turtles 
were satellite-tracked to various nearshore areas of the Gulf of Mexico 
(GoM) after leaving the nesting beaches. One turtle traveled southward 
to the Yucatan Peninsula. The rest traveled northward and eastward along 
the entire coast. Two turtles that nested in multiple seasons were tracked 
to the same areas of the GoM (one to the northern GoM, one to southwest 
Florida) after both seasons. Turtles were assigned to 4 general areas of the 
GoM (east, E; northeast, NE; northwest, NW; and west, W) based on post-
nesting tracking data. Concentrations of most analytes were at or near 
the limit of quantitation and few differed significantly among GoM areas. 
Notable exceptions were barium (Ba) and selenium (Se), both of which 
were significantly greater in eggs of turtles tracked to primary Kemp’s 
ridley foraging areas in the northern GoM; mercury, which was greater in 
the southern GoM; and δ13C and δ15N, for which there were also north-
south gradients. Greater Ba concentrations may represent inputs from 
sea-floor hydrocarbon seeps in the northern GoM and the Mississippi 
River, and greater Se concentrations may reflect oil-related inputs to the 
northern GoM. Discriminant analysis that included 4 analytes (Ba, Se, 
zinc, and δ13C) correctly modeled all but 9 nests to areas assigned by 
tracking data. Seven of the 9 misclassified nests were modeled to adjacent 
areas and were considered “borderline.” Collectively, these findings sup-
port the hypothesis that egg constituents reflect regional differences in the 
diets of nesting Kemp’s ridley females prior to nesting; that most turtles 
return to their previous foraging areas after nesting; and that analyte 
profiles provide information about foraging areas and migration history in 
this critically endangered species.
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3.01.04  Optimization and Use of an Established In Vitro 
Proliferation Assay to Assess the Immunotoxic Effects of Mercury in 
the Brown Watersnake (Nerodia taxispilota)
D.L. Haskins, M.K. Brown, University of Georgia / Savannah River 
Ecology Laboratory; K. Meichner, University of Georgia / Department 
of Pathology; T.D. Tuberville, University of Georgia / Savannah River 
Ecology Laboratory; R.M. Gogal, University of Georgia / Deptartment of 
Veterinary Biosciences and Diagnostic Imaging
Mercury (Hg) is a heavy metal that enters the environment through 
natural and anthropogenic means. Once in the environment, Hg can 
bioaccumulate and biomagnify in food webs and is known to cause 
immunotoxic effects to wildlife. Compared to mammalian and avian 
species, knowledge of the reptilian immune system is greatly lacking, 
especially in snakes. Further, even less is known about the impact of 
environmental contaminants on snake immunity. This gap in knowl-
edge is largely due to an absence of established immune-based assays or 
specific reagents for these species. In the present study, brown water-
snakes (Nerodia taxispilota; n = 23) were captured on the Savannah River 
(Augusta, Georgia, USA), weighed, measured, bled via the caudal vein, 
and released. Peripheral blood leukocytes (24hr-old) were enriched and 
evaluated with an established mammalian in vitro lymphocyte prolif-
eration assay. Enriched leukocytes were exposed to mercury chloride 
(HgCl2) at 1, 10, and 20 ppm. Total mercury (THg) in whole blood was 
also quantified. Snake peripheral blood leukocyte enrichment yielded > 
90% lymphocytes with viabilities averaging > 75%. Cells cultured with 
Concanavalin A exhibited significantly increased proliferation relative to 
spontaneous proliferation (p < 0.001). Lipopolysaccharide did not induce 
significant proliferative responses relative to spontaneous proliferation 
(p > 0.156). Mean ± 1 SE concentrations of THg in snake whole blood 
were 0.117 ± 0.049 ppm. Exposure to HgCl2 resulted in significant dose-
dependent suppression of proliferative responses relative to spontaneous 
proliferation at 10 and 20 ppm (both p ≤ 0.009), but not 1 ppm (p = 0.95). 
These results show that 24hr-old N. taxispilota peripheral blood can 
provide a sufficient yield of enriched leukocytes allowing for culture 
and functional assessment using a conventional in vitro immune assay. 
Further, based on the in vitro findings with HgCl2, N. taxispilota at the 
Augusta site appear to be at low risk for immunosuppression due to Hg 
exposure.

3.01.06 Relevance of Chorioallantoic Membranes for Toxicology 
Studies in Sea Turtles
C.S. Calvin, R.J. Pezdek, K.D. Hickok, Texas Tech University / 
Environmental Toxicology; J.E. Yacabucci, Texas Tech University / The 
Institute of Environmental and Human Health; D.J. Shaver, J.S. Walker, 
U.S. National Park Service / Padre Island National Seashore; B.M. 
Higgins, National Oceanic & Atmospheric Administration / National 
Marine Fisheries Service; P.D. McClellan-Green, North Carolina State 
University / Center for Marine Sciences & Technology; C.A. Harms, 
North Carolina State University / College of Veterinary Medicine, Center 
for Marine Science and Technology; M. Godfrey, North Carolina Wildlife 
Resources Commission; C.A. Godard-Codding, Texas Tech University / 
Department of Environmental Toxicology
Sea turtles are keystone species that are globally threatened or endan-
gered, making traditional invasive toxicological monitoring approaches 
logistically challenging or undesirable. The chorioallantoic membrane 
(CAM) is a vascularized egg membrane that often remains in the eggshell 
after hatchling emergence, making it a useful tissue for non-invasive 
toxicological study. The CAM provides metabolic and waste storage 
functions for the embryo. Previous studies have shown correlations 
between CAM, whole egg, and hatchling contaminant burdens. In the 
summers of 2010 and 2011, Kemp’s ridley CAM and liver tissues were 
collected from naturally deceased, late stage embryos and hatchlings 
within 96h of complete nest emergence at Padre Island National Seashore 
in Corpus Christi, TX. Cytochrome P450 1A (CYP1A) is a biomarker of 
exposure to planar halogenated and polycyclic aromatic hydrocarbons. 
We quantified CYP1A enzymatic activity and protein expression using a 

series of alkoxyresorufin O-dealkylase (AROD) assays and immunohis-
tochemistry (IHC), respectively. The panel of alkoxyresorufin substrates 
and their associated O-dealkylase enzyme activities were 7-ethoxy-
resorufin (EROD), 7-methoxyresorufin (MROD), 7-pentoxyresorufin 
(PROD), and 7-benzyloxyresorufin (BROD). Paired liver and CAM 
tissue analyses (n=39) showed higher enzymatic activities of EROD and 
MROD compared to BROD and PROD in both tissues. MROD activity 
was statistically greater in liver than CAM (p< 0.05) but EROD, PROD, 
and BROD activities were similar in both tissues. IHC showed a moder-
ate positive correlation in CYP1A expression in paired liver and CAM 
tissues (r=0.68, p< 0.05). In a separate study testing CYP1A stability over 
time, Loggerhead CAM samples were collected at 0, 24, 48, 72, and 96h 
after nest emergence and analyzed for AROD and IHC. Though CYP1A 
enzymatic activity was below detection limit for all time points, IHC 
analyses revealed no significant decrease in CYP1A protein detectability 
over time (p>0.05). In conclusion, our studies of embryos from 96h post 
emergence Kemp’s ridley sea turtles indicate that (1) there was no statisti-
cally measurable difference between EROD, PROD, and BROD activities 
in paired CAMs and livers and (2) CYP1A protein expression in CAM 
was correlated with that in the liver. Together with the demonstration of 
loggerhead CAM CYP1A protein stability, our results support the utility 
of CAM as a non-invasive tissue for CYP-associated toxicology studies in 
sea turtles.

3.01.07  Insecticide-Induced Changes in Amphibian Brains: The 
Neurological Impacts of Organophosphates at Ecologically Relevant 
Concentrations
S.J. McClelland, S. Woodley, Duquesne University / Biological Sciences
Amphibian populations are declining globally with a major cause of this 
decline being attributed to anthropogenic toxins. In the United States, 
over 20 million pounds of organophosphorous insecticides are applied 
annually and have been found contaminating natural habitats potentially 
impacting the health of the herpetofauna in these habitats. While organo-
phosphates are known to impact neurodevelopment, few studies have 
assessed these impacts in amphibians. The goal of our research has been 
to test the effects of these very low-dose CPF exposures on brain develop-
ment using an amphibian model. We conducted a series of experiments 
exposing Northern Leopard Frog (Lithobates [Rana] pipiens) tadpoles 
to the organophosphate chlorpyrifos (CPF) at ecologically realistic 
concentrations. We then measured standard brain morphometrics. This 
presentation will focus on synthesizing the results of multiple experiments 
to determine potential endpoints for ecological studies. We found that 
there were low dose effects on brain shape in both laboratory and meso-
cosm studies that occurred nonmonotonically. This work provides a better 
understanding of how organophosphates are impacting the neuroanatomy 
of herpetofauna in contaminated environments with potential insights for 
conservation.

3.01.08  Cytotoxicity of Organic Contaminants in Hawksbill Sea 
Turtle Skin Cultures
A. Csipak, C. Wittmaack, C.S. Calvin, Texas Tech University / 
Department of Environmental Toxicology; J.G. Surles, Texas Tech 
University / Department of Mathematics and Statistics; B.M. Higgins, 
National Oceanic & Atmospheric Administration / National Marine 
Fisheries Service; J. Flanagan, Houston Zoo; C.A. Godard-Codding, 
Texas Tech University / Department of Environmental Toxicology
Sea turtles are long-lived protected species subject to population declines 
and exposure to environmental contaminants throughout their lifetimes. 
Sea turtles face several anthropogenic and natural threats including, but 
not limited to, habitat degradation, fisheries bycatch, predation, food 
scarcity, and pollution. Hawksbills are a critically endangered species 
according to the IUCN Red List and can be found in all warm oceans. 
There is limited research on the impact of persistent organic pollutants to 
sea turtle species and this in vitro study aims to fill some of the knowl-
edge gaps. In vitro toxicology provides a crucial means to investigate the 
impact of pollutants in these animals for which in vivo experiments are 
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prohibited. Fibroblast cultures were successfully established from skin 
biopsies obtained from ten healthy hawksbill sea turtles rehabilitated at 
the NOAA/NMFS Sea Turtle Hospital in Galveston, Texas. The turtles 
were stranded on the upper Texas Gulf coast as small juveniles in the 
summer of 2018. At stranding their SCL ranged from 11.1-16.3 cm and 
upon release, their SCL ranged from 23.3-32.6 cm. This study exam-
ined the cytotoxicity of the following organic contaminants: crude oil, 
Corexit™9500A, perfluorooctanoic acid (PFOA), polychlorinated biphe-
nyl (PCB77), and benzo[a]pyrene (B[a]P). Cells were dosed with either 
(1) media accommodated fractions of crude oil and/or Corexit™9500A, 
(2) PFOA in concentrations of 500 µM, 50 µM, 5 µM, 0.5 µM and 0.05 
µM, or (3) PCB77 or B[a]P in concentrations of 10µM, 1µM, 0.1µM, or 
0.01µM. Contaminant concentrations were selected to encompass those 
detected in sea turtle tissue, prey, and habitat, as well as standard con-
centrations for short term acute toxicity tests. Cytotoxicity was examined 
via both MTT (methylthiazolyldiphenyl-tetrazolium bromide) and LDH 
(Lactate Dehydrogenase) assays at 24h and 96h. Preliminary results 
indicate that there is greater toxicity at the 96h timepoint and for higher 
concentrations of PFOA and PCB77. Regarding the media accommodated 
fractions, preliminary results indicate that there is significant toxicity in 
response to Corexit™9500A. Further analyses is underway and cytotox-
icity observed via MTT and LDH assays will be compared to (1) assess 
which assay may be more suitable for each contaminant and (2) determine 
the relative sensitivity of Hawksbill skin cells to the panel of contami-
nants tested.

3.01.09  Is the Giant Toad (Rhinella marina) a Good Biomonitor/
Bioindicator of Polluted Sites in Mexico or Other Countries?
O. Cruz-Santiago, C.A. Ilizaliturri-Hernandez., G. Espinosa-Reyes, 
Universidad Autonoma de San Luis Potosi / Centro de Investigación 
Aplicada en Ambiente y Salud; D.J. Gonzalez-Mille, Universidad 
Autónoma de San Luis Potosí / Cátedras CONACyT; R. Flores-Ramirez, 
Universidad Autonoma de San Luis Potosi / Centro de Investigación 
Aplicada en Ambiente y Salud
The giant toad (Rhinella marina) is an anuran amphibian present in 
part of the United States and some Latin American countries (including 
Mexico). It has characteristics such as a high somatic and hepatosomic 
index, voracious appetite, a biphasic life cycle, which make it suscep-
tible to the routes of exposure and accumulation of different pollutants. 
Therefore, it has been used in studies of accumulation of persistent 
organic pollutants (POPs), endocrine disruption, air pollutants and stud-
ies with biochemical biomarkers in contaminated sites. Therefore, the 
objective of this research is to present three case studies where R. marina 
proves to be a good biomonitor in contaminated scenarios in Mexico. For 
the first two cases (urban impacted and rural scenario), the toads were col-
lected by transects in the afternoon/night at each site evaluated, from 5-20 
toads were collected by station or sampling site, then the organisms were 
sacrificed to obtain tissue (mainly liver) where the concentration of POPs 
(DDTs, HCH, endosulfan, atrazine, HCB, and PCBs) and a heavy metal 
(Lead) was quantified. For the third case (industrial and rural zones), 
only blood was obtained from the toads from by cardiac puncture and 
non-destructive biomarkers in plasma were evaluated; such as esterases, 
glutathione s-transferase, percentage of apoptosis, oxidative stress and 
aminolevulinic acid dehydratase. The results for the first case showed 
an exposure in giant toads to lead, DDT and its metabolites, isomers 
of HCH, in addition to HCB, from urban impacted sites. In the second 
case, concentrations of DDT, atrazine, endosulfan, HCHs and HCB were 
found in the liver of giant toads from rural sites dedicated to agriculture, 
being even higher than the concentrations of toads in industrial areas. 
In addition, a greater presence of DNA damage (micronuclei) was found 
at these sites. Finally, in the third case, through multivariate statistics it 
was shown that the activity of non-destructive biomarkers evaluated in 
plasma and whole blood was altered in the giant toads that inhabited sites 
adjacent to petrochemical and industrial complexes, compared with toads 
from laboratory and rural zones. These results demonstrate that R. marina 

can be considered an organism to be used as a biomonitor/bioindicator in 
ecotoxicology studies in different pollution scenarios in Mexico and other 
countries.

3.01.10 Lethal and Sub-Lethal Effects of the Biopesticide Bacillus 
thuringiensis var israelensis (Bti) in American Toad and Wood Frog
J.M. Gutierrez-Villagomez, G. Patey, T.A. To, M. Lefebvre-Raine, L. 
Lara-Jacobo, J. Comte, INRS - Centre Eau Terre Environnement; B. 
Klein, Ministère des Forêts, de la Faune et des Parcs; V.S. Langlois, INRS 
- Centre Eau Terre Environnement
Commercial insecticides based on Bacillus thuringiensis var. israelen-
sis (Bti) are commonly used against dipterans. It is generally believed 
that these insecticides are harmless to non-target organisms and the 
environment. However, new research suggests that the application of Bti 
formulations may have lethal and sub-lethal effects on certain aquatic 
organisms. Currently, there is little information on the potentially 
deleterious effects of these insecticides in amphibian species. Thus, the 
objective of this work was to investigate the potential effects of com-
mercial Bti formulations on the development and metamorphosis of two 
North American amphibian species, Anaxyrus americanus (American 
toad) and Lithobates sylvaticus (Wood frog). Tadpoles of these two spe-
cies were exposed chronically at a range of concentrations including those 
representatives of the Bti formulations used in Canada: VectoBac 200G, 
granules, and VectoBac 1200L, aqueous suspension. The results showed 
very few negative effects of Bti on the survival, time of metamorphosis, 
and intestine histology of A. americanus and L. sylvaticus compared to 
the controls. Complementary molecular endpoints such as targeted gene 
expression and gut microbiome analysis will be presented. This work pro-
vides valuable information for the use and regulation of bio-insecticides 
in the environment.

3.01.11 DNA Damage Assessment in Peripheral Blood Cells of 
Kemp’s Ridley Sea Turtle (Lepidochelys kempii) Nesting in Playa 
Rancho Nuevo Sanctuary, Tamaulipas, Mexico
A. Nava Montes, Universidad Autonoma Metropolitana / Posgrado de 
Energí a y Medio Ambiente; M. Calderón Segura, R. Garcí a Martí nez, 
Centro de Ciencias de la Atmósfera, Universidad Nacional Autónoma de 
México / Ciencias Ambientales; G. Espinosa-Reyes, R. Flores-Ramirez, 
Universidad Autonoma de San Luis Potosi / Centro de Investigación 
Aplicada en Ambiente y Salud; M. López Carrasco, Centro de Ciencias 
de la Atmósfera, Universidad Nacional Autónoma de México / Ciencias 
Ambientales; H. Acosta Sánchez, Comisión Nacional de Áreas Naturales 
Protegidas / Santuario Playa de Rancho Nuevo, Tamaulipas, México; P. 
Ramí rez Romero, Universidad Autonoma Metropolitana / Hidrobiologia
Kemp’s Ridley turtles are the most critically endangered species of sea 
turtles; they have a limited distribution, mainly in the Gulf of Mexico, 
which has been disturbed by anthropogenic activities for a long time. 
Several toxic substances had been introduced in this marine ecosystem, 
such as organochlorine pesticides, polycyclic aromatic hydrocarbons, 
polychlorinated biphenyls, atrazine, and inorganic elements (Al, As, Ba, 
Cd, Hg) that can cause deleterious effects on the cells’ DNA of marine 
species like sea turtles. There are few genotoxicity studies on reptiles, 
especially in aquatic organisms. The single-cell gel electrophoresis is 
used in biomonitoring studies to detect DNA damage. This study aimed to 
analyze the DNA damage in peripheral blood cells of L. kempii. Fifty-four 
blood samples were collected from female turtles during the 2016 nesting 
season in Playa Rancho Nuevo Sanctuary, Tamaulipas, Mexico; DNA 
damage was assessed through the comet assay. The comets were analyzed 
by computer image analysis using an epifluorescence microscope and 
the Comet Assay IV software (Perceptive Instruments). The total value 
and mean (±SD) for genotoxicity parameters were: DNA tail length in 
µm (37.98 ± 9.84, Max 59.84 min 19.38), % DNA in the tail (19.20 ± 6.63; 
Max 34.67 Min 9.64) and % Tail Moment (3.51 ± 1.99; Max 3.51 ± 1.99 
Min 9.33 – 1.00). The % DNA in the tail was less than those reported for 
other sea turtle species (Caretta caretta) from the Mediterranean Sea. 
We identified four damage levels {Level 1 (9-10), Level 2 (11-20), Level 
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3 (21-30) and Level 4 (31-40)} in peripheral blood cells of Kemp’s Ridley 
based on the % DNA in the tail; the pattern observed was Level 2>Level 
3>Level 4>Level 1. A positive statistical correlation between Hg and Al in 
blood, and DNA fragmentation (Spearman 0.33; p=0.01 and Pearson 0.38; 
p=0.005, respectively) was found, which could indicate that the levels 
of DNA fragmentation measured are caused by the presence of these 
contaminants. These results demonstrate the potential effects of genotoxic 
agents in Kemp’s Ridley sea turtle and contribute to the building of a 
baseline of the ecotoxicological health status of this threatened species.e

3.01.12  Dietary PFAS Exposure in a Post-Metamorphic Amphibian: 
Potential for Biomagnification and Effects on Fitness Related Traits
R.W. Flynn, T.D. Hoskins, M. Iacchetta, Purdue University / Forestry 
and Natural Resources; C. de Perre, L.S. Lee, Purdue University / 
Department of Agronomy; J. Hoverman, M.S. Sepulveda, Purdue 
University / Forestry and Natural Resources
Per- and polyfluoroalkyl substances (PFAS) are contaminants of concern 
due to their persistence, potential to bioaccumulate, and toxicity. In the 
environment, terrestrial species are primarily exposed through their diet, 
however, the effects of dietary PFAS exposure are not well characterized 
for most species. As such, substantial data gaps exist that hinder ecologi-
cal risk assessment, including environmentally relevant exposure levels 
and taxa. We examined the effects of dietary PFAS-exposure on post-met-
amorphic tiger salamanders (Ambystoma tigrinum). We fed salamanders 
crickets exposed to perfluorooctanoic acid (PFOA), perfluorooctane 
sulfonate (PFOS), perfluorohexane sulfonate (PFHxS), or 6:2 fluorotel-
omer sulfonate (6:2 FTS) at low (< 1.0), medium (2-5), or high (16-62) ng 
PFAS/g/d dose rates. While only PFOS resulted in substantial biomagni-
fication, all PFAS tested altered growth and/or reduced body condition. 
Bioaccumulation was negatively correlated with growth and body condi-
tion, but these patterns were only consistent for PFOS. Finally, we saw no 
evidence that dietary PFAS exposure increases liver size in salamanders. 
Our results demonstrate that dietary exposure and accumulation of PFAS 
can impact fitness-related traits in amphibians and contribute to trophic 
transfer in terrestrial food webs.

3.01.13 Effects from Exposure to Produced Water from Natural Gas 
Wells on Select Salamander Species
P.F. Henry, B.P. Durkin, U.S. Geological Survey / Patuxent Wildlife 
Research Center; C.J. Salice, Towson University / Environmental Science 
& Studies Biology
Large volumes of wastewater are generated during horizontal hydraulic 
fracturing process for the extraction of fossil fuels, such as oil and gas, 
from shale formations. This waste - or produced water (PW) - contains 
hundreds of chemicals, organics and inorganics initially added to function 
as surfactants, corrosion and scale inhibitors, gel forming agents, cross-
linkers, and biocides as well as ores, minerals and other sediment related 
substances released depending on the particular geological formation. 
Produced water then can be reinjected underground, temporarily stored 
in closed or open containment areas, set onto trucks or into pipelines to 
be transported long distances to disposal wells, or more recently, it can 
be “cleaned” to be recycled or reused elsewhere. Stream and sediment 
monitoring near or downstream of disposal sites indicate the presence of 
PW constituents, suggesting leakage, spills during storage or transport, 
or possibly improper disposal of the wastewater. Although landscapes 
surrounding the oil and gas well sites are often prime habitat for ter-
restrial wildlife, to date there have been only a few studies investigating 
effects from their potential exposure to PW. This work is one of a series 
of studies testing for the response of amphibians to PW sampled from 
the Marcellus Shale Experimental Station located in West Virginia, 
USA. Previous exposure studies with anuran species indicate that they 
can be sensitive to the PW solutions at very low concentrations (Green et 
al. SETAC NA 2019). We are conducting a series of controlled experi-
ments, investigating potential acute and chronic effects on salamanders 
exposed to the same stock of PW as that used for the anuran experiments. 
Initial findings suggest that in the larval Spotted salamander, Ambystoma 

maculatum, exposure to concentrations < 2% PW can be lethal. Data from 
ongoing long-term exposure studies will be presented as well as what 
additional data are needed to better assess risks to terrestrial wildlife.

Avian Testing and Risk Assessment: Challenges  
and Changes
3.02.01 Using EcoToxChip to Evaluate the Transcriptomic Effects of 
4 Environmental Chemicals in Early-Life Stage Japanese Quail
D. Crump, Environment and Climate Change Canada / National Wildlife 
Research Centre; E. Boulanger, McGill University / Natural Resource 
Sciences; O. Soufan, McGill University / Faculty of Agricultural and 
Environmental Sciences; J. Xia, McGill University Macdonald Campus 
/ Institute of Parasitology; N. Basu, McGill University / Faculty of 
Agricultural and Environmental Sciences; M. Hecker, University 
of Saskatchewan / School of the Environment & Sustainability and 
Toxicology Centre; J. Head, McGill University / Natural Resource 
Sciences
At the SETAC meeting in Toronto (2019), the EcoToxChip Project 
team officially launched the initial version of the Japanese quail (JQ) 
EcoToxChip (www.ecotoxchip.ca). This customized 384-well qPCR array 
(Qiagen), comprises 370 target genes – carefully curated based on func-
tion, pathway, and relevance to diverse end-users – and 14 control wells 
to ensure robust QA/QC. In the present study, we utilize JQ EcoToxChips 
to evaluate the effects of 4 priority chemicals – ethinylestradiol [EE2], 
chlorpyrifos [CPF], seleno-methionine [SeMe] and hexabromocyclodo-
decane [HBCD] – on gene expression in hepatic tissue of early-life stage 
JQ embryos following exposure via air cell injection. Data were ana-
lyzed using EcoToxXplorer.ca, a cloud-based analytics tool developed to 
enable intuitive evaluation of complex transcriptomics data (e.g. RNAseq 
and EcoToxChips). Significant dysregulation of gene expression was 
observed across chemicals including differential expression of known 
biomarkers. For example, exposure to 6.3 µg/g EE2 was associated with 
a 240- and 505-fold upregulation of vitellogenin-2 and apovitellenin-1, 
respectively. Exposure to 41.1 µg/g CPF resulted in a 1,905- and 87-fold 
upregulation of CYP2H2 and CYP3A9-like, respectively. Positive cor-
relation between qPCR Ct values and transcript abundance previously 
determined by RNAseq suggests that the two approaches yield similar 
results (CPF R2=0.75, EE2 R2=0.72, SeMe R2=0.74, HBCD R2=0.73). 
Ongoing comparative analyses using EcoToxXplorer will establish 
whether EcoToxChips and RNAseq yield similar results in terms of dif-
ferentially expressed genes, pathways, and modules. This benchmark is 
aimed at lending additional support for using a reduced transcriptome for 
toxicogenomic evaluations of priority chemicals. This study is part of the 
EcoToxChip project (www.ecotoxchip.ca).

3.02.02 Using EcoToxModule Gene Sets to Summarize RNA-
Sequencing Data From Japanese Quail Exposed to 8 Environmental 
Chemicals
J. Ewald, E. Boulanger, McGill University / Natural Resource Sciences; 
O. Soufan, J. Xia, N. Basu, McGill University / Faculty of Agricultural 
and Environmental Sciences; M. Hecker, University of Saskatchewan / 
School of the Environment & Sustainability and Toxicology Centre; N.S. 
Hogan, University of Saskatchewan / Department of Animal and Poultry 
Science and Toxicology Centre; D. Crump, Environment and Climate 
Change Canada / National Wildlife Research Centre; J. Head, McGill 
University / Natural Resource Sciences
Whole-transcriptome profiling is a powerful approach to comprehensively 
measure changes in gene expression and is starting to play a key role 
in the development of alternative toxicity testing strategies. Traditional 
analysis of these data yield detailed lists of impacted genes and pathways. 
While this is valuable information, the lists are often large and filled with 
unfamiliar nomenclature thus making it challenging to compare results 
across different exposures or to draw general conclusions from the data. 
We attempted to solve this problem by designing custom gene sets for 
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transcriptomics data from ecological species called EcoToxModules. 
There are 21 EcoToxModules, each corresponding to a biological pro-
cess of interest to toxicologists. Here we present a case study for how 
EcoToxModules can be used to summarize a large transcriptomics dataset 
(n = 198 RNA-seq samples) collected from Japanese Quail exposed to 
multiple doses of 8 environmental chemicals. We use EcoToxModules to 
quantitatively compare whole-transcriptome changes in gene expression 
across doses, chemicals, and life stages. We show that EcoToxModules 
synthesize the data at a higher level than traditional differential expres-
sion or pathway analysis, making them effective tools for communicating 
the “big picture” of what is going on in large, complex ‘omics datasets. 
Thus far, the results show that some biological processes (i.e., the Cellular 
process modules) seem to have inherently lower variability than others. 
In the future, we plan to investigate this further through meta-analysis 
of publicly available RNA-seq data to suggest EcoToxModule-specific 
thresholds for “concerning” module responses. This study is part of the 
EcoToxChip project (www.ecotoxchip.ca).

3.02.03 ToxChip PCR Arrays for Two Arctic-Breeding Avian 
Species: Potential Applications for Strategic Environmental 
Assessments in the Baffin Bay-Davis Strait Region
P. Xia, University of Ottawa / National Wildlife Research Centre; Y. 
Zahaby, Environment and Climate Change Canada / National Wildlife 
Research Centre; J.F. Provencher, Environment and Climate Change 
Canada / Ecotoxicology and Wildlife Health Division; D. Crump, 
Environment and Climate Change Canada / National Wildlife Research 
Centre; J.M. O’Brien, Environment and Climate Change Canada / 
Ecotoxicology and Wildlife Health Division
The detection of a wide range of persistent organic pollutants in the 
Arctic, along with several high profile oil spills in recent years, have 
sparked a need for adaptable tools and monitoring solutions that are 
geographically and ecologically specific to the region. Increased ship-
ping traffic and oil exploration is expected in the coming years through 
Baffin Bay-Davis Strait (BBDS) and background data on current levels of 
chemicals associated with oil exploration/spills/natural seeps (e.g. poly-
cyclic aromatic compounds [PAC]) for Arctic birds are limited. In this 
study, a toxicogenomics tool was developed for two Arctic-breeding avian 
species – thick-billed murre (TBMU, Uria lomvia) and black guillemot 
(BLGU, Cepphus grille) – to generate benchmark data for future effects-
based monitoring. Chemical burdens (53 PACs and 5 trace elements) and 
transcriptomic profiles (31 genes using a ToxChip PCR array) were both 
examined in liver tissues (n=30) of each species collected from a similar 
geographical region (Qaqulluit, Nunavut). Chemical and transcriptomic 
profiles demonstrated low variability across individuals for each spe-
cies; however, colony of origin could be distinguished for BLGU, which 
were collected from two distinct colonies. Furthermore, we evaluated the 
potential to estimate chemical concentrations based on transcriptomic 
data using partial least squares analysis. Certain chemicals (e.g. selenium, 
cadmium, C3 Naphthalene for TBMU; C1- and C2-Dibenzothiophene, 
1-Methylnaphthalene for BLGU) showed a good correlation between 
measured and estimated chemical concentrations. This toxicogenomics 
approach provided benchmark data for two Arctic-breeding avian species, 
and is promising for future monitoring efforts and strategic environmen-
tal assessments in this sensitive ecosystem that is undergoing drastic 
change.

3.02.04 Use of Historical Data to Aid Interpretation of Abnormal 
Behaviors Observed in Conjunction With Body Mass Loss in Avian 
Oral Acute Toxicity Studies
K. Stanfield, T. Bean, Smithers - Environmental Risk Sciences / Avian 
Toxicology
A common observation in avian oral acute studies (OCSPP 850.2100 and 
OECD 233) is reduced food consumption following administration of the 
test material. A reduction in body weight and accompanying records of 
abnormalities such as diarrhea, asthenia, lethargy, and piloerection often 
accompany the reduced food consumption, however, often the birds do 

not succumb and return to normal behavior before the end of the test. 
This may result in an underestimation of toxicity, particularly in OCSPP 
850.2100 where body weights and food consumption are only measured 
7-days and 14-days after dosing. It is possible that effects on weight loss 
and food consumption are more drastic in the initial days post-dosing and 
the birds are on their way to recovery by the time the measurement inter-
val arrives. It is also a concern that for many species of free ranging birds, 
where energetic demands (need to forage, avoid predation, thermoregu-
late, reproduce and deal with a multitude of environmental stressors) are 
significantly greater than what they are for a Northern bobwhite (Colinus 
virginianus) that is housed in a climate controlled caged environment 
with ad-libitum access to water and high energy food. The key question 
in these situations is whether the test material was either both the ultimate 
and proximate cause of the observed abnormalities, or only the ultimate 
cause. Without a thorough understanding of the mode of action, toxico-
kinetics, and undertaking investigations that are outside the scope of the 
protocol of a registration study (e.g., additional food and body weight 
measurements, evaluation of residues), it is difficult to draw conclusions. 
In order to help untangle the confounding variables, we used archived 
finalized data from the last 5 years of oral acute Northern bobwhite 
studies conducted at our test facility to evaluate the relationship between 
reduced food consumption, body weight change and abnormal behaviors 
in experimentally dosed birds. The historical data was then supplemented 
with data generated from a feed reduction study. Experimentally naïve 
Northern bobwhite were allocated to groups and fed reduced rations of 
feed in order to determine the incidence of and frequency with which 
abnormalities are observed in birds that experience reduced food con-
sumption and subsequent body weight loss. The data generated will be 
used to assist future interpretation of abnormal observations that coincide 
with body weight loss that occur post-dosing.

3.02.05 Avian Reproductive Toxicity Tests - Could We Do More 
With Less?
T. Bean, Smithers ERS, LLC / Avian Toxicology; T. Carro, FMC 
Agricultural Solutions / Environmental Safety Assessment; K. Stanfield; 
Smithers ERS; J. Schwalbe, Smithers Viscient, LLC
The avian reproductive toxicity test (OCSPP 850.2300 and OECD 206) 
is a laboratory based dietary exposure study that typically lasts for 
25-30 weeks. These tests are required for new active ingredients that are 
intended for outdoor use and are typically conducted using the mal-
lard and Northern bobwhite. Each test uses in the region of 2000-5000 
animals (total for adults and 10 weekly sets of offspring grown out for 
14-days). The study design has remained largely the same for over three 
decades and the same 16 endpoints are typically evaluated in studies 
conducted for global registration. The endpoints evaluated relate to adult 
health (body weight, food consumption) and reproduction (egg produc-
tion, embryo viability and survival, hatchability, survival of offspring, 
effects on the eggshell, and the body weight of offspring). The primary 
aim of the test is to generate both a no-observed effect concentration 
(NOEC) and a lowest-observable effect concentration (LOEC) with the 
most sensitive endpoint determining the effect threshold. As these studies 
are often conducted with only 3 dose groups plus a control with 16 to 
18 pairs (1 male and 1 female) per group, selecting doses that are able to 
cover all bases, while not being overly conservative is challenging. While 
read-across approaches (from sub-acute dietary study) are suggested in 
the guideline for dose selection, analysis of 20 years of avian reproduc-
tion study data from one contract research organization revealed that 
such approaches may only give a 50% chance of generating a NOEC. 
Additionally, the existing truncated range-finding trial did not include 
many of the endpoints that; i) have most commonly triggered the NOEC 
in definitive tests, and ii) have the smallest percentage difference to the 
control when detected as statistically significant. An optimally designed 
range-finding test (which uses fewer animals but includes more groups 
than a definitive test) could not only help reduce the risk of these large 
studies being repeated, they could also help improve the accuracy of the 
effects thresholds generated in definitive tests. With a larger number 
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of optimized range-finders to compare with thresholds from definitive 
studies; and potentially adding in evaluation of molecular, cellular or 
tissue level responses into the study design it may be possible to get more 
information from the reproduction test by using fewer animals.

3.02.06 How Random Is Random When it Comes to Assigning Birds 
to Cages and Treatment Groups?
T. Bean, Smithers ERS, LLC / Avian Toxicology; A.G. Ward, C. Riley, 
Smithers, LLC / Avian Toxicology
The USEPA’s Avian Reproduction Test Guideline (OCSPP 850.2300) lists 
10 validity elements that would deem the test invalid if they occurred. 
While most of these elements relate to the survival or reproductive per-
formance of the control group, the first relates to randomization to group, 
stating the test would be invalid if, “Birds were not randomly assigned to 
treatment and control pens.” For mallard studies the caging used and the 
behavior of the birds provides logistical challenges for a truly randomized 
group assignment. Due to space requirements birds are housed in cages 
stacked in 4 levels. The cages have epoxy-coated wire mesh bottoms that 
slopes forwards to allow eggs to collect in an egg catch tray that extends 
~20 cm beyond the cage front. Feeders are placed on the outside of the 
cage to reduce wasted food and improve the accuracy of food consump-
tion measurements. As mallards are both messy eaters and inquisitive 
birds that like to extend their long necks though the bars of the cages, 
spilled feed from the higher cages could end up in the feeders of the birds 
below when stacked caging is used. As the exposure to the test material in 
the avian reproduction test is via the diet, this spillage introduces a source 
of cross contamination if treatment groups are assigned to cages using a 
truly randomized design. One solution to the cross contamination (but it 
does not resolve the issue regarding accuracy of food consumption data) 
is to assign pens to groups using cluster sampling. In this method, blocks 
of cages are randomly assigned to different treatment groups. However, 
this introduces unwanted potential for bias e.g., gradients of light inten-
sity, temperature and humidity within the room, proximity to sources of 
disturbance (e.g., the door, the corridor), proximity to patient zero in the 
event of a parasitic infection or disease. To investigate the potential to 
prevent spilled feed contamination while using a completely randomized 
design, we acclimated 8 pairs of mallards to feed dyed different colors 
and recorded the location of spilled feed for 5 days. The experiment was 
then repeated using barriers of different construction. Barriers had to be 
extended 15-20 cm beyond the end of the egg catch tray in order to pre-
vent cross contamination. We propose that all reproduction studies could 
and should assign cages to groups using total randomization so long as 
this is accompanied by cage modifications to control contamination.

3.02.07 Reduction of Animal Use in Avian Reproduction Studies 
Through Evaluation of Monotonicity to Inform Selection of 
Statistical Tests to Detect Effects
T.M. Blickley, Corteva Agriscience / Ecotoxicology; T. Carro, FMC 
Agricultural Solutions / Environmental Safety Assessment; T.B. Fredricks, 
Bayer CropScience / Global Regulatory Sciences; G.U. du Hoffmann, 
Eurofins EAG Agroscience Services, LLC / Operations; K. Henry, 
Tessenderlo Kerley, Inc.; S. Levine, Bayer CropScience / Regulatory; 
J.D. Maul, Syngenta Crop Protection Inc. / Environmental Safety; S.P. 
McGee, Bayer CropScience / Environmental Health Sciences; S.R. 
Mortensen, BASF Corporation; S. Plautz, BASF / Agricultural Solutions, 
Ecotoxicology; T.A. Springer, Springer Ecotox Consulting
Avian reproduction tests (OECD 206; OCSPP 850.2300) evaluate effects 
of continuous dietary exposure to test material for ~20 weeks and identify 
no observed effect concentrations (NOECs). When there is a monotonic 
trend in response to increasing concentration, the most powerful statisti-
cal methods are based on trend tests (e.g. Jonckheere-Terpstra step-down 
trend test). However, when monotonicity is not considered, investiga-
tors often use both trend tests and pairwise tests (e.g. Dunnett’s test) to 
analyze the same endpoint, and make regulatory decisions based on the 
lowest endpoint NOEC. Double testing increases the probability that 
random differences will be found to be statistically significant. Failure to 

identify a NOEC can require the study to be repeated with the sacrifice of 
an additional 2000+ eggs/embryos/birds. The cap rule and quadratic rule 
were evaluated to decide whether a concentration response is monotonic. 
The cap rule identifies a concentration response as non-monotonic if 
intermediate mean treatment responses do not fall between the mean 
responses of the control and high treatment groups. The quadratic rule 
identifies a concentration response as non-monotonic if a regression with 
a linear-quadratic model has no significant linear term but does have a 
significant quadratic term. Using a dataset of 32 Northern Bobwhite and 
24 Mallard studies conducted between 2006 and 2017, each study was 
analyzed to determine treatments that were significantly different from 
the control using Dunnett’s test, Williams’ trend test, and the Jonckheere-
Terpstra step down test. A failure to consider monotonicity and select 
the most appropriate statistical test resulted in ~10% of studies being 
inappropriately identified as having no NOEC. For the studies that were 
inappropriately identified as having no NOEC, it was common that had 
the appropriate statistical test been applied then a finding of no statisti-
cally significant effects would have occurred. Use of the cap and quadratic 
rules as objective methods in selecting statistical tests ensures that the 
most powerful test to detect an effect that is appropriate for the data is 
employed. Using simple rules to evaluate monotonicity thereby avoid-
ing double statistical testing in evaluation of avian reproduction studies 
can improve decision making and prevent additional unnecessary animal 
testing.

3.02.08 Development of MCnest v3.0 for Population Level Risk 
Assessment for Birds
M. Etterson, U.S. Environmental Protection Agency / ORD/CCTE/Great 
Lakes Toxicology & Ecology Division
Legislative protection goals for plants and animals often target sustainable 
populations. However, effects are usually assessed at individual or lower 
(molecular, cellular, organ) levels of biological organization. Therefore, to 
predict effects of anthropogenic stressors on animal populations, models 
of the life history of the animals or plants are needed to translate the lower 
level effects measurements into population-level predictions. Since 2014, 
USEPA has used the MCnest v2.0 model for higher tier risk assessment 
for pesticides. Programming for MCnest v3.0 is underway and will result 
in a much more flexible modeling platform. Generalizations of the model 
include: 1) expansion of the model to a full annual cycle; 2) expansion of 
the life-history database to include a greater range of avian life-histories; 
3) greater user-control over exposure models, including the ability to 
import custom exposure series; and 4) innate routines for local and global 
sensitivity analysis. MCnest v3.0 will exploit theoretical properties of 
Markov chains to reduce computational time and allow a greater range 
of the parameter space to be explored. Preliminary design of MCnest 
v3.0 will be described and preliminary results for several birds will be 
presented for discussion. Beta testing of the model is expected to begin 
in early 2021 and we encourage participation from any and all interested 
parties.
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3. Wildlife Ecotoxicology: Direct and Indirect 
Exposure and Effects of Pesticides in Non-Target 
Organisms
3.03.01 Risk of Exposure to Anticoagulant Rodenticides in Non-
Target Predators and Scavengers
P. Gómez-Ramí rez, University of Murcia / Sociosanitary Sciences; S. 
Castán, University of Murcia / Department of Toxicology; I. Navas, 
University of Murcia / Health Science Department, Veterinary Faculty; 
S. Espí n, P. Sánchez-Virosta, University of Murcia / Department of 
Health Sciences, Area of Toxicology; P. Jiménez, M. Torres-Chaparro, 
I. Valverde, Universidad de Murcia / Health Sciences Department, 
Veterinary Faculty; P. Marí a-Mojica, University of Murcia / Wildlife 
Rehabilitation Center of Alicante; A. Garcí a-Fernández, University of 
Murcia / Department of Health Sciences, Faculty of Veterinary
Despite legal restrictions in EU to the use of anticoagulant rodenticides 
(ARs), they can be still commonly used in urban, semi-urban, farm-
ing and even forest environments. This may pose a risk for wildlife 
by ingestion of commercial baits (primary intoxication) or predation 
of target species (secondary intoxication). The prevalence and risk of 
secondary exposure to ARs in mesocarnivores from Spain was studied 
analysing carcasses from different wildlife rehabilitation centres from 
Eastern (autonomous communities of Valencia and Murcia) and Central 
Spain (Autonomous Community of Castilla-León). Liver was collected 
for simultaneous analysis of 8 ARs (warfarin, coumatetralyl, chloro-
phacinone, bromadiolone, brodifacoum, diphacinone, difenacoum and 
flocoumafen) with a HPLC/MS connected to a Q-TOF Mass Spectrometer 
operated in negative mode using an Agilent Jet Stream Dual electrospray 
interface, after an extraction using a modified QuEChERs method. A 
total of 60 samples were obtained from 22 birds of 5 species (3 scavengers 
(Griffon vulture-Gyps fulvus n=9; Golden eagle-Aquila chrysaetos n=1, 
Common raven-Corvus corax n=1) and two non-scavengers (Eurasian 
eagle owl-Bubo bubo n=9; Common buzzard-Buteo buteo n=2)) and 38 
mammals of 7 species (1 domestic dog (Canis lupus familiaris), 2 domes-
tic cats (Felis silvestris catus), 7 Red fox (Vulpes vulpes), 4 Common 
genets (Genetta genetta), 10 Stone martens (Martes foina), 11 Badgers 
(Meles meles) and 3 Eurasian otters (Lutra lutra)). Residues of one or 
more ARs were found in 37 samples (61.6%). Coinciding with previous 
studies, the most common compounds were brodifacoum (n=23, 38%) 
and difenacoum (n=19, 32%), followed by flocoumafen (n=15, 25%), 
bromadiolone (n=7, 12%), and coumatetralyl (n=6, 10%). Warfarin, chlo-
rophacinone and diphacinone were not detected. Twenty-three samples 
(38%) contained more than one AR. Brodifacoum was also found at the 
highest level (1088.46 µg/kg), followed by bromadiolone (382.99 µg/kg) 
and flocoumafen (167.13 µg/kg). Total ARs were significantly different 
between owls/vultures, badgers/genets, badgers/foxes, and genets/stone 
martens (p< 0.05). Our results indicate that there is a higher risk for 
exposure to ARs in mesocarnivores in areas with higher density of human 
population and abundant crops. Also, as scavenger birds do not feed on 
rodents, show lower risk of exposure than mesocarnivores. Funded by 
Seneca Foundation, Regional Agency for Research and Science, CARM 
(20945/PI/18).

3.03.02  Biochemical Effects of Herbicide 2,4-D in Animals: Meta-
Analytical Review of the First Response Biomarkers
H.V. Poquioma Hernandez, Universidade Tecnológica Federal 
do Paraná, Câmpus Dois Vizinhos / Postgraduate Program in 
Biotechnology; N. Ghisi, Universidade Tecnológica Federal do Paraná 
/ Biology and Ecology; M. Guillén Portugal, F. Delavy Moreira, 
Universidade Tecnológica Federal do Paraná, Câmpus Dois Vizinhos 
/ Animal Science; T.L. de Souza, Universidade Federal do Paraná; E. 
de Oliveira, Federal University of Technology - Paraná Campus Dois 
Vizinhos; C.D. Oliveira Ribeiro, Universidade Federal do Paraná / 
Department of Cellular Biology
Every organism is continually subject to environmental pollutants as 
pesticides. 2,4-dichlorophenoxyacetic acid (2,4-D) is one of the most 
important because of its widespread use. In the body, it goes through a 
metabolization process, that is carried out by the action of the detoxify-
ing enzymes and molecules, as Superoxide dismutase (SOD), Catalase 
(CAT), glutathione (GSH), glutathione S-transferases (GSTs), Glutathione 
Peroxidase (GPx) and Glutathione reductase (GR). There is a huge amount 
of research studying the 2,4-D effects, nevertheless the authors use dif-
ferent species of a large range of age, applying the xenobiotic by different 
routes and using different tissues to analyze the effect on the enzymatic 
activity. In some of them, the pesticide is applied in combination with 
other compounds using high concentration for few hours, while in others 
there are used more dilute concentrations of the herbicide pure, for several 
months. All this information makes it difficult the understanding of the 
real 2,4-D effects over the oxidative stress. This meta analytical review 
was performed, in order to evaluate the influence of the time exposure, 
phylogenetic group, mixture with other compounds, exposure route, tis-
sue and age of animal studied, over oxidative stress (at the level of CAT, 
SOD, GSH, GST, GPx and GR) caused by 2,4-D. The platforms Web of 
Science (WoS), Scopus and Science Direct were used to the literature 
searching and the R software to analyze the data. It was found a clear dif-
ference in the response pattern from mammals and no-mammal animals. 
In the first group it was seen a decrease in the activity of SOD and CAT, 
while in the second group the opposite. The mixture of 2,4-D with other 
additives is not a differential factor, while the age is a factor still unclear, 
despite the studies using young animals were sparse. The hydric exposure 
increases the activity of CAT, SOD and GST, while the oral exposure 
decreases the activity of CAT, SOD, GPx and in the GSH level. The activ-
ity/level of the different molecules differs within the tissues, despite that 
the male reproductive organs are more sensible in comparison to female 
organs. Finally, the exposure doses were not a determinant factor and the 
activity of CAT, SOD and GPx is lesser as the exposure time prolongs.

3.03.03 Risk of Exposure and Sublethal Effects of Neurotoxic 
Pesticides on Neotropical Bats
N. Sandoval Herrera, University of Toronto, Scarborough / Ecology and 
Evolutionary Biology; K.C. Welch, University of Toronto Scarborough / 
Biological Sciences
Agricultural intensification and the subsequent increase in pesticide 
use have been considered as a threat for bat populations. However, little 
research on this topic has been conducted in tropical agro-systems, where 
most of the cultivated land is intensively treated with pesticides and the 
highest diversity of bats is found. Insectivorous bats, for example, can 
eat more than 90% of their body mass every night, species that forage 
preferentially in crops could be highly exposed to pesticides through 
contaminated prey. Pesticides commonly used worldwide such as organo-
phosphates (OPs) are highly neurotoxic for non-target vertebrate species 
but have low persistence in the environment. Even low doses can impair 
essential processes such as immune function, locomotion, and cognition, 
threatening animal survival and its ecological function in the longer-term. 
Our study seeks to determine how vulnerable bats foraging in or near 
crops are to pesticides and what are the sublethal effects of organophos-
phates on their physiology and behavior. We first assessed the risk of 
exposure by quantifying foraging activity of bats in crop fields in Belize, 
Mexico, and Costa Rica. Nocturnal insects from the same locations were 
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screened for pesticide residues to estimate daily intake through diet. We 
used an integrative approach to study the toxic effects of OPs on cap-
tive and wild bats. We measured multiple biomarkers in wild population 
roosting close to croplands in Mexico and Belize. To study the effects of 
such exposure, we used an integrative approach that involves measur-
ing molecular (enzyme activity), physiological (metabolic rate, immune 
response) and behavioral (spatial memory) biomarkers, aiming to extrapo-
late these responses across levels of biological organization. Here, we 
present evidence of the suitability of some of these biomarkers to monitor 
wild populations and we propose a simple, yet sensitive behavioral test 
to evaluate spatial memory as an ecologically relevant behavior in bats. 
Understanding the sublethal effects of pesticides at different scales will 
enable to better predict the implications on bat populations and help to 
inform conservation strategies.

3.03.04  Frequent Pesticide Exposure in Insectivorous Tree Swallows 
in the Canadian Prairies Revealed Using Insect Bolus Sampling
C.A. Morrissey, University of Saskatchewan / Department of Biology, 
School of Environment and Sustainability; M. Gross, U.S. Geological 
Survey / Chemistry; A. Elgin, University of Saskatchewan / Department 
of Biology; K.M. Kuivila, U.S. Geological Survey / Oregon Water Science 
Center; M.L. Hladik, U.S. Geological Survey / California Water Science 
Center
Over the past 30 years, most aerial insectivorous bird populations have 
strongly declined in North America. One of the main putative causes 
suggested to explain this decline is the reduction in availability and con-
tamination of insect prey through increased use of pesticides associated 
with agricultural intensification. However, there is a paucity of data in 
support of this hypothesis. Over 2 years, we collected 81 food bolus sam-
ples using the ligature method on Tree swallow nestlings at 4 farm sites 
in central Saskatchewan – Canada’s most agronomically important region 
with 40% of the nation’s cropland and 60% of the pesticide use. Pesticide 
residues in nest boluses were further compared to sweep samples of 3 
common groups of insects (Nematocera, Brachycera, and Zygoptera ) 
where available at the same sites. Among 169 targeted pesticide parent 
compounds and metabolites screened using LC-MS/MS and GC-MS/
MS, 22 different active ingredients were detected and quantified (LODs 
> 0.2-10 ng/g). These included 7 herbicides, 10 fungicides and 5 insecti-
cides. Overall, 86% of the nest bolus samples contained at least 1 pesticide 
but individual nest boluses could have up to 6 different pesticide analytes. 
The most common pesticides across all sites were the widely-used broad 
spectrum herbicides 2,4-D (70%) and bromoxynil (32%), followed by the 
azole fungicides tebuconazole or metabolite tebuconazole t-butylhydroxy 
(20%) and fenbuconazole (10%), as well as the neonicotinoid insecticides 
clothianidin (12%) and imidacloprid (11%). Pesticide detection profiles in 
bolus samples closely matched those found in insects collected in a range 
of habitats at the same site indicating that the bolus sampling methods are 
accurately reflecting local conditions. Stable isotope analysis of the same 
bolus samples further revealed that Tree swallows were feeding their 
nestlings primarily aquatic insects (δ 13C mean= -28.6, CV =8%) across 
a wide range of trophic levels (δ15N mean= 8.58, CV =25%). However, 
trophic level and site only weakly influenced the probability of pesticide 
detections suggesting widespread contamination. This study has implica-
tions for understanding how extensive pesticide use in agriculturally 
dominated areas frequently exposes insectivorous birds to a potentially 
toxic mixture of pesticide products that could hamper their population 
recovery.

3.03.05 Patterns of Imidacloprid and its Metabolites in Songbird 
Plasma: Methods to Non-Lethally Diagnose Field Exposures
M.L. Eng, University of Saskatchewan / Toxicology; C. Hao, Ontario 
Ministry of the Environment Conservation and Parks / Laboratory 
Services Branch; C. Watts, F. Sun, Ontario Ministry of the Environment, 
Conservation and Parks; C.A. Morrissey, University of Saskatchewan / 
Department of Biology, School of Environment and Sustainability
Neonicotinoids are the most widely used insecticides globally, but their 
rapid metabolism in vertebrates makes diagnosing wildlife exposure 
challenging. Sensitive analytical methods are needed to minimize false 
negatives. In addition, more detailed information on the pattern of 
imidacloprid metabolites over time could be used to better approximate 
the timing and level of exposure. Here, we developed sensitive analyti-
cal methods to measure imidacloprid (IMI), its metabolites (5-OH-IMI, 
IMI-olefin, desnitro-IMI, IMI-urea, 6-chloronicotinic acid, 5-AMCP, 
6-OH nicotinic acid), and six other neonicotinoids in red-winged black-
birds (Agelaius phoeniceus) that were experimentally exposed to one 
of two field-realistic concentrations of imidacloprid (0.8 or 6.9 mg/kg). 
We measured plasma concentrations in small (25 µl) plasma samples 
collected pre-exposure and at 1-, 6-, 24- and 48-hours post-exposure. 
Imidacloprid was rapidly absorbed and metabolized within 48 hours. Two 
primary metabolites determined were 5-OH-IMI and IMI-olefin, and 
5-OH-IMI was the most reliable marker of recent exposure. Detection 
of other metabolites indicated recent exposures to high levels of IMI. At 
concentrations above background levels, a higher ratio of IMI to metabo-
lites indicates very recent exposure. Sensitive analytical methods and 
metabolite patterns could be used to support much needed field studies to 
detect neonicotinoid exposure and effects in wild songbirds.

3.03.06  Avian Testing Challenges and Future
D.L. Temple, P. Hubbard, R. Davis, Eurofins EAG Agroscience / Avian
Acute and chronic avian testing for regulation of agricultural pesticides 
in the U.S. has been conducted since the 1970’s. Structured guidelines for 
the conduct of these tests have been in place since 1972 for EPA and 1984 
for OECD. Changes have been made in the guidelines over the ensuing 
years, but the key components of both types of tests have remained essen-
tially the same. Changes within acute testing have seen a reduction in the 
use of birds achieved by validation and OECD approval of the TG223 
testing model in 2010. In 2012, passerine testing was added in recognition 
that gamebird species were not entirely representative of the bulk of the 
world’s bird population. In 2020 the EPA responded to PETA and other 
groups noting the redundancy of sub-acute dietary tests, by waiving these 
and proposing that in vitro and computer-based models will replace in 
vivo testing in the coming years. In chronic avian testing, in addition to 
assessing reproduction and fitness, the detection of effects on endocrine 
systems has been a primary concern since the Food Quality Protection 
Act amendment of 1996 that required the EPA to establish an Endocrine 
Disruptor Screening Program. Ring trials were conducted in 2011-12 and 
pointed to gaps in the ability to measure endocrine endpoints with cur-
rently available techniques. In 2015, the EPA finalized endocrine disruptor 
screening program test guidelines for a two-generation toxicity test in the 
Japanese quail. However the complexity, expense and uncertain effective-
ness of tests to evaluate endocrine mediated effects has resulted in few 
such tests being conducted. A renewed effort to develop a test strategy for 
evaluating potential endocrine disruptor’s effects in all stages of the avian 
life cycle is needed. For example, inclusion of endocrine markers such as 
T3/T4 in blood, and analyses and measures of growth and development in 
vitro show promise as an addition to chronic test formats. Furthermore, 
historical information collected since the 1970’s can be invaluable in sup-
porting validation of modeling techniques, advanced statistical analytics 
and potential improvements to the current test designs. Currently, there is 
no standardized approach to using this data in weight of evidence assess-
ment of possible treatment effects in avian studies. A cooperative effort 
between stakeholders is needed to collate historical data, make it more 
widely accessible and develop guidance on use that will be accepted by 
regulatory agencies.
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3.03.07  Agricultural Landscape Simplification Drives Insecticide 
Use Across Canada from 1996 through 2016
E. Malaj, University of Saskatchewan / Toxicology Centre; C.A. 
Morrissey, University of Saskatchewan / Department of Biology, School 
of Environment and Sustainability
Intensified agriculture and simplified production systems have been 
promoted in recent decades to increase efficiency and productivity in agri-
culture. In Canada, information on the degree of landscape simplification 
and the consequences for reliance on pest (insects, weeds and diseases) 
control products is lacking. Here, we identified the spatial and temporal 
trends in agrochemical use (area treated with insecticides, fungicides, 
herbicides), and crop types, using the Canadian Census of Agriculture 
data, spanning eight censuses over 35 years (1981-2016) across 260 census 
units. Due to regional differences in agricultural practices, soil and 
climatic conditions by region, British Columbia (BC), Prairie (Alberta, 
Saskatchewan, Manitoba), Eastern (Ontario/Quebec), and Maritime 
regions were analyzed separately. Using the same data for a 20 year span 
(1996-2016), we investigated whether landscape simplification – cal-
culated as proportion of the census unit in cropland, major crop types, 
climatic variables, socio-economic factors and farm characteristics may 
be driving spatial and temporal changes in the most controversial chemi-
cal class of insecticides. Nationally, cropping practices were increasingly 
reliant on fertilizers (64% in 1991 to 75% in 2016), followed by herbicides 
(49% in 1981 to 78% in 2016), fungicides (5.1% in 1996 to 25% in 2016) 
and insecticides (8.4% in 1996 and 13.6% in 2016). The Prairie Region 
had the highest proportion of cropland treated with agrochemicals, and 
the greatest increase in agrochemical use (+410% for fungicides, +51% for 
herbicides, +47% for insecticides, +16% for fertilizers). Spatiotemporal 
regression models revealed that landscape simplification along with 
region-specific crop type (notably fruits and vegetables) were consistent 
strong predictors of insecticide use in Canada. Other variables explain-
ing insecticide use were statistically significant at the regional levels 
and included: (i) proportion of crop in pulses and net income per hectare 
(Prairie Region), (ii) area in reduced or no tillage (Maritime), and (iii) 
farm size (Maritime, and Ontario/Quebec regions). By converting natural 
features to cropland, producers may be unintentionally increasing their 
insect pest pressure and need for insecticides, which we caution may be 
contributing to pest resistance and negative environmental consequences 
such as loss of biodiversity and compromised water quality across a vast 
geography.

3.03.08 Aquatic Invertebrate Community Responses to Pesticides 
and Other Agricultural Stressors
A. Wade, University of Saskatchewan / Toxicology; K. Liber, University 
of Saskatchewan / School of Environment and Sustainability; E. Malaj, 
University of Saskatchewan / Toxicology; J.V. Headley, Environment 
and Climate Change Canada / Watershed Hydrology and Ecology 
Research Division; K.M. Peru, Environment and Climate Change 
Canada / Watershed Hydrology and Ecology Resarch Division; C. 
Sheedy, Agriculture and AgriFood Canada; C.A. Morrissey, University 
of Saskatchewan / Department of Biology, School of Environment and 
Sustainability
Wetlands in the Prairie Pothole Region (PPR) of North America are a 
valuable resource to humans and the environment alike. However, inten-
sive agriculture has led to the loss and degradation of wetlands in this 
region which are frequently contaminated by neonicotinoids and other 
pesticides at concentrations predicted to be hazardous to aquatic life. 
Vegetation buffers have been widely accepted as an effective tool for miti-
gating runoff and improving water quality of streams, yet little is known 
about how effective these are to mitigate wetland contamination with 
insecticides. In this study, we evaluated Perennial Vegetation Plantings 
(PVP) implemented as part of ALUS and Ducks Unlimited Canada 
programs. Our goal is to assess the relationship between different PVP 
configurations and their effectiveness in preventing insecticide runoff 
into wetlands and promoting aquatic ecosystem health. Actively farmed 
fields with multiple wetlands surrounded by various configurations of 

PVPs were chosen for this study. Water samples were taken in May and 
June and tested for concentrations of four current use neonicotinoids 
(imidacloprid, thiamethoxam, clothianidin, and acetamiprid) and six 
alternative systemic insecticides (chlorantraniliprole, sulfoxaflor, cyan-
traniliprole, flonicamid, flubeniamide, and flupyradifurone). Wetlands 
were sampled for aquatic invertebrates using the Canadian Aquatic 
Biomonitoring Network (CABIN) protocol for wetlands at the time of 
June water sampling. PVPs were measured in relation to each wetland to 
determine the circumference and width of PVPs around each wetland. 
We found a high frequency of insecticide contamination with 22 out of 
the 23 study wetlands contaminated with at least one insecticide and as 
many as five. Thiamethoxam was the most frequently detected insecticide 
(87% of wetlands; range 0.001 mg/L to 0.065 mg/L). Additionally, 57% of 
wetlands exceeded an insecticide Hazard Index of 1 suggesting a potential 
risk to aquatic invertebrates. We identified 74 wetland macroinvertebrate 
taxa, a mean richness of 23, with Diptera representing the most abundant 
insect order. We are currently modeling how PVPs might be influencing 
wetland contamination and aquatic invertebrate communities. Identifying 
what PVP implementation strategies are most effective will allow land 
owners and conservation organizations to design and prioritize incentive 
programs that best protect our wetland resources in working agricultural 
landscapes.

3.03.09 Land Use, Pesticide Presence, and Honey Bee Hive Health in 
Northcentral Oklahoma
C.C. Klase, K. Baum, J.B. Belden, Oklahoma State University / 
Integrative Biology
Western honey bees (Apis mellifera) are pollinators of a variety of 
crop species. With a decreasing number of commercial hives thriving, 
understanding the variables that impact honey bee survival is crucial to 
the agricultural industry. The effects of land use on floral resources and 
pesticide exposure may affect honey bee hive health. For example, crop-
land compared to grassland land usage will result in differing availability 
of floral resources and pesticide exposure for honey bees, especially over 
time. Our goal was to assess how land use and pesticides affect honey bee 
and hive health. We placed three hives at eight study sites (24 hives total) 
in northcentral Oklahoma, in 2019, that were predominantly grassland, 
canola, or winter wheat cropland land use. Hives remained at the sites 
from March to early October. We anticipated that bee pollinated canola 
may provide an initial burst in nutrition but also a high possibility of 
pesticide exposure to bees. Wind pollinated winter wheat may provide 
minimal nutrition to hives but possible pesticide exposure via spray 
drift. Grasslands may provide continual and varied floral resources with 
minimal pesticides. We predicted that the quantity of grassland will be 
positively correlated with indicators of strong honey bee hive health (hive 
survival, weight gain, and low mite load) and negatively correlated with 
pesticide presence. We measured land use category percentages at vary-
ing circumferences from hives using ArcMap and Cropscape. Honey bee 
and hive health were measured using hive weight changes, hive survival, 
and Varroa mite load. We evaluated pesticide presence in samples of pol-
len from plants and hive pollen traps and in ethyl acetate surface swipe 
samples from plants along a 150 m transect. Honey bee hive health and 
pesticide samples were collected three times at each site to assess changes 
and effects over time. Preliminary results suggest that honey bee and 
hive health are not significantly correlated with grassland land use at a 
large landscape scale (10 km). However, we expect that at smaller scales, 
with additional data, more land use categories, and additional pesticide 
analyses, our results may demonstrate a relationship between land use, 
pesticide presence, and honey bee and hive health. These results will pro-
vide valuable information to landowners which can be used in decisions 
regarding land use and farming practices.



158 | SETAC North America 41st Annual Meeting

Track 3 | Wildlife Toxicology, Ecology and Stress Response

3.03.12 Three-Way Interaction of Pyrethroid Insecticide,Cardiac 
Glycoside, and Potassium Fertilizer to Monarch Butterfly 
Caterpillars
A.J. Krueger, L. Rault, A. Velez, T. Weissling, T. Anderson, University of 
Nebraska, Lincoln / Entomology
Monarch butterfly (Danaus plexippus) population declines have caught 
the attention of the country and prompted nation-wide pollinator restora-
tion activities. The US Fish and Wildlife Service has identified insecticide 
exposure and loss of milkweed (Asclepias sp.) reproductive habitat as 
primary threats to monarchs. In the Corn Belt, there may be a spatial and 
temporal overlap of insecticide usage and monarch caterpillars where 
milkweed is present near agriculture. Monarchs are not only exposed to 
insecticides in agriculture but also the insecticidal cardiac glycosides in 
milkweed, which target the Na+/K+-ATPase. Pharmacological studies have 
shown potassium to antagonize these compounds. Due to this mechanistic 
congruence, we are exploring the interaction of pyrethroid insecticide, 
cardiac glycoside, and potassium fertilizer on detoxification enzymes 
in monarch caterpillars. We have conducted experiments focused on 
the toxicology of bifenthrin, a pyrethroid insecticide, with and without 
co-exposure of ouabain, a cardiac glycoside to 5th instar monarch caterpil-
lars. A two-way interaction showing bifenthrin sensitivity to be altered 
with ouabain exposure was further examined as a three-way interaction 
with KCl. Here, we will report the effects of these exposure combinations 
on Na+/K+-ATPase, esterase, cytochrome P450, glutathione S-transferase, 
and ABC transporter gene expression across treatment combinations.

3.03.13  Toxicity of Insecticide-Fungicide-Adjuvant Combinations on 
Honey Bees When Applied as a Spray
E.K. Walker, The Ohio State University / Environmental Sciences 
Program; R.M. Johnson, Ohio State University / Entomology; G. Brock, 
Ohio State University / Biomedical Informatics
Significant decreases in honey bee populations have been reported by 
beekeepers and farmers over the last couple of decades without a clear 
explanation. This decrease in the honey bee population poses a major 
problem for the California Agriculture Industry because of its depen-
dence on honey bees as pollinators. This research aimed to determine if 
combinations of “bee-safe” pesticides applied during almond bloom were 
a possible explanation for this decrease in the honey bee population. In 
this study, we aimed to mimic the spray application route of exposure 
by using a Potter Tower to spray sedated bees with the various treat-
ments. This research determined that the combination of the fungicide 
Tilt and the insecticide Altacor displayed synergistic toxicity that was 
not observed when the treatments were applied individually. This study 
also looked at the toxic effects of adding adjuvants to pesticide mixtures. 
This study found that the addition of the adjuvant Dyne-Amic increased 
the toxicity of the Tilt and Altacor combination as well as other combi-
nations and some individual pesticide treatments. These results suggest 
that the application of Tilt and Altacor in combination with an adjuvant 
at the recommended field application rates causes significant mortality 
in adult honey bees. Current research aims to explain the mechanisms of 
synergistic toxicity.

3.03.15  In Vitro Tools for Sustainable Chemical Use: Identifying 
Fungicides Compatible with Pollinators
D. Martinovic-Weigelt, M. Dang, R. Monzur, University of St. Thomas / 
Biology; M. Goblirsch, University of MN
A continued decline of honeybee populations at the current rate can pose 
a major threat to agriculture and food security. It has been proposed 
that fungicides may be important contributors to the colony collapse. 
Due to the lack of mechanistic knowledge it is difficult to predict which 
fungicides are likely to be toxic without extensive whole animal test-
ing. Present work describes development of an in vitro assay for a fast 
and cost-effective mitochondrial toxicity testing in honeybee. AME-711 
honeybee cell line was used to conduct pilot study with chlorothalonil 
(2,4,5,6–tetrachloroisophthalonitrile) - a widely used fungicide commonly 

applied to crops pollinated by honeybee. Cells were exposed to 0.5, 1, 
and 5 μM chlorothalonil or solvent control (0.1% DMSO) for 16 hours 
at 32°C in Schneider’s Insect Medium supplemented with 20% FBS. 
ATP-dependent, maximum, and proton-leak dependent respiration 
was measured (Seahorse XFe Extracellular Flux Analyzer, Agilent). 
Suppression of basal respiration, maximal respiration and spare capacity 
were observed. Additional studies are underway to determine mecha-
nisms responsible for the observed reductions in the respiration.

4. Wildlife Environmental Risk Assessment
3.04.01  Assessing Risks of Chemicals to Wildlife: Is it Ecology or 
Toxicology?
M.S. Johnson, U.S. Army Public Health Center / Toxicology Directorate
Understanding risks to wildlife species from exposures to anthropogenic 
chemicals has its origins in regulation which was initiated from past unex-
pected events following environmental releases. Documented adverse 
effects from lead, DDT, and some pesticides are examples. However, it is 
widely recognized that many populations of wildlife are declining, and 
often indicators of such declines suggest factors other than chemical expo-
sures are relevant. Ultimately, chemical risk assessment should inform 
decision making relevant to maintaining populations, but how can we 
make informed decisions to maintain populations when basic site-specific 
information regarding population regulation is lacking? Having incom-
plete information is consistent with risk assessment practice; therefore, 
logical considerations and assumptions are integral to the risk assessment 
process. Here a primer on risk assessment for wildlife is presented and 
ideas for logical assumption criteria are proposed with the ultimate goal 
of making decisions based on outcomes from risk assessments with the 
highest probability of ecological benefit.

3.04.02  Wildlife Environmental Risk Assessment: Setting the 
Record Straight
L.V. Tannenbaum, U.S. Army Public Health Center
This presentation will speak to what is defensibly, or what most defi-
nitely should be, the hottest topic in wildlife risk assessment, namely that 
the phenomenon of ‘wildlife risk assessment’ itself, does not exist. The 
presenter will underscore the ultimate irony -- that the field we work in 
bears the name “ecological risk assessment” (ERA), while no statistic or 
metric exists for articulating “risk” - the probability of an ecological recep-
tor developing a toxicological endpoint. The presentation will review the 
many trappings that researchers and practitioners often fall prey to, many 
of which are listed in the abstract describing this session. Examples of the 
trappings include thinking that hazard quotients can be improved, and that 
bioaccessibility, exposure modeling, and whole animal effects are impor-
tant. The presentation will champion the point that ineffective ERA needs 
to give way to “direct health status assessment for the receptor in the field”, 
an area in which the presenter has been a pioneer for close to two decades.

3.04.03 USEPA’s Environmental Risk Characterization 
Methodologies Used for Risk Evaluations Under the Amended Toxic 
Substances Control Act (TSCA)
S. Au, K.M. Eisenreich, K. Koehrn, U.S. Environmental Protection 
Agency / Office of Chemical Safety and Pollution Prevention / Office of 
Pollution Prevention and Toxics / Risk Assessment Division
Under the Toxic Substances Control Act (TSCA), as amended by the 
Frank R. Lautenberg Chemical Safety for the 21st Century Act, the U.S. 
Environmental Protection Agency (EPA) conducts risk evaluations on 
existing chemical substances. EPA issued a rule that establishes the 
process for conducting risk evaluations to determine whether a chemical 
substance presents an unreasonable risk of injury to health or the environ-
ment. The process includes the evaluation of both hazard and exposure 
and incorporates the science requirements of the amended statute includ-
ing using the best available science and weight of scientific evidence. 
EPA applies methods that are consistent with the scientific requirements, 
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although the methodologies used to characterize and evaluate the envi-
ronmental hazard and exposure for each chemical substance may vary 
based on the reasonably available information (e.g., conditions of use, 
physical-chemical properties, and chemical fate and transport) that impact 
the relevant environmental hazard thresholds and exposure pathways. 
Different methodologies used to integrate environmental hazard data (e.g., 
species sensitivity distributions, allometric scaling, use of assessment 
factors) inform the development of hazard thresholds for environmental 
risk characterizations. In regards to environmental exposure, the reason-
ably available information such as facility-specific releases, monitoring 
data (e.g., biotic and abiotic samples), and in the absence of these data, 
the applicability of models used to estimate concentrations of an existing 
chemical substance in environmental media (e.g., surface water, sediment, 
air), determine the methodologies EPA uses for characterizing aquatic 
and terrestrial wildlife exposure pathways. The purpose of this presenta-
tion is to provide a comparison of the different methodologies used to 
integrate reasonably available environmental hazard and exposure data 
for determining environmental risk in the first ten risk evaluations and to 
demonstrate the breadth of the reasonably available information and their 
accompanying uncertainties. Disclaimer: The views expressed in this 
poster are solely those of the authors and do not represent the policies of 
the USEPA. Mention of trade names or commercial products should not 
be interpreted as an endorsement by the EPA.

3.04.04 Population Modelling to Protect Avian and Mammalian 
Wildlife: Limitations and Opportunities
J. Hendriks, Radboud University / Environmental Science; R. Hoondert, 
A.M. Schipper, Radboud University, Nijmegen / Department of 
Environmental Science
Environmental science as a discipline started with the discovery of the 
impact of chemicals on birds and mammals by Rachel Carson. Since then 
many substances have been identified as problematic and many species 
as vulnerable. While most scientists acknowledge that public support for 
protection requires multi-evidence approaches, the exact kind of lab, field 
and model studies needed varies. Starting in 1995, we developed a model 
called Optimal Modelling for Eco(toxico)logical Applications (OMEGA) 
that estimates population development over time as function of chemi-
cal, toxicological and ecological input. To allow for application to many 
substances and species, we minimized the need for data input by linkages 
to well-known chemical properties and biological traits. To improve 
credibility, we separated calibration and validation data where possible. 
Models were tuned on, e.g., other colonies, earlier periods and surrogate 
species. Spatial and temporal differences in population density then 
allowed for independent validation. Based on this approach, we estimated 
development of cormorant, otter, peregrine falcon, white-tailed eagle and 
polar bear exposed to PCBs, DDT, PBDEs and other legacy pollutants. We 
will discuss the struggle to tune and test models for these non-tested spe-
cies as well as approaches to circumvent such gaps. From this experience, 
we will give an overview of the lessons learned in the past and identify 
promising directions for the future, in particular addressing the balance 
between the complexity of the model and the availability of data.

3.04.05 How Important Is Metal Bioavailability to Wildlife Hazard 
Quotients?
B.A. Bergquist, Windward Environmental, LLC; P.C. Fuchsman, Ramboll 
/ Environment and Health; R.N. Hull, Gary D. Williams & Associates, 
Inc.
Ecological risk assessment guidance commonly includes bioavailability 
as a factor for adjusting estimated doses to wildlife, although standard 
approaches for incorporating bioavailability have not been established. As 
a result, bioavailability is frequently assumed to be 100%, even though 
an increasing amount of data in the literature suggest that the bioavail-
ability of metals in ingested soil, sediment, and food items is lower than in 
metal-spiked food administered in toxicity tests used to develop toxicity 
reference values. Bioavailability factors can be derived using generic esti-
mates from the literature, or by conducting site-specific bioaccessibility 

tests on ingested media types, which provides more certainty than generic 
estimates, but is more costly. The decision to incorporate a bioavailability 
adjustment into the estimated dose in a wildlife risk assessment, with 
the potential for conducting bioaccessibility analyses, should weigh both 
the uncertainties and the influence of the factor on the resulting hazard 
quotient (HQ). This presentation focuses on the potential influence of 
bioavailability factors on risk estimates as represented by the HQs, while 
also considering uncertainty. A range of cases will be explored, such as 
the situation in which HQs may be overly conservative if soil bioavailabil-
ity is not addressed for a receptor of concern that consumes a relatively 
large amount of soil that contains a high concentration of metals. The 
potential influence of food bioavailability factors, which may have higher 
uncertainty than those for soil, will also be evaluated. These types of 
considerations may be helpful to risk assessors when deciding whether 
and how to incorporate bioavailability adjustments into wildlife risk 
assessment.

3.04.06  Challenges and Opportunities for Incorporating Dietary 
Metal Bioaccessibility into Wildlife Ecological Risk Assessment
R.N. Hull, Gary D. Williams & Associates, Inc.; P.C. Fuchsman, Ramboll 
/ Environment and Health; B.A. Bergquist, Windward Environmental, 
LLC
Incorporating bioaccessibility of metals in soil and sediment has become 
an accepted approach within human health risk assessment, at least 
for some metals. However, application of bioaccessibility to wildlife 
dietary items is not routinely done and represents an important exposure 
modification factor that is underutilized in ecological risk assessment 
(ERA). Not incorporating bioaccessibility equates to a conservative 
default assumption that metals in natural dietary items are as bioavailable 
as metals spiked into laboratory diets or via gavage or drinking water, 
the exposure routes in studies used to derive wildlife toxicity reference 
values (TRVs). The main challenges holding back the use of this tool are 
the disparities among in vitro test methods, the complications of having 
many different wildlife species to consider, including birds and mammals 
with different digestive physiology, and the lack of validation studies 
specific to biologically incorporated forms of metals. Methodological 
questions include whether the use of gastric extraction only at a pH of 
1.5, vs. the inclusion of both gastric and intestinal extraction, would be 
conservative for metals such as lead and zinc for most if not all wildlife 
receptors. Also, the solid:solution ratio used in the extraction influences 
the results, and therefore a ratio of >25 is recommended to avoid satura-
tion artifacts, which would make results under-conservative. Results from 
PBET (Physiologically Based Extraction Test)-type methods generated 
systematically lower bioaccessibility estimates for lead, zinc, and copper 
in plants, and without in vivo validation it is uncertain whether these 
estimates are accurate or under-conservative. Other examples of bioac-
cessibility data from the literature, generally for lead, zinc, and copper 
in various wildlife dietary items, will be used to illustrate the issues that 
need to be addressed before being able to use these data confidently in a 
wildlife ERA. Literature data that clearly can be identified as conserva-
tive are limited. However, uncertainty would be less for site-specific 
biota tissue bioaccessibility analyses done with methods with soil-based 
validation. Validation of biota-based bioaccessibility would add confi-
dence in the approach, particularly for metals that often result in modelled 
unacceptable ecological risk.

3.04.07 Applicability of Bioaccessibility Assays That Simulate 
Human Digestion to Wildlife Risk Assessment
P.C. Fuchsman, A. O’Connor, I. Mrdjen, Ramboll / Environment & 
Health; R.N. Hull, Gary D. Williams & Associates, Inc.; B.A. Bergquist, 
Windward Environmental, LLC
In vitro bioaccessibility assays (IVBA) approximate the extent to which 
metals in soil or other media are accessible for uptake from the digestive 
tract, in order to understand metal bioavailability in environmental media 
relative to that of soluble metal salts. Such assays have been validated for 
human health risk assessment purposes, for certain metals in soil. We 
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discuss the applicability of these assays to wildlife risk assessment, con-
sidering digestive physiologies and in vitro–in vivo validation data sets 
for multiple species. Gastric pH affects solubilization of cationic metals 
and varies among species, in part as a function of feeding guild. Gastric 
retention time also varies substantially, from hours or less in songbirds to 
days in ruminants. With the possible exception of ruminants, in vitro pH 
and mixing times for standard gastric IVBA methods can be considered 
reasonably conservative for wildlife species. We compared paired IVBA 
and in vivo relative bioavailability (RBA) data sets for swine, mice, and 
Japanese quail fed lead-contaminated soils, where bioaccessibility was 
measured using methods equivalent to U.S. Environmental Protection 
Agency’s approved IVBA method. Despite very different digestive sys-
tems, no systematic difference in the IVBA-RBA relationship was evident 
between swine and mice. The IVBA results tended to overestimate RBA 
for quail to a greater extent than for swine or mice, although quail data 
are relatively limited. Among the mammalian data, IVBA results more 
closely approximate RBA for studies in which contaminated soils were 
administered with food, compared to fasted soil administration. We will 
also discuss similar comparisons for cadmium and arsenic and for alterna-
tive IVBA methods, and we will summarize available validation data for 
other metals. Taken together, the available data support the cross-species 
utility of IVBA data, especially for those metals, exposure media, and 
IVBA methods for which high-quality regressions are available linking 
IVBA data to RBA estimates. We will also discuss uncertainties and 
options for extending this approach to other metals and other exposure 
media, such as wildlife prey.

3.04.08 Utility of Bioaccessibility Testing and the Tissue Residue 
Approach in Characterizing Risks of Lead to Small Mammals
B.S. Yates, Yates Environmental Sciences, Inc.
Risks to wildlife are common regulatory drivers when cleaning up 
hazardous waste sites in environmentally sensitive areas. However, sig-
nificant uncertainties exist when extrapolating laboratory-derived toxicity 
reference values to field-exposed populations. In the author’s opinion, 
these methods are overvalued when risk managers base decisions on these 
results while ignoring site-specific measurements of bioavailability. The 
following case study will be used to demonstrate how the tissue residue 
approach and recently developed bioaccessibility methods are underval-
ued tools which can be used to maximize risk characterization. Illegal 
dumping of historical wastes, including lead contamination of a forested 
floodplain of northern New Jersey triggered an ecological risk assessment 
under New Jersey Site Remediation Program regulations. Concentrations 
in soils exceeded USEPA screening levels for terrestrial wildlife by sev-
eral orders of magnitude. Despite these exceedances, concentrations in the 
liver and kidneys of white-footed mice (Peromyscus leucopus) were well 
below tissue residue thresholds typically associated with adverse effects. 
Morphometric measurements of individual organisms (weight, length), 
organ weight ratios, gross necropsies and demographic parameters did 
not indicate evidence of poisoning. Bioaccessibility (as measured using 
the recently developed USEPA Method 1340) decreased with increas-
ing levels of total lead as measured using USEPA Method 3050B. These 
results demonstrate how combining field-collected population measure-
ments with bioaccessibility assays can decrease uncertainty and help 
risk managers to make clean-up decisions. Further research is needed to 
improve estimates of bioaccessibility for other taxa, further validate exist-
ing methods for small mammals and incorporate non-lethal measurements 
of tissue residues into population monitoring.

3.04.09  A Data-Driven Approach to Deriving Assessment Factors 
Considering Toxicity Modes of Action: A Case Study on Amphibians
M. Shuman-Goodier, U.S. Environmental Protection Agency / 
Department of Biological Sciences; K. Koehrn, U.S. Environmental 
Protection Agency / Office of Chemical Safety and Pollution Prevention 
/ Office of Pollution Prevention and Toxics / Risk Assessment Division; 
K.A. Fay, General Dynamics Information Technology / Office of Chemical 
Safety and Pollution Prevention / Office of Pollution Prevention and 
Toxics / Risk Assessment Division; F. Jewett, A. Nguyen, K.M. Eisenreich, 
U.S. Environmental Protection Agency / Office of Chemical Safety and 
Pollution Prevention / Office of Pollution Prevention and Toxics / Risk 
Assessment Division
Amphibians can be uniquely sensitive to pesticide and industrial chemical 
exposures, especially at larval or early life-stages, but are often under-
represented in risk assessments relative to other taxonomic groups. Here 
we explore one key uncertainty in the existing chemical risk assessment 
methodology used by the USEPA’s Office of Pollution Prevention and 
Toxics (OPPT): whether an assessment factor of 10, typically applied to 
the lowest chronic toxicity value for fish, daphnia, and algae to account 
for species-level variation in sensitivity, is protective of amphibians. 
Single chemical toxicity effects for growth, development, or mortality of 
amphibian larva were obtained from USEPA’s ECOTOXicology knowl-
edgebase and comprised of 1071 EC50 and LC50 endpoints spanning 202 
pesticides and industrial chemicals and 41 amphibian genera. Chemicals 
were characterized as having specific-acting or narcotic modes of action 
(MOAs) as predicted from chemotype (ToxPrints) and bioassay activity 
(ToxCast and Tox21 hits) features. Species sensitivity distributions (SSDs) 
were used to characterize variation in sensitivity. Greater toxicity and 
variation in sensitivity was observed for specific-acting chemicals: of the 
13 chemicals that produced toxic effects on amphibian larvae at concen-
trations in water lower than 10 ppb, 10 were specific-acting chemicals. An 
assessment factor of 10 was protective of 95% of the amphibian species 
when data for 5 and 10 species were available for narcotic and specific-
acting chemicals, respectively. However, if a 95% confidence level was 
required, data for at least 10 and 15 species were needed for narcotic and 
specific-acting chemicals, respectively. This study demonstrates how 
meta-analyses can improve our understanding of amphibian sensitivity to 
chemical contaminants and inform the use of amphibian data in environ-
mental risk assessment. Further, the approach may be extended to other 
taxonomic groups to generate data-derived assessment factors for use in 
risk assessment. The views expressed in this presentation are solely those 
of the authors and do not represent the policies of the USEPA. Mention 
of trade names or commercial products should not be interpreted as an 
endorsement by the EPA.

3.04.10  Anthropogenic Factors Affecting Wildlife Species Status 
Outcomes: Why the Fixation on Pesticides?
R. Brain, Syngenta Crop Protection, Inc. / Environmental Safety; J.C. 
Anderson, University of Winnipeg / Department of Environment and 
Geography
Most Americans are at least three generations removed from the farm 
from the reality of where their food comes from. Not surprisingly, there 
are many misconceptions about modern food production, including the 
potential collateral environmental damage attributed to agriculture; 
particularly the application of pesticides. However, the implication of 
conventional agriculture in the broader narrative of wildlife species 
status outcomes (SSOs) lacks context and relativity. Since the dawn of 
civilization, humans have had a profound impact on their environment. 
As societies ‘developed’, and continue to develop, an inevitable economic 
transition occurs from agriculture to industry/service predominance, 
culminating in a corresponding shift in land use. Thus, the relative influ-
ence of ‘agriculture’ on SSOs, in terms of land use, is primarily dependent 
on economic-developmental status. Moreover, in addition to the land use 
challenge, there are multiple other factors affecting wildlife SSOs, includ-
ing a figurative plague of invasive species, a literal plague of disease, a 
barrage of buildings, bumpers, grilles, and windshields to collide with, 
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light pollution to confuse cues with, poachers to contend with, and even 
more complicated factors such as climate change. So, relatively speaking, 
how do these other factors compare to “pesticides” in terms of driving 
SSOs? Moreover, why is the popular media so fixated on the pesticide 
narrative? Based on the available evidence, this presentation attempts to 
address these questions from a holistic and relative perspective within the 
context of land use change, economic development, population growth, 
and associated implications of global connectivity and commerce.

3.04.11 Risk to Pollinators from Agrochemicals Emanating from 
Beef Cattle Feed Yards
E. Peterson, S. Subbiah, Texas Tech University / Department of 
Environmental Toxicology; P. Smith, Texas Tech University
Livestock production facilities in general, and specifically beef cattle feed 
yards, use a variety of veterinary pharmaceuticals to enhance growth and 
health of cattle and pesticides to control unwanted pests and parasites. 
Recently, these agrochemicals have been documented emanating from feed 
yards via suspended particulate matter. Exploratory sampling confirmed 
that feed yard-derived agrochemicals were present on wildflowers col-
lected outside beef cattle feed yard boundaries. Subsequently, wildflowers 
and co-associating wild bees were collected across three continuous field 
seasons (2017-2019). A majority of wildflowers collected (n = 58) contained 
at least one agrochemical (85%) and many contained two or more agro-
chemicals (69%). Wild caught bees contained quantifiable concentrations 
of agrochemicals in 49% of samples analyzed, with permethrin the most 
frequently detected analyte (17% of wild bees). Interestingly, agrochemi-
cals detected on wildflowers were strongly correlated with agrochemicals 
detected on bees collected at the same location (p = 0.03). To determine 
potential risk to pollinators, flower hazard quotients were calculated by 
dividing wildflower agrochemical concentrations by honey bee LD50‘s. 
The highest flower hazard quotient was clothianidin 154 ± 50 (± standard 
error). July and September produced the highest flower hazard indexes 
(sum of flower hazard quotient for each agrochemical by month) among 
all months (337 and 472, respectively). These data reveal agrochemicals 
are present on wildflowers and bees alongside beef cattle feed yards and at 
varying levels of toxicity throughout the year.

5. Wildlife: Effects of Persistent Pollutants and 
Other Environmental and Anthropogenic Stressors 
on Wildlife
3.05.01  Legacy and Contaminants of Emerging Concern (CECs) 
in Tree Swallows Along an Agricultural to Industrial Gradient: 
Maumee River, OH
C.M. Custer, T.W. Custer, P.M. Dummer, U.S. Geological Survey / Upper 
Midwest Environmental Sciences Center; N.K. Karouna-Renier, U.S. 
Geological Survey / Patuxent Wildlife Research Center; C. Tseng, C.W. 
Matson, Baylor University / Environmental Science
Exposure to multiple classes of contaminants were assessed in tree swal-
low (Tachycineta bicolor) tissues and their food from along the Maumee 
River, OH, that encompassed a gradient from intensive agricultural to 
highly urbanized and industrial landscapes. Samples were also collected 
from 2 remote lakes in northern Wisconsin for comparison. Exposure 
to the bioaccumulative contaminants, such as PCBs, PBDEs and PFASs 
were below concentrations that have been linked with reproductive 
effects. The PBDEs were associated with waste water treatment plant 
locations. Only a few pharmaceutical and personal care products (PPCP) 
and non-organochlorine pesticides (N-OC) were detected, as was 
expected, and included DEET and Iopamidol for PPCPs, and atrazine and 
desethylatrazine for the N-OC pesticides. The PPCPs, when detected, 
were more often detected in liver rather than egg tissue. Both DEET and 
iopamidol were also detected at 2 remote lakes which probably reflects 
the wide-spread usage of this product in insect repellents (DEET) or the 
very large dosage, relative to most other PPCPs, of this contrast agent 

used for radiologic imaging. Interestingly, desethylatrazine was detected 
in diet, Hester Dendy samplers, and egg samples at the remote lake site as 
well. Polycyclic aromatic hydrocarbons and PCBs were the only classes 
of chemicals that were associated with a physiological response in tree 
swallows. There was more induction of ethoxyresorufin-O- dealkylase 
(EROD) activity at sites lower in the drainage than at the reference lakes 
or higher in the drainage. Because of the high degree of correlation 
between total PCBs and total PAHs, the individual contribution by these 
two contaminants is unknown. Sediment, the only abiotic matrix sample, 
was not necessarily predictive of exposure in birds.

3.05.02 Transcriptomic and Metabolomic Assessments of Tree 
Swallow (Tachycineta bicolor) Nestlings From Great Lakes Areas of 
Concern
C. Tseng, Baylor University / Environmental Science; C.M. Custer, U.S. 
Geological Survey / Upper Midwest Environmental Sciences Center; N.K. 
Karouna-Renier, U.S. Geological Survey / Patuxent Wildlife Research 
Center; P.M. Dummer, U.S. Geological Survey / Upper Midwest 
Environmental Sciences Center; C.W. Matson, Baylor University / 
Environmental Science
Tree swallows (Tachycineta bicolor) have proven uniquely suited for 
assessing contaminant exposures and biomarker responses in birds from 
the Great Lakes, in response to polychlorinated biphenyls (PCBs), poly-
cyclic aromatic hydrocarbons (PAHs), polychlorinated dibenzo-p-dioxins 
and dibenzo-furans (PCDD/PCDFs), polybrominated diphenyl ethers 
(PBDEs), and a variety of pesticides and other contaminants of emerg-
ing concern (CECs). In 2016, nestlings were collected from six locations 
on the Maumee River, across different land uses and RNA-Seq analysis 
was carried out on nestling livers. We assessed the in-situ transcriptomic 
and metabolomic effects from the multiple environmental contaminants 
to which the tree swallow nestlings were exposed. Transcriptomic and 
metabolomic patterns were correlated with different types of land uses 
and contaminants levels, e.g. PBDEs and organohalogen pollutants. 
Transcriptomic and metabolomic alterations observed downstream of 
industrial sites were apparently induced by PAHs and xenoestrogens in 
nestling diet. Affected pathways in nestlings from wastewater treat-
ment plant (WWTP) sites were likely driven by the higher amounts of 
PBDEs at these sites. In this study, we demonstrated that transcriptomic 
and metabolomic analyses were able to help unravel altered biological 
functions in wildlife exposed to complex environmental contaminant 
mixtures.

3.05.03  Toxicity of Two Alternative Brominated Flame Retardants, 
EHTBB and TBPH, to American Kestrel Embryos
C. Goodchild, Oklahoma State University / Biology; N.K. Karouna-
Renier, U.S. Geological Survey / Patuxent Wildlife Research Center; 
K.J. Fernie, R.J. Letcher, Environment and Climate Change Canada 
/ Ecotoxicology and Wildlife Health Division; S.L. Schultz, C.M. 
Maddox,U.S. Geological Survey / Patuxent Wildlife Research Center; 
T. Bean, Smithers ERS, LLC / Avian Toxicology; L.E. Peters, University 
of Manitoba,Fisheries and Oceans / Department of Environment and 
Geography; V. Palace, IISD Experimental Lakes Area; P.F. Henry, U.S. 
Geological Survey / Patuxent Wildlife Research Center
Alternative brominated flame retardants, such as 
2-ethylhexyl-2,3,4,5-tetrabromobenzoate (EHTBB) and bis(2-
ethylhexyl)-2,3,4,5-tetrabromophthalate (TBPH), have been detected 
in environmental samples from remote regions and bioaccumulate in 
wildlife. Exposure to EHTBB and TBPH has been shown to cause oxida-
tive stress and altered thyroid function in rodents and fish, yet despite the 
confirmed presence of the two compounds in avian tissues in the wild, no 
controlled laboratory studies have been conducted to examine potential 
adverse effects of exposure in birds. The presence of EHTBB and TBPH 
in the egg contents from wild birds suggests maternal transfer of these 
chemicals may result in embryonic exposure. In this study, we used 
American kestrels (Falco sparverius) to examine the effects of in ovo 
exposure to EHTBB or TBPH. We exposed kestrel embryos to nominal 
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concentrations (10, 50, or 100 ng g-1 egg weight) of EHTBB and TBPH via 
egg-injection on embryonic day 5. Effects on embryonic survival, oxida-
tive stress, and thyroid function were observed, but specific endpoints 
affected were dose and chemical dependent.

3.05.04  Associations Between Contaminants and Thiamine (Vitamin 
B1) in Pre-Fledgling Double-Crested Cormorants in the Great Lakes 
Including Areas of Concern
K. Grasman, A. Triemstra, I. Latvaitis, S.H. Oosterhouse, L. Dykstra, 
Calvin University / Department of Biology; M. Annis, C. Eakin, U.S. 
Fish and Wildlife Service / Michigan Ecological Services Field Office; 
D.E. Tillitt, U.S. Geological Survey / Columbia Environmental Research 
Center; J.P. Ludwig, Environmental Consultant
Thiamine (vitamin B1) plays essential roles in energy metabolism, 
growth, development, immunity, and antioxidant defenses. Tissue levels 
of vitamins can be influenced by tissue type, diet, age, health status, 
metabolism, and contaminants. Some Great Lakes fish such as ale-
wives (Alosa pseudoharengus) contain high levels of thiaminase, which 
degrades thiamine. Thiamine deficiency has been identified previously 
in salmonids of the Great Lakes and fish-eating birds in other loca-
tions. The objectives of this study were to determine 1) whether plasma 
levels of thiamine, thiamine diphosphate (TDP), and thiamine mono-
phosphate (TMP) differed in pre-fledgling double-crested cormorants 
(Phalacrocorax auritus) at or near highly contaminated Great Lakes 
Areas of Concerns (AOCs) compared to less contaminated sites and 2) 
whether thiamine levels were associated with organic contaminants. 
Plasma samples were collected from 361 cormorant chicks from 16 
colonies in 2016 and 15 colonies in 2017 across all five Great Lakes. When 
colonies in or near contaminated AOCs were combined, thiamine was 
49-70% lower, TDP was 24-36% lower, and TMP was 42-53% lower com-
pared to less contaminated sites outside of AOCs or in nearly recovered 
AOCs (all t-test P values< 0.0001 except for P< 0.0011 for TDP in 2016). 
Across both years, contaminant concentrations in plasma pooled by site 
ranged from 4.0–91.9 ng/g for sum PCBs, 0.18–4.6 pg/g for dioxin toxic 
equivalents (TEQs) of PCBs (2016 only), 1.6–11.9 ng/g for DDE, 0–2970 
ng/g for sum PBDEs, and 0.12–4.5 ng/g for PAHs. Plasma DDE had 
strong negative associations with thiamine, TDP, and TMP in both years 
(Jonckheere trend tests all P values< 0.0001 except for P< 0.032 for thia-
mine in 2017). Sum PCBs (both years) and PCB TEQs (2016) had strong 
negative associations with thiamine and TMP (P values< 0.0001). TDP 
had a strong negative association with sum PCBs in 2017 (P< 0.004) and 
marginal negative associations with sum PCBs (P< 0.090) and PCB TEQs 
(P< 0.11) in 2016. PAHs had strong negative associations with thiamine in 
both years (P values< 0.0001) and with TDP (P< 0.0001) and TMP in 2017 
(P< 0.002) but not 2016 (P values>0.24). PBDEs had strong to moderate 
negative associations with all three thiamine variables in 2016 (P values< 
0.039) but not 2017 (P values>0.23). These results suggest a role of con-
taminants, especially DDE and PCBs, in altering thiamine homeostasis in 
young cormorants at and near highly contaminated Great Lakes AOCs.

3.05.05  Metal-Related Effects on Vitamin Levels in Eagle Owl 
(Bubo bubo) at Different Contamination Scenarios
P. Sánchez-Virosta, University of Murcia / Department of Health 
Sciences, Toxicology; M. León-Ortega, J. Calvo, University of Murcia / 
Department of Ecology and Hydrology, Faculty of Biology; P. Camarero, 
R. Mateo, Instituto de Investigación en Recursos Cinegéticos; M. 
Zumbado, University of Las Palmas de Gran Canaria / Toxicology Unit, 
Research Institute of Biomedical and Health Sciences; O. Luzardo, 
University of Las Palmas de Gran Canaria / Institute of Biomedical 
and Health Sciences; T. Eeva, University of Turku / Biology; A. Garcí-
a-Fernández, S. Espí n, University of Murcia / Department of Health 
Sciences/IMIB-Arrixaca, Faculty of Veterinary
Vitamins and carotenoids play essential roles in nestling growth and 
proper development, and can be affected by metals and metalloids (e.g. Pb, 
Hg, Cd and As). The main goal of this study is to evaluate how element 
exposure affects plasma vitamin and carotenoid levels, hematocrit and 

body measurements (mass and wing length) in nestling Eagle owls (Bubo 
bubo) inhabiting three differently metal-polluted environments (mining, 
industrial and control areas) in southeastern Spain. Local contamina-
tion in the mining area contributes to increased blood concentrations of 
Pb, As and Tl in nestlings. Birds in the mining area showed increased 
plasma lutein and α-tocopherol concentrations, while the other parameters 
(hematocrit, retinol and body measurements) were not affected by zone. 
Diet differences between control and mining area may account for the dif-
ferent levels of lutein in plasma. α-Tocopherol is the most common form 
of vitamin E, a potent antioxidant that neutralizes lipid peroxyl radicals 
preventing lipid peroxidation in the cell membrane. Therefore, the elevated 
plasma α-tocopherol concentrations in those individuals from the mining 
area facing increased blood toxic elements, together with the positive 
association of α-tocopherol with blood As, Pb and Tl, can be interpreted as 
a protective response that helps them cope with metal-induced oxidative 
stress and lipid peroxidation. In this study, Eagle owls with blood Pb levels 
≥ 8 ng/ml showed a 20% increase in plasma α-tocopherol with regards to 
the mean α-tocopherol concentration in the control area; and α-tocopherol 
was enhanced by 31% and 56% at blood Pb concentrations ≥ 80 ng/ml and 
170 ng/ml, respectively. In view of the results found in this and previ-
ous studies, α-tocopherol seems to be a very sensitive biomarker when 
exposed to certain toxic elements (e.g. Pb, As, Tl). Acknowledgements: 
In loving memory of Eloy Pérez. Funding was provided by Fundación 
Séneca (20031/SF/16 to S. Espín), Ministerio de Ciencia, Innovación y 
Universidades (IJCI-2017-34653 to S. Espín), University of Castilla-La 
Mancha (CGT13-0183). We thank the ERBFacility COST Action 
(CA16224) for providing an international network for researchers.

3.05.06 Associations Between Contaminants and Vitamins a and E 
in Pre-Fledgling Double-Crested Cormorants in the Great Lakes 
Including Areas of Concern
K. Grasman, A. Triemstra, I. Latvaitis, S.H. Oosterhouse, L. Dykstra, 
Calvin University / Department of Biology; M. Annis, C. Eakin, U.S. 
Fish and Wildlife Service / Michigan Ecological Services Field Office; 
D.E. Tillitt, U.S. Geological Survey / Columbia Environmental Research 
Center; J.P. Ludwig, Environmental Consultant
Vitamin A plays essential roles in vision, immunity, and development. 
Vitamin E is an antioxidant and supports immune function. Levels of 
vitamins in tissues can be influenced by tissue type, diet, age, health 
status, cellular and physiological metabolism, and contaminants. 
Dioxin-like contaminants, including planar polychlorinated biphenyls 
(PCBs), have been shown to be associated with reduced vitamin A levels 
in Great Lakes waterbirds and other wild and experimental animals. 
Vitamin E interacts with contaminants that induce oxidative stress and/
or oxidative enzymes (e.g., polycyclic aromatic hydrocarbons (PAHs) 
and dioxins). The objectives of this study were to determine 1) whether 
plasma concentrations of these fat-soluble vitamins (A and E) differed 
in pre-fledgling double-crested cormorants (Phalacrocorax auritus) at 
or near highly contaminated Great Lakes Areas of Concerns (AOCs) 
compared to less contaminated sites and 2) whether vitamin levels were 
associated with organic contaminants. Plasma samples were collected 
from 355 cormorant chicks from 16 colonies in 2016 and 15 colonies in 
2017 across all five Great Lakes. When colonies in or near contaminated 
AOCs were combined, plasma vitamin A was 38-42% lower and vitamin 
E 45-49% lower compared to less contaminated sites outside of AOCs or 
in nearly recovered AOCs (t-test P values< 0.0001 in both years). Across 
both years, contaminant concentrations in plasma pooled by site ranged 
from 4.0–91.9 ng/g for sum PCBs, 0.18–4.6 pg/g for dioxin toxic equiva-
lents (TEQs) of PCBs (2016 only), 1.6–11.9 ng/g for DDE, 0–2970 ng/g 
for sum PBDEs, and 0.12–4.5 ng/g for PAHs. Overall vitamin A was not 
associated significantly in either year with most contaminants (sum PCBs, 
DDE, sum PBDEs, or PAHs; Jonckheere trend test P values>0.18) except 
for a moderate negative association with PCB TEQs in 2016 (P< 0.013). 
Vitamin E showed strong negative associations with PCBs in both years 
and with PCB TEQs in 2016 (P values< 0.0001). Vitamin E showed a 
strong negative association with PAHs in 2016 (P< 0.0001) and a moder-
ate association in 2017 (P< 0.029). Vitamin E showed moderate negative 
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associations with DDE in both years (P values< 0.039) but no associations 
with sum PBDEs (P values>0.7). In summary, these results suggest a role 
of contaminants in altering homeostasis of vitamins A (planar PCBs) and 
E (PCBs, PAHs, and to a lesser extent DDE) in young cormorants at and 
near highly contaminated AOCs in the Great Lakes.

3.05.07 Total Concentrations and Subcellular Distribution of Trace 
Elements in a Highly Exposed Urban-Adapted Gull
J. Hadrava, Université du Québec à Montréal; M. Sorais, University 
of Quebec; J. Verreault, M. Rosabal, University of Quebec, Montreal / 
Biological Sciences
Bird exposure to trace elements can lead to their tissue accumulation 
which can result in metal toxicity. Toxic responses can be revealed by 
examining the trace element’s distribution in different intracellular 
structures. As such, trace elements can be found as detoxified forms (e.g., 
in heat-stable proteins and in granules fractions), and more importantly 
in “sensitive” sites (e.g., mitochondria and other organelles), where they 
can elicit toxic effects. Little is known about the toxic responses of trace 
metals accumulated in liver cells of highly exposed birds from urban area 
(e.g., gulls). The objective of this study was to determine the concen-
trations and subcellular distribution of a comprehensive suite of trace 
elements, including rare earth elements, in liver of urban-adapted ring-
billed gulls (n = 46) breeding in the Montreal area (Quebec, Canada). The 
concentrations of trace elements were determined by ICP-MS. Results 
showed important gradients (ratios between the most and least contami-
nated birds) in hepatic concentrations of trace elements (Cadmium : 4.9 
; Lead : 12 ; Arsenic : 12 ; Yttrium : 3.5 ; Lanthanum : 6.9 ; Cerium : 6.0 
; Gadolinium : 5.7). Analyses of trace elements at the subcellular level 
using an optimized protocol are in progress and we expect that the results 
will provide valuable information on the metal-handling strategies used 
by these birds to cope with these contaminants. This knowledge offers 
promising perspectives for assessing the toxic risks of metal exposure in 
highly polluted urbanized environment.

3.05.08  Early-Life Exposure to Lead (Pb) Influences Adult Sexual 
Traits and Female Preference in Zebra Finches
C. Goodchild, Oklahoma State University / Biology; M. Beck, Rivier 
University / Biology; I. VanDiest, S. Lane, K. Sewall, Virginia Tech / 
Biology
Lead (Pb) is a pervasive global contaminant that interferes with sensitive 
windows for neurological development and causes oxidative damage to 
tissues. The effects of moderate and high exposure to Pb on physiology 
have been well-studied in birds, but whether low-level early-life exposure 
to Pb influences adult phenotype remains unclear. Female songbirds 
use a male’s song and coloration to discriminate between high- and 
low-quality males. Therefore, if early-life exposure to Pb disrupts song-
learning ability or shifts the allocation of antioxidant pigments away from 
colorful sexual traits, male birds exposed to Pb may be less attractive 
to females. We exposed developing zebra finches (Taeniopygia guttata) 
to Pb-contaminated drinking water (100 or 1000 ppb) after hatching 
(days 0-100). Once male finches reached adulthood (days 120-150), we 
measured song-learning ability and volume of underlying song nuclei in 
the brain, coloration of bill and cheek patches, and female preference for 
males. Additionally, we measured two forms of cognitive performance 
(motoric and spatial) in male and female finches. Male zebra finches 
exposed to 1000 ppb Pb had impaired song-learning ability, reduced 
volume of song nuclei, bills with less redness, and females were less likely 
to visit males exposed to Pb compared to control males. Additionally, 
Pb exposure impaired motoric but not spatial performance in both male 
and female finches. Adult finches exposed to Pb-contaminated water had 
higher blood-Pb levels, though in all cases blood-Pb levels were below 
10 µg dL-1. This study suggests that low-level exposure (< 10 µg dL-1) to 
Pb contributes to cognitive deficits that persist into adulthood and may 
indirectly influence fitness by altering secondary sexual traits and reduc-
ing male attractiveness.

3.05.09 Drivers and Trends of Mercury Exposure in Svalbard 
Kittiwakes in a Warming Context Over 17 Years
S. Tartu, Centre d’études Biologiques de Chizé / Ecotoxicology; P. 
Blévin, Akvaplan Niva; J. Sire, F. Angelier, C. Barbraud, Centre 
d’études Biologiques de Chizé, Université de La Rochelle; C. Bech, 
Norwegian University of Science and Technology; P. Bustamante, CNRS 
& Université de la Rochelle / LIENSs; J. Bustnes, Norwegian Institute for 
Nature Research; G.W. Gabrielsen, The Norwegian Polar Institute; A. 
Goutte, EPHE, PSL Research University; B. Moe, Norwegian Institute for 
Nature Research; C. Sauser, O. Chastel, Centre d’études Biologiques de 
Chizé, Université de La Rochelle
The Arctic is a sink for mercury (Hg) and global change is affecting 
the biogeochemical flux of this contaminant, which is likely to modify 
its bioavailability in the ecosystem. We studied blood Hg levels of an 
Arctic breeding seabird, the black-legged kittiwake (Rissa tridactyla) 
from 2000 to 2016 in the Kongsfjord, Svalbard. Hg levels were higher in 
males than in females, suggesting a significant amount of Hg excreted 
in eggs. Within a season, Hg decreased over the breeding cycle in both 
sexes. Since Hg in blood reflects the diet during the c.a. two months 
period prior to blood sampling, this decline may be due to a modification 
of prey type between the wintering and the breeding ground. During the 
breeding period, kittiwakes rely on lower-trophic level less-contaminated 
prey than in winter as suggested by feeding habit proxies (carbon and 
nitrogen stable isotopes). From 2000 to 2016, Hg in chick-rearing kit-
tiwakes decreased significantly until c.a. 2011 then levelled off until 2016. 
Concomitantly, skull length started increasing around 2011. Our result 
suggests that the “Atlantification” of the Arctic Ocean is bringing less 
Hg-contaminated and possibly more-nutritive prey in Western Svalbard 
fjords, which could increase chicks’ growth rate and hence future adult 
body size. However there is a lack of information on philopatry in the 
studied colony and we cannot exclude a progressive replacement of the 
resident couples by larger individuals from other colonies. In addition, 
we show that sea-ice extent, selected over a set of thirteen environmental 
variables, was the best predictor of Hg levels in chick-rearing kittiwakes. 
Hg levels were higher during years of lower or higher sea-ice extent. 
However, our results overall suggest that diet rather than Hg bioavailabil-
ity in the environment do predict Hg in Svalbard chick-rearing kittiwakes. 
Hg temporal trends in Arctic wildlife are inconsistent, increasing and 
decreasing concentrations over time have been reported across various 
taxa. Further studies are needed to confirm the observed decline of Hg 
concentrations in kittiwakes. In addition, we show that a 17-year study 
is not enough to conclude on size-related changes associated to global 
change, further demographic studies would be useful to determine 
recruitment rate and whether the ‘Atlantification’ of the Arctic really 
benefits to such a generalist seabird.

3.05.10 Mercury Concentrations in Diurnal and Nocturnal Raptors 
from Southeastern Italy
S. Espí n, P. Sánchez-Virosta, University of Murcia / Department of 
Health Sciences, Area of Toxicology; E. Sánchez-Vega, University of 
Murcia / Health Sciences; A. Gargiulo, Università degli Studi di Napoli 
Federico II / Medicina Veterinaria; P. Gómez-Ramí rez, University of 
Murcia / Sociosanitary Sciences; I. Valverde, Universidad de Murcia 
/ Health Sciences Department, Veterinary Faculty; P. Marí a-Mojica, 
University of Murcia / Wildlife Rehabilitation Center of Alicante; P. 
Jiménez, M. Torres-Chaparro, I. Navas, A. Garcí a-Fernández, University 
of Murcia / Department of Health Sciences, Faculty of Veterinary
Mercury (Hg) is a toxic metal that bioaccumulates and biomagnifies in 
food chains and is associated with several adverse effects on wildlife. 
Little is known about the bioaccumulation potential of Hg for terrestrial 
food chains and it is necessary new information about Hg levels in ter-
restrial species. The main aim of this study is to evaluate the Hg exposure 
in adult diurnal and nocturnal raptors from Wildlife Recovery Centres. 
For this purpose, Hg concentrations were analyzed in liver and kidney 
samples of 43 individuals received in the Wildlife Recovery Centre 
“Federico II of Naples” between April and November 2016. The study 
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species were common buzzard (Buteo buteo), Eurasian sparrowhawk 
(Accipiter nisus), little owl (Athene noctua) and barn owl (Tyto alba). 
The results showed a positive correlation between liver and kidney Hg 
concentrations (r = 0.96, p < 0.001, n = 43), and significant lower concen-
trations in barn owls compared to the other raptors studied. Although diet 
habits are typically one of the main factors affecting differences in Hg 
concentrations, the species studied shared similar characteristics. Potential 
differences in Hg contamination in the area where the birds came from 
could explain this result. In addition, although age data was not available, 
barn owls showed length and weight values lower than the mean body 
measurements reported in adults of this species, suggesting that they were 
juveniles. Thus, those lower Hg levels in barn owls could also be related 
to those individuals being younger, usually showing lower concentrations 
than adults. Furthermore, Hg levels were slightly higher in liver compared 
to kidney, and in females compared to males, although there were not sta-
tistically significant differences. Probably, individuals of this study were 
chronically exposed to Hg, mainly through dietary intake. Hg concentra-
tions found may be considered low and lower than those related to lethal or 
sublethal effects in different raptors species. This study provides new data 
on Hg concentrations in terrestrial birds, since most studies are focused on 
marine environments. Acknowledgements: Silvia Espin is contracted by 
Ministerio de Ciencia, Innovación y Universidades (IJCI-2017-34653).

3.05.11 Multi-Residue Monitoring of Antibiotics and Non-Steroidal 
Anti-Inflammatory Drugs in Avian Scavengers by Analyses of Small 
Volumes of Plasma
P. Gómez-Ramí rez, University of Murcia / Sociosanitary Sciences; 
G. Blanco, MNCN-CSIC / Dept of Evolutionary Ecology; A. Garcí-
a-Fernández, University of Murcia / Department of Health Sciences, 
Faculty of Veterinary
Pharmaceuticals are still considered emerging pollutants affecting 
both aquatic and terrestrial ecosystems. Scavenging bird species may 
be exposed to veterinary drugs when they feed on livestock carcasses 
provided at supplementary feeding stations (SFSs), as these are often 
stocked with ailing and/or recently medicated animals. Because those 
animals may be a source of several different pharmaceutical compounds, 
analytical methods to evaluate residue levels and exposure potential 
should enable detection and quantification of as many different com-
pounds as possible, preferably from small sample volumes. The first aim 
of this study was to validate a multiresidual analytical technique to detect, 
in small plasma volumes, veterinary pharmaceuticals commonly used 
in the treatment of livestock. The second aim was to check the validity 
of the analytical method in plasma samples from 29 Eurasian griffon 
vulture (Gyps fulvus) nestlings from a breeding population in the Central 
Mountains range and associated canyons in Castilla y León, Central 
Spain, where a large and increasing vulture population nests on cliffs and 
feeds in SFSs provided with pork and chicken carcasses. The Spanish vul-
ture population represents a stronghold for this species in Europe, and it 
can be used as sentinel of pharma-pollution for other endangered species. 
Four different extraction methods were tested to conduct HPLC-MS-TOF 
analysis of some of 7 antibiotics (tetracycline, oxytetracycline, cipro-
floxacin, enrofloxacin, nalidixic acid, trimethoprim, sulfadiazine) and 5 
nonsteroidal anti-inflammatory drugs (NSAIDs) (meloxicam, flunixin, 
carprofen, tolfenamic acid, phenylbutazone). The method deemed most 
viable was a simple extraction, using methanol and 100 μL of plasma. 
Recoveries ranged 79-115% for NSAIDs and 90-105% for antibiotics. 
Limit of quantification (LOQ) was 25 ng/mL for all the compounds, 
except carprofen and meloxicam (50 ng/mL). Enrofloxacin and tolfenamic 
acid were the most commonly detected (69% and 20%, respectively) in 
griffon vultures. The simultaneous detection of an NSAID (tolfenamic 
acid) and several antibiotics (mainly enrofloxacin) indicates the vultures’ 
exposure to pharmaceutical mixtures, whose effects on their health 
deserve further research. To our knowledge, this is the first study includ-
ing NSAIDs in the exposure assessment of different classes of veterinary 
pharmaceuticals in live avian scavengers.

3.05.12  Contaminants of Growing Concern: Poly- and 
Perfluoroalkylated Substances (PFAS) and their Physiological 
Consequences in Seabirds
O. Chastel, Centre d’Etudes Biologiques de Chizé / Université de 
La Rochelle; P. Blévin, Akvaplan Niva; S. Humann-Guilleminot, F. 
Helfenstein, University of Neuchâtel / Laboratory of Evolutionary 
Ecophysiology; S. Tartu, Centre d’études Biologiques de Chizé / 
Ecotoxicology; F. Angelier, M. Sebastiano, Centre d’études Biologiques 
de Chizé / Université de La Rochelle; D. Costantini, Muséum National 
d’Histoire Naturelle, Paris; S. Shaffer, San José State University / 
Department of Biological Sciences; P. Bustamante, CNRS & Université 
de la Rochelle / LIENSs; P. Labadie, H. Budzinski, UMR CNRS EPOC 
Universite Bordeaux; D. Herzke, Norwegian Institute for Air Research 
/ FRAM Centre Tromso; B. Moe, J. Bustnes, Norwegian Institute for 
Nature Research; G.W. Gabrielsen, Norwegian Polar Institute
Industrialization is responsible of the release of tons of toxic compounds 
in the environment, which became imbedded into food webs worldwide, 
and numerous studies have reported effects on legacy persistent organic 
pollutants (chlorinated POPs, ex: DDT, PCB) on wildlife. In contrast, the 
effects of poly-and perfluoroalkyl substances (PFAS) have received less 
attention. PFAS cover more than 4,700 substances and are surface-active 
agents used in many products (non-stick cookware, fire-fighting foams, 
waterproof clothing). Transported over long distances, these highly 
persistent and bioaccumulative pollutants are now ubiquitous. As apex 
predators, seabirds are relevant bioindicators for PFAS contamination 
of the marine environment and there is a need to monitor PFAS across 
a large range of habitats, to better understand the global distribution of 
these substances. Among PFAS, perfluorooctane sulfonic acid (PFOS) 
has been banned under the Stockholm Convention on POPs. However, 
the vast majority of PFAS are not regulated yet and some are increas-
ingly detected in seabirds. PFAS exposure is known to be associated 
with several toxicological effects in humans and laboratory models but 
the consequences of PFAS exposure for wildlife remain overall poorly 
investigated. In this talk, we will present studies conducted in Svalbard, 
Antarctica and continental France and which give new insight into the 
effects of PFAS exposure on seabirds. Specifically, we show that, PFAS 
can affect several key physiological mechanisms (thyroid hormones, glu-
cocorticoids, prolactin, basal metabolic rate, oxidative stress). Compared 
to legacy chlorinated POPs, PFAS often act in the opposite way on 
physiology and behavior. Finally, we will present the very first data on 
the effect of PFAS contamination on seabird sperm quality and discuss 
the possible mechanisms involved. Further research on the occurrence 
and effects of PFAS is needed to provide evidence-based information for 
policy and regulatory decisions relevant to seabird conservation.

3.05.13  Perfluoroalkyl Acids and Sulfonamides and Thyroid Function 
in Peregrine Falcons: Dietary, Biological and Ecological Associations
J. Sun, Jinan University / School of Environment; R.J. Letcher, 
Environment and Climate Change Canada / Ecotoxicology and Wildlife 
Health Division; A. Covaci, University of Antwerp / Toxicological 
Center; M. Eens, University of Antwerp / Dept of Biology, Ethology 
Research Group; K.J. Fernie, Environment and Climate Change Canada / 
Ecotoxicology & Wildlife Health Division
Per-/poly-fluoroalkyl substances are widely used synthetic chemicals, 
with many ubiquitous in the environment, particularly perfluoroalkyl 
acids (PFAAs). Production of the highly bioaccumulative perfluorooctane 
sulfonate (PFOS) was phased-out in 2002. PFOS and perfluorooctane 
carboxylate (PFOA) are listed under the Stockholm Convention (Annex B, 
2009 and Annex A, 2019, respectively). Despite mixed temporal changes 
in these compounds in biota globally, there are relatively few wildlife 
toxicology studies. Our study of mainly PFAAs and thyroid hormones in 
peregrine falcons (Falco peregrinus), apex terrestrial predators (26 nests; 
Ontario, Canada; 2016, 2018) characterized: 1) PFAA levels, profiles 
and spatiotemporal variations in addled eggs (n = 9) and sibling nestling 
blood (n = 57; 23 ± 4 days); 2) relationships of PFAAs with diet (stable 
isotopes), biology (age, sex, body conditon), triiodothyronine (T3) and 
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thyroxine (T4). PFOS levels (mean: 39 ng g-1 ww; 2018) in the present eggs 
were considerably lower than eggs from Sweden and Greenland, while 
sum(s)-PFCA concentrations (mean: 22 ng g-1 ww) were comparable, likely 
reflecting PFOS production phase-outs and regulation since 2000 but 
ongoing production/use of PFCAs. In the present study, PFOS dominated 
PFAA profiles (plasma: > 50%; eggs: > 60%) reflecting PFAA profiles 
in other biota, followed by PFNA (8%) and PFUdA (8%) in plasma, and 
PFTrDA (9%) and PFTeDA (6%) in eggs. Generally, egg PFAA levels/
profiles were not correlated with those in nestlings. Egg sPFSA and sPFCA 
were negatively correlated with egg δ13C (maternal foraging location) 
while nestling sPFSA concentrations were positively correlated with blood 
δ15N (trophic position), likely reflecting differences in maternal vs nestling 
diet. Accounting for ecological-biological factors of nestlings, sPFSA were 
positively associated with δ34S (foraging location) and sPFCA negatively 
with δ13C, suggesting dietary mediation of urban nestling exposure to 
PFSAs and PFCAs. Moreover, the negative relationship between nestling 
body condition and circulating sPFCA (adjusted for ecological-dietary 
factors), plus positive correlations with circulating PFHxS and T3 or 
estimated thyroid gland activity (T3:T4) in urban nestlings (2018), suggests 
potential physiological effects and endocrine disruption warranting further 
research. Complex relationships exist in the exposure, accumulation and 
possible effects of these chemicals for this apex avian predator.

3.05.14 Linking Contaminant Exposure and Cellular Responses 
Using Muscle Biopsies from North Atlantic Sharks
L. Crawford, Stony Brook University / School of Marine and Atmospheric 
Sciences; A. Newton, Wildlife Conservation Society; N.S. Fisher, M.G. 
Frisk, C. Lee, N. Dheilly, O. Shipley, Stony Brook University / School of 
Marine and Atmospheric Sciences; D. Adams, Cape Canaveral Scientific, 
Inc.; M. Giraudo, Environment and Climate Change Canada / Aquatic 
Contaminants Research Division; A.E. McElroy, Stony Brook University / 
School of Marine & Atmospheric Sciences
Sharks are long living, slow-growing predators with large fatty livers, 
which makes them susceptible to contaminant bioaccumulation. However, 
little is known about the potential effects of contaminant exposure on 
shark health, particularly in wild-caught animals. Muscle biopsies were 
analyzed for total mercury (THg) in seven species of North Atlantic 
sharks including the white (Carcharodon carcharias, n=23), shortfin 
mako (Isurus oxyrinchus, n=6), common thresher (Alopias vulpinus, 
n=12), sand tiger (Carcharias taurus, n=10), tiger (Galeocerdo cuvier, 
n=3), sandbar (Carcharhinus plumbeus, n=34), and dusky (Carcharhinus 
obscurus, n=3). White sharks had the highest average THg concentra-
tion (11.4 mg/kg d.w.) followed by tiger (4.96 mg/kg d.w.), dusky (4.17 
mg/kg d.w.), shortfin mako (3.61 mg/kg d.w.), sandbar (3.18 mg/kg d.w.), 
sand tiger (2.20 mg/kg d.w.), and common thresher (0.60 mg/kg d.w.). We 
are in the process of measuring organochlorine pesticides and PCBs in 
white shark muscle. Additionally, gene transcription patterns in white, 
tiger, and shortfin mako muscle were measured using RNA-sequencing 
to investigate relationships between gene transcription and contaminant 
concentrations. Comparative analysis of gene transcription combined 
with functional profiling will reveal biological pathways altered by 
contaminant exposure. We will also examine relationships between health 
markers (white blood cell counts, granulocyte:lymphocyte ratios, acute 
phase protein levels), contaminant concentrations, and gene transcription 
in white and tiger sharks. This study will develop critical non-lethal, inte-
grated approaches to monitor contaminant exposure in keystone species 
and will be used to identify species at higher risk for contaminant related 
health effects that may warrant increased surveillance.

3.05.15  Effects of Ontogeny and Toxins on Host Microbiomes in 
Echinoderm Keystone Species as Indicators of Ecosystem Health
K. Brocco French, D.P. German, University of California, Irvine / 
Ecology & Evolutionary Biology
In the 1950’s, the shipping industry began painting hulls of boats with 
antifouling chemicals in the forms of triorganotins (TBTs). Though now 
outlawed in the U.S., TBTs persist for decades in the water column and 

sediment, damaging the physiology of marine invertebrates. Ingestion 
and exposure to TBTs alters the development of Echinoid larvae and 
disrupts arm regeneration in adult Asteroidea. The mechanisms by which 
TBTs affect the physiology of marine invertebrates are unknown. The 
toxin may induce dysbiosis and/or introduce new and harmful microbes 
into the bodies of marine invertebrates, hindering their development, 
nutrient acquisition, and immune systems. We are using transcriptomics 
and 16s rRNA sequencing to understand how Pisaster ochraceus and 
Strongylocentrotus purpuratus larvae benefit from their respective 
microbiomes and how changes to those microbiomes, via ontogeny 
and/or toxins, affect host health. In collaboration with Cabrillo Marine 
Aquarium, we are rearing P. ochraceus and S. purpuratus larvae using 
standard rearing techniques. Same life-stage individuals from each 
species will be pooled and sampled in batches of 10 ensuring suffi-
cient microbial genetic material. Larval cultures of P. ochraceus and 
S. purpuratus will be reared with ecologically relevant doses of the 
TBT tributyltin-chloride. We will sample larvae through time and track 
morphometrics and mortality rates. Corresponding microbiomes will 
be examined. We predict that the microbiomes of P. ochraceus and S. 
purpuratus will shift in species composition across developmental stages 
since microbiomes vary with morphology and diet within echinoderm 
host species. Additionally, we expect TBTs will disrupt the metabolic 
pathways maintaining host health and host-microbial interactions in P. 
ochraceus and S. purpuratus because toxins affect echinoderm develop-
ment, reproduction, and immune system function. Because P. ochraceus 
and S. purpuratus are keystone species, host-microbial research will serve 
as an indicator for the health and resilience of the rocky intertidal.

3.05.16  Identifying Organic Contaminants of Concern in Gray 
Whales Via In Vitro Toxicity Testing
C. Wittmaack, J.D. Pierro, Texas Tech University / Department 
of Environmental Toxicology; J.G. Surles, Texas Tech University / 
Department of Mathematics and Statistics; J. Jacobsen, V.E. Enterprises 
/ Department of Biological Sciences; A. Lang, NMFS Southwest 
Fisheries Science Center, NOAA Fisheries / Southwest Fisheries Science 
Center; C.A. Godard-Codding, Texas Tech University / Department of 
Environmental Toxicology
Gray whales (Eschrichtius robustus) inhabit areas close to dense coastal 
human populations. This proximity increases their risk of exposure to 
several organic marine contaminants. Polycyclic aromatic hydrocarbons 
(PAHs) are produced during incomplete combustion processes. Per- and 
polyfluoroalkyl substances (PFAS) are anthropogenic chemicals known 
for their stain- and water-repellent properties. Polychlorinated biphenyls 
(PCBs) were used as industrial insulators. Crude oil enters the marine 
environment via anthropogenic (oil spills and leaks) and natural (seeps) 
sources. Corexit™ is a commonly used crude oil dispersant. PAHs, 
PCBs, and PFAS have been detected in cetacean blubber. Cell culture is 
invaluable in toxicological research as it is minimally invasive. Cultures 
are propagated from small biopsies and multiple investigations can be 
conducted using small amounts of tissue. In the case of cetaceans, which 
are protected and, in some cases, endangered, this is critical. Our goal is 
to understand whether these contaminants are cytotoxic to gray whale 
skin fibroblasts. Additionally, we aim to pinpoint the contaminants of 
most concern for the species. We collected skin biopsies from three free 
ranging gray whales off the coast of California. Skin fibroblasts were 
cultured from the epidermis. Fibroblasts were maintained in DMEM/F12 
media supplemented with cosmic calf serum, penicillin streptomycin, glu-
tamax™, and sodium pyruvate. Cells were dosed with B[a]P or PCB126 
(0.01µM, 0.10µM, 1.00,µM and 10.00µM), PFOA (0.05µM, 0.50µM, 
5.00µM, 50.00µM, and 500µM), or media accommodated fractions of 
crude oil and/or Corexit™9500A for 24h, 48h, 72h, or 96h exposure 
periods. Cytotoxicity was determined via MTT (methylthiazolyldiphenyl-
tetrazolium bromide) and LDH (lactate dehydrogenase) assays. Results 
from the MTT assays showed that viability was significantly reduced after 
exposure to all toxicants at various time points (p< 0.05). The LDH assay 
was less sensitive in detecting cytotoxicity compared to the MTT assay. 
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However significant increases in LDH were measured in media from cells 
exposed to Corexit™9500A (p< 0.05), indicating cell membrane injury 
and a significant reduction in cell viability. LC50s (concentrations at 
which 50% cell mortality is statistically observed) were calculated from 
the MTT data allowing toxicity ranking of contaminants.

3.05.17 Effects of Chronic Exposure to BPA and a Replacement 
Chemical BPS on a North American Native Amphibian
S.A. Robinson, Environment and Climate Change Canada / Wildlife 
and Landscape Science Directorate; J. Pon, Carleton University 
& Environment and Climate Change Canada / Department of 
Environmental Sciences; D. Carpenter, S.D. Young, Environment and 
Climate Change Canada / Wildlife and Landscape Science Directorate; 
M. Forbes, Carleton University / Department of Biology; J. Small, 
Environment and Climate Change Canada / National Laboratory for 
Environmental Testing; E.A. Gilroy, Environment and Climate Change 
Canada / Aquatic Contaminants Research Division
Bisphenol A (BPA) is a known endocrine-disrupting chemical that is 
highly used in a variety of plastics, epoxy resins and in some plasticiz-
ers. Concern over its toxicity has led to the development of replacement 
chemicals for BPA in some consumer products. However, the replacement 
chemicals have similar structure and function to BPA and also may be of 
toxicological concern. The high use of plastics and other products con-
taining BPA has resulted in exposure to wildlife through leaching from 
products and discharge in waste-water effluents. Hence, there is a concern 
for wildlife, particularly aquatic species sensitive to endocrine-disruption, 
such as amphibians that rely on properly functioning hormonal communi-
cation for larval growth and development. To assess the potential effects 
of a current BPA replacement chemical, bisphenol S (BPS), we conducted 
a chronic aquatic exposure using a North American native amphibian, 
the northern leopard frog (Lithobates pipiens). Specifically, Gosner stage 
25 to 42 tadpoles were exposed to either BPA or BPS at concentrations 
ranging from 0.8 to 500 µg/L. These encompass measured BPA concen-
trations in the environment up to a concentration where sub-lethal effects 
are expected based on effect concentrations found for other amphibians. 
Tadpole survival, Gosner stage of development, body mass, hepatoso-
matic index (HSI) and sex ratio were assessed after up to 45 days in a 
static-renewal laboratory exposure. As expected, there was high survival 
in all test concentrations, ranging on average from 90-100%. On average 
(±SD), among treatments, tadpoles ranged from Gosner stage 37 ± 3 to 39 
± 3, with 2 to 6 tadpoles/treatment reaching Gosner stage 42 or higher by 
the end of the experiment. On average, among treatments, tadpole body 
mass ranged from 2.4 ± 0.7 g to 2.9 ± 1.1 g, HSI ranged from 3.1 ± 1.0 to 
3.6 ± 1.4 and the sex ratio ranged from 65 ± 18% to 86 ± 10% females. 
Overall, there were no statistical differences in the measured responses 
when compared to water-only controls (all p-values > 0.05). In conclusion, 
we found no detrimental effects on the measured responses after chronic 
exposure to BPA or BPS, at concentrations up to 500 µg/L for northern 
leopard frog tadpoles. Further work on the ~30 other currently used or 
proposed replacement chemicals for BPA is still required with consider-
ation for differences in species sensitivities to these endocrine-disrupting 
compounds.

3.05.18 Histopathological Alterations, Bioaccumulation of Polycyclic 
Aromatic Hydrocarbons and Oxidative Stress as a Biomarker 
Response in African Common Toad
E. Okooboh, University of Lagos, Akoka Yaba / Zoology; A. Onadeko, B. 
Akinsanya, University of Lagos, Nigeria / Zoology Dept.
The scientific community has expressed concerns over the appar-
ent global decline of amphibian populations, and many diverse causes 
of these declines have been postulated, such theories include habitat 
degradation, disease, pollution etc. Polycyclic aromatic hydrocarbons 
(PAHs) are a class of diverse organic compounds containing two or more 
fused aromatic rings of carbon and hydrogen atoms. They are ubiquitous 
environmental contaminants found in air, water and soil and are always 
found as a mixture of individual compounds. One hundred specimens of 

Sclerophrys regularis (39 males and 61 females) were collected from three 
different locations in University of Lagos, Lagos State, and examined 
for PAHs. 72% were found to be infected by A. africanum and C.ornata 
Nematodes, the toads caught in highrise and dumpsite had the highest 
worm intensity. There was no significant difference (P>0.05) between 
the concentrations of the PAHs congeners detected in all three locations 
that were investigated in the intestine and liver of S. regularis, in sedi-
ment samples collected from three different locations in University of 
Lagos the following congeners, dibenzo(a,h)pyrene, dibenzo(a,i)pyrene, 
dibenzo(a,l)pyrene, indo(1,2,3cd)pyrene etc. were significantly different 
(P< 0.05). The mean level of reduced glutathione (GSH) and malondi-
aldehyde (MDA) in dumpsite and Highrise was significantly different 
(P< 0.05), although that of dumpsite and lagoon front did not show any 
significant difference(P>0.05), and lagoon front and highrise also. As 
for that of Catalase activity (CAT) and superoxide dismutase (SOD), 
there was no significant difference in all three locations (P>0.05). In the 
histopathological assessment,intestinal tissues showed loss of villi and 
tissue degeneration, intestinal tissue also showed a mild congestion in 
the submucosa and mild infiltration of inflammatory cells to the mucosa 
occurring as a result to exposure to organic pollutant.

6. General Wildlife Toxicology, Ecology and Stress 
Response
3.06.01  Uptake and Toxicity of Palladium to the Common Oyster 
Mushroom (Pleurotus ostreatus)
S.R. David, Penn State, Erie / The Behrend College; R. Crissman, L. 
McCaleb, S. Steves, D. Aruguete, Penn State, Behrend / Environmental 
Science
Environmental levels of platinum group elements (PGEs) have been 
rising in large partdue to increasing global ownership of vehicles with 
PGE-based catalytic converters containingpalladium (Pd), platinum (Pt) 
and rhodium (Rh). Palladium is of particular interest forenvironmental 
toxicology as it is more reactive than Pt or Rh, as well as being the domi-
nant PGEin catalytic converters for gasoline (petrol) - fueled vehicles. 
The effects of PGEs, including Pd,upon fungi are poorly understood, 
in spite of their importance in terrestrial ecosystems.Therefore, we 
investigated the effects of palladium (Pd) upon the ubiquitous wood-
decomposingfungus known as the oyster mushroom (Pleurotus ostreatus). 
P. ostreatus was cultured in potatodextrose broth with Pd (as potassium 
tetrachloropalladate, K 2 PdCl 4 ) at concentrations from 0ppm – 200 ppm 
Pd. Dry fungal biomass was collected and weighed. Elemental analysis 
of drybiomass and post-culture broth was obtained using inductively 
coupled plasma massspectrometry (ICP-MS). Preliminary data shows 
fungal growth is fully inhibited at 200 ppm Pd.Pd concentration in tissue 
increases with concentration of Pd in broth. Precipitation of Pd-containing 
solids in abiotic broth occurs, indicating that the chemical effects of the 
broth mayimpact Pd bioaccessibility. Results may have implications for 
the impact of Pd and possibly other PGEs on forest fungi.

3.06.02  Comparative Effects of Palm Kernel Oil, Olive Oil, Crude 
Oil and Honey on Lipid Profile, Body Weight and Hearts of Male 
Albino Rats
C. Imo, O. Sunday, Federal University, Wukari / Biochemistry
Comparative effects of palm kernel oil, olive oil, crude oil and honey on 
lipid profile, body weight and hearts of male albino rats was evaluated 
in this study. This is because they are widely used for various reasons in 
traditional medicine. Thirty-five male albino rats were used and randomly 
placed into five groups. Six animals were placed in each group. They were 
administered the corresponding chemical substances for twenty-one days 
before being sacrificed. Their body weights were recorded before and 
after administration of the substances. Their blood samples and hearts 
were collected for biochemical and histological analysis respectively. 
Total cholesterol reduced non-significantly (p>0.05) in groups 2 and 3, 
but increased non-significantly (p>0.05) in groups 4 and 5 compared to 
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the control. Triglycerides increased non-significantly (p>0.05) in groups 
2 and 3, but increased significantly (p< 0.05) in groups 4 and 5 compared 
to the control. HDL reduced non-significantly (p>0.05) in groups 2 and 
4, but increased non-significantly (p>0.05) in groups 3 and 5 compared 
to the control. LDL reduced non-significantly (p>0.05) in groups 3 and 5, 
but increased non-significantly (p>0.05) in groups 2 and 4 compared to 
the control. Weight difference after the administration of the chemicals 
increased non-significantly (p>0.05) in group 2, but decreased signifi-
cantly (p< 0.05) in group 3, and non-significantly (p>0.05) in groups 
4 and 5 compared to the control. Photomicrograph from heart section 
of normal rat showed normal features of the cardiac tissue with unre-
markable muscles fibres within which are seen bare nucleated cells and 
endothelial cells at the periphery. Photomicrograph from heart section of 
all rats administered the chemical substances showed normal features of 
the cardiac tissue. No pathological changes were seen/identified in them 
when compared to cardiac tissue of normal control. Crude oil and palm 
kernel oil may mildly influence lipid profile negatively. Administration 
of olive oil and honey improved the synthesis of HDL, though they also 
encourage the synthesis of triglycerides. Olive oil could be used for body 
weight reduction or control, while honey and palm kernel oil may cause 
an increase in body weight. The long-term intake of crude oil may lead to 
set back in growth and improvement of body weight. Administration of 
the chemical substances as used in this study may show no pathological 
changes in cardiac tissues.

3.06.03 Investigating the Effects of Chronic Low Dose Exposure of 
Dichlorodiphenyltrichloroethane (DDT) in Rodents
E. Molina, Auburn University / Biological Sciences; A.N. Kavazis, 
Auburn University / Biology and Kinesiology; B.T. Akingbemi, Auburn 
University College of Veterinary Medicine / Department of Anatomy and 
Physiology; M.T. Mendonca, Auburn University / Biological Science
Persistent contaminants are ubiquitous in our water and soil, chronically 
exposing humans and wildlife to levels high enough that could cause 
deleterious effects. Two species of small mammals (the deer mouse, 
Peromyscus maniculatus and the cotton rat, Sigmodon hispidus) were 
collected from a historically dichlorodiphenyltrichloroethane (DDT) 
contaminated area and reference area at the Redstone Arsenal, an EPA 
designated Superfund site. Soil samples, taken concurrently with mammal 
collection, from the DDT abatement site exhibited DDT and dichlorodi-
phenyldichloroethylene (DDE) levels above 1 ppm (EPA Total Threshold 
Limit Concentration for DDT and DDE), while soil samples from our 
reference area had undetectable levels. We found that sampled individu-
als of both species collected from the historically contaminated site had 
significantly lower total leukocytes count and total differential blood cell 
counts than those collected from reference sites (p=0.01; p=0.04), indicat-
ing possible immunosuppression. Cellular stress response was analyzed 
using western blots for lipid peroxidation (4-HNE), protein carbonyls 
(oxyblot), heat shock protein 70 and 90 (HSP 70 and 90). Western blots for 
HSP 70 and 4-HNE did not show a change in levels compared to our ref-
erence animals (p= > 0.05). We did find that HSP 90 showed higher levels 
in both species, with only Peromyscus maniculatus showing a significant 
increase when compared to reference animals (p=0.003), whereas only 
Sigmodon hispidus showed significantly higher levels of protein carbonyl 
derivatives when compared to reference animals (p=0.03). This study pro-
vides support that environmental exposure to low levels of contaminants 
can still causes physiological consequences such as extremely low levels 
of circulating WBC, which may influence immune responsiveness and 
initiates cellular stress in some species possibly imposing physiological 
costs. The potential for DDT and its derivatives to affect other physi-
ological parameters will be further explored in this study and subsequent 
lab studies. These studies can provide critical information in what the 
potential physiological effects of chronic exposure to sub-lethal levels of 
POPs on humans, as well as wildlife.

3.06.04  Shifts in the Soil Microbiome and its Influence on 2,4-D Fate 
in Urban Landscapes
A.E. Gonzalez Vazquez, Molecular and Environmental Toxicology; P. 
Koch, University of Wisconsin, Madison / Department of Plant Pathology
The herbicide 2,4-dichlorophenoxyacetic acid (2,4-D) is the most com-
monly used pesticides on urban landscapes in the U.S. Although 2,4-D 
fate and breakdown has been well documented, interactions with the 
entire soil microbiome and simultaneous assessments of its transformation 
products (TPs) in urban soil remains poorly understood. Microorganisms, 
namely bacteria, are the primary drivers of pesticide transformation in 
the soil. Seasonal environmental variations are key factors that directly 
influence soil bacterial community structure and function, which may 
alter pesticide degradation networks resulting in the formation of TPs. 
2,4-D-degrading genes have also been identified in soil bacteria and 
serve as good reporter genes for 2,4-D biodegradation activity. Of special 
interest is the tfdA gene, which is classified into three classes (I, II, and 
III) and initializes the catabolic pathway for 2,4-D biodegradation. 
Our study evaluated the impact of seasonal environmental variation on 
pesticide-degrading activity of soil bacteria and the formation of 2,4-D 
TPs in two field sites in Madison, WI during Spring and Summer seasons. 
Alterations of the general soil bacterial community structure and pesti-
cide-degrading activity was assessed using high-throughput sequencing 
analysis and quantification of the tfdA gene classes. Preliminary results 
suggest microbial community composition was distinct between both field 
sites, soil layers, and seasons. Further, tfdA Class I and II were highly 
detected 7 days after 2,4-D application during the Spring season. Future 
analysis will be conducted including Liquid Chromatography tandem 
Mass Spectrometry to detect the potential formation of 2,4-D TPs. These 
findings will ensure better intensive plant and pest management strategies 
that provide landscapes of high quality with fewer non-target impacts on 
environmental and human health as well as enhance our overall under-
standing of 2,4-D metabolism and its main TPs, which is important for 
understanding the full impacts of almost any pesticide application.

3.06.05  Atmospheric Distribution of Halogenated Flame Retardants 
and Organophosphate Esters Within a Major Landfill and Potential 
Impact on Gull Exposure
A. Kerric, UQAM / Biological Sciences; J.O. Okeme, University of Toronto 
/ Physical and Environmental Sciences; L. Jantunen, Environment and 
Climate Change Canada / Air Quality Processes Research Section; J. 
Giroux, University of Quebec, Montreal / Biological Sciences; M.L. 
Diamond, University of Toronto / Department of Earth Sciences; J. 
Verreault, University of Quebec, Montreal / Biological Sciences
The ring-billed gull (Larus delawarensis) nesting in the Montreal area 
(QC, Canada) preferentially forages in anthropogenic sites such as waste 
management facilities where elevated atmospheric concentrations of halo-
genated flame retardants (HFRs) and organophosphate esters (OPEs) can 
be found. Previous study demonstrated that the presence of ring-billed 
gulls in and around major landfills in the Montreal area had significant 
impact on the daily sampling rates of PentaBDE and DecaBDE using 
miniature passive air samplers (PAS) carried by these gulls. Gulls feed-
ing in landfills can be exposed to these contaminants through inhalation 
(gas- and -particle phases) and ingestion during preening of HFR- and 
OPE-laden particles adhering to their feathers. However, exceedingly lim-
ited number of studies have explored the associations between air levels 
to these compounds and gull exposure within landfills. The present study 
aimed to investigate the distribution and temporal variations of HFRs and 
OPEs in air samples collected from one major landfill in the Montreal 
area that is frequently visited by gulls for foraging. Miniaturized PASs 
and active air samplers (AASs) were deployed in six different areas within 
this landfill for 34 days (May-June 2018). Furthermore, ring-billed gulls 
were equipped on their back with a similar miniature PAS along with a 
GPS datalogger in order to collect HFRs and OPEs in air while monitor-
ing their movements for ten days. Results showed that PBDE, emerging 
HFR and OPE levels in air were homogeneous within this landfill. The 
exception was for some OPEs such as EHDPP that exhibited greater 
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daily sampling rates in the compost area. Moreover, remarkably elevated 
daily sampling rates were determined for BDE-209 in the compost area 
despite that traces or undetected levels of PBDEs are reported in human 
foodstuffs. Air concentrations of BDE-209 and selected OPEs measured 
using AASs were also strongly correlated with ambient temperature, 
suggesting that temperature-dependent air-surface exchange processes 
such as volatilization from disposed materials and/or topsoil surfaces had 
a considerable influence on atmospheric emissions of these compounds. 
Furthermore, GPS-based tracking of gulls confirmed that landfills repre-
sent a major emission source of PBDEs for birds that visited a landfill at 
least once, with significantly greater daily sampling rates of BDE-47, -153 
and -207 in the gull-PASs.

3.06.06 Derivation of Protective Concentration of Propylparaben 
for Preserving Soil Ecosystems with Species Sensitivity Distribution 
Method
D. Kim, L. Kim, Konkuk University; D. Kim, Konkuk University / 
Department of Environmental Health Science; J. Kwak, S. Kim, Konkuk 
University; R. Cui, Konkuk University / Ecotoxicology; Y. An, Konkuk 
University / Department of Environmental Heath Science
Parabens are known as an effective preservation in personal care 
products. Though parabens are widely used worldwide, there are few 
toxicological data for ecosystem. Therefore, this study conducted the soil 
ecotoxicity of propylparaben using eleven species within eight taxonomic 
groups to derive protect concentration (PC) for preserving soil ecosystem. 
In acute assay, eleven species (V. radiata, H. vulgare, L. esculentum, O. 
sativa, C. elegans, F. candida, L. sokamensis, E. andrei, C. reinhardtii, C. 
sorokiniana, and C. infusionum) within eight taxonomic groups were used 
as test species and, for chronic assay, eight species (V. radiata, H. vulgare, 
L. esculentum, O. sativa, F. candida, C. reinhardtii, C. sorokiniana, and 
C. infusionum) within five taxonomic groups were used. We calculated the 
acute and chronic PC values based on the EC50, EC10, and NOEC values 
computed in this study using species sensitivity distribution methods. We 
could derived the value of PC95, PC90, PC80, and PC50, which concen-
tration for protecting 95, 90, 80, and 50% of species in soil ecosystem. 
These values can be used as valuable data in soil risk assessment of para-
bens for setting reference value to protect soil ecosystem.

3.06.07 Adverse Effects of Microplastics on Earthworm Male 
Reproductive Tissues and Coelomcotyes
J. Kwak, Konkuk University; Y. An, Konkuk University / Department of 
Environmental Heath Science
Microplastics have been recieved much attentions from scientists and 
society. With increasing concerns on ecotoxicity on ecosystems, some 
earlier researches have investigated the effects of microplastics on 
earthworm species. However, we have less knowledge on adverse effects 
of microplastics on earthworm reproductive systems till date. Therefore, 
we focused on the effects of microplastics on earthworm reproduc-
tive system and their cytotoxicity. In this study, soil was amended with 
polyethylene microplastic particles, and earthworm was exposed during 
subchronic duration. The results showed that it was significantly observed 
that microplastics caused decrease of mature sperms in seminal vesicle 
and coelomocytes viability. On the other hands, oxidative stress, mature 
of oocytes, and gut microbial viability were not inhibited. This study 
provided first evidence for inhibition on normal spermatogenesis by 
microplastics.

3.06.08  Seq2Fun: Ultra-Fast Functional Profiling of RNA-seq Data 
for Non-Model Organisms
P. Liu, McGill University / Institute of Parasitology; J. Ewald, McGill 
University / Natural Resource Sciences; O. Soufan, McGill University 
/ Institute of Parasitology; J. Galvez, G. Bourque, McGill University; 
N. Basu, J. Xia, McGill University / Faculty of Agricultural and 
Environmental Sciences
Many research questions of non-model organisms have been increasingly 
reliant on RNA-seq based data analysis. Compared to the well-established 
RNA-seq pipelines for model organisms, the conventional workflow of 
RNA-seq data analysis for non-model organisms without genome refer-
ences is extremely computational expensive and time-consuming. The 
two bottleneck steps are transcripts reconstruction via transcriptome de 
novo assembly and its subsequent annotation, which typically run on 
a high-performance server with large memory and dozens of CPUs for 
several days or even weeks. To address these challenges, we propose a 
straightforward approach to directly perform DNA-to-protein search in 
a protein database. Here, we report an ultra-fast, all-in-one tool Seq2Fun 
(https://www.seq2fun.ca) written in C++, which can run on a standard PC, 
to directly perform functional quantification of RNA-seq reads without 
transcriptome de novo assembly. It starts with raw reads quality control, 
followed by translating clean reads into all possible amino acid (AA) 
sequences. Based on FM index data structure, it subsequently searches 
AA sequences in a protein database consisting of only genes involved in 
KEGG pathways, which are the main focuses of many biological ques-
tions for non-model organisms, and finally generates a KO abundance 
table. We evaluated Seq2Fun’s performance on both simulated and real-
world RNA-seq datasets of mouse, chicken and zebrafish with genome 
exclusion benching marking, and compared with conventional RNA-seq 
workflow based on Trinity and Kofamscan and using ground truth as 
reference. Our results showed that Seq2Fun is > 120 times faster than 
the conventional workflow and consumes as little as 2.27 GB memory 
and generates a highly accurate gene abundance table with R2 values 
ranging from 0.85 to 0.92 in real-world datasets. We further demon-
strated Seq2Fun on an RNA-seq dataset of a real non-model organism 
double-created cormorant (Phalacrocorax auritus), which does not have 
a reference genome, challenged with low- and high-dose of ethinylestra-
diol. The pathway enriched based on KO abundance table generated 
by Seq2Fun showed that many classical pathways were enriched and 
consistent with an estrogenic mode of action. In conclusion, Seq2Fun is an 
ultra-fast, highly accurate functional profiling tool for RNA-seq data anal-
ysis for non-model organisms without genome references and we believe 
it will greatly benefit research community of non-model organisms.

3.06.09  Quantification of Esterase Activity in Grape Berry Moth 
(Endopiza viteana) Across Metamorphosis
G. Oishi, Penn State, Erie / The Behrend College; S. Nutile, Penn State, 
Behrend / Biology; A.M. Simpson, Penn State Erie, The Behrend College 
/ Biology
The United States relies heavily upon the agriculture industry to sup-
port the needs of the population, but also to support local businesses and 
economies. In northwestern Pennsylvania, grapes constitute the majority 
of the region’s agricultural productivity. Although Lake Erie provides a 
suitable environment for grapevines, it also supports several destructive 
pest species. A major invertebrate pest native to the Lake Erie region is 
the Grape Berry Moth (Endopiza viteana). The larval stage of this species 
burrows into grapes, causing significant damage to grape clusters and 
thus decimating yields. In order to combat this pest and other similar 
pests, growers have commonly employed the use of synthetic insecticides, 
which has ultimately led to the emergence and proliferation of insecti-
cide-resistant populations. While it is known that insecticide-resistant 
populations of E. viteana exist in northwestern PA, the physiological 
mechanisms of resistance remain unknown. Our research aims to validate 
an in vitro esterase assay for evaluating potential resistance mechanisms 
in E. viteana, and use this biochemical assay to determine how the activ-
ity of these enzymes changes throughout the three primary life stages of 
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E. viteana (larva, pupa, adult). As a point of comparison, we performed 
the same assay on a non-target species (Chironomus dilutus). Our findings 
are expected to aid viticulturists in improving their pest management 
practices by targeting the most sensitive life stage of these pest species.

3.06.10  Forest Canopy Cover Assessment and Tree Benefits in 
Okomu National Park, Nigeria
O. Pelemo, O.J. Aigbokhan, Forestry Research Institute of Nigeria / 
Environmental Modeling and Biometrics; N. Isienyi, Forestry Research 
Institute of Nigeria / Biosciences; O.M. Ogoliegbune, O.J. Mephors, 
Forestry Research Institute of Nigeria / Environmental Modeling and 
Biometrics
The functions and benefits of forest canopy cannot be over-emphasized. 
Hence, there is need for the assessment of forest canopy cover and tree 
benefits in Okomu National Park, Nigeria. Assessment of different land 
cover types, quantification of forest trees and the environmental services 
they provided and lastly, the monetary value of environmental services 
provided by the forest was estimated. An i-Tree Canopy software was 
used to analysis tree canopy coverage. The results were presented in 
graphs and tables. There were three forest cover classifications made, 
namely; trees, non-trees and water. Total number of sampled points was 
294, while the total number of points classified as tree and non-shrub (T) 
was 282, and all other surfaces (NT) was 3, and lastly, any type of water 
was 9. Therefore, tree cover in the study area was estimated at 96% with a 
standard error (SE) of 1.3%, while the regression analysis showed 0.73%. 
This study derived eight (8) specific categories of tree canopy data which 
includes annual benefits based on canopy cover percentages. The catego-
ries include: carbon monoxide (CO), nitrogen dioxide (NO2), ozone (O3), 
particulate matter less than 2.5 microns (PM2.5), sulfur dioxide (SO2), 
particulate matter greater than 2.5 microns and less than 10 microns 
(PM10*), carbon dioxide sequestered annually in trees (CO2seq) was 
369,974.94T, while carbon dioxide stored in trees)CO2stor) (not an annual 
rate) was 9,291,459.06T. Carbon monoxide (CO) has the least amount in 
tonnes with 33.33T. The particulate matter category less than 2.5 microns 
(PM2.5) which has less tonnes had more monetary value (USD523,66835) 
than particulate matter greater than 2.5 microns and less than 10 microns 
(PM10*) with monetary value of USD183,90714. This is amazing not just 
the monetary value but its ability to reduce the terrestrial toxicology and 
ecological enhancement.

3.06.11 Toxicity of Palladium Complexes to Ubiquitous Soil 
Bacterial Species (Pseudomonas aeruginosa)
D. Aruguete, Penn State, Behrend / Environmental Science; K. Miller, 
U.S. Food and Drug Administration / Center for Drug Evaluation and 
Research; A. Wallace, University of Delaware / Geological Sciences; 
D. Muccio, Penn State, Behrend / Environmental Science; R. Pell, Penn 
State, Behrend / Biology; C. Williamson, Penn State, Behrend / Chemistry
Environmental levels of platinum group elements (PGEs) continue to 
rise globally due to increased use of catalytic converters in automobiles 
containing palladium, platinum, and rhodium. These metals can be 
released from catalytic converter materials into environmentally-relevant 
solutions. Soluble complexes of these metals can be biologically active 
but their effects upon environmental bacteria are not well-characterized. 
Palladium is especially of interest given the frequency of its use and its 
higher lability compared to platinum and rhodium. We report stud-
ies on the toxicity of palladium (Pd) to Pseudomonas aeruginosa, an 
environmentally ubiquitous bacterial species. Toxicity was tested for Pd 
concentrations ranging from 7.8 – 500 ppb. 24 – hour minimum inhibitory 
concentrations (MICs) were measured via absorbance at 600 nm. Dilution 
and plating were conducted in parallel to quantify viability. Palladium 
was added to minimal chemically-defined media in three complex ionic 
forms, namely as tetrachloropalladate ([PdCl4]2-)), tetraamminepalladium 
([Pd(NH3)4]2+), and hexachloropalladate ([PdCl6]2-), then allowed to 
equilibrate abiotically prior to inoculation. [Pd(NH3)4]2+ and [PdCl6]2- had 
MICs of 125 ppb Pd. Viability closely paralleled the MIC values, and 
these forms of Pd were bactericidal at and above 125 ppb. [PdCl4]2- had an 

MIC of 62.5 ppb Pd, but cultures were viable up to 500 ppb Pd, indicating 
bacteriostatic effects. Speciation of Pd was estimated with PHREEQC to 
be a mixture of sulfate and mixed chloride – ammonia complexes. Causes 
of differences in microbial response are discussed.

7. Late Breaking: Wildlife Toxicology, Ecology and 
Stress Response
3.07.01 Aerial Insectivore Neonicotinoid Exposure in Relation to 
Foraging Habitat and Land Use in Prairie Agroecosystems
M. Harris, University of Saskatchewan / Department of Biology; K.A. 
Hobson, University of Western Ontario / Department of Biology; C.A. 
Morrissey, University of Saskatchewan / Department of Biology, School 
of Environment and Sustainability
Populations of aerial insectivores have declined significantly across 
Canada, but the drivers of these losses are unclear. Environmental 
contaminants, including agrochemicals, have been implicated in these 
declines, but pesticide exposure in farmland-breeding aerial insectivores 
remains largely undocumented. In particular, the extent to which aerial 
insectivores are exposed through their diet to neonicotinoid insecticides, 
which are the most widely used insecticide class and which adversely 
affect other wild birds, is unknown. We will quantify the neonicotinoid 
exposure of two declining aerial insectivores, Barn Swallows (Hirundo 
rustica) and Tree Swallows (Tachycineta bicolor), breeding in agro-
ecosystems of Saskatchewan, Canada, and examine whether foraging 
location, diet, or agricultural intensity influence exposure. We hypoth-
esize that local land use and species-specific foraging patterns will lead 
to differences in neonicotinoid exposure between species and across 
landscapes. In 2020, we equipped adult swallows (Tree Swallow n=32, 
Barn Swallow n=25) in central Saskatchewan with PinPoint GPS tags to 
record foraging locations for one day during chick rearing. We obtained 
blood samples from adults and nestlings (Tree Swallow n=56 adults, n=55 
nests; Barn Swallow n=99 adults, n=56 nests) to assess neonicotinoid 
exposure, as well as insect and fecal samples (Tree Swallow n=11 adults, 
n=66 nests; Barn Swallow n=22 adults, n=63 nests) to evaluate diet 
through DNA metabarcoding. We will model neonicotinoid exposure in 
relation to local land use, diet, and foraging habitat. Ours is one of the first 
studies of neonicotinoid exposure in aerial insectivores and promises to 
not only increase our understanding of insecticide fate in agroecosystems, 
but also improve our ability to predict insecticide exposure risk within a 
declining avian guild.

3.07.02 Characterization and Comparison of Hepatic 
Transcriptomic Responses to Ethinylestradiol in Embryonic 
Japanese Quail and Double-Crested Cormorant
Y. Jeon, McGill University / Natural Resource Sciences; D. Crump, 
Environment and Climate Change Canada / National Wildlife Research 
Centre; N. Basu, McGill University / Faculty of Agricultural and 
Environmental Sciences; E. Boulanger, McGill University / Natural 
Resource Sciences; M. Hecker, University of Saskatchewan / School 
of the Environment & Sustainability and Toxicology Centre; P. Liu, 
McGill University / Institute of Parasitology; J. Xia, McGill University 
Macdonald Campus / Institute of Parasitology; J. Head, McGill 
University / Natural Resource Sciences
The use of transcriptomic endpoints and increased reliance on early-life 
stage (ELS) animal exposures are two strategies that have been proposed 
to improve toxicity testing for regulatory risk assessment. However, little 
is known about the effectiveness of these strategies for cross-species com-
parisons of the effects of environmental chemicals in birds. The present 
study aims to characterize and compare hepatic transcriptomic responses 
of ELS Japanese quail (JQ) and double-crested cormorant (DCCO) fol-
lowing exposure to ethinylestradiol (EE2). Exposures were conducted 
according to an ELS avian egg injection protocol that we have proposed 
for standardization. EE2 was dissolved in dimethyl sulfoxide and injected 
into the air cell of eggs prior to incubation at 0, 3.33, and 33.3 µg/g egg 
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weight (nominal). After 9-days (JQ) or 16-days (DCCO) of incubation, 
liver tissues were collected from 5 embryos per treatment group for RNA 
extraction. RNAseq data were processed using Seq2Fun (www.seq2fun.
ca), which enables the functional profiling of RNAseq data for organ-
isms without a reference genome. A KEGG Orthology database for all 
birds and an assembled transcriptome of each species together served 
as a reference database. Differential expression analysis was performed 
on each comparison of a dose group and control group employing the 
EdgeR method with thresholds of adjusted p-value of 0.05 and log2FC of 
1. Correlation analysis was performed on the overlapping differentially 
expressed genes (DEGs) across the two species. Inter-individual gene 
expression variability was measured by gene-specific coefficients of vari-
ation from transcript counts. Following the exposure to lower and higher 
doses, respectively, ELS JQ showed 378 and 238 DEGs while ELS DCCO 
had 499 and 563 DEGs. The inter-individual gene expression variability 
was higher in DCCO in control and lower dose groups. The inter-indi-
vidual gene expression variability decreased with dose in both species. 
The results of this study contribute to a better understanding of species 
responses to pharmaceutical exposure, the expansion of taxonomic cover-
age in chemical risk assessment from model to non-model species, and the 
evaluation of transcriptomics and ELS tests as alternative toxicity testing 
methods. This study was conducted as a part of a large-scale Genome 
Canada-funded project, EcoToxChip project (www.ecotoxchip.ca).

3.07.03 Comparison of Warfarin Sensitivity Among Turtle Species 
Focused on Green Sea Turtles (Chelonia mydas) in the Ogasawara 
Islands
S.M. Nakayama, Y. Yamamura, K. Takeda, Hokkaido University; Y.K. 
Kawai, Obihiro University of Agriculture and Veterinary Medicine; 
Y. Ikenaka, Hokkaido University / Faculty of Veterinary Medicine; C. 
Kitayama, S. Kondo, Everlasting Nature of Asia, Ogasawara Marine 
Center; C. Kezuka, M. Taniguchi, Kobe Municipal Suma Aqualife Park; 
M. Ishizuka, Hokkaido University / Faculty of Veterinary Medicine
Rodents such as black rats (Rattus rattus) and Norway rats (Rattus nor-
vegicus) have been artificially introduced to islands many times, where 
they have generally caused severe damage to native ecosystems. Although 
anticoagulant rodenticides (ARs) are effectively used for the elimination of 
invasive rodents, nontarget species are also frequently exposed to ARs and 
secondary poisonings occur widely. However, little data is available on the 
effects of ARs, especially on marine organisms. To evaluate the effects 
of ARs on aquatic ecosystems, we chose green sea turtles (Chelonia 
mydas), which are one of the most common marine organisms around 
the Ogasawara islands, Japan as our primary study species. The sensitiv-
ity of these turtles to ARs was assessed using both in vivo and in vitro 
approaches. We administered 4 mg/kg of warfarin sodium either orally 
or intravenously to juvenile green sea turtles. The turtles exhibited slow 
pharmacokinetics, and extension of prothrombin time (PT) was observed 
only with intravenous warfarin administration. This result indicates that 
in the green sea turtles, most of the warfarin administered orally was not 
absorbed, or it took a long time to be distributed throughout the body. 
We also conducted an in vitro investigation using liver microsomes from 
two other turtle species (softshell turtle and red-eared slider) and rats, as 
well as green sea turtles. The cytochrome P450 metabolic activity in the 
liver was lower than in rats. Additionally, vitamin K epoxide reductase 
(VKOR), which is the target enzyme of ARs, was inhibited by warfarin 
in the turtles at lower or similar concentration levels as in rats. These data 
indicate that turtles may be more sensitive to ARs than rats. In addition, 
we observed interspecific differences in warfarin metabolism among the 
three turtle species we studied. Vmax/Km values were higher in the red-
eared sliders than in the Chinese softshell turtles or green sea turtles. This 
result indicates that red-eared sliders have a greater detoxification capacity 
when warfarin is present in concentrations that are physiologically toler-
ated. In conclusion, we expect that these findings will be helpful for sea 
turtle conservation following accidental AR-broadcast incidents.

3.07.04  Hepatic Transcriptomic Profiles in Japanese Quail and 
Double-Crested Cormorant Embryos Following Benzo[A]Pyrene 
Exposure
J.R. Sangiovanni, McGill University / Natural Resource Sciences; D. 
Crump, Environment and Climate Change Canada / National Wildlife 
Research Centre; Y. Jeon, McGill University / Natural Resource Sciences; 
P. Liu, McGill University / Institute of Parasitology; J. Xia, McGill 
University / Faculty of Agricultural and Environmental Sciences; E. 
Boulanger, McGill University / Natural Resource Sciences; N. Basu, 
McGill University / Faculty of Agricultural and Environmental Sciences; 
M. Hecker, University of Saskatchewan / School of the Environment 
& Sustainability and Toxicology Centre; J. Head, McGill University / 
Natural Resource Sciences
Polycyclic aromatic hydrocarbons (PAHs) are chemical stressors that are 
ubiquitous in the environment. Although birds are receptors of con-
cern for PAHs, there is currently a lack of toxicity data for this group of 
chemicals in ecologically relevant avian species. The incorporation of 
transcriptomics and early-life stage (ELS) exposures could help fill this 
data gap, providing novel data for ecological risk assessment (ERA). The 
goal of the current project is to use our previously described avian ELS 
toxicity test to evaluate and compare hepatic transcriptomic effects of 
benzo[a]pyrene (BaP) in a model (Japanese quail (JQ; Coturnix japon-
ica)) and an ecologically relevant (double-crested cormorant (DCCO; 
Phalacrocorax auritus)) avian species. Our previously reported organis-
mal level results suggest that DCCO are approximately 30 times more 
sensitive than JQ to BaP in terms of embryo mortality. Here we describe 
species differences at the level of global gene expression. Fertilized, 
unincubated eggs of both species were exposed to three incremental doses 
of BaP, where the highest dose was predicted to be ≤ LD20. Analytically 
determined concentrations of BaP dosing solutions, dissolved in dimethyl 
sulfoxide (DMSO), were 0, 1, 5, and 830 ng/g egg for JQ and 0.027, 
0.26, and 2.7 ng/g egg for DCCO. RNA was isolated from the livers of 
mid-incubation embryos (embryonic days 9 and 14 for JQ and DCCO, 
respectively) for whole transcriptome RNAseq analysis. Hepatic gene 
expression profiles were analyzed using Seq2Fun (www.seq2fun.ca) and 
EcoToxXplorer (www.ecotoxxplorer.ca). For JQ exposed to the high dose, 
there were 82 differentially expressed genes, including those involved 
in xenobiotic metabolism, immune response, and tissue hypoxia. These 
genes included cytochrome P450 1A4 (CYP1A4), CD247 molecule 
(CD247) and growth differentiation factor 15 (GDF15). DCCO transcrip-
tome results are pending. Collectively, our data suggest that standardized 
toxicity tests using model species are not necessarily protective of wild 
birds. Comparing RNAseq data from both species will allow us to explore 
the utility of transcriptomics data for predicting species differences in 
sensitivity to environmental contaminants. Furthermore, data from this 
project will contribute to a Genome Canada-funded project; EcoToxChip: 
a toxicogenomics tool aimed at transforming ERA (www.ecotoxchip.ca).

3.07.05  Pharmacokinetic/Pharmacodynamic Analysis of 
Anticoagulant Rodenticides with Egyptian Fruit Bats (Pteropus 
pselaphon)
K. Takeda, Kitasato University / Department of Veterinary Medicine; 
S.M. Nakayama, Hokkaido University; Y.K. Kawai, Obihiro University of 
Agriculture and Veterinary Medicine; Y. Ikenaka, Hokkaido University 
/ Faculty of Veterinary Medicine; K. Manago, Hokkaido University; M. 
Ishizuka, Hokkaido University / Faculty of Veterinary Medicine
Introduction: Anticoagulant rodenticides (ARs) have been mostly used 
among rodenticides. Their mode of action is inhibition of vitamin k 
epoxide reductase (VKOR) necessary for producing blood clotting fac-
tors. They have caused secondary damage to non-target wildlife. Nature 
News has reported this problem as “killing rats is killing birds”. Risk 
assessment of ARs to wildlife should be done. In Japan, the area for 
concern is the Bonin (Ogasawara) Islands. They contain unique fauna 
and flora since they are separated by a vast sea from the Asian Continent 
and the mainland of Japan and called ‘Galapagos of the Orient’. Only 
endemic terrestrial vertebrate is Bonin fruit bats (Pteropus pselaphon). 
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To eliminate invasive black rats (Rattus Rattus), diphacinone has been 
spread. To date, any dead case of wildlife has not observed in the islands, 
however, the sensitivity of endemic species should be investigated for 
further rodent control. We performed pharmacokinetic/dynamic analysis 
of ARs with Egyptian fruit bats (Pteropus pselaphon) as model species 
of Bonin fruit bats. All bats used in this study were female and matured. 
Four Sprague-Dawley (SD) rats were also used in the study. 4 mg/kg of 
warfarin sodium or diphacinone was administered orally to rats and bats 
(n = 4). Blood was taken chronologically. Prothrombin time international 
normalized ratio (PT-INR) was measured. ARs in plasma were extracted 
by liquid-liquid distribution by ether and their detection was performed 
with mass spectrometry. All animal care and experimental procedures 
were performed in accordance with the Guidelines of the Association for 
Assessment and Accreditation of Laboratory Animal Care International. 
Results/Discussion: Egyptian fruit bats showed no markedly changed 
PT-INR after warfarin, whereas SD rats showed longer blood coagula-
tion time. Egyptian fruit bats seemed to excrete warfarin rapidly as they 
showed higher clearance ability than rats. Egyptian fruit bats showed 
a higher amount of hydroxywarfarin than SD-rats, which explain the 
rapid excretion of warfarin. However, they showed a different tendency 
after diphacinone administration. Egyptian fruit bats showed prolonged 
PT-INR 6 hours after administration, on the contrary, SD rats required 
19 hours for a significant increase of PT-INR. Egyptian fruit bats had 
longer plasma half-life of diphacinone than SD rats. These results suggest 
that Egyptian fruit bats may be tolerant of warfarin, however, they are 
relatively susceptible to diphacinone although both of them have the same 
mode of action. Genetic comparison between Egyptian fruit bats and 
Bonin fruit bats is needed for a better assessment of ARs-susceptibility.

3.07.06 Predicted Environmental Concentration in Soil of 
Ivermectin: A Case Study the Lagunera Region of México
M. Pereda Solis, J. Martinez Guerrero, D. Sierra Franco, Universidad 
Juarez del Estado de Durango / Facultad de Medicina Veterinaria y 
Zootecnia
The Lagunera Region (Coahuila and Durango) is the most important 
region in milk production in Mexico. In this region there are about 800 
farms of intensive type, with cattle herds of various sizes and techno-
logical grade whose population of dairy cattle is estimated at more than 
470 thousand heads. In intensive systems the main route of release of 
veterinary drugs to the soil is through the application of manure or slurry 
as fertilizer for the soil. One of the most used drugs in dairy cattle is iver-
mectin (IVM) because it is effective for the elimination of gastrointestinal 
worms, lung worms and ectoparasites, such as mites and blood-feeding 
insects and for its long-acting systemic action. When this drug is in the 
soil it affects coprophagous insects that play an important ecological role 
in the environment. The aim of this work was to estimate the predicted 
environmental concentration (PEC) of IVM in soil in this region of 
northern Mexico, for the above we tested and analyzed different models 
based on data as the treatment in cattle (doses), factors that influence the 
retention and excretion of the IVM in cattle, factors that affect the amount 
of feces and urine that reach the ground and factors that modify the dis-
sipation of the IVM once it reaches the ground.

3.07.07 The Persistence and Trophic Transfer of DDT Metabolites in 
Local American Robin Food Chains
R. Kesic, Simon Fraser University / Department of Biological Sciences; 
J.E. Elliott, Environment and Climate Change Canada / Science and 
Technology Branch Ecotoxicology and Wildlife Health Division; C.A. 
Bishop, Environment and Climate Change Canada / Wildlife Research 
Division; C. Kennedy, T. Williams, Simon Fraser University / Department 
of Biological Sciences; K.G. Drouillard, University of Windsor / Great 
Lakes Institute for Environmental Research; L.T. Gauthier, Environment 
and Climate Change Canada / Ecotoxicology and Wildlife Health Division
DDT has been used since the early 1950s, causing extensive con-
tamination of fruit orchards in the Pacific Northwest, as well as high 

concentrations of p,p’ DDE in soil invertebrates and birds in the 1990s. 
Due to the environmental persistence of DDT, our objectives were to 
re-sample sites that were sampled twenty years ago, as well as several 
new agricultural and fruit growing areas throughout the Okanagan 
Valley, with the prediction that DDT-r concentrations would significantly 
decline in soil, earthworm and American robin eggs. We characterized 
the diet and trophic positions of our species using stable isotope analyses 
of δ13C and δ15N. We used a mixed effects model to assess the relation-
ship between DDT-r concentrations and other variables, with site as our 
random effect. All robin eggs contained detectable levels of p,p’ DDT, 
p,p’ DDE, and p,p’ DDD, and the highest concentration of p,p’ DDE was 
107 ug/g (wet weight), confirming that DDT contamination is still present 
at similar and high levels as in the 1990s at some sites. Concentrations 
of p,p’ DDE and p,p’ DDT in American robins was significantly higher 
than in Apporectodea and Lumbricidae earthworms. Earthworm-robin 
regressions for DDE showed a significant positive relationship (r2 = 
0.5249, p = 0.0178), suggesting that robins were acquiring DDT burdens 
locally during the breeding season, and that there is a link between robin 
and earthworm contamination in orchard soils. Biomagnification factors 
(BMFs; organic carbon-lipid-equivalent) calculated from foraged earth-
worms were generally > 1 and were higher for DDE than those for DDD 
and DDT. As in previous studies, there was a high degree of variability 
among orchard sites, and the large range of BMFs indicated that DDT-r 
compounds were accumulating in earthworms and robins in almost every 
orchard sampled in the Okanagan Valley. Concentrations of p,p’ DDE in 
American robins also exceeded published levels in other migratory birds, 
as well as other passerines nesting in fruit orchards, including Eastern 
bluebirds (Sialia sialis), where reproductive and immunostimulation 
effects were observed.

3.07.50  Knowledge of Molt Sequence Is Key to Linking Feather 
Mercury With Environmental Exposure in Songbirds
C. Bottini, Western University / Biology; S.A. MacDougall-Shackleton, 
University of Western Ontario / Psychology; B.A. Branfireun, K.A. 
Hobson, University of Western Ontario / Biology
Methylmercury (MeHg) is a globally distributed pollutant that nega-
tively affects wildlife. Feathers are regularly used as a monitoring tool 
of contamination, but variability in total mercury (THg) content in flight 
feathers has raised questions about this practice. Our objective was to 
quantify blood and feather THg depuration through the progression of 
feather molt in order to clarify the relationship between blood and feather 
mercury load, and test the reliability of feather THg measurements as a 
monitoring tool in songbirds. We experimentally exposed song spar-
rows (Melospiza melodia) to dietary MeHg and measured their blood and 
feather THg concentration during exposure and post-exposure periods 
of three months each. We found a rapid decrease in feather and blood 
THg concentration through molt progression. Feather THg content was 
higher in feathers grown during the MeHg exposure period compared to 
those grown during the post-exposure period. Feather THg concentration 
was highly correlated with blood THg at the time of feather growth (R 
= 0.98), indicating that, although THg concentration is variable among 
flight feathers, this reflects sequential molting patterns and declining 
blood concentration during depuration. Feathers thus provide an accurate 
and useful tool for estimating mercury load of birds at the time a chosen 
feather was grown.
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1. Arctic and Antarctic Environments: New and 
Existing Chemical Contaminants in Changing Arctic 
and Antarctic Environments
4.01.01  Nickel Environmental Risk in Polar Regions: What We 
Know, What We Don’t Know and What We Should Know
P.T. Gauthier, University of Calgary / Biological Sciences; E.R. Garman, 
C.E. Schlekat, E.T. Middleton, NiPERA, Inc.; A. Crémazy, University of 
New Brunswick, Saint John / Biological Sciences; T. Blewett, University 
of Alberta / Biological Sciences
Polar ecosystems, specifically in the Arctic, hold large quantities of 
mineral resources and are thus subjects of growing economic interests. 
Notably, extraction of vast nickel deposits is currently conducted in Arctic 
regions, an activity expected to grow in the near future. These polar Ni 
operations are managed, in part, via application of environmental quality 
standards, most of which are based on scientific data and approaches 
derived for temperate ecosystems. There are many reasons to question 
the relevance of applying an existing temperate risk assessment frame-
work to polar regions with unique abiotic and biotic characteristics. 
Particularly, physiological adaptions of polar organisms may translate 
into markedly different Ni uptake, elimination and detoxification rates, 
along with different intrinsic sensitivities compared to temperate species. 
Similarly, geochemical conditions such as the quantity and quality of 
dissolved organic matter may influence nickel speciation and bioavail-
ability in different ways compared with temperate systems. To address 
these uncertainties, a Polar Risk Assessment program (PRA) has been 
initiated. Using a tiered approach, this program will 1) review exist-
ing polar Ni studies and identify key knowledge gaps in the scientific 
literature to assess Ni polar risk, 2) gather missing exposure and effects 
data, and 3) develop refined risk assessment tools applicable to polar 
environments. Here, we report progress made in phase 1 (problem formu-
lation phase). More precisely, we identify the polar ecosystems (marine, 
freshwater, estuarine, etc.) of particular interest due to their proximity 
to Ni operations, and characterize their physicochemical conditions (e.g. 
water chemistry) to investigate how these conditions may influence Ni 
bioavailability. We also identify species at potential risk and relevance for 
ecotoxicology studies. Finally, we review the existing data & knowl-
edge gaps, ultimately highlighting the remaining issues that should 
be addressed on Ni bioavailability and toxicity in polar regions. The 
information gathered with this exercise will be used to define the scope of 
research that will be needed in subsequent years.

4.01.02  Monitoring and Assessment of Persistent Organic Pollutants 
(POPs) in the Arctic and its Role in the Global Monitoring Plan 
Under the Stockholm Convention
R. Guardans, MITECO
The Stockholm Convention on POPs, a global treaty, which came into 
force in 2004, currently regulates 32 chemicals globally. Many of these 
substances are important contaminants in terms of exposure of indigenous 
peoples and wildlife in the Arctic. The Global Monitoring Plan under 
the SC will deliver 5 regional reports by the end of 2020 and a Global 
report in 2021 in time to initiate the work for the second Effectiveness 
Evaluation Cycle. The third report from the Western Europe and Other 
Groups (WEOG) in GMP includes, as it did in 2009 and 2015, a very sig-
nificant contribution from Arctic countries and the Arctic Monitoring and 
Assessment Program on monitoring air, human samples, and other media. 
In this paper we would like to briefly summarize the results included in 
the WEOG report and take the opportunity to consider how the methods 
and expertise developed in the Arctic over the past few decades have 
been helpful to produce and share understandings in the Arctic and well 
beyond, not only close analogues, Antarctica and the Himalayas, but at 
a global scale, and the enrichment is reciprocal, work in the Arctic helps 
understand other regions and work in other regions help make sense of the 
situation in the Arctic. How could these synergies be energized and con-
solidated. The science and policy aimed at deceasing POPs exposure can 

only work in a global effort and in that sense the GMP provides a valuable 
framework to link monitoring and modelling efforts across regions. The 
world can learn from looking at the work in the Arctic and the work in the 
Arctic depends on the actions of the wider world.

4.01.03 Trace Elements Contamination at the Accumulated 
Environmental Damage Site in the Russian Arctic
A. Karnaeva, National University of Oil and Gas (Gubkin University) 
/ Faculty of Chemical and Environmental Engineering; O. Kulikova, 
E. Mazlova, National University of Oil and Gas (Gubkin University) / 
Industrial Ecology; A. Buryak, I. Pytskii, Frumkin Institute of Physical 
Chemistry and Electrochemistry / Department of Physicochemical 
Principles of Chromatography and Gas Chromatography – Mass 
Spectrometry
The protection of the Arctic ecosystems is becoming a problem requiring 
urgent solutions and the intervention of countries not only with access 
to this area but also the entire world community. The main sources of 
pollution and accumulated environmental damage in the Russian Arctic 
are intensive development of the oil and gas industry started in the 20th 
century, environmental accidents, and long-range transport of pollutants 
by air mass and water flow from other industrial regions. To assess the 
environmental accumulated damage, trace metals distribution in samples 
of soil, surface and subsoil water, and plant Eriophorum scheuchzeri was 
studied. A field study was carried out during an Arctic expedition to the 
Yamal peninsula, Russia in July 2019. The concentrations of such ele-
ments as V, Cr, Mn, Fe, Co, Ni, Cu, Zn, As, Mo, Ag, Cd, Ba, Hg, Pb, Bi, 
U were estimated using an inductively coupled plasma mass spectrometer 
ICP-MS Agilent 7500. The amount of heavy metals experimentally found 
in studying objects was compared with Russian regulations. A heavy 
metals accumulation level was obtained in the studied area. The received 
results on pollution by metals and metalloids of investigated territory indi-
cate the excessive concentration of such elements as iron and manganese 
because of a special type of soils. It was obtained that the content of V, Ni, 
and Cd in the studied area exceeded the baseline values by 2.1 – 6.7 times, 
which indicates that this contamination has a technogenic character. 
The migration activity of contaminants through the soil to plants and 
water objects was estimated. It was found that in water samples there are 
excesses in the contents of Cr, Fe, Mo, and As. The observed chromium 
content of 0.12 mg/L in the lake water sample can be explained by the 
metal migration from the upper polluted territory via leaching and runoff 
events. The ability of higher plant Eriophorum scheuchzeri to bioaccumu-
late the heavy metals, including Mg, Fe, Mo, Cd, Ba, and Bi, was shown. 
The most accumulated metals appeared Mo (accumulation factor is 20.6) 
and Ba (accumulation factor is 2.4). Since the Eriophorum species are also 
tolerant of cadmium and arsenic soil pollution and based on the results, it 
can be assumed that Eriophorum scheuchzeri may be used in phytoreme-
diation for polymetallic polluted soils.

4.01.04 Spatio-Temporal Trends of Mercury in Polar Bears from the 
Norwegian and Russian Arctic in Light of Climate Change
A. Lippold, Norwegian Polar Institute / Ecotoxicology; J. Aars, M. 
Andersen, The Norwegian Polar Institute; A. Aubail, La Rochelle 
Université; A. Boltunov, Marine Mammal Research and Expedition 
Centre Moscow; A.E. Derocher, University of Alberta / Department of 
Biological Sciences; R. Dietz, Aarhus University / Department of Arctic 
Environment; I. Eulaers, Norwegian Polar Institute / Ecotoxicology; 
C. Sonne, Aarhus University / Department of Arctic Environment; J.M. 
Welker, University of Alaska, Anchorage; Øystein Wiig, University of 
Oslo / Natural History Museum; H. Routti, The Norwegian Polar Institute
Mercury (Hg) concentrations have increased almost tenfold since the 
onset of the industrial era in polar bears (Ursus maritimus), which is 
of concern due to the toxicity associated with high Hg exposure. We 
examined temporal trends of total Hg concentrations in hair samples from 
polar bears live-captured on the Norwegian side of the Barents Sea during 
1995-2016. We also investigated spatial trends over the Norwegian and 
Russian Arctic. We used stable isotope values (δ13C, δ34S, and δ15N) to 
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examine changes in feeding habits over time and space, and their effect 
on Hg concentrations. Within the Barents Sea subpopulation, values for 
δ13C and δ34S decreased over time, indicating an increasing intake of 
terrestrial diet items. Hg concentrations increased with δ13C and δ34S 
values, indicating higher Hg intake with marine diet items. Hg concentra-
tions increased during the second half of the study period, which is likely 
related to increasing Hg release from melting sea ice and permafrost. 
This increasing trend was slightly accelerated when Hg concentrations 
were corrected for changes in feeding habits, however, it did not signifi-
cantly differ from the non-corrected trend. Hg concentrations in polar 
bears from the Russian Arctic were similar between the Kara Sea, Laptev 
Sea, and Chukchi Sea subpopulations, and slightly lower than those in 
the Barents Sea subpopulation. Polar bears from the Norwegian and 
Russian Arctic had generally low Hg levels compared to polar bears from 
Greenland and the Canadian Arctic. Values for δ13C and δ15N showed 
no spatial trend in the Barents Sea polar bears, and did not significantly 
affect the spatial variation of Hg either. Values for δ13C in the Russian 
polar bears decreased towards the North and the West; however, Hg 
concentrations in the Russian bears were not related to feeding habits 
and did not drive the spatial variation of Hg. In conclusion, our study 
indicates low, but increasing concentrations of Hg in polar bears from the 
Norwegian Arctic, and similarly low concentrations in the Russian Arctic, 
that were universally not affected by temporal and spatial variation of 
feeding habits. Further panarctic assessment of Hg pollution is important 
to determine the effectiveness of the Minamata Convention on Mercury, 
especially in light of ongoing climate change.

4.01.05  Deposition of Organochlorine Pesticides and Industrial 
Compounds to Ice Cores at Opposite Polar Sites: Holtedahlfonna, 
Svalbard and Site M, Dronning Maud Land, Antarctica
M.H. Hermanson, Hermanson & Associates, LLC / Environmental 
Chemistry; E. Isaksson, Norwegian Polar Institute; R. Hann, Norwegian 
Technical and Natural Sciences University; C. Teixeira, D.C. Muir, 
Environment and Climate Change Canada / Aquatic Contaminants 
Research Division
Between 2001 and 2005 we collected ice cores from glaciers and ice 
sheets that are nearly polar opposites, Holtedahlfonna, on Svalbard 
(Lat 79.13 N, Long 13.27 E), and Site M, Dronning Maud Land in East 
Antarctica (Lat 75.00 S, Long 15.00 E). Both sites are remote and at 
high elevations (Holtedahlfonna, 1150 m a.s.l., Site M, 3470 m a.s.l.) and 
likely receive contaminant inputs only from long-range atmospheric 
transport (LRAT) which may be different in these hemispheres. The 
Site M core was dated by analysis of volcanic eruption residues, while 
Holtedahlfonna was dated using seasonal variation of ∂18O. The core 
from the Holtedahlfonna site has a historic record in six samples from 
1953 – 2005, and Site M, as one sample, from 1958 – 2000. All samples 
were analyzed for 15 organochlorine industrial compounds (OCICs), 
mostly chlorobenzenes, and for 24 organochlorine pesticides (OCPs) 
mostly legacy pesticides but also including two current-use, chlorpyrifos 
and dacthal. Two of the OCICs and 22 of the OCPs are listed or associ-
ated with a listed substance on the Stockholm Convention (SC) for end 
of production and elimination of environmental releases. The qualitative 
results of OCICs from the two sites show some similarities and dif-
ferences. Most abundant OCICs at both sites are the dichlorobenzenes 
(1,4-DCB, 1,3-DCB and 1,2-DCB) and at Holtedahlfonna these three 
comprise 72% of ∑OCICs although variable over time, and at Site M, 
96% of ∑OCIC. The most abundant three OCPs at Holtedahlfonna were 
chlorpyrifos, γ -HCH and α-HCH, comprising 62% of all OCP, again 
variable over time, while the top three at Site M are chlorpyrifos, trans-
chlordane and p,p’-DDT comprising 67% of all OCPs. The total OCIC 
flux at Site M was nearly 5 times greater than Holtedahlfonna, while for 
OCPs, Holtedahlfonna was 3.7 times greater. The average total OCIC flux 
at Site M was about 19 times greater than OCPs, while at Holtedahlfonna 
they were nearly equal. We developed an LRAT frequency diagram show-
ing that sites in South America are sources to Site M more than 2% of the 
time between 1958 and 2000, with coverage of all of New Zealand and 

parts of southern Australia at a frequency of greater than 0.1%. A similar 
diagram for Holtedahlfonna shows greater than 2% coverage of Northern 
Norway, Sweden, Finland and the western Kola Peninsula, as well as all 
of Novaya Zemlya and Franz Josef Land, all of which may be potential 
LRAT sources.

4.01.06 Seasonal Changes in Surface Water Concentrations of 
Historic and Current-Use Brominated Flame Retardants in Toolik 
Lake, Alaska
J. Perala-Dewey, K.J. Hageman, Utah State University / Chemistry & 
Biochemistry; Y. Chin, University of Delaware / Department of Civil and 
Environmental Engineering; J. Guerard, University of Alaska, Fairbanks 
/ Department of Chemistry & Biochemistry
The presence of historic-use brominated flame retardants (BFRs) in the 
Arctic environment is well- documented, even after near-global phase-
outs. The presence of the current-use successors of these compounds in 
the Arctic environment has received far less attention, and less still has 
been paid to their seasonal behavior following deposition in Arctic fresh-
waters. The Arctic lake environment creates a set of unique controls on 
the transport and fate of organic contaminants defined by high volumes of 
spring-time melt, varying concentrations of site-specific dissolved organic 
matter, and significant solar radiation during the summer months. During 
the spring and summer of 2019, dissolved and particle-bound BFRs were 
collected bi-weekly in high volume water samples using a polyurethane 
foam and glass-fiber filter based active water sampler from the inlet and 
outlet streams of Toolik Lake, Alaska, USA, and a suite of historic and 
current-use BFRs were measured. Here we present seasonal changes 
in concentrations of both historic-use polybrominated diphenyl ethers 
(PBDEs) and novel brominated flame retardants (NBFRs), including 
hexabromobenzene (HBB), pentabromotoluene (PBT), pentabromoeth-
ylbenzene (PBEB), 2-ethylhexyl tetrabromobenzoate (EH-TBB) and 
1,2-Bis(2,4,6-tribromophenoxy)ethane (BTBPE) in Arctic lake waters. 
The maximum observed dissolved-phase concentration of the sum of 12 
BFR compounds reached 125 pg L-1. PBDE-47 was the most commonly 
detected BFR, appearing in all dissolved phase samples, while BTBPE 
and EH-TBB were the most commonly detected NBFRs, each appear-
ing in 80% of dissolved phase water samples. Total BFR and individual 
compound concentrations experienced significant changes throughout the 
season and provide evidence of both a spring-melt induced pulse in the 
early spring and warming temperature driven increases occurring later 
in the summer. These results are some of the first to report NBFRs in 
freshwater of the US Arctic and the high temporal resolution of these data 
provide novel insights into the seasonal behavior of organic contaminants 
in Arctic lake systems.

4.01.07  Significant Within-Decade Increase in Mercury 
Concentrations in Steller Sea Lion Pups at Agattu Island, Alaska
L. Rea, University of Alaska, Fairbanks / Institute of Northern 
Engineering; S. Crawford, University of Alaska, Fairbanks / Water and 
Environmental Research Center, INE; J. Castellini, University of Alaska, 
Fairbanks / Department of Veterinary Medicine; J. Avery, University 
of Alaska, Fairbanks / Water and Environmental Research Center; B. 
Fadely, National Oceanic and Atmospheric Administration / Alaska 
Fisheries Science Center; M. Keogh, M. Rehberg, Alaska Department 
of Fish and Game; T. O’Hara, Texas A&M University / Veterinary 
Integrative Biosciences
Although many Steller sea lion (Eumetopias jubatus) metapopula-
tions within the endangered western Distinct Population Segment have 
stabilized or begun to recover after a dramatic population decline in the 
1970-90’s, some rookeries in the western and central Aleutian Islands 
continue to decline. We documented higher median total mercury con-
centrations ([THg]) in lanugo (natal fur) of young pups on rookeries that 
continue to decline in population and that show lower total selenium (TSe) 
to THg molar ratios in pup blood. As lanugo is grown in utero, this sug-
gests pups are exposed to Hg during fetal development when methylated 
forms have the greatest potential for neurotoxicosis. Mercury is known 
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to decrease reproductive success in some piscivorous mammals, which 
leads us to hypothesize that high [THg] and resulting decreased ability of 
Se to protect against Hg toxicosis may be limiting recovery of this spe-
cies at some rookeries in the west. Lanugo samples were collected from 
young pups born on Agattu Island in June of 2011, 2012, 2013, 2015, 2017 
and 2018 (n=281). Median [THg] in 2015, 2017 and 2018 (range 13.45 to 
16.20 μg/g THg) were significantly higher than median [THg] measured 
in lanugo at Agattu Island in 2011, 2012 and 2013 (range 6.57 to 11.96 
μg/g THg; Kruskal-Wallis p=0.005, H=20.045, Z>1.96). The proportion 
of pups sampled on Agattu Island with lanugo [THg] above 20 μg/g THg 
(a published threshold of adverse effect of mercury in mammals) also 
increased significantly during this time period from 19% of pups sampled 
in 2011 to 45% in 2018. These biologically significant increases in [THg] 
accumulated through maternal diet are particularly concerning due to the 
short, intradecadal scale of the escalation and consistent rate of increase 
of proportion of pups at risk.

4.01.08  Legacy and Emerging Semi-Volatile Organic Compounds in 
Sentinel Fish from an Arctic Formerly Used Defense Site in Alaska
A. Salamova, Indiana University / SPEA; G. Zheng, Indiana University / 
ONeill School of Public and Environmental Affairs; P.K. Miller, Alaska 
Community Action on Toxics; F.A. von Hippel, L. Buck, Northern Arizona 
University / Department of Biological Sciences; D. Carpenter, University 
at Albany-State University of New York / Institute for Health and the 
Environment
The Arctic is subject to long-range atmospheric deposition of globally-
distilled semi-volatile organic compounds (SVOCs) that bioaccumulate 
and biomagnify in lipid-rich food webs. In addition, locally contaminated 
sites may also contribute SVOCs to the arctic environment. Specifically, 
Alaska has hundreds of formerly used defense (FUD) sites, many of 
which are co-located with Alaska Native villages in remote parts of the 
state. The purpose of this community-based participatory research was to 
investigate the extent of SVOC contamination on Alaska’s St. Lawrence 
Island through the analysis of sentinel fish, the ninespine stickleback 
(Pungitius pungitius), collected from Troutman Lake located within 
the watershed of a FUD site and adjacent to the Yupik community of 
Gambell. We measured the concentrations of legacy and emerging SVOCs 
in 303 fish samples (81 composites), including polychlorinated biphenyls 
(PCBs), polybrominated diphenyl ethers (PBDEs), organophosphate 
esters (OPEs) and their diester metabolites, and per- and poly-fluoroalkyl 
substances (PFAS). PBDEs and PCBs were the most abundant SVOC 
groups found in stickleback with ΣPBDE and ΣPCB median concentra-
tions of 25.8 and 10.9 ng/g ww, respectively, followed by PFAS (median 
ΣPFAS 7.22 ng/g ww). ΣOPE and ΣOPE metabolite concentrations were 
lower with median concentrations of 4.97 and 1.18 ng/g ww, respectively. 
Chemical patterns and distributions based on correlations and comparison 
with SVOC concentrations in stickleback from other parts of the island 
suggest strong local sources of PCBs, PBDEs, and PFAS on St. Lawrence 
Island.

4.01.09 Climate-Associated Drivers of Plasma Cytokines and 
Contaminant Concentrations in Southern Beaufort Sea Polar Bears
J. Desforges, McGill University / Bioscience; J. Bourque, University 
of Connecticut; M.J. Levin, University of Connecticut / Department 
of Pathobiology and Veterinary Sciences; C. Sonne, R. Dietz, Aarhus 
University / Department of Arctic Environment; E. Curry, Cincinnati 
Zoo & Botanical Garden; T. Jensen, Aalborg University; T. Atwood, U.S. 
Geological Survey / Alaska Science Center; M.A. McKinney, McGill 
University / Department of Natural Resource Sciences
Arctic wildlife face the unique challenge of adapting to a rapidly warming 
climate whilst facing additional associated and distinct stressors, includ-
ing nutritional stress, exposure to infectious diseases, and environmental 
pollution. This is perhaps most evident in polar bear, for which climate 
change, pollution, and disease are important determinants of individual 
and population health. Understanding how pollution and biomarkers of 
individual health vary among individuals is crucial for improved risk 

assessment in wildlife. The current study therefore has two purposes: 
1) to evaluate the role of climate-associated factors (habitat use, body 
condition) in regulating the plasma concentrations of key Arctic con-
taminants of concern in southern Beaufort Sea (SB) polar bears, and 2) 
to investigate how multiple stressors (climate factors, contaminants, and 
pathogens) influence the plasma concentration of cytokines (markers of 
immune health). A commercially available multiplex canine cytokine 
panel was first validated for the quantification of five important pro- and 
anti-inflammatory cytokines in polar bears: tumor necrosis factor alpha 
(TNF-α), interleukin 6 (IL-6), IL-8, IL-10, and interferon gamma-induced 
protein 10 (IP-10). This panel was then used to measure cytokine concen-
trations in 49 SB polar bears sampled in the springs of 2013 and 2014. Top 
models (generalized linear model) explaining variation in concentrations 
of polychlorinated biphenyls (PCBs), organochlorine (OC) pesticides, and 
total mercury (THg) in SB polar bears included body mass index and/or 
habitat use (onshore versus offshore), with higher contaminant concentra-
tions in leaner and/or offshore bears. Concentrations of PCBs and OCs, 
in turn, were found in top models for plasma cytokine concentrations. 
However, little to no effects of THg concentrations, habitat use, or patho-
gen sero-prevalence were found for cytokine concentrations, possibly due 
to a temporal disconnect between measured endpoints. The modulation 
of polar bear habitat use, feeding ecology, and condition with ongoing 
climate change is affecting exposure to contaminants and pathogens, with 
potential subsequent adverse consequences on a well-balanced immune 
system.

4.01.10  Time Trends of Persistent Organic Pollutants and Mercury 
in Canadian Arctic Ringed Seals and Relationships with Climate 
Parameters
M. Houde, X. Wang, P. Gagnon, Environment and Climate Change 
Canada / Aquatic Contaminants Research Division; Z. Taranu, 
Environment and Climate Change Canada; S. Ferguson, Fisheries and 
Oceans Canada; D.C. Muir, Environment and Climate Change Canada / 
Aquatic Contaminants Research Division
The ringed seal (Phoca hispida) is the most abundant Arctic pinniped and 
has been a key biomonitoring species for assessing trends of persistent 
organic pollutants (POPs) and mercury in the changing Arctic. In Canada, 
ringed seal sampling has been done by local hunters during subsistence 
harvesting and coordinated by Hunters and Trappers Associations/
Committees. The Northern Contaminants Program currently supports 
the monitoring of contaminants in ringed seals from the Beaufort Sea, 
Central Arctic, Hudson Bay and Labrador. Time trends of polychlorinated 
biphenyls (PCBs), organochlorine pesticides and mercury (Hg) have been 
analyzed in seals in relations with climate parameters such as mean ice 
coverage and ice type, air temperature, precipitation and climate indices 
(i.e., Arctic, North Atlantic and Pacific/North American Oscillations). 
Mercury is of particular concern given the elevated concentrations 
found in marine mammals, the importance of these animals as tradi-
tional country foods for Indigenous peoples, and the health advisories in 
place in specific Canadian Arctic regions. Results from this long-term 
study (1972-2017) indicated geographical differences in the contaminant 
concentrations in seals and the significant general decrease of most POPs 
(e.g. PCBs; dichlorodiphenyltrichloroethane, DDT; hexachlorocyclohex-
ane, HCH) over time. Increases in concentrations of hexachlorobenzene 
(HCB) in seals from eastern Canada and β-HCH in the Beaufort Sea and 
Central Arctic were also observed. Mercury levels did not significantly 
change through time in seal liver, however, THg levels in muscle signifi-
cantly decreased over time (~1% per year) in seals from Hudson Bay and 
Ungava/Nunatsiavut. Hg concentrations in liver and muscle were found 
to significantly increase with trophic level values (δ15N). An increase in 
δ15N values was also found overtime in seals from the Central Arctic. 
Isotopic markers of feeding ecology (δ13C) indicated a decrease of values 
through time in seal muscle at all sites suggesting a change in feeding 
habits and a shift in diet towards pelagic and/or offshore preys. Values 
for δ13C were, however, not found to influence mercury accumulation in 
seals. Site-specific and contaminant-specific associations between climate 
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patterns, air temperature, precipitation and ice type and mean sea-ice 
coverage were found suggesting the potential regional impacts of environ-
mental factors on the accumulation of contaminants in seals. Continuous 
sources of legacy compounds and mercury as well as changes in food 
web composition and structure in relation to climate changes could also 
be influencing the very slow rates of decline, or stable levels, of contami-
nants found in seals at some sites. Further work is warranted to discern 
between covariation of climate changes and contaminant concentrations 
and cause-and-effect relationships.

4.01.11  Organophosphate Esters in the Canadian Arctic Ocean
R. Suehring, Ryerson University / Department of Chemistry and Biology; 
M.L. Diamond, University of Toronto / Department of Earth Sciences; 
S. Bernstein, University of Toronto; J.K. Adams, University of Waterloo 
/ Department of Biology; J. Schuster, Environment and Climate Change 
Canada; K.J. Fernie, Environment and Climate Change Canada / 
Ecotoxicology & Wildlife Health Division; K. Elliott, McGill University 
/ Department of Natural Resource Sciences; G. Stern, Centre for Earth 
Observation Science - University of Manitoba, Winnipeg / Department 
of Environment and Geography; L. Jantunen, Environment and Climate 
Change Canada / Air Quality Processes Research Section
Twenty six organophosphate esters (OPEs) were measured in 69 sur-
face water and 49 sediment samples from yearly ship-based sampling 
campaigns (2013−2018) in the Canadian Arctic. A total of 11 OPEs were 
detected. In water samples, ∑chlorinated-OPEs (Cl-OPEs) concentra-
tions were significantly higher than ∑non-Cl-OPE concentrations with 
median concentrations of 9.9 ng l-1 (0.02 ng l-1 – 301 ng l-1) and 1.3 ng l-1 

(< LOD – 67 ng l-1), respectively. In sediment samples, ∑Cl-OPEs and 
∑non-Cl-OPEs had similar concentrations with median concentrations of 
4.5 ng g-1 (< LOD – 30 ng g-1) and 2.5 ng g-1 (< LOD – 39 ng g-1), respec-
tively. In water samples, notably elevated concentrations were observed 
in Eastern Hudson Bay as well as at Resolute Bay indicating potential 
local sources in these areas. Moreover, elevated concentrations of OPEs in 
both water and sediment samples occurred at the mouth of the Mackenzie 
River suggesting riverine discharge as an OPE source into the Canadian 
Arctic. Assuming a mixing depth of 45 meters in the water column and 
of 2 cm in sediments, we estimated the OPE inventory in the Canadian 
Arctic Ocean to be 4000 to 140 000 tonnes at a 95% confidence level with 
> 99% of the OPE inventory in the water column. The results highlight 
the importance of OPEs as water-based Arctic contaminants with long-
range transport as well as local sources. Moreover, the high inventory 
of OPEs in the water phase compared to sediments indicate a lack of 
removal mechanisms (through e.g. sedimentation) for OPEs compared 
to more hydrophobic POPs. The high estimated inventory of OPEs in the 
Canadian Arctic Ocean clearly shows the need for effective international 
regulatory mechanisms for persistent and mobile organic contaminants 
(PMOCs) that are not covered by the risk assessment criteria of the 
Stockholm Convention.

4.01.12  Temporal Trends of Perfluoroalkyl Acid and Precursor 
Contaminant Levels and Patterns in Polar Bears from Hudson Bay 
Sub-Populations
R.J. Letcher, Environment and Climate Change Canada / Ecotoxicology 
and Wildlife Health Division; A.D. Morris, Crown Indigenous Relations 
and Northern Affairs Canada / Ecotoxicology and Wildlife Health 
Division; D. Blair, S. Chu, Environment and Climate Change Canada 
/ Ecotoxicology and Wildlife Health Division; M. Dyck, Government of 
Nunavut / Nunavut Department of Environment
Perfluoroalkyl carboxylic acids (PFCAs) and sulfonates (PFSAs), in the 
environment include perfluorooctane sulfonate (PFOS) and perfluo-
rooctanoic acid (PFOA) as well as their precursors. PFOS, PFOA and 
perfluorohexane sulfonate (PFHxS) have been increasingly regulated 
and phased-out, and replaced by new perfluoroalkyl acids (PFAAs) such 
as shorter-chain analogues (e.g. perfluorobutane sulfonate (PFBS) and 
carboxylic acid (PFBA)) andperfluorooctane-1-ethylcyclohexyl sulfonate 
(PFEtCHxS). Since 2011 there have been no reports on the temporal 

trends of PFAS concentrations in top predator polar bears (Ursus mari-
timus) from any subpopulation. Hudson Bay is an Arctic contaminant 
and climate change hot spot. In the present study, PFAS-specific (mainly 
PFAAs) temporal trends (for all years from 2007 to 2017/2018) were 
examined in the liver tissue of Hudson Bay polar bears (southern (SHB; 
n=143) and western (WHB; n=100) subpopulations). Most PFAAs showed 
statistically significant linear temporal relationships for the SHB bears 
than for the WHB bears. For the SHB bears, except for PFHxS all linear 
relationships were negative with annual rates and half-lives as follows, 
C11–C13 PFCAs (-7.0 to -8.3 % yr-1, t1/2 = 8.0–9.5 yr), PFOS (-5.8 % yr-1, t1/2 
= 12 yr), FOSA (-46 % yr-1, t1/2 = 1.1 yr), and the åPFAS and åPFSA [-4.4 
and 5.7 % yr-1, t1/2 = -15 and 12 yr, (respectively)]. In contrast to the SHB 
bears, the temporal trends of PFAS concentrations in the WHB bears 
generally increased over time although most were insignificant. PFOS 
exhibited no discernible trend in the WHB bears (0.30 % yr-1). The only 
trend for WHB bears and where there was a significant change in trends 
was for PFOA, based on a two segment model, which increased rapidly 
(19 % yr-1) from 2007/08–2011/06, followed by a reversal of the trends 
and rapidly decreasing concentrations (-10 % yr-1) post-breakpoint. Even 
though the trends tended to the opposite (decreasing in SHB, increasing or 
insignificant in WHB), the mean/median concentrations of most PFCAs, 
PFOS and the SPFAS were greater in SHB over WHB bears in any given 
year. Also examined were the influences on the temporal trends of bio-
logical and ecological factors of importance to contaminant dynamics in 
polar bears, including age, sex, and stable isotopes of carbon and nitrogen 
as measures of dietary variation.

4.01.13 Litter and Microplastics in Polar Bears in Northern Canada
J.F. Provencher, Environment and Climate Change Canada / 
Ecotoxicology and Wildlife Health Division; H. Vanderlip, M. Dias, 
Queen’s University / School of Environmental Studies; S.C. Lougheed, 
Queens University / Department of Biology; D.M. Orihel, Queens 
University / Department of Biology/School of Environmental Studies
Canada is home to the largest proportion of the world’s polar bears, 
containing 13 of the 19 identified subpopulations and approximately two 
thirds of the global population. As a predator at the highest trophic level 
in the Arctic food web, polar bears can be indicators of contamination in 
the environment. As a species that forages along the coastal ecosystem 
and near settlements, there is a concern from Indigenous communities of 
how polar bears are exposed to ingestion of litter and microplastics, and 
thus be potentially negatively affected. In order to explore the exposure of 
polar bears to litter and microplastics we worked with Inuit communities 
in northern Canada using two different methods. First, our team discussed 
hunter observations of polar bear litter consumption via community con-
sultations with Inuit hunters. Hunters from several communities report 
polar bears are foraging near dump sites, and that larger pieces of litter are 
observed in the stomachs of harvested bears (i.e. gloves, towels). Second, 
hunter collected fecal and colon samples from harvested polar bears in 
Nunavut and the Northwest Territories were examined for microplastics 
using a KOH digestion based on method validation experiments in similar 
matrices. In a pilot study of 42 fecal samples, we found no microplastics 
> 1 mm (the size limitation determined for this study given the lack of 
field blanks available). An additional 34 colon samples were examined 
for microplastics > 53 µm and found microfibers in approximately half of 
the samples. This initial exploratory study indicates that polar bears are 
exposed to plastic pollution and litter via ingestion, but that further work 
is needed in order to assess microplastic ingestion, retention, accumula-
tion and elimination in polar bears.

4.01.14  Wastewater Treatment Lagoons: Local Pathways of 
Perfluoroalkyl Acids and Brominated Flame Retardants to the 
Arctic Environment
S.B. Gewurtz, P. Guerra, M. Kim, F. Jones, J. Challen Urbanic, S. Teslic, 
S. Smyth, Environment and Climate Change Canada
The major source of contaminants to the Arctic is typically considered 
to be long-range transport of contaminants emitted from more populated 
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regions. However, contaminants such as perfluoroalkyl acids (PFAAs) 
and polybrominated diphenyl ethers (PBDEs), many of which have been 
phased-out and regulated, as well as “novel” brominated flame retardants 
(NBFRs) that are potential replacements for PBDEs, have been used 
in consumer products found in residential buildings, including in the 
Arctic. Therefore, there is a need to determine whether local wastewater 
treatment plants (WWTPs) are an important pathway of contaminants 
to Arctic communities. The objective of this study was to assess PFAAs, 
PBDEs, and NBFRs in Canadian lagoons processing wastewater from 
two high-Arctic and two sub-Arctic communities and compare the results 
to those of 20 WWTPs in temperate and more populated regions in 
Canada. ΣPFAA in influent and effluent of the Arctic lagoons ranged from 
15-80 and 31-324 ng/L, respectively, and were within the lower end of 
the range of concentrations observed in WWTPs from temperate regions 
of 13-2,310 and 21-2,632 ng/L, respectively. In comparison, influent and 
effluent concentrations of ΣPBDEs were significantly higher (p< 0.05) in 
high-Arctic (630-26,689 and 258-896 ng/L) compared to sub-Arctic (160-
710 and 1.5-82 ng/L) and temperate (21-1,009 and 1.6-266 ng/L) plants. 
NBFRs were also significantly higher in wastewater of high Arctic com-
pared to temperate plants (p< 0.05). We hypothesize that the surprisingly 
elevated concentrations of PBDEs and NBFRs in high-Arctic lagoons 
were at least partially a result of the high level of particulates found in 
Arctic wastewater due to lower consumption of potable water. The fact 
that PFAA concentrations were not similarly elevated in Arctic waste-
water was likely caused by the fact that the samples were filtered prior to 
PFAA (but not PBDE or NBFR) analysis of the wastewater. The flow rates 
of high-Arctic lagoons are much lower than temperate WWTPs. Even so, 
mass loadings of ΣPBDEs from the high-Arctic WWTPs (range = 10-27 
g/year) were within the lower end of the range of values for WWTPs in 
temperate areas of 1.3-6,630 g/year. Our results illustrate the importance 
of local anthropogenic sources of contaminants to Arctic communities.

4.01.15  Quantification of Halogenated Polycyclic Aromatic 
Hydrocarbons in Biological Samples From the Baffin Bay-Davis 
Strait Region
Z. Xia, I.G. Idowu, S. Schur, University of Manitoba / Department of 
Chemistry; C. Marvin, Environment and Climate Change Canada / 
Aquatic Contaminants Research Division; P. Thomas, Environment and 
Climate Change Canada / National Wildlife Research Centre; J. Stetefeld, 
G. Tomy, University of Manitoba / Department of Chemistry
Polycyclic aromatic compounds (PACs), a complex class of compounds, 
could be formed from incomplete combustion or diagenesis of plant 
matter forming petroleum oils [1]. Preliminary study has shown that 
halogenated polycyclic aromatic hydrocarbons (HPAHs) were detected 
and identified in biological samples from the Alberta Oil-Sands Region 
(AOSR) using gas chromatography coupled with high-resolution time-
of-flight mass spectrometry (GC-HRTOF-MS) at a resolving power of 
25,000 [2]. Knowledge of the electron ionization (EI) fragmentation 
behavior of individual HPAH isomers, achieved by injecting authentic 
standards in full-scan MS mode, was paramount in identifying a suite of 
HPAHs in biological samples from the Baffin Bay-Davis Strait region. 
Confirmation of compounds in biological samples was based on the 
measured mass accuracy of 2 characteristic ions prominent in the EI mass 
spectra of each compound. Biota samples from Canadian Arctic region 
(Baffin Bay-Davis Strait) were injected by GC-HRTOF-MS and were 
analyzed; new HPAHs are detected and quantified from samples. 

4.01.16  The Detection of Legacy and Current Organic Pollutants in 
the North Atlantic and Canadian Arctic Using Passive Samplers
R. Lohmann, M. Morales-McDevitt, Š. Vojta, University of Rhode Island 
/ Graduate School of Oceanography; A.O. De Silva, Environment and 
Climate Change Canada / Water Science and Technology Directorate; 
D.C. Muir, Environment and Climate Change Canada / Aquatic 
Contaminants Research Division
The Arctic Ocean is known to be contaminated by various persistent 
organic pollutants (POPs). These include both legacy compounds such as 

polychlorinated biphenyls (PCBs) or organochlorine pesticides (OCPs), 
but increasingly emerging contaminants of concern, including organo-
phosphate esters (OPEs), and poly-and perfluorinated alkyl substances 
(PFAS). The detection of legacy POPs is hampered by their low con-
centrations, contamination concerns and challenges posed by access 
to remote sites. Passive samplers provide integrated measurements of 
dissolved concentrations, and can help overcome detection limits. We 
have thus been exploring the use of passive samplers as tools that can be 
deployed in collaboration with native communities, and/or oceanogra-
phers for long-term mooring deployments. Lessons learned from several 
years of deployments in the Canadian Arctic highlight the problems of 
safely deploying and retrieving these samplers in the presence of ice 
floats, and for now under ice deployments are preferred, given sufficiently 
cold temperatures. Recent results show the presence of OPEs in both 
surface waters in the Canadian Arctic and at depth in the North Atlantic 
in the pg/L-ng/L range. In contrast, only traces of PFAS precursors, in 
particular Me- and EtFOSE were detectable in surface waters (1-5 pg/L 
range) of the Canadian Arctic. Atmospheric concentrations were below 1 
pg/m3 in the Canadian Arctic. Deriving time-trends of these deployments 
over the last 10 years is challenging, as deployment times and locations 
have changed, and there are strong temporal and spatial gradients of POPs 
present. Nonetheless, passive sampling seems poised to become a useful 
monitoring tool for POPs in polar environments.

4.01.17  Sources of Methylmercury to Ringed Seal Foodwebs of Lake 
Melville, Northern Labrador
S. Roberts, J.L. Kirk, Environment and Climate Change Canada / Aquatic 
Contaminants Research Division; L. Pijogge, Nunatsiavut Government; 
A. Gleason, D.C. Muir, X. Wang, Environment and Climate Change 
Canada / Aquatic Contaminants Research Division; E.M. Sunderland, 
Harvard University / John A. Paulson School of Engineering and Applied 
Sciences; I. Lehnherr, University of Toronto, Mississauga / Department of 
Geography and Planning; M. Li, University of Delaware / Marine Science 
and Policy; R. Laing, Nunatsiavut Government
Lake Melville is a large estuarine fjord (3,069 km2) located in Northern 
Labrador, which receives contaminants from freshwater/terrestrial and 
marine sources originating from local (military base and recent hydro-
electric developments) and distant transport pathways. Communities 
along the shores of Lake Melville are concerned about increases in 
methylmercury (MeHg) in traditionally harvested foods due to hydro-
electric power developments. Modelling predicts that MeHg in Lake 
Melville’s foodweb will increase by 1.3 to 10-fold with the construction 
of the Muskrat Falls hydroelectric power plant along the Churchill River, 
which supplies 60% of Lake Melville’s freshwater inputs. To assess the 
impact of hydroelectric power production on Lake Melville’s food web, 
we have been measuring total mercury (THg), MeHg, and carbon (C), and 
nitrogen (N) isotopes in plankton, lower foodweb organisms, and seals 
spanning a freshwater to marine gradient since 2013. This is a commu-
nity-based monitoring project which includes collaborations with regional 
Nunatsiavut government and community members of Happy Valley 
Goose Bay, Northwest River, and Rigolet. During traditional harvests by 
local hunters, liver and muscle tissues from 97 seals, including 13 adults 
and 52 juveniles have been collected, which is important as juveniles 
are preferentially hunted and consumed in this region. Average MeHg in 
seal muscle (geometric mean = 0.12 µg/g ww) and liver (geometric mean 
= 0.13 µg/g ww) were below subsistence guidelines of 0.25 µg/g (ww); 
whilst 16% (n= 7) of juvenile and 62% (n= 8) of adult seal muscle samples 
were above, and 29% (n= 15) of juvenile and all (n= 13) of adult seal 
liver samples surpassed subsistence guidelines. For plankton and lower 
foodweb organisms (scallops, urchins, mussels, krill, jellyfish), sampling 
has been conducted annually since 2016 during Lake Melville’s highest 
productivity season along a transect from freshwater to marine influenced 
regions. Plankton results show higher levels of THg and MeHg at inland 
sites influenced by freshwater from the Churchill River compared to more 
marine sites on the east side near the Atlantic Ocean, suggesting that 
terrestrial inputs are an important source of Hg to organisms at the base 
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of the foodweb. Relationships between Hg and carbon (C) & nitrogen (N) 
isotopes in the complete foodweb will be presented to gain an under-
standing of the influences of terrestrial and marine Hg sources on Lake 
Melville’s foodweb.

4.01.18  The Atmospheric Deposition of Perfluoroalkyl Substances 
(PFAS ) in Canada Across Five (5) Different Latitudes
D. Persaud, York University / Chemistry; A. Criscitiello, University of 
Alberta / Earth and Atmospheric Sciences; C. Spencer, Environment and 
Climate Change Canada / Water Science Technology Directorate; A.O. 
De Silva, Environment and Climate Change Canada / Water Science 
and Technology Directorate; T. VandenBoer, C. Young, York University / 
Department of Chemistry
Perfluoroalkyl substances (PFASs) describes a class of extremely persis-
tent and bioaccumulative compounds that are distributed ubiquitously in 
the environment. These compounds can be formed from the atmospheric 
oxidation of volatile precursor compounds or exist in their anionic 
form, where they can be subsequently removed by different deposi-
tion processes. In the current study, large volume precipitation samples 
were collected across four (4) locations across a latitudinal transect in 
Newfoundland and Labrador, Canada. The sampling sites were Grand 
Codroy O’Regan’s site (47.893° N, 59.174° W), Humber River Campsite 
(49.070° N, 57.643° W), Salmon River Hare Bay site (51.256° N, 56.138° 
W), and Eagle River Muddy Pond site (53.550° N, 56.987° W). The 
sample collection was done on a monthly schedule from October 2013 to 
August 2016, using an open polyvinylchloride (PVC) pipe. A 16-metre ice 
core representing approximately five decades of deposition (1967-2016) 
was also collected from the icefield adjacent to Mt. Oxford on northern 
Ellesmere Island, Nunavut, Canada at an exact location of 84.2°N, 73.8° 
W. Samples were concentrated using solid-phase extraction (SPE) and 
analyzed by liquid chromatography-tandem mass spectrometry (LC-MS/
MS). The concentration of selected ions was also determined to elucidate 
possible origins and sources of PFAS. Perfluorocarboxylic acids (PFCAs) 
and Perfluoroalkylsulfonic acids (PFSAs) were detected consistently in 
precipitation and ice core samples. Considering precipitation samples, the 
short-chain compound Perfluorobutanoic acid (PFBA) was found to have 
the highest concentration range (< 0.001 to 9.85 ng L-1) with a detection 
frequency of 82%. Perfluorooctanoate (PFOA) was detected in 100% of 
the samples with a mean concentration of 0.72 ng L-1. The other PFCAs 
(C6 – C11) were detected in < 79% of samples. Perfluorooctane sulfonate 
(PFOS) was only detected in 45% of the samples with concentration rang-
ing from < 0.0003 to 0.121 ng L-1. Annual fluxes of PFCAs ranged from 
0.34 to 8918 ng m-2 yr-1 whereas PFSAs ranged from 11.135 to 182.505 ng 
m-2 yr-1. Conversely, fluxes were generally lower at higher latitudes. The 
average PFCA and PFSA fluxes in the ice core were 30 ng m-2 yr-1 and 
13 ng m-2 yr-1, respectively. Air mass back trajectory analysis for the NL 
sampling sites suggests a highly continental input with winds predomi-
nantly moving from east to west. However, correlations with major ions 
may suggest multiple sources. Generally, a trend of decreasing PFAS 
deposition with increasing latitude was observed. In this presentation, 
the sources of PFAS to sites at different latitudes will be assessed with 
emphasis on the difference between sources to lower-latitudes and high-
latitude regions.

2. Chemical Transformations: Environmental  
Fate Research
4.02.01 Environmental Transformation of Dichloroacetamide 
Herbicide Safeners in Biotic and Abiotic Systems
M. McFadden, University of Iowa / Civil and Environmental Engineering; 
J.D. Sivey, Towson University / Department of Chemistry; G.H. 
LeFevre, D.M. Cwiertny, University of Iowa / Department of Civil and 
Environmental Engineering
Dichloroacetamide safeners are commonly included in chloroacetamide 
herbicide formulations to selectively protect crops from herbicide toxicity. 

Although safeners are designed to stimulate biological activity in plants, 
they are regulated as “inert” ingredients under the Federal Insecticide, 
Fungicide, and Rodenticide Act (FIFRA); consequently, information 
pertaining to their fate and transformation in the environment is largely 
absent from peer-reviewed literature. Some studies suggest, however, that 
dichloroacetamide safeners can transform over environmentally-relevant 
timescales into products with increased bioactivity that may pose human 
and environmental health risks. To examine dichloroacetamide fate under 
photolysis, hydrolysis, and microbial biotransformation conditions, we 
measured safener transformation kinetics, elucidated mechanisms, and 
identified novel products using high-performance liquid chromatography 
(HPLC) and high-resolution mass spectroscopy (ToF-MS and Orbitrap). 
Our work demonstrated that benoxacor, a common dichloroacetamide 
safener, readily undergoes direct photolysis to yield a complex mixture 
of both partially dechlorinated and fully dechlorinated transformation 
products. Further, both acid-catalyzed and base-catalyzed hydrolysis play 
an important role in dichloroacetamide fate, with observed pseudo-first 
order rate constants that, for some species, are orders of magnitude higher 
than those of their active herbicide co-formulants. High-resolution MS 
indicates that benoxacor hydrolysis proceeds via acyl cleavage, where the 
amide group is attacked by either a water molecule or a hydroxide ion to 
yield a benzoxazine derivative and dichloroacetate, which is a regulated 
disinfection by-product. Our findings suggest that hydrolysis can contrib-
ute to the environmental fate of dichloroacetamide safeners, especially in 
high-pH environments such as alkaline surface waters and in treatment 
facilities that use chemical (i.e., lime-soda) softening. Ongoing work is 
focused on laboratory-based microbial biotransformation of dichloroacet-
amides under varied environmental redox and organic carbon availability 
conditions.

4.02.02  Synthesizing Lab and Field Experiments to Quantify 
Dominant Herbicide Transformation Mechanisms in Aquatic 
Environments
A.M. White, C. Remucal, University of Wisconsin, Madison / Civil and 
Environmental Engineering; K.D. McMahon, University of Wisconsin, 
Madison / Department of Bacteriology/Civil and Environmental 
Engineering
The herbicide 2,4-dichlorophenoxyacetic acid (2,4-D) is used in aquatic 
systems as a treatment for invasive Eurasian watermilfoil. However, the 
degradation rate and resulting lifetime of 2,4-D can vary widely, with 
half-lives in Wisconsin lakes ranging from 4 to 76 days. This variability 
may increase the risk for off-target effects to fish and aquatic plants due 
to unintended long exposure times. We used a combination of labora-
tory and field-based studies to investigate the dominant mechanisms 
of degradation 2,4-D in aquatic systems. Microbial and photochemical 
degradation were individually assessed using laboratory-based micro-
cosms and irradiation studies, respectively. Additionally, field campaigns 
were conducted in six lakes to quantify 2,4-D loss following whole-lake 
herbicide treatments. The results suggest sediment microbial communi-
ties are instrumental to 2,4-D degradation at the sediment-water interface. 
Furthermore, previous treatment of a lake with 2,4-D can shorten the lag 
time between 2,4-D exposure and the start of degradation, likely due to 
selection pressures favoring 2,4-D degrading organisms. Irradiation stud-
ies show that 2,4-D is primarily susceptible to slow direct photochemical 
degradation in the presence of sunlight. These results will be used to 
determine environmentally relevant 2,4-D degradation mechanisms to 
optimize the application of 2,4-D and develop a framework for combining 
lab and field experiments to identify dominant organic pollutant transfor-
mation pathways in the environment.
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4.02.03 Analysis of Pharmaceuticals and Hormones and their 
Deconjugation Products in Wastewater Treatment Plant Samples
C. Hamilton, SGS AXYS / Client Services; B. Chandramouli, SGS 
AXYS; M. Woudneh, SGS AXYS Analytical Services, Ltd.; S.B. Gewurtz, 
Environment and Climate Change Canada; S. Smyth, Environment and 
Climate Change Canada / Environment and Climate Change Canada
Monitoring of pharmaceuticals and personal care products (PPCPs) across 
multiple ecosystem compartments is a critical tool in assessing expo-
sure, fate, transport and effects. With PPCPs frequently detected in the 
environment, key inputs into the ecosystem, including wastewater treat-
ment plants (WWTP), need careful monitoring. This presentation will 
discuss the analysis of wastewater influent, effluent and biosolids samples 
for pharmaceutical and hormones. The analytical methods developed 
and validated by SGS AXYS use solid phase extraction to concentrate 
analytes from aqueous samples or extracts of solid samples, followed by 
LC-MS/MS analysis. Multiple isotopically labeled internal standards are 
used to provide accurate isotope dilution or internal standard quantifica-
tion of analytes. The LC-MS/MS is operated in the selected reaction 
monitoring (SRM) mode to monitor two transitions per target analyte and 
isotopically labeled standard to provide positive confirmation of ana-
lyte identity. This method targets only the free forms of these analytes. 
However, pharmaceuticals and hormones may be present in wastewater 
as glucuronated and / or sulfated conjugated forms in addition to the free 
form of the analyte. An analytical method that was suitable for analysis of 
both the free forms and the total forms of the analyte was developed using 
enzymatic deconjugation with beta-glucuronidase/sulfatase enzymes. The 
deconjugation process was optimized using model conjugated pharmaceu-
ticals (Irbesartan N-ß-D-Glucuronide, Diclofenac Acyl-ß-D-glucuronide 
and Lamotrigine-N-2-beta D-glucuronide). The optimized procedure was 
applied to the measurement of pharmaceuticals and hormones in aqueous 
and solid wastewater treatment plant samples. The results generated in 
this study demonstrate the presence of conjugated compounds that could 
go undetected without the enzyme treatment, resulting in a potential bias 
in the measurement of PPCPs.

4.02.04  Role of Transformation on the Fate of Pharmaceuticals and 
Hormones in Canadian Wastewater Treatment Plants
S.B. Gewurtz, S. Teslic, Environment and Climate Change Canada; 
C. Hamilton, SGS AXYS / Client Services; S. Smyth, Environment and 
Climate Change Canada
A national wastewater monitoring program was initiated by Environment 
and Climate Change Canada in 2008. Its aim is to assess concentrations 
of many trace contaminants in wastewater and biosolids to evaluate their 
importance as exposure pathways. Given the large number and types of 
treatment plants included in this program, it provides a unique oppor-
tunity to assess the role of biotransformation of contaminants during 
different wastewater treatment processes. The objective of this study 
was to assess the concentrations of 29 pharmaceuticals (including select 
antidepressants, antibiotics, anti-epilepsy, and artificial sweeteners) and 
17 hormones in wastewater and biosolids from eight and 15 wastewater 
treatment plants (WWTPs), respectively. Previous reports have found that 
the concentrations of certain pharmaceuticals and hormones are higher 
in effluent compared to influent. As such, a portion of each sample was 
subjected to a deconjugation treatment to evaluate the role of chemical 
transformation on the observed results. Overall, 20 of the pharmaceu-
ticals and six of the hormones evaluated were consistently detected in 
wastewater and biosolids samples. In the samples without deconjugation 
treatment, sucralose (an artificial sweetener) and gabapentin (an anti-epi-
lepsy pharmaceutical) were the dominant pharmaceuticals with median 
influent, effluent, and biosolids concentrations of 16,200 ng/L, 2,120 
ng/L, and 62 ng/g; and 18,300 ng/L, 9,570 ng/L, and 384 ng/g, respec-
tively. The dominant hormones were androstenedione (a natural androgen 
steroid) and androsterone (a testosterone metabolite) with median influent, 
effluent, and biosolids concentrations of 228 ng/L, 7.4 ng/L, and 24 ng/g 
and 666 ng/L, 211 ng/L, and < 34 ng/g, respectively. For pharmaceuticals, 
the concentrations in samples that were treated with the deconjugating 

agent were comparable to original values and effluent concentrations were 
higher than influent in many of the evaluated plants, regardless of whether 
the deconjugation agent was applied. In comparison, for hormones, 
the deconjugation treatment resulted in median percent concentration 
increases ranging from 14-1674% in influent and effluent. Furthermore, 
the hormones in the deconjugated samples showed consistent removal by 
the WWTPs. Overall, these results indicate that apparent removal of the 
studied hormones but not pharmaceuticals could be influenced by trans-
formation of their conjugated form during wastewater treatment.

4.02.05  Effects of Organic Matter on Copper Mobilization, 
Speciation and Toxicity in Anoxic Spiked Sediments
E.C. Cervi, S. Clark, University of Michigan / School for Environment 
and Sustainability; K.E. Boye, SLAC National Laboratory / Stanford 
Synchrotron Radiation Lightsource; J. Gustafsson, Swedish University of 
Agricultural Sciences / Department of Soil and Environment; S. Baken, 
European Copper Institute; G.A. Burton, University of Michigan / School 
for Environment and Sustainability
The functional groups of organic matter (OM) influence the bioavail-
ability, mobility, and toxicity of copper (Cu) in sediments. The chemistry 
of Cu in sediments is relatively complex, and not well described at low 
concentrations. We evaluated the transformation processes of Cu-spiked 
sediments in association with OM under anoxic conditions. A 28-d 
laboratory incubation of freshwater sediment (of varying binding char-
acteristics) was performed with spiked Cu (30 and 60 µg Cu/L) under a 
nitrogen atmosphere. Sediments at background concentrations (without 
spiking) were used as control. After 28 d, a subset of each treatment was 
amended with OM (sediment/OM ratio 1:4) to evaluate the effects of OM 
on Cu speciation. Sediment physicochemical characterization included 
70% Cu removal time, total metals, simultaneously extracted metals/
acid-volatile sulfide (SEM/AVS), total organic carbon, and particle size. 
A BCR-701 protocol quantified geochemical fractions of Cu. In addi-
tion, the speciation of sulfur (S) and Cu was determined using XANES 
and EXAFS spectroscopy, respectively. Scanning electron microscopy 
(SEM) and Raman spectroscopy were performed for microstructural and 
mineralogical characterization. Toxicity tests evaluated the effects of Cu 
in overlying water and surficial sediments using D. magna and H. azteca, 
respectively. Results show that Cu was predominantly in the exchange-
able fraction of all Maple Lake and Spring Creek treatments. Changes in 
pH of Raisin River sediments after spiking affected Cu speciation from 
oxidizable to reducible fractions. We hypothesize that OM in amended 
sediments was degraded by hydroxyl radicals formed in a Fenton reaction 
(ferrous iron reacting with hydrogen peroxide), resulting in little to no 
effect on TOC. Nevertheless, the addition of OM increased redox condi-
tions on the amended sediments. XANES and EXAFS results showed 
that Cu(I) was predominantly coordinated to S. This was confirmed by 
XANES LCF, SEM and Raman, which suggested covellite (CuS), or a 
similar phase, to be predominant in all OM-amended samples except for 
Spring Creek 30 ppm, where Cu(I) was bound to thiols. Copper toxic-
ity significantly reduced through sulfide precipitation. Survival of H. 
azteca in OM amended treatments (>80% for all treatments) was similar 
to controls and significantly higher from non-amended treatments. OM 
enhanced the precipitation of copper sulfide, therefore, reducing the toxic-
ity, mobility, and bioavailability of Cu in sediments.

4.02.06 Prospective Research in Enantioselectivity of Reductive 
Dehalogenase Exposed to Metals
C. Sumner, Clemson University / Biological Sciences; C.M. Lee, Clemson 
University / Engineering and Science Education Department
The microbial reductive dehalogenation of polychlorinated biphenyls 
(PCBs) can be an important step to remediate regions contaminated with 
the persistent organic pollutant. Several researchers in recent years have 
identified reductive dehalogenases (RDase), one enzymatic pathway 
responsible for dechlorination of PCBs. However, the mechanisms under-
lying the enantioselective transformation of chiral PCBs are unexplored. 
Enantiomers are one of two stereoisomers that are non-superimposable 
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mirror images of each other. Field samples from around the world indicate 
non-racemic enantiomeric fractions of PCBs, demonstrating that one 
enantiomer is in higher concentration than the other. Commercial PCBs 
were released into the environment at racemic levels, so the observations 
propose the question as to how chiral PCBs degraded enantioselectively. 
There are a few enzymatic pathways in RDases that have been only 
recently explored, but the question involving what step or steps in the 
dehalogenation is enantioselective has not been determined as of yet. 
There are several components, such as cofactors, that can promote enzy-
matic functions that could affect enantioselectivity. Recently, hazardous 
metals have been shown to inhibit RDase function, implying that metals 
play a role in the enzymes’ pathway. Metals have also been shown to 
serve as electron donors or acceptors and can form ligands that interact 
with enzymes. We propose to explore how naturally occurring, essen-
tial metals such as zinc, magnesium, iron, and cobalt affect the function 
of RDase and enantioselective dehalogenation. This research will be 
conducted using lab microcosms from sediment cores from contaminated 
areas of Lake Hartwell, SC, USA. This Superfund site is ideal for this 
prospective research because the only contamination is from PCBs and 
previous research by our group has confirmed enantioselective degrada-
tion is occurring in the sediments. From when the plant was opened in 
1955 to its closure in 1977, it was estimated that over 220 tons of PCBs 
were released into Town Creek that feeds into Lake Hartwell. We will 
present a brief literature review, an experimental design for our study to 
discover the relationships among essential metals and enantioselective 
dehalogenation, and preliminary evidence.

4.02.07  Comparing Host and Microbiome Contributions to PFAS 
Biotransformation
A. Rand, Carleton University / Chemistry
The polyfluoroalkyl phosphates (PAPs) are fluorinated surfactants used 
as grease repellents on food contact paper. The PAPs have been shown 
to migrate from food contact paper into food, and are found at relatively 
high levels in household dust, presenting sources of exposure to this class 
of poly- and perfluoroalkyl substances (PFAS). Correspondingly, PAPs 
with varied fluorinated chain lengths have been measured in human blood 
in several countries. The enzyme-mediated transformation of PAPs to 
perfluorocarboxylic acids (PFCAs) has been elucidated in microbially 
active sewage sludge and in rat toxicokinetic models. Given that PFCAs 
are highly persistent, it is important to understand the sites of biotrans-
formation in vivo. Here, we compare the contribution of typical host 
biotransformation sites, the liver and intestine, to the mammalian microbi-
ome. We incubated a representative PAP, the 8:2 monoPAP, in human and 
rat liver and intestine S9 fractions, and monitored its immediate hydro-
lysis product, 8:2 fluorotelomer alcohol (8:2 FTOH) by GC-MS. Human 
and rat fecal samples were also collected, used as a surrogate for the 
gastrointestinal microbiome. Enzyme hydrolysis kinetics were measured 
and compared. Results show that the human and rat gut phosphatases both 
have 3-fold more affinity for 8:2 monoPAP transformation (KM (human) 
= 1.8 ± 0.4 µM; KM (rat) = 1.2 ± 0.3 µM) compared to liver (KM (human) = 
5.8 ± 1.3 µM; KM (rat) = 4.0 ± 1.5 µM). Preliminary results also show the 
microbiome contributes to 8:2 monoPAP hydrolysis, having similar affini-
ties as liver (KM (human) = 9.5 ± 8.2 µM; KM (rat) = 6.4 ± 1.3 µM). Immediate 
future work will determine whether the microbiome can form PFCAs and 
other bioactive metabolites. This study demonstrates that the mammalian 
microbiome contributes to PFAS metabolism. This may impact relative 
risk of PFAS exposure, given that levels of bioactive PFAS metabolites, 
including PFCAs, may fluctuate depending on environmental and genetic 
factors leading to microbial diversity across individuals.

4.02.09 Using High-Resolution Mass Spectrometry to Identify 
Transformation Products of Synthetic Progestins in Environmental 
Matrices
H. Zhao, University of Washington / Civil and Environmental 
Engineering; Z. Tian, University of Washington, Tacoma / Center 
for Urban Waters; K. Lam, University of Washington / Civil and 
Environmental Engineering; E.P. Kolodziej, University of Washington, 
Tacoma / Center for Urban Waters Interdisciplinary Arts and Sciences 
Civil and Environmental Engineering
Synthetic progestins are largely used as human and agricultural pharma-
ceuticals and their environmental discharge causes endocrine disruption 
to exposed organisms at trace concentrations. However, little is currently 
known about their environmental occurrence and fate compared with 
estrogens and androgens, despite they have been recognized as the most 
important environmental pharmaceutical group after estrogens. Limited 
results have shown wide occurrence of synthetic progestins in wastewater 
influent, effluent and receiving surface water, but their fate and transfor-
mation in these environmental matrices have barely been studied. It is 
of great importance for risk assessment and environmental regulations 
to understand the transformation of progestins, since the transforma-
tion products of steroids often retain the steroid skeleton and exhibit 
retained, enhanced, or even altered endocrine disrupting potentials. 
Demonstrated here are the biotransformation and product identification 
of three largely used, yet lightly studied synthetic progestins: altrenogest, 
a swine pharmaceutical extensively applied in the US, and dienogest and 
drospirenone, two most consumed progestins in Europe acting as fourth-
generation human contraceptives. The biodegradation was studied in 
environmentally relevant inocula, specially agricultural receiving water 
for altrenogest (for 30 days, simulating its fate after agricultural runoff 
discharge), and activated sludge for dienogest and drospirenone (for 30 
hours, simulating their fate in wastewater treatment plant). The identi-
fication of transformation products was achieved with high-resolution 
quadrupole time-of-flight mass spectrometry, which includes full-scan 
feature prioritization based on peak area in bioactive samples against 
sterilized control and matrix blank, and structural elucidation with MS/
MS spectra. 16 transformation products were identified for altrenogest, 
including dehydrogenation, hydroxylation, oxidation, and dealkylation 
products, or combinations of the above processes. 7 and 10 transforma-
tion products were observed for dienogest and drospirenone, respectively, 
including hydrogenation, dehydrogenation, hydroxylation, dihydrox-
ylation, isomerization, and hydration products. Dehydrogenation is the 
major pathway for all of the studied biotransformation processes. Notably, 
steroid skeleton was conserved in most of the transformation products, 
which indicated potentials of retained bioactivity although the parent 
masses were eliminated.

4.02.10  Methoxylated Polybrominated Diphenoxybenzenes: 
Potential Flame Retardant Degradation By-Products and Evidence 
of Soil & Terrestrial Accumulation
T.A. Smythe, Carleton University / Chemistry; L.T. Gauthier, R.J. Letcher, 
Environment and Climate Change Canada / Ecotoxicology and Wildlife 
Health Division
It has become increasingly clear that abiotic and biotic transformation 
processes can greatly influence contaminant persistence, accumulation, 
and fate in the environment. Several novel methoxylated polybrominated 
diphenoxybenzenes (MeO-PB-DiPhOBzs) were first discovered and iden-
tified in herring gull (Larus argentatus) eggs collected from nesting sites 
across each of the Laurentian Great Lakes in 2011. MeO-PB-DiPhOBzs 
have since been measured in herring gull tissues, as well as in their 
regurgitant, suggesting that herring gulls are exposed via the diet to these 
compounds directly. MeO-PB-DiPhOBzs are currently believed to be 
products of the sequential photolysis and metabolism (e.g. by soil micro-
biota) of the tetradecabromo-1,4-diphenoxybenzene (TeDB-DiPhOBz; 
previously SAYTEX-120) flame retardant. MeO-PB-DiPhOBzs are then 
accumulated in the gulls and subsequently transferred to their off-
spring in ovo. To date, neither the corresponding hydroxy-PB-DiPhOBz 
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metabolites, nor any non-conjugated PB-DiPhOBz photolysis by-products 
have been reported in any environmental medium, and previous work 
on the aquatic diet component of the herring gulls did not observe any of 
these compounds. To assess the potential terrestrial exposure of herring 
gulls to MeO-PB-DiPhOBzs, the objective of the present study was to 
adapt existing organic flame retardant methods to quantify MeO-PB-
DiPhOBzs in soil, herring gull faeces, and earthworm samples collected 
from the nesting colony on Channel Shelter Island (Lake Huron) via 
GC-ECNI-MS. Two of the same MeO-PB-DiPhOBz congeners previously 
measured in both herring gull eggs and tissues were measured at low part-
per-billion (ppb, wet weight) levels in 7 of the 9 soil sites sampled, as well 
as in collected earthworms. This may suggest a possible direct terrestrial 
diet source for accumulation in the herring gulls. Similarly, MeO-PB-
DiPhOBzs were found in herring gull faeces, suggesting their elimination 
from the gulls. Moreover, two previously unmeasured tetrabrominated-
DiPhOBz congeners were identified and confirmed, matching retention 
times to two corresponding authentic and pure commercial standards, 
specifically: 2 ,́2 ,́4,4´́ -tetrabromo-DiPhOBz, and 2,2 ,́2´́ ,4-tetrabromo-
DiPhOBz. Future work includes screening of extracts for additional 
by-products (e.g. hydroxy-PB-DiPhOBzs). Additionally, work investi-
gating the metabolic capacity of herring gulls for MeO-PB-DiPhOBz 
metabolism (e.g. demethylation) is ongoing in our lab.

4.02.11  Glucuronidation of Caribbean Ciguatoxins: A Novel 
Biotransformation Pathway in Reef Fish
J. Gwinn, Dauphin Island Sea Lab / Department of Marine Sciences; 
S. Uhlig, L. Ivanova, C. Fæste, F. Kryuchkov, Norwegian Veterinary 
Institute / Toxinology Research Group; A. Robertson, University of South 
Alabama / Department of Marine Sciences
Ciguatoxins (CTXs) are potent neurotoxins which accumulate in seafood 
and cause ciguatera poisoning, a leading cause of seafood borne illness 
throughout the world. CTX precursors are produced by the harmful 
alga, Gambierdiscus spp., and are subsequently transferred throughout 
marine food webs, undergoing metabolic biotransformations that produce 
several structurally and toxicologically related derivatives. Identifying 
CTX biotransformation pathways is a key step towards predicting the 
fate of CTXs in seafood species and toxicological effects in humans. 
Although CTX biotransformation has long been theorized, support for its 
occurrence is largely based on the distribution of Pacific CTX (P-CTX) 
derivatives across marine species and limited evidence from experiments 
on P-CTX metabolism. However, no information currently exists on 
the biotransformation pathways of Caribbean CTXs (C-CTX) in fish or 
humans. In this study, we aimed to fill this knowledge gap using in vitro 
microsome approaches coupled with liquid-chromatography high-reso-
lution mass spectrometry to aid in the tentative identification of potential 
C-CTX biotransformation products. We obtained human microsomes 
from a commercial supplier and prepared additional microsomes from 
several northern Gulf of Mexico fish to investigate C-CTX biotransforma-
tion. We focused on Phase I (oxidation, reduction, hydrolysis) and Phase 
II (conjugation) reactions mediated by cytochrome P450 and UDP-
glucuronosyltransferase enzymes, respectively, which were confirmed 
active using specific model substrates. Microsomes were subsequently 
incubated with C-CTX-1/-2 equilibrating isomers, representing the major 
congeners identified in Caribbean fish. Phase I C-CTX-1/-2 biotrans-
formation products were not observed in human or fish microsome 
incubations. However, we did observe Phase II glucuronic acid conjugates 
in fish, but not humans, which were confirmed through deconjugation 
experiments using β-glucuronidase. This CTX glucuronidation is a novel 
biotransformation pathway in fish and this work provides the first evi-
dence of C-CTX biotransformation reported thus far. Studies performed 
with other xenobiotics indicate that glucuronidation may reduce toxicity 
and improve elimination, which may support the variable C-CTX toxicity 
among fish in ciguatera endemic regions and potent activity in humans. 
Comparison of glucuronidation capabilities across fish may therefore be 
an important consideration in predicting high risk species.

4.02.12  Effect-Based Identification of Hazardous Transformation 
Products from Antibiotics in Water Chlorination
A. Jaén Gil, S. Rodriguez-Mozaz, Catalan Institute for Water Research / 
Water Quality; M. Farré, A. Sànchez-Melsió, A. Serra-Compte, Catalan 
Institute for Water Research; D. Barcelo, ICRA / Environmental and Food 
Chemistry (ENFOCHEM)
Disinfection of water is necessary to assure the killing or deactivation of 
pathogenic microorganisms and can be performed by physical or chemi-
cal disinfectants. However disinfection treatments like chlorination may 
lead to the generation of transformation products (TPs) of water pollut-
ants. The TPs generated from antibiotics present in contaminated waters, 
might retain or even increase the bioactivity of the parent antibiotic. 
However, the presence and hazardous effects of these TPs cannot be 
properly evaluated during water treatment because of the lack of reference 
standards for most of them. In this study, the elucidation of the hazardous 
intermediates generated from selected antibiotics was performed using an 
effect-directed analysis methodology (EDA) combined with an advanced 
and automatic suspect screening approach. The EDA applied included the 
fractionation of the bioactive samples and their evaluation using a com-
bined approach of biological and chemical analysis using an automated 
suspect screening methodology. Results revealed that water chlorination 
(0.5 mgCl2/L) of the selected antibiotic allowed its complete elimination 
after 24h of treatment. However, a residual bioactivity (up to 44% com-
pared to the antibiotic activity of the parent compound) and an increase 
of its acute toxicity (up to 4 toxic units) was observed and was attributed 
to the intermediates generated. The hazardous intermediates related to 
that increase of the bioactivity of the water samples during chlorination 
were identified through this combined approach. These results highlight 
the importance of developing analytical methodologies to elucidate the 
environmental effects of the individual intermediates generated after 
water treatment processes.

3. Exposure: Processes and Approaches for 
Estimating Environmental Exposures
4.03.01 Combining Experimental Sorption and QSAR Parameters 
to Predict Neonicotinoid and Metabolite Sorption to Granular 
Activated Carbon
D. Webb, M. Nagorzanski, D.M. Cwiertny, G.H. LeFevre, University of 
Iowa / Department of Civil and Environmental Engineering
Neonicotinoids are the most widely used insecticides in the world with 
widespread applications leading to their proliferation in waters across 
the U.S., including those used as drinking water sources. Neonicotinoids 
exhibit relatively low toxicity towards mammals compared to some pesti-
cides, but some neonicotinoid metabolites are more mammalian-toxic and 
thus a human exposure concern. Despite high solubility and polarity, our 
prior studies identified granular activated carbon (GAC) as a method for 
removing neonicotinoids and metabolites from drinking water. Although 
neonicotinoids and metabolites both sorb to carbon materials, we dis-
covered transformation of the insecticidal pharmacophore alters their 
sorption behavior. More metabolites are being identified in the literature 
with unknown behaviors that could impact both toxicity and propen-
sity for sorption. Due to a lack of standards, we must rely on predictive 
approaches to assess the fate and exposure potential of neonicotinoid 
metabolites in the environment and drinking water. Traditional predictive 
partitioning methods (e.g., polyparameter linear free energy relation-
ships, pp-LFERs), are suboptimal for predicting neonicotinoid sorption 
due to high solubility and dipolarity for these pesticides. The objective of 
this study was to fuse experimentally determined neonicotinoid sorption 
parameters with computationally derived quantitative- structure activ-
ity relationships (QSAR) parameters to construct a model capable of 
accurately predicting sorption of metabolites when standards or identified 
sorption parameters are unavailable. The neonicotinoid QSAR param-
eters were determined using Spartan software and chosen to most closely 
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emulate the Abraham system parameters in a pp-LFER: polarizability 
(s-parameter), surface volume (v-parameter), Log P (e- parameter), hydro-
gen bond donor count (a-parameter), and hydrogen bond acceptor count 
(b-parameter). To probe specific surface interactions, we determined neo-
nicotinoid sorption parameters for non-functionalized CNTs, carboxylic 
acid CNTs, and amine functionalized CNTs (n= 22 total). These data were 
used to create a robust multiple linear regression with aa RMSE of 0.039, 
nearly x-fold lower than the log Koc pp-LFER. The approach presented 
enables a rapid, practical, accurate, and inexpensive approach to predict 
sorption behavior and other environmentally relevant parameters for com-
pounds or metabolites within a class with limited data regarding fate.

4.03.02  A Dfop-Based PRZM Model to Predict Non-First Order 
Degradation and Subsurface Transport in Soil and Groundwater
W. Chen, Syngenta Crop Protection, LLC / Product Safety; D. Mao, 
Waterborne Environmental, Inc.; M. Cheplick, Waterborne Environment
Many soil metabolism and other environmental fate studies have observed 
non-first order degradation often in a biphasic pattern with fast initial 
decline followed by a noticeably slower phase. The decline pattern devi-
ates from the classical simple first-order (SFO) kinetics. Although widely 
recognized, biphasic degradation has never been directly incorporated 
into regulatory models. Instead, regulatory modeling policies require an 
SFO curve fit preferentially to the slow portion of the decline data while 
largely ignoring the fast initial phase. As a result, modeling errors in the 
predicted exposure levels in surface and ground waters can be artifi-
cially elevated. This paper examines the impact of biphasic degradation 
on pesticide leaching behavior using a PRZM-based model synPRZM 
developed by Syngenta and Waterborne. The model directly incorporates 
the kinetics of Double First-Order in Parallel (DFOP) to account for the 
complete biphasic decline profile. Sensitivity analysis of synPRZM shows 
that the model converges to the same results of the original PRZM model 
when the kinetics fit is SFO. When the kinetics shows DFOP character-
istics, synPRZM can represent biphasic degradation better. Using DFOP, 
synPRZM was able to predict several field soil residue data sets reason-
ably well without elaborated model calibration. Predicted soil pore water 
concentrations from synPRZM are also compared with measured data 
from field lysimeters. The overall model performance suggests synPRZM 
can be used as a predictive tool to handle biphasic degradation behavior 
frequently observed in pesticide field studies. The inherent nature of 
DFOP reflecting the rate-limiting effect of time-dependent sorption on 
biodegradation is also examined for the soil-pore water system.

4.03.03 Assessing Potential Risk to Plants from Secondary Exposure 
to Herbicides in Compost
R.F. Bohaty, U.S. Environmental Protection Agency, Office of Pesticide 
Programs; E. Donovan, W.P. Eckel, U.S. Environmental Protection 
Agency / Office of Pesticide Programs Environmental Fate and Effects 
Division; J. Antoline, H. Summers, Z. Ruge, U.S. Environmental 
Protection Agency, Office of Pesticide Programs; K.G. Sappington, 
U.S. Environmental Protection Agency; D. Spatz, U.S. Environmental 
Protection Agency, Office of Pesticide Programs / Environmental Fate 
and Effects Division
The Office of Pesticide Programs evaluates the potential risk to human 
health and the environment from pesticide applications. Reports of non-
target plant damage from use of compost containing herbicides began as 
early as the year 2000. Plant materials previously treated with herbicides 
can enter compost waste streams used in commercial and municipal 
composting operations. Direct introduction of previously treated plant 
materials occurs for plant materials such as grass clippings or straw, 
while plant materials such as hay are fed to animals that then excrete 
herbicide residues in urine or feces. These materials are then composted. 
The Office of Pesticide Programs has been working to develop methods 
to assess risk to non-target plants, such as vegetables, following use of 
finished compost as a soil amendment. As part of this work, the Office of 
Pesticide Programs requested the conduct of kinetics studies for active 
compost (manure and vegetative) as well as bioassay toxicity tests using 

finished compost. This work provides a summary of the study design and 
results as well as a case study for assessing risk to plants following use of 
compost as a soil amendment.

4.03.04  Environmental Risk Assessment of a Topical API: A Case 
Study
J.A. Elmoznino, Pfizer, Inc. / Worldwide Research and Development; L.A. 
Constantine, C. Zang, V. Purohit, Pfizer Inc.
For the environmental risk assessment (ERA) of a new active pharmaceu-
tical ingredient (API), calculation of a risk quotient requires estimation 
of the predicted environmental concentration in surface water (PECsw) 
following patient use. PECsw is typically calculated using the maxi-
mum daily dose (MDD) of the API, following the EMA Guideline on 
the Environmental Risk Assessment of Medicinal Products for Human 
Use. Up to this date, the MDD values utilized in the ERA’s for orally 
and parenterally administered new drug submissions from Pfizer have 
been clearly defined, having been established based on clinical safety and 
efficacy information. The recent new marketing authorization applica-
tion for crisaborole marked Pfizer’s first time preparing an ERA for a 
topically applied API since the adoption of the EMA’s ERA Guideline 
(2006). As no guidance is provided by the EMA for calculating the dose 
or the PECsw of a topically applied API, the question arose: How do we 
justifiably define the maximum daily dose? Crisaborole is a prescription 
ointment indicated for the treatment of mild to moderate atopic derma-
titis (AD) in adults and children aged 2 years and older. AD is a chronic 
eczematous condition that causes itchy, inflamed skin. In developed 
nations, AD affects 15-30% of children and 2-10% of adults, with 90% of 
patients having mild to moderate disease. The affected body surface area 
(BSA) can range from small isolated patches to much greater extents of 
coverage. It is recommended that a thin layer of crisaborole is applied to 
the affected area 2 times each day. Given the ranges in both patient age 
and %BSA affected, it is not informative, nor a true representation, to 
assume the MDD based on maximum, chronic use of crisaborole by male 
adults. In this study, the method used for deriving a more realistic MDD 
based on clinical data will be presented, along with the environmental 
risk assessment and supporting fate and ecotoxicity data for crisaborole.

4.03.05 Predicting Urban Pesticide Runoff in the Sacramento-San 
Joaquin Delta
E. Chelsvig, ORISE at the USEPA / ORD; S.T. Purucker, U.S. 
Environmental Protection Agency / Center for Computational Toxicology 
and Exposure
Pyrethroids have been commonly observed in urban runoff in the 
Sacramento-San Joaquin Delta, with bifenthrin considered to be the lead-
ing contributor to pyrethroid-related toxicity in urban runoff particularly 
following rainfall events. Bifenthrin is typically applied on structural 
and landscape surfaces by professional applicators and homeowners 
in residential settings to thwart pests from entering urban structures. 
While there are existing models that examine pesticide concentrations 
in surface water and receiving water bodies, these models are often used 
for agricultural settings which lack the temporal and spatial variability 
that is intrinsic to urban pesticide applications. This project conducts 
deterministic and probabilistic approaches with the U.S. Environmental 
Protection Agency’s (EPA) Surface Water Management Model (SWMM) 
and the Variable Volume Water Body Model (VVWM) to simulate 
bifenthrin concentrations in urban runoff and receiving water bodies in 
a residential watershed upland of the Delta in Placer County, California. 
The probabilistic approach used the Latin Hypercube Sampling technique 
to uniformly sample inputs from predefined ranges specific to the geo-
graphic makeup of the watershed in order to propagate variability through 
the model. A Sobol’ global sensitivity analysis was then employed to 
establish sensitive inputs on the model outputs. Measurement of input 
sensitivity identifies the inputs whose variation significantly contributes 
to output variability and uncertainty. Initial results indicate that SWMM 
sensitive parameters include Manning’s N for overland flow over the 
impervious portion of subcatchment and depth of depression storage on 
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the impervious portion of subcatchment; the VVWM sensitive parameters 
include the sorption coefficient, fraction of organic carbon on sediment in 
the benthic region, and depth of the benthic region. Model outputs were 
also compared to the California Department of Pesticide Regulation’s 
(CPDR) measured bifenthrin concentrations from 2009 - 2017 to assess 
model performance and examine urban contributions to surface water 
concentrations.

4.03.06  Understanding and Predicting Organic Pollutant Fate in 
Aquaculture-Modified Ecosystems Using a Multimedia Chemical 
Fate Model
S. Niu, R. Chen, K.J. Hageman, Utah State University / Department of 
Chemistry & Biochemistry; R. McMullin, S. Wing, University of Otago 
/ Department of Marine Science; W. Matthews, Utah State University / 
Department of Chemistry & Biochemistry
Marine aquaculture is a significant ecosystem modifying factor in coastal 
areas, with subsequent impacts on the health of humans. A variety of 
environmental impacts are of concern, including the release of pollutants 
from feed pellets to the surrounding marine environment and bioac-
cumulation of pollutants in wild marine species. However, only limited 
information exists regarding organic contaminant transport and behavior 
in mariculture-modified ecosystems, and the contribution of organic 
contaminants from aquaculture to the marine ecosystem has not been 
quantified. We developed the Chemical Fate in Aquaculture-Modified 
Ecosystems (CFAME) model to understand the fate of a suite of organic 
contaminants, quantify the impact of aquaculture on the ecosystem, and 
predict the trends of organic contaminants under further climate scenar-
ios. The CFAME model was validated using measured concentrations of 
selected organic contaminants in salmon feeds imported to New Zealand 
and wild fishes collected from the Marlborough Sounds, New Zealand. 
The most frequently detected contaminants in the wild fishes were seven 
pesticides (including o,p’-DDE, p,p’-DDT, dieldrin, endosulfan I and II, 
heptachlor, and trifluralin), BDE-100 and six PCBs (including PCB-18, 31, 
138, 149, 153, and 180). The model predicted that chemical concentrations 
in sediment would be significantly influenced (p< 0.05) by the aquacul-
ture input because sediment is the main sink for chemicals from wasted 
aquafeeds. Modelled chemical concentrations in plankton and higher 
trophic level wild fishes (e.g., those with a trophic level >3) were also sig-
nificantly influenced (p< 0.05) by the presence of aquaculture. Variations 
in the contaminant concentrations in these organisms were driven by 
bioaccumulation via particles, and biomagnification via the consumption 
of lower trophic level fish.

4.03.07 A Spatiotemporal Explicit Model for Estimating 
Environmental Exposure and Effects of Agrochemicals at the 
Landscape Level for U.S. Ecological Risk Assessments
K. Rahman, Bayer CropScience / Environmental Modeling; S. Bub, 
University of Koblenz-Landau / Institute for Environmental Sciences; 
I.M. Rodea-Palomares, Bayer CropScience NA / Environmental Effects & 
Risk Assessment; J. Tang, Bayer CropScience; T. Schad, Bayer AG Crop 
Science Division / Environmental Modelling
The Regulatory Ecological Risk Assessment (ERA) framework for 
agrochemicals in the US is a science-based approach in which both the 
exposure and effects are characterized and combined for determining 
the likelihood (risk) of adverse effects in relevant environmental com-
partments. For nontarget terrestrial ERA, current EPA screening tool, 
TerrPlant, estimates chemical offsite movement through runoff and spray 
drift exposure using a simple factor approach based on expert judgment. 
There is a need of higher tier mechanistic models to refining runoff and 
spray drift exposures, and furthermore to evaluate the exposure at the 
spatial and temporally explicit level. Spatiotemporally explicit ERAs have 
the advantage of being able to evaluate over entire time frame and space 
(distance from the field edge), the likelihood of exposure beyond certain 
levels of concern for desired spatial and temporal quantiles. In this work, 
we developed a higher tier model that integrates existing regulatory mech-
anistic models (PRZM and AgDrift) into a complete modular spatially 

and temporally explicit landscape level model to estimate site-specific 
Environmental Exposure Concentrations (EECs) at varied distances from 
edge of the fields. Traditional Exposure Endpoints can be derived by using 
combinations of temporal and spatial percentiles. The model is under 
development and will eventually incorporate options to activate/deactivate 
a whole set of tiered refinements to address spray drift, and both sheet 
and channelized run-off. In the presentation, we will describe the model 
framework and components, data need and sources, and also provide 
case studies that illustrate the implementation of the model in the current 
USEPA OPP’s ERA framework but with more realistic and comprehen-
sive exposure predictions. The presentation will focus on the possibilities 
that this model will offer for higher tier refinements of terrestrial ERAs 
for agrochemicals in the US.

4.03.09 VETPEC Suite of Models -Modeling for Regulatory 
Evaluation of Animal Drug Exposures
A. Miglino, U.S. Food and Drug Administration / Center for Veterinary 
Medicine; D. Young, U.S. Environmental Protection Agency, Office of 
Pesticide Programs / Environmental Fate and Effects Division
The United States (US) Food and Drug Administration (FDA) Center 
for Veterinary Medicine (CVM) conducts prospective environmental 
risk assessments to evaluate the potential for significant environmental 
impacts to occur from the approval of new animal drugs. To this date, US 
FDA/CVM has not provided drug sponsors with methods for conducting 
environmental exposure assessments or calculating predicted environ-
mental concentrations (PECs) of animal drugs. Therefore, US FDA/
CVM, in collaboration with the US Environmental Protection Agency 
(EPA), developed the Veterinary Environmental Transport and Fate 
Models for Predicting Environmental Concentrations (VETPEC) suite. 
The VETPEC models calculate PEC values for animal drugs in manure 
(PECmanure), soil (PECsoil), and water (PECwater). The modeling suite 
provides a singular framework to address the regulatory needs described 
in US FDA/CVM GFI 89 and 166 (Phase I and Phase II Environmental 
Assessments, respectively), and will provide US FDA/CVM and drug 
sponsors with an easy-to-use and consistent method to estimate exposure 
concentrations for use in exposure and risk assessments. In VETPEC 
v1.0, the exposure route evaluated is the application of drug residues in 
animal manure to cropland. For intensively-reared livestock, manure is 
often stored for a period of time (6-12 months) and subsequently applied 
to cropland as fertilizer. This exposure route is evaluated in both a farm-
scale screening model and a farm-scale refined model. Both models use 
current animal characteristics and agricultural practices based on CVM 
animal scientists’ expert knowledge and information reported in state and 
producer guidance. Animal drugs approved by CVM are not restricted to 
specific locations in the US. Consequently, the VETPEC models account 
for differences in soil, weather, and industry practices, by leveraging crop 
scenarios originally developed by the USEPA for model farms throughout 
the US to predict daily and summarized PEC values for a 50-year simula-
tion. The determination of whether impacts are significant will be based 
on comparison of these PEC values to predicted no effects concentrations 
and/or probability of occurrence (i.e., only 1 of the 100 default scenarios 
may have impacts).

4.03.10 Coupling PRZM with SWAT for Ecological Risk Assessment 
of Agricultural Pesticides
L. Ghebremichael, Syngenta Crop Protection, LLC; W. Chen, Syngenta 
Crop Protection, LLC / Product Safety; A. Jacobson, C. Roy, Waterborne 
Environmental, Inc
Ecological risk assessment for the regulatory compliance of agricultural 
pesticides requires determination of potential exposure levels in receiving 
water bodies to which aquatic organisms may be exposed. Modeling and 
monitoring approaches are key methods used in determining pesticide 
exposure levels, length and frequency of occurrences. In this study, we 
present a modeling framework involving a conjunctive use of the field-
scale PRZM and watershed-scale SWAT environmental models. The 
use of PRZM-SWAT modeling framework allowed to leverage PRZM’s 
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detailed field-level representation of pesticide fate and transport processes 
and SWAT’s key hydrological and biogeochemical attenuation processes 
between edge of field losses and loss in water moving from the field into 
surface water networks. The PRZM-SWAT modeling framework was 
calibrated using a Monte Carlo approach to stream flow and a 4-, 7-, 21-, 
30-, and 60-day maximum annual rolling average exposure durations, 
that are of significance to the ecological risk assessments. The perfor-
mance of the model was evaluated using 8-year monitoring of atrazine 
data and stream flow from a high use-intensity, headwater watershed in 
Missouri. This presentation will describe the modeling framework, cali-
bration approaches, and results of the modeling performances.

4.03.11  Measuring Bioconcentration Factors of Sediment-Associated 
Fipronil in Lumbriculus variegatus Using Passive Sampling 
Techniques
W.S. Hui, Chinese Academy of Sciences
Fipronil and its degradates have been detected ubiquitously in aquatic 
environment worldwide, yet little is know about its bioaccumulation 
potential. The goal of the present study was to measure bioconcentration 
factor (BCF) of sediment-associated fipronil in a benthic invertebrate, 
Lumbriculus variegatus using passive sampling techniques. Three 
passive samplers including polymethyl methacrylate (PMMA) film, 
poly(dimethylsiloxane) fiber and polyacrylate fiber were evaluated. 
PMMA film was identified as a preferred one and applied to determine 
fipronil log KOC (3.77 ± 0.04). BCF of sediment-associated fipronil in L. 
variegatus was obtained through measuring freely dissolved concentra-
tion (Cfree). Because fipronil degraded in sediment, time weighted average 
(TWA) concentration of Cfree was estimated for calculating BCFTWA (1855 
± 293 mL/g lipid). The BCF was also measured in a water-only bioac-
cumulation tests of L. variegatus under constant exposure condition. This 
BCF value (1892 ± 76 mL/g lipid) was comparable with the BCFTWA, vali-
dating effectiveness of the passive sampling method for the sediment Cfree 
measurement. Fipronil was bioaccumulative in L. variegatus according to 
the USEPA’s criteria. The combination of the Cfree and the TWA concen-
tration measurements was demonstrated to be able to properly determine 
the BCF value for moderately hydrophobic and degradable chemicals in 
sediment.

4.03.12 Development of a Standard Watershed Scale Model for 
Predicting Pesticide Exposure in Flowing Water Bodies
M.F. Winchell, Stone Environmental; H. Rathjens, Stone Environmental 
/ Environmental Modeling Systems; N. Peranginangin, Syngenta Crop 
Protection LLC; W. Chen, Syngenta Crop Protection, LLC / Product 
Safety
Aquatic pesticide exposure predictions at the watershed scale are becom-
ing increasingly important in ecological risk assessments. Regulatory 
agencies in North America have well-developed tools for conducting 
aquatic exposure assessment at a field-scale draining to a farm pond or a 
linearly extrapolated field to mimic a watershed draining to a reservoir. 
The models and associated tools for parameterizing these models lack 
features that account for spatial variability of environmental conditions 
such as crop and land use, soil and topographic variability which occur 
at the watershed scale. Furthermore, important differences in agronomic 
practices, particularly the spatial extent and timing of pesticide applica-
tions, are not considered in current screening-level regulatory modeling 
approaches. These environmental and agronomic factors have significant 
impacts on the timing and magnitude of pesticide transport to receiving 
waters, thus must be accounted for to achieve more realistic exposure 
prediction in aquatic ecosystems. The Soil and Water Assessment Tool 
(SWAT) is a watershed-scale model that has been used for nearly two 
decades in predicting pesticide concentrations in flowing water bodies. 
The model has historically been considered too complex for regulatory 
exposure modeling applications, requiring considerably more inputs than 
traditional field scale models. We have developed a SWAT scenario-based 
approach to provide a framework for assessments of pesticide concen-
trations in flowing water networks. The framework consists of a new 

user-friendly interface designed to efficiently parameterize SWAT models 
which have been previously built for watersheds representing targeted 
vulnerability percentiles. The model interface provides the capabil-
ity to customize the percent treated area (PTA) for a pesticide within a 
watershed and allows options for varying the application timing across 
different locations within a watershed. This new tool and framework will 
have applications in endangered species risk assessments where pesticide 
exposure estimates in a diversity of flowing water body habitat conditions 
is required.

4.03.13  Marine Emissions from Municipal Treatment Plants: 
Refining Our Understanding and Defining Spatial Variability at a 
Global Scale
C. Holmes, E. Tandy, Applied Analysis Solutions, LLC; Z. Schleicher, 
Southern Illinois University Edwardsville / Laboratory for Applied 
Spatial Analysis; J. Kilgallon, J. Hodges, Unilever; L. Speirs, Unilever / 
Safety and Environmental Assurance Centre
Pharmaceuticals, pesticides, biocides, and ingredients in home and per-
sonal care products are often disposed of via waste water. This can lead to 
exposure of aquatic ecosystems through discharge from municipal waste-
water treatment plants (WWTPs). Aquatic exposure models primarily 
focus on freshwater systems and often address marine exposures simply 
as a variation of a freshwater scenario (e.g., by increasing the dilution 
factor). However, the average population density in coastal areas is now 
twice the world’s average population density, and many of the world’s 
coasts are becoming increasingly urban (14 of the world’s 17 largest cities 
are coastal located). Thus, developing a better understanding of marine 
emissions is becoming increasingly important. The aim of this research 
is to develop and analyze a global-scale dataset focusing on marine emis-
sions (i.e., near shore coastal waters) with the goal of understanding what 
fraction of the population in coastal areas may be discharging directly 
to marine environments. The ultimate goal is to couple this information 
with environmental exposure models using spatially-explicit informa-
tion on substance uses, pathways to the environment, and eventual fate in 
aquatic ecosystems. Information on WWTP location, population served, 
and effluent flow were collected for 44,000 WWTPs across seven case 
studies (AU, BR, CA, EU, MX, SG, and US) covering all four hemi-
spheres (North/South, East/West) for over one billion people. WWTPs 
were attributed as discharging to coastal waters (CW) from source data 
or analysis of receiving waterbody. Spatial analysis showed that WWTPs 
for 27% of the population served are within 10km of the coast. Global 
hydrologic data were used to identify 50,000 basins with the potential to 
discharge to coastal waters. Basins within our seven case studies were 
analyzed to characterize the WWTPs and population in terms of CW dis-
charge. Of the 258,000 people in these coastal basins served by WWTPs, 
50% are served by WWTPs discharging to coastal waters. Spatial 
population data were used to characterize coastal basins globally, with 
results extrapolated to other countries, to assess the potential for marine 
emissions using data on basins, distance to coast, gridded population, and 
urban delineations. This is a novel step forward in understanding potential 
global-scale marine emissions from WWTPs with the goal of balancing 
realism and practical applicability in environmental safety programs.

4.03.14 Exposure Assessment of Antibiotics in Wastewater Impacted 
Streams During Low Instream Flows Across the U.S
S. Kamanmalek, University of North Carolina at Charlotte / Civil 
and Environmental Engineering; J. Rice-Boayue, University of North 
Carolina, Charlotte / Department of Construction Management and 
Technology
Widespread consumption of antibiotics paired with incomplete metabo-
lism and partial removal in wastewater treatment plants (WWTPs) are 
resulting in their occurrence in the aquatic environment at the nanogram 
to low microgram per liter concentration range. At low concentrations, 
antibiotics may pose a constant selection pressure on bacterial popula-
tions, where bacteria generate antibiotic resistance to survive. However, 
it’s currently unknown to what extent antibiotics in the environment 
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contribute to the development of antibiotic resistance. This study applies 
our previously developed geospatial model (De facto Reuse in our Nations 
Consumable Supply [DRINCS]), to assess the potential role of munici-
pal wastewater discharges (N= 13,245) on antibiotic resistance within 
receiving streams across the U.S. In doing so, we estimate in-stream 
concentrations of four antibiotics (ciprofloxacin, erythromycin and sulfa-
methoxazole) that are of concern due to their consumption and persistence 
in the environment. To evaluate the ability of natural streamflow to act 
as a buffer, estimates are performed under average and low streamflow 
conditions (modeled by 7Q10). Recently proposed limits for environmen-
tal regulation in the European Union of antibiotic resistance provide a 
benchmark for each modeled antibiotic. Results of this study will identify 
streams more susceptible to antibiotic resistance. Our results indicate 
that roughly one-third (33.2%, n=4,384) of sites (n=13,245) exceeded the 
antibiotic resistance (ABR) safety threshold for CIP under mean annual 
streamflow considering a ten-fold safety factor. Under low flow condi-
tions, the dilution factor in 94.4% (n=12,465) sites did not meet the ABR 
threshold for CIP. In addition, ABR safety thresholds for two antibiot-
ics (CIP and ERY) were exceeded in 50.0% (n=6,595) of streams under 
low flow conditions. Despite the extensive therapeutic use and resulting 
concentrations of SMX in treated effluent (median reported value = 654 
ng/L), the threat of antibiotic resistance is relatively lower due to a higher 
ABR safety threshold. We present this study as a step towards further-
ing the understanding of the extent to which antibiotics introduced to the 
environment by WWTPs contribute to antibiotic resistance within U.S. 
surface water.

4.03.15  The Use of the Exposure and Fate Assessment Screening 
Tool (E-FAST) in Evaluating Aquatic Risks from Antimicrobial 
Pesticides
K. Korthauer, U.S. Environmental Protection Agency / Office of Pesticide 
Programs
Under the Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA), 
the U.S. Environmental Protection Agency (EPA) is tasked with conduct-
ing ecological risk assessments for pesticide registrations. In addition to 
conventional pesticides used in agriculture, the EPA evaluates antimicro-
bial pesticides which are utilized in diverse ways including: as hospital 
disinfectants; in the pressure treatment of wood; as antifoulant paints; 
as material preservatives in textiles and plastics; and as slimicides in 
pulp and paper mills and cooling water towers. Since exposure pathways 
from these uses can differ dramatically, the EPA uses many use-specific 
calculations and models to determine exposure and risk to different taxa. 
For example, in order to assess risk to aquatic species from antimicrobial 
products that may be released in the effluent of industrial sources, the 
Exposure and Fate Assessment Screening Tool (E-FAST) is used. This 
model takes into account various key inputs such as the application rate 
of the active ingredient, removal within wastewater treatment plants 
(WWTPs), and stream-flows of waterbodies receiving effluent water. It 
then compares the estimated aquatic exposure against ecotoxicity data in 
order to obtain the estimated number of days per year that a release-site 
would be expected to have concentrations of antimicrobial pesticides 
above the EPA’s level of concern for aquatic taxa. Specific examples using 
E-FAST will be presented, and potential advantages, limitations, and 
refinements to this methodology will be discussed.

4.03.16  Predicting the Survival of Gammarids in the Field Provides 
Additional Insights on the Impacts of Dynamic Pesticide Exposures
M.J. Arlos, Department of Civil and Environmental Engineering / 
Biology/Civil and Environmental Engineering; A. Focks, Wageningen 
Environmental Research / Environmental Risk Assessment; J. Hollender, 
C. Stamm, Eawag - Swiss federal Institute of Aquatic Science and 
Technology / Environmental Chemistry
The analytical detection and modelling approaches to assess pesticide 
exposure in various environmental compartments have substantially 
improved over the last several decades. However, the threshold values 
considered in the current regulatory risk assessment are still based on 

laboratory studies that do not mirror the dynamics captured in chemical 
monitoring and modelling. In this study, we employed a toxicokinetics-
toxicodynamic (TKTD) model, specifically the General Unified Threshold 
model of Survival (GUTs) framework to predict the impact of fluctuating 
pesticide concentrations on the survival of gammarids (Gammarus pulex) 
in an agricultural stream located in Switzerland. Individual exposure to 
azoxystrobin, chlorpyrifos and diazinon were predicted to have an acute 
and/or chronic impact on the survival of gammarids. In contrast, exposure 
to imidacloprid and propiconazole were predicted to have a low impact 
as their environmental concentrations must be multiplied by more than 
100 before a survival probability of 50% is observed. Our modelling 
approach subsequently revealed that the duration of exposure drives the 
effects more than the maximum concentration as typically considered 
in traditional risk assessments. We further extended the GUTs model to 
incorporate mixture effects using concentration addition. We found that a 
considerable impact is expected when gammarids are exposed to organo-
phosphates (chlorpyrifos, chlorpyrifos-methyl, and diazinon), whereas a 
mild impact is predicted for neonicotinoids (imidacloprid and thiacloprid). 
Given that the gammarids are exposed to many other environmental con-
taminants and stressors, a decline in their survival probabilities because 
of chemical stress will likely influence the individual fitness and eventu-
ally, their population. We recognize that the assumptions associated with 
the mixture toxicity assessment within GUTs require additional valida-
tion. However, by incorporating the temporal dynamics of environmental 
exposure and its consequences on survival, our study added a layer of 
realism that improves the current risk assessment of pesticides.

4.03.17 International Computational Modeling Collaborations for 
Predictive Toxicology
K. Mansouri, ILS; A. Karmaus, Integrated Laboratory Systems, Inc. / 
NTP Interagency Center for the Evaluation of Alternative Toxicological 
Methods; J. Fitzpatrick, ScitoVation, LLC; G. Patlewicz, U.S. 
Environmental Protection Agency / Office of Research and Development; 
P. Pradeep, U.S. Environmental Protection Agency; D. Allen, Integrated 
Laboratory Systems, Inc.; W. Casey, NIEHS; N. Kleinstreuer, NICEATM
Humans are exposed to an increasing number of chemicals, but only 
a fraction of these have been evaluated for potential risks to human 
health and the environment. Thus, both regulators and manufacturers 
need rapid and efficient approaches to evaluate the potential toxicity of 
thousands of chemicals already in commerce and others in development. 
Advances in information technology and machine learning have fostered 
the development of in silico approaches that leverage the relationships 
between chemical structures and their biological activities. However, 
individual predictive computational tools are associated with certain 
limitations, and they are only as good as the input data upon which they 
are built. To address these challenges, international consortia involving 
over 100 scientists from governmental agencies, academia, and indus-
try were formed to collaboratively develop in silico tools for predicting 
chemical toxicity. These consortia have successfully concluded three 
projects: the Collaborative Estrogen Receptor Activity Prediction Project 
(CERAPP), the Collaborative Modeling Project for Androgen Receptor 
Activity (CoMPARA), and the Collaborative Acute Toxicity Modeling 
Suite (CATMoS). These projects used data from both the published 
literature and the ToxCast/Tox21 programs curated to meet defined qual-
ity specifications. Limitations of individual modeling approaches were 
overcome by establishing consensus models that leveraged each model’s 
strengths. The resulting consensus models have been used to screen hun-
dreds of thousands of chemicals from the U.S. Environmental Protection 
Agency’s (EPA’s) DSSTox database. These models are freely available for 
further use through the OPEn structure-activity/property Relationship 
Application (OPERA), as an open-source standalone application and by 
querying the EPA’s CompTox chemistry Dashboard (https://comptox.epa.
gov) and NTP’s Integrated Chemical Environment (https://ice.ntp.niehs.
nih.gov).
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4.03.19 An Integrated Software Platform for Water Monitoring 
Data Analysis
P. Mosquin, J. Aldworth, RTI International; S.L. Grant, W. Chen, 
Syngenta Crop Protection, LLC / Product Safety
Large accumulations of water quality monitoring data are available and 
need to be synthesized to obtain exposure statistics important to regula-
tory ecological and drinking water assessments. Important exposure 
statistics, for example, include annual maximum daily peak concentra-
tions, or rolling averages of a certain duration (e.g., 60-day). In this paper, 
we will present an integrated software platform that is being developed 
for analyzing agricultural chemicals in surface water monitoring data. 
The following analytical methods will be included in the platform: 1. 
Time series methods. Software will implement the time-series modeling 
of water monitoring data at individual site-years using covariates derived 
from hydrological models (e.g. SWAT) or transformations of stream-
flow. 2. Percentile estimator based on pooled data method. Software will 
provide pooled data estimates and interval limits for 90th through 99th 
percentiles of input monitoring data. 3. Bias factor methods. Software 
will provide bias factor estimation for varied sampling designs and target 
quantities. Realistic systematic sampling designs will be implemented for 
bias factor calculation. Software will be written using the R Shiny pack-
age, allowing browser-based access from any computer system.

4. Great Lakes: Binational Monitoring and 
Surveillance Programs: From Legacy Pollutants to 
Chemicals of Emerging Concerns
4.04.01  The Integrated Atmospheric Deposition Network (IADN): 
How to Adapt to New Challenges Learning from the Past
M. Venier, A. Salamova, Indiana University / SPEA
IADN is a long-term monitoring program run by the U.S. Environmental 
Protection Agency’s Great Lakes National Program Office. IADN and 
Environment and Climate Change Canada’s Air Monitoring in the Great 
Lakes Basin (GLB) program formed a collaborative, binational moni-
toring network which began in 1990. Since then, IADN and GLB have 
been collecting air samples once every 12 days at seven sites. The initial 
focus of both these programs was on legacy pollutants like PCBs and 
organochlorine pesticides like DDTs. With time, as new environmen-
tal challenges emerged, new compounds were steadily incorporated to 
expand the overview on the presence of chemicals in the Great Lakes 
atmosphere. The decline in the atmospheric concentration of several 
legacy pollutants is a success story showing how regulations does 
positively impact the environment. But new challenges are continuously 
surfacing and new ones are awaiting. In the early 2000s flame retardants 
were brought in the spotlight due to their persistence, widespread use and 
ubiquitous presence in the environment. Legacy pesticides were replaced 
by alternative compounds spanning various chemicals’ classes and 
properties. The latest of these challenges is represented by polyfluoroalkyl 
substances (PFASs), which have become widespread in the environment. 
In this presentation we’ll draw information from the behavior of well-
known and well-studied legacy pollutants to infer information on how to 
address and respond to present environmental challenges.

4.04.02 Polyhalogenated Carbazoles - a Critical Review
A. Li, University of Illinois, Chicago / School of Public Health
Since polyhalogenated carbazoles (PHCZs) were found in unexpectedly 
high concentrations and large accumulations in the sediment of Lake 
Michigan about a decade ago, a sufficient number of research articles have 
been published to warrant this review. The objectives here are to provide 
a summary of the current knowledge on the occurrence of PHCZs in 
natural waters, to discuss the critical issues and challenges, and to provide 
insights helpful to frame future research efforts. There is no doubt that 
environmental PHCZs as a group come from both and man-made sources. 
However, what puzzling are the questions such as whether PHCZs are 

“legacy” or “emerging” pollutants, which congeners are largely naturally 
formed and how, and which ones are industrially produced and for what 
purposes. In addition, given their similarities in molecular structure with 
polyhalogenated dibenzofurans (PHDFs), we expect that PHCZs be toxics 
to biota, harmful to the ecosystem, and detrimental to human health. 
However, is this view a “one-side” of a coin? The number of naturally 
occurring halogenated organics is much larger than that made by man, 
and many of them may be therapeutic. This review will address the com-
plexity of these intertwined issues.

4.04.03 Spatial Distribution and Air Water Exchange of 
Organophosphate Esters in the Lower Great Lakes
Y. Ma, Shanghai Jiao Tong University; R. Lohmann, Š. Vojta, D. Adelman, 
University of Rhode Island / Graduate School of Oceanography
Organophosphate esters (OPEs), which are mainly used as flame retar-
dants and plasticizers, are deemed as “emerging contaminants” because 
of their long-range transport capability, various toxicological effects, as 
well as their large volume of production since the restriction of tradi-
tional flame retardants penta- and octa- BDEs. Polyethylene (PE) passive 
samplers were deployed in the lower Great Lake region (Lake Erie and 
Lake Ontario) to detect gaseous and dissolved OPEs during summer and 
autumn in 2014, evaluate their occurrence and spatial distribution, as 
well as calculate the air-water gas exchange fluxes. Total dissolved phase 
concentrations of the nine detected OPEs (Σ9OPEsdis) in the Lower Great 
Lakes ranged from ~1 ng L-1 in western and central offshore site of Lake 
Ontario to 220 ng L-1 in Fort Niagara State Park during summertime. 
The median concentrations of the outdoor and indoor gaseous OPEs 
(Σ9OPEsgas) were 400 pg m-3 and 1445 pg m-3, respectively, indicat-
ing indoor gas leakage as one of the important sources of outdoor OPEs. 
It is noticeable that the decreasing gradients from shoreline/nearshore 
to offshore sites for both gaseous and aqueous OPEs reflect anthropo-
genic influence from the adjacent rural and urban regions. Chlorinated 
compounds accounted for the majority of both gaseous and dissolved 
OPEs profile, with (tris(2-chloroethyl) phosphate (TCEP) and tri-n-butyl 
phosphate (TnBP) as the dominant chlorinated and non-chlorinated 
OPEs, respectively. Concentrations of both gaseous and dissolved OPEs 
were significantly higher than the previously detected PBDEs levels. For 
air-lake gas exchange fluxes, almost all OPEs underwent net gas-phase 
deposition, dominated by TCEP with median fluxes of -3340 ng/m2/day; 
the exception was TnBP, which underwent volatilization with the median 
fluxes of 140 ng/m2/day.

4.04.04  Concentration and Temporal Trend (1978–2016) of 
Hexaboromocyclododecane (HBCDD) in Fish Tissues from the Great 
Lakes
B. Alipour Parvizian, Clarkson University
Hexabromocyclododecane (HBCDD) is a brominated flame retardant 
(BFR) that is commonly used as part of building insulation and in many 
common household items. The global production volume of this BFR 
reported being 600,000 tons per year in 2001. Due to the toxic and persis-
tent nature of this compound, multiple regulatory agencies have started to 
monitor its levels in the environment and food. Therefore, as a part of the 
Great Lakes Fish Monitoring and Surveillance Program (GLFMSP), total 
HBCDD (∑HBCDD) concentrations and temporal trends in homogenized 
whole fish samples from the Great Lakes region (1978 to 2016) were 
determined. Both increasing and decreasing trends were observed for 
the region, indicating the impact of atmosphere transport both globally 
and locally, food web change, and climate change in the trend of this 
compound.
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4.04.05 Screening Novel Halogenated Compounds in the Great 
Lakes Fish Using Two Dimensional Gas Chromatography with High-
Resolution Mass Spectrometry
A. Renaguli, Clarkson University / Institute for a Sustainable 
Environment; S. Fernando, Clarkson University / Center for Air 
Resources Engineering & Science; P. Hopke, Clarkson University / 
Institute for a Sustainable Environment; T.M. Holsen, B. Crimmins, 
Clarkson University / Civil and Environmental Engineering
The Great Lakes region is home to numerous species of wildlife including 
a vast fishery that represents an important protein source and economy for 
many individuals living near the lakes. Routine environmental monitor-
ing programs that target selected compound or compound classes have 
been implemented throughout the Great Lakes basin to address the issue 
of toxic organics, but these finite lists reflect an incomplete chemical 
exposure to biota. Due to complexity of the biological matrix, classical 
analytical techniques are not suitable for understanding the complete 
halogenated fingerprint in the biota. Therefore, a non-targeted screen-
ing methodology was developed and applied to Great Lakes fish using a 
2-dimensional gas chromatograph coupled to a high-resolution time of 
flight mass spectrometer (GCxGC-HR-ToF MS). More than 60 novel halo-
genated species were identified in lake trout from all of the Great Lakes, 
with halomethoxyphenols (MeOPs) representing the most abundant 
chemical class. Unknown chemical profiles were explored using correla-
tion and clustering analyses to provide spatial and temporal information 
on unknowns and help identify persistent, emerging contaminants. 
Coupled with targeted chemical monitoring in the Great Lakes region 
chemical profiling provides a means to protect the region from known and 
unknown emerging contaminants of concern.

4.04.06  Temporal Trends, Sources and Deposition Fluxes of Trace 
Metals in Air, Precipitation and Lake Water in the Great Lakes 
Basin
W. Li, H. Hung, Environment and Climate Change Canada / Air Quality 
Processes Research Section; L. Bradley, A. Dove, Environment and 
Climate Change Canada; D.J. McGoldrick, Environment and Climate 
Change Canada / Water Quality Monitoring and Surveillance; H. 
Dryfhout-Clark, Environment and Climate Change Canada / Air Quality 
Processes Research Section
The Great Lakes contain more than 20 % of the world’s surface fresh 
water and provide essential resources for wildlife and humans in the 
United States (US) and Canada. Efforts have been made to monitor the 
levels of contaminants in air, precipitation and lake water under the US’ 
Integrated Atmospheric Deposition Network (IADN), and Canada’s Great 
Lakes Basin (GLB) Monitoring and Surveillance Programs. Nevertheless, 
few studies focus on the deposition of trace metals into the lakes and 
the influences on the levels in the lake water. Toxic trace metals in the 
air, precipitation and lake water may pose adverse effects on human and 
affect the health of the Great Lakes ecosystem since trace metals can 
accumulate in the water, sediments and biota. This study investigated 
the concentrations of 27 trace metals in the air (1988-2017), precipitation 
(1993-2019) and lake water (2003-2019) collected from the Canadian GLB 
sites which could potentially be influenced by local industrial emissions 
as well as from long-range atmospheric transport. Several statistical 
techniques were implemented to understand whether the levels of trace 
elements were increasing or decreasing significantly over the sampling 
period, to estimate the rates of change, and to ascertain the reasons behind 
the observed changes. The long-term flux trends of trace metals in the 
GLB were estimated to determine the atmospheric loadings through dry 
and wet deposition into the lakes and the relationship with trace metals in 
the lake water. Our results showed that the concentrations of metals in air, 
precipitation and lake water were generally associated with local human 
activities. Several trace metals show similar significant decreasing trends 
in air, precipitation and lake water, which suggests the effectiveness of 
emission control efforts in the US and Canada.

4.04.07  Detection of Microplastics in Bird GI Tract: Indication of 
Trophic Transfer
T. Hoang, Loyola University, Chicago / Institute of Environment and 
Sustainability; L. Memidzan,, Loyola University, Chicago; A. Marr, 
Loyola University, Chicago / Institute of Environmental Sustainability; S. 
Mitten, Loyola University, Chicago; C.M. Custer, U.S. Geological Survey 
/ Upper Midwest Environmental Sciences Center
The recently rapid increase in plastic production as well as the miss 
management of plastic waste has resulted in plastic pollution in many 
countries. Plastic particles with different sizes, shapes, and types have 
been found in many aquatic ecosystems around the world. The Great 
Lakes Ecosystem (GLE) has been reported to have high concentration 
of microplastics. Aquatic organisms living in the GLE can be exposed to 
microplastics in the water. Recent research has found plastic particles in 
the digestive systems of aquatic organisms, mostly fish and zooplankton. 
This study arms to look at microplastic in the digestive system of differ-
ent bird species to determine whether microplastics can be transferred 
through the food chain and food web. Six bird species (Tree Swallow 
(Tachycineta bicolor), Ovenbird (Seiurus aurocapilla), Dark-eyed Junco 
(Junco hyemalis), Hermit Thrush (Catharus guttatus), Tennessee Warbler 
(Leiothlypis peregrine), and White-throated Sparrow (Zonotrichia albicol-
lis) were collected and dissected for their lower GI tract for microplastic 
analysis. The Tree Swallows (12-d-old) were collected from nine locations 
along Milwaukee River of Wisconsin and consisted of nestlings not yet 
fledged. The five other bird species were adult migratory bird fatali-
ties from window strikes at the Loyola University Chicago Lake Shore 
Campus. Results of plastic analysis showed that the lower GI tract of all 
bird species contained different types of microplastics, such as fibers, 
fragment, beads, etc. Fiber was the most dominant. The plastic concen-
tration ranged from 1.25 to 14 particles/bird. There was no significant 
difference in plastic concentration in the Tree Swallows from the nine 
locations. However, birds collected from Estabrook Park appeared to have 
the highest concentration (5.6 particles/bird). The lowest concentration 
(1.25 particles/bird) was found in birds from North Avenue. The presence 
of microplastics in the lower GI tract of the young unfledged swallows 
indicate that their diet of flying insects fed by their parents was the prob-
able source of these microplastics. This result suggests that microplastics 
could had been transferred from the water or sediment to aquatic insects 
and then to the birds. Overall, birds from Loyola Lake Shore Campus 
appeared to have higher plastic concentrations than the Tree Swallows (4 
-14 particles/bird). This may be explained because they were adult birds 
and thus had longer period of time for plastics to collect in their GI tracts. 
To our knowledge this is the first evidence for plastic transfer through the 
food chain and food web. More research should be conducted to further 
understand the pathway of microplastics in the aquatic ecosystems in sup-
port of environmental assessment and management.

4.04.08  USEPA Great Lakes Fish Monitoring and Surveillance 
Program: Overview and Recent Results
B. Lenell, U.S. Environmental Protection Agency / Great Lakes National 
Program Office
The USEPA’s Great Lakes Fish Monitoring and Surveillance Program 
(GLFMSP) has collected fish and analyzed trends of legacy and emerg-
ing contaminants in whole lake trout and walleye from all five Laurentian 
Great Lake since the 1970s. The GLFMSP provides a unique insight on 
long-term chemical trends in Great Lakes fish. Lake trout serve as a good 
indicator of lake contaminants due to their broad distribution and position 
at the top of the food web. Fish are caught from two discrete offshore sam-
pling locations from each lake, on an alternating annual basis. Collected 
fish are aged, composited, and analyzed for various contaminants includ-
ing polychlorinated biphenyls (PCBs), polybrominated diphenyl ethers 
(PBDEs), hexabromocyclododecane (HBCDD), per- and polyfluoroalkyl 
substances (PFAS), other halogenated compounds, pesticides, and mer-
cury. Recent analytical results show that PCB and PBDE concentrations 
have decreased at all sampling sites since 1992 and 2002, respectively. 
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Mercury concentrations in lake trout have also decreased at the Rockport 
site in northern Lake Huron since 2006 and decreased at the Apostle 
Islands site in Lake Superior since 2000.

4.04.09  Trends of the Emerging Halogenated Contaminant Profiles 
in Great Lakes Top Predator Fish
S. Fakouri Baygi, Clarkson University / Chemical Engineering; T.M. 
Holsen, B. Crimmins, Clarkson University / Civil and Environmental 
Engineering; S. Fernando, Clarkson University / Center for Air 
Resources Engineering & Science; P. Hopke, Clarkson University / 
Institute for a Sustainable Environment
Legacy halogenated contaminants have been monitored in the Great 
Lakes for decades, but there are many additional unknown haloge-
nated contaminants potentially affecting the Great Lakes ecosystem. 
To address this concern, lake trout (Salvelinus namaycush) were col-
lected in 2005/2006 and 2015/2016 from each lake and screened for 
previously unidentified compounds. The Isotopic Profile Deconvoluted 
Chromatogram (IPDC) algorithm was used to isolate unknown haloge-
nated components using High-Resolution Mass Spectrometry (HRMS) 
data files generated by an Atmospheric Pressure Gas Chromatography-
Quadrupole Time-of-Flight (APGC-QToF) mass spectrometer operated in 
positive and negative modes. The temporal and spatial differences in the 
newly detected features were used to isolate new potential contaminants. 
Decadal differences in the unknown halogenated compounds (or features) 
were compared with the total polychlorinated biphenyls (PCBs) concen-
tration trends. Greater than 2000 unknown halogenated features were 
detected. As expected, Lake Superior contained the lowest number of 
unknown halogenated features, whereas Lake Ontario contained the high-
est. Unknown features tended to have fewer Cl and/or Br atoms compared 
to traditional legacy contaminant features typically monitored. Diverse 
patterns of unknown halogenated compounds between lakes suggested 
there continues to be unidentified sources of halogenated contaminants in 
the Great Lakes missed by current monitoring programs.

4.04.10 Blood Protein Diversity as a Potential Driver for 
Perfluoroalkyl Acid Trophodynamics in Aquatic Food Webs
A. Point, Clarkson University / Institute for a Sustainable Environment; 
T.M. Holsen, Clarkson University / Civil and Environmental Engineering; 
S. Fernando, Clarkson University / Center for Air Resources Engineering 
& Science; B. Crimmins, Clarkson University / Civil and Environmental 
Engineering
Trophodynamic studies of perfluoroalkyl acids (PFAAs) in aquatic food 
webs have generally been inconclusive with regards to trophic magnifi-
cation. Both controlled uptake experiments and peculiarities involving 
enhanced accumulation of PFAAs in lower trophic level organisms sug-
gest that additional aspects beyond direct trophic transfer govern PFAA 
trophodynamics in these systems. PFAAs share structural similarities 
with endogenous fatty acids, and studies have identified several protein-
ligand interactions affecting PFAA accumulation, distribution, and 
elimination within biota. More specifically, in the blood compartment, 
PFAAs are expected to exist almost exclusively in protein complexes, 
mainly due to their relatively high affinity for serum albumin. Previous 
publications also describe diversity among fish species’ blood proteins. 
Work in progress seeks to build on these findings by identifying the 
protein(s) expressing PFAA affinity within the blood of three Lake 
Ontario fish species (alewife (Alosa pseudoharengus), deepwater sculpin 
(Myoxocephalus thompsonii), and lake trout (Salvelinus namaycush)), and 
discerning whether the strength of PFAA affinity towards these blood 
proteins might contribute to the observed PFAA trophodynamics of this 
food web.

4.04.11 High Throughput Analyses of Glyphosate and 
Aminomethylphosphonic Acid in Streams of Western Lake Erie 
Basin
S. Biswas, University of Nebraska, Lincoln / Nebraska Water Center; 
D.D. Snow, University of Nebraska / School of Natural Resources; L. 
Johnson, NCWQR, Heidelberg University
Glyphosate is a broad spectrum, non-selective herbicide that is widely 
used in agriculture and urban watersheds. According to National 
Agriculture Statistics Service, glyphosate use in agriculture in the state 
of Ohio has increased over 20 times from 150 metric tons in 1990 to 3100 
metric tons in 2015. Early research in Lake Erie watersheds has found 
glyphosate concentrations in the Maumee River and the western basin of 
Lake Erie up to 1.57 μg/L. While generally considered nontoxic at these 
levels, some research has indicated that glyphosate could play a role in 
increasing of dissolved reactive phosphorus in runoff by out-competing 
phosphate for sorption sites in soil. We present results from a high 
throughput method for glyphosate and AMPA analyses using ion chroma-
tography inductively coupled plasma mass spectrometry (IC-ICP-MS ), 
requiring little sample preparation and high sensitivity at low cost that can 
help better characterize occurrence of GLY and its primary degradation 
product. A total of 469 surface water samples were collected and analyzed 
between September 2018 to October 2019 from 2 agricultural streams 
and in the Western Lake Erie Basin, Ohio, USA. Concentrations of both 
analytes varied seasonally, and the detection frequency was 36.89 % for 
AMPA and 34.97% for GLY. The concentration of GLY ranged from 4.65 
-16.43 μg/L and for AMPA 4.12 -18.69 μg/L. Detection of the analytes 
were seasonal and often associated with the agricultural season, espe-
cially during the planting and harvest seasons, that coincided with pre 
and post emergence application of herbicides. Results may help evaluate 
sources and fate of these residues in agricultural and urban watersheds 
delivering freshwater to the Great Lakes.

5. Human Exposure to Emerging Organic Contaminants
4.05.01  Assessing Toxicity of Organics in Urban Source Sectors for 
Air (ATOUSSA) Study: Phase 1 Overview
T. Harner, Environment and Climate Change Canada / Air Quality 
Research Division; S. Halappanavar, D. Wu, Health Canada; A. Saini, 
Environment and Climate Change Canada / Air Quality Research 
Division; N. Jariyasopit, Environment and Climate Change Canada; X. 
Zhang, Ontario Ministry of the Environment, Conservation and Parks; 
C. Hao, Ontario Ministry of the Environment Conservation and Parks / 
Laboratory Services Branch; J. Liggio, Q. Liu, T. Vasiljevic, Environment 
and Climate Change Canada / Air Quality Research Division; A. 
Boyadzhiev, A. Williams, Health Canada
Health risks associated with exposure of urban populations to chemi-
cal mixtures in air is poorly understood. Under the ATOUSSA study, 
the composition of chemical mixtures was evaluated across eight sites 
in the Greater Toronto Area (GTA), representing different source sec-
tors, and over different seasons. Time integrated, PUF disk passive air 
samples were collected over six consecutive 2-month sampling periods. 
Contaminant classes investigated included: polycyclic aromatic com-
pounds, emerging flame retardants including organophosphate esters 
(OPEs), phthalates, and UV filters. For compounds such as PACs, ambient 
levels were mainly attributed to primary sources (e.g. traffic); whereas 
some compounds classes (e.g. phthalates and UV filters) showed a strong 
temperature dependence indicating that secondary emissions, associ-
ated with surface-air revolatilization of previously deposited chemical, 
was important. Human lung epithelial cells exposed to different concen-
trations of air samples showed increased synthesis of reactive oxygen 
species and pro-inflammatory-like responses. A majority of them showed 
no overt cytotoxicity. Site-specific trends were observed for some and 
samples collected in Spring were most responsive toxicologically. Further 
analysis by genome-wide transcriptomics showed robust dose-dependent 
changes in gene expression in cells exposed to Spring samples. Principal 
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component analysis of total differentially expressed genes and individual 
chemicals in the mixture or total alkylated PAHs, NPAHs and OPAHs 
showed that levels of OPAHs and NPAHs are the primary contributors 
of toxicity in Spring samples. Looking forward to Phase 2, preliminary 
results indicate that PUF disk passive air samplers are well suited for 
non-targeted analysis. Suspect screening of the Toronto air samples for 
transformation products of OPEs, recently determined through controlled 
heterogeneous reaction experiments, has revealed their presence in ambi-
ent air. These findings promote a chemicals mixture approach strategy 
for future chemicals management that comprises, (passive) air sampling, 
toxicogenomics, non-targeted analysis and identification of transformation 
products and their presence in air.

4.05.02  A Comprehensive Comparison of Indoor vs. Outdoor Air 
Quality in the United States
B.N. Rivera, C.C. Ghetu, Oregon State University / Environmental 
and Molecular Toxicology; D. Rohlman, Oregon State University / 
Environmental and Occupational Health Sciences; K.A. Anderson, 
Oregon State University / Environmental and Molecular Toxicology
Americans spend approximately 90% of their time indoors, with vulner-
able populations (children, elderly, individuals with chronic illnesses) 
spending even more of their time inside. Indoor pollutants have been iden-
tified at concentrations 2 to 5x higher than outdoors, and are influenced 
by indoor emission rate, rate of transport from outdoors, and removal 
via ventilation or filtration. Additionally, shifts in building construction, 
composition of building materials, and increases in use of consumer 
products indoors has resulted in increased exposure to volatile (VOCs) 
and semi-volatile organic compounds (SVOCs). Health effects associated 
with exposure to VOCs include, but are not limited to, irritation of the 
eyes, nose and throat, damage to the liver, kidney, and central nervous 
system, and cancer. Certain SVOCs are classified as endocrine disrup-
tors, immunotoxicants, neurotoxicants, and carcinogens. Traditionally, 
researchers have focused on the presence of VOCs or individual classes 
of SVOCs. However, few studies have investigated a broad range of 
chemical compounds in indoor air, and the influences of consumer and 
household behavior, and geographic location in the United States. In this 
study, low density polyethylene stationary air samplers were deployed at 
25 different locations, with representation in each region in the United 
States. Stationary samplers were placed inside and outside the home, 
and participants completed a survey evaluating household and consumer 
behavior. In order to have a thorough understanding of chemical composi-
tion, a comprehensive chemical analysis was conducted. The presence of 
over 1,630 individual analytes, and nine different chemical categories was 
evaluated including: VOCs, oxygenated polycylic aromatic hydrocarbons 
(OPAHs), PAHs, Flame Retardants, Pesticides, Phthalates, Industrial 
Chemicals, and Personal Care Products. Differences in chemical profiles 
and concentrations, as well as the influence of housing characteristics and 
consumer behavior were compared at each location, and between each 
location. Future directions include a human health risk assessment for 
VOCs and SVOCs indoors, to elucidate potential health effects associated 
with prolonged exposure to these chemical compounds. Data from this 
study identify which chemical categories are more likely to occur indoors, 
as well as influences of these exposures, and potential health effects asso-
ciated with these exposure profiles.

4.05.03 Indoor Exposure to Disinfecting Chemicals During the 
COVID-19 Pandemic
G. Zheng, Indiana University / ONeill School of Public and 
Environmental Affairs; A. Salamova, Indiana University / SPEA
Staying safe during the COVID-19 (SARS-CoV-2) pandemic requires 
a significantly increased use of disinfectants in our homes. Quaternary 
ammonium compounds (QACs) are the major class of disinfectants used 
in cleaning products. Exposure to these compounds has been associated 
with fertility decline, asthma, and other breathing problems in humans. 
However, few studies have explored human exposure to QACs through 
indoor dust even though QACs are shown to be easily attached to solid 

airborne particles. In this study, we have investigated the occurrence and 
distribution of 18 QACs [6 benzylalkyldimethyl ammonium compounds 
(BACs), 6 dialkyldimethyl ammonium compounds (DDACs), and 6 alk-
yltrimethylammonium compounds (ATMACs)] in indoor residential dust 
collected during the outbreak of COVID-19. Fifteen out of 18 targeted 
QACs were detected in dust with detection frequencies of > 50% and a 
median ∑QAC concentration of 1300 ng/g. BACs with 14 and 16 carbons 
in their structure (C14- and C16-BAC) were the most abundant QACs 
in these dust samples, accounting for 80% of the ∑QAC concentrations. 
Higher QAC concentrations were found in dust collected in homes with 
more intense application of disinfectants (p< 0.05). In addition, several 
commonly used household disinfecting products used in these homes 
were analyzed for QACs. The pattern of QACs in most products used in 
homes was similar to that found in dust. These results suggest QACs can 
accumulate in indoor dust when disinfectants are used in homes and thus 
pose long-term exposure to residents.

4.05.04 Evaluating Consumer Exposure to Disinfecting Chemicals 
Against Coronavirus Disease 2019 (COVID-19) and Associated 
Health Risks
D. Li, University of Nevada, Reno / Community Health Sciences; A. 
Sangion, University of Toronto, Scarborough and ARC Arnot Research 
and Consulting, Inc. / Department of Physical and Environmental 
Sciences; L. Li, University of Nevada, Reno / Community Health Sciences
Disinfection of surfaces has been recommended as one of the most effec-
tive ways to combat the spread of novel coronavirus (SARS-CoV-2) that 
causes coronavirus disease 2019 (COVID-19), even in the post-COVID-19 
world. However, overexposure to disinfecting chemicals may lead to unin-
tended human health risks. Little attention has been paid to the exposure 
risks of disinfecting chemicals before the COVID-19 outbreak. This 
presentation will report our model-based estimation of human exposure 
to 22 disinfecting chemicals, which are on the lists of recommended by 
various governmental agencies against COVID-19. The work is done on 
an indoor fate and human exposure model as a part of the PROduction-
To-EXposure (PROTEX) model. We consider three near-field exposure 
routes, i.e., mouth-mediated oral ingestion, inhalation, and dermal absorp-
tion, to calculate the aggerated exposure caused by a single use per day 
for three age groups, i.e., 3-year-old, 14-year-old, and 24-year-old, after 
surface cleaning and during handwashing. Both the whole-body daily 
uptake doses and blood concentrations are estimated and compared with 
corresponding toxicological data for risk assessment. Our results indicate 
that both the total exposure and relative contribution from each exposure 
route vary considerably among the disinfecting chemicals due to their 
diverse physicochemical properties and indoor fate. 3-year-old children 
have consistent higher exposure than other age groups, especially in the 
post surface cleaning scenario, due to their more frequent hand contact 
and mouthing activities. Due to the short duration of handwashing, we do 
not expect any health risk from the use of disinfecting chemicals in hand-
washing. In contrast, exposure from the surface application of certain 
chemicals may result in health risks for certain age groups especially chil-
dren, even chemicals are used only once a day. Interestingly, a substantial 
difference is found between the results of risk assessments based on 
whole-body uptake doses and in vivo toxicological data and those based 
on blood concentrations and in vitro bioactivity data, with the latter tend 
to show fewer risks. Our results reveal the most important exposure routes 
for disinfecting chemicals used in the indoor environment; they also high-
light the need for more accurate data for both physicochemical properties 
and toxicity to better understand the risk arising from increased use of 
disinfecting chemicals.
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4.05.05  Occupational Exposure to Phthalates and 
Organophosphorus Esters and Among Canadian Nail Salon Workers
L.V. Nguyen, University of Toronto, Scarborough / Department of 
Physical and Environmental Sciences; V.H. Arrandale, University of 
Toronto & Ontario Health (Cancer Care Ontario) / Occupational and 
Environmental Health Division, Dalla Lana School of Public Health & 
Occupational Cancer Research Center; S. Kalenge, Cancer Care Ontario 
/ Occupational Cancer Research Centre; T.L. Kirkham, University of 
Toronto & Ontario Health; L. Holness, St. Michaels Hospital; M.L. 
Diamond, University of Toronto / Department of Earth Sciences
Nail care services in North America have been growing over the past 
three decades. Most nail salon workers are female and new immigrants. 
Those workers are potentially exposed to various hazardous compounds 
including phthalates and organophosphorus esters (OPEs). Exposure to 
some phthalates and OPEs has been associated with several human health 
effects such as reproductive and neurodevelopmental effects. Previous 
studies have found phthalate air concentrations in beauty salons were 
the highest concentrations relative to offices, homes and public places. 
Hence, nail salons workers potentially face the high risk to inhalation 
exposure to elevated levels of phthalates and OPEs. Here, we report on 
concentrations and profiles of selected phthalates and OPEs in air at nail 
salons in Toronto, Canada. Sixty air samples were taken from 47 nail 
salon workers during ~ 8 working hours in 18 Toronto nail salons. Air 
samples were collected using OSHA versatile samplers (PUF/XAD-2/
PUF sandwich) connected to an SKC pump running at ~2 L/min and 
analysed for 10 phthalates and 19 OPEs by gas chromatography with mass 
spectrometry. Only compounds with detection frequencies more than 
70% are reported. Concentrations below the limit of detection (LOD) 
were substituted with LOD/2. Diethyl phthalate (DEP), the most abundant 
compound among all compounds measured with median values of 460 
ng m-3, accounted for 28% of total air concentrations. Six phthalates and 
four OPEs were detected in >70% of air samples in the order of decreas-
ing abundance: DEP > DIBP > DNBP > TCIPP > TCEP > DMP > DEHP 
> DEHTP=TPhP > TDCIPP. Total air levels of phthalates were ~ 2.5 
times higher than those reported in a Canadian office and ~ 2 times lower 
than those reported from US hair and nail salons. Median levels of DnBP 
and DEHP, which are prohibited compounds for use in cosmetics, were 
330 and 37 ng m-3, respectively. Median level of DnBP were comparable 
to those reported in n US nail and hair salons and ~ 3 times higher than 
those found in 2 Canadian offices. Levels of TCEP, TCIPP and TPhP 
found here were up to 30 times higher than those reported for non-
occupational participants in US. In conclusion, our results suggest that 
nail technicians in Toronto are exposed via inhalation to some restricted 
phthalates at relatively high levels and exposed to OPEs at higher levels 
than non-occupational participants.

4.05.06  Human Exposure to Semi-Volatile Organic Compounds 
(SVOCs) in Social Housing Apartments Using Quantitative Filter 
Forensics
Y. Wan, University of Toronto / Physical and Environmental Sciences; 
M.L. Diamond, University of Toronto / Department of Earth Sciences; 
J.A. Siegel, University of Toronto / Civil and Mineral Engineering
Many semi-volatile organic compounds (SVOCs), such as phthalates, 
have higher concentrations indoors than outdoors. Phthalates are used as 
additive plasticizers and mainly released from consumer products (e.g. 
air freshers) and building materials (PVC wallpaper) indoors. In contrast, 
polycyclic aromatic hydrocarbons (PAHs) have both indoor and outdoor 
sources, such as indoor cigarette smoking and traffic emissions. Many 
indoor sampling studies have focused on households with middle-to-high 
socioeconomic status (SES), whereas residents with low-SES in social 
(government-assisted) housing are vulnerable to adverse health out-
comes and yet have received much less attention with respect to indoor 
SVOC exposures. The quantitative filter forensics (QFF) approach with 
central heating, ventilation and air conditioning (HVAC) systems can 
be used to characterize the time-averaged concentrations of particulate-
bound contaminants captured on the HVAC filters. Our study aimed to 

document concentrations of phthalates and PAHs collected from portable 
air filters with the goal of assessing human exposure to these SVOCs in 
airborne particles in low-SES social housing. An air cleaner with a HEPA 
filter was deployed for one week in 36 – 55 apartments in seven social 
housing multi-unit residential buildings (MURBs) located in Toronto, 
Canada, during the late spring of 2015 and the late spring and winter of 
2017. All filters deployed were recovered for analysis by GC-MS in EI 
mode, and chemical mass collected was converted to air concentrations 
using the gravimetric analysis as well as the filter flow rate and filtration 
efficiency. DEHP and phenanthrene were the dominant phthalate and 
phenanthrene measured in the HEPA filter, with median concentrations 
of 141 ng/m3 and 0.841 ng/m3, respectively. Similar to the silicone rubber 
passive air samplers that were deployed in 2017, no seasonal differences 
were observed for most of the SVOCs collected by the filters. Even though 
most residents in social housing have odour complaints, we did not 
observe DEP concentration differences between units with and without 
self-reported scented products present. Units with evidence of cigarette 
smoking had significantly higher concentrations of all highly detected 
PAHs. Extraction from filters is a promising approach to assess exposure 
to particle-bound SVOCs.

4.05.07 Characterizing Sensitization Potential of Azobenzene 
Disperse Dyes in Athletic Clothing and in the Indoor Environment
K. Overdahl, Duke University / Nicholas School of the Environment; B. 
Bobay, D.M. Gooden, Duke University / Department of Chemistry; C. 
Kassotis, Duke University / Nicholas School of the Environment; G.J. 
Getzinger, Duke University / Civil and Env. Engineering; A. Phillips, 
ORISE at USEPA / Computational Toxicology and Exposure; K. Hoffman, 
H.M. Stapleton, Duke University / Nicholas School of the Environment; 
L. Ferguson, Duke University / Civil and Environmental Engineering, 
Nicholas School of the Environment
Azobenzene disperse dyes, used to color synthetic fabrics, account for 
70% of the 9.9 million tons of industrial dye colorant used annually, yet 
occupational evidence suggests that they are contact allergens in cloth-
ing. Our research group and others have found that azobenzene disperse 
dyes are widely present in house dust. However, little is known about 
specific occurrences of these dyes in clothing or in the indoor environ-
ment, nor their health implications following exposure. Scarcity of data 
is due in part to the lack of purified reference standards. Here, we report 
on identifications of 15 azobenzene disperse dyes in children’s athletic 
apparel and house dust samples, and on sensitization activities of these 
dyes at exposure-relevant concentrations. Dyes were isolated by extrac-
tion from 13 commercial dye mixtures via Soxhlet extraction, followed 
by purification using CombiFlash Rf+ Chromatography. Purity and 
identity were evaluated using high-performance liquid chromatogra-
phy (HPLC) with diode array detection (DAD), high-resolution mass 
spectrometry (HRMS), and nuclear magnetic resonance spectroscopy 
(NMR). Children’s athletic apparel was purchased locally, and a 1 in2 
fabric square of each apparel sample was extracted via Soxhlet extraction. 
House dust samples were collected from 190 homes with small children 
in the Toddlers Exposure to SVOCs in Indoor Environments (TESIE) 
study (2014-2016) in central North Carolina. We used Orbitrap HPLC-
ESI-HRMS/MS analysis to identify and quantify 15 dyes in children’s 
apparel and in house dust: the 10 in-house purified compounds as well as 
the commercially-available dyes Disperse Orange 25, Disperse Orange 37, 
Disperse Orange 61, Disperse Blue 373, and Disperse Violet 93. We found 
that azobenzene disperse dyes are present at levels up to 140 ng dye/g 
house dust in up to 82% of homes, and are present at comparable levels 
in 100% of sampled apparel. Because covalent binding to nucleophilic 
proteins is a strong indicator for chemical sensitization potential, we used 
in vitro Direct Peptide Reactivity Assays (DPRA) to measure covalent 
protein binding. Results showed that azobenzene dyes bind to proteins 
in a dose-response manner with EC30 values as low as 0.05mM and that 
these values correlate with electrophilicity index and logKow, suggesting 
that contact and environmental exposures to azobenzene disperse dyes 
may present sensitization risks.
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4.05.08 Are Melamine and its Derivatives the Alternatives for Per- 
and Polyfluoroalkyl Substance (PFAS) Fabric Treatments in Infant 
Clothes?
G. Zheng, Indiana University / ONeill School of Public and 
Environmental Affairs; A. Salamova, Indiana University / SPEA
Per- and polyfluoroalkyl substances (PFAS) and melamine-based 
compounds (MEL) are used in textile finishing as grease-, stain-, and 
water-repellents. Here, we investigated the occurrence of a large suite 
of PFAS and MEL in 86 infant clothing items. Both chemical groups 
were detected in each clothing item. ΣMEL concentrations ranged from 
n.d.-117,000 ng/g with a median concentration of 78.2 ng/g, significantly 
higher (p < 0.05) than ΣPFAS levels (range 1.22-203 ng/g; median 3.62 
ng/g). Melamine and its derivatives were found at the highest levels 
in nylon outerwear (median 32,800 ng/g), followed by organic cot-
ton (median 6,120 ng/g). In a simulated laundering experiment, ΣMEL 
concentrations in clothing decreased on average by 57% and 86% when 
washed in cool (20 0C) and warm water (50 0C), respectively. This per-
centage lost increased to 95% and 97%, respectively, when washed with a 
detergent. The estimated daily intakes (EDI) of MEL and PFAS through 
dermal absorption from nylon clothes were 3 orders of magnitude higher 
than those from the non-nylon clothes. These EDIs decreased by more 
than half for MEL and went down to zero for ΣPFAS when the exposure 
from washed clothes was considered.

4.05.09  Characterizing Per- and Polyfluoroalkyl Substances in 
an Exposed Population in North Carolina: Associations Between 
Drinking Water and Serum
S. Hall, K. Hoffman, G.H. Tait, S. Zhang, Duke University / Nicholas 
School of the Environment; N.J. Herkert, Duke University / Civil and 
Environmental Engineering; H.M. Stapleton, Duke University / Nicholas 
School of the Environment
Per- and polyfluoroalkyl substances (PFAS) are widespread environmen-
tal contaminants linked to numerous human health effects. Drinking 
water is one primary source of exposure to PFAS as most drinking water 
treatment technologies do not efficiently remove these contaminants. 
However, we do not have clear data on the relationship between PFAS 
in water and serum, especially for the less well-characterized shorter-
chain compounds. This study focuses on a community in North Carolina 
that has been exposed to PFAS through drinking water, and specifi-
cally exposed to several short-chain (C4-C7) perfluoroalkyl acids (e.g., 
perfluorohexanoic acid, PFHxA). Analysis of tap water samples collected 
from this community found that the sum total of 13 different PFAS was 
as high as 760 ng/L. To further understand the exposure potential in the 
community, we recruited 50 local participants and asked each to provide 
paired drinking water and blood samples for PFAS analysis. To further 
understand the temporal variability in exposure, paired water and serum 
samples were collected at two timepoints, two months apart. Samples 
were quantified for a suite of PFAS using liquid chromatography-tandem 
mass spectrometry. Our results demonstrate that the most abundant PFAS 
in the water were PFPA, PFHxA, and PFHpA. Ranges in total PFAS 
concentration from this population varied from non-detectable to 460 
ng/L, with variation likely due to differences in water filtration. Of the 
most abundant PFAS detected in water, PFHxA contributed on average 
about 33% of the total median PFAS, PFPA about 24%, and PFHpA about 
16%. Other PFAAs, such as PFBA and PFOA, contributed to most of the 
remaining 27%. Median levels of total PFAS in water declined from 105 
ng/L in November 2019 to 32 ng/L in February 2020. Data will also be 
analyzed to evaluate differences by sex and water filtration as these are 
important variables that affect the relationship between PFAS levels in 
water and serum. For example, participants using reverse-osmosis filters 
or bottled water had no detectable PFAS (less than the method detection 
limit, < MDL) in their water samples. This study provides important 
information on the contribution of drinking water exposure to serum 
PFAS levels and the contribution of temporal variability in PFAS water 
levels.

4.05.10 A Survey of Pharmaceuticals in Minnesota Source and 
Treated Drinking Water
S. Elliott, U.S. Geological Survey / Upper Midwest Water Science Center; 
J. de Lambert, S. Robertson, Minnesota Department of Health / Source 
Water Protection
The common occurrence of unregulated contaminants in aquatic envi-
ronments has been well documented. Consequently, it is plausible that 
drinking water sources can contain unregulated contaminants. Because 
federal regulatory mandates and resources do not exist for unregulated 
contaminants, such as pharmaceuticals, they are not routinely moni-
tored in source and treated drinking waters. During 2019, the Minnesota 
Department of Health sampled source and treated drinking water from 
47 facilities across Minnesota suspected to be vulnerable to wastewater 
influences. Samples were analyzed for 110 pharmaceuticals. Fifteen of 
the drinking water facilities are sourced from surface water; these sites 
were sampled twice to try to capture some of the anticipated temporal 
variability. Preliminary results show that 19 different pharmaceuticals 
were detected in at least one sample. Most pharmaceuticals were detected 
in < 10 samples; metformin was an exception, which was detected in 15 
samples. Similarly, < 10 pharmaceuticals were detected in most individual 
samples. Concentrations of individual pharmaceuticals ranged from 1.3 
(carbamazepine; antiseizure) to 16,000 ng/L (gabapentin; nerve pain/
antiseizure). Total concentrations of all pharmaceuticals detected in each 
sample ranged from 2.2 to 16,300 ng/L. Generally, more pharmaceuticals 
were detected, and at higher concentrations, in source water compared 
to treated drinking water, indicating that some pharmaceuticals may be 
removed during the treatment process. We assessed the potential hazard 
to human health by comparing detected concentrations in treated water 
samples to MN Department of Health drinking water guidance or screen-
ing values and toxicity information available in the US Environmental 
Protection Agency’s ToxCast database. Preliminary results indicate that 
the hazard to human health may be low. Results from this study pro-
vide foundational data of the presence of pharmaceuticals in Minnesota 
municipal drinking water.

4.05.11  Treated Municipal Wastewater as a Significant Point-
Source of Neonicotinoids to a Small Effluent-Dominated Stream: 
Implications for Aquatic Biota and Human Exposure
G.H. LeFevre, D. Webb, H. Zhi, University of Iowa / Civil and 
Environmental Engineering; D.W. Kolpin, U.S. Geological Survey 
/ Central Midwest Water Science Center; R. Klaper, University of 
Wisconsin, Milwaukee / School of Freshwater Sciences; L.R. Iwanowiicz, 
U.S. Geological Survey / Leetown Science Center
Neonicotinoid insecticides have become ubiquitous in water due to 
their widespread use, mobility, and persistence. While most neonicoti-
noid research has focused on impacts to pollinators and impacts from 
agricultural sources, this study examines neonicotinoids in a wastewater 
effluent dominated stream. At an established field-study site (Muddy 
Creek, North Liberty, Iowa) over 1 year, we collected biweekly grab 
samples during baseflow conditions from four locations in this first-order 
effluent-dominated stream: 0.1 km upstream of outfall (US1), effluent, 
0.1 km downstream of outfall (DS1), and 5.1 km downstream of outfall 
(DS2). Samples were analyzed for the three most commonly applied 
neonicotinoids (imidacloprid, clothianidin, and thiamethoxam) and one 
representative metabolite (imidacloprid urea). Imidacloprid was detected 
in 100% of all samples (maximum concentration of 849 ng/L in effluent), 
with an average effluent concentration 14-fold greater than measured 
at US1. Imidacloprid concentrations in the effluent exceeded chronic 
invertebrate US Environmental Protection Agency aquatic life bench-
marks in 94% of effluent samples and 37% of DS2 samples compared to 
11% of US1 samples. Clothianidin and thiamethoxam were also present 
(100%, 83%, respectively) in the samples collected from this study reach 
at concentrations up to 134 ng/L. Chronic exposure of aquatic biota to 
neonicotinoids occurred throughout the year, with some seasonal patterns 
evident. Several unexplained spikes in the effluent occurred that persisted 
through the reach. Additionally, neonicotinoids were largely transported 
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conservatively through the 5.1 km reach, with some potential formation of 
imidacloprid metabolites. Based on the population of the sewershed, we 
estimated potential household contributions to neonicotinoids in sampled 
effluent. Two novel take-homes from this study are: (1) treated municipal 
wastewater can serve as a constant point-source of neonicotinoids expos-
ing aquatic biota, particularly in small effluent-dominated streams during 
baseflow conditions when dilution is limited, and (2) elevated concentra-
tions of neonicotinoids in municipal wastewater (no stormwater) suggests 
an underappreciated route of human exposure to neonicotinoids, likely 
from use in homes or businesses.

4.05.12 Target Screening of Plant Secondary Metabolites in River 
Waters by Liquid Chromatography Coupled to High Resolution 
Mass Spectrometry
M. Nanusha, M. Krauss, Helmholtz Centre for Environmental Research 
/ Department of Effect-Directed Analysis; C.D. Schoensee, B.F. 
Guenthardt, T.D. Bucheli, Agroscope / Environmental Analytics; W. 
Brack, Helmholtz Centre for Environmental Research / Effect-Directed 
Analysis
Substantial efforts have been made to monitor potentially hazardous 
anthropogenic contaminants in surface waters while for plant secondary 
metabolites (PSMs) almost no data on occurrence in the water cycle are 
available. These metabolites enter river waters through various pathways 
such as leaching, surface run-off and rain sewers or input of litter from 
vegetation and might add to the biological activity of the chemical mix-
ture. To reduce this data gap we conducted a LC-HRMS target screening 
in river waters from two different catchments for 150 plant metabolites 
that were selected from a larger database considering their expected abun-
dance in the vegetation, their potential mobility, persistence and toxicity 
in the water cycle and commercial availability of standards. The screening 
revealed the presence of 12 out of 150 toxic PSMs including coumarins 
(bergapten, scopoletin, fraxidin, esculetin and psoralen), a flavonoid 
(formononetin) and alkaloids (lycorine and narciclasine). The individual 
compounds, narciclasine and lycorine were detected at concentrations up 
to 3 µg/L and esculetin and fraxidin occurring at concentrations above 
1 µg/L. Nine compounds occurred at concentrations above 0.1 µg/L, 
i.e. the Threshold for Toxicological Concern (TTC) for non-genotoxic 
and non-endocrine disrupting chemicals in drinking water. Our study 
provides a first insight into potentially biologically active PSMs in surface 
waters and recommends their consideration in monitoring and risk assess-
ment of water resources. This is currently hampered by a lack of effect 
data including toxicity to aquatic organisms, endocrine disruption and 
genotoxicity and demands for involvement of these compounds in biotest-
ing. Key words: Natural toxins, bioactive compounds, mixture toxicity, 
surface water, emerging contaminants

4.05.13  Historical Usage of Per- and Polyfluoroalkyl Substances 
(PFAS)
L. Gaines, U.S. Environmental Protection Agency / OLEM OSRTI SPB
Per- and polyfluoroalkyl substances (PFAS) have been used since the 
1940s. They have been extremely useful for putting out fires, controlling 
dust emissions from metal plating operations, cleaning a variety of items, 
and conferring water and oil resistance on paper and textiles. However, 
they have been used by a variety of other industries due to their unique 
properties. As more PFAS contamination is found in the environment, it 
is important to more fully understand the different ways that PFAS has 
been used historically. By searching the scientific literature, manufactur-
ing information, and patents, a more complete picture of historic usage 
formed. Results from this literature search will be presented. The views of 
the authors of this abstract are those of the authors and do not represent 
Agency policy or endorsement.

4.05.14  Geographic Variability in PFAS Serum Concentrations from 
Pregnant Women
N. DeLuca, A. Mullikin, R. Slover, K. Thomas, B. George, L. Stanek, N. 
Grokhowsky, E. Cohen Hubal, U.S. Environmental Protection Agency
The National Children’s Study (NCS) Vanguard Study pilot tested 
recruitment methods and protocols designed for the NCS Main Study. 
The Vanguard Study recruited over 1,000 pregnant women from seven 
locations in the U.S. during 2009 and 2010 in preparation for the NCS 
Main Study. The NCS Main Study was not launched but would have 
been a nationally representative longitudinal birth cohort study intended 
to assess relationships between environmental and other exposures and 
children’s health in the United States. Most women who participated 
in the Vanguard Study had at least one home visit during pregnancy to 
collect biomonitoring specimens, environmental samples, and question-
naire data. In this work, we analyze archived data obtained from the NCS 
Vanguard Study Vanguard Data and Sample Archive Access System 
for PFAS concentrations in the serum of 427 pregnant women from 
seven county-level locations throughout the U.S. to increase understand-
ing of the relative importance of various exposure pathways on serum 
concentrations. Analyses of geographic variability in exposures include 
summary statistics and tests of differences for PFAS serum concentra-
tions in the sampling locations. We also assess geographic variability in 
PFAS exposures for several self-reported demographic groups, housing 
characteristics, water sources, and eating habits. The analysis of NCS 
Vanguard Study data improves understanding of the relative importance 
of various PFAS exposure pathways and associations at the community 
and household levels. By better identifying vulnerable populations and 
locations with high potential PFAS exposures, our work contributes to 
maximizing the efficacy of risk management strategies. Disclaimer: The 
views expressed in this presentation are those of the authors and do not 
necessarily represent the views or policies of the U.S. Environmental 
Protection Agency.

4.05.16  Solid-Phase Microextraction of Perfluorinated Compounds 
in Biological Matrices
A.A. Brennan, J.L. Ford, U.S. Environmental Protection Agency / ORD/
CCTE/CCED/AACMB
Measurements of non-ionic perfluorinated compounds (PFCs) in biologi-
cal matrices, including plasma, are needed for accurate determination 
of internal dose. Traditional sample preparation techniques for extract-
ing these target compounds from plasma are time consuming and could 
result in lower recoveries for the more volatile PFCs. For comparison and 
possible performance improvements, liquid-liquid extraction (LLE) will 
be compared to solid-phase microextraction-GC/mass spectrometry (MS) 
techniques for extraction of target compounds from plasma. Other non-
ionic PFCs have been successfully extracted from water and sediment 
samples using headspace-solid-phase microextraction (SPME) resulting 
in reduced sample preparation time and matrix interferences during quan-
titation compared to traditional techniques. Extending high throughput 
SPME techniques to biological matrices for PFCs could result in similar 
improvements and decreased detection limits. Initially, both headspace 
and direct-immersion SPME will be assessed to determine which tech-
nique yields the highest extraction efficiency for the target compounds. 
After selection of the specific SPME technique, SPME parameters such 
as fiber coating, phase volume, extraction temperature, extraction time, 
addition of organic additives, and GC desorption temperature and time 
will be optimized using standards spiked into blank plasma matrix. A 
final side-by-side comparison of LLE and the optimized SPME technique 
for the target compounds will be conducted with spiked plasma matrix 
for at least 3 concentrations and 7 replicates. Results from this study will 
include accuracy, precision, detection limits, and signal to noise ratios for 
each compound and method. If the SPME technique shows promise in 
these proof of concept studies, additional extension of SPME techniques 
to biological matrices other than plasma could be investigated. The views 
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expressed in this abstract are those of the authors and do not necessar-
ily represent the views or policies of the U.S. Environmental Protection 
Agency.

4.05.17 Human Biomonitoring of Neonicotinoid Insecticides in 
Three Prefecture, Japan
M. Honda, Institute of Nature and Environmental Technology Kanazawa 
University; H. Satone, Niigata Agro-Food University; H. Kawashima, 
Akita Prefectural University; Y. Oshima, Faculty of Agricutlure, Kyushu 
University / Fisheries
Neonicotinoid insecticides are a one of the most widely using pesticides in 
current world. Since the 1980s, because of their insect specific neurotox-
icity, these chemicals used for the extermination of pests in house and 
agriculture. The widespread use of neonicotinoids has led to measur-
able concentrations in broad range of environment, in many agricultural 
products and processed foods. These issues have raised concern about 
neonicotinoids in terms of human exposure and potential health risks. 
Studies of the exposure of humans to neonicotinoids and their metabolites 
are essential to estimate exposure pathways and potential health risks. 
However, few biomonitoring of neonicotinoids and their metabolites in 
human was reported previously, especially in Asia where a one of the 
most pesticides consumed area in current world. In this study, we are 
collecting spot urine samples and questionnaire that asking personal 
data (physical, habitat, and food habitat) from three prefecture (Niigata, 
Ishikawa, and Fukuoka) in Japan. Using the concentration data of neo-
nicotinoids and personal data, we estimate the exposure level, situation, 
and pathway of neonicotinoid in Japan. Additionally, we compare the 
site difference of neonicotinoids concentration among sampling sites. In 
the results, the most frequently detected compound was Acetamiprid-N-
desmethyl (84.4%), metabolite of Acetamiprid, following thiamethoxam 
(52.3%). Detected frequencies of neonicotinoids were relatively low, and 
it is considered that these are caused by short half-life of neonicotinoids 
in human body. No significant difference among three sampling sites was 
detected. The result of correlation analysis between detected concentra-
tion and personal data, vegetable preference of donor was positively 
correlated with both analyte concentrations. In conclusion, neonicotinoid 
pollution is distributed in human society in Japan, and further biomonitor-
ing is required.

4.05.18 Multiresidue Pesticide Analysis by Gc-Ms in Breast Milk 
Samples from Colombia
B. Johnson-Restrepo, University of Cartagena / School of Exact and 
Natural Sciences; L. Tao, Harvard University; C.A. Lu, Harvard T.H. 
Chan School of Public Health / Environmental Health,
The postnatal exposure to environmental chemicals such as persistent 
organic pollutants and organochlorine/organophosphate/pyrethroid 
pesticides through ingestion of breast milk is a concern around the world. 
Analysis of environmental chemicals in breast milk provides a mean 
not only to assess the contaminant burden in mothers but also to assess 
exposure to neonates feeding on breast milk. Therefore, it is important 
to develop and validate analytical methods in order to obtain confidence 
and trusted results. The aim of the project was to develop and validate 
a method to determine pesticide levels in milk samples. Materials and 
Methods. We employed Matrix Solid-Phase Dispersion (MSPD) method 
for extraction from powder milk samples previously freeze drying to get 
a powder milk. The method was validated for 75 organchloride, organo-
phosphorus, and pyrethroid pesticides for powder milk samples using 
a gas chromatography coupled with mass spectrometry (GC-MS) in 
selective ion monitoring mode. In order to remove co-extracted lipids, the 
extracts were pass through a two-layer home-made SPE cartridge con-
taining PSA (750 mg) and neutral alumina (1 g) was used in the cleanup 
steps. Acetonitrile was used as solvent to elute the pesticide analytes (5x2 
ml). Fortification studies which included the entire analytical procedure 
were evaluated by spiking 13C-labelled internal and native surrogate 
standards. In addition, human breast milk samples (n=46) were analyzed 
using the MSPD method. Results: Mean percent recovery were 90 ± 8 

for organochlorides, 83.4 ± 12 for organophosphates, and 83.2 ± 12 for 
pyrethroids in liquid milk samples and 80 ± 13 for organochlorides, 78.9 
± 12 for organophosphates, and 75.5± 17 for pyrethroids in powder milk 
samples. The results of concentrations of human breast milk samples were 
on Average of organophosphate pesticides varied from 2 ± 8 for phorate 
to 33317 ± 74500 ng/g, lipid base for phosalone. Average concentrations 
of organopesticides varied from 0.3 ± 2 ng/g for cis-nonachlor to for 
662 ± 762 ng/g for Endosulfan II. Average concentrations of pyrethroids 
varied from 10 ± 8 for fenpropathrin to 3059 ± 2356 ng/g for Phenothrin-1. 
Conclusions: MSPD and SPE for extraction and clean-up, respectively 
were effective techniques for the determination of multiresidue pestidides 
in breast milk samples.Acknowledgments:Thanks to Colciencias and 
Universidad de Cartagena for supporting the project No. 110759634967. 
References: B. Johnson-Restrepo, R. Addink, C. Wong, K Arcaro, K. 
Kannan. (2007). J. Environ. Monitor. 9 (11), 1205-1212.

4.05.19  Wildfire Impact on Indoor/Outdoor Air Quality and 
Chemical Movement of PAHs
C.C. Ghetu, Oregon State University / Environmental and Molecular 
Toxicology; D. Rohlman, Oregon State University / Environmental and 
Occupational Health Sciences; B. Smith, K.A. Anderson, Oregon State 
University / Environmental and Molecular Toxicology
This study focused on the development and testing of a community 
engaged approach to better understand the fate of polycyclic aromatic 
hydrocarbons (PAHs) from wildfires, and the potential for human expo-
sure. Wildfire smoke contains many chemicals that may impact health, 
but these exposures are largely unknown. Current public health recom-
mendations are often based on risks to particulate matter and do not 
take into consideration chemicals present in the vapor phase. Therefore, 
understanding the distributions of gas-phase PAHs in relation to wild-
fire events is important for improving public health recommendations.
Passive sampling devices were deployed in air at 13 sites, and co-deployed 
at the air and soil pore air interface at 5 sites across Washington, Idaho, 
California and Oregon from September to October during the wildfire 
season in 2018 and 2019. Additional sampling is being collected in 2020. 
Participants were recruited using a convenience sample, and received 
training materials and samplers by mail. Samplers were placed in a room 
inside and outside the home for about three weeks. PSDs were extracted 
and analyzed by gas chromatography mass spectrometry for parent and 
alkylated PAHs and alkylated PAHs specific to forensic source determina-
tion. Air Quality Index data, NASA satellite imaging and NOAA wildfire 
smoke density data was also collected for the corresponding locations 
during the sampling periods. Each year, individual data sets were returned 
to study participants. PAHs were detected at all sites sampled, with the 
majority comprising of 2-4 rings compounds. Results also indicate that 
PAH concentrations in the air are higher indoors than outdoors, even in 
locations where the home was not a primary residence. Alkylated PAHs 
were up to a seven orders of magnitude higher indoors than outdoors. 
Forensic sourcing results indicate a difference in PAH exposures between 
indoor and outdoor air. The bulk movement of vapor phase contaminants 
between the soil and air is referred to as diffusive flux. The diffusive flux 
between air and soil using PSDs during wildfire season will be demon-
strated for the first time in this study.

4.05.20 Exposure Risks of Polycyclic Aromatic Hydrocarbons in 
Urban Air in a Residential Area of Lagos, Nigeria
R. Alani, O. Akinrinade, O. Ayejuyo, University of Lagos / Chemistry
Polycyclic Aromatic Hydrocarbons (PAHs) are regarded as air toxics 
and potential cancerous substances particularly the benzo(a)pyrene. 
Anthropogenic sources involving incomplete combustion and similar 
activities are considered the main stream of environment concentrations. 
Such activities are generally dominant in Nigeria environment includ-
ing domestic and municipal open wastes burning, power generating set 
and high fossil fuel vehicular traffic. The present study was initiated in 
the aftermath of Olusosun dumpsite (a mega open dumpsite in Lagos, 
Nigeria) explosion. Unfortunately, sampling did not start until about two 
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weeks after the incident. PAHs were capture with Passive Air Sampler 
involving poly-urethane foam (PAS-PUF) in a residential location proxi-
mate to the dumpsite. The derived PAHs air concentrations were found 
between < bdl to 14.56 ng m-3 with a predominant composition of the 
3-ring congeners. The ∑15PAHs was found between 24.04 to 34.96 ng m-3 
and the highest concentrations was recorded in the first sampling period 
while the last two periods have fairly related concentrations. The average 
BaPeq concentrations were observed between 0.213 – 0.243 ng m-3. The 
Lifetime Lung Cancer Risk (LLCR), Inhalation Daily Intake (IDI) and 
Cancer Risk (CR) assessment were found between 1.81 x 10-5 – 2.07 x 
10-5, 3.48 x 10-8 – 3.97 x 10-8 and 1.13 x 10-7 – 1.28 x 10-7 respectively, 
suggesting relatively lower risk imposition to the environment. The 
source appropriation involving diagnostic ratios and principal component 
analysis indicated consistent mix petrogenic and pyrogenic sources in all 
the sampling periods. This minimised the potential of a major source con-
tribution from the dumpsite at the study period and also posed potential 
contribution from vehicular traffic and residential sources. 

4.05.21  Health Risk Assessment of Triclosan in the Yangtze River 
Delta Region of China
H. Zhang, J. Zhang, Z. Lu, Chinese Research Academy of Environmental 
Sciences
Objective To examine the level of triclosan (TCS) in China and its 
potential health risk. Methods Keywords such as “Triclosan”, “TCS” and 
“exposure” were selected for retrieval in PubMed, CNKI, Wanfang and 
other databases. We systematically retrieved the literatures were from the 
date of initial inclusion to November 2019. For a total of 2747 literatures 
retrieved. Exclusion criteria: only abstract studies, studies in which the 
statements were obviously contradictory, not relevant or repeated. 54 
were included in the analysis. After analyzing the data, the main expo-
sure scenarios were designed: infants exposed through pacifiers, breast 
milk and drinking water, and adults exposed through water, fruits, fish, 
shrimp, soil, clothes and daily necessities. According to the USEPA data, 
the effect end point was hepatic toxicity, RfDo= 0.047 mg/(kg•day), and 
the effect end point was the occurrence of skin irritation, RfDd= 0.0096 
mg/(kg•day). RfDi was reference RfDd . The entropy method was used 
to evaluate the health risk of TCS in the Yangtze River Delta region of 
China. Results TCS has been detected in surface water and sediment, 
atmosphere, sewage sludge, soil, organisms, food and packaging materi-
als, textiles, daily necessities, etc. It has also been detected in human 
milk, blood, urine, hair and nails. The average total exposure of infants 
was 3.28×10-3 mg/(kg•d), with breast milk intake accounting for 99.95%.
The adult male was 2.23×10-2 mg/(kg•d), with dietary intake accounting 
for 51.11% and daily necessities 35.98%.The adult female was 3.06×10-2 
mg/(kg•d), with dietary intake accounting for 46.30% and daily neces-
sities for 44.51%. The non-carcinogenic risks of TCS for infants, male 
adults and female adults in the Yangtze River Delta region of China were 
0.07, 0.71 and 0.89. Conclusion The non-carcinogenic health risks were 
less than one for TCS in the Yangtze River Delta region of China, but the 
risk of adults were closed to 1, indicating that the health risks of adults 
were worthy of attention. Dietary intake contributed the most, mainly 
from the residue of dishwashing liquid when cleaning fruits and veg-
etables, and toothpaste residue left in the mouth when brushing teeth. It is 
recommended to use proper amount of detergent and rinse them repeat-
edly in wash fruits and vegetables, with proper amount of toothpaste 
to brush teeth, and to rinse your mouth several times after brushing to 
reduce the consumption of TCS in adults, reduce health risks of TCS.

4.05.22  Occurrence and Distribution of Phthalate Esters in 
Household Dust in Chengdu, China
H. Li, The Department of Biology UNC Greensboro / College of 
Environment Science; X. Zhu, Z. Cheng, Sichuan Agricultural University 
/ College of Environment Science
With widespread production and applications, phthalate esters are nearly 
ubiquitous in the environment. Rapid modernization and urbanization 
are known to alter indoor environmental quality. It is necessary to pay 

more attention of the health of our home environment, particularly in the 
special time (COVID-19). The present study is aimed to investigate the 
concentrations, sources and health risks of phthalate esters in household 
dust samples collected form Chengdu, China (n = 69). The results showed 
that total concentrations of 16 phthalate esters varied from 87.9 to 3712 
μg/g with a median of 290 μg/g, being higher at the eastern sites than 
the western sites of Chengdu city. The most abundant phthalate ester 
was di-2-ethylhexyl phthalate (DEHP) (median 151μg/g), accounting for 
52.1% of the total phthalate esters. Phthalate esters in household dust were 
associated mainly with the household chemicals emissions and synthetic 
polymer emission. The presence of pets and windows opening habits 
have strong effects on the concentrations of PAEs in household dust. 
Risk assessment indicated that dust ingestion was the dominant exposure 
route of phthalate esters. The estimated daily intakes (EDI) of phthalate 
esters through the three exposure routes (ingestion, inhalation and dermal 
contact) for children were about 7.50, 1.43 and 5.26 fold higher than 
those of adults, respectively. The carcinogenic risk of human exposure to 
DEHP in household dust (2.54 ×10-6) was greater than the threshold value 
of 10−6. The results indicated that potential carcinogenic risk of DEHP 
in household dust for inhabitants in Chengdu.Thus, special attention 
should be paid to keep the release of DEHP under control, particularly in 
indoor environment. In addition, on the basis of our observations, some 
suggestions to the general population in Chengdu: (1) Opening windows 
frequently to maintaining the indoor air circulation; (2) The pet supplies 
need to be stocked in a fixed place; (3) Increasing the sweeping frequency 
of indoor environment, especially the older houses.

4.05.23  Infant Exposure to Volatile and Semi-Volatile Organic 
Compounds (VOCs and SVOCs) of Concern from the Sleeping 
Micro-Environment
S. Vaezafsh, University of Toronto / Earth Science; M. Śmiełowska, 
Gdansk University of Technology (GUT), Chemical Faculty / Department 
of Analytical Chemistry; Y. Dubowski, Technion - Israel Institute of 
Technology / Civil and Environmental Engineering; M.L. Diamond, 
University of Toronto / Department of Earth Sciences; L. Jantunen, 
Environment and Climate Change Canada / Air Quality Processes 
Research Section
Sleeping micro-environment is a unique environment characterized by 
factors such as elevated temperature, high humidity, low ventilation and 
high CO2 concentrations. Moreover, in rooms of this type, most often 
there are many potential emission sources of chemicals (mattresses, bed-
ding and other upholstered bedroom furniture, personal care products). 
Exposure during sleeping may be important due to the relatively long 
time spent sleeping - in the case of infants it is even 50% per day. Specific 
emission sources could be mattresses which, depending on the material 
and its covering, may potentially contain flame retardants, plasticizers, 
etc. Some of these compounds have been shown to cause adverse health 
effects including those related to the endocrine disruption that could 
contribute to asthma. Few studies have investigated VOCs and SVOCs 
emissions from mattresses for children. Our research concerns the 
determination of the chemical emissions from infant mattresses. VOCs 
emission tests were carried out using the emission chamber. In the section 
devoted to SVOCs emission testing, silicone rubber (polydimethylsilox-
ane or PDMS samplers were used. SVOC emissions were measured as 
functions of 1) room vs. human body temperature, 2) exposure time, 3) 
with and without sheet cover, as well as the bare mattress. The results 
show the significance of chemicals emissions in the sleeping micro-envi-
ronment. Assessed exposure of infants to detected chemicals indicates 
that sleeping micro-environment may be a significant contribution to the 
total exposure of infants.
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4.05.24  Oxidative Potential of Fine Aerosols - Influence of Emission 
Source Sectors and Aerosol Chemical Composition
P. Shahpoury, Z. Zhang, Environment Canada / Air Quality Processes 
Research Section; A. Arangio, Ecole Polytechnique Fédérale de Lausanne 
(EPFL) / School of Architecture, Civil and Environmental Engineering; V. 
Celo, E. Dabek-Zlotorzynska, Environment and Climate Change Canada 
/ Analysis and Air Quality Section; T. Harner, Environment and Climate 
Change Canada / Air Quality Processes Research Section; A. Nenes, 
Ecole Polytechnique Fédérale de Lausanne / School of Architecture, 
Civil, and Environmental Engineering
Air pollution is a major global health risk. It has been associated with 
respiratory and cardiovascular diseases as well as increased mortal-
ity rates. Human exposure to fine particulate matter, with aerodynamic 
diameter ≤2.5 µm (PM2.5), is one of the main causes of the adverse 
effects across the world. Oxidative potential (OP) is often used as a sur-
rogate to estimate one form of PM toxicity; OP is defined as the ability 
of PM-bound chemicals to oxidise the lung antioxidants either directly 
or through catalytic generation of reactive oxygen species. This process 
may result in oxidative stress, inflammation of the epithelial tissue, and 
chronic diseases. OP depends on various factors such as PM chemical 
composition and mass-size distribution. Among PM components, water-
soluble organic species, quinones, and transition metals are the major 
contributors to OP. In this work, we investigated the OP of PM2.5 from the 
National Air Pollution Surveillance sites across Canada, covering urban 
traffic, industrial, residential, and biomass burning source sectors. We 
applied a novel OP method that we developed in-house – it considers the 
reaction of PM with major lung antioxidants in simulated lung lining fluid 
and determines the redox state of the samples. The sample analysis was 
performed using an ultra-high performance liquid chromatograph coupled 
with a triple-quadruple mass spectrometer, and using an electrochemical 
sensor. The results were evaluated through correlation analysis with PM2.5 
constituents including organic matter, black carbon, transition metals, 
biomass-burning markers, organic ligands, as well as the aerosol pH. Our 
findings indicate that the PM2.5 oxidative burden was influenced by the 
emission source sectors, with traffic emission having the highest activity 
followed by industry and biomass burning. Water-soluble metals and 
black carbon were the major contributors to OP, with former being influ-
enced by the levels of aerosol-bound oxalate as well as pH in the aerosol 
aqueous phase. This study provides an insight into how the current trends 
in urbanisation and anthropogenic activities, as well as various emission 
sources contribute to PM composition, human exposure and health risks 
associated with fine inhalable PM.

4.05.25  Safeguarding Children’s Health: Implementing a Texas Safe 
Siting Initiative
M. Willis, D. Cuervo, J. Kessinger, Texas Department of State Health 
Services / Environmental Surveillance and Toxicology; E. Hall, Texas 
Department of State Health Services / Center for Health Statistics; E. 
Reátegui-Zirena, J. Price, H. Bojes, Texas Department of State Health 
Services / Environmental Surveillance and Toxicology
The Texas Safe Child Care Siting Initiative is part of the Agency for Toxic 
Substances and Disease Registry’s Choose Safe Places for Early Care 
and Education program. The Texas Department of State Health Services 
(DSHS) is implementing this initiative to encourage thoughtful consider-
ation about the location of where child care, or early care and education 
(ECE) facilities, should be located in order to keep children and staff safe 
from exposure to toxic substances. Children are more susceptible than 
adults to the harmful effects of environmental contamination and have 
unique exposure pathways. Exposure to toxic substances at an early age 
can dramatically impact a child’s physical and neurological development. 
There are approximately 14,000 licensed or registered ECE facilities in 
Texas, serving an estimated 1 million children. The Texas Safe Child Care 
Siting Initiative provides support to ECE facilities and local municipali-
ties to keep children safe from environmental contamination. Through the 
initiative, DSHS developed a voluntary online property history question-
naire to help ECE operators assess the safety of a potential or existing 

ECE site. Respondents enter information such as the address, the year 
the property was built, and previous uses of the property. DSHS then 
conducts a review of environmental data related to the site and provides 
recommendations to the operator based on the findings. As part of the 
initiative, DSHS developed a web-based application that maps hazardous 
waste sites across the state to help identify hazardous sites near proposed 
ECE sites. The program has already successfully prevented exposure to 
chemical hazards in ECE facilities. DSHS has completed more than 30 
site reviews to date. DSHS also initiated a pilot project with the city of 
Austin to develop local capacity for safe siting and plans to collect feed-
back from the City and participating ECE facilities to guide development 
of materials and outreach methods. The pilot is intended to be a model 
that can be applied to local jurisdictions across Texas.

6. Micro- and Nanoplastics: Harmonizing Methods 
and Addressing Research Challenges
4.06.01  Are We Underestimating Anthropogenic Microfiber 
Pollution? A Critical Review of Occurrence, Methods and Reporting
S. Athey, University of Toronto / Earth Sciences; L. Erdle, University of 
Toronto / Department of Ecology & Evolutionary Biology
Anthropogenic microfibers, a ubiquitous environmental contaminant, 
can be categorized as synthetic, semi-synthetic or natural according to 
material of origin and production process. Though natural textiles fibers, 
such as cotton and wool, are harvested from natural sources, chemical 
additives, including colorants (e.g., dyes, pigments) and finishes (e.g., 
flame retardants, microbial agents), are applied to textiles during produc-
tion to enhance performance and prevent degradation of the material. 
While most research and communication on microfibers has focused on 
the sources, pathways and effects of synthetic fibers in the environment, 
semi-synthetic and natural fibers are sufficiently persistent to undergo 
long-range transport, accumulate in the environment, where they may 
be ingested by biota. The challenges of enumeration and identification 
of natural and semi-synthetic fibers in environmental samples lead us to 
question whether current methods comprehensively capture and esti-
mate inputs and occurrence of anthropogenic fibers in the environment. 
The goals of this study are to highlight gaps in data and to recommend 
best practices for enumeration, identification and categorization of 
anthropogenically-modified natural fibers. We conducted a systematic 
literature review was conducted of 327 peer-reviewed, original research 
studies documenting microfibers in the environment. Our preliminary 
results show most microfiber studies focus on aquatic environments, with 
few focusing on the indoor or terrestrial environment. Roughly half of 
studies surveyed report the presence of natural or semi-synthetic fibers, 
with the number of studies increasing through time. Of the 129 studies 
surveyed thus far that report natural and/or semi-synthetic fibers, 71% 
employ destruction digestion methods, which have been demonstrated 
to cause destruction and loss of natural fibers, indicating these studies 
may be underestimating the abundance of these fibers. Here we uncover 
major gaps in anthropogenic microfiber research, as well as identify best 
practice recommendations for successfully enumerating and identifying 
semi-synthetic and natural fibers from environmental samples. Further, 
we show that by focusing exclusively on the sources, pathways and effects 
of synthetic fibers in the environment, we are neglecting a major compo-
nent of anthropogenic microfiber pollution.

4.06.02  Desorption of Polymer Additives from Three Microfiber 
Types in Simulated Aquatic Vertebrate and Invertebrate Gastric 
Fluids
A.M. Lewis, L. Ferguson, A. Joyce, Duke University / Civil and 
Environmental Engineering; P.L. Faught, Duke University; L. Hu, 
Normal University Shanghai; M. Chernick, D.E. Hinton, Duke University 
/ Nicholas School of the Environment
Microplastic fibers are regularly the dominant synthetic particle type 
found in gut content recovered from aquatic organisms. Most synthetic 
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polymers use a suite of chemical additives to enhance the functional-
ity, water-resistance, and coloring of the material. Common polymer 
additives, including plasticizers, perfluoroalkyl substances (PFAS), and 
dyes, are of environmental concern for their role as suspected endocrine 
disrupters and toxicants. We hypothesize that microplastic fibers may act 
as a delivery mechanism for chemical additives to organisms that ingest 
or are otherwise exposed to the synthetic particles. To test this hypoth-
esis, green and black polyester (PES) fibers and clear polypropylene (PP) 
fibers were examined for additive desorption in both water and simulated 
gastric fluids of aquatic organisms. Green PES and clear PP fibers were 
sourced from a Chinese fabric store, while black PES fibers were gener-
ated from a fleece outerwear garment. All fiber types underwent ethyl 
acetate solvent extraction, PFAS-targeted methanol solvent extraction, 
and 6-day leaching experiments. The fibers were then subject to 6-day 
desorption experiments in both freshwater and simulated gastric fluids 
of aquatic vertebrates and invertebrates (vertebrate; pepsin, pH = 2.0, 24 
°C, invertebrate; Na taurocholate pH = 7, 18 °C). The desorption experi-
ment included multiple measurements on the first day for kinetic purposes 
and every 24 hours thereafter. PFAS compounds in extracts and leach-
ates were quantified via UHPLC-MS/MS, while polymer additives were 
analyzed by UHPLC with high resolution Orbitrap MS/MS. Compound 
annotations were based on matches to spectral libraries and a custom, 
curated database of known organic polymer additives and dyes. Based 
on library matching and/or computational mass spectrometry evidence, 
several known polymer additives were annotated within the samples, 
including C.I. Disperse Blue 60 and napthalen-2-sulfonate desorbed from 
green PES fibers. Perfluorooctanesulfonic acid (PFOS) was measured in 
both clear PP and black PES fibers while perfluorobutane sulfonic acid 
(PFBS) and perfluorohexane sulfonate (PFHxS) were annotated in both 
green and black PES fibers. Results will be discussed in the context of 
desorption trends and hazardous potential for additive uptake in micro-
plastic fiber-exposed organisms.

4.06.03 Exploration of the Limits of Detection of Microscopy 
Fourier Transform Infrared Spectroscopy for the Detection, 
Quantification and Identification of Microplastics
A.K. Jamting, National Measurement Institute Australia / Nanometrology 
Section; C. Phua, C.E. Hedges, S. Barone, National Measurement 
Institute Australia / Analytical Services Branch; V.A. Coleman, National 
Measurement Institute Australia / Nanometrology Section
Microplastics are now widely acknowledged as a significant environmen-
tal pollutant, and can be found in soils, natural waters, biota and animals. 
Microplastics are typically considered to have a size range spanning five 
orders of magnitude, from the sub-micron to millimetre range. In order 
to fully understand the source, distribution, transport, fate and impact 
of microplastics in the environment it is necessary to be able to accu-
rately physico-chemically characterise them. While the detection and 
characterisation of microplastics in the upper range of the size distribu-
tion is reasonably straight forward, as the size of the particles reduces, it 
becomes more challenging to characterise them appropriately. To do so 
accurately, it is essential to ensure that the testing instrumentation is fit-
for-purpose for the sample under study and to understand the limitations 
of the technique being used for characterisation. In this study, we aim 
to assess the limit of detection (LoD) of microscopy Fourier-transform 
infrared spectroscopy, µFTIR, in transmission and reflection mode using 
certified size standards of spherical polystyrene latex (PSL) particles. The 
approach described here can also be modified for a range of other com-
monly used techniques such as Raman spectroscopy, scanning electron 
microscopy or other methods. Samples were prepared using PSL particles 
ranging from 2 µm to 160 µm diluted with ultrapure water and deposited 
on calcium fluoride slides for transmission mode or gold-plated reflective 
slides for reflectance mode. A µFTIR imaging system consisting of an 
Agilent Cary 620 FTIR microscope and an Agilent Cary 670 FTIR spec-
trometer was used for this study. For the instrument set-up used here, the 
LoD of the FTIR signal was established for single particles and clusters of 
particles.

4.06.04 Determining Microplastic Content Using a Database 
Software Approach for Identification and Comparison of Two 
Different Pyrolysis-Gc/Ms Techniques
K. Thaxton, GERSTEL / Product Management; E. Kleine-Benne, H. 
Zhou, GERSTEL / Research and Development
The determination of microplastics in environmental samples using 
direct coupled pyrolysis-GC/MS suffers from two principle difficulties. 
First, a representative environmental sample amount has to be analyzed. 
Secondly, environmental samples mostly contain a microplastic mixture 
which gives a complex chromatogram and dominating signals of the 
matrix. Dümichen et al. used the TED-GC/MS, an automated coupling of 
TGA and GC/MS with a new developed interface for extracting pyroly-
sates. Recently developed database software offers a new approach for an 
automated evaluation of chromatograms based on a peak list comparison 
to identify microplastic fingerprints. Seven common polymers and a filter 
sample of a sewage treatment plant were used to compare both pyrolysis 
techniques and proved the robustness of the automated data analysis.

4.06.05 Extraction and Concentration of Nanoplastic Particles Using 
Functionalized Iron Nanoparticles and a Magnetic Flow Cell
M.C. Surette, U.S. Environmental Protection Agency / Office of 
Research and Development; D.M. Mitrano, ETH Zurich / Department 
of Environmental Systems Science; K.R. Rogers, U.S. Environmental 
Protection Agency / Office of Research and Development
While the pervasiveness of plastic pollution in the environment is well-
established, little is known regarding the extent and distribution of the 
smallest size fraction, referred to as nanoplastics. Generally considered to 
be plastic particles ≤1 µm, nanoplastics pose unique sample collection and 
analytical challenges that have prevented their detection in the environ-
ment. Previous research has demonstrated that magnetically susceptible 
iron nanoparticles treated with a hydrophobic surface coating can adsorb 
to relatively large microplastic particles due to the hydrophobic nature of 
many plastics, thus enabling their extraction from environmental media 
by applying a magnetic field. The aim of this work was to further refine 
this method and extend its application into the nanoscale, such that a 
single technique can be applied as a sample preparation step to efficiently 
extract and concentrate plastic particles across the micro-to-nanoscale. To 
overcome current analytical limitations with quantifying nanoplastic par-
ticles, we used polystyrene nanoplastic particles with a palladium-doped 
poly(acrylonitrile) core as model nanoplastic particles, enabling the use 
of inductively coupled plasma mass spectrometry to precisely measure 
the extraction efficiency of the technique. Samples of environmentally 
relevant media, including lab-synthesized and field-collected fresh and 
marine waters, were dosed with the model nanoplastic particles followed 
by the hydrophobically functionalized iron nanoparticles. After allow-
ing the particles to interact and aggregate, the samples were circulated 
through a custom-built magnetic flow cell system designed to extract and 
concentrate the nanoplastic-iron aggregates on a removable 10 kDa regen-
erated cellulose membrane. The removable membrane helps facilitate the 
analysis of the samples via off-line techniques, such as scanning electron 
microscopy, pyrolysis gas chromatography mass spectrometry, or infrared 
spectroscopy. While still under development, preliminary tests using 
ultrapure water indicates extraction efficiencies of 98.3 ± 0.3% (±95% CI; 
n = 12). Once refined, this technique could be used as a component within 
a broader sample preparation framework to provide initial estimates on 
the quantity and distribution of nanoplastic particles in the environment. 
Disclaimer: This abstract does not reflect USEPA policy.

4.06.06  Fluorescence Imaging Methods for Microplastics and 
Nanoplastics: Single Particle Resolution and Three-Dimensional 
Whole Mount Imaging
B. Nguyen, N. Tufenkji, McGill University / Department of Chemical 
Engineering
The potential ability of microplastics and nanoplastics particles to trans-
locate to areas where they can induce health effects after ingestion is a 
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key component of toxicity. Fluorescence microscopy allows convenient 
imaging of microplastic and nanoplastic uptake in organisms in exposure 
experiments. However, as currently applied, fluorescence microscopy 
suffers from key limitations including difficulties in distinguishing small 
plastic particles from surrounding autofluorescent tissue or free dye 
leached from fluorescently labeled particles due to lack of resolution as 
well as limited imaging depth due to sample opacity. To address these 
challenges, we developed a method to image plastic uptake at nanoscale 
resolution as well as a method to image whole organisms in three-
dimensions while preserving their structure. We developed techniques 
to label nanoplastics with dyes compatible with Stimulated Emission 
Depletion (STED) microscopy which provides an order of magnitude 
resolution improvement over conventional, diffraction-limited fluores-
cence microscopy. These labeling techniques include (1) passive sorption; 
(2) swell incorporation; and (3) covalent coupling. Dye labeling with 
these techniques were all stable in both polar (water) and non-polar (oil) 
environments. We demonstrate imaging nanoplastic uptake with single 
particle resolution for plastics as small as 50 nm. To image plastic uptake 
in whole organisms, instead of exposing the organism to dye-labeled 
plastics and then dissecting or digesting the organism, we expose the 
organism to unlabeled plastic. After the exposure, we label the internal-
ized plastic with a fluorescent dye. We render the organism transparent 
as well as remove tissue-bound fluorescent dye by applying a urea-based 
tissue clearing technique resulting in a structurally intact sample that 
can be rapidly imaged in three dimensions with light sheet microscopy. 
We expect that these techniques will contribute to forming a mechanistic 
understanding of microplastic and nanoplastic toxicity.

4.06.07 Hybrid Method Development for Extracting and Isolating 
Microplastics from Marine Sediments
T. Langknecht,  M.A. Cashman, K.T. Ho, R.M. Burgess, U.S. 
Environmental Protection Agency / Atlantic Coastal Environmental 
Sciences Division 
Microplastics (< 5 mm) are a contaminant of emerging concern in marine 
environments. Studies suggest marine microplastics settle into sediments 
due to weathering, biofouling, aggregation, ingestion, and other biotic 
and abiotic processes. Quantification and identification of microplastics 
in sediments is crucial to understanding their impacts on the marine 
benthos; however, current published isolation methods vary greatly, 
making environmental implications difficult to assess. A recent methods 
comparison indicated that the method, sediment matrix, and microplastic 
properties greatly influenced the magnitude of microplastic recoveries 
from sediments. Based on these findings, a hybrid method was developed 
to isolate plastics between 45 and 1000 µm with varying densities from 
a diversity of sediment types. The hybrid method requires dividing a 
wet sediment sample (100 g) into two size classes (45 – 125 µm and 125 
– 1000 µm) followed by two sodium bromide density separations. After 
each density separation, the supernatant is filtered over a 20 µm polycar-
bonate filter, which is then oxidized, as needed, using hydrogen peroxide. 
The final product consists of four filters with microplastics separated by 
size and density. When tested with five common plastic polymers and 
two sediment types, the hybrid method showed an increase in percent 
recovery (i.e., > 70%) as compared to the previous methods. This hybrid 
method will be used to analyze marine sediments from four USEPA 
Regions across the USA representing the northeast (New England and 
New York), mid-Atlantic, and southern California. The isolated micro-
plastic particles will then be analyzed for polymer identification using 
Raman spectroscopy. This hybrid method moves us closer to the estab-
lishment of a routine protocol for extracting, isolating, and identifying 
microplastics from marine sediments.

4.06.08 Rapid & Robust Microplastics Analysis in the Environment 
with Quantum Cascade Laser IR Spectroscopy: Advances in 
On-Filter “Technology”
T. Anumol, D. Robey, Agilent Technologies; L. Tisinger, Agilent 
Technologies, Inc. / Life Science and Chemical Analysis
Environmental researchers wish to measure the size, shape, and chemi-
cal identity of plastic particles in samples. Because smaller particles are 
thought to be the most biologically relevant, this analysis must extend to 
particles on the micron scale. Unfortunately, traditional techniques such 
as visual inspection are slow, manually intensive, and prone to opera-
tor bias. As a result, investigators have recently turned to chemically 
specific vibrational spectroscopy, which can be used in a microscope 
format for particle analysis at greater speeds.Sample preparation prior 
to analysis is a critical aspect of the overall workflow. It must meet the 
potentially-conflicting goals of high-grade cleanup of non-microplastics 
material while at the same time ensuring the integrity and recovery of the 
particles for analysis. The use of filtration at multiple points in the process 
is common and it is frequently used as a final step. Filtration at this stage 
can present some challenges as filters must meet several criteria to be 
effective. They must retain the desired particles while allowing extrane-
ous material through, they must facilitate time effective filtration and they 
must facilitate effective recovery of particles for analysis. To meet the last 
of these criteria, many analysts look to “on-filter” analysis as an option. 
While highly desirable, this can provide some challenges as filter material 
must and be to be complementary with the analytical techniques used. 
This is especially relevant for spectroscopic techniques where filter mate-
rials must not interfere with the analysis, that is the filter material must be 
spectroscopically neutral. In this paper, we explore advances in filter tech-
nology and how this can be used with Infrared Spectroscopy. We present 
results of studies based an Infrared spectrometer utilizing a Quantum 
Cascade Laser for the characterization and quantitation of microplastics 
combined with “on-filter” analysis and highly automated workflows.

4.06.09 Isolating, Identifying and Quantifying Small Plastic 
Components of Aquatic Trash
R. Zepp, B.W. Acrey, U.S. Environmental Protection Agency / Office of 
Research and Development
Aquatic trash includes plastic materials that have become widely distrib-
uted in the environment. Microplastics (MPs), with sizes smaller than 
5 mm, have been a focal point of studies that include the occurrence of 
these MPs, the interactions of MPs with chemical pollutants, the nature 
and quantities of MPs produced by fragmentation of plastics in the 
environment, and the uptake of MPs by aquatic organisms. The multi-
plicity of sampling and identification methods applied in MP studies has 
resulted in diverse data sets with different spatial resolutions and quality. 
Therefore, research is needed in order to optimize and harmonize future 
MP analyses, deconvolute and interpret existing datasets, and to fill cur-
rent knowledge gaps of the impact of these particles in aquatic systems. 
This research will help in the reliable assessment of the environmental 
risks associated with MPs. Here, we discuss approaches for isolation and 
identification of small MPs (≤20 µm ) in different size ranges, fragmenta-
tion sources of MPs, and chemical contaminants associated with MPs 
in recreational waters and/or drinking water sources. Approaches will 
be discussed that minimize interferences to these methods by common 
constituents in natural waters such as dissolved organic matter.

4.06.10  Finding Microplastics in the Sediment of Lake Michigan 
Using Laser Direct Infrared Spectrometry
Y. Cheng, R. Zhang, University of Illinois, Chicago / School of Public 
Health; L. Tisinger, Agilent Technologies, Inc. / Life Science and 
Chemical Analysis; S. Cali, ; A. Li, University of Illinois, Chicago / 
School of Public Health
Microplastics, defined as plastic particles with diameter between 1 μm 
and 5 mm, have been found in water and on floors of oceans, lakes and 
rivers. It was estimated that a total of about 10,000 metric tons of plastic 
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debris enter the Great Lakes each year. In the Laurentian Great Lakes 
region of North America, most studies conducted to date are for micro-
plastics in waters, along shorelines, in tributaries, and on relatively large 
sized litter items and debris; no information is found on microplastics 
in either water or sediment of Lake Michigan. The currently available 
laboratory methods for the analysis of microplastics in sediments are 
applicable for relatively large debris and/or use large amount of sediments. 
This research aims at establishing laboratory procedures for the measure-
ment and characterization of microplastics in sediments of natural waters, 
and investigate the occurrence of microplastics in the sediment of Lake 
Michigan. Sediment samples were collected using Ponar grab samplers, 
freeze dried, and characterized for basic physicochemical properties. We 
developed laboratory extraction and cleanup procedures which included 
multiple steps of density separation using ZnCl2 solution, wet peroxide 
oxidation using 30% H2O2 with Fe(II) catalyst, calcite removal using 
4.5% HCl solution, separations with 25 micrometer stainless steel woven 
wire screen net of 500 mesh, and analyses using stereomicroscope and 
Agilent 8700 laser direct infrared (LDIR) imaging. Quality control 
included the addition of colored surrogate polyethylene microspheres with 
two micrometer diameter ranges, the use of various blanks, and dupli-
cated analyses. After blank subtraction, about 520 p/g dw and 440 p/g dw 
MPs were found in two samples, respectively. About 84% and 96% of the 
MP particles had diameters below 100 mm and 250 mm, respectively. The 
major plastic types include polyamide, polyester, polytetrafluoroethylene 
(PTFE), and polyacetal.

4.06.11 Application of Solid Phase Micro-Extraction in the Study of 
Coral Reef Environment Microplastic Contamination
F. Saliu, M. Lasagni, University of Milano, Bicocca / School of Earth 
and Environmental Science; S. Montano, P. Galli, University of Milano 
Bicocca / Marhe Center
The impacts of microplastics on coral reef environments are still larger 
unknown. Evidences from lab feeding trials that microplastics may be 
ingested by reef-building corals and provoke adverse effects were very 
recently collected, but “on field” studies are still limited. The main issues 
in collecting data arise from the low concentration of microplastics 
and of the associated contaminants in the organisms living in the reef 
environment, and from the widespread plastic contamination affecting 
common laboratories facility that affect methods sensitivity. For this 
reason, we established in our research center located in the Faafu Atoll 
(Maldives) a research campaign devoted to highlight correlations between 
the emerging presence of microplastic and the health of the coral reef 
organism, starting from marine invertebrates. Specifically, we focused on 
researching microplastics as carriers of a “cocktail of contaminants” that 
may display toxic effect or may be used as signature of the microplastic 
contamination. Moreover, the vulnerability of some of the selected organ-
ism prompt us to develop alternative analytical approaches that lower 
the impacts of the research: in primis we extensively implemented the 
use of solid phase micro-extraction as non lethal and solvent free sample 
preparation method for LC-MS/MS analyses. Thanks to these methods 
we obtained also a significant reduction of matrix effects and an enhance-
ment of the background contamination control, enabling therefore the 
improvement of the quantitation limits. Our surveys on the Maldivian 
subsurface water, sediments and key marine invertebrate species showed 
that microplastic are concentrated mostly inside the atoll rims and that 
there is a positive correlation between the presence of microplastic in the 
coral reef environment and the detection of plastic associated contami-
nants in the selected marine organisms.

4.06.12  Quantification of Microplastics in Organisms Caged Near a 
Municipal Wastewater Treatment Plant Outfall
E. Weir, McMaster University / Biology; K.A. Kidd, McMaster University 
/ Department of Biology and School of Geography and Earth Sciences; P. 
Gillis, Environment and Climate Change Canada / Aquatic Contaminants 
Research Division; G. Tetreault, A.J. Bartlett, Environment and Climate 
Change Canada / Water Science and Technology Directorate; B.M. 
Hamilton, University of Toronto / Ecology and Evolutionary Biology
With a growing body of literature demonstrating the presence of micro-
plastics (small plastic particles < 5 mm in size) in municipal wastewater 
effluents, the fate of these contaminants in downstream abiotic and biotic 
compartments warrants further investigation. The Grand River and its 
tributaries in southern Ontario, Canada, receive inputs from several 
municipal wastewater treatment plants (WWTPs), and previous studies 
have demonstrated reproductive effects of these effluents on fish popu-
lations. Of the plants in this region, the Kitchener WWTP services a 
population of approximately 160,000 people and has tertiary treatment. 
The present study evaluated whether caged organisms can be used as bio-
monitors to identify sites of increased microplastics release. Amphipods 
(Hyalella azteca), fluted-shell mussels (Lasmigona costata), and rainbow 
trout (Oncorhynchus mykiss) were caged at one upstream reference site, 
and two impacted sites downstream of the Kitchener WWTP for 14-28 
day exposures in fall of 2019. Surface water and sediment samples were 
also collected from each of the three sites. All tissues were digested in 
20% KOH solution before visual sorting; environmental samples were 
processed using filtration and density separation prior to visual identifica-
tion. Preliminary results indicated that particles of anthropogenic origin 
were found at elevated levels in the digestive tracts of rainbow trout caged 
at the nearfield (M = 21.7, SD = 8.2) and farfield (M = 13.4, SD =5.1) sites, 
compared to the upstream reference site (M = 9.9, SD = 4.9), with fibers 
being particularly abundant. This aligns with previous research that 
has primarily identified fibers, thought to be shed from clothing during 
laundering, in samples collected near WWTPs. To confirm whether these 
particles are plastic, or otherwise anthropogenically modified materi-
als, samples will undergo either Raman or FTIR spectroscopy. Overall, 
these results will help determine the types of organisms that are effective 
biomonitors for use in studies on microplastics in fresh waters.

4.06.13  The Spatial Variability of the Occurrence of Ingested 
Microplastics in Sebastes melanops Off the Oregon Coast
K. Lasdin, Oregon State University / Department of Fisheries and 
Wildlife; S.M. Brander, Oregon State University / Environmental and 
Molecular Toxicology
Microplastics are the most common plastic debris type and pose a hazard 
to organisms that ingest them. Opportunistic feeders, such as rockfish 
(Sebastes spp.), are susceptible to microplastic ingestion and are found 
along populated coastlines. Black rockfish are being compared across 
several locations off the Oregon coast, in the vicinity of marine reserves 
or closer to populated areas, Newport, Oregon. This is of interest as the 
marine reserves are less than 10 years old in Oregon and will be assessed 
in 2023 to see if they aid in the protection of fish. Digestive tracts were 
examined to determine whether they contained suspected microplastics, 
and undigested prey items were analyzed separately. Data thus far show 
that the percent of adult fish obtained near populated areas and associated 
with marine reserves that contained suspected synthetics or microplastics 
was 10.3% and 26.7%, respectively. Fish caught near marine reserves 
contained more suspected microplastics than those sampled near a coastal 
town (p-value = 0.016). Suspected microplastics have and will continue to 
be confirmed with micro-Fourier transform infrared spectroscopy. These 
data show that nearshore species may be impacted by waste management 
shortfalls and are consuming synthetic materials. These results potentially 
demonstrate that the spatial distribution of plastic is not solely depen-
dent on the locality of humans, but rather on oceanography. Continued 
research is needed to determine how much plastic is found in surrounding 
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waters, the amount ingested or accumulated by other marine organisms 
in this food web, and how it impacts vital species to better understand the 
health of the Pacific Northwest marine ecosystem.

4.06.14 Analysis of Microplastics in Boreal Lake Sediments from the 
IISD-Experimental Lakes Area, Canada
M. Dias, Queens University / School of Environmental Studies; H. 
McIlwraith, University of Toronto / Ecology and Evolutionary Biology; 
K. Geils, Lakehead University / Biology; P.A. Helm, Ontario Ministry of 
the Environment, Conservation and Parks / Environmental Monitoring 
and Reporting Branch; M. Hoffman, Rochester Institute of Technology 
/ School of Mathematical Sciences; M. Paterson, IISD - Experimental 
Lakes Area; J.F. Provencher, Environment and Climate Change Canada 
/ Ecotoxicology and Wildlife Health Division; M.D. Rennie, University of 
Manitoba / Biology; C.M. Rochman, University of Toronto / Department 
of Ecology and Evolutionary Biology; A. Harrison, Queen’s University 
/ School of Environmental Studies; D.M. Orihel, Queens University / 
Department of Biology/School of Environmental Studies
Microplastics are a contaminant of emerging concern due to their per-
sistence and ubiquity in the environment. Understanding microplastic 
pollution requires examining a variety of environmental compartments, 
including sediments. Freshwater lakes are catchment-scale sinks for vari-
ous contaminants, making them suitable for tracking temporal trends in 
plastic pollution. We examined the presence of microplastics in recently 
and pre-industrially deposited sediments in two remote boreal lakes at 
the IISD-Experimental Lakes Area in Northwestern Ontario, Canada. 
Sediment cores were collected, sectioned and processed to visually 
examine particle abundance, size, shape and color. Published protocols 
for processing marine sediments were followed during the methods 
development stage of our study; however, these protocols were incompat-
ible with the high organic matter content and fine grain size of our lake 
sediment samples. Accordingly, we developed a modified protocol to 
disaggregate fine sediments, digest organic matter and reduce the loss of 
small microplastics. The mean abundance of suspected microplastics in 
recently deposited sediments (n = 6) was 46.0 (± 45.0) particles/m2/year. 
In pre-industrial sediments (n = 6), the mean abundance of suspected 
microplastics was 165 (± 107) particles/m2/year. Particles ranged in size 
from 0.0420 mm to 3.36 mm in recently deposited sediments and 0.0610 
mm to 6.06 mm in pre-industrial sediments. The most commonly recov-
ered shapes were fibers and fragments. Based on preliminary analyses, 
we found no significant difference in mean abundance or size of particles 
between recent and pre-industrial sediments. Additionally, we found no 
difference in color or shape of particles between sampling depths. Next 
steps will involve chemical analysis of recovered particles to confirm 
polymer type using micro-Fourier transform infrared spectroscopy.

4.06.15  Distribution and Potential Sources of Freshwater 
Microplastics in Onondaga and Skaneateles Lakes
L. Markley, C.T. Driscoll, A. Costello Staniec, Syracuse University / Civil 
and Environmental Engineering; E. Huth, Syracuse University / Political 
Science and Sociology
Microplastic pollution is ubiquitous, but few studies have considered 
the abundance and distribution of microplastics in the Southeast Lake 
Ontario sub-basin, which includes the city of Syracuse and the Finger 
Lakes. Plastics have been a major policy focus in New York, including a 
ban on plastic bags and plans to ban single-use Styrofoam food contain-
ers in 2020. Future policy changes concerning plastic should focus on the 
most pressing sources of plastic into the environment, where macroplastic 
may break down into secondary microplastics. This work, funded by the 
USGS, will characterize the distribution of microplastics in Onondaga 
and Skaneateles Lakes in central New York, while also identifying poten-
tial sources of microplastics based on multiple lines of evidence. Samples 
were collected using either a 300 micron sampling net or a bucket-to-
bucket method from the surface waters of tributaries and outlets of 
Onondaga Lake, in addition to Onondaga and Skaneateles Lakes. Samples 
were subsequently sieved and processed by wet peroxide oxidation prior 

to vacuum filtration and visual sorting using a decision tree to char-
acterize microplastic morphology. Polymer IDs were confirmed using 
Raman spectroscopy. Onondaga Lake’s historical pollution, proximity 
to developed areas, and inflows from the METRO wastewater treatment 
plant and combined sewer overflows (CSOs) could all be important fac-
tors contributing to variations in microplastic pollution, among others. 
In contrast, Skaneateles Lake serves as the relatively pristine unfiltered 
drinking water source for the City of Syracuse. Patterns from these two 
contrasting lakes could provide a greater context for exploring the distri-
bution and sources of microplastics in other areas, especially developed 
watersheds adjacent to freshwaters and as a supply to downstream Lake 
Ontario. These lakes are important resources for the surrounding region. 
This research will inform water quality managers and municipalities on 
the extent of plastic pollution as well as potential sources that could be 
controlled to reduce inputs of microplastics. In addition, our methods will 
add to the growing body of work on exploring freshwater microplastics 
and potential variations based on sample collection methods.

4.06.16 Survey and Spatial Distribution of Microplastics in the 
Midland Rivers System of South Carolina
H. Viado, Jr, University of South Carolina / Environmental Health 
Sciences Department; G.I. Scott, University of South Carolina / 
Department of Environmental Health Sciences - Arnold School of Public 
Health; J.E. Weinstein, The Citadel / Department of Biology; D.E. Porter, 
University of South Carolina / Arnold School of Public Health Dept of 
Env Health Sciences; T. Chandler, University of South Carolina / Arnold 
School of Public Health
Microplastics (particles < 5mm), have been considered as a contami-
nant of emerging concern in the aquatic ecosystems. Few studies have 
assessed the distribution of the different types and concentration levels 
of microplastics in freshwater river systems in the United States. The 
objective of the current study is to provide new insights on microplastics 
density and distribution on the midland freshwater river systems. This 
study investigated the levels of microplastics in the sediment and surface 
waters of more than 80 miles of the Saluda, Broad, and Congaree rivers 
system within the Columbia basin in the midlands of South Carolina. A 
total of 29 sample sites to include two control locations and 158 samples 
were collected in high-density (e.g. urban and suburban) and low-density 
populated areas, as well as wastewater effluent discharge points along 
the midland rivers system. Field collected sediment and water surface 
samples were analyzed using a dissecting microscope (Fisher Motic 
steromicroscope) to quantify and characterize (e.g. size, shape, color, 
type) the microplastic-fragments. A subset of the field samples will be 
analyzed using Fourier Transform–Infrared (FT-IR) analysis to identify 
and confirm polymer type. Preliminary findings (n=158 total samples) 
indicate an average microplastic concentration of 95 ± 33 particles/m2 
(mean ± SDEV) per sediment sample (n=64) and a concentration of 50 
± 14 particles/L (mean ± SDEV) per microplastic water sample (n=94). 
Approximately 11,000 microplastics were characterized and identified as 
suspected tire wear particles (52%), fibers (35%), fragments (11%), and 
microbeads (2%).This study is the first to survey microplastic concentra-
tions within a major river system/basin in the southeastern, United States 
region and provide information on the prevalent types of microplastic 
contamination in this unique freshwater river ecosystem.The implications 
for future studies include identifying contaminating microplastic point 
sources to mitigate discharges in aquatic systems and determining the 
potential impact that this exposure may have on aquatic organisms.



SETAC North America 41st Annual Meeting | 199

Chemistry and Exposure Assessment | Track 4

4.06.17 Assessment of Microplastics Contamination in Estuarine 
and Marine Sediments from the Northeast, Central Atlantic, and 
Southern California Coasts of the United States
D. Elkhatib, ORISE Research Participant - EPA / Atlantic Coastal 
Environmental Sciences Division; K.T. Ho, R.M. Burgess, U.S. 
Environmental Protection Agency / Atlantic Coastal Environmental 
Sciences Division
SETAC 2020 Assessment of Microplastics Contamination in Estuarine 
and Marine Sediments from the Northeast, Central Atlantic, and 
Southern California Coasts of the United States Dounia Ekhatib1, Troy 
Langknecht1, Michaela A. Cashman2, Kay T. Ho2, Robert M. Burgess2 
1ORISE c/o USEPA ORD/CEMM Atlantic Coastal Environmental 
Sciences Division, 2USEPA, ORD/CEMM Atlantic Coastal 
Environmental Sciences Division Microplastics, particles less than five 
mm, are widely reported to be present in marine and estuarine environ-
ments. Despite their low density, many microplastics will eventually sink 
and accumulate in sediments, due to processes including weathering, 
agglomeration, biofouling, bioturbation, incorporation of phytoplankton 
aggregates, and discharge within the fecal pellets of aquatic organ-
isms after their consumption. Sediment contamination by miroplastics 
may cause adverse impacts on the marine benthos due to a variety of 
mechanisms including direct toxicity of the plastic polymer, leaching of 
chemical additives added by the polymer manufacturer, and the physical 
presence of the plastics. Therefore, identifying and quantifying micro-
plastics in sediments is crucial to further understanding their distribution 
and possible exposure and impact on benthic life. The objective of this 
study is to assess microplastic contamination in surficial sediments 
collected from several marine and estuarine stations along the coast of 
the United States including the northeast, central Atlantic, and southern 
California. The microplastics are extracted from sediments using an opti-
mized hybrid method developed by a recent study. This method consists 
of sieving samples into two class sizes (45-250 µm and 250-1000 µm), 
followed by a high- and low-density separation using sodium bromide. 
The supernatant is then filtered onto 20 µm polycarbonate filters using 
a vacuum pump. The particles retained on the filters are quantified and 
identified using a confocal Raman microscope. Raman spectroscopy is 
applied to identify the types of plastic polymers composing the particle, 
using a reference spectra library. Microplastic particle concentrations will 
be reported by the number of microplastic identified per mass of sample, 
and characteristics of particles (i.e. sizes, shapes, and colors). The results 
of this study aim to understand how microplastics are distributed in 
coastal sediments of the US.

4.06.18  An Unexpected Snack: Zooplankton Feeding on 
Microplastics in the Northern California Current
A. Bolm, Oregon State University / Department of Fisheries & 
Wildlife; E. Granek, Portland State University / Environmental Science 
& Management; J. Miller, Oregon State University / Department 
of Fisheries & Wildlife; S.M. Brander, Oregon State University / 
Environmental and Molecular Toxicology
Microplastics are ubiquitous in marine habitats yet knowledge on their 
prevalence in the food web is limited, making their risk hard to assess. 
Specifically, there is a lack of oceanic microplastics occurrence data 
between northern California and central Oregon, a part of the highly 
productive Northern California Current Large Marine Ecosystem 
(NCC). This study aims to quantify microplastic presence at the base 
of the NCC food web by investigating presence in dominant functional 
groups of zooplankton species. We collected 39 plankton tows from a 534 
kilometer stretch between Trinidad Head, California and Cape Meares, 
Oregon, from three to 200 nautical miles offshore in 2019. Sample 
analysis will provide baseline data for microplastics in NCC zooplankton 
and characterization of the retained plastics. Findings will help inform 
environmentally relevant microplastic characteristics and concentra-
tions present in zooplankton for future laboratory studies necessary for 
risk assessment. Simultaneously, the data will contribute to the broader 

analysis of the source of the plastic found in marine ecosystems which 
may be used to inform upstream manufacturing and wastewater treatment 
practices.

4.06.19  Occurrence and Characteristics of Microplastics in 
Channels and Pools of Saudi Arabia: An Investigation of the 
Influence of Population Size
D. Barcelo, ICRA / Environmental and Food Chemistry; Y. Pico, 
University of Valencia / Environmental Quality and Soil; A.H. Alfarhan, 
King Saud University; M.A. El-Sheikh, King Saud University / 
Department of Botany and Microbiology, College of Science; M. Lorenzo, 
Universitat de Valencia; A. Tamimi, Princess Nourah Bint Abdulrahman 
University
Plastics are abundant and widespread in the environment as macroscopic 
fragments, virtually ubiquitous as microplastic (MP) particles as well, and 
their effects on organisms are of great concern to society. Their presence 
is considered as an indicator of the increase in scale of human impacts on 
the Earth system. There is a growing abundance of MPs in the surface 
environment. MPs are now widely distributed in large parts of the world, 
even in remote environments such as that of the deep sea floor and the 
polar regions. However, research on the characteristics of MPs pollu-
tion in Saudi Arabia is still rare, even through it is an arid area heavily 
affected by water scarcity that could help to understand this problem for 
other areas not so affected yet. Two areas of Saudi Arabia were studied in 
order to ascertain the influence of the population —Riyadh (5188 million 
inh., 2010) and Al-Jubail (0.337 millions inh., 2010) on the occurrence 
and pollution characteristics of MPs (>80 µm in size). The samples taken 
in South Riyadh were from the area influenced by South Riyadh treated 
water including the artificial pond that receives this water, a recreational 
area. Instead, Al-Jubail is an industrial city in the Eastern province on the 
Persian Gulf coast of Saudi Arabia. The range of abundance of micro-
plastics in the samples showed an average of 12 items/L in Riyadh and 
0.3 items/L in Al-Jubail showing a clear relationship between presence of 
microplastics and density of population. Fibers were dominant in all sites 
(60 %); their size was mainly distributed between 80 and 250 µm (60 %), 
and white (40 %) red (25 %) and blue (20 %) were the dominant colors. 
Infrared spectral analysis revealed that most of the selected particles were 
identified as microplastics, and polymer types of microplastics were dom-
inated by polypropylene and polyethylene (48.3%). This study can be used 
as a reference to better understand the contamination features of MPs in 
surface water affected by the discharges of wastewater treatment plant. 
Furthermore, our study provides new insides for establishing the impact 
of MPs in channels and surface water increasingly affected by the re-use 
of wastewater treatment plants. Acknowledgments The financial support 
from the project number (RSP-2019/11) from King Saud University, Saudi 
Arabia is gratefully acknowledged.

4.06.20  Encroaching Tides and Extreme Rainfall: Floodwater 
as a Source of Microplastic and Tire Wear Particles to Coastal 
Waterways
B. Ertel, R. Burris, The Citadel / Biology; J. Weinstein, The Citadel, 
Military College of South Carolina / Biology
The low-lying streets of Charleston, SC experience nuisance flooding 
more than 50 days annually due to encroaching tides, which are exac-
erbated by rising sea levels and extreme rainfall. This frequent coastal 
flooding may transport anthropogenic pollutants such as microplastics 
(MP) and tire wear particles (TWP) from the road surface to adjacent 
coastal waterways. The objective of this research was to establish baseline 
data on the concentration of MP and TWP in street floodwater and to 
investigate if floodwater may serve as a direct pathway for these pol-
lutants’ entry into the harbor via adjacent tidal creeks. For this study, 
four street locations prone to regular flooding and their adjacent tidal 
creeks were identified on the Charleston peninsula. Street floodwater was 
sampled opportunistically during flood events; tidal creek surface water 
was collected before and after predicted flood events. Total MP concen-
trations in floodwater from 4 flood events in 2019 varied by site and date 
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(range: 2-1917 MP/L) but samples consistently contained high levels of 
suspected TWP (82% of all MP). Tidal creeks contained an average of 
12 MP/L (range: 1-25 MP/L), although there was no significant differ-
ences in MP abundance after flooding. Further monitoring is necessary to 
determine if tidal creeks serve as a pathway for transporting land-based 
MP into coastal waters. This study is the first to assess street floodwater 
for MP and TWP; quantifying these pollutants’ presence in our environ-
ment is critical to inform policy and management decisions concerning 
this type of debris.

4.06.21 Characterization of Microplastics and Tire Wear Particles 
in Eastern Oysters (Crassostrea virginica) from South Carolina, 
USA
B. Blosser, College of Charleston / Biology; B.M. Ertel, The Citadel / 
Department of Biology; P. Kingsley-Smith, G. Sundin, South Carolina 
Department of Natural Resources / Marine Resources Research Institute; 
R.R. Leads, University of North Texas / Biological Sciences & Advanced 
Environmental Research Institute; J. Weinstein, The Citadel, Military 
College of South Carolina / Biology
The eastern oyster, Crassostrea virginica, is an ecologically important 
filter-feeding bivalve that is commercially harvested for human con-
sumption in South Carolina and is especially susceptible to microplastic 
particle (MP) ingestion. Microplastic pollution is ubiquitous in the marine 
environment and previous studies in South Carolina estuaries have 
found up to 30 MP/liter of seawater (Gray et al. 2018). The objective of 
the present study was to characterize the abundance and distribution of 
microplastics in C. virginica collected from state-managed, commer-
cially-harvested intertidal oyster grounds that contribute substantially to 
annual landings statewide. To achieve this objective, nine locations within 
state-managed State Shellfish Grounds (SSG’s) and one reference loca-
tion (North Inlet, SC) were selected for sampling. At each location, three 
replicate sites at least 100 m apart were selected, and C. virginica (n=10) 
were collected from each replicate site by hand at low tide. Samples of C. 
virginica were frozen at -20°C before being processed. Gill and non-gill 
tissues were dissected and digested separately for 24 hours in a 10% 
KOH solution at 60° C. Microplastic particles were visually identified and 
characterized based on their shape, size, and color; a subset of particles 
will be analyzed using micro-Raman spectroscopy to identify polymer 
type. Preliminary results (n=90 oysters) suggest an average microplastic 
abundance of 35 ± 16 (mean ± SD) MP per oyster. Types of microplastics 
identified include fibers (59%), tire wear particles (21%), fragments (14%), 
microbeads (4%), and films (2%). These results will provide the rationale 
for estimating human exposure levels to microplastics following the 
consumption of oysters.

4.06.22 Effects of Environmentally Relevant Concentrations of Tire 
Wear Particles on Estuarine Indicator Species
J. Dickens, Oregon State University / CEOAS; B. Cunningham, S. Hutton, 
Oregon State University / Environmental and Molecular Toxicology; 
E.I. Pederson, Oregon State University / Department of Fisheries and 
Wildlife; S.L. Harper, B.J. Harper, S.M. Brander, Oregon State University 
/ Environmental and Molecular Toxicology
Plastic debris, comprised of a wide range of polymers and synthetic 
materials, is a ubiquitous source of pollution in marine and estuarine 
ecosystems. Micro and nanoplastics are known to have adverse effects on 
the habitats, diets and physiologies of aquatic organisms, but questions 
remain about the relative risk across different salinities, polymer types, 
concentrations, and sizes (e.g. micro vs nano). While studies confirm 
that high concentrations of microplastics can have deleterious effects 
on organisms, gaps remain in our knowledge of species response to 
environmentally relevant concentrations, particularly in estuaries where 
salinity can influence particle behavior and also potentially toxicity. Less 
is known about the effects of tire wear particles (TWP) as an organic 
aquatic contaminant. Generated from automobile traffic and composed 
of complex mixtures of oil, rubber, plastic, steel, and additives, there is 
an estimated 1,121,000 t/a of TWP in the United States alone, frequently 

detected in the coastal environment near urban areas. In this study we 
used Menidia beryllina and Americamysis bahia as indicator species to 
study the sublethal effects of environmentally relevant concentrations of 
synthetic TWP in estuarine and bay environments. We exposed seven-day 
old Mysid shrimp (n = 9) to 4 concentrations of TWP (< 20µm) across 
salinities (15, 20, and 25 ppt) for seven days. Subsequently, we exposed M. 
beryllina to identical TWP concentrations from seven days post fertiliza-
tion to 96 hours post hatch. Treatments of exposure included salinities of 
5, 15, and 25 ppt, and TWP in two size ranges (1 – 20µm and < 1µm). A 
subset of fish and shrimp were used for behavioral analysis, while the rest 
were euthanized, preserved in fixative, and later evaluated for gut contents 
and growth measurements using microscopic morphometric analysis and 
bomb calorimetry. Preliminary results suggest that TWP size influenced 
swimming behavior in M. beryllina and that A. bahia shrimp were less 
sensitive. This could potentially have consequences for trophic transfer 
as less sensitive prey species may act as transport vectors, transferring 
TWP to more sensitive predator species. Though species exhibit varying 
sensitivities to low doses of TWP, the presence of adverse effects in M. 
beryllina indicates that even at current environmental levels, which are 
expected to continue to increase, aquatic ecosystems experience impacts 
dependent on the physical properties of the plastic.

4.06.24 Investigating the Presence and Trophic Transfer of 
Microplastics in Ex- and In-Situ North American Otters Through 
Scat and Diet Analysis
J. Van Brocklin, Oregon State University / Fisheries and Wildlife; S.M. 
Brander, Oregon State University / Environmental and Molecular 
Toxicology; S. Larson, Seattle Aquarium; T. Levi, N. Duplaix, Oregon 
State University / Department of Fisheries and Wildlife
While an increasing number of studies have examined the presence and 
effects of microplastics in aquatic organisms like invertebrates and fish, 
there is still a dearth of knowledge about their impact on mammals in 
higher trophic levels. Both sea and river otters act as valuable indica-
tors of ecosystem health and consume prey items that have been shown 
to contain microplastics. As such, we are investigating the ingestion of 
microplastics by sea otters (Enhydra lutris) and North American river 
otters (Lontra canadensis) in the North Pacific using scat. Our study 
includes samples from ex-situ and in-situ individuals and also analyzes 
otter prey items for microplastic particles in order to evaluate the role tro-
phic transfer may have in microplastic ingestion by otters. This analysis 
could provide opportunities to understand the current level of microplastic 
ingestion by wild sea and river otters using a non-invasive method, which 
may be beneficial to understanding sea and river otter population health. 
Beyond the impacts this knowledge could have for North American otter 
species, the results could provide information about the exposure of other 
species that share these ecosystems to microplastic pollution.

4.06.25  Nanoplastic Composition Influences Agglomeration 
Differentially Through a Salinity Gradient
H. Shupe, K. Boenisch, Oregon State University; S.L. Harper, B.J. 
Harper, Oregon State University / Department of Environmental and 
Molecular Toxicology
As nanoplastics become an increasingly prevalent type of plastic pollu-
tion in aquatic systems, understanding their physicochemical behavior 
is essential to understand their fate and transport in the environment and 
their impact on organisms. Agglomeration is one factor that influences 
nanoparticle transport specifically, as it can affect particle suspension and 
organism uptake. Herein, agglomeration behavior in salinity gradients 
that model transport from headwaters to the ocean of four 50 nm plastic 
nanospheres was investigated: carboxylated poly(methyl methacrylate) 
(PMMA), plain PMMA, red color dyed polystyrene (PS), and blue color 
dyed PS. Plastics were tested at 10 ppm in solutions at each salinity (0, 
1, 5, 10, 15, 20, 25, 30, and 35 g/L) prepared from filtered Pacific Ocean 
water (POW) and Milli-Q water. Dynamic light scattering was used to 
detect agglomerate size (or primary particle size if well dispersed) at each 
salinity. For the red and the blue PS, there was no significant difference 
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in the primary peak size distributions and significant agglomeration was 
detected at 25 g/L. No agglomeration point was detected for carboxylated 
PMMA, as size does not significantly differ across the tested salinities. In 
contrast, the plain PMMA showed significant agglomeration at salinities 
of only 1 g/L. Thus, our data suggest that plastic nanoparticle composi-
tion can impact how environmental salinity affects plastic nanoparticle 
agglomeration. This salinity-based agglomeration, in turn, may impact 
the fate of these plastics in the environment as well as the organisms 
potentially impacted.

4.06.26  Elucidating the Influence of Microplastics on Sediment 
Microbial Communities and Biogeochemical Cycling
M.E. Seeley, Virginia Institute of Marine Science, William & Mary / 
Aquatic Health Sciences; B. Song, R. Passie, Virginia Institute of Marine 
Science, William & Mary / Biological Sciences; R.C. Hale, Virginia 
Institute of Marine Science, William & Mary / Aquatic Health Sciences
Microplastics are increasingly found to be contaminating freshwater, 
estuarine and marine sediments. The bacterial communities within these 
sediments regulate key biogeochemical cycles, such as nitrogen and car-
bon. Previous studies have reported that polymer type can influence the 
composition of microbial communities thriving on plastics; here, we show 
that microplastics can influence sediment bacterial communities, as well 
as, importantly, the biogeochemical cycles they mediate. With the two-
fold goal to address microbial community structure and nitrogen cycling, 
we established a microcosm experiment with microplastics (53-300 µm) 
of four different polymers: polyethylene (PE), polyvinyl chloride (PVC), 
polyurethane foam (PUF) and polylactic acid (PLA; a bio-polymer). 
After 7 and 16 days of incubation, sediment aliquots were sampled for 
bacterial community composition (using 16S rRNA gene sequencing on 
Illumina MiSeq) and nitrifier/denitrifier gene abundances (using quantita-
tive polymerase chain reaction). Nitrogen cycling was further probed by 
measuring dissolved inorganic nitrogen concentrations in the overlying 
water and potential denitrification rates (employing a sediment slurry 
experiment with 15NO3

- tracer). We observed that bacterial community 
compositions differed significantly between treatments. PVC-amended 
sediment had the most distinctly different community. Nitrification 
gene abundances and dissolved inorganic nitrogen fluxes revealed that 
nitrification was lowest in PVC treatments, and highest in PLA and 
PUF. Denitrification rates were correspondingly suppressed in PVC, but 
enhanced in PLA and PUF. Surprisingly, denitrification potential was 
higher in PE, PUF and PLA treatments than the non-amended control, 
suggesting plastic may be acting as a carbon source to denitrifiers. These 
results are presented with perspective on the major challenges this poses 
for future microplastics research – both the critical need to improve our 
understanding of microplastic burden in environmental sediments, as well 
as monitor ecosystem and biogeochemical effects. Robust and harmo-
nized techniques are necessary toward achieving such understanding.

4.06.27 Effects of Virgin and Co-Contaminated Microplastics on 
Life-Cycle of Daphnia magna
G.V. Aguirre-Martinez, Universidad Arturo Prat / Chemical Physical; M. 
Carrizo, Arturo Prat University / Faculty of Health Science
Since microplastics (MPs) have been detected in the aquatic environ-
ment and are known to sorb organic contaminants, there are increasing 
concerns about potential effects towards aquatic biota as ingestion of 
these particles have been demonstrated in several organisms. In this study 
Daphnia magna were used as model organisms for MPs to investigate 
effects on life-cycle after exposure to virgin polyethylene (PE) MPs, MPs 
contaminated with phenanthrene (MPs+Phe) and MPs contaminated with 
chlorpyriphos (MPs+CPF). Daphnias were exposed to different sizes (1-5, 
27-32, 45-53 and 212- 250 μm) and realistic concentrations of MPs (0, 160, 
1600 particles/mL). Results showed ingestion of MPs (except size 212-250 
μm), the effect observed was correlated to the concentration of MPs. PE 
MPs was also found attached to antennas and thoracic legs. At the end of 
the bioassay (21 days), exposure to MPs induced a significant decrease 
(p < 0.05) in neonatal daphnias compared to control when exposed to 

all sizes except 212-250 μm. Daphnias exposed to MP+Phe showed a 
significant decrease in reproduction after 14 days compared to control 
(p< 0.05), this response was similar for all sizes of MPs tested including 
size 212-250 μm, indicating release of Phe upon contact with organisms. 
Neonates did not survive more than 24 hours after exposure to MP+CPF 
at sizes 1-5 and 27-32 μm. Regarding exposure to size 45-53 μm, offspring 
was observed when exposed to 160 particles/mL being the number of 
neonates significantly lower compared to the control (p< 0.05). Results of 
this study demonstrated the bioavailability of Phe and CPF during experi-
ments being MPs+CPF more toxic than MPs+Phe. Finally, this bioassay 
indicated that MPs induced adverse effect on D. magna life-cycle and this 
effect would depend not only on the concentration, exposure time, size of 
the organisms, and size of the MPs but also on the contaminant adsorbed 
to MPs.

4.06.28 A Holistic Approach to Toxicological Effects of Microplastic 
Fibers in Fish
E. DiBona, Texas A&M University, Corpus Christi / Department of Life 
Sciences; L. Pinnell, John G. Shedd Aquarium; J.L. Conkle, Texas A&M 
University, Corpus Christi / CMSS; S. Geist, J. Turner, F. Seemann, Texas 
A&M University, Corpus Christi / Department of Life Sciences
Microplastic pollution is of global relevance and has been shown to cause 
adverse health effects in fish, such as intestinal damage, microbiota 
dysbiosis, disturbed lipid and energy metabolism. However, previous 
research focused on high microplastic concentrations which vary from 
those currently found in the environment. To close this knowledge gap, 
the Japanese medaka (Oryzias latipes) was used in a controlled labora-
tory experiment to determine the impact of microplastic ingestion on fish 
health at environmentally relevant, chronic, low doses of microplastic 
fibers. O. latipes at two developmental stages (larvae:7 dph; juvenile: 1 
month) were exposed to five concentrations (0, 0.5, 1.5, 3, 6 fibers per 
fish) of polyethylene (PE) fibers for 21 days through the feed. In a holistic 
approach, fish condition, gut integrity, digestive performance, and repro-
ductive success (fecundity, fertility, F1 hatching success) were measured 
to determine the overall impact on fish health. Intestinal mucus layer, cell 
types and herds of inflammation were assessed to detect impacts on the 
gut morphology. Gut microbiota compositions were analyzed to deter-
mine if microbiota dysbiosis was a result of PE fiber ingestion. Digestive 
gene expression (Glucagon, Insulin, Peptide YY, Trypsinogen, slc6a6) 
was quantified in the gut tissue. Although no differences were observed 
in larval or juvenile growth and gut morphology in response to PE fibers, 
a significant downregulation in the larval expression of the nutrient 
transporter slc6a6 was detected, indicating a potential stress response. 
More importantly, a 2-3 days delay of hatching was observed in the F1 
generation for all but the lowest PE fiber concentration upon juvenile fish 
exposure, potentially impacting offspring survival and population recruit-
ment. The comparisons of different developmental stages allowed for the 
identification of potentially vulnerable developmental stages for micro-
plastic exposure; larvae were more susceptible to molecular changes; 
however, juveniles demonstrated organismal level effects via delayed 
offspring hatching. This study is one of the first to provide toxicological 
data on the risk of PE fiber ingestion addressing current environmental 
exposure levels in the Gulf of Mexico. The results allow to conclude no 
imminent threat to fish populations at current environmental levels of PE 
fibers; however, close monitoring of vital spawning grounds for commer-
cially important fishes is recommended.

4.06.29  Early Exposure to Tire Microparticles Impacts Zebrafish 
(Danio rerio) Development and Survival
B. Cunningham, B.J. Harper, S.M. Brander, S.L. Harper, Oregon State 
University / Environmental and Molecular Toxicology
Annual production of plastics has grown to several hundred million 
tons, nearly 80% of which will eventually find its way into the environ-
ment, where it may be internalized by aquatic organisms. Though plastic 
pollution is often discussed as a single entity, the category of plastics 
actually encompasses many chemical compositions, colors, morphologies, 
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additive, and sizes. However, the vast majority of the literature inves-
tigates the effects of plastics using only spherical polystyrene (PS) 
particles. Environmental sampling has documented a diversity of plastic 
types including high levels of fibers and black rubber— generally identi-
fied as tire debris. Additionally, recent studies have measured the presence 
of high concentrations of tire particles in water and soil samples in the San 
Francisco Bay-Delta. The consequences of the addition of tire particles 
to these environments are not fully understood. Past research focused on 
the toxicity of tire leachate, completely ignoring potential effects related 
to the particle itself. Thus, we examined effects of tire microparticles on 
the development of embryonic zebrafish, Danio rerio. Embryos developed 
in various concentrations of 1-20 µm tire particles, ranging from 1.0 x 106 
to 3.94 x 108 particles/L (n=18). Exposures began 8 hours post fertiliza-
tion (hpf) and lasted a total of 5 days, with assessment at two time points. 
Embryos were evaluated at 24 hpf for: mortality, developmental progres-
sion, and spontaneous movement; and again at 120 hpf for: mortality, 
morphological abnormalities, and touch response. Significant increases 
in mortality were observed at the highest treatment concentrations, 3.07 
x 108 and 3.94 x 108 particles/L, and a fitted dose-response curve predicts 
an LC50 of 8.56 x 108 particles/L. Exposed zebrafish displayed significant 
abnormalities in early development at tire particle exposures ranging from 
1.0 x 108 to 3.94 x 108 particles/L. This includes significant increases in 
abnormal axis, trunk and swim bladder development, as well as increased 
incidences of pericardial edema and yolk sac edema. A significant 
increase in sublethal effects was first seen as swim bladder abnormali-
ties at 1.0 x 108 particles/L. This is some of the first research to show that 
exposure of zebrafish to tire microparticles themselves, and not just leach-
ate, has detrimental effects on survival and development.

4.06.30 Size and Compositional Impacts of Nanoplastic Particles on 
Embryonic Zebrafish
B.J. Harper, S.L. Harper, Oregon State University / Department of 
Environmental and Molecular Toxicology
The persistence of environmental plastic contamination is raising 
concerns about the potential impacts of nanoscale plastics. Although a 
broad range of laboratory and experimental studies have investigated the 
impacts of microplastics over the past decade, much less is known about 
the impacts of nanoplastics. We investigated the impacts of nanoscale 
polystyrene across several biologically relevant size scales and among 
differing core chemistries. We compared the developmental impacts of 
red colored commercially available polystyrene spheres at several sizes 
(30, 50 and 500 nm diameter) and across material core composition using 
50 nm diameter polystyrene spheres with blue coloring. Commercially 
available spheres were dialyzed for 7 days in reverse osmosis water prior 
to experimentation. Embryonic zebrafish (Danio rerio) were exposed 
individually (n=12 per concentration) at 8 hours post-fertilization (hpf) 
to particle suspensions in fishwater ranging from 0-1500 mg/L for 5 
days. Mortality, developmental progression and hatching success were 
monitored daily, and at 120 hpf a suite of morphological and developmen-
tal endpoints was assessed. Counter to our initial hypothesis, significant 
differences were identified between the red and blue polystyrene spheres 
of identical shape and size, with the red spheres being significantly more 
toxic (LC50 = 180 mg/L for red, 496 mg/L for blue). Both 30 and 50 nm 
diameter red polystyrene spheres had similar toxicity (LC50 = 167, 180 
mg/L respectively), while 500nm red spheres had an LC50 greater than 
our highest exposure concentration (>1500 mg/L). Despite the mortality, 
no significant morphological or developmental impacts were noted in 
surviving fish; however, hatching success was significantly impacted for 
surviving fish at 500mg/L for the 30 and 50nm spheres, while no impacts 
were noted from exposure to 500 nm particles suggesting the smaller 
particles may have interacted more with the chorionic membranes of the 
developing embryos. Our results suggest that the toxicity of virgin nano-
plastics to fish, especially those plastic particles less than 500nm, should 
be more systematically evaluated to determine the underlying mecha-
nisms of toxicity to developing fish.

4.06.31 Nanomaterials Bayesian Network Ecological Risk Assesment 
Framework and the Data Requirements to Reduce Uncertainty
W.G. Landis, E. Sharpe, Western Washington University / Institute of 
Environmental Toxicology and Chemistry
Micro- and nano- plastics are a complex and abundant emerging con-
taminant. Recent advancements in monitoring technology have allowed 
us to see that plastic particles are widely distributed in the environment. 
Increased public interest in this topic indicates a need for a comprehensive 
ecological risk assessment on the environmental impacts of microplas-
tics. Current proposed frameworks have a number of issues as well as 
the general lack of information on the exposure and toxicity. We will 
present a framework based on the Bayesian network relative risk model 
(BN-RRM) for ecological risk assessment and from that describe the data 
requirements to produce results applicable to management decisions. The 
Bayesian Network relative risk model has proven in past studies to be a 
successful framework for ecological risk assessment, allowing for the cre-
ation of a model with predictive capability and adaptive potential as new 
data becomes available. In order to calculate risk with acceptable uncer-
tainty critical data are required. First, the sources of the plastics need to 
be identified along with the types. The micro and nanoplastics need to 
be characterized as to those features important to the transport, fate and 
uptake of the material. Understanding uptake to the receptors, physiologi-
cal effects, and the potential for trophic transfer/biomagnification should 
be characterized. Exposure-response and other relationships should be 
described by curve fitting or appropriate models. In our presentation we 
use the San Francisco Bay as an example case study. The last step is to 
calculate the risk as a series of distributions with uncertainty and sensitiv-
ity characterized. These requirements should guide the series of chemical 
and toxicological experimental efforts to improve the efficiency of the 
study program and the accuracy of the risk estimation.

7. Non-Target Analysis: Advances and Applications 
in Environmental Monitoring
4.07.01 Non-Targeted Analysis of Primary Sewage Sludge Collected 
During the COVID-19 Pandemic
S.L. Nason, Connecticut Agricultural Experiment Station / Environmental 
Science; B.D. Eitzer, Connecticut Agricultural Experiment Station 
/ Analytical Chemistry Department; J.P. Koelmel, Yale University / 
School of Public Health Environmental Health Sciences, Global Health 
Concentration; J. Peccia, Yale University / Chemical and Environmental 
Engineering
COVID-19, commonly called “coronavirus”, is a new viral disease that 
has infected millions of people worldwide resulting in over 350,000 
deaths as of June 2, 2020. Additionally, pandemic related shutdowns have 
caused massive changes in everyday activities for many people. Signs 
of those changes are present in the chemical signatures of wastewater 
that is produced during the pandemic. Specifically, changes in drug use 
– prescribed, over the counter, and illegal – are able to be observed via 
wastewater analysis. We began collecting daily primary sewage sludge 
(untreated) samples from the wastewater treatment plant in New Haven, 
CT USA on March 19, three days before the local lockdown began, and 
plan to continue as the state reopens in the coming weeks. We are using 
liquid chromatography coupled with high resolution mass spectrometry 
to perform suspect screening and non-targeted analysis on the sludge 
samples to detect a wide range of organic chemicals, including many 
pharmaceuticals. Our methods include novel data collection tools such as 
iterative inclusion/exclusion and multiple types of sample preparation to 
ensure broad chemical coverage. Semi-quantitative peak area data will be 
used to investigate trends in pharmaceutical use through the phases of the 
pandemic as well as correlations between virus levels and chemical con-
centrations. Already, measurements of RNA from the SARS-CoV-2 virus 
in the sludge samples have proven to be a leading indicator of the reported 
numbers of COVID-19 cases (7 days) and hospitalizations (3 days). This 
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data will provide valuable information about public health during the 
pandemic, and about potential pandemic related changes in wastewater 
based environmental pollution.

4.07.02  Identification of Relevant Anthropogenic Contaminant 
Mixtures in Terrestrial Biota Samples Characterised by their 
Contamination Profile
V.J. Schacht, Helmholtz Centre for Environmental Research / Department 
of Ecological Chemistry; J. Koschorreck, Umweltbundesamt; H. 
Ruedel, Fraunhofer, Institute for Molecular Biology and Applied 
Ecology / Environmental Specimen Bank and Elemental Analysis; A. 
Jahnke, Helmholtz Centre for Environmental Research / Department of 
Ecological Chemistry
Detection and quantification of anthropogenic contaminants in terrestrial 
biota samples is limited to small numbers of known compounds. This 
limitation is driven by the prioritization of contaminants known to cause 
adverse health effects due to the limited sample amounts, mostly low 
contaminant concentrations (ppb, ppt levels) and related costs. However, 
studies assessing biota extract effects on cells indicate that routinely 
quantified contaminants only account for a fraction of the observed 
effects. Thus, there is a need to identify more relevant environmental 
contaminant mixtures, including emerging contaminants to assess the 
chemical body burden of biota.Deer liver samples representing three 
decades in three distinct German locations (reference site, two industri-
alized areas) were collected and stored by the German Environmental 
Specimen Bank. After accelerated solvent extraction of the homogenized 
and freeze-dried samples, EMR lipid removal cartridges are employed 
for clean up. Subsequently, a mass-labelled standard mix covering a wide 
hydrophobicity range is added to the samples. Analysis is carried out on 
a GC-HRMS-Orbitrap system operated in EI mode from 70 to 1000m/z. 
The GC is equipped with a 30m DP-5MS capillary column with pro-
grammed temperature from 80°C to 310°C. The HRMS data collected in 
scan mode allow us to quantify ~120 anthropogenic contaminants known 
or suspected to cause adverse health effects including organochlorine 
pesticides. The nature of the sample set (temporal, spatial resolution) and 
full scan data acquisition enables a unique approach for pattern analysis. 
For example, patterns occurring over time or in different locations can 
be prioritized for identification providing a powerful tool to identify 
relevant contaminant mixtures. Moreover, the pattern analysis enables us 
to identify emerging contaminants through retrospective monitoring and 
differences in the sample fingerprints according to the location.

4.07.03 Ubiquitous Tire Rubber-Derived Chemical Induces Acute 
Mortality in Coho Salmon
Z. Tian, University of Washington Tacoma / Center for Urban Waters; H. 
Zhao, University of Washington / Civil and Environmental Engineering; 
K. Peter, National Institute of Standards and Technology / Chemical 
Sciences Division; M. Gonzalez, University of Washington, Tacoma 
/ Center for Urban Waters; J. Wetzel, Washington State University 
Puyallup; X. Hu, University of Washington / Civil and Environmental 
Engineering; A.J. Simpson, University of Toronto Scarborough / 
Department of Physical and Environmental Sciences; M. Dodd, 
University of Washington, Seattle / Civil and Environmental Engineering; 
J. McIntyre, Washington State University / Puyallup Research and 
Extension Center; E.P. Kolodziej, University of Washington, Tacoma / 
Center for Urban Waters Interdisciplinary Arts and Sciences Civil and 
Environmental Engineering
In the Pacific Northwest, spawning coho salmon (Oncorhynchus kisutch) 
exhibit rapid, unexplained acute mortality when they swim up the urban 
creeks, and this phenomenon is known as “Urban Runoff Mortality 
Syndrome”. Since many adult coho cannot survive to reproduce, their 
species have become endangered. Although this mortality syndrome is 
known to be related to urbanization gradient and traffic intensity, the 
causal factor was still unknown. Previous studies have linked this issue 
with the toxic chemical pollutants in stormwater, and tire rubber was 
found responsible for the observed toxicity. Because of the chemical 

complexity of tire wear particle leachate (>2,000 chemical features), we 
are using toxicant identification evaluation (TIE) and effect-directed 
analysis (EDA) to identify the unknown toxicants. Juvenile coho salmon 
were used as in vivo bioassay, and non-target screening based on high 
resolution mass spectrometry (HRMS) was used for the identification 
of toxicants. Initial TIE fractionation suggested that the toxicants were 
soluble and neutral organic compounds, as the toxicity in tire leachate 
could not be removed by sand filtration, EDTA addition, or ion exchange. 
We enriched the organics in tire leachate and conducted chromatography-
based EDA, and the results suggested that toxicants were stable and 
could be isolated in both normal phase and reverse phase systems. Using 
parallel fractionation based on three retention mechanisms, we narrowed 
down the scope of relevant chemical features from thousands to less than 
10 (4 in ESI+, 3 in ESI-). The causal toxicant could be further isolated by 
sequential fractionation using the three chromatographic columns, and 
confirmed toxic to coho. The structure of the hitherto unknown toxicant 
was determined by HRMS and nuclear magnetic resonance spectroscopy, 
and it is confirmed as the transformation product of an ubiquitous tire 
rubber additive. Retrospective analysis of roadway runoff and stormwa-
ter-impacted receiving waters indicated the ubiquity of the compound at 
toxicologically relevant concentrations.

4.07.04  Tire Wear Particle Leachate: A Deep Dive into the Complex 
Chemical Mixture and Mechanism of Toxicity in Fathead Minnow
L. Chibwe, Oregon State University / EMT; J. Parrott, Environment and 
Climate Change Canada / Aquatic Contaminants Research Division; K. 
Shires, Environment and Climate Change Canada; H. Khan, Environment 
and Climate Change Canada / Aquatic Contaminants Research Division; 
S. Clarence, C. Lavalle, C. Sullivan, Environment and Climate Change 
Canada; A.O. De Silva, Environment and Climate Change Canada / 
Water Science and Technology Directorate; D.C. Muir, Environment and 
Climate Change Canada / Aquatic Contaminants Research Division; 
C.M. Rochman, University of Toronto / Department of Ecology and 
Evolutionary Biology
Tire wear particles, generated from frictional abrasions between tire tread 
and road surfaces, are recognized as a ubiquitous form of microplastics 
in the environment. Furthermore, the release (“leaching”) of a complex 
mixture of chemicals associated with tires, during rain and storm events, 
is a growing concern. In this study, we combined toxicity assays, using 
fathead minnow (Pimephales promelas) embryos, with high-resolution 
non-targeted chemical analysis. Our aim was to identify organic chemi-
cals in tire particle leachates derived from a tire brand recently shown to 
be toxic by Kolomijeca et al[1], and characterize their toxicity using two 
unique exposure scenarios: (a) after 1, 3 and 10 days of tire particle leach-
ing, and (b) in the presence and absence of tire particles (i.e. 1 mm sieved 
vs 1-2 µm filtered leachate, respectively) (n = 3). Thus, we tested both how 
time and exposure to particles vs leachate would alter observations in fish 
embryos. The effects observed in the embryos included changes in hatch-
ing success, deformities (edemas, and craniofacial/spinal deformities), 
and loss of pigment in the eyes and body. Liquid chromatography high-
resolution Orbitrap mass spectrometry was used to identify compounds 
in 1, 3 and 10 day filtered leachate extracts using electrospray ionization 
(positive and negative) and chlorine-enhanced atmospheric pressure 
chemical ionization modes, to ensure the wider detection of chemicals. 
Chemicals were identified (fragmentation patterns, accurate mass, and 
∆ppm) and prioritized based on abundance, and a suspect screening list 
consisting of chemicals known to be associated with tires or reported 
in previous tire-related studies. Generally, more variability in biologi-
cal effects was observed between replicates when fish were exposed to 
leachates in the presence of tire particles (1 mm sieved). Furthermore, the 
toxicity in the embryos increased with the number of days of leaching, 
as well as increased % severe deformities and decreased hatch success. 
A range of organic chemicals were identified in the leachate, including 
rubber antioxidant 1,2-dihydro-2,2,4-trimethylquinoline (TMQ) and 
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several benzothiazole related compounds. The estimated concentra-
tions varied among leaching times. Current work is underway to further 
characterize the associations between the identified chemicals and their 
specific observed effects. [1] Kolomijeca et al, ES&T. 54(3), pp.1750-1759. 
Footnote: **Presenting author is a member of the visible minority and 
authorship list represents members from academia and the government.

4.07.05 Using High Resolution Mass Spectrometry to Evaluate the 
Impact of Hurricane Florence in 2018 on Water Quality of North 
Carolina Coastal Aquifers
H. Rudd, E.G. Nichols, North Carolina State University / Forestry 
and Environmental Resources; D. Shea, Statera Environmental, Inc. / 
Biological Sciences; X.R. Xia, Statera Environmental, Inc.; D. Genereux, 
NC State University / Marine Earth and Atmospheric Sciences; A. Neal, 
N. Wilson, NC Department of Environmental Quality
With over half of North Carolinians reliant on groundwater for their 
drinking water supply, monitoring and maintaining the water quality 
of the North Carolina Coastal Plain (NCCP) aquifers is vital. As rising 
global temperatures result in more frequent and intense storms in the 
NCCP and elsewhere, we need to understand the impacts of these events 
on the water quality of coastal aquifers. Hurricane Florence caused record 
flooding in the NCCP in 2018 and serves as an excellent example of what 
could take place globally. Pre- and post-hurricane groundwater samples 
were collected and analyzed by EPA Method 625 targeting 180 regulated 
organic chemicals and by gas chromatography with high resolution mass 
spectrometry (GC-HRMS) to perform non-targeted and suspect screening 
analysis of organic chemicals. The EPA Method 625 resulted in no detec-
tions in any samples. The higher sensitivity GC-HRMS method resulted 
in over 5,000 chemical features in all samples, with post-hurricane sam-
ples having a small decrease in unique features for surficial wells and a 
small increase for confined wells. Processing the GC-HRMS data through 
both the NIST 17 mass spectral database (M1) and the USEPA ToxCast 
database resulted in far fewer tentative identifications, with ~150 and 
~20 chemicals identified using 75% and 90% match criteria, respectively. 
The identified chemicals included aromatic hydrocarbons, pesticides, 
phthalates, among other classes. The post-flood increases in groundwater 
chemicals included highly water soluble chemicals such as the herbicide 
sulfentrazone (log KOW = 0.99), but also included many less water soluble 
chemicals such as pyrene (log KOW = 4.88) and various phthalates (log 
KOW range of ~2.5-8). These results indicate that groundwater vulner-
ability during extreme flood events cannot be predicted based simply on 
water solubility principles; rather, higher sensitivity and higher resolution 
analytical methods are needed to generate data for both aquifer vulner-
ability modeling and human health risk assessments. This work also has 
important implications globally, as groundwater is the primary source of 
drinking water for over 1.5 billion people worldwide.

4.07.06 Application of Non-Targeted Analysis to Identify Types of 
Beach Contamination in Southern California
B. Du, Southern California Coastal Water Research Project / Chemistry; 
Z. Tian, University of Washington, Tacoma / Center for Urban Waters; 
K. Peter, National Institute of Standards and Technology / Chemical 
Sciences Division; J. Steele, Southern California Coastal Water Research 
Project / Micobiology; J. Griffith, Southern California Coastal Water 
Research Project; E.P. Kolodziej, University of Washington, Tacoma / 
Center for Urban Waters Interdisciplinary Arts and Sciences Civil and 
Environmental Engineering; C.S. Wong, Southern California Coastal 
Water Research Project Authority / Chemistry
Fecal indicator bacteria have been frequently detected in Channel Islands 
Harbor in Southern California, and often exceed waste load allocations 
during wet weather. Fecal contamination in urban waterways pres-
ents a human health risk. However, our knowledge of their sources in 
stormwater runoff is incomplete. This knowledge gap hampers source 
identification efforts and thus limits the effectiveness of management 
actions in remediation and risk reduction. To complement the application 
of genetic markers in such efforts, we applied non-targeted analysis based 

on high-resolution mass spectrometry that identifies unique chemical fin-
gerprints and/or source-specific chemicals in dry and wet weather runoff 
as well as in untreated sewage. Samples were collected from storm drains 
which are connected to a pump station that discharges runoff to the harbor 
prior and during rain storms, extracted by solid phase extraction, and 
analyzed by Liquid Chromatography-Quadrupole Time-of-Flight-Mass 
Spectrometry in positive electrospray ionization mode. Chemical occur-
rence patterns (or “fingerprints”) of wet weather runoff showed distinct 
(i.e. source-specific) clusters of chemicals from storm drains at fine spatial 
resolution i.e., city block level. Ultimately, these source-specific non-
targeted fingerprints can be manipulated, e.g., via characteristic sample 
dilution, to estimate source contributions to beach contamination. The 
findings of this study allow water-quality managers to pinpoint the source 
of contamination and apply the same approach in source tracking across 
the harbor.

4.07.08  Halogenated Azo Dyes: A Class of Emerging Chemical 
Contaminants Identified by Nontarget Screening
S. Kutarna, J. Han, University of Toronto / Department of Chemistry; H. 
Peng, University of Toronto
While azo dyes are well known for mutagenicity, our recent studies 
identified brominated azo dyes as the predominant brominated chemical 
contaminants in house dusts. Here we systematically discovered halo-
genated azo dyes as a new emerging class of chemical contaminants, by 
suspect and nontarget screening. We first developed a suspect screening 
algorithm, to screen halogenated compounds in house dusts collected 
from Toronto, Canada. Among 590 chemicals detected, 42 of them are 
identified as chlorinated compounds. In addition to well-known chlo-
rinated chemicals including triclosan and tris(1,3-dichloroisopropyl)
phosphate, 20 chlorinated azo dyes were identified as the largest class of 
chlorinated compounds. The chemical identifies of 2-chloro-4,6-dini-
troaniline and Disperse Blue 79:2 were confirmed by authentic standards. 
This suspect screening, together with our previous nontarget screening 
studies, demonstrated that halogenated azo dyes as the predominant 
brominated- and chlorinated chemical contaminants in house dusts. To 
further understand the toxicities of halogenated azo dyes, we dosed the 
early life stage of zebrafish (Danio rerio) with Disperse Blue 373 (DB373) 
and Disperse Violet 93 (DV93), two major brominated azo dyes. The 
nontarget analysis revealed distinct metabolism routes between DB373 
and DV93 by reducing nitro groups to nitroso (DB373) or amine (DV93), 
despite their similar structures. In vitro recombinant enzyme and in vivo 
inhibition results validated NQO1 as the enzyme specifically reducing 
DB373, but not DV93, to mutagenic aromatic amines. These environmen-
tal chemistry and toxicology studies highlighted halogenated azo dyes 
as a class of emerging chemical contaminants with high environmental 
abundances and mutagenicity. More studies are warranted to investigate 
the potential occurrences of halogenated azo dyes in ecosystem.

4.07.09 Detecting and Identifying Water Constituents Unique to 
Specific Wastewater Sources in the Environment: South Florida’s 
Deering Estate Rehydration Project Case Study
K. Troxell, Florida International University / Chemistry and 
Biochemistry; B. Ng, B. Stone, R. Price, Florida International University; 
P.R. Gardinali, Florida International University / Chemistry & 
Biochemistry and SERC
Natural and anthropogenic sources contribute a unique signature of ele-
ments and chemicals into water creating a “water fingerprint” allowing 
for the full characterization of water into a comprehensive library that 
catalogues its physical and chemical characteristics allowing for source 
apportioning based on statistical modeling. This project has generated a 
database of a combination of physical and chemical water properties by 
developing and applying methods for the detection and quantification of 
natural and anthropogenic chemicals in water samples from locations 
in South Florida, particularly those describing a freshwater environ-
ment (Everglades-based), urban impacted areas (septic tank driven) and 
coastal areas (Biscayne Bay) endmembers. The assessments included 
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water chemistry parameters (conductivity, pH, DO, turbidity, tempera-
ture), optical properties (fluorescent dissolved organic matter, colored 
dissolved organic matter, aromaticity indexes, SUVA Index, chlorophyll, 
3D EEMs), elemental composition (nutrients, hydrogeochemical tracers, 
tracers, and metals), organic wastewater tracers and non-target organic 
contaminant fingerprints by the use of High-resolution mass spectrometry 
(HRMS). Deering Estate Flow-way, a coastal wetland rehydration project 
implemented under Everglades Restoration, is the first area this technique 
has been applied. The normal baseline composition of individual water 
sources has been characterized as well as event conditions. Natural and 
anthropogenic components have been traced moving through intercon-
nected systems that may be affected by localized emissions. Waters 
from different locations geographical and temporal variability have 
been compared and unique parameters so specific to a water source that 
the water can be traced in a conservative manner have been potentially 
identified. Sucralose (758-64 ng/L) has been traced throughout the system 
significantly declining as the water travels from the canals through 
Deering Estate finally ending in Biscayne Bay, with similar trends with 
compounds and nutrients such as carbamazepine(16.5-ND ng/L), caffeine 
(28.0-0.8 ng/L) and total phosphorus (0.0262-0.0055 mg/L) attributed 
to dilution. Significant differences were found in the composition of 
groundwater (caffeine, carbamazepine, sucralose, TP, and TN) pointing 
out a complex circulation pattern. Non-target HRMS data presented as 
Kendrick mass defect plots and Van Krevelen diagrams showed clear dif-
ferences between endmembers.

4.07.11  Identification of Unknown Aromatic Compounds Present in 
Soil, Water, and Ash After Wildfires
M. Thurman, University of Colorado / Environmental Engineering; 
I. Ferrer, University of Colorado, Boulder / Department of Civil, 
Architectural and Environmental Engineering
Climate change has created drier and windy conditions for the western 
United States, which in conjunction with the prevention of natural fires 
has created conditions for the perfect firestorm. The result of fires in 
both Colorado and California, which were sampled in this study, is the 
alteration of soil organic matter at the surface, especially, what is known 
as the O and A horizons, which are rich in soil humus. What becomes 
of the humic organic matter during fires is relatively unknown, in spite 
of the past 20 years of research on both black carbon and black nitrogen. 
Previous studies show increased aromaticity to soil organic matter but 
without specific identification of organic compounds, with the exception 
of benzene polycarboxylic acids, which have been used as indicators of 
unknown aromatic compounds in black carbon. The challenge is to mea-
sure the amount of dissolved organic compounds released by fire and to 
identify these soluble organic compounds in order to understand their role 
in the carbon cycle and their effects on water quality. The methods chosen 
were two fold. The first method was to do a laboratory study of muffled 
soils as an indicator of what wildfires may do to soil organic matter and 
to quantify the release of the dissolved organic matter. Secondly was to 
identify the dissolved organic components and to compare these results 
with actual samples of ash and water from wildfire. Our initial hypoth-
esis, based on the published literature, was that the released dissolved 
organic carbon would be best analyzed by FT-MS, where resolution of 
up to one million would be required. To our surprise the organic com-
pounds released from soil were small organic aromatic compounds with 
molecular weights in the range of 100-300 m/z. We used both positive and 
negative ion electrospray mass spectrometry with LC/QTOF-MS to iden-
tify these compounds with an auto MS-MS feature. We found that this 
methodology was superior to FT-MS methods because of the auto MS-MS 
features and the difficulty of insource fragmentation, which was more 
easily addressed by LC/QTOF-MS. The compounds found included, not 
only benzene polycarboxylic acids (BPCAs) but also pyridine carboxylic 
acids, polynaphthenic acids, polyquinolinic acids, and polyfuranoic acids, 
and their isomers, in water extractable organic carbon from thermally 

altered soil, ash, and water samples. Their role in water quality will be 
discussed as well as how the features of LC/QTOF-MS was a suitable 
analysis method.

4.07.12 Suspect and Non-Target Screening for Contaminants of 
Emerging Concern in Marine Water and Creek Water
Z. Tian, University of Washington, Tacoma / Center for Urban Waters; K. 
Peter, NIST; H. Zhao, University of Washington / Civil and Environmental 
Engineering; D. Wark, A.D. Gipe, University of Washington, Tacoma 
/ Center for Urban Waters; E.P. Kolodziej, University of Washington, 
Tacoma / Center for Urban Waters Interdisciplinary Arts and Sciences 
Civil and Environmental Engineering; A. James, University of 
Washington, Tacoma / Center for Urban Waters
Contaminants of emerging concern (CECs) are increasingly detected 
in aquatic environments, although much remains unknown about their 
health effects and environmental fates. While targeted analyses could 
miss important toxicants and pervasive pollutants, recent developments 
in high resolution mass spectrometry (HRMS) and data analysis allow 
suspect and non-target screening of pollutants in complex environ-
mental samples. We established and optimized workflows for suspect 
and non-target screening, and applied to marine water and creek water 
samples. We collected marine water from 18 sites of Puget Sound, identi-
fied 87 CECs, and confirmed 45 with reference standards. Low levels of 
methamphetamine were detected in 41% of the samples, and perfluorooc-
tanesulfonic acid (PFOS) concentrations were as high as 72-140 ng/L at 
one site. Transformation products of pesticides were identified, including 
two novel transformation products of tebuthiuron. For the confirmed 
CECs, risk quotients were calculated based upon concentrations and pre-
dicted toxicities, and eight CECs had risk quotients >1. While wastewater 
effluent had prevalent influence on nearshore marine environments, the 
identity and abundance of CECs revealed the additional contributions 
from stormwater and localized urban and industrial sources. We collected 
creek water samples in rainy days from 5 sites, and correlated the CEC 
profiles with different land use (1 urban and 4 agricultural). While creek 
water from urban/industrial sites featured typical contamination from 
traffic and wastewater, agricultural sites reflected the impact of a variety 
of pesticides and their transformation products. Several fungicides and 
herbicides showed exceptionally high concentration, posing high risks 
to the ecological systems. These findings highlighted the necessity of 
suspect and non-target screening, and revealed the impact of different 
contamination sources in aquatic environments.

4.07.13  A Nontarget Workflow for Identifying Metabolites of 
Anthropogenic Chemicals
M.E. Hattaway, O. Wright, H.N. Bischel, T.M. Young, University of 
California, Davis / Civil and Environmental Engineering
Nontarget analysis promises the ability to identify a broader range of 
contaminants, beyond the limitations of target or suspect screening, 
to find the “unknown unknowns”. However, this approach also can 
generate daunting lists of thousands of “features”, or aligned spec-
tral peaks presumed to be chemicals. Beyond being computationally 
intensive, attempting to identify all features is unnecessary, as some 
may be spurious artifacts of the alignment algorithm, while others may 
be unthreatening biomolecules. The goal of this research is to develop 
a workflow to process nontarget data aimed specifically at identify-
ing breakdown products of anthropogenic chemicals. Tools such as the 
EAWAG Envipath pathway prediction model, feature based molecular 
networking, and machine-learning algorithms will prioritize nontarget 
features for further investigation to determine formula and structure. 
These methods are being developed to easily interface with output from 
MS-DIAL, an open source alignment software package for LC and 
GC-MS data. Applications to reactors that treat pesticide-containing 
water, including municipal wastewater treatment systems and woodchip-
based bioreactors will be discussed.
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4.07.14 Comparative Analysis of Non-Targeted and Suspect-
Screening Using High Res Mass Spectrometry for Hydroponic 
Soybeans in Different Irrigation Sources
S.A. Brecht, University of Zurich / Plant and Microbial Biology; X. Kong, 
North Carolina State University; X.R. Xia, Statera Environmental, Inc.; 
D. Shea, Statera Environmental, Inc. / Biological Sciences; E.G. Nichols, 
NC State University / Forestry and Environmental Resources
Water scarcity increases the likelihood of using municipal wastewater to 
irrigate human food crops worldwide and poses potential risks of regu-
lated and non-regulated organic chemical uptake to edible plant tissues. 
Previous studies have used targeted analytical approaches to quantify 
specific chemicals of concern (COCs) in food crops, but only a few studies 
have used high resolution mass spectrometry (HRMS) for non-targeted 
analysis (NTA) and suspect-screening analyses (SSA). To our knowledge, 
this is the first study to compare COCs in a food crop using different 
irrigation sources within a watershed. Soybeans (Glycine max, L.) were 
hydroponically grown with watershed irrigation sources (secondary-
treated municipal wastewater effluent, surface water, ground water) and 
deionized water with Ionic Grow™. Water sources and soybean tissues 
(roots, shoots, and beans) were extracted and analyzed by HRMS-GC-MS 
to obtain the number of chemical features and types of tentatively identi-
fied chemicals. At the time of collection, each water source was extracted 
by solid-phase extraction. Composite integrative passive samplers 
(CIPS) were placed in amber jars of each water source for the duration of 
hydroponic studies with soybeans. Soybean tissues followed a modified 
extraction of EPA method 3620C for Florisil cleanup. NTA and SSA fol-
lowed established methods of data processing using Agilent MassHunter 
software for NTA and comparison to NIST17 database and the USEPA 
ToxCast list of over 4700 unique chemicals for SSA identification. All 
irrigation water sources produced soybeans with beans except the two 
groundwater sources. Soybeans grown in wastewater, downstream 
surface water, and Ionic Grow™ sources produced the most biomass, had 
the greatest water use, and significantly more NTA features. However, 
soybeans grown in wastewater had fewer identified chemicals in the roots, 
shoots, and beans. The number of COCs detected in CIPS were highest 
in on-site ground water and had diverse chemical classes including more 
chemicals that were not found in plant tissues. The number and identity 
of chemicals found in the beans cultured with wastewater were similar 
to those detected using the CIPS that also were placed in the wastewater. 
Furthermore, the mass spectral ion abundance of the chemicals identified 
in the beans was consistent that measured in the CIPS. Therefore CIPS 
were found to provide a good representation of the chemical exposure in 
the bean and can be used to screen potential chemical risks in irrigation 
sources prior to crop irrigation. These results indicate that wastewater 
effluent may be a viable source of water for growing edible crops. This 
study offers insight to the power of NTA and SS analysis for understand-
ing plant uptake especially for food crops irrigated with wastewater but 
more importantly surface and ground waters.

8. Non-Target Analysis: Optimizing Methods and 
Data Processing Workflows
4.08.01 Towards Quantitative Applications of High Resolution Mass 
Spectrometry: Data Reduction, Matrix Effects, and Non-Target 
Signature Fidelity
K. Peter, National Institute of Standards and Technology / Chemical 
Sciences Division; E.P. Kolodziej, University of Washington, Tacoma 
/ Center for Urban Waters Interdisciplinary Arts and Sciences Civil 
and Environmental Engineering; J.R. Kucklick, National Institute of 
Standards and Technology / Chemical Sciences Division
High resolution mass spectrometry (HRMS) analyses yield complex 
datasets that represent a substantial fraction of the chemical composi-
tion of a given sample. Beyond the ability to mine for and identify novel 
organic contaminants, approaches that utilize these rich HRMS datasets 

in their entirety (including both identified and unidentified detections) 
present a significant opportunity to better differentiate samples, under-
stand and deconvolute sources, and evaluate fate and transport. However, 
while the impact of both solid-phase extraction (SPE) recovery and matrix 
effects are commonly accounted for with isotope-labeled standards in 
quantitative analytical work, best practices are not yet established for 
unidentified non-target detections and non-target chemical signatures. 
To address this need, we created dilution series of aqueous film-forming 
foams as representative complex contaminant sources in pure methanol 
(a “no matrix effects” scenario), in “matrix-enhanced” methanol (SPE 
extracts from a range of water matrices – deionized water, groundwater, 
surface water, and pond water – as a “matrix effects” scenario), and in the 
water matrices prior to SPE (a “recovery and matrix effects” scenario), 
and analyzed the samples using LC-HRMS. Using spiked isotope-labeled 
internal standard and surrogate mixtures, we assessed essential QA/
QC metrics for non-target HRMS data, demonstrating key sources of 
variability and appropriate data reduction methods to exclude method 
artifacts. Additionally, we evaluated the qualitative and quantitative fidel-
ity of non-target source signatures through dilution, extraction, and across 
increasingly complex matrix backgrounds, as well as approaches to use 
isotope-labeled standards to correct for observed changes. The results will 
inform development of consensus strategies for quantitative applications 
of HRMS data and non-target chemical signatures.

4.08.02 Comparison of Three Chromatographic Columns Using 
the Advantage of Ion Mobility for Non-Target Analysis of Organic 
Micropollutants in Wastewater Samples
N. Huynh, Paris Est University / Leesu; E. Mebold, Paris Est University / 
OSU; R. Moilleron, J. Le Roux, Paris Est University / Leesu
Non-target analysis (NTA) has gained interest for environmental moni-
toring because it enables the analysis of a large number of pollutants, 
including unknown ones. Since the aim of NTA is to analyse as many 
molecules as possible, sample preparation and analysis steps are crucial 
because they determine which compounds will be detected. Studies have 
been carried out with different preparation methods, but the analysis is 
most often performed by liquid chromatography coupled to high resolu-
tion mass spectrometry (LC-HRMS) using a C18-like chromatographic 
column. Moreover, few studies have compared different preparation 
techniques and chromatographic columns for a given sample. Here, we 
compared 3 chromatographic columns (Acquity BEH C18, Acquity BEH 
HILIC and Hypercarb), for the analysis of different extracts of a same 
wastewater effluent by LC-HRMS coupled to ion mobility. Compared 
to the C18 column, HILIC and Hypercarb are designed for the analysis 
of more polar compounds. Ion mobility describes the time course (drift 
time) of an ion through a mobility cell and is related to the size and shape 
of a molecule. This parameter is especially useful in this study because 
it is independent of the column used and the matrix. The comparison of 
features detected after each column showed significant differences in 
terms of m/z distribution and peak area. C18 displayed the highest number 
of peaks, HILIC the highest areas, while Hypercarb showed a greater 
separation characterized by an even distribution of the peaks along the 
applied gradient. Common features between every column were tenta-
tively isolated based on their common m/z and drift time. Indeed, the 
nature of the different phases in the columns lead to different retention 
mechanisms, therefore different retention times for a given feature. This 
work was conducted for both positive and negative ionisation modes. 
In positive mode, 70%, 43% and 76% of the features detected from the 
C18, Hypercarb and HILIC column, respectively, were not detected from 
any other column. These values highlight the complementarity of those 
columns. Investigations on the properties of common and specific features 
of each column are in progress and will be combined with the study of 
overlapping features between different preparation techniques. Those 
combined methods will provide an idea of the loss of information and its 
nature (in terms of polarity and molecular weight) when using a unique 
preparation technique and analytical method.
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4.08.03 Enabling High-Throughput Exposomics by Developing 
a Library of 4000+ Environmental Chemicals for Solid Phase 
Extraction-Ion Mobility Spectrometry-Mass Spectrometry
N. Aly, Y. Luo, A.T. Roman-Hubers, Texas A&M University / Veterinary 
Integrative Bioscience; Y. Liu, Texas A&M University / Geochemical 
and Environmental Reaserch Group; E.S. Baker, North Carolina State 
University / Department of Chemistry; W. Chiu, Texas A&M University 
/ Veterinary Integrative Biosciences, Interdisciplinary Faculty of 
Toxicology;; I. Rusyn, Texas A&M University / Veterinary Integrative 
Biosciences, Interdisciplinary Faculty of Toxicology
Chemical contamination following anthropogenic and environmental 
disasters may profoundly affect the environment and human health. 
However, a critical gap in disaster response research is the difficulty of 
rapidly determining the nature and extent of potential chemical contami-
nation due to limitations in throughput of current analytical technologies. 
To address this challenge, we are using RapidFire™ solid phase extrac-
tion-ion mobility spectrometry-mass spectrometry (SPE-IMS-MS) to 
create a library of diverse chemical contaminants for rapid exposure 
assessment following disasters. SPE-IMS-MS enables high sensitivity 
analyses of complex samples with a 10-second per sample throughput, 
making it a powerful screening tool for disaster situations such as floods 
or chemical spills. A critical step in utilizing SPE-IMS-MS for the iden-
tification of chemicals is to first assess structural collision cross section 
(CCS) values for the molecules of interest and create a library containing 
CCS and m/z values. The collection of these multi-dimensional character-
istics enables precise identification of individual molecules. In this study, 
we determined the CCS for over 4,000 molecules from various chemical 
classes of environmental pollutants. We evaluated multiple compounds 
from each chemical class to test the expectation that chemicals with 
similar chemical structures would have CCS values correlating with 
their m/z values, while being distinct from other classes. For example, 
we evaluated the m/z and CCS trends for pesticides and pharmaceuticals, 
which accounted for 40% and 30% of chemicals studied. The pesticides 
illustrated R2 values of 0.8, while the pharmaceuticals were 0.87, dem-
onstrating high molecular similarity within each class. Subclassification 
of these chemical groups also showed increased correlations such as 
the organochlorines subclass of pesticides which had an R2 of 0.91. The 
library is also populated with commonly found organic pollutants (e.g. 
atropine, BPA, PCBs) and their degradation products (atropine sulfate, 
BPA glucuronide and BPA sulfate, PCB hydroxides) for their rapid 
identification. This library is therefore an invaluable tool for exposure 
assessment of real chemical mixtures and environmental samples. 
Furthermore, the library is publicly available to assist other laboratories 
in exposure studies and rapid assessments (brcwebportal.cos.ncsu.edu/
baker/). This work was supported, in part, by grants from NIEHS (P42 
ES027704 and T32 ES026568.

4.08.04  Development of an Optimized Program for Untargeted 
but Selective MS/MS Acquisition of Per- and Poly-Fluoroalkyl 
Substances Using High-Resolution Mass Spectrometry
A. Toyama, Shimadzu Corporation / MS Business Unit; R. Marfil-Vega, 
Shimadzu Scientific Instruments
High-resolution mass spectrometry (HRMS) is an indispensable tool for 
identification of xenobiotic chemicals in environmental and biological 
matrices. HRMS determines the accurate masses (m/z) of both the intact 
molecular ions, which are used to deduce the elemental composition, as 
well as their fragment ions to deliver library-searchable MS/MS spectra. 
Comprehensive data acquisition is possible either by data-dependent 
algorithms that automatically processes each MS spectrum to program 
subsequent MS/MS acquisition, or by data-independent algorithms that 
acquire MS/MS in large isolation windows to cover the entire m/z space. 
However, both processes generate enormous amounts of data that hamper 
analysis of large cohorts that are needed to find chemical contamination 
at low occurrences. To accelerate initial evaluation of environmental 
hazards, an optimized system suitable for a large cohort study is war-
ranted.To this end, we here developed the analysis method for per- and 

poly-fluoroalkyl substances (PFAS) using HRMS implemented with an 
optimized data-dependent MS/MS program. This program was designed 
to preferentially acquire MS/MS of PFAS compounds and resulted in 
significant reduction of data size and complexity to assist efficient data 
mining for unknown species. Moreover, thanks to data reduction, we 
were able to combine this MS/MS acquisition scheme with targeted, 
validated quantitation of common PFAS compounds currently being 
monitored on large sample cohorts by high-sensitivity multiple-reaction 
monitoring MS. The method should be of interest of laboratories seeking 
to aggregate long-term research-grade data for retrospective use alongside 
the routine quantitative workflow.

4.08.05  Detecting Novel Per- and Polyfluoroalkyl Substances in 
Water Supplies and Human Biofluids Using LC-IMS-MS
M. Foster, North Carolina State University / Chemistry; J.N. Dodds, 
North Carolina State University / Department of Chemistry; M.T. Soper-
Hopper, Northern Kentucky University / Department of Chemistry; M.A. 
Rainey, F.M. Fernández, Georgia Institute of Technology / School of 
Chemistry and Biochemistry; E.S. Baker, North Carolina State University 
/ Department of Chemistry
Per- and polyfluoroalkyl substances (PFAS) are environmental con-
taminants characterized by extensive fluorination along extended 
aliphatic chains, rendering them chemically inert, thermally stable and 
hydrophobic. These physicochemical properties make PFAS uniquely 
suited for many household and industrial applications, but also cause 
them to bioaccumulate and become toxic as they increase in concentra-
tion. Therefore, with every environmental spill or release, public health 
concerns rise, particularly with regards to drinking water safety. Since 
the advised concentration for these analytes is extremely low (ppb and 
ppt levels), analytical instrumentation with low limits of detection and a 
high degree of selectivity and sensitivity are needed for their evaluation. 
Liquid chromatography coupled with mass spectrometry (LC-MS) has 
become an essential technique for PFAS analyses. However, since PFAS 
contain thousands of compounds and new molecules are being detected 
almost daily, novel untargeted analysis methods are essential. To address 
this need, we utilized a simultaneous liquid chromatography, ion mobility 
spectrometry and mass spectrometry (LC-IMS-MS) platform to evalu-
ate ~200 PFAS standards. Initially, each standard was assessed by its LC 
retention time, IMS collision cross section (CCS) and m/z value. Due 
to fluorination occurring in every PFAS, we also calculated CF2-based 
Kendrick mass defects for all m/z values, allowing 4D analyses. The CCS 
versus m/z plots illustrated distinct trendlines between different PFAS 
subclasses. The 3D mass defect, CCS and m/z plots also easily differenti-
ated fluorinated and nonfluorinated species. We are currently extending 
these plots to include ~4000 possible PFAS species of EPA interest by 
utilizing machine learning predictions for the IMS CCS values and direct 
calculation of the other properties. This initial data will be applied to 
various water supply and human biofluid samples. Since LC-IMS-MS 
provides a rapid multi-dimensional assessment of each molecules present 
in complex samples, known PFAS subclasses will be characterized and 
PFAS species currently unknown will be discovered, ultimately enabling 
a better understanding of water contamination and human exposure.

4.08.06  Examining the Fundamentals of Data Analysis for 
Environmental Non-Targeted Analysis
B. Place, National Institute of Standards and Technology / Chemical 
Sciences Division
Non-targeted analysis (NTA) is a technique used to determine the chemi-
cal composition of an environmental sample using chromatography with 
mass spectrometry (presented will be liquid chromatography with high-
resolution mass spectrometry) and advanced data analysis. The success 
of an NTA method is dependent on the data analysis method to translate 
multidimensional data into compound identities. For the purposes of this 
presentation, a NTA data analysis method will be split into two parts: data 
processing (conversion of raw data signals to meaningful features) and 
database searching (interrogating a dataset of empirical and/or in silico 
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information, with affiliated metadata, for similarities with the unknown 
features). Currently, there are a wide variety of commercial and open-
sourced data processing tools, often through a “black box” of algorithms. 
The software packages have a variety of programmable parameters that 
often need to be optimized for individual instrument methods with no 
“one-size-fits-all” collection of settings. First, the demonstration of a 
design-of-experiments approach to optimization of a data processing 
tool, which can be performed automatically and the results can be used to 
identify the impact of specific parameters towards the success of an NTA 
data analysis method. The second part of the presentation will focused 
on the uncertainty associated with mass spectral matching, a key part of 
many database searching tools. Traditionally, the mean mass spectrum 
of the unknown compound in a complex sample is compared to the mean 
mass spectrum of a known compound in a simple solution (referred to as 
the reference mass spectrum); this comparison does not take into account 
the variability of the instrument in both scenarios. A set of tools will be 
presented for the determination of the measurement uncertainty of mass 
spectra and for the comparison of two mass spectra that includes the 
determination of uncertainty. The application of these tools on laboratory-
based and environmental samples will be included. The results will show 
that there are fundamental aspects of a data analysis method that must be 
considered for current and new NTA researchers, but there are approaches 
to address these concerns in an efficient manner.

4.08.07 Improvements in Two-Dimensional GCxGC Data Alignment 
by a Supervised Learning Guided Approach for Automated Peak 
Comparisons
A.J. Schaub, M.J. Hartnett, J.A. Janssen, H.A. Spidle, A.P. Feydt, 
Southwest Research Institute / Intelligent Systems Division; K.A. Favela, 
Southwest Research Institute / Chemistry and Chemical Engineering 
Division; D.W. Vickers, Southwest Research Institute / Intelligent Systems 
Division; K.S. Pickens, Southwest Research Institute / Space Science and 
Engineering
Two-dimensional gas chromatography (GCxGC) is a useful technique 
for the analysis of complex mixtures, as seen in many fields including 
exposomics, petroleum and forensics. The addition of a second-dimension 
allows the separation of thousands of compounds, though introduces 
additional complexity to the chromatograms, data files and peak lists gen-
erated from experiments. Evaluation of peak changes between samples 
can be hindered due to small variabilities in retention times between 
sample runs. These variabilities can be more pronounced if the GCxGC 
data was obtained on different matrices, columns, or even instruments. 
Many algorithms have been developed to perform sample alignments 
on GCxGC data, and the quality of those alignments is often dependent 
on the types of analysis one wishes to perform. A dataset of 25 GCxGC 
experiments was assembled across diverse matrices and varying levels of 
dilution. Pair-peak alignments between reference and target samples were 
evaluated using root-mean square error (RMSD) on a linear transforma-
tion, low-degree polynomial transformations, the Gros algorithm, and 
our machine-learning based algorithm. A peak quality assessment score 
derived from a supervised learning approach was used to identify and 
select only those peaks of high quality for comparison and alignment 
purposes for the machine-learning based algorithm. In order to prevent 
over-fitting during an alignment based on a high quantity of peaks, 
cross-validation was employed to provide an assessment of the align-
ment transformations. The automatic alignment of GCxGC data sets is an 
important step in high-throughput screening experiments. incorporation 
of peak-quality assessment during alignment allows more robust align-
ments for complex, diluted, or saturated GCxGC datasets.

4.08.08 Identifying Environmental Contaminants Using the New 
NIST High-Res MS/MS Library Search Algorithms and Publicly 
Available LC/MS Spectral Libraries
E. Rennie, T. Anumol, S. Madden, Agilent Technologies, Inc.; J. Pyke, 
Agilent Technologies; D. Sparkman, University of the Pacific
Crowd sourced publicly available libraries are growing at an increasingly 
fast rate, a rate that no single vendor or group could possibly achieve. 
These publicly available libraries are being globally utilized in HRAM 
LC/MS suspect screening, non-target screening and unknown compound 
identification workflows. Publicly sourced HRAM LC/MS/MS spectral 
libraries contain spectra from many vendors and instrument types, usu-
ally mixing high quality curated content from reference standards along 
with user contributed data with or without curation using differing quality 
standards and collection protocols. Library search algorithms which can 
provide highly confident compound identification results from these pub-
licly sourced spectral libraries are essential for successful data analysis 
workflows.Almost 100,000 spectra from crowd sourced, publicly avail-
able LC/MS/MS spectral libraries were downloaded as NIST compatible 
libraries from the Mass Bank of North America (MoNA) containing 
experimental spectra from multiple data repository sources, such as the 
Vaniya/Fiehn Natural Products Library, ReSpect, HMDB, MassBank EU 
and GNPS. Spectra from the NIST formatted publicly available libraries 
were matched with spectra from the HRAM LC/MS/MS Q-TOF data 
when assessing the performance of library search algorithms. Unlike 
GCMS EI 70eV spectra, LC/MS/MS spectra are not reproducible across 
different instrument platforms, since the relative abundance of fragment 
ions are highly dependent on the analyzer type, ion source parameters, as 
well as the collision energy. Fragment ions which are present in a Q-TOF 
spectrum may not be present or are of such low abundance that they are 
barely seen in a linear or orbital Ion-trap spectrum. Publicly sourced 
spectral libraries contain spectra from a large user pool using a variety 
of instrument platforms, thus spectral comparisons for the same com-
pound in these libraries can exhibit significant differences in (1) fragment 
ion relative abundances, (2) presence of precursor ion, (3) presence of 
metastable ion peaks, (4) spectral noise level, and (5) differing m/z ranges 
between measured and library spectra. There is a great need for a library 
search algorithm which can contend with these spectral variations and 
still provide confident compound identification results. We have evaluated 
the performance of the NIST MS Search MS/MS identity and new hybrid 
library searches using LC/Q-TOF Auto MS/MS data, containing known 
compounds, and libraries created from NIST compatible MoNA down-
loads. The top ranked hits and receiver operator characteristic (ROC) 
curves have been calculated for a number of food safety and environmen-
tal related compound classes, including pesticides, veterinary drugs and 
household drugs.

4.08.09  Using Open-Source Metabolomics Software for Trace 
Contaminant Analysis of Complex Environmental Samples
G.P. Black, University of California, Davis / Civil & Environmental 
Engineering; L. Wong, T.M. Young, University of California, Davis / Civil 
and Environmental Engineering
Non-targeted chemical analysis of High-Resolution Mass Spectra often 
involves managing and mining through hundreds of data files with poten-
tially tens of thousands of chemical features. Until recently, processing 
this data has meant using one program for suspect screening, another for 
deconvolution and alignment, and another for in silico fragmentation and 
identification. Open source software, MS-DIAL and MS-FINDER, bor-
rowed from the metabolomics field has significantly streamlined efforts to 
deconvolute, align, screen through spectral libraries, and perform in silico 
fragmentation, molecular formula assignment, and structure searches. 
Reading Agilent All-Ions data, we are able to deconvolute, align, and 
perform library searches where high energy scan fragments are used to 
match library entries, thus greatly reducing false positives. With targeted 
MS/MS data, MS-DIAL deconvolutes, aligns, and imports features into 
MS-FINDER, where MS/MS fragments are used to generate molecular 
formulas that are then searched through user-defined online databases 
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for structural matches. Predicted fragments of possible structures are 
compared and scored against measured spectra. The accuracy was evalu-
ated by spiking 23 pharmaceuticals and consumer product chemicals in 
a spiked sewage sludge extract where MS-FINDER assigned the correct 
structure as one of the top three structures for 19 of the spiked compounds 
(83%). Of the remaining 4 compounds, one was the top structural hit for 
the third ranked molecular formula, one was the fifth proposed structure 
for the top ranked molecular formula, one was the first structure proposed 
for the fourth ranked molecular formula, and one was missed entirely. 
This software workflow has outperformed other software packages used 
in our lab for complex environmental samples like sewage sludge, waste-
water, and wildfire ash.

4.08.10 Suspect Screening of Chemicals in Indoor Consumer 
Products
S. Kutarna, University of Toronto - Department of Chemistry; X. Du, 
University of Toronto; H. Peng, University of Toronto / Department of 
Chemistry
Humans spend 90% of their time indoors, and every day are exposed to 
a wide variety of compounds. For example, flame retardants have been 
detected in furniture, chlorinated paraffins in paint and wire cover-
ings, and perfluoroalkyl substances in non-stick coatings. Building a 
knowledge base is made more difficult by the fact that companies are 
not required to report their reagents. This means that the vast major-
ity of compounds in consumer products are unknown to the public and 
limited information is available for the sources of pollutant emissions to 
the indoor environment. The aim of this research is the non-targeted/sus-
pect identification of chemicals in different indoor products to determine 
their potential sources in indoor environments. The present focus is on 
halogenated organic compounds (HOCs), including brominated azo dyes 
and chlorinated paraffins, but this could be expanded in the future. The 
categories of consumer products include children’s toys, electronics, 
clothing, and furniture, all of which have been shown to contain HOCs. 
A one-step automatic non-targeted analysis workflow was established 
from raw mass spectrometry files to final compound identifications. With 
this method, >1,500 chemicals in ~100 samples were identified in under 2 
days. In particular, many previously undetected chlorinated compounds 
were identified in the indoor environment for the first time. The compiled 
chemical database of compounds present in indoor products will provide 
an important basis for future indoor chemical management.

4.08.11 Using Nontargeted Analysis to Understand Additive 
Leaching from Polyurethane and Polypropylene Microplastics: A 
Study of Risk Posed by Artificial Shorelines
I. Walker, Duke University / Civil and Environmental Engineering; 
C. Peters, Duke University / Nicholas School of the Environment; 
W. Wohlleben, BASF SE; L. Ferguson, Duke University / Civil and 
Environmental Engineering, Nicholas School of the Environment
Polyurethane (PU) and polypropylene (PP) coatings are engineered 
materials often applied to fresh and saltwater coastlines to protect the 
shoreline from coastal erosion and destruction. Over time, this plastic 
can be degraded into microplastics by physical and chemical processes 
including mechanical abrasion, UV light exposure, hydrolysis, and oxida-
tion. These microplastics have the potential to enter aquatic environments 
and release potentially hazardous polymer additives and transformation 
products. The goal of this work was to identify and quantify the release 
and transformation of polymer additives from PU and PP coatings under 
simulated environmental exposure using a suspect screening and non-
targeted analysis workflow. The experiment was completed in two parts: 
a mesocosm and benchtop study. The mesocosm immersed the PP and 
PUmicroplastics in an outdoor simulated freshwater ecosystem where 
water was collected 5 times during the year. The benchtop experiment 
repeated this experiment by placing PP and PU microplastics (with and 
without prior UV exposure) in EPA moderately hard simulated fresh-
water. Samples were placed in an incubated shaker table (150 RPM) and 
12 measurements were collected over the span of 3 months. Samples 

were analyzed using an Orbitrap Fusion Lumos MS (Thermo Scientific). 
Compound Discoverer software was employed along with custom 
cheminformatic algorithms for tentative identification of polymer addi-
tives. Authentic standards were used to confirm structural annotations. 
We found that 75 of 613 compounds detected in ESI positive mode gave 
spectral library matches of 75% or higher. Compound classes released 
into the water included surfactants, plasticizers, UV inhibitors, and 
biocides along with their potential hydrolysis products. Tinuvin 770, a UV 
inhibitor that demonstrated significant release over time in all PP samples 
was more easily leached from UV exposed plastic. 10-oxo-10-[(2,2,6,6-
tetramethylpiperidin-4-yl)oxy]decanoate, a predicted hydrolysis product 
of Tinuvin 770 displayed a similar trend over time. However multiple 
monomers of the PU showed increased release over time in all PU 
samples. Larger PU oligomers were more easily leached from non-UV 
exposed plastic in comparison to the smaller oligomers. It is clear that 
release of polymer additives and monomeric oligomers from plastics 
represent new emerging contaminants of concern to aquatic environments 
polluted by both microplastics and engineered plastic systems.

9. Occurrence and Fate of Industrial Additives of 
Emerging Concern in the Environment
4.09.01  Phenolic and Amino Antioxidants and Ultraviolet Filters in 
the North American Environment
Y. Wu, Indiana University, Bloomington / O’Neill School of Public and 
Environmental Affairs; M. Venier, Indiana University / SPEA; R.A. Hites, 
Indiana University / O’Neill School of Public and Environmental Affairs
The present study provides a comprehensive investigation of three suites 
of commonly-used industrial additives: phenolic and amino antioxi-
dants and ultraviolet filters. The concentrations of these compounds and 
their transformation products were measured in atmospheric particle 
samples collected from the Great Lakes Basin, in Canadian e-waste 
dust samples, in Canadian and United States’ residential dust samples, 
and in sediment samples collected from the Chicago Sanitary and Ship 
Canal. These compounds were detected in all the samples, indicating 
their ubiquitous distribution in the North American environment. The 
most prevalent compounds were 2,6-di-t-butyl-p-benzoquinone, diphe-
nylamine, 4,4’-di-t-octyl diphenylamine, 2,4-dihydroxybenzophenone, 
and 2-hydroxy-4-methoxybenzophenone. The e-waste dust contained 
significantly greater total concentrations of these compounds than the 
Canadian residential dust, while intermediate levels were detected in the 
United States home dust. The sediment samples showed relatively high 
levels of N,N’-diphenylbenzidine, the source of which is unclear, and 
some benzotriazoles UV filters. Daily intake rates by dust ingestion for 
these compounds ranged from 1-10 ng/(kg·day) for adults to 10-100 ng/
(kg·day) for toddlers. Considering the wide distribution of these com-
pounds in both the ambient and built environments, future research on 
their potential toxic effects on people and ecosystems is important.

4.09.02  Distribution and Fate of UV Absorbents and Industrial 
Antioxidants in the St. Lawrence River
A. Dalpé, Université du Québec À Rimouski / Océanographie; M. Houde, 
A.D. Gendron, Environment and Climate Change Canada / Aquatic 
Contaminants Research Division; A.O. De Silva, Environment and 
Climate Change Canada / Water Science and Technology Directorate; 
Y.D. Soubaneh, University of Quebec, Rimouski / ISMER; Z. Lu, 
University of Quebec, Rimouski / Institut des Sciences de la Mer de 
Rimouski
Ultraviolet absorbents (UVAs) and industrial antioxidants are used 
in large quantities in many products such as lubricants, plastics, and 
personal care products to prevent the materials from the degradation 
caused by sunlight or oxidants in the air. Some of these chemicals are 
known to induce harmful effects in the liver, kidney, or reproductive 
system in aquatic organisms, making these contaminants of emerging 
environmental concern. However, limited knowledge is available for the 
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distribution and fate of these contaminants in the environment. In this 
study, we aim to study the distribution, partitioning, and bioaccumulation 
patterns of a series of UVAs (including benzotriazole UV stabilizers and 
benzophenone UV filters) and industrial antioxidants (including synthetic 
phenolic antioxidants (SPAs) and secondary aromatic amines) in the 
water, sediment and two fish species, lake sturgeon (Acipenser fulves-
cens) and northern pike (Esox lucius) of the St. Lawrence River, Quebec, 
Canada. Preliminary results showed that 2,6-di-tert-butyl-4-methylphenol 
(BHT), benzophenone-3 (BP-3), 2-(2h-benzotriazol-2-yl)-4,6-di-tert-
pentylphenol (UV328) and bis(4-octylphenyl)amine (C8C8) were detected 
at frequencies between 46% and 73% in lake sturgeon. The concentra-
tion in lake sturgeon muscle reached 732 ng/g ww for BP-3, 117 ng/g ww 
for UV328, 41 ng/g wet weight (ww) for BHT, and 3ng/g ww for C8C8. 
The concentrations of UVAs and SPAs were higher in the muscle of lake 
sturgeon than in their liver. The levels of UV328 in lake sturgeon muscle 
were 1-2 orders of magnitudes higher than previously reported fish from 
the Great Lakes, suggesting higher exposure risks of lake sturgeon to 
UV328 in the St. Lawrence River. Different from the lake sturgeon, north-
ern pike showed much lower concentrations of most contaminants and 
higher detection rate (34% and 58%) of 2,6-di-tert-butyl-p-benzoquinone 
(BHTQ), benzophenone (BP) and 2-(2H-benzotriazol-2-yl)-4-(1,1,3,3-
tetramethylbutyl)phenol (UV329). These detected contaminants showed 
higher levels in pike liver compared to their muscle. The different 
contamination profiles in lake sturgeon and northern pike indicate the 
species-specific accumulation processes of these compounds. The Great 
Lakes-St. Lawrence River population of lake sturgeon is considered as 
“threatened” by the Committee on the Status of Endangered Wildlife in 
Canada. Further research is needed to understand how these industrial 
additives could affect their health.

4.09.03  Photoinitiators: From Environmental Occurrence to Human 
Exposure
R. Liu, S. Mabury, University of Toronto / Department of Chemistry
Photoinitiators (PIs) are a group of anthropogenic chemicals crucial to 
the photopolymerization reactions that are applied in various techniques 
such as UV curable printing inks and UV curable resin three-dimensional 
printing. Characterized by low energy requirements, low operation 
temperatures, and solvent-free systems without release of volatile organic 
compounds, photopolymerization is generally considered as green 
technology that generates low environmental contamination. In this 
study, however, four groups of 24 PIs, including benzophenones (BZPs), 
thioxanthones (TXs), amine co-initiators (ACIs), and phosphine oxides 
(POs), were detected in food packaging materials (geometric mean, GM: 
3375 ng/g). These PIs can also be detected in indoor dust (GM: 1483 
ng/g) collected in Toronto, Canada. Photo-stability of PIs (t1/2 = 32-289 
h, under simulated sunlight) was found as an important factor affecting 
their concentrations in indoor dust. Ubiquitous detection of PIs in indoor 
environments may suggest human exposure to these novel contaminants. 
Indeed, eighteen PIs were observed in human serum from U.S. donors, 
although at low concentrations (GM: 0.84 ng/mL). Much higher concen-
trations of 25 PIs were detected in breast milk (GM: 10.9 ng/mL) from 
U.S. donors. The estimated daily intakes (EDIs) of PIs (920−7.90×103 ng/
kg bw/day) via breastfeeding were calculated for infants, which cor-
respond to low health risks. This comprehensive study advances our 
understanding of the environmental occurrence, human internal exposure, 
and excretion of PIs in North America.

4.09.04  Occurrence and Temporal Trend of Industrial Antioxidants 
and UV Absorbents in the Endangered St. Lawrence Estuary Beluga
K. Blouin, Université du Québec À Rimouski / Institut des Sciences de la 
Mer; J. Verreault, University of Quebec, Montreal / Biological Sciences; 
S. Lair, Universite de Montreal; Z. Lu, University of Quebec, Rimouski / 
Institut des Sciences de la Mer de Rimouski
The St. Lawrence Estuary (SLE) beluga population (Delphinapterus 
leucas) is listed as endangered since 2014 by the Committee on the Status 
of Endangered Wildlife in Canada. Contaminant exposure has been 

identified as a stressor that can adversely affect the health and survival 
of SLE belugas. SLE belugas are known to accumulate high levels of 
a diversity of persistent organic pollutants such as PBDEs and PCBs. 
However, the exposure of some contaminants of emerging concern 
(CECs) including industrial antioxidants and UV absorbents in SLE 
belugas are unknown. These chemicals are produced in large quantities 
globally and could enter the environment and pose risks to wildlife. Some 
of these contaminants have been shown to induce toxic effects such as 
hepatotoxicity and endocrine disruption in fish and mammals. Thus, there 
is a strong rationale to study the exposure of SLE belugas to these CECs. 
In this study, we investigated the occurrence and temporal trends of a 
series of UV absorbents (e.g., benzotriazole UV stabilizers and benzo-
phenone UV filters) and industrial antioxidants (e.g., synthetic phenolic 
antioxidants and secondary aromatic amines) in the liver and blubber of 
SLE belugas. This presentation will show some preliminary results of this 
research project.

4.09.05 Temporal and Spatial Emission Estimates of Medium and 
Short Chain Chlorinated Paraffins in China During 2000-2019
C. Chen, Peking University / College of Environmental Sciences and 
Engineering; A. Chen, Peking University; L. Li, University of Nevada, 
Reno / Community Health Sciences; J. Liu, Peking University
Medium and short chain chlorinated paraffins (MCCPs and SCCPs), a 
kind of plasticizers and flame retardants, have raised emerging environ-
mental concern due to their potential of persistence, long-range transport, 
bioaccumulation and toxicity. Yet limited is known towards the envi-
ronmental emission of SCCPs and especially MCCPs in China, who has 
become the world’s largest producer and consumer since 2000. In this 
presentation, we will provide insights into the temporal and spatial emis-
sions of MCCPs and SCCPs from domestic production and use in China 
over a 20-year period (2000-2019). We first detected the concentrations 
of MCCPs and SCCPs in a variety of products (e.g., PVC, rubbers, metal 
working fluids, leather and adhesives). Together with the annual produc-
tion and consumption data of these products, we derived the estimates of 
production and use of MCCPs and SCCPs in China. Finally, we quantify 
the multimedia emissions of MCCPs and SCCPs based on the emission 
factors and the production and use estimates. Our results show that, the 
emission of MCCPs and SCCPs has remarkably increased from 2000 
to 2019, with emission from South and East China dominating the total 
emission. Furthermore, while the emission of MCCPs into air is lower 
than that of SCCPs, the emission of MCCPs into surface water and soils 
exceeds that of SCCPs, which indicates severer local contamination of 
MCCPs compared to SCCPs. Finally, whereas the use in PVC products 
is the major emission source for MCCPs and SCCPs into air, the use in 
leather, adhesives and rubber products are the major emission sources into 
surface water and soils respectively, even though the volumes of these 
uses are much lower than that of PVC products. This study can improve 
our understanding of the emission of MCCPs and SCCPs in China, which 
further aids us in global risk assessment and management of these emerg-
ing chemicals.

4.09.06 Assessment of Phthalates Levels in Surface and Drinking 
Water in South Florida Environments
D. Cui, N. Quinete, Florida International University / Chemistry & 
Biochemistry
Phthalates are chemicals of emerging concern widely used as plasticizers 
and additives in many consumer products, including pesticides, pharma-
ceuticals, cosmetics, personal care, medical and building materials, food 
packing, detergents, and children’s toys. Due to large quantities being 
used and widespread application, these compounds may be released from 
the product, ending up into several nearby environmental compartments. 
Exposure to phthalates can lead to endocrine-disruption effects, affect-
ing the development and reproductive system, hepatic and renal function, 
thyroid signaling, and immune system. The presence of phthalates in 
water sources, tap and bottled water have already been assessed world-
wide, although there is still a significant gap on their occurrence and fate 
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in Florida. In this study, we have developed a liquid-liquid extraction 
method followed by gas chromatography-mass spectrometry-based on 
the U.S.EPA method 506 to determine the levels of six selected phthal-
ates, listed under the EPA Toxic Substances Control Act (TSCA), namely 
di(2-ethylhexyl) phthalate (DEHP), dibutyl phthalate (DBP), butyl benzyl 
phthalate (BBP), diethyl phthalate (DEP), dimethyl phthalate (DMP) 
and di-n-octyl phthalate (DOP), in surface and drinking water in South 
Florida. Especially in the current coronavirus pandemic situation, which 
has led to the increased use of single-use plastics, it is of great importance 
to understand the occurrence and the fate of these plasticizers in our water 
system and if the levels can represent potential impact on humans and 
wildlife. Tap water samples (N=15) collected in several cities in Miami-
Dade and Broward counties and surface water samples (N=15) from 
Miami river and canals, and from the preserved areas of the Everglades, 
were assessed in our study to evaluate the presence and spatial distribu-
tion of phthalates in South Florida environments.

4.09.07 Adsorption and Biotic Removal of 2,4-Dinitroanisole and 
3-Nitro-1,2,4-Triazol-5-One in Contrasting Fresh-Water Sediments
T.S. Ariyarathna, S. Twarz, C. Tobias, University of Connecticut / 
Department of Marine Sciences
Insensitive high explosive (IHE) constituents like 2,4-dinitroanisole 
(DNAN) and 3-nitro-1,2,4-triazol-5-one (NTO) are used alongside or in 
replacement of conventional energetics. Environmental release of these 
compounds is of great concern due to their high polarity and associated 
higher potential for offsite migration in surface water environments. The 
objective of this study is to evaluate adsorption and microbially-mediated 
removal kinetics of dissolved DNAN and NTO in freshwater sediment 
systems. Here we conducted bench-top sediment slurry experiments using 
six geochemically and texturally contrasting freshwater sediment types: 
low organic carbon (OC) sand, high OC silt, high OC clay, iron rich clay, 
carbonate sand, and high OC wetland sediment. Separate abiotic and 
biotic sediment incubations were carried out at 230C, 140C and 40C by 
adding DNAN and NTO solutions into the sediment slurries. Experiments 
were conducted over three weeks, and time series aqueous samples and 
sediment samples that were taken at the end of the experiment were mea-
sured for DNAN and NTO concentrations. Dissolved IHE compounds 
were equilibrated with sediment within the first two hours after spike and 
sorption kinetics in different sediments were analyzed and compared. 
Sediment-type and temperature effects were observed. DNAN has higher 
sorption to sediments and apparent biotic loss than NTO in all sediment 
slurries. Biotic removal rates, calculated as the difference in loss between 
sterile and unsterile sediments, were higher than abiotic sorption rates for 
both compounds, regardless of sediment type. Smaller grain size coupled 
with higher OC content in sediment is more important for biotic NTO 
and DNAN removal. The influence of sediment geochemical parameters 
such as OC, grain size, cation exchange capacity, total iron, total sulfur, 
carbonate content etc. on adsorption and biotic removal of these IHE com-
pounds were evaluated. Resulting comparative estimates of sorption and 
removal kinetics of DNAN and NTO from our study have the potential 
to aid in parameterization of fate and transport models and contaminant 
management schemes.

4.09.08  Organophosphate Compounds (OPs): A Three-Year Survey 
of Occurrence and Distribution in Four Different Municipal 
Wastewater Treatment Types Across Canada
M. Woudneh, SGS AXYS Analytical Services, Ltd.; S. Smyth, S.B. 
Gewurtz, Environment and Climate Change Canada; B. Chandramouli, 
SGS AXYS; C. Hamilton, SGS AXYS / Client Services
Organophosphate compounds (OPs) are high-volume production chemi-
cals used as flame retardants and in other applications. Extensive use 
of OPs has led to their widespread occurrence in the environment, with 
potential to cause adverse effects in the aquatic and terrestrial environ-
ments. In the period 2016-2018, a study was conducted as part of Canada’s 
Chemical Management Plan (CMP) to understand the occurrence and 
fate of selected OPs in municipal wastewater treatment plants (WWTPs). 

26 different WWTPs broadly employing four different treatment sys-
tems including lagoons, primary treatment, secondary treatment and 
advanced biological treatment systems were included in this study. The 
OPs monitored include: 3 alkyl phosphates (TEP, TPrP, TBP, TEHP), 3 
aryl phosphates (TPP, TCrP, EHDPP), 4 halogenated alkyl phosphates 
(TCEP, TCPP, TDCPP, TDBPP), one chlorinated diphosphate (V6), and a 
butoxyethyl phosphate (TBEP). The OPs were analyzed by isotope-dilu-
tion liquid chromatography/mass spectrometry. Four OPs (TEP, TCPP, 
TBP, and TEHP) were detected in every influent sample analyzed. The 
highest concentrations were detected for TBEP, TCPP, EHDPP and TBP 
(up to 163,000, 16,200, 8,850 and 4480 ng/L respectively). Three OPs 
(TCEP, TCPP, TBP) were detected in every effluent sample with TBEP, 
TCPP, TBP, TEP, and TCEP being present at the highest concentrations 
(up to 55,500, 8700, 2530, 1670 and 1120 ng/L respectively). Three OPs 
(TEP, TCPP, and TBP) were detected in every biosolids sample with 
EHDPP, TBEP, TEHP, and TCPP being present at the highest concentra-
tions (up to 13300, 11000, 2560, and 1950 ng/g dry weight respectively). 
Measured median values for each analyte were used to calculate field-
based solid-water partition coefficients. Removal of OPs by the different 
WWTP types were also assessed using relative influent/effluent loadings 
and compared by treatment type. The results showed that OPs are pres-
ent at elevated concentrations both in the solid and liquid streams from 
WWTPs. The data presented in this study can be used to support develop-
ment of strategies to mitigate risks posed by OPs to the environment.

4.09.09  Fate and Stability of ‘Novel’ Organophosphate Esters in the 
Environment: A Review of Current Knowledge
S. Herczegh, Carleton University / Department of Chemistry; R.J. 
Letcher, Environment and Climate Change Canada / Ecotoxicology and 
Wildlife Health Division
Following the phasing out and/or regulation of many brominated flame 
retardant (BFR) chemicals, production and usage of organophosphate 
esters (OPEs) has increased as both replacements for BFRs and as plas-
ticizers. With the current state of transition within the flame retardant 
industry from BFRs to OPEs, research has been conducted concerning 
the fate of OPEs in the environment, including water, wastewater, sewage, 
soil, sediment and biota as well as occurrence, transport and biotransfor-
mation. Many legacy, more commonly studied OPEs have been reported 
at environmental concentrations higher than the BFRs they replaced, are 
frequently sampled in water and wastewater worldwide, and even detected 
in remote polar regions, suggesting long range transport. A large class 
of compounds, with industrial production often including isomers and 
complex mixtures, several ‘novel’ OPEs remain less well-studied with a 
consensus not yet reached regarding environmental fate and stability. A 
growing industrial trend towards the polymerization of OPEs is produc-
ing longer chained, oligomeric OPEs of higher molecular weight, which 
may have implications for environmental fate and stability. In the present 
study, the peer-reviewed literature was scanned to determine and review 
the landscape of replacement OPEs and gauge scientific understanding 
of the environmental fate, exposure, stability, transport and transforma-
tion of novel OPEs, including new and upcoming oligomeric compounds. 
Similar to many historical OPEs, novel compounds have been frequently 
detected in freshwater, in sediment to varying degrees, as well as in polar 
ecosystems. Sampling has further detected novel OPEs in phytoplankton, 
zooplankton and benthic invertebrates, with bioavailability mediated 
by hydrophobicity and biotransformation. Preliminary modelling and 
sampling suggest long atmospheric residence times, and potential for 
long-range atmospheric transport among multiple novel OPEs. Oligomeric 
OPEs are less frequently sampled and/or not detected across environmen-
tal media when compared to other novel compounds, leaving knowledge 
gaps regarding their occurrence and environmental fate. Wastewater 
effluent may be a source of some oligomeric OPEs in freshwater, however 
certain oligomers have shown high rates of biodegradation during the 
sewage treatment process.
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4.09.10 Underivatized Glyphosate and Polar Pesticides Analysis in 
Multiple Environment and Food Matrices Using LC/MS/MS
J. Roy, T. Anumol, J. Grossman, Agilent Technologies
Glyphosate is a synthetic, broad-spectrum herbicide widely used in both 
agricultural and residential sectors. Glufosinate is naturally produced by 
plants but is also produced synthetically on an industrial scale. Both are 
degraded by bacteria in plants, soil and water, to Aminomethylphosphonic 
acid (AMPA) and 3-(methylphosphinico)propionic acid (MPPA), respec-
tively. The accurate quantitation of these compounds and other polar 
pesticides (2-hydroxyethyphosphonic acid (HEPA), N-acetylglufosinate, 
Ethephon, Fosetyl) at low ng/L levels in surface water, and low-ug/L 
levels in other matrices, have proven to be challenging, given their very 
polar nature. A simple yet effective methodology was developed that 
includes quick sample preparation, very robust reversed-phase chroma-
tography and sensitive mass spectrometry detection for routine analysis. 
An innovative method using a new superficially porous reversed phase 
LC column, which excels at retaining difficult polar molecules was used 
for robust analysis and good seperation. In contrast to HILIC approach, 
this method allows for a larger injection volumes of the 100% aqueous 
extracts allowing no need for organic solvent exchange for water samples, 
resulting in lower detection limits without sacrificing peak shape. The 
peak shape of all studied compounds remained stable throughout multiple 
matrices, even though a large injection volume is used and the pesticides 
are not derivatized. The retention times and peak areas are very reproduc-
ible across all studied matrices including drinknig water, surface water, 
wine, and honey , even in the ng/L range, indicating that the overall strat-
egy (very simple and short sample clean-up followed by aqueous injection 
on reversed-phase column) is insensitive to matrix. The use of a labelled 
internal standard can help to counter matrix effect in some cases, espe-
cially for the two first eluters (AMPA and glufosinate). Method reporting 
levels of 10-100 ng/L in water were noticed for the polar pesticides.

10. Passive Sampling: Innovations in Passive 
Sampling Across Environmental Compartments
4.10.01  Future Perspective in Passive Sampling Technology for 
Contaminant Monitoring: Synthesis of Findings from a Multi-
Stakeholder Expert Survey
M. Rakowska, Texas Tech University/ Envirostatus / Civil and 
Environmental Engineering; A. Smith, Texas Tech University / Civil 
and Environmental Engineering; T. Parkerton, ExxonMobil Biomedical 
Sciences, Inc. / Toxicology & Environmental Science; D.D. Reible, Texas 
Tech University / Civil and Environmental Engineering
For more than a decade passive sampling (PS) techniques have been 
widely applied to monitor freely-dissolved concentrations (Cfree) of non-
polar constituents and kinetically labile dissolved concentrations for polar 
constituents in different environmental media. PS methods can provide a 
better understanding of (bio)availability, long-term bioaccumulation and 
toxicity of contaminants in aquatic systems, and are increasingly used as 
a key line of evidence in contaminated site assessment. However, there are 
still barriers in accepting PS methodologies for quantifying risk reduc-
tion relative to traditional analytical methods. Here, we report results 
of a National Science Foundation funded research project that engaged 
various experts involved in environmental assessment and management 
of contaminated sites to participate in a phone or video interview to 
capture their perspectives and experiences in using PS approaches. The 
goal of this effort was to understand benefits and challenges acquired 
from past use of PS technology, highlight most important issues regard-
ing practical application and identify barriers and opportunities for future 
implementation of PS approaches in management of contaminated sites. 
More than 105 individuals from academia, industry, consulting, com-
mercial labs, and governmental agencies were interviewed over a span 
of 6 weeks. While the scope of the survey included surface/ground water 
quality and waste management applications, most participants shared 

their experiences on contaminated sediments. Overall, the majority of 
interviewees (>50%) supported PS use in ecological risk assessment for 
benthic organisms and for monitoring remedy effectiveness. Other partici-
pants did not actively consider using PS technology in site assessment due 
to uncertainty in regulatory acceptance. In the case of site contaminants 
for which risk was driven by human health/wildlife fish consumption 
exposures, respondents preferred fish tissue measurements and stated 
the need for further validation of PS data with measured bioaccumula-
tion data in higher trophic level organisms. Interviewees also pointed out 
additional barriers due to lack of standard laboratory protocols for PS 
preparation and analysis as well as uncertainties in PS data interpreta-
tion. Through the broad stakeholder feedback collected in this survey, we 
better understand the role of PS technology for different end-users and 
future directions of PS methods for emerging compounds. The presenta-
tion provides information both on the state of the art of PS technology and 
priority needs to further advance use and acceptance of the technique in 
risk-based site assessment and management.

4.10.02 Evaluation of a Rapid Biosensor Tool for Measuring PAH 
Availability in Sediment
J. Conder, Geosyntec Consultants, Inc.; M. Jalalizadeh, Exponent, Inc.; 
E. Luo, Chevron; A.S. Bess, Chevron Energy Technology Company / 
Environmental Unit; M.A. Unger, Virginia Institute of Marine Science / 
Aquatic Health Sciences
Decades of research has shown that measuring freely dissolved PAH 
(Cfree) in sediment is superior to measurement of “total” concentrations 
of PAHs in sediment and sediment porewater, as Cfree is a much better 
predictor of bioavailability and toxicity to aquatic organisms. Passive 
sampling techniques and equilibrium partitioning (EqP) models (such as 
1-carbon and 2-carbon models) have been used for measuring and predict-
ing Cfree, respectively, but these techniques require weeks for analytical 
chemical measurements and subsequent data evaluation. This study eval-
uated the performance of a portable, field-deployable antibody-based PAH 
biosensor technique that can provide measurements of PAH Cfree within 
a matter of minutes using a small volume of sediment porewater. Four 
sediments with a wide range of PAHs (ΣPAH 2.4 to 307 mg/kg) derived 
from petroleum, creosote, and urban PAH sources were analyzed via bulk 
chemistry methods, exposed ex situ to polyethylene passive samplers, and 
compressed to yield a porewater sample that was analyzed via the biosen-
sor. Mean ΣPAH Cfree, determined by the biosensor for the four sediments 
(3.1 to 55 µg/L) were within a factor of 1.1 (on average) compared to 
mean ΣPAH Cfree determined by the passive samplers (2.0 to 52 µg/L). 
All mean ΣPAH Cfree values differed by factor of 3 or less. In contrast, 
1-carbon and 2-carbon EqP ΣPAH Cfree predictions overpredicted passive 
sampler-derived Cfree measurements by an average factor of 6.4 and 6.0, 
respectively. The biosensor was also useful in identifying sediments that 
are likely to be non-toxic to benthic invertebrates. In two of the four sedi-
ments, biosensor results of 20 and 55 µg/L exceeded a potential biosensor 
screening level of 10 µg/L (derived from prior research), indicating 
toxicity could not be ruled out. Toxic Units (TU) measured in these two 
sediments using the passive sampler Cfree results were also greater than 
the TU threshold of 1 (6.7 and 5.8, respectively), confirming the conclu-
sions reached with the biosensor. In contrast, the other two sediments 
were identified as non-toxic by both the biosensor (biosensor results of 
3.1 and 4.3 µg/L) and the passive sampler (TU of 0.039 and 0.34). These 
results indicate that the biosensor is a promising tool for rapid screening 
of sediments potentially-impacted with PAHs, and further evaluation of 
the biosensor with additional sediments is recommended.
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4.10.03 Pilot Scale Demonstration of Innovative Approaches to 
Measure Freely Dissolved Polychlorinated Biphenyls in Choccolocco 
Creek
A.P. Wang, Geosyntec Consultants, Inc. / Civil & Environmental 
Engineering; J. Conder, A. Fowler, Geosyntec Consultants, Inc.; G. 
Macolly, Solutia, Inc. / Remediation; J.R. Loper, T.B. Loper, The Loper 
Group, Inc.
The measurement of freely-dissolved chemicals (Cfree) is a powerful 
approach for improving the assessment and management of sediment 
sites. This presentation will present an overview of a pilot scale demon-
stration of innovative approaches to measure freely-dissolved PCBs in the 
Choccolocco Creek portion of the Anniston PCB Site (Alabama, USA). 
Freely-dissolved PCBs were measured using a custom-modified approach 
using commercially available polyethylene passive samplers (SP3s). 
PCBs absorbed by the SP3s were quantified using an innovative approach 
measuring PCB homologues and Aroclors (instead of PCB congeners), 
and sampling kinetics were tracked using seven isotopically-labeled PCB 
congener Performance Reference Compounds (PRCs) added to each SP3 
prior to deployment. SP3 were deployed for 35 days at two locations rep-
resenting different hydrodynamic conditions (high-energy, low-energy) in 
Choccolocco Creek. At the high-energy location, SP3s were deployed in 
surface water, within the rocky substrate, and at the substrate-water inter-
face using SCUBA divers. At the low-energy location, SP3 were deployed 
in surface water, within the soft sediment substrate, and the substrate-
water interface using a push-pole device that allowed deployment of the 
SP3s from a vessel without the aid of divers. A sample of sediment was 
also collected and used for an ex situ Cfree measurement via agitation 
with an SP3 for 35 days. PRC results indicated that the deployment time 
period was sufficient for absorption of PCB analytes in situ. Measurement 
of PCBs via the homologue method indicated a detection frequency 
of 66%, and Cfree detection limits (0.1 pg/L on average) were similar 
to Cfree approaches that rely on the measurement of individual PCB 
congeners. In contrast, the Aroclor method was less sensitive. Only 25% 
of the Aroclor results yielded detectable values for the SP3s, and sum of 
the Cfree Aroclors for the samples (non-detect to 20 ng/L) was less than 
that of the sum of the Cfree homologues (3 to 48 ng/L). Overall, the pilot 
scale evaluation was successful and indicated that the approach for PCB 
homologues provides sensitive and versatile measurement capabilities for 
Cfree PCBs.

4.10.04  Use of a Novel Passive Profiler to Assess the Transport of 
Contaminants in Remediation Caps
U. Garza-Rubalcava, Texas Tech University / Chemical Engineering; 
A. Smith, D.D. Reible, Texas Tech University / Civil and Environmental 
Engineering; A. Jackson, Texas Tech University / Department of Civil, 
Environmental, & Construction Engineering
Capping is a widespread remediation technique to attenuate the release of 
toxic compounds from contaminated sediments. Active caps work based 
on their sorption capacity that retards the movement of contaminants to 
the overlying water. Hence, sorptive capping materials eventually saturate 
and stop being effective on their purpose. To fully assess the performance 
of a cap and to predict its lifespan, a number of fate processes must be 
established, including: transport (advection-diffusion), adsorption, and 
biotransformation. In this work, a novel passive sampler was used to 
study the pore water transport processes affecting polycyclic aromatic 
hydrocarbons (PAHs) within a remediation cap at the Grand Calumet 
River (East Chicago, IN). The sampler, a sediment high-resolution passive 
profiler (sHRPP), is a comprehensive tool capable of measuring 1) pore 
water concentrations of conservative species and redox indicators, 2) pore 
water velocity, and 3) pore water concentrations of PAHs. Conservative 
and redox sensitive species are measured using equilibrium diffusion 
sampling with a 1.5 cm resolution. Pore water velocity is measured 
every 22 cm using the loss of a conservative tracer and a relationship 
between the mass transfer coefficient and velocity. PAHs are measured 
using solid-phase micro extraction (SPME) fibers (8 cm) at 2 cm resolu-
tion. The sampler is thus able to provide co-located profiles that provide 

information on biological activity, sorption, and transport at a resolution 
sufficient to evaluate processes occurring over a few centimeters. In 
this work, seven sHRPPs were deployed at two different transects in the 
remediated area of the river. Preliminary results show that pore water 
concentrations of PAHs within the cap are between one and two orders 
of magnitude smaller than in the underlying sediment. This information 
indicates that the cap is working and is far from saturation. Obtained pro-
files of chloride (a conservative species) and pore water velocity provide 
evidence that both vertical and horizontal transport is occurring within 
the cap. Further modeling is still required, but the information obtained 
through the sHRPP devices is promising to describe the transport of con-
taminants within the cap and to predict the lifespan of the amendment.

4.10.05  Monitoring Freely Dissolved Concentrations to Improve 
Targeting of Remedial Actions for a PCB-Impacted River
M. Bokare, N. Lombard, U. Ghosh, University of Maryland, Baltimore 
County / Chemical, Biochemical, and Environmental Engineering
Bioaccumulation of hydrophobic organic pollutants (HOCs) such as poly-
chlorinated biphenyls (PCBs) in aquatic organisms is a major pathway for 
exposure to humans. Uptake of these chemicals in the aquatic food web 
is governed by the chemical activity in surface water and sediments. The 
freely dissolved concentration of HOCs in these phases has been shown to 
be directly related to their chemical activity and can be used to accurately 
predict bioaccumulation. In large environmental systems such as rivers, 
this freely dissolved concentration is governed by mass transfer of pollut-
ants across the air-water and sediment-water interfaces as well as direct 
inputs from tributaries and overflows. Differences in chemical activity 
govern the direction of these mass transfer processes as well as the impact 
of direct inputs on the receiving water body. This research demonstrates 
the use of a novel passive sampling approach for time-integrated measure-
ment of freely dissolved concentrations of pollutants in the water and 
sediment phases, as well as gas phase measurements. The measurements 
performed in the Anacostia River watershed in Washington, District of 
Columbia (DC), were able to provide the first accurate mass balance of 
freely dissolved pollutant concentrations in the river, enabling identifi-
cation of a major tributary and contaminated sediment hot-spots as the 
sources having the most negative impact on the water body. These find-
ings are challenging the traditional Total Maximum Daily Loads (TMDL) 
approach of using total mass loading of pollutants as a way of assessing 
management options. This research demonstrates that tracking freely dis-
solved concentrations can lead to better identification and delineation of 
sources that raise chemical activity of the pollutants in a river and cause 
negative impacts through bioaccumulation in the food web, allowing 
prioritization of management options for risk reduction.

4.10.06 Comparison of Porewater PCB and PAH Concentrations via 
Passive Sampling and Direct Water Measurement
S. Yan, University of Maryland Baltimore County / CBEE TRC; M. 
Bokare, U. Ghosh, University of Maryland, Baltimore County / Chemical, 
Biochemical, and Environmental Engineering
The objective of this research is to compare the estimates of freely dis-
solved porewater concentrations (Cpw) of hydrophobic organic compounds 
by passive sampling technologies with the results from a direct water 
extraction method and Cpw estimation from sediment concentrations. 
The sediment samples were collected from Indiana Harbor, Chicago, IL, 
which was contaminated with polycyclic aromatic hydrocarbon (PAHs) 
and polychlorinated biphenyl (PCBs). Polymeric samplers made of poly-
ethylene (PE) and polydimethylsiloxane (PDMS) were directly inserted 
into the sediment in the laboratory to yield measures of Cpw present in 
sediment porewater. The sediment exposure was conducted in parallel 
experiments of active (shaking table) and static condition for equilibrium. 
Direct porewater measurement was performed by first equilibrating the 
sediment with water in closed bottles for 1 month followed by settling 
and alum flocculation to remove colloids. This was followed by solvent 
extraction of the supernatant water, cleanup using silica gel, and analy-
sis for PCBs and PAHs. The direct water extracted concentration was 
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a combination of the freely dissolved and the dissolved organic carbon 
(DOC) associated concentrations. The direct porewater measurement 
was corrected for DOC using measured DOC concentration in porewater 
and estimated partition coefficients for DOC. For the direct extraction, 
DOC correction was found to have little impact for the low octanol-water 
partition coefficient (Kow) compounds, and an increasing impact with 
increasing Kow. Since naphthalene was the predominant PAH compound 
in the study sediments, the total PAH concentration in porewater was 
not impacted greatly by the DOC correction. The sediment also had less 
high molecular weight compounds and the concentrations decrease with 
molecular weight increase. Dichloro- and trichloro- biphenyls were the 
most abundant PCBs in the study sediments for which the impact of DOC 
was low. For example, the sum of concentrations of PCB 8 and PCB 18 
reduce from 25.1 ng/L to 19.7 ng/L after DOC correction. Penta- and 
heavier homologues were barely detectable using direct water extraction. 
The passive sampling results will be obtained before the conference and 
compared with the direct water measurements.

4.10.07 What Does Time-Integration Really Mean for Passive 
Sampling?
O. Ghosh, University of Maryland Baltimore County / Chemical 
Biochemical and Environmental Engineering; S. Yan, University of 
Maryland Baltimore County / CBEE TRC; M. Bokare, U. Ghosh, 
University of Maryland, Baltimore County / Chemical, Biochemical, and 
Environmental Engineering
Polymeric passive sampling devices have increasingly been used in the 
measurement of low levels of freely dissolved concentrations of hydro-
phobic organic contaminants (HOCs) in surface water and sediment 
porewater. In the real environment, water concentrations of these HOCs 
vary temporally with events like stormflow, industrial runoff, and tides. 
The effect of such events on the time weighted average water concentra-
tion is important for ecological exposure assessment. Passive sampling, 
unlike grab sampling, which can be both expensive and logistically dif-
ficult to achieve, is considered to provide a time-integrated measurement 
of ambient concentration. However, several relevant questions remain on 
the nature of time-integration in passive sampling: 1) when samplers are 
retrieved at the end of a deployment period, are the sampler concentra-
tions representative of the time-averaged concentration over the entire 
deployment period? 2) is there a time period beyond which a perturbation 
in concentration is not captured in the passive sampling time-integration? 
3) is there a different characteristic time scale of integration for different 
compounds based on hydrophobicity? 4) how does the physical character-
istics of the sampler impact the uptake kinetics and time-integration of a 
given compound? 5) are there differences in the predictions using a first 
order vs. diffusion-based model to simulate the mass transfer kinetics? 
To answer these questions, we use both first order and one-dimensional 
Fickian diffusion model to simulate the uptake and loss kinetics of poly-
chlorinated biphenyl (PCB) molecules in a polyethylene (PE) sheet from 
water. To understand the nature of time-integration in passive sampling, 
we simulated a range of conditions for ambient concentration of the 
freely dissolved PCB molecules, sampler characteristics, and molecular 
properties. These include simulations of: 1) storm-induced changes in 
concentration on different days during a deployment period, 2) storms 
that last for different periods of time or have different patterns (e.g. hap-
pens just once or periodically), 3) the effect of storm on the uptake of 
different PCB homologs, d) different sampler thickness and thickness of 
the water boundary layer. Results from these simulations are being inter-
preted to enable better understanding of the nature of time-integration in 
passive sampling and allow tailoring of sampler design and deployment to 
target a desired period of time-integration.

4.10.08 Novel Equilibrium Passive Sampling Device for the 
Measurement of Methylmercury in Water and Porewater of a 
Sediment Microcosm
J. Damond, U. Ghosh, University of Maryland, Baltimore County / 
Chemical, Biochemical, and Environmental Engineering; C. Gilmour, S. 
Washburn, Smithsonian Environmental Research Center
Mercury is a global pollutant that can undergo methylation in natural 
systems to form the more toxic and bioaccumulative form, methylmercury 
(MeHg). MeHg can biomagnify within aquatic biota to levels unsafe for 
human consumption, making accurate determination of its concentra-
tion across aquatic environments crucial for adequate risk assessment. 
However, MeHg concentrations in waters and porewaters can be low 
(concentrations in unimpacted waters at the pM level) and highly vari-
able through time, rendering accurate measurement with traditional field 
sampling methods challenging. Passive sampling approaches for predict-
ing methylmercury concentrations, which can reflect a time-averaged 
concentration of MeHg in water and porewater, have thus been explored. 
The present work describes the development of a novel equilibrium-based 
passive sampling device comprised of activated carbon suspended in 
agarose gel and demonstrates the ability of this novel sampler to measure 
water and porewater MeHg concentrations in a sediment microcosm. 
Additionally, it shows the ability of a single passive sampler to measure 
MeHg concentrations across a sediment-water interface. Passive samplers 
inserted partially in the water column and partially in the sediment col-
umn successfully measured the gradient of dissolved MeHg concentration 
demonstrating the ability to measure concentration gradients critical for 
flux calculations. The results of this experiment demonstrate the capabil-
ity of this material to predict water and porewater MeHg concentrations in 
an environmentally relevant setting.

4.10.09 Comparison of Passive Sampling Methods for Microcystins
B. Du, Southern California Coastal Water Research Project / Chemistry; 
J. Smith, Southern California Coastal Water Research Project / 
Biogeochemistry; P. Wang, Jinan University / School of Environment; 
C.S. Wong, Southern California Coastal Water Research Project 
Authority / Chemistry
Microcystins are prevalent in many lentic waterbodies surveyed in 
Southern California. In order to overcome challenges to capture the 
occurrence of microcystins in waters, equilibrium passive sampling 
devices that utilize sorptive resins (e.g., the Solid Phase Adsorption Toxin 
Tracking device, or SPATT) have been used by the algal bloom com-
munity as a qualitative assessment and monitoring tool to provide time 
integrated data on the presence of microcystins. However, SPATT has 
been challenging to calibrate to allow for estimation and comparisons 
of microcystin concentrations reliably across systems, and therefore 
is difficult to put into the context of human health risks. In this study, 
we evaluated uptake capacities of the organic Diffusive Gradients in 
Thin-Films (o-DGT) sampler using three microcystins (MC), including 
MC-LR, MC-RR, and MC-YR, in the laboratory, and validated sampling 
performance in the field. Both passive sampling devices were deployed 
concurrently at freshwater lakes in California during the summer-fall of 
2019. Concentrations obtained by o-DGT results were comparable to those 
from grab samples when microcystins were detected at low levels. The 
differences of mechanism and configuration prevent effective comparison 
between o-DGT and SPATT. The result of this study indicated advantages 
of using o-DGT over SPATT due to the more quantitative nature and 
slightly better sensitivity of o-DGT. Passive samplers providing quanti-
tative results (e.g., o-DGT) need to be applied to additional cyanotoxin 
classes and characterization of these cyanotoxins in other environmental 
matrices.
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4.10.10  Field Calibration of Low-Uptake Passive Samplers for Long-
Duration Outdoor Air Monitoring
T.A. McAlary, Geosyntec Consultants, Inc. / Toronto; B. Pautler, SiREM; 
R. Healy, Ontario Ministry of Environment Conservation and Parks / 
Toronto
Passive sampling for petroleum hydrocarbons in air near refineries is 
traditionally performed using USEPA Method 325; however, there are 
some opportunities for advancement. The standard thermal desorption 
(TD) tube passive sampler generally performs well for durations up to 2 
weeks, but that equates to 26 rounds of sample collection per year. Longer 
sample durations would result in less costly monitoring programs, but 
there is an inherent risk of sorbent saturation and poor retention, which 
would impose a low bias on the concentration measurements. One poten-
tial solution is to deploy passive samplers with lower uptake rates. The 
Ontario Ministry of the Environment, Conservation and Parks operates 
a road-side air quality station beside Highway 401 in Toronto, one of the 
highest traffic roads in North America. An array of various passive sam-
pling configurations and durations were deployed in triplicate on the roof 
of the station for 1, 2 and 3 month periods during different seasons. Three 
different configurations were investigated; regular TD tubes fitted with 
modified endcaps to reduce uptake rates, membrane sample vials contain-
ing sorbent beads, and membrane samplers containing sorbent strips. The 
station also contains an online gas chromatograph with flame ionization 
detection (GC-FID), which provided benchmark hydrocarbon concentra-
tion data for comparison with the passive sampling results. Comparisons 
between the online GC-FID and the low-uptake rate passive samplers for 
aromatic hydrocarbons associated with vehicle exhaust (benzene, toluene, 
ethylbenzene and xylenes) are encouraging and indicate that longer-
duration (1-3 months) sampling is feasible using samplers with lower 
uptake rates. Details of the passive sampling configurations and statistical 
analysis of the analytical results will be provided.

4.10.11 Air Quality Variations in Lagos, Nigeria
D.A. Alani, University of Lagos, Akoka / Department of Quantity 
Surveying, Faculty of Environmental Sciences; H. Ehiwario, O. Bello, 
University of Lagos, Akoka, / Department of Chemistry, Faculty of 
Science; C. Okolie, University of Lagos / Department of Surveying and 
Geoinformatics, Faculty of Engineering; O. Akinrinade, University of 
Lagos, Akoka / Department of Chemistry
Air pollution is one of the environmental problems confronting fast grow-
ing cities like Lagos. Its effects on human lives are enormous as it causes 
diseases and can result in chronic illness and even death. The concentra-
tion levels of pollutants are also known to have seasonal variations. The 
aim of this study was to monitor the varying concentrations of the follow-
ing major air pollutants - nitrogen dioxide (NO2), sulphur dioxide (SO2), 
particulate matter (PM1.0, PM2.5 and PM10), polycyclic aromatic hydro-
carbons (PAHs) and organochlorine pesticides (OCPs) at Onike, Okobaba 
and Ojota areas of Lagos, Nigeria, during wet and dry season months. 
The assessment was done in line with the guidelines for air quality set 
by the National Ambient Air Quality Standards (NAAQS) and the World 
Health Organisation (WHO). The real-time measurements were carried 
out using a Wi-Fi-enabled mobile air pollution-sensing device called 
the Air Quality Egg. Air samples for PAHs and OCPs were collected 
using passive samplers and analysed using Gas Chromatography/Mass 
Spectrometry (GC-MS). The PAH profile was dominated by 5-6 ring 
PAHs accounting for 15 PAHs which were analysed. 5-6 ring PAHs are 
significantly more toxic. Benzo[a]anthracene had the highest percentage 
at both locations (79% Okobaba; 93% Ojota) respectively. OCPs belong-
ing to the Drins were the dominant OCP at both locations. The pollutant 
levels were analysed for descriptive statistics on the variation. Also, an 
analysis of variance test was carried out to test for significant differ-
ences in the pollutant levels in both wet and dry seasons. The maximum 
concentrations of SO2 and NO2 were 316ppb and 153ppb respectively at 
Ojota while Onike had lower levels of the pollutants most of the time. The 
levels in the wet season were generally higher for both SO2 and NO2. SO2, 
NO2 and the PM levels were dependent on the anthropogenic activities 

during the study. Electric power generating plants, vehicular sources and 
indiscriminate open incineration were identified as the major contribu-
tors to these air pollutants. Keywords: Air quality; Gaseous pollutants; 
Particulate matter; PAHs, OCPs

4.10.12  Evaluation of Passive Polyoxymethylene (POM) Sampler to 
Assess Volatile Emission of HOCs at a Confined Disposal Facility
A.A. Odetayo, Texas Tech University / Civil Engineering; D.D. Reible, 
Texas Tech University / Civil and Environmental Engineering; D. 
Acevedo-Mackey, U.S. Army Engineer Research and Development 
Center; C. Price; L. Thai, U.S. Army Corps of Engineers
Volatile losses of hydrophobic organic contaminants from a confined 
disposal facility (CDF) containing dredged contaminated sediments is of 
substantial concern to surrounding communities, particularly if expo-
sure continues over long periods of time. A passive air sampler using 
polyoxymethylene was evaluated for the measurement of PAHs and 
PCBs evaporating from a confined disposal facility. Laboratory evalua-
tions were used to assess the uptake kinetics, average equilibrium time, 
and estimate the POM-air partition coefficients (KPOM-A) of 16 PCB 
congeners. The uptake kinetics defined the effective averaging time for air 
sampling and differs depending on the hydrophobicity of the compounds 
of interest but averaged from a week for compounds with Log KPOM-A 
< 6.75 to approximately about 5 weeks for compounds with 6.75>Log 
KPOM-A< 8 and greater than 5 weeks for Log KPOM-A >8. Field sam-
pling at 10 stations surrounding the CDF was conducted three times (two 
fall/winter and one summer) over two years. The highest concentrations 
(∑PCB~13 ng/m3, ∑PAH~65 ng/m3) occurred during summer active 
dredged material placement when the ambient temperature was 23 oC. 
Partitioning to the POM during the fall/winter when the average tempera-
ture was ~5 C showed a concentration of ∑PCB~3 ng/m3 and ∑PAH~45 
ng/m3 during post dredged material placement. The concentrations dur-
ing the fall/winter were corrected for temperature. The partitioning PAS 
measurements agreed well with weekly 24-hour HVAS samples averaged 
over the POM uptake time for lower congener number PCBs (15, 18, 20/28 
and 31) and naphthalene but were about 10 times lower than HVAS for 
high molecular weight PAHs. The difference was likely the result of the 
greater association of these PAHs with particulates and sources other than 
evaporation from the CDF. The POM air sampler achieved the goal of 
providing a long-term average air concentration without having to collect, 
analyze and average multiple HVAS samples but is limited by the slow 
and varying rate of equilibration of the target compounds.

4.10.13  Determining Human Exposure to Organic Pollutants Using 
Silicone Skin Patches and Wristbands
S. Abel, F. Rosello, Helmholtz Centre for Environmental Research / 
Department of Ecological Chemistry; M. Krauss, Helmholtz Centre for 
Environmental Research / Department of Effect-Directed Analysis; A. 
Jahnke, Helmholtz Centre for Environmental Research / Department of 
Ecological Chemistry
Humans are exposed to organic pollutants in their everyday lives. 
Although exposures may be relatively low for large parts of the popula-
tion, the long-term accumulation of substances can pose health risks, and 
even at low levels, multiple chemicals can jointly elicit effects. However, 
the measurement of human exposure to chemicals requires invasive 
sampling of tissue or body fluids, and analytical methods that produce 
comparable results in highly dissimilar media. This limits the access to 
representative sample sizes. Passive sampling devices (PSD) can provide 
a straightforward alternative if applied in a suitable sampler design. While 
silicone wristbands offer a high sample throughput, they are also prone to 
high variability due to factors which are difficult to control (e.g. coverage 
by clothes, exposure to personal care products). In this study we compared 
silicone wristbands to a covered silicone skin patch design with a similar 
silicone mass. The latter was developed to offer more consistent sampling 
conditions, a more uniform contact to the skin and an increased contact 
area at reduced thickness (patches: 137 cm² x 0.2 mm; wristbands: 24 
cm² x 2 mm), accelerating uptake kinetics. The PSDs were tested on over 
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100 participants, each wearing the wristbands and skin patches (applied 
to the upper thigh) simultaneously for 5 days. To provide information on 
indoor air exposure, silicone window films were attached in the partici-
pants’ homes. Passive sampler extracts were analyzed for 40 compounds 
by GC-MS/MS. Additionally, blood samples will be analyzed for a direct 
comparison of PSDs to actual body burdens. Preliminary results showed 
a good correlation between the contaminant load of wristbands and skin 
patches. However, this was not the case for all tested chemicals, indicating 
that the sampling devices influenced the obtained results. Furthermore, 
the exposure pathways (skin excretion or deposition from air/dust) were 
hard to distinguish. Caffeine was found in high concentrations in PSDs of 
participants who consumed it while wearing the PSDs. However, it was 
also found at low levels in PSDs of “caffeine-free” participants, indicating 
an additional airborne source. This finding complicates the quantitative 
evaluation of passive sampler data and their extrapolation to actual body 
burdens. Nevertheless, silicone wristbands or skin patches can provide a 
useful tool for non-invasive human exposure monitoring.

4.10.14 Disentangling the Contributions of Urban and Production 
Sources in Short- and Medium-Chain Chlorinated Paraffin 
Concentrations in a Complex Source Region
S. Niu, R. Chen, K.J. Hageman, Utah State University / Department of 
Chemistry & Biochemistry; Y. Zou, University of Liege / Department 
of Chemistry; L. Dong, National Research Center for Environmental 
Analysis and Measurement; R. Zheng, Beijing University of Agriculture; 
X. Wang, R. Hai, Beijing University of Chemical Technology / Department 
of Environmental Science and Engineering
Chlorinated paraffins (CPs) are persistent in the environment, toxic to 
organisms, and can undergo long-range transport. Many sources of CPs 
have been reported, such as CP production plants and cities with heavy 
usages of CP products. However, little is known about the relative contri-
butions of CP production plants versus cities in environmental samples. 
Moreover, even though source attribution is critical for effective pollution 
management, methods for disentangling CP source contributions have 
not been previously investigated. In this study, short-chain chlorinated 
paraffins (SCCPs) and medium-chain chlorinated paraffins (MCCPs) were 
measured in tree bark samples collected around a chlorinated paraffin 
(CP) production plant, in a nearby city, and along a transect between the 
plant and city. Theoretical air concentrations were back-calculated from 
concentrations in bark using a predictive equation for estimating equi-
librium bark-air partition coefficients (Kbark-air) that we developed from a 
series of previously published Kbark-air measurements. Comparison of the 
normalized concentration profiles along south to north transects showed 
that wind played only a minor role in CP concentrations and profiles 
in the region. Three distinct source profiles were found in the complex 
source region. A fingerprint analysis technique was used to quantify the 
contribution of each source to the CP burden at various locations along 
the transect. We found that CP profiles at sites up to 6 km from the plant 
were strongly influenced by plant emissions, whereas the sites located in 
the rural zone and rural-urban interface were influenced by a mixture of 
CP plant emissions and the neighboring city.

4.10.15 Lichens as Dust and Air Quality Biomonitors at a 
Contaminated Mine Site
M. Smith, Saint Mary’s University / Environmental Science; C. Rickwood, 
G. Prabhakar, Natural Resources Canada / CanmetMINING; P. Opra, L. 
Campbell, Saint Mary’s University / Environmental Science
Mercury (Hg) and arsenic (As) contaminated gold mining waste (tailings) 
in Nova Scotia, Canada poses a significant risk to public and ecosystem 
health. Between the 1860s and 1940s, over 360 gold mines in 64 formal 
gold districts in Nova Scotia generated approximately three million tonnes 
of tailings that were released directly into terrestrial and aquatic envi-
ronments near mining communities. The tailings have elevated Hg and 
As concentrations due to losses from Hg amalgamation processes, and 
presence of arsenopyrite in milled gold-bearing ore, respectively. Many of 
these mines were abandoned and unremediated since the 1940s, leaving a 

legacy of environmental contamination. Consequently, many tailings sites 
are largely unvegetated today, creating the potential for windblown dust. 
Studies to date have investigated dust chemical speciation and mercury 
fluxes at the sites, but no work has been done to quantify wind-borne 
dust and air contamination around the sites. Lichens are widely used in 
biomonitoring spatial patterns of dust and air quality at contaminated sites 
due to their ability to accumulate airborne contaminants almost entirely 
from wet and dry atmospheric deposition. In the summer of 2019, we 
sampled epiphytic lichens (Platismatia and Usnea spp.) over a series of 
gridded transects over both tailing and reference areas to determine the 
spatial distribution of airborne Hg and As surrounding a large gold mine 
tailings site near Dartmouth, Nova Scotia. Lichens were collected sur-
rounding the Montague gold mine tailings site. The lichens were split into 
washed and unwashed subsets, and both analysed for Hg and As along 
with the rinse water from the washed lichen subset. Seasonal dust and 
elemental levels were also determined using passive air samplers and rain 
collectors along a stream-based transect through the main sampling grid. 
We will report the geographical distribution of Hg and As in lichen and 
their proximity to historical gold mining sites.

4.10.16 Monitoring Emerging Contaminants in Canadian Surface 
Water Using Passive Samplers and Suspect Screening/Non-Target 
Analysis
L. Sabourin, Agriculture and Agri-Food Canada / Chemistry; J.B. 
Renaud, S. Hoogstra, D.R. Lapen, M.W. Sumarah, Agriculture and 
AgriFood Canada; P.A. Helm, Ontario Ministry of the Environment, 
Conservation and Parks / Environmental Monitoring and Reporting 
Branch
Transdisciplinary collaboration with federal, provincial, university 
and Indigenous partners has resulted in more integrated approaches to 
protect the environment and people from emerging contaminants. Most 
monitoring and environmental surveillance programs have focused on 
targeted LC-MS analysis of surface water and sediment grab samples, 
resulting in high operating costs and a greater potential for missing 
emerging contaminants of concern. In this study, we attempt to address 
these issues in surface water by implementing the use of two types of 
passive samplers (POCIS and oDGT) in addition to our established water 
quality surveillance programs in three mixed-use watersheds in Southern 
Ontario, Eastern Ontario and Northwest Quebec. Both grab and passive 
sampling media were analyzed with triple quad and Q-Exactive LC-MS 
systems using targeted, suspect screening and non-target analysis (NTA). 
MSDIAL software was modified to allow screening against an in-house 
established spectral library as well as publicly accessible databases such 
as MassBank. The resulting data were used as a complementary tool to 
sediment monitoring and screening, guiding future targeted analysis, 
particularly in northern vulnerable communities seeking to establish local 
sustainable food sources. In addition, these data provide information on 
likely non-point source contaminant transport exposure pathways which 
helps us to better understand the persistence and ecotoxicological impact 
in aquatic ecosystems.

4.10.17 Graphene Based Passive Samplers for Detecting 
Organophosphate Esters (OPEs)
A. Habtemichael, University of Rhode Island / Chemical Oceanography; 
J. Becanova, Å. Vojta, R. Lohmann, University of Rhode Island / 
Graduate School of Oceanography; Z. Saleeba, R. Hurt, A. Stone, Brown 
University / School of Engineering
Organophosphate esters (OPEs) are a group of chemicals being increas-
ingly used as flame retardants and plasticizers following the phasing out 
of brominated flame retardants (BFRs) due to their toxicity. OPEs are 
utilized in various industries including textile, plastics, building materi-
als, furniture, electronics, and vehicle parts for low cost of production 
and good compatibility with polymer materials. They are not chemi-
cally bound, rather attached physically, thus they readily release into the 
surrounding environment by volatilization, leaching, abrasion and disso-
lution. Studies show a prolonged exposure and the accumulation of OPEs 
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may elicit various adverse effects linked to a number of negative health 
effects (immune, developmental, and neurobehavioral). The various OPEs 
have a wide range of physical and chemical properties rendering them 
difficult to sample with traditional passive samplers. Only a small spec-
trum of these compounds was detected successfully by a single passive 
sampler. The pore size and thickness of the diffusion-limiting membrane 
of a passive sampler are the key factors in the sample selectivity. This 
study proposed a graphene-based sampler for its chemical and structural 
advantages to overcome these limitations. Graphene hydro-gel monolith 
was synthesized from 10 ml of a suspension of 2 mg/ml suspension of 
graphene oxide and treated to yielding a cylindrical reduced graphene 
oxide (rGO). Graphene samplers were exposed to known concentrations 
of OPEs in water for increasing exposure time (1, 2, 4, 8, 16, 32 days). 
Also tested at different temperature and salinity conditions in a laboratory 
aquarium setup at 2, 10, 14, and 22 degree Celsius and salinity of 0 and 35 
psu. The low density and large feeder pores in the structure of the formu-
lated graphene sampler facilitated fast internal diffusion that partitioning 
equilibrium were reach for most compounds within 72 hours of exposure. 
The values of log KGH_W for individual OPEs varied between 2.44 and 
4.98. Also, the carbon-based chemistry enabled the adsorption of a wide 
range of contaminants with variety of substituents using the graphene 
sampler. In addition, in comparison to traditional carbon forms (e.g. 
activated carbons), the high purity and slit-shaped mesopores between 
nano-sheets of the graphene sampler allow easy and complete extraction 
of sorbed chemicals without contamination and without irreversible trap-
ping in the molecular-sized pores common in activated carbons.

4.10.18  The Air that We Breathe: Volatile Perfluorinated Alkyl 
Substances (PFAS) in Indoor Environments
M. Morales-McDevitt, University of Rhode Island / Oceanography; T. 
Bruton, A. Blum, Green Science Policy Institute; Å. Vojta, R. Lohmann, 
University of Rhode Island / Graduate School of Oceanography
Neutral, volatile perfluorinated alkyl substances (PFAS) precursors, 
such as fluorotelomer alcohols (FTOHs), perfluorooctane sulfonamides 
(FOSAs), perfluorooctane sulfonamide ethanol (FOSEs) are industrial 
(by)products. They are known to degrade into stable perfluoroalkyl 
sulfonates (PFSAs) and perfluoroalkyl carboxylates (PFCAs). In order to 
accurately measure these compounds, we propose the use of apolar poly-
ethylene (PE) sheets as a passive detection tool. The presence of volatile 
PFAS in indoor air from nine carpeted classrooms and one home was 
evaluated using pre-cleaned PE passive samplers. Two types of PE passive 
samplers differentiated by thickness (25um and 50um) were used to deter-
mine the uptake of the volatile PFAS by these samplers. The compounds 
of interest included 6:2 FTOH, 8:2 FTOH, 10:2 FTOH. 8:2 FTAcr, 10:2 
FTAcr, MeFOSA, MeFOSE, EtFOSA, and EtFOSE. All samples were 
analyzed by GC-MS. Results from a previous kinetic study and from both 
types of passive samplers showed that after 14 days of exposure, similar 
amounts per gram of PE sheet, implying equilibrium had been reached. 
This suggests that interactions of the passive samplers with the volatile 
PFAS are occurring at the surface, rather than being absorbed. Gas-phase 
concentrations were paired with concurrently analyzed dust samples 
taken at the same locations to determine the gas-particle partitioning of 
these PFAS precursors as a function of the vapor pressure of each com-
pound. Lastly, to determine the exposure risk in indoor environments, 
indoor air concentrations were estimated linked to carpet concentrations 
and the ventilation rates of the indoor environments.

11. Persistance: Challenges and Opportunities in 
Persistence Assessment in the 21st Century
4.11.01 Regulation of Persistent Chemicals in Hazardous Waste in 
Washington State (USA)
A. Leang, Washington State Dept. of Ecology; J. Meyer, Washington 
State Departemnt of Ecology / Hazardous Waste and Toxics Reduction; 
C. Manahan, D.A. Delistraty, M. Perkins, Washington State Dept. of 
Ecology
Despite ongoing debate with hazard-, exposure-, and risk-based 
approaches for chemical assessment, several strategic frameworks (e.g., 
persistent, bioaccumulative, toxic [PBT]; persistent, mobile, toxic [PMT]) 
share persistence as a key criterion. These weight of evidence frame-
works often link persistence with bioaccumulation and toxicity and, 
in some cases, with mobility. Persistence should be evaluated over the 
entire chemical life cycle from production to disposal. As such, hazard-
ous waste (HW) regulations in Washington state (USA) explicitly include 
criteria for designating persistent wastes, unlike corresponding federal 
regulations in the United States (Resource Conservation and Recovery 
Act). Our challenge is to refine this persistence criterion in state regula-
tions, consistent with scientific and pragmatic considerations. Currently, 
regulations define persistence using a half-life minimum (>1 year) and 
summed threshold concentrations of two chemical groups in waste (i.e., 
>0.01% halogenated organic compounds [HOCs] and >1.0% polycyclic 
aromatic hydrocarbons [PAHs]). Operationally, HOCs and 20 listed PAHs 
are assessed in waste, but half-life is seldom estimated due to lack of 
standardized methods. Washington state HW generators report annual 
amounts of state-only HW (including persistent waste) and federal HW. 
For the period 2016-2018, persistence criteria captured 17% of state HW 
and 2% of total state and federal HW combined. Several refinements are 
proposed for persistence criteria in Washington state HW regulations. 
First, our regulations should consider aligning their half-life criterion with 
federal and European Union PBT definitions (e.g., 60-120 days) for con-
sistency (and provide specific methods for half-life estimation). Secondly, 
state regulations should consider expanding their existing applicability 
domain of persistent chemical groups beyond HOCs and PAHs to include 
other PBT and PMT chemical groups (e.g., various siloxanes, organo-
metallics, persistent hydrophilics, “pseudopersistent” chemicals) with 
protective concentration thresholds. For greater continuity of environ-
mental protection, it is judicious to integrate persistence as a key criterion 
into chemical waste management. Overall, chemical persistence in HW 
regulations should consider efficacy (cost vs. benefit) and specificity 
(unique vs. overlapping requirements), and to the extent possible, should 
harmonize with more global PBT and PMT frameworks for chemicals of 
concern.

4.11.02 QSAR Tools to Estimate Ready Biodegradability of 
Chemicals: Critical Evaluation for Implementation in Market 
Decisions
L. Mittal, ToxStrategies, Inc.; P. Leber, Consultant; A. Kowalczyk, W.E 
Hillwalker, SC Johnson / Global Safety Assessment & Regulatory Affairs;  
J. Panko, ToxStrategies, Inc / Exposure Sciences
Biodegradability is an important characteristic that provides an esti-
mate of a potential for a substance to degrade in the environment. This 
characteristic is determined per the standardized OECD 301 and 310 
ready biodegradability tests. The results from the tests are used in a 
range of regional regulatory and voluntary schemes for purposes of 
market decisions, such as REACH Registration, GHS Classification, 
Premanufacturing Notification, Hazard Screens and Ecolabelling. If reli-
able and adequate experimental results are not available, then Quantitative 
Structure Activity Relationship (QSAR) computer-based models are 
credible approaches to assess biodegradability for the substance. This 
presentation is a critical review of two biodegradability QSAR models, 
BIOWIN and OPERA, for their relevance and reliability in supporting 
market data needs. This will include evidence assumptions, training sets, 
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robustness, extrapolation to environment, domain of applicability. As a 
proof of concept, 2466 chemical ingredients that lacked test data were 
screened using the models. In order to assess model domain of applica-
bility, guidance from the model developers and professional judgement 
were used to create systematic rules from which programming code was 
developed to automate the domain applicability assessments. The QSAR 
results of the substances were compared to available ready biodegrad-
ability evidence. This exercise is a critical evaluation of QSAR data use 
across sectors for implementation in market decisions.

4.11.03  Knowledge Gaps in Polymer Environmental Fate Research
V.C. Albright, Y. Chai, The Dow Chemcial Company / Toxicology & 
Environmental Research & Consulting
It is estimated that approximately 275 million tons of solid polymer waste 
are produced annually. As polymer production increases, significant 
efforts are underway to prevent polymer leakage from the value chain 
and to reduce the amount of plastic debris. Conventional polymers, such 
as plastics and elastomers, degrade slowly resulting in the accumula-
tion of these materials in the environment. As a result, there have been 
increasing interest for environmentally degradable polymeric materials. 
In order to be able to accelerate assessments for degradability, predictive 
and computational methods are needed. However, many of the cur-
rent models may not accurately reflect the behavior of polymers in the 
environment. Further, it is questionable as to whether existing testing 
guidelines and persistence criteria are applicable to polymers. The meth-
ods and standards that are available often do not take into account critical 
polymer properties that can have a substantial effect on the experimental 
results (i.e. polymer particle size). The use of appropriate study designs 
will provide crucial data to make assessments of the fate of polymers in 
the environment and to better inform the predictive models. A literature 
review of existing biodegradation methodologies was undertaken to 
identify the knowledge gaps and areas of improvement for current testing 
guideline. Over 120 papers were reviewed to identify the testing param-
eters that can have a significant effect on the outcome of an environmental 
fate study, specifically those looking at biodegradation. Several areas for 
improvement were identified and these include: 1) the use of an appropri-
ate test material form (powder, formed article, film, etc.), 2) the need for 
appropriate and standardized reference materials, 3) new test methods 
or strategies for testing polymers that are poorly soluble or insoluble, 4) 
development of new test guidelines, and 5) development of new per-
sistence frameworks specifically for polymers. This presentation will 
provide a summary of the challenges for each of these areas. Additionally, 
suggestions for future improvements that advance the state of polymer 
environmental fate research will be provided.

4.11.05 Is it Worth Measuring Physical-Chemical Properties? 
A Comparison of Final Adjusted Values Obtained from a Novel 
Bayesian Approach with In-Silico Property Estimations
T.F. Rodgers, University of Toronto / Chemical Engineering and 
Applied Chemistry; J.O. Okeme, University of Toronto / Physical and 
Environmental Sciences; J. Parnis, Trent University / Chemistry; K. 
Girdhari, University of Toronto / Earth Sciences; T.F. Bidleman, Umea 
University / Department of Chemistry; L. Jantunen, Environment and 
Climate Change Canada / Air Quality Processes Research Section; M.L. 
Diamond, University of Toronto / Department of Earth Sciences
Accurate physical-chemical properties are essential for predicting the 
toxicity, behaviour and fate of organic compounds. Few laboratories 
measure physical-chemical properties and the accuracy of some of 
the resulting predictions can be difficult to ascertain. Advances with 
in-silico approaches for property estimation, such as polyparameter 
free energy relationships (pp-LFERs) based on Abraham’s solvation 
parameters, EPA’s “lazy-learning” OPERA model, and the quantum-
chemically based COSMOtherm, all aim to generate extremely accurate 
physical-chemical data. However, rigorous evaluation of the accuracy and 
concordance of estimates made using these in-silico methods requires 
the use of high-quality, harmonized data, which are unavailable for 

many environmentally relevant compound classes. We gathered litera-
ture measurements and performed in-silico estimations (with OPERA, 
COSMOtherm, EPI Suite, SPARC and published pp-LFER models) for 
14 physical-chemical properties (solubilities in air, water, and octanol, the 
corresponding partition coefficients and temperature dependencies, melt-
ing points and entropies of fusion) from 74 compounds across nine classes 
(synthetic musks, NBFRs, OCPs, OPEs, PAHs, PBDEs, PCBs, phthalates 
and UV filters). We used the measured data to generate literature derived 
values (LDVs) and to quantitatively assess the uncertainty of the litera-
ture values. We then used a novel Bayesian approach to calculate final 
adjusted values (FAVs), based on the thermodynamic relationships among 
physico-chemical properties. Generally, the OPERA and COSMOtherm 
estimations most accurately predicted the FAVs for each property, while 
the other in-silico methods were less consistent across properties and 
compound classes. However, the in-silico estimations were less accurate 
than independent measurements of the same property using conventional 
techniques or than measurements conducted using faster “indirect” 
measurement techniques (e.g. GC-RT vs effusion or thermodynamic mea-
surements of vapor pressure). Our results show that in-silico estimations 
are still less accurate than experimental approaches and that therefore 
measurements of physical-chemical properties are “worth-it”, both on 
their own as inputs for accurate risk assessments, toxicological assays or 
fate models and as training and validation sets for many chemical classes 
which have few or no experimental data.

4.11.06  Do All Substances with One Fully Fluorinated Carbon Have 
Equal Hazard, and, Does their Presence in the Environment Convey 
Equal Risk?
B.J. Henry, W.L. Gore & Associates, Inc.
Consider four organic chemicals with at least one fully fluorinated carbon: 
industrial refrigerant gas R-134a, fungicide Fluopyram, pharmaceutical 
Fluoxetine, and a high molecular weight fluoropolymer PTFE. The chemi-
cal, physical and biological hazards, the uses, and the control measures for 
these four organic chemicals (considered to be PFAS in some jurisdic-
tions) are compared here to answer two critical questions in the PFAS 
risk management debate: Do these PFAS have equal hazard to support 
the grouping? Does their presence in the environment result in equal 
risk to human and environmental health? With public health and regula-
tory budgets seriously stressed by the COVID 19 global pandemic, these 
questions are critical in prioritizing risk management investments. The 
data presented here will show that at least one fully fluorinated carbon is 
an insufficient basis upon which to group substances as “PFAS” for risk 
management actions. Differences in the chemical, physical and biologi-
cal properties will be evident, highlighting the differences in hazard. 
Current risk management will be described for each example: R-134a 
and the Montreal Protocol; Fluoxetine and the US FDA; Fluopyram and 
the USEPA; PTFE and the USEPA. The difference in risk (hazard, use 
and control measures) will be described to determine residual risk. The 
residual risk will be compared to determine if the presence of each chemi-
cal in the environment would convey equal risk. This work will highlight 
that using the broad “one fully fluorinated carbon” regulatory definition 
for PFAS will obscure the relative risk of a diverse group of fluorinated 
chemicals and will likely result in the unintended restriction of the use of 
highly beneficial chemicals (human pharmaceuticals, agricultural pesti-
cides) and materials (PTFE). Physical presence does not itself convey risk.
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4.11.07  Bioavailability, Complex Substances and Overall 
Persistence: Three Themes to Deliver a Step-Change in Persistence 
Assessments - Overview of a CEFIC-LRI Project (ECO52)
C.B. Hughes, Ricardo Energy & Environment / Chemical Risk; D. 
Brown, M. Griffiths, Ricardo Energy & Environment / NCEC; S. Hahn, 
Fraunhofer ITEM / Chemical Safety and Toxicology; D. Hennecke, M. 
Klein, Fraunhofer IME / Ecological Chemistry; J. Klein, Fraunhofer - 
Institute for Molecular Biology and Applied Ecology / Ecotoxicology; G. 
Whale, Whale Environmental Consultancy Limited
Chemical persistence plays a key role in the determination of environ-
mental exposure making it an important component in risk assessment 
and regulation. However, existing frameworks under which persistence 
is assessed have shown some limitations. Degradation rate data are 
inherently second order in nature and prone to wide variability, which is 
difficult to address in a weight of evidence approach. In addition, many 
substances are problematic or fall outside the applicability domain of 
existing frameworks due to their specific characteristics. These include 
substances that are difficult to test, substances of unknown composition, 
complex reaction products or biological materials (UVCBs), and poly-
meric substances, including microplastics. Finally, evaluating degradation 
half-lives using a compartment-by-compartment approach is overly 
simplistic, and neglects dynamic multimedia exchanges and degradation 
processes that may have an important bearing on the overall persistence 
of a substance in the environment. This project is in response to the 
European Chemical Industry Council Long-range Research Initiative 
(CEFIC-LRI) request for proposals titled ‘Expanding the conceptual 
principles and applicability domain of persistence screening and prioriti-
zation frameworks, including single constituents, polymers, and UVCBs 
(ECO52)’. It aims to address these issues by improving available guidance 
for persistence assessment of substances, including those considered prob-
lematic to evaluate under the current frameworks. This should increase 
the predictability, accuracy and consistency of assessment outcomes. 
Specifically, guidance surrounding weight-of-evidence determination 
can be improved by: 1) considering bioavailability, a major source of 
variability in persistence data, 2) guidance for complex substances such 
as UVCBs and polymers, and 3) incorporating overall persistence using 
multimedia fate models. The project deliverables will include a litera-
ture review, a series of modelling exercises, and guidance documents to 
address problematic substances and the overall persistence modelling 
approach. Finally, a revised persistence assessment framework and deci-
sion tree will be prepared based on the consolidated information. It is 
expected this will lead to significant enhancements in future assessment 
of substances and increase the applicability of the framework to encom-
pass a broader range of substance types.

4.11.08 Method to Quantify Biodegradation Rates of Thousands of 
Constituents in a Petroleum Substance Analyzed by Gcxgc-Fid
J. Arey, EMBSI; J. Gros, GEOMAR Helmholtz Centre for Ocean 
Research Kiel; A.D. Redman, A. Bleich, ExxonMobil Biomedical 
Sciences, Inc. / Toxicology and Environmental Sciences; D. Letinski, 
ExxonMobil Biomedical Sciences Inc / Environmental Science; M. 
Connelly, Exxon Mobil Biomedical Sciences, Inc.; R.K. Nelson, Woods 
Hole Oceanographic Institution / Department of Marine Chemistry and 
Geochemistry
Petroleum substance UVCBs such as crude oil comprise thousands of 
hydrocarbon constituents that exhibit differing degradation behaviors 
in the environment. Some of these constituents can be quantified by gas 
chromatography-mass spectrometry (GC-MS). However, a significant 
portion of crude oil mass is not separated and quantified with GC-MS. 
This “Unresolved Complex Mixture” (UCM) includes many naphthenic 
and isoparaffinic constituents. To address this data gap, we quantified 
the apparent loss rates of thousands of hydrocarbon analytes with a novel 
combination of biodegradation testing, Comprehensive Two-Dimensional 
Gas Chromatography - Flame Ionization Detection (GCxGC-FID), and 
data analysis techniques. Glass vessels of (physically- or chemically-) 
dispersed crude oil in seawater were extracted and analyzed at five 

time points (0, 3, 7, 21, and 60 d) by GCxGC-FID, which successfully 
resolved thousands of crude oil analytes at each time point. To track the 
concentration changes of resolved analytes through this time series of 
samples, we applied several data analysis steps to the GCxGC chromato-
grams: baseline delineation, normalization, evaporative-loss correction, 
peak delineation, alignment, peak tracking, and decay-curve fitting. 
The resulting dataset enabled a quantitative comparison of biodegrada-
tion rates under laboratory conditions for >5000 resolved analytes that 
encompass saturate, naphthenic, and aromatic constituents in the n-C9 
to n-C38 elution window. The tracked analytes displayed a broad range 
of biodegradation half-life values (< 3 to >60 d). The observed trends 
among analytes confirm that variability in biodegradation rates are 
related to differences in chemical structure and bioavailability, based on 
elution positions in the GCxGC chromatogram. For selected individual 
constituents that were also measured by GC-MS in the same experiment, 
we confirmed that the inferred degradation rates were nominally similar 
to those deduced from GCxGC-FID data. Compared to GC-MS, GCxGC 
resolved a much broader distribution of constituents in the investigated 
elution window. This data analysis methodology can provide quantita-
tive biodegradation rates in the lab for petroleum constituents that are 
separated by GCxGC, which is relevant to Persistence assessment of 
petroleum substance UVCBs.

4.11.09  The Applicability of the Current OECD, ASTM and ISO 
Guidelines for the Biodegradation of Microplastics
E. Danby, Covance / Aquatic Ecotox and Biodegradation; N. Best, 
Covance / Department of Ecotoxicology
Microplastics are small pieces of plastic that pollute the environment. 
Microplastics are not a specific type of plastic, but rather any plastic 
fragment that is less than 5 mm in size. They enter the environment via 
many sources, including cosmetics, clothing, and industrial processes. 
Once in the oceans, microplastics can either float or sink. Plastics degrade 
slowly, over hundreds or thousands of years. This increases the likelihood 
of microplastics being ingested and incorporated into, and accumu-
lated in, the bodies and tissues of many organisms. This may have toxic 
effect on the organisms. Or the microplastics may enter the food chain, 
especially via fish and shellfish. This could have consequences for the 
health of human consumers. A ban on microplastics covering about 90% 
of pollutants has been proposed by the EU in an attempt to cut 400,000 
tonnes of plastic pollution in 20 years. The phasing out proposed by the 
European Chemicals Agency (ECHA) would remove 36,000 tonnes a year 
of “intentionally added” microplastic fibres and fragments, starting in 
2020. The legislation also phases out the use of microplastics in products 
such as fertilisers, from which scientists believe microplastics may be 
entering the human food chain and home and personal care products, 
paints and dyes and food additives. Variations to existing standardised 
biodegradation methods or potentially entirely new standardised test-
ing methods are likely to be necessary to appropriately assess the (bio)
degradability of microplastics in the environment. However, application 
of existing standardised methods can provide valuable information on 
the (bio)degradability potential of some microplastics. Here we present 
the results of a series of biodegradation tests conducted on benchmark 
polymeric material to compare the methods suggested by Annex XV of 
the Microplastics restriction report. The results demonstrate the need 
for more fit for purpose microplastic test methods to be developed and 
validated.

4.11.10  Fluoropolymer Stability Alone Is Not a Risk to Biota or the 
Environment
T. Ruwona, B.J. Henry, W.L. Gore & Associates, Inc.; N. Timmer, T. Noij, 
Charles River Laboratories / Environmental Sciences
Organic fluorinated compounds have been detected in the environment 
and biota. Globally, regulators are debating how to manage the group-
ing of per- and poly-fluoroalkyl substances (PFAS) from the ~4,730 
PFAS identified by the OECD. Several recent publications suggest that 
persistence in itself poses a risk to biota or the environment. As risk is a 
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function of hazard and exposure (risk = hazard × exposure), we argue that 
persistence of a substance alone cannot, by definition, present a health 
risk to biota or the environment in the absence of hazard, either from the 
substance itself or substances of concern that may leach from it. Also, 
presence in the environment does not guarantee (bioavailable) exposure. 
It has been published that some fluoropolymers have chemical, physi-
cal and biological properties predictive of low health and environmental 
hazard and, as such, argued that they should be managed separately 
from other PFAS. Polytetrafluoroethylene (PTFE), a fluoropolymer, 
is stable by design, and under standard conditions is not considered to 
degrade, break down, or form toxic transformation products. To assess 
biological/environmental hazards, we have initiated a battery of environ-
mental fate studies under OECD and EPA Guidelines with PTFE made 
without perfluorooctanoic acid (PFOA). This work serves to evaluate 
the potential “in life” and “end of life” risk to biota and the environ-
ment. Regulatory-compliant incineration of PTFE has been addressed 
in previous publications so the current work is focused on PTFE under 
environmental conditions, such as those encountered in a landfill. We 
hereby present preliminary data on the physicochemical properties and 
thermal and chemical stability of PTFE following OECD and EPA test 
guidelines. If through these tests PTFE is demonstrated to be stable and 
not to contribute low MW leachables of concern (e.g. residual monomer, 
low MW oligomers, substances of concern, etc.) to biota or the environ-
ment, it could be argued that PTFE’s inherent persistence/stability does 
not present a significant toxicological risk for the environmental situations 
covered by these studies.

4.11.11  An Inherent Biodegradation Test Using a Modified OECD 
301B Ready Biodegradation Test Design
S.P. McLaughlin, R. Brackett, Smithers - Environmental Risk Sciences / 
FATE
The OECD Ready Biodegradation and the Inherent Biodegradation Test 
Methods have provided years of guidance for assessing the persistence 
of organic chemicals. If a test substance exposed to a dilute inoculum 
generally comprised of activated sludge achieves 60% biodegradation 
equivalent to 60% of its organic carbon being converted to CO2 within 
a 10-day window (once reaching 10% CO2 evolution) during the 28-day 
test, the test substance can be labeled ‘readily biodegradable’. If the test 
substance does not pass this criteria, it can then still be tested for persis-
tence using Inherent Biodegradability Tests described in the OECD 302 
Series. However, for chemicals that are insoluble, many of the current 302 
test methods provide limited testing options when trying to evaluate min-
eralization of the test chemical to CO2. In this experiment, an OECD 301B 
test design was conducted with one of the standard reference substances, 
sodium benzoate, but at increasing amounts of the activated sludge inocu-
lum. This was conducted to determine how much inoculum can be used 
in a test system designed to monitor CO2 evolution from the biodegrada-
tion of the test chemical while keeping endogenous CO2 from the blank 
inoculum to a minimum in order to calculate the percent biodegradation 
of the test chemical. The concentrations used in this experiment are 100, 
200 and 300 mg/L as dry sludge solids. The results will demonstrate if 
the method is appropriate at concentrations of sludge up to 3 to 10 times 
higher than what is allowed in the Ready Biodegradation Tests, but on the 
lower range than what is typically used in the OECD 302B tests, which 
only measure DOC decline and are not appropriate for water insoluble 
compounds. Once the optimal inoculum level is determined, additional 
test or reference compound(s) will be selected to implement the method.

12. General Chemistry and Exposure Assessment
4.12.01  An Evaluation of Mercury and Selenium Fish Tissue 
Monitoring Alternatives: Fish Biopsy Plug Samples Versus 
Homogenized Whole Fillets
L. Stahl, U.S. Environmental Protection Agency / Office of Water, Office 
of Science and Technology; B.D. Snyder, Tetra Tech; H.B. McCarty, 
General Dynamics Information Technology; T. Cohen, Tetra Tech / 
Center for Ecological Sciences; J. Healey, U.S. Environmental Protection 
Agency / Office of Water, Office of Science and Technology; K. Miller, 
General Dynamics Information Technology; M. Fernandez, Tetra Tech / 
Center for Ecological Sciences
Monitoring contaminant bioaccumulation in fish is an important area 
of research necessary to ensure human health protection and to com-
municate risks associated with fish consumption. Biopsy punch (or fish 
fillet plug) sampling has recently been applied in some fish monitoring 
programs as a more cost-effective alternative to obtain contaminant data 
(mercury data in particular) than the routine approach of homogeniz-
ing and analyzing entire fillets. However, the degree to which fish fillet 
plug results are representative of homogenized fillet results is largely 
unknown. EPA’s Office of Science and Technology within the Office of 
Water conducted a Fish Plug Evaluation Study to address the fundamental 
question of whether fish fillet plug analysis can serve as a reliable alterna-
tive for analyzing whole fillet tissue to monitor mercury and selenium 
concentrations in fish. The study also addressed the applicability of using 
fish fillet plugs for assessment monitoring associated with EPA’s 300 ng/g 
(wet weight) fish tissue-based methylmercury water quality criterion, as 
well as EPA’s recommended national chronic aquatic life criterion for 
selenium in freshwater (expressed in terms of dry-weight fish tissue con-
centrations). Six target species of fish commonly consumed by humans 
were collected from three Great Lakes and three eastern U.S. rivers for 
mercury analysis. A total of ten specimens of each of the six species were 
used to prepare fish tissue samples, including five replicate field-extracted 
fillet plug samples and five replicate samples of homogenized whole fillet 
tissue (prepared in the laboratory) to produce 600 samples for mercury 
analysis. For selenium analysis, five specimens of three species each were 
collected from both the designated Great Lakes and rivers. Four replicates 
each of field-extracted fillet plugs and lab-prepared homogenized whole 
fillet samples yielded 240 samples for selenium analysis, with another 120 
plugs used to determine percent solids. EPA used Analysis of Variance 
(ANOVA) to test the comparability of mercury and selenium results from 
field-extracted fillet plugs and homogenized whole fillets. For mercury, 
that included the variance of all 600 wet-weight results for both tissue 
sample types and all sampling locations, and for selenium, that included 
the variance of 240 wet-weight concentrations and 240 dry-weight 
concentrations across both fish tissue sample types and all sampling 
locations.

4.12.02 Toxicokinetic Modelling As a Tool to Support Human Health 
Risk Assessment of Mercury
K. Abass, A. Rautio, Iniveristy of Oulu / Arctic Health, Faculty of 
Medicine
Examining dietary exposure and measuring mercury levels in body tis-
sues are two ways of estimating exposure to mercury. Estimated dietary 
mercury exposure by using FFQ had some limitations. The challenges 
associated with FFQs are well-established (e.g., recall bias) and mercury 
levels in a particular food item can vary tremendously. It is obvious that 
employing a general mercury model for humans is insufficient. Indeed, 
dietary exposure (frequency, quantity and MeHg), the individual’s 
“ADME” kinetics, the state of pregnancy, lactation and overall health may 
have a significant role in individual/population susceptibility to MeHg 
body burden. Numerous studies reported not only wide inter-individual 
variability in MeHg elimination rates, but also MeHg half-life varia-
tion within an individual over time, indicating significant variations in 
the biological process of MeHg elimination. This variation can result 
in MeHg levels exceeding the USEPA reference dose and can influence 
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the derivation of a meaningful reference dose for MeHg applicable to 
all individuals in a population. In this study, we utilized a modelling 
system consisting of three linear toxicokinetic models for describing the 
fate of methyl, inorganic, and metallic mercury in human body, in order 
to estimate daily intake of mercury as measured through total mercury 
concentrations in the blood. We then compared the results stemming from 
our modelling system to those of the detailed semiquantitative FFQ of the 
Norwegian Fish and Game Study. The results indicate that toxicokinetic 
modelling based on blood levels gave higher daily intake values of mer-
cury compared to those of the FFQ. Furthermore, the former had a wider 
range of estimates than the latter. The results indicate that toxicokinetic 
modelling gave higher daily intake values of mercury compared to those 
of the FFQ. While there is a correlation between the Hg data from the 
toxicokinetic modelling presented and the FFQ, it cannot be described as 
particularly strong. At this point, it can be said with a degree of certainty 
that the modelling would be more precise if the proportions of different 
forms of Hg in blood were known. However, it should be emphasized that 
the levels of total Hg measured from blood provide a firm basis for the 
future development of toxicokinetic modelling, enabling better estimates 
of health effects and support human health risk assessment. *Supported 
by the grant of the Ministry for Foreign Affairs of Finland

4.12.03  Combined GC and MS Ortho Effects Studied for 209 PCB 
Congeners: An Additional Tool for Accurate Structural Assignment 
of PCBs
L.I. Osemwengie, U.S. Environmental Protection Agency / Watershed and 
Ecosystem Characterization Division
Commercially available standards provided an opportunity to test all 209 
PCB congeners for the mass spectrometric “ortho effect,” or the enhance-
ment of the [M-Cl]+ ion abundance, relative to the molecular ion for 
biphenyls having 2,2’-; 2,2’,6-; and to a smaller degree, 2,2’,6,6’- chlorine 
substitution. This study also verified that much smaller “ortho effects” 
were observed for PCBs lacking any, or one ortho chlorine (2-), or two 
ortho chlorines on the same ring (2,6-). Chromatographic studies using 
a 40 meter, Rtx-PCB chromatographic column, connected orthogonally 
with a 1-meter DB-17 column, yielded retention properties which showed 
previously recognized chromatographic ortho effects and ring substitu-
tion – retention order correlations. The order of elution was combined 
with the measured mass spectrometric “ortho effects” to test this premise 
as an additional tool to assist in the structural assignment of the PCB 
congeners.

4.12.04  PCBs in Food
P. Saktrakulkla, University of Iowa / The Interdisciplinary Program in 
Human Toxicology, Department of Civil and Environmental Engineering, 
IIHR-Hydroscience and Engineering; T. Lan, University of Iowa / 
Department of Occupational and Environmental Health, College of 
Public Health; J. Hua, R.F. Marek, University of Iowa / Department 
of Civil and Environmental Engineering, IIHR-Hydroscience and 
Engineering; P.S. Thorne, University of Iowa / The Interdisciplinary 
Program in Human Toxicology, Department of Occupational and 
Environmental Health, College of Public Health; K.C. Hornbuckle, 
University of Iowa / The Interdisciplinary Program in Human Toxicology, 
Department of Civil and Environmental Engineering, IIHR-Hydroscience 
and Engineering
We measured the concentrations of 205 polychlorinated biphenyl (PCB) 
congeners in 26 food items: beef steak, butter, canned tuna, catfish, 
cheese, eggs, french fries, fried chicken, ground beef, ground pork, 
hamburger, hot dog, ice cream, liver, luncheon meat, margarine, meat-free 
dinner, milk, pizza, poultry, salmon, sausage, shrimp, sliced ham, tilapia, 
and vegetable oil. Using Diet History Questionnaire II, we identified the 
food items expected to contribute to PCB dietary exposure in mothers and 
children participating in the AESOP Study in East Chicago, Indiana, and 
Columbus Junction, Iowa. Salmon had the highest concentration followed 
by canned tuna. Despite the inclusion of few congeners and food types in 
previous studies, we found evidence of a decline in PCB concentrations 

over the last 20 years. We also found strong associations of PCB conge-
ner distributions with Aroclors in most foods and found manufacturing 
by-product PCBs, including PCB11, in tilapia and catfish. This study 
represents a comprehensive assessment of congener-specific dietary 
exposure in the U.S. and shows that meat plays the most important role in 
PCB dietary exposure in our participants. We also found that PCB dietary 
exposure is now comparable with PCB inhalation exposures we reported 
in the same study population.

4.12.05  A Rapid Online Solid-Phase Extraction (SPE) Analytical 
Method for the Determination of Polyfluoroalkyl Substances (PFAS) 
in Human Serum Samples
S. Gao, California Environmental Protection Agency / Department of 
Toxic Substances Control; D. Hiemstra, iChrom Solutions; J. Park, 
California EPA / California Department of Toxic Substances Control; S. 
Crispo Smith, California Environmental Protection Agency / Department 
of Toxic Substances Control
PFAS are a group of man-made chemicals which are persistent in the 
environment and known to be accumulated and toxic in the human and 
animal body. We have been monitoring a dozen representative legacy 
PFAS (e.g., Perfluorooctanesulfonic acid (PFOS), Perfluorooctanoic 
Acid (PFOA), Perfluorooctane sulfonamide (PFOSA)) in human serum 
using an online SPE High Performance Liquid Chromatography-Tandem 
Mass Spectrometry (HPLC/MS/MS) method for more than ten years. 
However, a faster and more sensitive method has become warranted to 
accommodate growing number of new/replacement PFAS and pandemic 
human PFAS exposure. Thus, the new method was developed on the 
CHRONECT® Symbiosis Online SPE/UHPLC system (Axel Semrau®, 
Germany) coupled with a SCIEX Triple Quad™ API 6500⁺ Mass 
Spectrometer (Sciex, USA). A CORTECS™ C18 column (Waters, USA) 
and an ACQUITY UPLC ™ BEH C18 column (Waters, USA) are used 
as delay column and analytical column, respectively, with a 10-minute 
gradient program. Three different online SPE sorbents were evaluated 
for this application: CHROSPE C18 HD, CHRO SPE Polymer WAX and 
CHRO SPE Polymer DVB (Axel Semrau®). The elution conditions of 
online SPE using C18 and DVB cartridges suited better with the reverse 
phase HPLC condition, resulting in better peak shapes than the WAX 
cartridges. Preliminary data indicate that the newly developed online 
SPE Ultra Performance UPLC/MS/MS method should provide compa-
rable data (such as linear range--0.01 ng/mL to 25 ng/mL, accuracy, and 
precision) for our historical PFAS analysis, a decreased run time (from 30 
minutes to approximately 10 minutes per sample), and a smaller injection 
volume (400 µl to 30 µl). New/replacement PFAS compounds (including 
additional Perfluorocarboxylic acids (PFCAs), Perfluorosulfonic acids 
(PFSAs), fluorotelomer and ether based Perfluoroalkyl acids (PFAAs)) 
have been tested and method validation is in progress. The biggest chal-
lenges in method development for new compounds were the background 
interferences and online extraction of short chain PFAAs. Disclaimer: The 
views expressed herein are those of the authors and do not necessarily 
reflect those of the California Department of Toxic Substances Control.r

4.12.06  Detection of Hormones and Growth Promoters in Soil From 
Fields Under Different Manure Application Methods
J. Thresher, J.K. Challis, J. Cantin, University of Saskatchewan / 
Toxicology Centre; M. Brinkmann, University of Saskatchewan / School 
of Environment and Sustainability and Toxicology Centre; N.S. Hogan, 
University of Saskatchewan / Department of Animal and Poultry Science 
and Toxicology Centre
Application of cattle manure to agricultural fields is a common manure 
management strategy with the potential to facilitate the transport and 
release of manure-borne steroid hormones and growth promoters into 
ecosystems. Identifying specific manure management practices that 
contribute less of these compounds to ecosystems is essential in order 
to minimize environmental impacts. Therefore, this research aims to 
determine whether conventional (constant) and precision (variable) rate 
manure-amended soils differ in occurrence and levels of steroid hormones 
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and growth promoters. Chemical analysis was used to assess concentra-
tions of specific compounds in beef cattle manure from windrow piles 
as well as soil samples from nine watershed basins across three field 
application zones: commercial fertilizer (control), constant manure rate, 
and variable manure rate. Analytes targeted in manure and post-manure 
application soil samples included natural and synthetic hormones (and 
their metabolites), specifically estrone, trenbolone acetate, melengestrol 
acetate, 17α-trenbolone, 17β-trenbolone, trendione, melengestrol, as well 
as a β-adrenergic agonist and growth promoter, ractopamine. Apart from 
the detection of ractopamine, no measurable analyte levels were detected 
in any of the manure and soil samples. Very low levels of ractopamine 
were detected in all soil samples, ranging from 0.021 – 0.354 ng/g; this 
detection is surprising, since the cattle from which manure originated, 
received no ractopamine. Since hormones are often active at levels below 
chemical detection limits, future work will assign and identify estrogenic 
and androgenic activities and concentration equivalents to manure, soil, 
and basin surface runoff water using reporter gene bioassays.

4.12.07 Challenges in Quantifying Substituted Polycyclic Aromatic 
Compounds (PACs)
I.G. Idowu, University of Manitoba / Chemistry; Z. Xia, University 
of Manitoba / Department of Chemistry; P. Richards, C. Sandau, 
Chemistry Matters; C.H. Marvin, Environment Canada / National Water 
Research Institute; J. Stetefeld, University of Manitoba / Chemistry; G. 
Tomy, University of Manitoba / Department of Chemistry / COGRAD 
Laboratory
Unlike the native polycyclic aromatic hydrocarbons (PAHs), quantitation 
of substituted polycyclic aromatic compounds have been a challenge for 
several decades in the environmental/analytical industry. This challenge 
has been largely attributed to a large number of isomers theoretically 
possible and the lack of authentic standards. Recent years have seen some 
improvement in the availability of some of these standards, but the lack 
of a unified approach to the quantitation of this compound class has led to 
poor interlaboratory precision and accuracy. This study evaluated three 
(3) quantitation approaches to quantifying substituted PAHs (i) exter-
nal calibration, while taking into account recovery correction factor for 
each analyte (ii) an average relative response factor (AARF) approach of 
native PAHs to quantify APAHs, and (iii) an ARRF approach obtained 
for substituted PAHs using deuterated PAH to quantify polycyclic 
aromatic compounds (PAC). These 3 approaches were used to quantify 
these compounds in 3 standard reference materials - SRM 1944 – New 
York / New Jersey waterway sediments, SRM 1597 – a complex mixture 
of polycyclic aromatic hydrocarbons, and SRM 2779 Gulf of Mexico 
crude oil. By comparing the results we obtained using the 3 different 
quantitative approaches to the certified reference values, we found that 
the external calibration approach to be the most accurate for substituted 
PAHs. Because these compounds are often used to delineate sources and 
fingerprinting it is paramount that we have a standardized approach to 
quantifying them.

4.12.08 Determining Minimum Sample Mass for Multi-Hormone 
Panel Analysis by Liquid Chromatography Mass Spectrometry in 
Cetacean Blubber Biopsies
C. Wittmaack, Texas Tech University / Department of Environmental 
Toxicology; J. Urbán-Ram1rez, D. Bernot, S. Martínez-Aguilar, 
Universidad Autónoma de Baja California Sur / Departamento de 
Biología Marina; S. Subbiah, Texas Tech University / Department of 
Environmental Toxicology; M. Hayden, Texas Tech University / The 
Institute of Environmental and Human Health; N. Kumar, Texas Tech 
University / Environmental Toxicology; B. Halaska, P. Duignan, The 
Marine Mammal Center; M. Knauss, K. Burns, Texas Tech University 
/ The Institute of Environmental and Human Health; C.A. Godard-
Codding, Texas Tech University / Department of Environmental 
Toxicology
The simultaneous analysis of multiple steroid hormones in cetaceans 
(whales, dolphins, and porpoises) provides valuable reproductive and fit-
ness data that can guide conservation and management. Blubber biopsies 
are minimally invasive and can be collected from free ranging animals 
however the mass obtained may limit multiple analyses. The goals of this 
project were to determine minimal tissue mass and optimal homogeniza-
tion technique for a multi-hormone panel exploring the endocrinology 
of gray (Eschrichtius robustus) and fin (Balaenoptera physalus) whales. 
Blubber biopsies and samples were collected from free ranging and 
stranded gray (n=15) and fin (n=6) whales off the coast of Baja California, 
the state of California, and the Gulf of California. Androstenedione, 
aldosterone, cortisol, cortisone, corticosterone, 17ß-estradiol, estrone, 
17α-hydroxyprogesterone, progesterone, and testosterone were extracted 
using a liquid-liquid extraction method we developed to address the high 
fat content of the tissue. Extracts were analyzed via liquid chromatog-
raphy mass spectrometry in negative or positive ion modes. Recovery 
was 50%-72% and precision met EPA standards (≤20%). We compared 
results between paired 50mg and 150mg samples and paired 150mg and 
400mg samples using Tweedie’s compound Poisson mixed model. Results 
from the model indicated that concentrations were either higher in 50mg 
samples (p< 0.05) or were not significantly different between masses 
(p>0.05) indicating that 50mg is the optimal yet minimal blubber mass 
required. To identify ideal homogenization technique, we compared both 
lysing and shredding. Based on precision data, lysing is the most suitable 
homogenization technique. Additionally, we compared hormone concen-
trations between stranded and free ranging gray whales. We found both 
cortisol and cortisone correlated with stranding (p< 0.05). We also identi-
fied significant differences in the blubber matrices between species. This 
has implications for not only homogenization technique but also matrix 
match calibrations. These results indicate that hormone quantitation can 
be conducted in free ranging animals without precluding other analyses 
due their small tissue mass requirement and can thus be included in multi-
parameter whale health monitoring programs.

4.12.09 Predicting Contaminant Sources in Environmental Samples 
Using GC-MS/MS Alkylated PAH Analysis and a Comprehensive 
List of Forensic Ratios
C.C. Ghetu, R. Scott, G. Wilson, Oregon State University / Environmental 
and Molecular Toxicology; R. Liu-May, Oregon State University / 
Department of Chemistry; K.A. Anderson, Oregon State University / 
Environmental and Molecular Toxicology
Parent and alkylated polycyclic aromatic hydrocarbons (PAHs) are present 
in a number of different sources depending on the material and weather-
ing over time. This widespread range of sources can make it difficult to 
determine the origin of exposure. Parent PAHs have been studied and 
identified as toxic to humans and other organisms, but less is understood 
about alkylated PAH toxicity. This lack of information highlights the 
importance of investigating and understanding these compounds. In this 
study we introduce an improved method based on ASTM D7363-13a 
appropriate to a gas chromatography triple-quadrupole mass spectrom-
etry instrument, leading to increased selectivity and sensitivity. This 
method is then combined with a comprehensive list of 22 independent 
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forensic PAH ratio equations, and their associated weighted scores. 
Together, this method and a list of the top thirteen performing ratios 
provides a converging lines of evidence approach to forensic sourcing of 
PAHs. We applied this approach to analyze five standard reference mate-
rials (SRMs) and three sets of environmental samples. The five SRMs 
comprised of two crude oils, one shale oil, one coal tar mixture and one 
diesel particulate extract, encompassing a wide range of different PAH 
sources. Environmental samples consisted of six water samples collected 
during the Deepwater Horizon oil spill, air, water and porewater samples 
collected from a former creosote site and two samples from a smoke 
exposure chamber study. By optimizing the ASTM D7363-13a method 
to a gas chromatography triple-quadrupole mass spectrometry instru-
ment, we obtained a calibration range that was one order of magnitude 
larger and contained an additional six analytes/alkylation series. Using a 
standard containing 65 parent and alkylated PAHs, potential interferences 
from compounds were identified. Using our improved analytical method 
and the combined list of 22 ratios we accurately predicted the source of all 
standards and environmental samples. The results highlight the strengths 
of a converging lines of evidence approach using a more selective and 
sensitive detector and multiple sourcing ratios. In addition, we identified 
weaknesses in individual ratios within the compiled list. This led to the 
creation of a refined list using only the top thirteen performing ratios.

4.12.11  HIV-Antiretrovirals in River Water Is Difficult to Relate to 
Wastewater Treatment Plants, but Signals Warnings for COVID-19 
Treatments in South Africa
S. Horn, N. Vogt, E. Gerber, B. Vogt, H. Bouwman, R. Pieters, North West 
University / Unit for Environmental Science and Management
Humankind’s relentless attempt to provide medical benefits from chemi-
cals is coupled to the inevitable discharge of pharmaceuticals into the 
environment. South Africa has the highest number of people living with 
the human immunodeficiency virus in the world (HIV). The subsequent 
high usage of HIV-antiretrovirals (ARVs) to treat the acquired immuno-
deficiency syndrome (AIDS) leads to these compounds ending up in the 
environment. Wastewater is a major contributor of pharmaceuticals—like 
ARVs—into surface water because most wastewater treatment plants 
(WWTPs) are not designed to remove pharmaceuticals. Municipal 
wastewaters pose a risk to the aquatic environment, including down-
stream water users, and the effects of ARVs on non-target organisms are 
still largely unknown. In this study, the occurrence and concentrations 
of six ARVs in surface water up and downstream from WWTPs were 
determined. The water samples underwent solid-phase extraction and 
were analysed using a liquid chromatograph coupled with mass spec-
trometer/quadrupole time-of-flight. At five of seven WWTPs the levels of 
ARVs downstream were higher than at the corresponding upstream sites 
indicating that WWTPs possibly is acting as point sources of these com-
pounds. Nevirapine, lopinavir and efavirenz were detected most often; 
the highest concentrations were lopinavir and efavirenz at 38 µg/L and 
24 µg/L, respectively. The background levels of ARVs in some upstream 
sites were so high that it seems as if the WWTPs had no influence on the 
concentrations of these compounds in the respective downstream sites. 
South Africa’s aquatic ecosystems are at risk by this constant input of 
pharmaceuticals and personal care products that includes large amounts 
of daily use of ARVs. The current levels of ARVs we found may increase 
even more due to the COVID-19 pandemic. The combination of lopinavir 
and ritonavir significantly improved the clinical condition of SARS-CoV 
patients, and could be an option for treatment of COVID-19 infections. 
Other compounds such as antimalarials may also be used. Our study 
therefore highlights the potential of increased pharmaceutical pollution 
of water worldwide if many more people would consume increasing 
amounts of pharmaceuticals of this nature.

4.12.12 Screening Asian Industrial Chemical Inventories for New 
Persistent and Bioaccumulative Organics
X. Zhang, Ontario Ministry of the Environment, Conservation and 
Parks; D.C. Muir, Environment and Climate Change Canada / Aquatic 
Contaminants Research Division; X. Sun, E.Y. Zeng, Jinan University / 
School of Environment
Nearly 60% of the world’s annual chemical production and sales occur in 
East Asian countries. Thus knowledge of the properties of the substances 
produced and emitted in this region is important from a global perspec-
tive. The goal of this study was to screen the organic chemicals in the 
chemical Inventories of China, China-Taiwan, South Korea, Japan, 
Vietnam, Thailand, Malaysia and Philippines, to identify new chemicals 
with properties that might lead to global contamination issues similar to 
the legacy persistent organic pollutants. In total, 316000 substances are 
listed in the publically available inventories for these countries which 
are based on chemicals produced or imported at > 1 tonne/year. After 
removing duplicates and substances without CAS RNs, there are about 
140,000 chemicals produced in the region. Of these about 48% (67,000) 
are uniquely produced in East Asia (ie not listed in the US, Canada or 
European inventories) so we focused our screening on these. We retrieved 
structural information for a subset of organic chemicals with known 
structures and determined their overall persistence (POV), bioaccumula-
tion factor (BAF) and long range transport potential (transfer efficiency, 
TE) using in silico approaches based on the OECD screening model and 
the USEPA EPISuite tools. The majority of substances with high scores 
for POV, BAF and TE were halogenated organics (esters, phenols, and 
aromatics). These represented 2.9% of the unique chemicals while fluoro-, 
chloro- and bromo-polymers, which could have unique residual halo-
organics represented another 1.7%. Among the fluorinated compounds 
were a series of fluorinated biphenyls and phenyl pyrimidines, with simi-
lar properties to PCBs, that are reported to be used in production of liquid 
crystal and electro-photosensitive materials. We also identified unique 
organofluorine compounds with 3 or more perfluorinated moieties, which 
may degrade to persistent perfluorocarboxylates. The results from this 
study may help to identify and prioritize chemicals for further screening, 
modeling, and environmental monitoring.

4.12.13 A Review on Steroid Hormones and the Reproduction of 
Chondrichthyans
E. Becerril-Garcí a, M. Arellano-Martí nez, Instituto Politécnico 
Nacional, Centro Interdisciplinario de Ciencias Marinas; D. Bernot-
Simon, Universidad Autónoma de Baja California Sur; M. Hoyos-Padilla, 
Pelagios Kakunjá A.C.; F. Galván-Magaña, Instituto Politécnico 
Nacional, Centro Interdisciplinario de Ciencias Marinas; C.A. Godard-
Codding, Texas Tech University / Department of Environmental 
Toxicology
The analysis of steroids has been carried out in order to evaluate 
reproductive aspects in several species of sharks, rays, and chimaeras 
(Chondrichthyes). Studies have evaluated sexual maturation, gametogen-
esis, reproductive seasonality, and parturition through endocrinological 
approaches. The present work summarizes previous studies about the 
endocrinological analysis related to the reproduction of chondrichthyans 
and addresses gaps in the reproductive physiology and future research 
directions of this taxon. Through a literature search, a total of 59 peer 
reviewed scientific articles from 1963-2020 were examined and infor-
mation about species, steroids, biological matrix, field sampling (year, 
location), methodology (assays, sample size, precision, and recoveries) 
were recorded. The methods, biological matrices, and the effects of up 
to 19 steroids on the biology of 34 species of chondrichthyans that have 
been analysed to date were also summarized. Plasma (69.5%; n=41) was 
the major biological matrix analyzed through the radioimmunoassay 
methodology (76.3%; n=45). The scientific effort was plotted in a Kernel 
heat map according to the geographic location of each study, and a lack 
of effort was noted in areas with a high biodiversity of chondrichthyans. 
Only 2.9% (n=34/1,188) of the species of chondrichthyans have been ana-
lysed in terms of their reproductive endocrinology and most of this effort 
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focus on less than six hormones (93.2%; n=55/59 papers). Implications 
of the study of steroids for the conservation of chondrichthyans are 
mentioned and discussed, since a combination of methods could provide 
relevant information regarding reproduction and health of these cartilagi-
nous fishes.

4.12.14 Evaluation of Human Health Effects to PCE and TCE in 
Groundwater at a Superfund Site in Kermit, TX
J. Kessinger, Texas Department of State Health Services / Environmental 
Surveillance and Toxicology; E. Hall, Texas Department of State Health 
Services / Center for Health Statistics; E. Reategui-Zirena, H. Bojes, 
J. Price, Texas Department of State Health Services / Environmental 
Surveillance and Toxicology Branch
The Highway 18 Groundwater Superfund Site is in Kermit, Texas. In 
August 2017, the United States Environmental Protection Agency (EPA) 
added the site to its National Priority List (NPL) because of groundwa-
ter contamination with tetrachloroethylene (PCE) and trichloroethylene 
(TCE). The Texas Department of State Health Services (DSHS) has a 
cooperative agreement with the Agency for Toxic Substances and Disease 
Registry (ATSDR) to perform public health evaluations for all listed 
NPL sites in the state of Texas. The ATSDR and DSHS’s top priority is 
to ensure that the community around the site has the best information 
possible to safeguard its health. In doing so, DSHS evaluated available 
environmental data to determine if there were exposures to chemicals 
that could be harmful to health and made health recommendations to 
reduce or eliminate any harmful exposures identified, as necessary. DSHS 
evaluated water samples collected from 18 private residential wells and 
water samples collected from the Kermit public water system (PWS) 
to determine if past and present exposures to chemicals in drinking 
water may harm people’s health. We found that people who used private 
residential well water from 2013 to 2015 or water from the Kermit PWS 
were not exposed to TCE or PCE at levels expected to harm people’s 
health. Because TCE and PCE were detected in the groundwater and may 
be present in the shallow groundwater table, volatile contaminants could 
potentially migrate through soil in the form of vapor and enter the indoor 
air of homes and workplaces. We recommended that EPA develop and 
implement an ongoing monitoring plan for private residential wells that 
are currently contaminated or at risk for future contamination based on 
direction of groundwater flow. In addition, we recommended EPA evalu-
ate the vapor intrusion pathway at and around the site with attention given 
to homes and other occupied buildings overlying the groundwater plume 
once it is characterized. DSHS will continue to work with ATSDR, EPA, 
and the Texas Commission on Environmental Quality (TCEQ) to evaluate 
additional data as they become available.

4.12.15  Exploring the Temperature Dependent Soil/Sediment-
Water Sorption of Cyclic Volatile Methylsiloxanes Through Batch 
Equilibrium Experiments
G. Kozerski, J.A. Durham, R. Streeter, The Dow Chemical Company / 
Toxicology and Environmental Research and Consulting
The partitioning of chemicals between water and particulate organic 
matter associated with soils and sediments is a fundamental process 
controlling the movement and fate of chemicals in the environment. 
The organic carbon normalized partition coefficient, KOC, describes this 
equilibrium distribution for a given chemical, and is a key parameter in 
fate and transport models. In recent years, there has been growing interest 
in understanding the environmental chemistry of cyclic and linear volatile 
methylsiloxanes (VMS), and much effort has gone into establishing accu-
rate values for their key properties, including KOC. Notwithstanding the 
inherent variability in KOC values arising from determinations made with 
different soils or sediments, systematic differences exist among values 
reported in the literature for several VMS. For example, room temperature 
values of KOC determined through batch equilibrium experiments with 
soils, involving direct concentration measurements in each phase, were 
up to one log unit lower than values based on an indirect dynamic method 
with sediments involving measurements of volatilization loss rates and 

modeling. Subsequent studies of the temperature dependence of KOC 
for several VMS by the dynamic method gave relatively large negative 
enthalpies of sorption (ΔHOC), which were in strong contrast to their posi-
tive enthalpies of phase transfer between octanol and water. These values 
of ΔHOC have significant implications for the predicted fate of VMS in 
cooler remote regions particularly. The objective of the current study is 
to use the batch equilibrium method to determine KOC values and their 
temperature dependence for two cyclic VMS compounds with sediments 
and soil, for comparison to the results from the indirect method. Early 
results have confirmed the lower KOC values reported for soils previously, 
and the values for sediments were much lower than those determined by 
the indirect method under some conditions. The temperature dependence 
appears to be modest and more in line with the octanol-water system. 
Additional measurements will explore how other experimental differ-
ences between the studies, such as sorbent-water ratios or preparation and 
spiking of sorbents, may influence observed KOC values. It is expected 
that the current study will be a first step toward resolving the apparent 
discrepancies between studies, and eventually defining consensus values 
of these important parameters for VMS substances.

4.12.16 Quantifying Neonicotinoid Insecticide Residues in 
Wildflowers Sampled from Prairie Strips in Row Cropped Fields 
Planted With Treated Seeds
M.J. Hall, M. O’Neal, Iowa State University / Entomology; S.P. Bradbury, 
Iowa State University / Natural Resource Ecology and Management; J.R. 
Coats, Iowa State University / Entomology
Implementation of pollinator-attractive habitats within agricultural 
ecosystems is necessary to increase ecological services. Understanding 
potential adverse effects of pesticide exposure to pollinator habitat that is 
in close proximity of crop fields is necessary to determine conservation 
risks-benefits. Neonicotinoid insecticide residues from treated seeds can 
be transported from corn and soybean fields to adjacent pollinator habitat 
through dust-drift during planting and/or through surface/sub-surface 
runoff following precipitation events. Honey bees (Apis mellifera), native 
bees, and monarch butterfly larvae (Danaus plexippus) could be exposed 
to neonicotinoids through ingestion of contaminated pollen/nectar, and 
milkweed leaves, respectively. Previous studies indicate neonicotinoids 
can be detected in pollinator-attractive habitats; however, the magnitude 
and extent of potential adverse effects to beneficial insects is an active 
area of investigation. In this study, concentrations of clothianidin, imida-
cloprid, and thiamethoxam were quantified in soil; native forb leaf tissue, 
including common milkweed (Asclepias syriaca); and pollen and nectar 
samples located within reconstructed prairies (3-4 years post-implemen-
tation) imbedded in six corn or soybean fields. Samples were collected 
immediately downslope of crop fields planted with neonicotinoid-treated 
seeds from May through August 2018 (~6 samples per site). Samples 
were extracted and analyzed by liquid chromatography-tandem mass 
spectrometry; 100% of soil samples, 75% of plant tissue samples, 80% 
of pollen samples and 10% of nectar samples had at least one neonicoti-
noid present above the method detection limit (0.04 to 1.0 ng/g). The data 
suggest run-off followed by systemic uptake is the predominate exposure 
route to the native forbs. Median (maximum) concentrations of clothiani-
din, thiamethoxam and imidacloprid detected in milkweed tissue were 
0.2 (6.6), 0.05 (8.0), and 0.05 (2.8) ng/g. These values are lower than our 
group’s previously published LC10 for monarch larvae. Median (maxi-
mum) concentrations of clothianidin, thiamethoxam and imidacloprid 
detected in pollen were 0.5 (2.4), 5.0 (5.1), and 0.4 (1.3) ng/g. These con-
centrations are below EPA’s NOAEC for pollen (imidacloprid-25 ng/g and 
clothianidin/thiamethoxam-19 ng/g). These data are supporting refined 
risk assessments by providing information on spatio-temporal variability 
of neonicotinoid exposures in Midwestern agroecosystems.
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4.12.18  Organic Contaminants in Airborne Dust of the Great Salt 
Lake
J. Perala-Dewey, Utah State University / Chemistry and Biochemistry; 
M. Blakowski, A. Bartos, E. Heim, J. Brahney, Utah State University / 
Department of Watershed Sciences; K.J. Hageman, Utah State University 
/ Chemistry & Biochemistry
As a terminal basin lake, the sediments of Utah’s Great Salt Lake (GSL) 
have long been the natural endpoint of many upstream anthropogenic 
contaminant inputs in its watershed. As the surface area of the GSL 
continues to decline, large areas of this sediment have become dry playa, 
which act as a source of airborne dust particles to downwind areas. The 
inhalation of these dust particles by inhabitants of downwind communi-
ties can lead to negative health outcomes and may be exacerbated by the 
presence of organic contaminants in the dust. During the summer and 
fall of 2019 and 2020, we collected airborne dust and playa-sediments 
from five sites around the GSL’s Farmington Bay. At each site, dust was 
collected at three heights above the playa. During the summer of 2020, 
active air sampling was conducted during dust events between source 
playa and neighboring communities to monitor increased human exposure 
to organic contaminants. Here we present concentrations of polycyclic 
aromatic hydrocarbons (PAHs) and polychlorinated biphenyls (PCBs) 
in airborne dust and playa of the GSL. Our results show enrichment of 
organic contaminants in the airborne dust at each site relative to its source 
playa, and concentration variability with sampling date, sampling site, 
and dust collection height. The highest observed concentrations in dust 
were 17.8 µg kg-1 for Σ-PAHs (sum of seven congeners) and 1.7 µg kg-1 for 
Σ-PCBs (sum of three congeners). Overall, these observed concentrations 
are low, but represent only a fraction of harmful species that may be pres-
ent in GSL dust.

4.12.19  Chemical Footprint of Pesticides in China
Q. Jing, J. Liu, Peking University
Environmental risks caused by chemical pollutions have been considered 
to be one of the most important global environmental issues. To quan-
titatively estimate the environmental pressure caused by chemicals is 
essential to understand the current environmental status and formulate 
relevant policies. Chemical footprint (ChF) is developed as a promising 
metric quantitatively assessing the ecological risks of chemicals from 
the perspective of sustainability, which has received extensive atten-
tion recently as a good communication tool between environmentalists, 
policymakers, and the public. China, as the country with the largest 
annual use of pesticides in the world, is facing serious environmental 
pollution from the intensive use of pesticides. For the first time, this study 
conducted a ChF assessment on the overall ecological risks of intensive 
use of multiple pesticides in China. The ChF of 45 kinds of most com-
monly used pesticides (19 insecticides, 3 acaricides, 11 fungicides, 9 
herbicides, 3 plant growth regulators) in China in 2017 were calculated 
based on the environmental thresholds of policy boundary (0.1% PAF) 
and natural boundary (3% PAF) respectively. Relative contributions (RCs) 
of these pesticides to the environmental impacts were also ranked. The 
results indicated that: the ChF of these pesticides (expressed in freshwater 
volume) was 2.72E06 km3 (based on policy boundary) or 9.06E04 km3 
(based on natural boundary), accounting for about 21.45% (or 0.72%) of 
China’s current overall environmental space volume; the cumulative RCs 
of the top 10 pesticides was 97.34% and 7 of them were insecticides, top 4 
organic phosphorus insecticides contributed more than 50% of the overall 
ChF. The study not only quantitatively revealed the huge environmental 
impacts of intensive use of pesticides, but also indicated the priority areas 
of pesticide control in China.

4.12.20  GC/MS Target Screening Method for 176 Agricultural 
Chemicals in Drinking Water Samples
N. Kobayashi, Y. Tsuchiya, National Institute of Health Sciences / 
Division of Environmental Chemistry; S. Takagi, Osaka Institute of 
Public Health; Y. Ikarashi, National Institute of Health Sciences / 
Division of Environmental Chemistry
Water suppliers in Japan ensure the safety of drinking water by monitor-
ing the levels of agricultural chemicals in raw and tap water in Japan. 
However, some of the official Japanese analytical methods regarding agri-
cultural chemicals in drinking water by the Ministry of Health, Labour 
and Welfare (MHLW) has complicated analytical procedures, and a more 
practical alternative method is required. This study aimed to develop 
a GC/MS target screening method for the measurement of agricultural 
chemicals in drinking water samples. The target compounds included 176 
agricultural chemicals listed in the Japanese Waterworks Act. Standards 
solutions (0.01, 0.02, 0.05, 0.1, 0.2, 0.5, 1, and 2 mg/L) of all the agricul-
tural chemicals were measured using GC/MS, and. retention times, mass 
spectra, and calibration curves of each agricultural chemical were col-
lected in a database. Then, a total of 108 river water samples and 5 ground 
water samples were collected from 21 prefectures in Japan between May 
and September 2018. The sample preparation method is stipulated in the 
official Japanese analytical methods was closely followed, which involved 
concentrating a 500 mL of water samples to 1 mL using solid phase 
extraction. The GC/MS analysis detected 52 agricultural chemicals in the 
river water samples and no agricultural chemicals in the ground water 
samples. The concentrations of agricultural chemicals in the river water 
samples determined using the GC/MS target screening method and the 
official MHLW analytical methods were compared. The levels of agri-
cultural chemicals measured using the GC/MS target screening method 
varied between half and twice the level detected using the official MHLW 
analytical methods. The GC/MS target screening method was suffi-
ciently accurate for use as an alternative to the official MHLW analytical 
methods for agricultural chemicals in drinking water. We will conduct the 
validity test of the GC/MS target screening method with several examina-
tion organizations to promote its acceptance as a new standard analytical 
method in Japan.

4.12.21  Assessment of Organochlorine Residues in Beans and 
Factors Underpinning Public Vulnerability to Health Hazards of 
Pesticide Residues in Food in Lagos, Nigeria
R. Alani, T.O. Waleola, University of Lagos / Department of Chemistry
This study assessed organochlorine pesticide residues in four commonly 
consumed beans varieties Phasaolus vulgaris, Vigna unguiculata, and 
two other varieties of unguiculata randomly collected from wholesalers 
in Mile 12 International Market in Lagos, Nigeria and also examined 
incidences of pesticide poisoning as well as critical factors underpin-
ning public vulnerability to health hazards of pesticide residues in food. 
Organochlorine pesticide residues were analyzed using gas chromatogra-
phy electron capture detector (GC-ECD) while the research tool adopted 
for public level of awareness of pesticide residues in food and associated 
human health risks was questionnaire using simple random sampling. 
Results clearly showed that organochlorine residues were not detected 
in the sampled beans. It also revealed that about half of the population 
(52.7%) were aware that maximum residue limit is placed on pesticides in 
food while 26.3% were not aware and 21% were not sure of their position 
on the subject. Consumers’ awareness showed a weak negative relation-
ship between education and pesticide poisoning prevalence (r = -0.127, 
p< 0.05). Similarly, there was a weak negative relationship between 
knowledge of pesticide contamination in food and gender (r = -0.130, p< 
0.05) while there was a weak positive relationship between knowledge of 
pesticide contamination in food and age (r = 0.170, p< 0.01) and marital 
status of respondents (r =0.145, p< 0.05) respectively. This study reasoned 
that organochlorine pesticides were not widely spread in beans sold in 
Lagos markets. Based on these findings, it is recommended that proper 
monitoring of all foodstuffs for pesticide residues be carried out to ensure 
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food safety. Sensitization programs on pesticides and human health risks 
of dietary exposure should also be developed to address gaps in public 
awareness level.

4.12.22 Analysis of Trace-Level Dioxins Using GC-Quadrupole 
Time of Flight HRMS
T. Anumol, S. Nieto, M. Curtis, Agilent Technologies, Inc.
Persistent organic pollutants (POPs) like Dioxins, Furans and Chlorinated 
paraffins (CPs) are regulated and restricted from production globally as 
declared by the UN Stockholm Convention. Dioxins are a class of several 
hundred contaminants that are not created intentionally but formed due 
to incomplete burning generally by human activities in industries and 
domestically. The analysis of dioxins and furans is challenging because 
there are several isomers present, some of which are toxic while others 
are not which makes their resolution and individual identification critical. 
Also, these compounds can be carcinogenic at extremely low picrogram 
levels so very sensitive quantification is required. Historically, USEPA 
method 1613B using high-resolution GC-MS has been used for analysis of 
environmental samples. EPA method 1613B has several data requirements 
to pass the criteria for a successful analysis of dioxins. The qualifying 
ion ratio cannot exceed 15% of theoretical, the resolving power must 
be >10,000 using the 10% valley calculation, the mass accuracy must 
be within 5ppm, and the lowest calibration standard (CS1) must have a 
S/N value >10. The GC-Q/ToF meets or exceeds each of these require-
ments. For the qualifying ratios, an outlier is configured in MassHunter 
Quantitative analysis for each compound to flag if the sample has a devia-
tion greater than 15%, the largest difference was 10% for the 10x dilution 
of the CS1 lowest calibration standard. The resolving power requirement 
of 10,000 by 10% valley converts to a requirement of >20,000 for FWHM. 
The data collected illustrated that the instrument was able to provide 
the required resolving power comfortably both at 10% and FWHM. The 
largest mass accuracy deviation observed was 2.4 ppm for the lowest 
calibration level while most were 1ppm or below. Method detection levels 
for the dioxins recorded on the GC-Q/ToF were lower than those required 
in the method and demonstrated here too. Eight replicate injections were 
performed with a diluted standard with varied concentrations of the 
different species of Dioxins and furans. For the Tetra compounds the 
concentration was 1ng mL-1, the penta- through hepta- was 2.5 ng mL-1 
and the octas were 10ng mL-1 provided an instrument detection limit of 
0.2-0.4, 0.4-0.9 and 3.5-3.6, respectively. Contaminated samples were also 
analyzed to calculate the amount of 2,3,7,8-isomer dioxins were present.

4.12.23 Concentrations of Agricultural Chemicals in Water Sources 
by the Target Screening Method Using LC-QTOF-MS-SWATH
S. Takagi, Y. Hasegawa, M. Koike, J. Yoshida, F. Adachi, Osaka Institute 
of Public Health / Environmental Health Section; N. Kobayashi, National 
Institute of Health Sciences / Division of Environmental Chemistry; K. 
Kadokami, The University of Kitakyushu / Institute of Environmental 
Science and Technology; N. Yamaguchi, Osaka Institute of Public Health 
/ Environmental Health Section
In Japan, total demand for water supply has been decreasing year on year 
because of a declining national population. This resulted in chronic dete-
rioration of financial situation of water facilities and expense to maintain 
drinking water quality will be reduced. From the view point of chemical 
analysis, we have to develop cost-effective methods for drinking water 
quality test. By analyzing agricultural chemicals using LC-QTOF-MS-
SWATH, we obtained retention times, accurate masses of a precursor and 
two product ions, their ion ratios, and accurate MS/MS spectrum. Three 
internal standard calibration curves of a precursor and two product ions 
for each target were created. We built the database for about 420 agri-
cultural chemicals including these information. We can analyze various 
agricultural chemicals in short time by this database, without preparing 
standard compounds, standard solutions and creating calculation curves. 
We analyzed agricultural chemicals in water sources by the target screen-
ing method using our database. We detected many agricultural chemicals 
including pesticides analyzed in routine analysis such as bromobutide 

(maximum concentration: 708 ng/L), carbendazim (42 ng/L), diuron (85 
ng/L), daimron (137 ng/L), isoprothiolane (66 ng/L), metalaxyl (44 ng/L), 
fenthion sulfoxide (35 ng/L), orysastrobin (22 ng/L), pencycuron (22 
ng/L), pyraclonil (180 ng/L), pyroquilon (46 ng/L), simetryn (50 ng/L), 
tefuryltrione (1049 ng/L), and tricyclazole (11 ng/L). We also found 
azoxystrobin (20 ng/L), bromacil (133 ng/L), chlorantraniliprole (81 ng/L), 
dinotefuran (216 ng/L), furametpyr (16 ng/L), imazosulfuron (948 ng/L), 
ipfencarbazone (56 ng/L), tebuconazole (13 ng/L) and thiabendazole (299 
ng/L) which are not recommended to analyze in routine analysis by the 
Ministry of Health, Labour and Welfare. Therefore, we don’t have enough 
information for distribution of these chemicals in Japan because we don’t 
monitor these pesticides in routine analysis. These findings show that the 
target screening method using LC-QTOF-MS-SWATH is very useful to 
monitor a large number of agricultural chemicals simultaneously and to 
select chemicals for routine analysis.

4.12.24 Characterizing Contaminants of Emerging Concern in Lake 
Sturgeon Tissues and Implications for Management
A. Bellamy, U.S. Fish and Wildlife Service / Ecological Services; J. 
Banda, D. Gefell, U.S. Fish and Wildlife Service; V. An, University of 
Wyoming; Z. Biesinger, J. Boase, J. Chiotti, D. Gorsky, U.S. Fish and 
Wildlife Service; T. Robinson, University of Wyoming; S. Schlueter, J. 
Withers, S.E. Hummel, U.S. Fish and Wildlife Service
Contaminants of emerging concern (CECs) are ubiquitous across 
aquatic ecosystems and laboratory research indicates certain CECs have 
biological impacts on fish. However, little is known about the potential 
for impacts from CECs in the environment to large, long-lived, or rare 
species such as lake sturgeon. The purpose of this study was to deter-
mine concentrations of CECs in lake sturgeon serum and gametes in 
order identify the potential for biological effects to sturgeon. Serum was 
collected non-lethally from lake sturgeon (Acipenser fulvescens) at four 
lower Great Lakes basin sites (Detroit, upper Niagara, lower Niagara, 
and St. Lawrence rivers) and gametes were collected in the St. Lawrence 
River. Serum and gamete samples were analyzed for pharmaceuticals 
and personal care products (PPCPs), and polybrominated diphenyl ethers 
(PBDEs) as indices of CEC exposure. Overall, 44 different PPCPs were 
identified in serum and gamete samples across sites, with 22 PPCPs iden-
tified in at least 25% of serum samples and only three PPCPs identified 
in 25% of gamete samples. Differences were observed in presence and 
concentrations of PPCPs in lake sturgeon serum across sites. Twenty-six 
PBDE congeners were identified in 25% of serum samples and 24 were 
identified in 25% of gamete samples. PBDEs were detected in all serum 
and gamete samples. Managers working on the recovery of lake sturgeon 
populations may need to consider the impacts of CECs in areas with 
increased inputs of PPCPs and PBDEs when it comes to identifying loca-
tions for rearing and reintroduction of lake sturgeon.

4.12.25  Environmental Exposure of Freshwater Mussels to 
Contaminants of Emerging Concern: Conservation Implications
M. Annis, U.S. Fish and Wildlife Service / Michigan Ecological Services 
Field Office; M. Annis, U.S. Fish and Wildlife Service; D. Woolnough, 
Central Michigan University / Biology and Institute for Great Lakes 
Research; A. Bellamy, U.S. Fish and Wildlife Service / Ecological 
Services; S.E. Hummel, U.S. Fish and Wildlife Service
Contaminants of emerging concern (CECs) are known to be prevalent in 
aquatic landscapes throughout the Great Lakes basin and may be a factor 
in declines of fish and wildlife. Yet, there is limited data with which to 
assess the extent or impact of contamination. This is particularly true for 
imperiled freshwater mussels which are important aquatic ecosystem 
contributors . This study characterizes CEC exposures to endangered 
freshwater mussels by evaluating sites with and without the federally 
endangered mussel Villosa fabalis in 3 subwatersheds of the Maumee 
River a tributary to Lake Erie, Ohio. Analyses of water, sediment, and 
tissue concentrations of common collocated mussel species, as surro-
gates to V. fabalis, indicate different CEC exposures across all 6 sites. 
Distinct CEC signatures could also be found across media types. Of the 
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83 chemicals which were detected agricultural chemicals dominated 
sediments, while pharmaceuticals were most common in mussel tissues 
and water; 16 CECs were common to all media. However, when CECs in 
tissues were compared there were no species differences in the signatures 
indicating that V. fabalis may be experiencing similar exposure. This 
suggests mussels may be experiencing different exposure concentra-
tions and mixtures of CECs at different life stages, necessitating studies 
and protocols which mimic these scenarios to assess biological impacts. 
Comparisons to the limited number of CEC water quality standards indi-
cate exceedances within the Maumee watershed including locations of V. 
fabalis occurrence. However, mussel derived benchmarks are limited and 
therefore may not be fully protective, as previous research suggests mus-
sels are among the most sensitive taxa. Further refinement of toxicology 
protocols and sublethal biomarkers are needed to evaluate the impacts of 
CECs to mussels in an ecologically relevant manner. This study provides 
further evidence of the complexity of CEC mixes within the environment 
and the need to understand how these chemicals and mixtures impact 
aquatic life before further population declines and potential extirpations 
are realized.

4.12.26  Source Identification and Metal Analysis of Fine Particulate 
Matter (PM2.5) in an Industrialized Urban Area of Lagos State, 
Nigeria
E.I. Chiedu, Federal Institute of Industrial Research Oshodi, Lagos 
State / Production, Analytical and Laboratory Management; J.M. Okuo, 
F.O. Oyibo, University of Benin / Chemistry; B. Anegbe, Western Delta 
University Oghara Delta State / Chemistry
Gaseous pollutants and particulate matter are released into the atmo-
sphere at concentrations above their normal ambient level; this is caused 
by the increasing human activities which eventually have a measurable 
effect on humans, animals and plants. Particulate matter (PM) which can 
be inhaled into the human respiratory system is related to most serious 
health effect including pulmonary and cardiovascular illness. Based 
on the field study conducted, the concentrations of PM2.5 at the differ-
ent locations vary with respect to anthropogenic activities. The PM2.5 
levels obtained ranged from 14.00 to 32.67 μg/m3during wet seasons and 
18.67 to 34.67 μg/m3 during dry season. Trace elements especially heavy 
metals are significant components of PM2.5 in industrial environments. 
The heavy metals are of particular concern due to their persistence in 
the environmental media and their human toxicity.The particulate matter 
concentration was obtained using Casella cel-712 microdust pro-real time 
dust monitor and flame atomic absorption spectrophotometer was used 
to determine the elemental content. The Principal Component Analysis 
explained three common contributing sources of fine particulates (PM2.5) 
such as entrained soil, sea salt and combustion. Correlation matrix was 
also determined and some of the elements were strongly correlated while 
some were not.

4.12.27 The State of Knowledge Report on Polycyclic Aromatic 
Compounds (PACs) in the Canadian Environment
E. Galarneau, Environment and Climate Change Canada; J.M. 
Ahad, Natural Resources Canada / Geological Survey of Canada; A. 
Berthiaume, Environmen Canada; P.V. Hodson, Queens University / 
School of Environmental Studies; V.S. Langlois, INRS - Centre Eau 
Terre Environnement; C. Marvin, D.C. Muir, Environment and Climate 
Change Canada / Aquatic Contaminants Research Division; A. Tevlin, 
Environment and Climate Change Canada / Chemistry; S.J. Wallace, 
Institut National de la Recherche Scientifique / Centre Eau Terre 
Environnement
The State of Knowledge Report on PACs in the Canadian Environment 
is the result of a collaborative effort by scientists from government and 
academia. The report was initiated because trends of declining PAC 
emissions have not been mirrored in measured concentrations in air or 
in deposition, and because guideline exceedances and adverse effects in 
wildlife continue to be reported. Through original analyses and reviews 
of the pertinent literature, the report provides a cohesive view of PACs 

in Canada. Key results associated with emissions, sampling and analysis 
methods, ambient air and deposition, aquatic and terrestrial ecosystems, 
and exposure and effects on wildlife are presented. Those results dem-
onstrate that emissions reductions from ore and mineral industries (viz., 
aluminum, iron and steel), which were substantial at the national scale, 
have had little impact beyond locations close to relevant facilities. Forest 
fires continue to contribute a large fraction of national emissions, and 
these are projected to increase in coming years. The oil and gas industry 
is implicated in a variety of current and future concerns associated with 
extraction and processing (e.g., Athabasca oil sands region) and transport 
(e.g., pipelines, Arctic shipping). Increased concentrations of low molecu-
lar weight PACs are predicted at high latitudes in the coming decades 
because of climate change and Arctic development, and airborne retene 
concentrations have already increased at many temperate locations as 
well. Though adverse effects have been documented, efforts to under-
stand risks to human and ecosystem health are hindered by the paucity of 
studies that link effects to ambient levels, by the limited number of PACs 
that are typically measured in field studies and monitoring networks, 
and by numerous knowledge gaps that arise when examining PACs as 
environmentally-relevant mixtures rather than as individual compounds. 
Further challenges related to ecological risk assessments are discussed 
as well as the links between PACs and the issues of climate change and 
air quality. The State of Knowledge Report on PACs in the Canadian 
Environment serves to integrate existing scientific information and to pro-
vide an evidence-based assessment of remaining research and monitoring 
needs. Though the Report has been developed by examining the Canadian 
perspective, results and recommendations are applicable worldwide.

13. Late Breaking: Chemistry and Exposure 
Assessment
4.13.01 A Database of Experimentally Derived and Estimated 
Octanol-Air Partition Coefficients (KOA)
S. Baskaran, University of Toronto, Scarborough / Chemistry; Y. Lei, 
University of Toronto / Physical and Environmental Sciences; F. Wania, 
University of Toronto, Scarborough / Department of Physical and 
Environmental Sciences
Chemical equilibrium partition coefficients are a fundamental concept in 
environmental and physical chemistry. While comprehensive data compi-
lations for the octanol-water partition coefficients (KOW) and the Henry’s 
Law constant (KAW) exist for many years, we know of no comparable 
effort to collect all available data for the octanol-air partition coeffi-
cient (KOA). In light of the increasing use of the KOA in understanding a 
chemical’s partitioning between a wide variety of organic phases (organic 
atmospheric particles, plant foliage, polymeric sorbents, soil organic mat-
ter, animal tissues, etc.) and the gas phase, we present a summary of our 
efforts to compile all KOA values reported in the published literature. The 
dataset includes more than 2000 experimentally derived and more than 
4500 estimated values for KOA, in total covering over 1300 distinct mole-
cules. The range of measured log KOA values extends from -3 to 14. Many 
more measured values have been reported in the log KOA range from 2 to 
5 and from 7 to 11 compared to the range from 5 to 7, which is due to the 
complementary applicability range of static and dynamic measurement 
techniques. The compilation also identifies measured data that are judged 
not reliable. In particular, KOA values for substances capable of undergo-
ing strong hydrogen bonding derived from regressions with retention 
times on non-polar GC columns deviate strongly from values estimated 
by prediction techniques that account for such intermolecular interactions, 
which indicates that these measured data should be considered suspect. It 
is hoped that the database, once it is made publicly available, will serve as 
a source for locating existing KOA data, as well as for the calibration and 
evaluation of new KOA prediction techniques.



228 | SETAC North America 41st Annual Meeting

Track 4 | Chemistry and Exposure Assessment

4.13.02  A Field Assessment on the Safety of Urban Gardening on 
Residential Properties Built Prior to 1978 in City Neighborhoods of 
Rochester, NY
M.J. Patton, D. Bolduc, C. Buechi, M. Mendola, S.M. Zamule, P. Das, 
Nazareth College / Biology
Contamination of residential soil used in urban gardens causes exposure 
to lead (Pb) through consumption. Urban gardening is beneficial to the 
local community, however there needs to be a safe practice to prevent 
unintended exposure to lead. Currently, the Environmental Protection 
Agency (EPA) sets limits for allowable Pb concentrations in soil for 
children’s play areas, but no limits are defined for soils used for garden-
ing. The overarching goal of our research is to demonstrate the need for 
assessment of residential soil being considered for gardening and for a 
standard of permissible Pb limits. This will allow restriction of garden-
ing to safe areas of the properties, thus preventing lead exposure through 
consumption of contaminated produce. Our objectives were to: determine 
safe locations for urban gardens in residential properties, assess how 
produce absorbs and stores Pb from contaminated soil, and investigate 
the presence of Pb in commercially-available produce and spices. Four 
residential locations were tested with an X-Ray fluorescence analyzer 
(XRF) to determine soil Pb contamination levels and compared with a 
control location. Plant samples were collected from these urban gardens. 
Produce and spices were collected from grocery stores and community 
farmers’ markets. Plant samples, produce, and spices were digested in a 
MARS6 digestion microwave, then analyzed for lead concentration in a 
Microwave Plasma-Atomic Emission Spectrometer (MP-AES). Results 
show that lead contamination in residential soils is extremely hetero-
geneous and varies widely by location with respect to the number of 
sources, distance from the source(s), slope, and types of soil. Lead was 
detected in all four residential soils in varying amounts and was absent in 
the control location. 71% of vegetables collected across the four property 
gardens exceeded the European Union’s health-based Pb guidelines and 
the median Pb in plants was 72 times higher than the U.S. market-basket 
values, indicating high risk of exposure. The results establish the need for 
a case-by-case assessment of Pb in every property that is being considered 
for urban gardening. Assessment of residential properties prior to setting 
up an urban garden will help to determine the safe location, within which 
the garden should be restricted. The contaminated area of the property 
can be further categorized into high and low risk zones and appropriate 
remediation processes should be implemented.

4.13.03 A Potential Sustainable Remediation Technology for 
Point-Source Contributions of Wastewater Treatment Plants to 
Eutrophication in the Great Lakes
M.J. Patton, M. Mendola, S.M. Zamule, P. Das, Nazareth College / 
Biology
Potential eutrophication of bodies of water due to elevated nutrients, 
phosphorus (P), and nitrogen (N) carried by streams and rivers are a 
major concern in the Great Lakes Region. Point-sources such as waste-
water treatment plants (WWTPs) contribute to higher concentrations 
of N and P through their effluents into local stream systems. There is a 
dearth of literature focusing on both eutrophication and possible reme-
diation technologies in the Great Lakes Region, underscoring the need 
for further study of this important issue. The main objectives of this 
study are to investigate the impact that two WWTPs have on the nutri-
ent concentrations in the lower Genesee River Watershed and to develop 
a possible sustainable multi-process remediation technology. WWTP 
impact was determined by measuring both nitrate and total phosphorus 
(TP) concentrations at sampling sites both upstream and downstream 
from the treatment plants over all four seasons. The potential use of water 
treatment residuals (WTR) and Typha angustifolia, a native plant species 
of Western, NY, to remove excess nutrients from WWTP effluent was 
evaluated through sorption and desorption experiments with varying con-
centrations of WTR. The TP levels in all sampling locations were many 
folds higher than the EPA-permissible level (0.02 mg/L), indicating the 
large release of P from non-point sources along with these point-sources. 

Both WWTPs significantly (p< 0.0001 in WWTP#2 and p< 0.1 in 
WWTP#1) further increased the TP levels. Both factors, sites (upstream 
vs downstream of WWTPs) and season, showed significant variations in 
nitrate (p< 0.001) and TP (p< 0.05) profiles. Both WWTPs significantly 
increased the nitrate levels downstream in each season; however, between 
the two, WWTP#2 (p< 0.0001) showed a more pronounced effect than 
WWTP#1 (p< 0.02). Sorption and desorption experiments showed 84% 
removal of TP by 2.5% WTR and 88% removal of TP by 5% WTR within 
24 hours, with minimal or no desorption. Interestingly, WWTP effluent 
treated with T. angustifolia showed a significant (p< 0.0001) increase 
in the TP level as compared to the untreated WWTP effluent. However, 
when T. angustifolia was added along with WTR, the high affinity of 
WTR masked the antagonistic effect of T. angustifolia, resulting in 75% 
TP removal within 14 days. Future directions of this research include 
evaluating the efficiency of the multi-process system involving plants and 
WTR, and working to implement this solution into a constructed wetland.

4.13.04 Analytical Approaches to Detect Nanopesticides in 
Strawberry Plant Tissue and Agricultural Soil Samples
P. Wang, McGill University / Food Science and Agricultural Chemistry; 
J. Galhardi, University of Montreal; L. Liu, McGill University / Food 
Science and Agricultural Chemistry; V. Bueno, McGill University; S. 
Ghoshal, McGill University / Department of Civil Engineering; V. Gravel, 
McGill University; K. Wilkinson, Universite de Montreal / Chemistry; S. 
Bayen, McGill University / Food Science and Agricultural Chemistry
Nanopesticides are becoming increasingly available in the market with 
the advertised advantage, for example, to increase the efficacy of the 
active ingredients (AI). Because of the interactions among AI, nanocar-
riers and the matrix, analytical approaches for measuring nanopesticides 
in environmental and food samples could differ from that of conventional 
pesticides. In this study, a method based on liquid chromatography cou-
pled with mass spectrometry with time-of-flight analyzer (LC-QToF-MS) 
was developed for the analysis of azoxystrobin and bifenthrin encapsu-
lated in two different nanocarriers, a polymeric nanoparticle based on 
polyacrylic acid and nano-silica, in strawberry fruits and three types of 
soils. Simultaneous extraction of the two pesticides was achieved using a 
modified QuEChERS approach for strawberries and a solvent extraction 
(1:2 acetonitrile) for soils. Recoveries of the nanoencapsulated pesticides 
from strawberries and agricultural soils were satisfactory (tested concen-
trations: 0.01 and 1 mg kg-1; range of recoveries: 88-111% and 85-127% for 
azoxystrobin in strawberry and soils, respectively; 68-126% and 71-106% 
for bifenthrin in strawberry and soils, respectively). The new validated 
methods were successfully applied to field samples, allowing a more accu-
rate study of the fate of nanopesticides in the agricultural systems.

4.13.05  Analytical Detection of Benzotriazole UV Stabilizers in Fish 
Using Gc-Hrms
Y. Haga, T. Kakoi, C. Matsumura, K. Fujimori, Hyogo Prefectural 
Institute of Environmental Sciences; H. Hasegawa, Nagoya City Science 
Research Institute; T. Nishino, Tokyo Metropolitan Research Institute for 
Environmental Protection
Benzotriazole UV stabilizers (BUVSs) are widely used in a variety of 
plastic products, such as building materials, automobile components, 
wax, paint, film, and some sports equipment, to prevent the yellowing 
and degradation of the products. In recent years, environmental pollution 
by BUVSs has become a significant concern. Although there are some 
reports regarding BUVs the aquatic environment and biological samples, 
there are still few studies on fish native to Japan. We investigated BUVSs 
in water, sediment, and air in the Hyogo Prefecture. In this study, eight 
species of BUVSs (UV-P, UV-9, UV-320, UV-326, UV-327, UV-328, 
UV-329, and UV-234) were successfully analyzed in fish using acceler-
ated solvent extraction (ASE), commercially available cleanup columns 
(without gel permeation chromatography), and gas chromatography/
high-resolution mass spectrometry (GC-HRMS). Using these methods, 
five samples of sea bass off Himeji, Hyogo Prefecture, were analyzed. 
The total values of BUVSs ranged from 1.6 to 43 ng/g wet weight; these 
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were within the range of the previously reported concentrations. In the 
future, we will cooperate with local environmental research institutes 
to investigate the concentration levels of BUVSs in fish throughout the 
country and conduct risk assessment studies. We will also clarify BUV 
accumulation in the body of higher predators through the food chain. 
Acknowledgements: This research was supported by the Environmental 
Research and Technology Development Fund (JPMEERF20195054) of the 
Environmental Restoration and Conservation Agency of Japan.

4.13.06 Application of a Dynamic MRM Database for the 
Quantitation of Per- and Polyfluoroalkyl Substances (PFAS) in 
Water Extracts
L. New, T. Anumol, R. Garnica, F. Mavandadi, C. Gan, Agilent 
Technologies, Inc.
Per- and polyfluoroalkyl substances (PFAS) are chemicals widely used in 
consumer products and industry due to their unique and desirable chemi-
cal properties. Due to widespread usage and environmental persistence, 
legacy PFAS are ubiquitous in the environment and new fluorochemicals 
are being found in the environment frequently. Currently, there are dis-
parate standard methods such as USEPA 533 and 537 for drinking water; 
and USEPA 8327, ASTM 7979 and ISO methods for non-potable waters. 
Furthermore, the rapidly evolving and diverse regulatory initiatives across 
various regions and countries have made it more challenging for laborato-
ries to keep up with these changes while trying to develop comprehensive 
analytical methods for analysis in different types of matrices. Herein, a 
dynamic MRM database was developed for the robust, reproducible sepa-
ration of > 70 legacy and emerging PFAS; and > 30 isotopically labelled 
PFAS analogues. It includes a curated database with retention times, 
optimized MRM acquisition parameters and a data acquisition method. 
An in-house, verification study was performed to demonstrate that the 
developed dynamic MRM method was appropriate for the analysis of 
PFAS in environmental water extracts with regard to sensitivity, linearity 
and reproducibility. Compound separation was achieved on 1290 Infinity 
II LC System fitted with a PFC-Free HPLC Conversion Kit and analyzed 
with Agilent Ultivo, 6470 or 6495 LC/MS/MS. The database and method 
will facilitate the analysis of various PFAS compounds listed in global 
regulatory lists in a single consolidated method for rapid turnaround time.

4.13.07 Assessment of Heavy Metal Contamination in an Ephemeral 
Creek From a Legacy Mine
A. Kavehei, Macquarie University / Environmental Sciences; M. 
Hosseini, The University of New South Wales / Civil and Environmental 
Engineering
Legacy mines had been contributing to contamination of soil, sediment 
and water during operation and long after closure of the mine. Metals and 
metalloids contamination were introduced to the environment through 
Acid Rock Drainage (ARD). ARD contains large concentrations of 
contaminants which could contaminate several kilometres downstream. 
Assessment of sediment downstream can help to specify the extent of 
contamination. The type of creek downstream of these mines could play 
and important role in distribution of contaminants. Here we investigated 
the sediment metal content in an ephemeral creek from Apsley copper 
(Cu) - zinc (Zn) and lead (Pb) mine. Our result showed that heavy metals 
concentrations had a fluctuating trend downstream. Cu and Zn reached 
below sediment quality guideline after about 6 km downstream of the 
mine and Pb reached below the guideline value after 3 km. The Cu, Zn 
and Pb value reached below the guideline values in some sampling points 
within 1 km from the mine. This showed that type of creek should be 
taken to account to define the extent of contamination from legacy mines.

4.13.09 Characterizing U.S. Drinking Water Heavy Metal 
Concentrations Through an Environmental Justice Lens
M. Dai, Harvard University / Environmental Science & Engineering; 
C. Hu, Mathematica Policy Research; C. Campbell, O.V. Naidenko, D. 
Andrews, Environmental Working Group; E.M. Sunderland, Harvard 
University / John A. Paulson School of Engineering and Applied Sciences
The Safe Drinking Water Act (SDWA) gives the USEPA authority to 
monitor diverse pollutants for the over 280 million Americans relying 
on public water supplies (PWS) nationwide. However, as observed in the 
Flint water crisis, communities with high rates of socioeconomic disad-
vantages have been linked to experiencing high exposure to drinking 
water contamination. Subsequently, these individuals often have elevated 
heavy metal concentrations in their blood and adverse health effects. 
Communities undergoing challenges related to socioeconomic status 
(SES) are often considered among the most vulnerable to experiencing 
health effects associated with heavy metal exposure. Bridging the gap 
between SES and drinking water contamination therefore helps to iden-
tify and prioritize heavy metal treatment at these communities’ PWS. We 
investigate the association of arsenic concentrations in drinking water and 
socioeconomic disparities, as characterized by the area deprivation index 
(ADI). We match annual arsenic concentrations reported from 93,144 
PWS operated in the United States between 1989-2017 with 2010-2015 
ADI percentiles aggregated at the county level. Moreover, we examine 
how the effect of treatment technology on arsenic concentrations vary by 
ADI quintile. Arsenic concentrations were taken from an Environmental 
Working Group (EWG) dataset of 3.7 million annual heavy metal 
concentrations reported by PWS across the US. Data on treatment objec-
tives and processes were extracted from USEPA through Freedom of 
Information Act (FOIA) requests. The ADI measure is a composite score 
representing socioeconomic disadvantage, factoring in income, education, 
employment, and housing quality data from the US Census. To predict 
exceedances above USEPA’s arsenic maximum contaminant level (MCL) 
of 10 ug/L, we run a multivariate logistic regression model to control for 
sociodemographic and utility specific characteristics. We hypothesize that 
SES is inversely related to drinking water quality and treatment technol-
ogy efficiency. Although previous investigations have been conducted on 
a local scale, a nationwide investigation will help inform policy change at 
the federal level. The resulting analysis will help distinguish potentially 
vulnerable populations living in areas needing additional treatment or 
upgraded services at their PWS, leading to improved overall public health 
and decreased morbidity levels.

4.13.10  Does Spirulina (Arthrospira platensis) Supplementation 
Ameliorate Lead Poisoning and Obesity in C57BL/6J Mice?
H. Nakata, S. Nakayama, A. Kataba, Y.B. Yohannes, Y. Ikenaka, M. 
Ishizuka, Hokkaido University / Faculty of Veterinary Medicine
The World Health Organization reported that lead (Pb) accounts for 0.6% 
of the global disease burden, which is highest in developing countries. 
Lead has been implicated in many adverse health outcomes, such as 
kidney disorders and anemia, as Pb inhibits δ-aminolevulinic acid 
dehydratase (ALAD). Being overweight or obese are also common health 
issues and are major risk factors for chronic non-communicable diseases 
(NCD). Nearly 80% of NCD deaths occur in low- and middle-income 
countries. Thus, the poor in the developing world are likely to suffer from 
both Pb poisoning and obesity. The current study aimed to validate the 
possible ameliorative effects of Spirulina (Arthrospira platensis) on Pb 
poisoning and obesity using C57BL/6J mice. Although it has been used as 
a traditional medicine and as a food source in some areas, Spirulina has 
recently attracted greater attention because of its potential use in nutri-
tional and medical applications.After a treatment period, we performed 
the analysis of metals including Pb and iron (Fe), as well as hematocrit 
and plasma biochemical parameter measurements, and assayed oxida-
tive stress markers (8-hydroxy-2′-deoxyguanosine and protein carbonyl) 
and erythrocyte ALAD activity. The blood and liver Pb levels of the 
Pb-administered groups were within the range of 11.74 to 22.51 µg/dL 
and 1.23 to 4.22 mg/kg, respectively, significantly higher than those of 
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groups that were not given Pb. Spirulina treatment did not greatly affect 
the Pb and Fe accumulation patterns, probably because of the short dura-
tion of the experimental period. However, our results highlighted the 
effectiveness of Spirulina in improving anemia status with the normal-
ization of hematocrit levels and ALAD activity ratios, even in mice that 
exhibited obesity in addition to lead poisoning. Spirulina treatment also 
decreased epididymal white adipose tissue weight and increased plasma 
high-density lipoprotein levels, which are normally reduced after Pb 
exposure. However, most of the studied plasma biochemical parameters 
and oxidative stress markers did not show large changes after treatment, 
likely because of the short duration of treatment. No changes in any of the 
studied oxidative-stress-related indices were recorded in the current study. 
Further studies with longer-term exposures are required to validate the 
usefulness of Spirulina suggested in the present study.

4.13.11 Effects of Seasonality and Annual Variation in Temperature, 
Rainfall, and Water Level on the Trophic Profile of Lake Ontario at 
the Mouth of the Genesee River
D. Bolduc, M.A. Willett, M.F. Bargabos, A.D. Daily, J.A. Doupe, T.D. 
Griffin, E.L. Kelley, L.M. Pitcher, G.L. Shuron, K.Z. Thompson, S.M. 
Zamule, P. Das, Nazareth College / Biology
Algal blooms in Lake Ontario result from elevated trophic levels (phos-
phate and nitrogen), leading to eutrophication, which disrupts the aquatic 
ecosystem in the Great Lakes Region. The main objectives of this study 
were to evaluate the contribution of the Genesee River watershed on the 
trophic level of Lake Ontario as functions of i) seasonality and ii) annual 
variation in temperature, rainfall, and the level of water. The trophic 
profile of Lake Ontario at the mouth of the Genesee River in Monroe 
County, NY was measured at four seasons between 2016 and 2017 (sum-
mer and fall of 2016, winter, spring, and summer of 2017) , and at three 
consecutive summers in 2016, 2017, 2018. The samples were analyzed 
for nitrate, ammonium, and total phosphorus (TP) concentrations and 
other water quality parameters including pH, electrical conductivity, 
turbidity, dissolved oxygen (DO). A qualitative assessment of the algal 
blooms was used to determine the green algae. Annual variation in the 
summer trophic profile of the tested area was correlated with the air 
temperature, lake water level, and total rainfall from January to June to 
determine the influence of these factors on the eutrophication process. 
Total phosphorus (TP) concentrations in all sampled locations exceeded 
the Environmental Protection Agency (EPA) permissible limit of 0.02 
mg/L. In most locations, nitrate-nitrogen levels exceeded the guidelines 
of 1 mg/L for clean water, but remained within the enforceable EPA limit 
of 10 mg/L for lakes and streams. In 2016 and 2018, algae-rich areas 
were found to be hypereutrophic, with elevated TP levels exceeding EPA 
permissible limits of 0.02 mg/L. In high algae areas in summer months, 
ammonium levels exceeded limits of 2 mg/L by algal biotransformation 
of nitrate and levels of dissolved oxygen (DO) were below the dead zone 
threshold of 5 mg/L. TP demonstrated a strong negative correlation with 
total rainfall (r=-0.996) and lake water level (r=-0.982) while temperature 
had no effect (r=0.120). Our research group has designed a promising 
sustainable solution by reusing water treatment residual (WTR). An engi-
neered embankment with WTR and native plants would trap nitrate and 
phosphate from the water to reduce the nutrient loading of the river and 
the lake. A site-specific remediation strategy prevents continued expo-
sure of the ecosystem to the detrimental effects of anthropocentrism that 
influence eutrophication in the Great Lakes Region as a result of tributary 
input.

4.13.12  Environmental Heavy Metals Exposure: Impact in 
Development of Benign Prostate Hyperplasia and Prostate Cancer in 
Nigerians
C. Ahiara, I.C. Ikaraoha, C.N. Nwadike, Imo State University, Owerri / 
Chemical Pathology Unit, Department of Medical Laboratory Science; O. 
Mbadiwe, University of Nigeria, Enugu Campus / Medicine
There is paucity of report on the role of Heavy metals exposure in 
development of Benign prostate hyperplasia (BPH) and prostate cancer 

generally and particularly in Nigeria.this study is designed to bridge 
this gap in knowledge. Venous blood samples were collected from 108 
participants who gave informed consent for this study at Enugu, Nigeria. 
This comprises 36 BPH patients, 36 prostate cancer patients and 36 
healthy subjects as controls. Blood heavy elements were determined using 
Atomic Absorption Spectrometer. Data from this study were subjected 
to statistical analysis. Mean, standard deviation, student’s t-test and 
correlations, were determined using statistical package for the social sci-
ences (SPSS). Result shows that, blood Aluminum, Arsenic, Chromium 
and Lead, were significantly higher (0.03±0.02µg/dl; 0.01±0.01µg/
dl, 0.02±0.01µg/dl; 0.02±0.01µg/dl, 0.10±0.04µg/dl; 0.03±0.00µg/dl, 
13.77±4.16µg/dl; 11.11±1.37µg/dl, respectively) (p< 0.05 in each case) in 
prostate cancer patients, compared with controls. Arsenic, Chromium 
and Lead, were significantly higher (0.04±0.0µg/dl; 0.02±0.02µg/
dl, 0.07±0.10µg/dl; 0.03±0.03µg/dl, 36.56±26.6µg/dl; 11.11±1.37µg/dl, 
respectively), (p< 0.05 in each case) in Benign Prostatic Hyperplasia 
(BPH) patients, compared with controls. The blood Arsenic, Cadmium, 
Chromium and Lead levels were significantly higher (p=0.046, p=0.000, 
p=0.000 and p=0.000 respectively) in prostate cancer patients on casodex 
drug compared with prostate cancer patients on Bicarlutamide drug. The 
blood Al, As, Cd, Cr and Pd levels were significantly higher (p=0.000, 
p=0.014, p=0.012, p=0.032 and p=0.003 respectively) in prostate cancer 
patients 0-3years duration compared with prostate cancer patients 4-6 
years duration. The blood Al, Cd, Cr, Pb and Hg levels were signifi-
cantly correlated(p=0.024;r=0.377, p=0,081;r=-0.294, p=0.081;r=-0.294, 
p=0.002;r=-0,503 and p=0.033;r=-0.357 respectively) with free-PSA in 
prostate cancer patients. It seems that heavy metals are raised in both 
Benign Prostatic Hyperplasia (BPH) patients and prostate cancer patients, 
and thus may play some role in the pathogenesis of both diseases.

4.13.13 Establishing Shared Vocabulary and Reporting for 
Non-Targeted Studies: An Update From the Benchmarking and 
Publications for Non-Targeted Analysis Working Group
S.L. Nason, Connecticut Agricultural Experiment Station / Environmental 
Science; K. Peter, NIST; B. Place, National Institute of Standards and 
Technology / Chemical Sciences Division
Non-targeted analysis (NTA) using gas or liquid chromatography coupled 
with high resolution mass spectrometry is a powerful analytical technique 
that is increasingly used in environmental studies for applications such 
as exposomics, regulatory prioritization, and high throughput screening. 
Although the research community has embraced this technique for explor-
ing complex samples and identifying novel contaminants, foundational 
knowledge gaps persist. Universal terminology, a shared understanding of 
key concepts, and cohesive expectations for reporting methods and results 
are essential for accurate communication of results, but are still elusive in 
this emerging field. The Benchmarking and Publications for Non-Targeted 
Analysis (BP4NTA) working group was established to address these chal-
lenges, and our current efforts have focused on developing outputs that 
define key terms, provide reporting recommendations, and highlight sci-
entific best practices for NTA studies. The group is currently developing a 
checklist table that is organized based on the chronology of an NTA study 
and details key information that should be reported by NTA studies to 
ensure quality control, accuracy, and reproducibility. The checklist table 
is accompanied both by a glossary of definitions and detailed information 
about each study component (e.g., instrumental methods, data process-
ing methods, reporting annotation/identification results). BP4NTA also 
recently established a website (nontargetedanalysis.org) that is designed to 
share resources and events within the NTA community and will provide 
information (including the checklist, glossary, and associated detailed 
content) to researchers, reviewers, and editors who are interested in learn-
ing about NTA. The goal of this presentation is to share the content of the 
BP4NTA checklist and spark conversation and debate that will help to 
refine our terminology and increase the utility of BP4NTA resources for 
the scientific community at large.
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4.13.14 Health Risk Assessment of Arsenic Exposure Among the 
Residents in Ndilo, Dettah, and Yellowknife, Northwest Territories, 
Canada
J. Cheung, X. Hu, R. Parajuli, R. Rosol, University of Ottawa; A. Torng, 
Government of the Northwest Territories / Department of Health & Social 
Services; A. Mohapatra, E. Lye, Health Canada; H.M. Chan, University 
of Ottawa / Department of Biology
There are concerns in Yellowknife, Northwest Territories, Canada, about 
arsenic exposure due to its proximity to the former Giant Mine, which is 
regarded as one of the most contaminated sites in Canada. The objective 
of this study was to characterize the risk of arsenic exposure and associ-
ated risk factors among the local residents. Arsenic (As) and its species 
were quantified in urine (n=1966) using inductively coupled mass spec-
trometry. Children in the study were found to have significantly higher 
(p< 0.05) urinary inorganic As (iAs) concentrations than children in the 
general Canadian population, as well as adults in the study. Additionally, 
urinary iAs concentrations in children, particularly those above the 95th 
percentile, are above the Biomonitoring Equivalents (BE) levels that 
are associated with dermal effects, vascular problems and cancer risks. 
Multiple linear regression results showed that market seafood (fish and 
shellfish) and rice consumption frequency were significantly positively 
associated with urinary iAs. Specific to children, drinking lake water was 
positively associated with urinary iAs. Specific to adults, consumption 
of local mushrooms and berries were significantly positively associated 
with urinary iAs while there was a significant negative association with 
age, smoking and recreational water activities. The risk factors identified 
in this research can be used for public health education to lower arsenic 
intake. Overall, these results support the need for an ongoing monitoring 
program.

4.13.15  Identification of Erythrohydrobupropion and Other PPCPs 
in Fish Livers Using Nontargeted Screening
A. Baesu, McGill University / Food Science and Agricultural Chemistry; 
G. Ballash, D. Mollenkopf, T. Wittum, The Ohio State University / 
Veterinary Preventive Medicine; S. Bayen, McGill University / Food 
Science and Agricultural Chemistry
Pharmaceuticals and personal care products (PPCPs) are frequently 
detected pollutants in aquatic environments, where they can easily be 
taken up by fish. The accumulation of PPCPs in fish is both a concern for 
aquatic food webs and for human health, as exposure to these chemicals 
may induce possible direct toxicity or alteration of microflora in the case 
of antibiotics. In the context where the number of potential PPCP residues 
detected is increasing, suspect screening is an alternative method of 
analysis that allows for extraction and identification of a larger number 
of contaminants. In this study, a suspect screening workflow based on 
QuEChERS extraction, a frequent method used in suspect and non-target 
analysis, coupled to LC-QTOF-HRMS was applied to identify pharma-
ceuticals present in livers from fish sampled near a wastewater plant on 
the Scioto River in Ohio (US). Lincomycin and azithromycin were two 
antibiotics detected at maximum concentrations of 98 and 195.5 ng/g 
respectively. Erythrohydrobupropion, an anti-depressant metabolite was 
identified for the first time in fish samples with concentrations ranging 
from 3.3 to 68.5 ng/g in fish livers. Further statistical analysis to assess 
samples variability included Principal Component Analysis and cluster-
ing analysis to compare downstream vs. upstream samples, and different 
trophic levels, such as predatory vs. bottom feeders. Grouping of samples 
was observed for the different trophic levels based on all compounds as 
well as contaminants detected through screening analysis. Non-target 
analysis is an important tool in identifying not only general contaminants 
but also contaminants that could be considered as potential markers 
between different species.

4.13.16  Multivariate Analysis of Targeted PFAS Data to Fingerprint 
Sources of PFAS
B. Chandramouli, SGS AXYS
The assessment of PFAS sources and the understanding of the contri-
butions of these sources to PFAS in soil and in fish/other organisms is 
important ongoing work. While new advances in the use of untargeted 
analytical measurement workflows hold promise for source character-
ization and fingerprinting, these techniques are not widely available. 
In contrast, targeted isotope dilution methods for PFAS analysis have 
been used for over 15 years to generate quantitative data on a sub-set 
of PFAS. The upcoming standard isotope-dilution method in prepara-
tion by the US-EPA will, pending successful validation, use a targeted 
list of 40 PFAS for monitoring water, solids and tissue. In this study, we 
investigate whether targeted PFAS data from a comprehensive list is 
sufficient to distinguish PFAS sources based on occurrence and relative 
concentration of PFAS measured, and which targets out of an extended 
PFAS list are relevant to monitoring of PFAS in water, sediments and 
tissue. Isotope-dilution methods for a suite of up to 40 PFAS including 
C4-C14 perfluorocarboxylic acids, C4-C10, C12 perfluorosulfonic acids, 4:2, 
6:2 and 8:2 FTS, 3:3, 5:3 and 7:3 FTCA, perfluorooctane sulfonamides, 
acetic acids and ethanols, and multiple ether carboxylates and sulfonates 
including HFPO-DA were used to generate targeted, quantitative PFAS 
data from sample types including surface water, groundwater, wastewater 
treatment plant influent and effluent, landfill leachate, soils, sediments, 
biosolids, and aqueous film-forming foams (AFFF). Exploratory data 
analysis was carried out to assess data quality, and occurrence and 
concentrations by matrix type. The data was then processed to remove 
missing values, impute concentrations in the case of PFAS not detected, 
then normalized and centered to account for the large variance in con-
centration range by PFAS. Data was then processed using multivariate 
models including unsupervised Principal Components Analysis (PCA), 
supervised Partial Least Squares Discriminant Analysis (PLSDA) and 
random forest models to understand which PFAS were most responsible 
for the difference in source profiles between AFFF, landfill leachate and 
effluents, and whether these signatures could be used to identify patterns 
in soil, sediment and surface and groundwater.

4.13.17  Per- and Poly-Fluoroalkyl Substances (PFAS) in Historic 
Landfill Leachates and Inputs via Groundwater to Nearby Surface 
Waters
J.W. Roy, Environment and Climate Change Canada / Water Science 
and Technology Directorate; V.R. Propp, T. Hua, McMaster University / 
School of Earth, Environment and Society; A.O. De Silva, Environment 
and Climate Change Canada / Water Science and Technology 
Directorate; C. Spencer, Environment and Climate Change Canada 
/ Water Science Technology Directorate; S.J. Brown, S. Catingan, 
Environment and Climate Change Canada / Water Science and 
Technology Directorate; J.E. Smith, McMaster University / School of 
Earth, Environment and Society
Concentrations of per- and poly-fluoroalky substances (PFAS) in the 
µg/L range are common in leachate of modern landfills. However, 
there is much less data on PFAS in leachate of historic landfills (≥ 3 
decades since closure). These old landfills may pose a greater risk of 
groundwater contamination and subsequent PFAS transport to nearby 
surface waters because they typically lack engineered liners and leachate 
collection systems. The objectives of this study were to i) assess PFAS 
concentrations in historic landfills, and ii) investigate the discharge of 
leachate-impacted groundwater plumes (with PFAS) emanating from 
historic landfills to surface water bodies. In the first part of this study, 
leachate-impacted groundwater samples were collected from 20 historic 
landfills and analyzed for PFAS and other emerging contaminants. The 
total PFAS concentrations (17 compounds; majority perfluoroalkyl acids) 
ranged from 0.1 to 12.7 µg/L for the 16 landfills closed in the 1960s or 
later, and were > 1.0 µg/L at eight sites. A landfill closed in the 1960s 
had the highest concentrations. In the second part of this study, full-
year field investigations were performed at two historic landfill sites 
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with leachate-impacted groundwater discharging to a nearby surface 
water body; one being a stream, the other a pond (with an outlet stream). 
Monitoring of PFAS and leachate tracers (artificial sweeteners, ammo-
nium, chloride, and electrical conductivity) was performed for shallow 
discharging groundwater and the receiving surface waters, along with 
measurements of groundwater levels and fluxes to the surface waters. 
PFAS concentrations were highest in the sediments of the plume dis-
charge zone, with concentrations reaching 2.6 and 20.7 µg/L at the pond 
and stream site, respectively. Leachate compound concentrations were 
generally temporally stable, thus posing a chronic toxicity risk to the 
endobenthic organisms. PFAS loading to the surface waters was apparent, 
with surface water total PFAS concentrations > 0.1 µg/L. Variations in 
PFAS and/or leachate tracer concentrations within the receiving surface 
waters were observed at diurnal, event, and seasonal scales. Typical 
annual/biannual monitoring programs might not capture such variability. 
The study findings indicate that historic landfills should be considered as 
potential sources of PFAS contamination to surface waters, with implica-
tions for monitoring and ecological assessment of historic landfills sites.

4.13.18 Plastic Pollution in the Northern Bay of Bengal, Bangladesh 
Coast
K. Fatema, S.M. Moon, Bangladesh Agricultural University / Department 
of Fisheries Management; S.J. Hasan, Bangladesh Fisheries Research 
Institute / Marine Fisheries & Technology Station, Cox’s Bazar; M. 
Uddin, K.A. Sumon, Bangladesh Agricultural University / Department 
of Fisheries Management; S.A. Kawsar, University of Chittagong / 
Department of Chemistry; R. Bhandari, University of North Carolina, 
Greensboro / Department of Biology; H. Arakawa, Tokyo University of 
Marine Science and Technology / Department of Ocean Sciences; H. 
Rashid, Bangladesh Agricultural University / Fisheries Management
A total of 257 active rivers, including 59 transboundary rivers, flow 
through Bangladesh and drain into the northern Bay of Bengal (nBOB). 
These rivers transport huge volume of wastes including plastics. To get 
a better understanding on the extent of plastic pollution in the nBOB, 
this research studied abundance of plastic litters in surface waters, beach 
sediments and crude salts from the Cox’s Bazar coast of the nBOB, 
Bangladesh. A 300 µm mesh manta net was used to collect surface water 
samples from three sites of Moheshkhali channel, Cox’s Bazar. Beach 
sediments were collected from two sandy beaches at Cox’s Bazar with 
50×50 cm quadrates using 5 and 1 mm sieves. Crude salts were collected 
from three salt beds of Moheshkhali Island, Cox’s Bazar. Mean concentra-
tion of microplastics and mesoplastics in surface water from Moheshkhali 
channel during summer (March) were observed to be 0.022 and 0.005 par-
ticles/m2, respectively. In case of sandy beaches, the mean concentrations 
of microplastics, mesoplastics and macroplastics were observed to be are 
69.4, 140.6 & 41 particles/m2, 20, 43.2 & 14 particles/m2, and 3.6, 7.6 & 
3.4 particles/m2 during summer, late monsoon (September) and winter 
(January), respectively. Mean concentrations of microplastics in crude salt 
were observed to be 633.33 and 537.78 particles/kg, in summer and late 
monsoon, respectively. Fourier transform infrared spectroscopy analyses 
revealed alkyd resin, polyamide-6/pylon-6, poly(ethylene-propylene-
diene)/EPDM rubber and urethane alkyd to be key chemical compositions 
of plastics isolated from beach sands.

4.13.19  Temporal Changes in the Metabolite Profile of a Great 
Lakes Invasive Freshwater Mussel Related to Environmental and 
Biological Factors
A. Bayless, College of Charleston/National Institute of Standards and 
Technology / Chemical Sciences Division; A. Elgin, National Oceanic 
and Atmospheric Administration / Great Lakes Environmental Research 
Laboratory; E. Davenport, National Oceanic and Atmospheric 
Administration / National Centers for Coastal Ocean Science; A. Jacob, 
CSS, Inc./National Oceanic and Atmospheric Administration / National 
Centers for Coastal Ocean Science; E. Johnson, National Oceanic 
and Atmospheric Administration / National Centers for Coastal Ocean 
Science; T. Schock, National Institute of Standards and Technology / 
Chemical Sciences Division
The Great Lakes Basin is the largest body of fresh water in the world, 
containing 21 % of the world’s supply of surface fresh water, and sup-
ports fishery and recreational industries worth $7 billion and $52 billion, 
respectively. This significant resource is monitored by the Great Lakes 
NOAA Mussel Watch Program, which employs freshwater mussels as 
bioindicators to assess contaminants and environmental change. Recently, 
NMR metabolomics was successfully applied to examine changes in the 
metabolome in the dreissenid mussel in response to pollutants, but it is not 
known whether the differences detected between sites are solely related 
to the presence of chemical pollutants or whether these detected differ-
ences are also related to environmental and biological factors that change 
throughout a season. This study aimed to identify temporal changes in 
the dreissenid mussel metabolic profile by measuring the metabolites in 
whole mussel tissue collected from a single site at the mouth of Muskegon 
Lake near Lake Michigan, USA over a 7-month period. Metabolites mea-
sured using NMR spectroscopy significantly fluctuated throughout the 
sampling period, but linear temporal trends were not observed. However, 
fluctuations in some metabolites were positively correlated with biologi-
cal (mussel body index) and biotic (chlorophyll a, cyanobacteria pigment) 
measurements. All significant spectral features identified as glycerol 
were correlated to mussel body index, while alanine and succinic acid 
were correlated with chlorophyll a, and putrescine was correlated with 
cyanobacteria pigments. Additional measurements taken during this time 
period can be used to further associate these changes with either abiotic 
(temperature, DO), biological (reproductive status, DNA damage, cellular 
biomarkers), or chemical contaminant (pharmaceuticals, pesticides, alkyl-
phenols) influences. This study helps us better understand how biological 
and environmental factors influence the mussel metabolome, which will 
improve the ability to detect and identify biological changes related to 
contaminant exposure and further support the use of metabolomics as a 
biomonitoring tool.

4.13.20  The Effect of Flame Retardants on Toxics Emitted from 
Foam Combustion
B.B. Bowers, Carnegie Mellon University; H.M. Stapleton, Duke 
University / Nicholas School of the Environment; R.C. Sullivan, Carnegie 
Mellon University
To meet flammability standards initially introduced in the 1970s, fur-
niture manufacturers often add chemical flame retardant mixtures to 
furniture foams. Flame retardants have been demonstrated to have a wide 
range of toxic effects in and of themselves, but very little research has 
been conducted on the effects these flame retardants have on the com-
bustion process and resulting emissions. Since flame retardants work by 
making combustion less efficient, we predict that foams treated with flame 
retardants will yield higher amounts of incomplete combustion products 
than foam without flame retardants. Furthermore, incomplete combus-
tion products are more toxic than the products of complete combustion, 
meaning that flame retardants could actually be making combustion 
emissions more toxic. It has been previously demonstrated by others that 
this hypothesis holds true with regard to production of carbon monoxide 
and hydrogen cyanide, but characterization and comparison of persistent 
organic pollutants emitted from foams with and without flame retardants 
has not been conducted. Therefore, we combusted foams with and without 



SETAC North America 41st Annual Meeting | 233

Chemistry and Exposure Assessment | Track 4

flame retardants in a steel chamber, collected the emissions on quartz 
filters and sorbent tubes, and used thermal desorption gas chromatogra-
phy-mass spectrometry (GC-MS) to characterize the emissions. We also 
utilized a chemical ionization time of flight mass spectrometry (ToF-
CIMS) instrument for higher resolution, real-time measurements. We 
find that combustion of FR-laden foams releases intact flame retardant 
molecules, such as triphenyl phosphate and 2-ethylhexyl 2,3,4,5-tetrabro-
mobenzoate. While it is generally thought that organophosphate flame 
retardants stay within or on the surface of the foam, polymerizing to cre-
ate a char layer that suppresses combustion, we observe that on the order 
of 1% of the organophosphate FR mass in the foam is released during 
combustion. Our work suggests the emission of intact flame retardants 
should be considered when evaluating the benefits versus hazards of add-
ing flame retardants to furniture foam and other consumer products.

4.13.21  The Influence of Precursor Metabolism on Bioaccumulation 
of Known and Novel PFASs After AFFF Ingestion
C.A. McDonough, Stony Brook University / Civil Engineering; H. Bischel, 
University of California, Davis / Civil and Environmental Engineering; 
J.C. DeWitt, East Carolina University / Pharmacology and Toxicology
Communities throughout the United States are exposed to elevated levels 
of per- and polyfluoroalkyl substances (PFASs) due to drinking water 
contaminated with aqueous film-forming foams (AFFFs). Due to the 
wide range of PFAS structures in AFFFs and the complex nature of their 
interaction with biological materials, predicting PFAS accumulation in 
vivo based on molecular structure and mechanistic models has proven 
challenging. In particular, the contribution of polyfluorinated precursors 
to PFAS bioaccumulation is poorly understood. Our previous studies with 
an C56BL/6 mouse model dosed with an electrochemically-fluorinated 
AFFF suggested that precursors contribute to the accumulation of PFASs 
in serum, including C6 and C7 sulfonates. Additionally, our data suggest 
some novel PFASs, such as unsaturated PFOS, are either more bioac-
cumulative than PFOS, or are formed in vivo. Here, we will use in vitro 
metabolism experiments with liver sub-cellular fractions from C57BL/6 
mice to track the transformation of AFFF mixtures due to metabolism. 
Samples will be analyzed using high-resolution mass spectrometry 
(HRMS) suspect screening. We will compare results of AFFF metabolism 
experiments to analysis of serum from AFFF-dosed mice to enhance our 
understanding of how precursor metabolism impacts PFAS composition 
in the body. This study will advance our understanding of how external 
exposure relates to internal dose in human AFFF exposure scenarios, 
such as consumption of AFFF-contaminated drinking water.

4.13.22  Will Pesticides Prevent Publicly Owned Wastewater 
Treatment Plant Effluent from Becoming a Much-Needed Drinking 
Water Supply?
K. Moran, TDC Environmental, LLC; M. LaBella, Central Contra Costa 
Sanitary District
4.13.23 Expansion of the iSTREEM® Environmental Exposure 
Model to Canada and Mexico
R. Vamshi, B.H. Kent, Waterborne Environmental, Inc. / Exposure 
Modeling; K. McDonough, M. Fan, S.A. Csiszar, Procter & Gamble 
Company / Global Product Stewardship; T. Bradley, K. Stanton, 
American Cleaning Institute
The iSTREEM® model (www.istreem.org), a broad scale spatially 
explicit aquatic exposure model covering the continental U.S., is a robust 
tool for estimating exposure from the use of down the drain chemicals. 
Leveraging the iSTREEM model’s fundamental principles and river 
routing algorithm, and through the strategic integration of best available 
global data and modeling tools, a spatially explicit global environmen-
tal exposure modeling framework was developed. Global mean annual 
river flow was generated based on the Curve Number approach and 
combined with global hydrology network of catchments and rivers from 
HydroBASINS and HydroRIVERS. Detailed population and best avail-
able country specific water use and wastewater treatment plant (WWTP) 

information were integrated with the modeling framework to provide 
a means to estimate a distribution of environmental concentrations of 
chemicals disposed down the drain. In this presentation, use of the global 
framework to develop models for Canada and Mexico is discussed. 
WWTP locations, population connected to WWTPs, per capita water use, 
and direct discharge information were collected from national sources. 
The WWTP locations were spatially integrated with the river hydrol-
ogy network and the corresponding river flows at a catchment level. The 
model estimates catchment specific wastewater effluent concentrations, 
dilution factors, and river concentrations and routes flow and chemicals 
across the river network. Modeling results from a case study chemical 
will be discussed against monitoring data from literature to compare 
modeled concentrations with measured data. The spatial and probabi-
listic nature of the model provides a robust means to estimate exposure 
over a large geography. The presentation demonstrates the expansion of 
iSTREEM and the global model framework to conduct down the drain 
environmental exposure assessments for Canada and Mexico.

4.13.50 Bioconcentration and Depuration Kinetics of Diltiazem 
in Tilapia (Oreochromis mossambicus) and its Implications to 
Aquaculture
S. Siddiqui, Oregon State University / Environmental & Molecular 
Toxicology; J.L. Conkle, Texas A&M University, Corpus Christi / CMSS; 
J. Scarpa, Texas A&M University, Corpus Christi; B.W. Brooks, Baylor 
University / Department of Environmental Science
Wastewater effluent carry various contaminants that dilute in surface 
waters and may result in problems throughout the receiving ecosystem 
and transfer possibly to humans through surface water use. Based on the 
traditional understanding of contaminants, soluble chemicals, like many 
pharmaceuticals, are not expected to bioaccumulate. However, some phar-
maceuticals that ionize at an environmentally relevant pH may undergo 
a chemical transformation that enables bioaccumulation. This potential 
bioaccumulation in farmed fish is not well known. Therefore, a study was 
undertaken to quantify the bioaccumulation and depuration of diltia-
zem (DTZ) (brand names e.g., Cardizem CD, Dilacor XR), an ionizable 
calcium channel blocker, at environmentally relevant concentrations (1 
µg L-1) in tilapia (Oreochromis mossambicus) under controlled laboratory 
conditions. DTZ concentration in fish carcass, blood plasma, liver and 
muscle were analyzed in both exposure and depuration phase. DTZ bio-
concentration was greatest in liver> plasma> carcass> muscle. Depuration 
rates were fastest in liver> carcass> plasma> muscle. Biological half-life 
(t1/2) calculations indicated DTZ was retained longest in muscle (18.83 hrs) 
and shortest in liver (1.89 hrs), which is similar to stable bioconcentration 
factor (BCFa) value orders. The half-life time of DTZ in muscle indicates 
that DTZ is processed relatively quickly in this tilapia species. Based on 
the 96 hr environmentally relevant concentration DTZ uptake by tilapia 
fingerlings, human exposure to the highest DTZ fillet concentration would 
be ~6 orders of magnitude below the lowest human dose, resulting in low 
human exposure. Transferring fish to “clean” water would further reduce 
concentrations. Despite the low tissue concentrations of DTZ, concen-
trations of DTZ in fish plasma could be a concern for growers. Plasma 
concentrations were on the same order of magnitude in the fish as seen in 
humans after a therapeutic dose. This raises the possibility of physiologi-
cal effects on tilapia at environmentally relevant diltiazem concentrations 
during commercial production but needs to be ascertained before any 
actions are taken or guidelines proposed.

4.13.51  For a Clean Campo River: Actions in the Community and 
Scientific Research Together to Achieve the Environmental Quality 
of the Watershed
L. Vieira, E. do Couto, K. Gois, Federal Technological University of 
Parana UTFPR / DABIC
The Campo watershed is in the southern Brazil, in the country’s most 
fertile soil, so, with extreme agricultural occupation. The initiative to 
a “Clean Campo river has actions at the local society and a monitor-
ing of environmental quality of the watershed. The project aims at the 
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life quality to the residents. We develop environmental education in the 
municipal public schools to kids with 3-10 years old from playful activi-
ties and science fair with the animal observations. Besides these actions, 
lectures are given to schoolteachers so that they can take knowledge 
and pratice about the environmental questions to classroom. Before the 
pandemic, the community took actions to clean the streets, river and 
trash in empty grounds. These actions bring an important response in 
the actions of the residents, who gradually change their habits, take care 
of their own garbage and see the river as the source of supply and that it 
must be preserved. Environmental quality of the river is also monitored 
through physicochemical, heavy metals and herbicide analyzes in the 
river water and sediment in 4 points of the watershed. These analyzes 
aim to diagnose pollution levels throughout the watershed and to relate to 
different types of land use and occupation using geoprocessing tech-
nological tools, making use of Remotely Piloted Aircraft (RPAs) in the 
imaging and identification of problems, in high definition. The analyzes 
have so far indicated at points downstream of the sewage treatment plant 
values above the environmental legislation by Escherichia coli and total 
Coliforms and that the sediments are enriched by Zn, Cd and Cr. It is 
noteworthy that the project is in progress, and that environmental educa-
tion activities and watershed monitoring take place periodically in order 
to have a continuous and lasting result.

4.13.52 Environmental and Health Impact of Micropollutants in the 
Thau Lagoon
A. Courtier, A. Cadiere, Université de Nîmes; S. Bayle, Ecole des Mines 
dAlès; P. Giannoni, Université de Nîmes; B. Roig, Université de Nîmes / 
LERES
Thau lagoon (extended on 7500 hectares) is located in the south of 
France and is the main shellfish-farming center in the Mediterranean 
Sea. Around this lagoon, numerous activities such as wastewater treat-
ment plants, harbor and vine cultivation represent a potential source of 

pollution. Although subject to microbiological and chemical monitoring 
(heavy metals), there is currently no global study realized on the con-
tamination of air and water. This work proposes an integrated approach 
based on a non-target analysis by SBSE/HSSE coupled with GC-MS and 
a target analysis in order to identify chemical pollutants (heavy metals, 
34 pharmaceuticals, 12 pesticides, 2 industrial products and 6 toxins). 
This monitoring was carried out during one year on 6 sampling points 
and on two matrices: air (non-target analysis) and water (non-target and 
target analysis). Concerning the targeted analysis, very low concentrations 
ranging from the pg/L to the ng/L were found in water. Among pollut-
ants, most frequently found are: atrazine, its metabolites, azithromycin, 
clarithromycin, atenolol and sotalol at low concentrations ranging from 
2.44 pg/L to 0.6 ng/L. In contrast, in non-targeted analysis, 116 different 
molecules were found including 77 and 79 in the air and water respec-
tively. Only 28 molecules were common to both matrices. To access the 
exposure risk of workers and residents of the lagoon, we have in second 
approach decided to select some molecules from the non-target analy-
sis and to quantify them. The selection was based on the toxicity of the 
molecules (Toxtree software) and their frequency of detection. Only 
the molecules found in more than 20% of sampling were conserved for 
the analysis. Examples of potentially dangerous susbtances included in 
this list are: - triethyl phosphate (organophosphorus flame-retardant and 
intermediate in the manufacture for pesticides), - diisobutyl phthalate 
(endocrine disruptor). This substance is considered of very high con-
cern (SVHC) and its use is strictly regulated (Annex XVII of REACH1) 
- 2-furanmethanol. This molecule is included in the list of hazardous 
substances harmonised for classification and labelling in the EU (Annex 
VI to CLP regulation)2 and is suspected to be carcinogenic. The next 
step of the study will be to made analysis on the shellfishes grown in the 
lagoon. All of these elements will allow to trace pollutants in the Thau 
lagoon and to determine the potential sources of exposition and potential 
bioaccumulation.
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1. Bayesian Network: Applications for 
Environmental Risk Assessment and Management
5.01.01  Bayesian Networks, Next Steps, and the Future of Ecological 
Risk Assessment
W.G. Landis, Western Washington University / Institute of Environmental 
Toxicology and Chemistry
The previous presentations have demonstrated that with the application 
of Bayesian networks and other mathematical tools allow the modeling of 
risk due to multiple stressors to multiple endpoints and across large scales. 
The field has grown way beyond the application of quotients and divid-
ing by risk factors. Exposure-response curves can be incorporated as a 
series of probabilities and not collapsed to a point. Exposure can be based 
on probability distributions from site specific monitoring or modeling. 
Population dynamics and community ecology can be applied to end-
points. Human well-being, ecosystems services and sustainability can be 
calculated. Adaptive management can be a quantifiable process. Synthetic 
biology is just another scenario and fits well within the risk assessment 
process.However, the critical question is, can the science of environmental 
toxicology and chemistry support the science and regulatory frameworks 
incorporate the outputs to make decisions? It is not clear what the answer 
is as of the fall 2020. First, throughout the conference this week the term 
risk is misapplied to threat or hazard in numerous talks and posters. In 
the early 1990s, Suter has clearly described the differences but 30 years 
later we are conflating the terms in the peer-reviewed literature. Second, 
relative few papers describing toxicity for other exposure-response 
relationships model the responses and describe confidence and predictive 
limits. The most common description at the conference is a NOEC for 
other point estimate of a curve. Third, there is a lamentation that the math, 
the population modeling, chemistry and GIS are too difficult to learn. The 
previous talks have demonstrated that this is a baseless protest given the 
number of young new practitioners. Fourth, the regulatory environment 
at all levels has not kept pace with the science or the scale of the decisions 
to be made. But there are examples of these methods being a part of the 
broader regulatory environment. Now for the implementation.

5.01.02  Both Begin With a B - a Way Forward for Bayesian 
Networks and Bayesian Hierarchical Modelling for Ecological Risk 
Assessment
U. Sahlin, D. Perepolkin, Lund University / Centre for Environmental and 
Climate Research
An ecological risk assessment is about integrating sources of evidence 
with expert knowledge to assess severity of impacts or likelihood of 
adverse events. An important task in risk assessment is to evaluate the 
impact of limitations in knowledge on epistemic uncertainty in the 
assessment. The Bayesian paradigm contains several pillars: Bayes rule 
for inference, subjective probability to quantify uncertainty and a rule for 
Bayes optimal decisions. These can, but don’t have to be used together to 
assess risk. Depending on the nature of the risk assessment, probabilistic 
reasoning applies on variables (aleatory uncertainty) or on models (or 
parameters within models) (epistemic uncertainty). Bayesian hierarchi-
cal models can consider both aleatory and epistemic uncertainty with 
statistical and predictive rigor, but at the loss of computational speed as 
the model become more complex. In this talk, we will clarify the distinc-
tion between Bayesian networks and Bayesian hierarchical modelling, and 
show the usefulness and limitations of both approaches. We conclude by 
proposing a way forward, where both Bayesian networks and Bayesian 
hierarchical modelling are used for ecological risk assessment.

5.01.03 Incorporating Uncertainty in Pharmaceutical 
Environmental Risk Assessments - a Bayesian Networks Approach
S. Welch, Norwegian Institute for Water Research / Ecotoxicology; K. 
Olsen, Norwegian Institute of Public Health / WHO Collaborating Centre 
for Drug Statistics Methodology; J. Moe, Norwegian Institute for Water 
Research / Section of Ecotoxicology and Risk Assessment; M. Nouri 
Sharikabad, Norwegian Institute of Public Health / WHO Collaborating 
Centre for Drug Statistics Methodology; K. Tollefsen, M. Grung, 
Norwegian Institute for Water Research / Section of Ecotoxicology and 
Risk Assessment
More than most chemical domains the environmental risk assessment of 
pharmaceuticals is complicated by the relative sparsity of effects data and 
measurements, introducing considerable uncertainty into predicted risk. 
At present this uncertainty is largely circumvented through the application 
of Assessment Factors that multiply risk by a factor between 1 and 1000 
to provide some mathematical measure of precaution, but this approach 
has been criticised both for under- and over-estimating the potential for 
risk to the environment, such as in the case of mixtures where component 
toxicity is assessed only on an individual basis. Systems level approaches 
such as Bayesian Networks have attracted considerable attention in recent 
years for their ability to provide a thorough model of interactions between 
pharmaceuticals, environmental conditions, and risk, even where data 
is less available, and to allow for the incorporation of uncertainty. By 
applying this approach to pharmaceutical risk assessment, it should prove 
possible to predict bounded risks posed by individual ingredients under a 
variety of likely global change scenarios. This poster lays out a proposed 
Bayesian Network for the risk assessment of a small number of pharma-
ceuticals across predicted-risk and uncertainty gradients. It is intended 
that this conceptual model will then be developed into a functioning pro-
totype which can be directly compared to existing methods, with future 
potential for assessment the interactions between mixtures of pharmaceu-
ticals and other environmental stressors.

5.01.04 Spatial Dependencies in Bayesian Networks Applied to 
Environmental Management
I. Govender, Durban University of Technology / Dept of Horticulture; 
U. Sahlin, Lund University / Centre for Environmental and Climate 
Research; G.C. O’Brien, University of Mpumalanga / School of Life 
Sciences
Environmental management problems are often spatially and temporally 
framed. Regional risk assessments consider the spatial distribution of 
stressors and impacts, where landscapes are often delineated into distinct 
regions. Modelling the spatial character and variability at an appropri-
ate scale facilitates drawing out the linkages between variables. There 
are different ways that linkages between variables can, and should, be 
taken into account to capture dependencies relevant to modelling system 
behavior and evaluating management options. Bayesian networks have 
been applied extensively to increasingly complex socio-ecological sys-
tems. Based on a review of applications of Bayesian networks relating to 
spatial management problems, we evaluate different ways to model spatial 
dependencies between regions when Bayesian networks are applied to 
regional risk assessments.

5.01.05  Using Bayesian Networks with Fisher Information to Assess 
and Manage Wildfire Risks
J.F. Carriger, U.S. Environmental Protection Agency / Office of Research 
and Development; H. Cabezas, University of Miskolc / Research Institute 
of Applied Earth Sciences
Wildfires are important for managing and regulating ecosystems for 
ecological and human use. Humans have long played a role in prescrib-
ing wildfires for usages such as hunting and safety, and many ecological 
systems are fire-adapted. However, severe wildfires may cause injuries 
to the environment, property and human health. Recent events have dem-
onstrated the dangers from severe wildfires and the severity and number 
of wildfires is only expected to increase in the future. Causal factors 
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for severe wildfires in a region of concern include prior fire history, soil 
moisture, vegetation characteristics, and atmospheric conditions. An 
approach to incorporate these causal factors and examine spatial regions 
for severe wildfire potential is proposed. The approach relies on Bayesian 
networks and Fisher information. Bayesian networks are used to develop 
causal or semi-causal probabilistic models that link causal factors with 
severe fire predictions. Machine learning may be used to help derive an 
optimal network structure from data. Fisher information is used on virtual 
data generated from scenarios in the Bayesian networks for examining 
uncertainties in variables used to predict severe wildfires. For analyz-
ing scenarios, the uncertainty of individual variables can be tracked but 
multiple variables can be combined for emergent properties with joint 
Fisher information calculations. A hypothetical demonstration will be 
given using spatial data from the 2013 Rim Fire (Sierra Nevada) that 
spanned private and public lands including the Yosemite National Park 
and Stanislaus National Forest. Combining Bayesian networks and Fisher 
information might provide an approach for interpreting the uncertainty 
in the knowledge of severe wildfire risks. EPA Disclaimer: The views 
expressed in this presentation are those of the authors and do not neces-
sarily represent the views or policies of the U.S. Environmental Protection 
Agency.

5.01.06  From Weight of Evidence to Conditional Probabilities: A 
Bayesian Network Model for Predicting Fish Acute Toxicity Based 
on Fish Embryo Testing
J. Moe, Norwegian Institute for Water Research / Section of 
Ecotoxicology and Risk Assessment; A.L. Madsen, Hugin Expert; R. 
Wolf, Norwegian Institute for Water Research / Ecotoxicology and 
Risk Assessment; K.A. Connors, J.M. Rawlings, Procter & Gamble 
Company / Global Product Stewardship; S.E. Belanger, The Procter 
& Gamble Company (retired) / Global Product Stewardship; W.G. 
Landis, Western Washington University / Institute of Environmental 
Toxicology and Chemistry; T. Braunbeck, University of Heidelberg / 
Centre for Organismal Studies; M.R. Embry, Health and Environmental 
Sciences Institute; K. Schirmer, Eawag / Environmental Toxicology; S. 
Scholz, Helmholtz Centre for Environmental Research / Bioanalytical 
Ecotoxicology; A. Lillicrap, NIVA / Section of Ecotoxicology and Risk 
Assessment
Fish Embryo Toxicity (FET) testing has been proposed as an alternative 
to using juvenile fish in acute toxicity testing, to reduce the number of 
live animals required for hazard assessments of chemicals. However, FET 
data are not yet accepted as a replacement to juvenile fish acute toxicity 
data for regulatory purposes such as REACH. The European Chemicals 
Agency has recommended the development of a Weight of Evidence 
(WoE) approach for strengthening the evidence from FET testing. To 
meet this challenge, we have recently developed a Bayesian network (BN) 
model for using FET data in a probabilistic WoE approach. The purpose 
of the proposed BN model is to integrate information from large ecotoxi-
cological and physico-chemical datasets, and apply it in a WoE context to 
predict fish acute toxicity of chemicals from data on fish embryo toxicity 
testing in combination with other pieces of information. This BN model 
was developed from data on fish embryo and juvenile acute toxicity in 
combination with other information for more than 200 chemicals, and 
aims to predict the toxicity level of each chemical by combining informa-
tion in four pathways: (i) fish embryo toxicity, (ii) physical and chemical 
properties, (iii) toxicity to fish of other chemicals in the same category, 
and (iv) toxicity to other species (algae and Daphnia). In a new CEFIC 
LRI project SWiFT (Strengthening Weight of evidence for FET data 
to replace acute Fish Toxicity; ECO51), this BN model will be further 
developed and extended with additional lines of evidence (e.g. fish gill 
cell-line assay, neurotoxicity and biotransformation), in order to provide 
more accurate predictions. More details on the lines of evidence and the 
underlying data will be presented in the session Alternative Approaches 
to Animal Testing for Ecotoxicity Assessments and Environmental Risk 
Assessments. Here, we will focus on the methodological aspects: how 
the main steps of a WoE approach (assembly, weighting, and integration 

of evidence) can be quantified and implemented in a BN model. We will 
address the opportunities and challenges related to topics such as: (1) 
quantification of lines of evidence - from associations to causal relation-
ships; (2) accounting for uncertainty and variability in data, both within 
and between studies; (3) integration of the multiple lines of evidence; and 
(4) approaches to model evaluation.

5.01.07 Application of the Bayesian Network Relative Risk Model 
Framework to Natural Resource Damage Assessments
A. Gibbs, M. Johns, Windward Environmental, LLC
Most natural resource damage (NRD) settlements are achieved through 
negotiation, not litigation, although some take more than 20 years to reach 
a signed consent decree. Additional analytical tools are needed to improve 
the efficiency of NRD negotiations. The Bayesian network-relative risk 
model (BN-RRM) framework lends itself well to the structure of negotia-
tion, and the outcome of the model’s analysis can be integrated into the 
existing NRD process. As referenced in the regulations, the goal of an 
NRD assessment is to evaluate the injury caused by a release of a hazard-
ous substances(s). Resources experience numerous stressors in addition to 
the chemical stressor(s) associated with the release. However, while often 
discussed, the contribution of non-chemical stressors to the total injury 
is rarely, if ever, quantified. Applying the BN-RRM framework prompts 
trustees and potentially responsible parties to define the relationships 
among the stressors and quantify their relative contributions to overall 
injury. The parameterization of the BN-RRM is transparent: It is clear 
where uncertainty in environmental relationships exist. Furthermore, 
the BN-RRM framework and resulting output are displayed visually in 
a conceptual diagram format, making the model’s results well-suited for 
discussion and negotiation. We will present an approach to applying the 
BN-RRM framework to the NRD process by quantifying overall injury 
due to multiple stressors, identifying the portion of that injury that is 
directly related to a chemical stressor(s), and integrating that information 
into typical injury quantification methods.

5.01.08  Risk Assessment Framework for Synthetic Biology: 
Eradicating Invasive Mice on Southeast Farallon Island Using Gene 
Drive Technology
E. Brown, University of Notre Dame / Biological Sciences; S.R. 
Eikenbary, W.G. Landis, Western Washington University / Institute of 
Environmental Toxicology
To construct a framework for risk assessment of synthetic biology, we 
employed the Bayesian Network – Relative Risk Model to calculate the 
probability of successful rodent eradication on Southeast Farallon Island 
using gene drive technology. We modified and implemented the R-based 
model “MGDrivE” to simulate and compare twelve unique management 
strategies for gene drive rodent management. These scenarios spanned 
three gene drive mouse release schemes, two assumed rates of resistance 
allele generation by the gene drive construct, and the addition of supple-
mental rodenticide. We used sensitivity analysis to compare the relative 
influence of gene drive resistance rate and rodenticide-induced mortality 
on the probability of successful mouse eradication. Results showed high 
probabilities of successful rodent eradication within 7-10 years of gene 
drive mouse deployment on Southeast Farallon Island. For the simulated 
scenarios, resistance rate had a higher influence on successful mouse 
eradication than the addition of rodenticide. This work followed the 
recommendations for risk assessment of synthetic biology, as outlined by 
the NASEM report Gene Drives on the Horizon. As of June 2020, there 
have been no other risk assessments of synthetic biology that follow the 
NASEM criteria.
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5.01.09 Addressing the Need for the Quantitative Risk Assessment of 
Gene Drives
S. Eikenbary, W.G. Landis, Western Washington University / Institute of 
Environmental Toxicology and Chemistry
Bayesian networks are an appropriate risk assessment tool for quan-
titatively and probabilistically examining complex systems involving 
multiple stressors acting on multiple endpoints in a wide variety of 
situations. The emerging field of synthetic biology has the capacity to 
drastically alter ecological systems with the use of gene drive modified 
organisms as a method to alter population dynamics. The purpose of the 
release of a gene drive organism is for the introduced genetic material to 
propagate within the wild type population and persist within the envi-
ronment. There are many proposed gene drive designs and no current 
regulatory framework that quantitatively assess the risk associated with 
the use of gene drive modified organisms released to the environment. 
This study outlines the use of Bayesian network relative risk assessment 
tools as a way to estimate the risk associated with the release of gene 
drives modified mosquitoes as vectors to control disease. We examine 
a case study modeling the release of gene drive modified Aedes aegypti 
mosquitoes to reduce incidence of dengue and Zika virus in Ponce, Puerto 
Rico. The risk assessment describes how the gene drive may spread 
through the populations of wild type mosquitoes, decrease rates of disease 
incidence, and shows the ability to probabilistically assess other direct 
and indirect effects that may arise from the use of the gene drives. The 
Bayesian network relative risk model allows us to quantitatively describe 
effects to human health and the uncertainty in our current state of knowl-
edge regarding the effects of the use of gene drive modified organisms as 
a vector management strategy concerning arboviruses.

5.01.10 Probabilistic Risk Assessment of Pesticides for a Norwegian 
Case Study: A Bayesian Network Approach
S. Mentzel, M. Grung, K. Tollefsen, Norwegian Institute for Water 
Research / Section of Ecotoxicology and Risk Assessment; M. Stenrød, 
Norwegian Institute of Bioeconomy Research / Department of Pesticides 
and Natural Products Chemistry; K. Petersen, J. Moe, Norwegian 
Institute for Water Research / Section of Ecotoxicology and Risk 
Assessment
Conventional Environmental Risk Assessment is based on a calculated 
risk quotient, representing the ratio of exposure to effects, in combination 
with assessment factors to account for uncertainty. This determinis-
tic approach involves use of single values of Predicted environmental 
concentration (PEC) and predicted no effect concentration (PNEC) to 
quantify the risk a substance poses to the environment. A more informa-
tive approach is provided through probabilistic risk assessment, where 
probability distributions for exposure and effects are expressed and enable 
accounting for variability and uncertainty. In this research, several proba-
bilistic approaches are explored, using Bayesian Network (BN) modelling 
as alternative to today’s conservative approaches. BNs can serve as meta-
models that link selected input and output variables from several separate 
project outputs and offer a transparent way of evaluating the required 
characterization of uncertainty for Environmental Risk Assessment. 
Effect data in this research was derived from the NIVA Risk Assessment 
database (RAdb, www.niva.no/radb) and exposure data was provided 
by the Norwegian Agricultural Environmental Monitoring Programme 
(JOVA). The case study focuses on the risk assessment of two pesticides: 
Azoxystrobin and Metribuzin. The developed BN can be used to show 
how probabilistic approaches can improve current risk assessment strate-
gies, and predict the probability of several risk levels, while facilitating 
the communication of estimates and uncertainties.

5.01.11  Risk Assessment of Microplastics in the San Francisco Bay 
Using a Bayesian Network Relative Risk Model Framework
E. Sharpe, W.G. Landis, Western Washington University / Institute of 
Environmental Toxicology and Chemistry
Micro- and nano- plastics are a complex and abundant emerging con-
taminant. Recent advancements in monitoring technology have allowed 
us to see that plastic particles are widely distributed in the environment. 
Increased public interest in this topic indicates a need for a comprehensive 
ecological risk assessment on the environmental impacts of microplastics. 
This study aims to conduct an ecological risk assessment for micro- 
and nano- plastics using a Bayesian Network relative risk framework 
and the San Francisco Bay as a case study. The data that are currently 
available on microplastics has yet to be applied to management strate-
gies of microplastics in the environment and previous risk assessments 
for microplastics are limited in scope or inadequate due to the methods 
they used to calculate risk. The Bayesian Network relative risk model 
has proven in past studies to be a successful framework for ecological 
risk assessment, allowing for the creation of a model with predictive 
capability and adaptive potential as new data becomes available. Using 
microplastic abundance data collected by the San Francisco Estuary 
Institute, microplastic toxicity data generated by Oregon State University, 
and water quality and chemical monitoring data, risk due to microplastics 
are determined. Ecosystem endpoints include species that are migrat-
ing, residing, or using the San Francisco Bay as a nursery and the habitat 
quality necessary to support them. Humancentric endpoints will include 
fisheries, abiotic resource extraction, and recreation. This study will lay 
the groundwork for future risk assessments of micro- and nano- plastics 
in the environment and help to identify key uncertainties that need to be 
addressed. This work I supported by a National Science Foundation grant 
(Grant # 1935018).

5.01.12 A Bayesian Network Model for Assessment of Chemical 
Status in Fjords Affected by Aluminium Smelters
J. Moe, Norwegian Institute for Water Research / Section of 
Ecotoxicology and Risk Assessment; A. Ruus, NIVA / Environmental 
Contaminants; D. Hjermann, Norwegian Institute for Water Research / 
Environmental Data Science; A.L. Macken, Norwegian Institute for Water 
Research
The ESPIAL (2018-2021) project is an industry-funded research project 
revisiting an effects study conducted 24 years ago looking at Norwegian 
aluminium smelters and the local environment. The current project looks 
at the impact of pollution on the areas around aluminium smelters to 
air, water, vegetation and wildlife in Norway, Sweden and Iceland. In 
this study, we focus on polyaromatic hydrocarbons (PAHs) released to 
the marine environment from selected aluminium smelters located near 
Norwegian fjords, and how concentrations of selected PAHs (e.g. benzo(a)
pyrene) affect the chemical status of these water bodies. We have devel-
oped a Bayesian network (BN) model that links probability distributions 
of the following components: PAH emission from the smelter, historical 
PAH concentration in sediment, PAH concentration in pore water and 
overlying water, PAH concentration in mussels and other biota, and chem-
ical status of the sediment, water and biota. The assessment of chemical 
status is based on the 4-class assessment system defined for each PAH 
substance in compliance with the European Water Framework Directive. 
We use the Bayesian network model to explore the effects of chemical 
status under different scenarios of PAH emissions from the smelter in 
combination with historical PAH content in sediment. The BN model 
can track and visualise how the combined chemical status is affected by 
the probability distribution of chemical status classes for each assess-
ment endpoint (sediment, water and biota). The current combination rule 
(“one-out-all-out”) represents a precautionary principle, but in practice 
this rule implies that the probability of achieving a good status assess-
ment decreases with the number of chemical substances and endpoints 
involved, as well as with higher uncertainty. Therefore, we will aslo use 
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the BN model to explore the importance of alternative combination rules 
for chemical status assessment based on multiple chemical substances and 
multiple endpoints.

5.01.13 Evaluating Urban Background Metal Concentration 
Clusters with Bayesian Networks: Southeastern Urban Centers in 
EPA Region 4
J.F. Carriger, R. Ford, U.S. Environmental Protection Agency / Office of 
Research and Development; T. Frederick, U.S. Environmental Protection 
Agency / Region 4; S. Chan, U.S. Environmental Protection Agency; Y. 
Fung, Tetra Tech, Inc.
Soils in urban settings are likely to contain elevated levels of certain 
metals due to human activity, non-point source industrial operations, 
and from infrastructure materials. Because these increased contami-
nant concentrations are due to anthropogenic urban activity and not 
site-related point source releases, they can be considered to represent 
urban background soil concentrations. Whether certain soil contaminant 
concentrations are site-related or are part of natural or anthropogenic 
background is a question that frequently arises during environmental 
site investigations in urban settings. However, robust data on urban 
background concentrations on a large scale have been lacking, which can 
complicate decision making. The U.S. Environmental Protection Agency 
recently collected a comprehensive sampling of background surface soil 
concentrations to support risk assessment and risk management of urban 
locations in the Southeastern U.S. Even with a comprehensive data set, 
setting threshold concentrations for metals for individual sites can be 
difficult, especially in urban settings, given the varying background and 
historical contributions to concentrations in different soils. Bayesian net-
works are useful for machine learning and discovering patterns in data. 
One machine learning tool that is especially useful for examining is data 
clustering. In order to identify clusters in the background urban database, 
a factor variable was constructed by grouping the urban background met-
als sample data into multiple clusters with expectation maximization. A 
Naïve Bayesian network was the basis for the clustering where each of the 
analyzed metals was a child node of the latent factor variable that contains 
the clusters as variable states. Relative magnitudes of different metal 
concentrations in the clusters were examined through a conditional means 
analysis for interpreting the clustering. The joint probability between the 
latent factor variable and a variable containing the cities for the sampling 
sites, as a localized grouping, were extracted for comparison. Some cities 
had unique clusters while others shared multiple background metal clus-
ters. The clustering analysis can be useful for isolating, grouping, and/or 
comparing assumptions about background data when the clusters for the 
metals are homogeneous with respect to the data, stable, and interpretable 
with scientific knowledge of the differences in background concentra-
tions. EPA Disclaimer: The views expressed in this presentation are those 
of the authors and do not necessarily represent the views or policies of the 
U.S. Environmental Protection Agency.

2. Big Data: Addressing Exposure and Risk of 
Environmental Chemicals in the Era of Big Data
5.02.01 Designing QSARs for Parameters of High Throughput 
Toxicokinetic Models Using Open-Source Predictors
D. Dawson, U.S. Environmental Protection Agency / Center for 
Computational Toxicology and Exposure; B. Ingle, U.S. Environmental 
Protection Agency; B.C. Veber, Oak Ridge Institutes for Science 
and Education; K. Phillips, U.S. Environmental Protection Agency / 
Center for Computational Toxicology and Exposure; J.W. Nichols, U.S. 
Environmental Protection Agency / ORD NHEERL Mid-Continent 
Ecology Division; J. Wambaugh, U.S. Environmental Protection 
Agency Office of Research and Development; R. Tornero-Velez, U.S. 
Environmental Protection Agency / Center for Computational Toxicology 
and Exposure
Toxicokinetic (TK) models can support rapid toxicological screening of 
chemical risk by providing fast, in silico predictions of internal doses 
based on known or estimated exposures. The intrinsic metabolic clear-
ance rate (Clint) and fraction of chemical unbound in plasma ( fup) serve as 
important parameters for high throughput TK models, but experimental 
data are limited. Open source quantitative structure-activity relationships 
(QSAR) for both parameters were developed to offer reliable in silico 
predictions for a chemical set representative of pollutants and products 
regulated under U.S. law. Models were constructed using machine 
learning algorithms and in vitro assay data for both pharmaceutical-
like chemicals and environmentally relevant chemicals. As a case 
study to demonstrate their utility, model predictions served as inputs 
to the TK component of a risk-based prioritization approach based on 
Bioactivity:Exposure Ratios (BER). When this approach was first applied 
to a test set (99 chemicals), a generally good rank agreement was found 
between the BERs calculated using either measured or QSAR-predicted 
in vitro Clint and fup values. Lastly, when applied to the Tox21 screening 
library(7570 chemicals), the proportion of chemicals with higher priority 
BERs was similar when using either measured (7%) or QSAR-predicted 
(10%) in vitro Clint and fup values. Thus, the presented QSARs may be 
suitable for prioritizing the risk posed by the many chemicals lacking 
measured in vitro TK data.

5.02.02  Prioritization of Large Numbers of Molecular Formulae 
Identified by Non-Target Analysis for Structure Elucidation in 
Regulatory Context
Z. Zhang, University of Toronto, Scarborough / Physical and 
Environmental Science; L. Li, University of Nevada, Reno / Community 
Health Sciences; F. Wania, University of Toronto, Scarborough / 
Department of Physical and Environmental Sciences
Based on high-resolution mass spectrometry, non-target analysis enables 
swift acquisition of thousands of mass spectra, thereby allowing for 
the detection of a wide array of environmental contaminants and their 
metabolites. Oftentimes, it is relatively easy to obtain the MOLECULAR 
FORMULA, i.e., the numbers of each type of atom in a molecule, from 
a mass spectrum, but much more demanding and time-consuming to 
elucidate the exact CHEMICAL STRUCTURE. It would be desirable to 
have a means of prioritizing the molecular formulae that are most likely to 
be of environmental/health concern and hence shortlisting those in need 
of structural elucidation. To this end, we have developed a prioritization 
algorithm, which integrates process-based mechanistic computational 
models and advanced QSAR/QSPR techniques, to automatize the ranking 
of thousands of molecular formulae identified by non-target analysis. 
Here we will illustrate its application to prioritizing identified molecular 
formulae based on their potential for bioaccumulation. We will select the 
molecular formulae of a batch of organic compounds already confirmed 
to be bioaccumulative and non-bioaccumulative as a test set. For each, 
the prioritization algorithm will extract all plausible isomers, compute 
their bioaccumulation capacity, and calculate the percentage of isomers 
identified to be potentially bioaccumulative. Molecular formulae with top 
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percentages are believed to deserve higher urgency/priority for struc-
tural elucidation. The prioritization algorithm succeeds in differentiating 
bioaccumulative and non-bioaccumulative compounds in the test set. The 
presented approach aids the decision of whether structure elucidation is 
worthwhile, thus facilitating screening large numbers of chemical formu-
lae for non-target regulatory purposes.

5.02.03 Curated Databases and QSARs for Chemical Hazard and 
Risk Assessment in Eas-E Suite
A. Sangion, University of Toronto Scarborough and ARC Arnot Research 
and Consulting, Inc. / Department of Physical and Environmental 
Sciences; L. Li, University of Nevada, Reno / Community Health 
Sciences; T.N. Brown, TNB Research; J.M. Armitage, AES Armitage 
Environmental Sciences, Inc. / Physical and Environmental Sciences; L. 
Toose, J.A. Arnot, ARC Arnot Research & Consulting
Thousands of chemicals require hazard, exposure, and risk assessment. 
Multi-media mass-balance fate, toxicokinetic (bioaccumulation), and 
exposure models are routinely used for exposure and risk estimation. 
These mechanistic models require input data such as physical-chemical 
properties (e.g., partition coefficients, solubility, vapor pressure, melting 
point), toxicokinetic data (i.e., biotransformation half-lives), environmen-
tal biodegradation half-lives, production volumes and emission rates. 
However, for many of the chemicals needing evaluation, these data are 
limited, not standardized and documented across multiple databases 
(e.g. Comptox, ChEMBL, PHYSPROP database). Validated Quantitative 
Structure Activity Relationships (QSARs) are tools that are used to esti-
mate the missing data but, the use of QSARs requires expert judgement 
and a careful evaluation of the predictions (e.g. Applicability Domain and 
uncertainty). In many cases, there is limited time to make decisions and 
is not always clear how to select the correct data in the correct context.
The Exposure And Safety Estimation (EAS-E) Suite platform has been 
developed to facilitate the application of exposure models for non-experts 
and to bridge the gap between evolving scientific research and assessment 
challenges. EAS-E Suite is comprised of chemical information databases 
and QSARs to automatically parameterize multiple models and tools 
(e.g. RAIDAR, RAIDAR-ICE and CiP-CAFE) to simulate chemical fate 
and exposure of ecological and human receptors. EAS-E Suite allows 
automatic querying of the internal curated databases and QSARs from 
only chemical structure (SMILES notations) input to obtain the input 
parameters for the fate, bioaccumulation and exposure model simulations. 
Currently, EAS-E Suite databases are comprised of >130,000 experimen-
tal and predicted physical-chemical properties and curated in vitro and 
in vivo toxicokinetic data for > 25,000 compounds. All data are provided 
with complementary information to aid data quality analysis. Moreover, a 
suite of QSAR models is available to estimate partitioning properties and 
biotransformation half-lives. Each prediction is provided with an estimate 
of the Applicability Domain and uncertainties to aid users to evaluate the 
reliability and consistency of the predictions fostering confidence in the 
application of these data for applications in EAS-E Suite or for external 
applications.

5.02.04  Affinity-Pulldown with Nontarget Analysis: A High-
Throughput Strategy to Identify Bioactive Chemical Contaminants 
from the Environment
H. Barrett, University of Toronto / Chemistry; H. Peng, D. Yang, 
University of Toronto; J. Sun, University of Toronto / Chemistry
More than 80,000 chemicals are currently used and eventually enter the 
environment. Prioritization of these chemical contaminants according to 
their health risks is of importance. While Effect-Directed Analysis (EDA) 
is the predominant strategy to identify bioactive ligands, the method 
is prone to high false discovery rate and low throughput. Here we used 
several case studies to demonstrate Affinity-Pulldown with Nontarget 
Analysis (APNA) as an effective strategy to identify bioactive ligands in 
the environment. We have applied the APNA method to identify bioactive 
ligands binding to nuclear receptors, including peroxisome proliferator-
activated receptors (PPAR) from wastewaters and liver X receptors 

(LXR) from indoor house dusts. Hydroxylated fatty acids and triphenyl 
phosphate were identified and confirmed as the ligands of PPAR and 
LXR respectively. We then applied the APNA method to identify poly- 
and perfluoroalkyl substances (PFAS) physically binding to the human 
liver fatty acid binding protein, from aqueous film-forming foam (AFFF) 
products. In addition to well-known ligands (i.g., perfluoroalkyl acids), 
33 novel ligands were identified in a single batch of experiment. In the 
last case study, we combined APNA and chemical genetics to identify the 
major antibacterial reagents from sewage sludge. We identified enoyl-
[acyl-carrier-protein] reductase FabI as the major pathway responsible 
for antibacterial activities. Then, we applied APNA to identify triclosan 
as the exclusive FabI ligand in sludge. APNA is expected to have broad 
applications for high-throughput identification of bioactive ligands from 
the environment.

5.02.05 Advancing the SeqAPASS Pipeline from Sequence 
to Structure to Evaluate Protein Conservation for Species 
Extrapolation
C.A. LaLone, U.S. Environmental Protection Agency / ORD/CCTE/Great 
Lakes Toxicology & Ecology Division; D. Blatz, Oak Ridge Institute of 
Science and Education / U.S. Environmental Protection Agency; S.M. 
Vliet, U.S. Environmental Protection Agency / ORD/CCTE/Great Lakes 
Toxicology & Ecology Division; S.A. Mayasich, Oak Ridge Institute for 
Science & Education at USEPA / ORD/CCTE/Great Lakes Toxicology & 
Ecology Division; C. Simmons, U.S. Environmental Protection Agency / 
GDIT; T. Transue, General Dynamics Information Technology
Computational methods are needed and being applied to chemical safety 
evaluations to rapidly make use of all relevant information to make 
informed decisions for the protection of human and environmental health. 
In the context of extrapolation of toxicity data/knowledge across species 
there have been efforts to gather lines of evidence to more thoroughly 
understand species conservation of biological pathways at the molecular 
level. Evidence of both structural and functional conservation are key 
elements that can drive species extrapolation, which is critical when the 
majority of toxicity testing, that now includes new approach methods 
in high throughput -screening and -transcriptomics, focus on a limited 
number of model species, typically mammals. The US Environmental 
Protection Agency has created a publicly accessible online tool for 
the evaluation of protein conservation, specifically for the purpose of 
extrapolating toxicity knowledge across hundreds of species rapidly. The 
methods and pipeline integrated into the Sequence Alignment to Predict 
Across Species Susceptibility (SeqAPASS) tool continues to evolve as 
the field of bioinformatics advances, with the objective to make use of 
all available knowledge regarding a chemical-protein interaction. The 
development of the tool coincides with streamlining complex analyses 
with scientifically-based decisions for a streamlined workflow that can 
be meaningfully applied by both expert and non-expert users. Since its 
inception in 2016, the SeqAPASS tool has evolved to incorporate three 
levels of sequence-based comparisons between a protein from a known 
sensitive species to all other species that have sequence information avail-
able yielding predictions of chemical susceptibility. Recent advances in 
computational biology have allowed for the expansion of the evaluation 
to compare protein structures across species and predict binding affinity. 
Taking advantage of state-of-the art tools for creating structural models 
and comparing similarity of those models has led to a more in-depth 
understanding of protein conservation and therefore additional lines 
of evidence for prediction of chemical susceptibility. These advanced 
methods include the ability to incorporate predicted binding affinity 
results using molecular docking. Important to advancing such methods for 
chemical safety assessments is the demonstrated application and ability 
to define the domain of applicability for these approaches. Therefore, case 
examples focused on chemical targets, including the liver fatty acid bind-
ing protein, will be described to demonstrate how protein structure-based 
comparisons enhance the understanding of conservation across species in 
the context of cross species extrapolation.
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5.02.06  Prediction of Partition Coefficients for Individual 
Chlorinated Paraffin Congeners: Combination of Cosmo-Rs and 
Fragment Contribution Methods
S. Endo, J. Hammer, National Institute for Environmental Studies / 
Center for Health and Environmental Risk Research
Chlorinated paraffins (CPs) are highly complex mixtures consisting of 
polychlorinated n-alkane congeners with various chain lengths and chlo-
rination patterns. For the environmental risk assessment, partition and 
sorption properties of individual congeners need to be known, because CP 
mixtures will be diluted in the environment and individual CP congeners 
will behave independently, following their own properties. However, 
experimental partition and sorption data are rarely available for individual 
congeners. Computational methods to predict partition coefficients also 
have various problems, e.g., empirical fit models cannot be calibrated for 
CPs because of the absence of experimental data, and theoretical models 
may need excessively long time to calculate partition coefficients for hun-
dreds of thousands of congeners. This work presents a predictive approach 
that combines the accurate but time-demanding quantum chemically 
based COSMO-RS method and a fast-running fragment contribution 
method (FCM). Log Kow, log Kaw, and log Koa for 815 CP structures were 
derived with the COSMOtherm software and used as training data for 
FCM. Up to 310 types of molecular fragments of CPs were generated and 
used as explanatory variables. Linear regression analysis resulted in mod-
els that can quickly predict the COSMOtherm-calculated log Kow, log Kaw, 
and log Koa within 0.1-0.3 log units root mean squared errors (RMSE), as 
evaluated with an external test set. Comparison to available experimental 
data show that the COSMO-RS-based FCM model can predict experi-
mental log Kow for individual constitutional isomers within 1 log unit. 
Experimental log Kow ranges of industrial CP mixtures were accurately 
predicted by the established model. As a model application, log Kow, log 
Kaw, and log Koa for 52,000 congeners (1000 isomers each for 52 congener 
groups) were used to evaluate the bioaccumulation potential of SCCPs. 
This work presents a time-efficient method to predict congener-specific 
partition coefficients on the basis of quantum chemical calculations.

5.02.07 Risk-Based Chemical Ranking and Generating Human 
Prioritized Exposome Database
M. Fang, Nanyang Technological University; F. Zhao, Peking University; 
L. Li, University of Nevada, Reno / Community Health Sciences
Due to the ubiquitous use of chemicals in the modern society, human are 
increasingly exposed to many thousands of chemicals, consisting of a 
major portion of human exposome. The complete characterization of total 
human exposome seems to be a task that is impossible to be done. These 
gaps necessitate the human exposome database as well as the chemical 
risk prioritization. In addition, most xenobiotics can be biotransformed 
upon exposure with distinct half-lives, making the monitoring of parent 
compounds not a reliable assessment of human exposure. To address 
those questions, we first built a comprehensive human exposome database 
by text mining and database fusion. Then, chemicals were prioritized by 
integrating exposure level calculated from ExpoCast with toxicity from 
ToxCast. The biotransformation half-lives (HLB) of all the chemicals were 
all assessed using Iterative Fragment Selection (IFS) approach and the 
biotransformation products were also predicted using previously devel-
oped machine-learning method BioTransformer. In addition, one user 
interactive JAVA based search interface was also generated to enable the 
users to get access to this prioritized human exposome database. In sum, 
we compiled a human exposome database of 21,332 chemicals, prioritized 
6,064 chemicals based on hazard quotient and also provided a predicted 
biotransformation metabolite database of 121,767 metabolites for further 
development of human exposure biomarkers and untargeted exposomics 
surveys. The results can be used to enhance scientific understanding to 
rapidly and effectively prioritize chemicals for further biomonitoring of 
epidemiological investigation based on health risk.

5.02.08  Evaluating the Global Emission and Fate of Chlorinated 
Paraffins on a Congener-Specific Level
C. Chen, Peking University / College of Environmental Sciences and 
Engineering; A. Chen, Peking University; L. Li, University of Nevada, 
Reno / Community Health Sciences; J. Liu, Peking University
Chlorinated paraffins (CPs) are a class of complex mixtures with over 
a million congeners. These congeners have considerably varied proper-
ties (e.g., partition properties and degradation rates) and environmental 
behavior (e.g., environmental persistence, bioaccumulation, and toxic-
ity). It is challenging and appealing to evaluate the global fate and risks 
of CPs due to a lack of congener-specific estimates of the CP emissions. 
In this presentation, we will introduce the development of spatially and 
temporally resolved emission estimates of 20 CP congeners from multiple 
sources throughout the lifecycle, using a mechanistic, dynamic substance 
flow analysis model named Chemical in Products – Comprehensive 
Anthroposphere Fate Estimation (CiP-CAFE). Specifically, we collect 
production, consumption, and trade data for the technical CP mixtures in 
various producing and consuming countries and break down the data on 
a congener basis based on corresponding congener compositions in the 
technical CP mixtures. We also obtain chemical properties using QSAR/
QSPR tools such as the poly-parameter linear free energy relationships 
(pp-LFERs). These data are input to the CiP-CAFE to generate global 
emission estimates from 1950 to 2030. The yearly-specific emission 
estimates are then gridded into a 1°x1° spatial resolution. The work aids 
in elucidating the amount and trends of the emissions of individual CP 
congeners; more broadly, it exemplifies how models help address the 
environmental emissions of organic chemicals with an immense number 
of congeners that exhibit heterogeneous environmental behavior. The 
work provides methodological insights into the emission estimation in the 
high-throughput evaluation of chemical mixtures.

5.02.09 Mechanistic Assessment of Exposure Source and Biological 
Enrichment of the US Population
J.O. Okeme, University of Toronto / Physical and Environmental 
Sciences; V. Nguyen, University of Michigan / Department of 
Environmental Health Sciences & Department of Computational 
Medicine and Bioinformatics; L. Li, University of Nevada, Reno / 
Community Health Sciences; V.H. Arrandale, University of Toronto 
& Ontario Health (Cancer Care Ontario) / Occupational and 
Environmental Health Division, Dalla Lana School of Public Health & 
Occupational Cancer Research Center; P.A. Demers, Ontario Health 
(Cancer Care Ontario) & University of Toronto / Occupational Cancer 
Research Center & Occupational and Environmental Health Division, 
Dalla Lana School of Public Health
We are potentially exposed to more than a million hazardous chemicals. 
Determining which chemicals pose health risk, and at what concentration, 
requires robust epidemiological evidence and reliable methods for assess-
ing exposure. Biomonitoring studies like NHANES (National Health 
and Nutrition Examination Survey) demonstrate substantial variabilities 
in biomarker concentrations, but do not measure external exposures, 
which could identify sources and inform intervention strategies. This 
study addresses the following questions: 1. Can we use high through-
put mechanistic models to identify the sources of chemical exposures 
measured in NHANES? 2. Can we use omics technologies to evaluate the 
biological pathways and health risk associated with exposures measured 
in NHANES? We used continuous data for 541 chemical biomarkers and 
demographic information collected 1999-2014 for 82,091 participants 
in NHANES cross-sectional study of the non-institutionalized, civilian 
US population, as model input parameters. We used PROTEX mecha-
nistic model to estimate external exposure levels that could give rise to 
the internal levels of measured biomarkers. The PROTEX model was 
parameterized for estimating exposures for adults and living in “average” 
US environment, with variations in anthropometric parameters such as 
BMI, fat percent, age, race, time spent indoors taken from the NHANES 
datasets. We performed biological enrichment and disease pathway 
analyses using the Metaboanalyst omics platform. Preliminary results 
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suggest that 95% of PBDEs and PCBs biomarkers came from lipid-rich 
diets, even though they may be intensively used in the indoor environ-
ment. For compounds which had significant differences in concentrations 
between genders and racial groups, the enrichment analysis shows an 
overrepresentation of more than 30 metabolite sets, including neomycin, 
kamamycin and getamicine metabolism, arginine and proline metabo-
lism, valine and isoleucine biosynthesis, aminoacyl-tRNA biosynthesis, 
galactose metabolism and phenylalanine metabolism. We combined 
PROTEX (front end) with Metaboanalysist (back end), to construct a 
holistic description of exposure to environmental chemicals and the 
associated biological responses. These results show promise in the use of 
high throughput mechanistic models as tools to comprehensively assess 
external chemical exposure, internal exposures and biological response, 
leveraging existing biomonitoring and survey databases.

5.02.10 Integrating Mechanistic Computational Modeling and 
QSXR Techniques in Support of High-Throughput Screening of 
Human Chemical Exposure
L. Li, University of Nevada, Reno / Community Health Sciences; A. 
Sangion, University of Toronto Scarborough and ARC Arnot Research 
and Consulting, Inc. / Department of Physical and Environmental 
Sciences; F. Wania, University of Toronto, Scarborough / Department of 
Physical and Environmental Sciences; J.A. Arnot, ARC Arnot Research 
& Consulting / Department of Physical & Environmental Science/
Department of Pharmacology and Toxicology
High-throughput screening of human exposure to the myriad of chemicals 
used in daily life is critical for assessing the human exposome and associ-
ated health risks. Achieving this goal requires a holistic, mechanistic 
understanding of how socioeconomic, ecological, chemical, behavioral, 
and physiological factors interact to determine human exposure, which is 
often challenging for most commercial chemicals in current use because 
of the dearth of chemical-specific information. To address this issue, 
we have developed a novel computational modeling platform integrat-
ing a substance flow model (CiP-CAFE) and chemical fate and exposure 
models (RAIDAR and RAIDAR-ICE), which allows efficient, defensible 
screening and prioritization of human exposure to chemicals via multiple 
exposure routes (e.g., near- vs. far-field routes) resulting from emissions 
from multiple lifecycle stages (e.g., industrial processes, indoor uses, and 
waste handling). Advanced QSXR techniques [quantitative structural 
activity (QSAR), property (QSPR), and use (QSUR) relationships] are 
incorporated to parameterize the models in support of predicting human 
exposure to data-limited chemicals based on two basic chemical-specific 
inputs, i.e., the commercial tonnage and molecular structure. The model-
ing components (modules) are incorporated in the Exposure And Safety 
Estimation (EAS-E) Suite platform which is then utilized to estimate the 
exposure of the general US population to 95 neutral organic chemicals. 
The estimated high-throughput exposure rates show reasonable agree-
ment with an independent dataset of inferred exposure rates by the EPA’s 
ExpoCast project. Our modeling platform allows for a “forward” evalua-
tion of human aggregate exposure to chemicals arising from their actual 
use, as well as a “back” calculation of the critical production quantities 
and use patterns of a chemical to avoid unacceptable health risk.

5.02.11 Identifying Chemical Drivers of Breast Cancer Disparities 
by Integrating NHANES Human Exposure Data with In Vitro 
Chemical Activity in ToxCast
V. Nguyen, University of Michigan / Department of Environmental 
Health Sciences & Department of Computational Medicine and 
Bioinformatics; K. Polemi, J. Heidt, University of Michigan / Department 
of Environmental Health Sciences; J. Kvasnicka, University of Toronto 
/ Environmental Health Sciences; A. Kahana, University of Michigan / 
Department of Environmental Health Sciences; O. Jolliet, University of 
Michigan / Environmental Health Sciences, School of Public Health; J. 
Colacino, University of Michigan / Department of Environmental Health 
Sciences
The incidence of triple negative breast cancer (TNBC) is approxi-
mately three times higher in non-Hispanic Black women compared to 
non-Hispanic White women. The mechanisms driving this difference 
are unknown but likely lie in an interaction between genetic and envi-
ronmental factors. Chemical prioritization has been conducted without 
integrating exposure and toxicity together, hindering insights gain into 
understanding toxicity at human relevant doses. Thus, we used the 
National Health and Nutrition Examination Survey (NHANES) of 143 
chemical biomarker concentrations measured in 38,080 female partici-
pants 1999-2014 and biological activity data from the EPA’s ToxCast 
program to identify chemicals at higher concentrations in non-Hispanic 
Black women and assess their toxicological relevance to breast cancer. 
We first implemented an untargeted approach to systematically compare 
chemical exposure differences by race in a US women population. We 
conducted a series of survey weighted regression models with chemical 
biomarker levels as the outcome variable and race/ethnicity as the main 
predictor while adjusting for age, cotinine levels (biomarker of smoking), 
poverty-income ratio (surrogate for socioeconomic status), and cycles 
(years) in which the participants were sampled. A total of 55 chemicals 
showed significantly higher biomarker concentrations in non-Hispanic 
Black women. Next, we conducted a literature search to produce a gene 
set of breast cancer targets to analyze the response of our prioritized 
chemicals to these specific assays. Investigation of these chemicals in 
ToxCast resulted in a total of 32,652 assays for analysis, 7,734 of which 
contained significant modl_ga (logAC50: concentration at which 50% 
of the maximal response was achieved) and modl_tp (scaled top value 
of dose response curve) data. We compared AC50 concentrations of 
active ToxCast assays with biomarker concentrations in non-Hispanic 
Black women and identified 2,5-dichlorophenol, 1,4-dichlorobenzene, 
and methyl and propyl parabens to have higher biomarker concentra-
tions in non-Hispanic Black women and moderate testing and activity 
in ToxCast. Using publicly accessible population-based biomonitoring 
data high throughput toxicity data, we have prioritized three chemicals of 
interest, thiram, propylparaben, and p,p’-DDE, to further investigate their 
relevance in breast cancer disparities.

5.02.14 A Critically Evaluated In Vivo Toxicokinetic Database for 
Rodents
A. Sangion, University of Toronto Scarborough and ARC Arnot Research 
and Consulting, Inc. / Department of Physical and Environmental 
Sciences; A.B. Looky, ARC Arnot Research and Consulting, Inc; J.M. 
Armitage, AES Armitage Environmental Sciences, Inc. / Physical and 
Environmental Sciences; M.R. Embry, Health and Environmental 
Sciences Institute; E. Papa, University of Insubria / Department of 
Theoretical and Applied Sciences; J.A. Arnot, ARC Arnot Research 
& Consulting / Department of Physical & Environmental Science/
Department of Pharmacology and Toxicology
Pharmacokinetics/Toxicokinetics (PK/TK) involves the study of the time 
course of a chemical or its metabolite in biota to obtain adequate informa-
tion on its absorption, distribution, biotransformation (i.e. metabolism) 
and excretion (ADME). Mathematically these processes can be repre-
sented using Physiologically-Based Pharmacokinetic (PBPK) models that 
relate external and internal exposures and help assessing bioaccumula-
tion potential and risk assessment of substances. However, PBPK models 
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often require a large number of compound-specific inputs that mainly rely 
upon animal studies. For this reason, well-conducted in vivo pharmaco-
kinetic data are essential to parameterize, test and evaluate the models. 
In particular reliable, high confidence biotransformation and elimination 
rates are critical to reduce uncertainty and improve chemical assessments.
Here we present a new, critically evaluated database of > 1,000 in vivo 
TK parameters collected from the literature (> 500 papers) and online 
databases for > 600 compounds tested in rats and mice. Each entry was 
obtained from experiments on healthy animals (i.e., not toxicity tests) 
and reported at least one relevant TK parameter (i.e. area under the curve 
(AUC), rate of elimination (kel) or Clearance rate (Cl)). Priority was given 
to including entries with intravenous/oral/intragastric routes of admin-
istration and plasma/blood/serum matrices. In addition to the collection 
of the TK parameters, complementary information was collected to aid 
the analysis and the evaluation of the data quality. For example, informa-
tion relating to chemical purity, dosing, potential vehicles (co-solvents), 
radiolabelled chemicals, experiment duration and other parameters were 
included in the database if specified in the original data source. Moreover, 
a novel data quality assessment method based on the OECD Guidelines 
for the Testing of Chemicals for in vivo TK study has been developed and 
applied to address variability and uncertainty in the data. This database 
and the ensuing data confidence scores may help to identify datasets that 
are most appropriate to test and evaluate PBPK models, to improve In 
vitro-in vivo extrapolations (IVIVE) modeling and to develop consistent 
screening-level Quantitative Structure Activity Relationship (QSAR) 
models for high throughput screening-level bioaccumulation, exposure, 
and risk assessment.

5.02.15 Critical Evaluation of an In Vitro Biotransformation Rate 
Database for Fish
A. Sangion, University of Toronto Scarborough and ARC Arnot Research 
and Consulting, Inc. / Department of Physical and Environmental 
Sciences; K.L. Foster, ARC Arnot Research and Consulting, Inc. / Trent 
University, Applications of Modelling & Quantitative Methods (AMOD); 
J.M. Armitage, AES Armitage Environmental Sciences, Inc. / Physical 
and Environmental Sciences; M.R. Embry, Health and Environmental 
Sciences Institute; E. Papa, University of Insubria / Department of 
Theoretical and Applied Sciences; J.A. Arnot, ARC Arnot Research 
& Consulting / Department of Physical & Environmental Science/
Department of Pharmacology and Toxicology
Toxicokinetic (TK) processes such as chemical absorption, distribution, 
biotransformation and excretion are fundamental to better understanding 
relationships between external and internal exposures, and to assess bio-
accumulation. The biotransformation rate can be estimated using in vitro 
tests to obtain the in vitro intrinsic clearance (CLint). Then in vitro-in vivo 
extrapolation (IVIVE) and Quantitative Structure Activity Relationship 
(QSAR) models can be used to maximize the available information. Two 
OECD test guidelines were recently developed to estimate CLint using 
in vitro biotransformation systems derived from rainbow trout liver. 
However, in vitro biotransformation assays have been conducted for 
decades using non-standardized methodologies. Despite hundreds of in 
vitro measurements for fish being available, there is a high degree of vari-
ability in assay methods and the reporting of complementary data, which 
may impact data confidence and application. Here we present a new 
database of >900 fish in vitro biotransformation rate estimates derived 
from microsomal, S9 homogenate, and hepatocyte-based assays for >200 
organic chemicals. Approaches to address issues such as the presence of 
duplicated entries, multiple data for the same structure and the absence 
of a univocal identifier are presented. Moreover, we have developed and 
applied a novel data confidence assessment method based on the recently 
published OECD testing guidance for fish in vitro biotransformation 
assays to address variability and uncertainty in the database. The data 
confidence assessment methods include compiling physical-chemical 
property data for all the chemicals and applying a mass balance in vitro 
model to simulate the distribution of the chemical in the test system to 
estimate dissolved water concentrations and assess possible toxicity and 

non-metabolic losses. Finally, statistical simulations were performed 
to verify that the measured CLint was likely to be above the lower limit 
defined by the experimental design, and thus the reported biotransforma-
tion rate was significantly different from the inactive control. Case studies 
are presented to illustrate how the variability in the existing experimental 
data can be addressed to improve data consistency. The ensuing data 
confidence scores may help to identify datasets that are most appropriate 
for QSAR development, to improve bioaccumulation assessment and to 
optimize other chemical hazard and risk assessment objectives.

5.02.16 Application of Multivariate Statistical Analysis of High-
Throughput Screening Toxicity to Address Prioritization of 
Contaminants of Emerging Concern
K. Knaub, Western Washington University / Huxley College of the 
Environment; E.T. Nordlund, S.M. Vanlandingham, R. Sofield, Western 
Washington University / Environmental Sciences
The growing list of emerging contaminants has created a need for rapid 
and reliable methods of toxicity testing. High throughput screening (HTS) 
results have been compiled in the USEPA’s CompTox database, along with 
a various other available chemical data. The main goal of our analysis 
is to prioritize emerging contaminants for further studies and regula-
tory purposes. The results of toxicity tests for 1060 chemicals using 19 
zebrafish embryonic developmental endpoints from the Tanguay labora-
tory were compiled and categorized based on use of the chemical. The 
dataset was condensed to 191 of the most active chemicals and 15 of the 
most sensitive endpoints. Kendall’s Tau rank-based correlations (α=0.05) 
were used to assess associations within chemicals and endpoints. Results 
from Kendall’s Tau coefficients showed strong correlations between the 
following endpoints: brain development with eye, jaw, and pectoral fin 
development (τ=0.63-0.76); eye development with brain, jaw, and snout 
development (τ=0.61-0.76); yolk sac edema with pericardial edema and 
snout development (τ=0.64-0.67); pectoral fin development with brain 
and otic vesicle development (τ=0.63-0.64); jaw with snout development 
(τ=0.56). Chemical data were transformed into a binary dataset represent-
ing active and inactive chemicals, which was used to perform Principal 
Component Analysis (PCA) and Hierarchical Cluster Analysis (HCA). 
Chemical use category was not an effective predictor of the clusters (χ2 
test of association, p>0.05). Variable loading showed a strong influence 
on, and relationship between, pigmentation, pectoral fin, otic vesicle, 
brain, and eye development, for principal components 1 and 2, while mor-
tality had a weak influence on principal component 1. Five clusters were 
produced from our PCA. One of the most distinct clusters had a median 
of 97% of the chemicals demonstrating measurable toxicity in the 15 
assays compared with 48 to 59% activity in the other clusters. The active 
chemicals in the distinct cluster however were less toxic with as much as 
three orders of magnitude greater AC50s than the other clusters, with the 
biggest differences in the pectoral fin development, pigmentation, somite 
formation, and alterations in touch response endpoints. We will continue 
to refine our multivariate statistical approach to characterizing chemicals 
based on their toxicity at multiple endpoints. With further refinement, this 
approach may be used to prioritize emerging contaminants.
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5.02.17  Are Phthalates and Organophosphate Esters in House Dust a 
Risk Factor for Childhood Asthma?
L. Jantunen, S. Lavoie-Bernstein, Environment and Climate Change 
Canada / Air Quality Processes Research Section; G. Navaranjan, 
University of Toronto; M.L. Diamond, University of Toronto / Department 
of Earth Sciences; S.A. Harris, Cancer Care Ontario & University of 
Toronto / Population Health and Prevention & Occupational Cancer 
Research Centre & Dalla Lana School of Public Health; J. Scott, 
University of Toronto; T. Takaro, Faculty of Health Sciences, Simon 
Fraser Univ.; R. Dai, Hospital for Sick Children; D. Lefebvre, McMaster 
University; P. Mandhane, Univ AB; T. Moraes, University of Toronto 
and Hospital for Sick Children; E. Simons, University of Manitoba; S. 
Turvey, University of British Columbia; M. Sears, McMaster University; 
P. Subbarao, University of Toronto and Sick Kids Hospital; J. Brook, 
University of Toronto
Phthalates and organophosphate esters (OPEs) are widely used in house-
hold products and building materials which has resulted in widespread 
population exposure. Associations between phthalate exposure and 
asthma risk have been observed, although results are inconsistent. Three 
studies have examined this association for a limited number of OPEs and 
one study found an association between tributyl phosphate (TBP) and 
asthma. We measured the concentrations of 6 phthalates and 32 OPEs 
in house dust collected as part of the CHILD Cohort study, a Canadian 
birth cohort study including four cities and one rural area, to assess the 
association between these concentrations and childhood asthma. Dust 
samples were collected when the participants were 3-4 months of age, 
from the most used room floor and both the floor and bed in the child’s 
sleeping area. Using a case-cohort design, a subset of CHILD homes was 
selected for dust analysis (n=726). Logistic regression was used to assess 
the association between exposure to each phthalate and OPE, and the 
development of physician-diagnosed definite asthma at 5 years and any 
recurrent wheeze between 2 to 5 years, while adjusting for key cofound-
ers, such as study site, sex, parental asthma, and income. Results show 
high concentrations of phthalates and OPEs in all samples where di-2-eth-
ylhexyl phthalate (DEHP, median 217 ug/g) had the highest concentration, 
followed by butyl benzyl phthalate (BBzP, 20 ug/g). Tris-butoxyethyl 
phosphate (TBOEP, 66 ug/g) had the highest OPE concentration mea-
sured, followed by tris-chloropropyl phosphate (TCPP, 18 ug/g) and 
tris-dichloroisopropyl phosphate (TDCiPP, 15 ug/g). Constituents of 
Firemaster 550© (i.e. iso-propylated TPhP) and Firemaster 600© (tert-
butylated TPhP) were also found, but at lower concentrations (medians: 
0.06-1.2 ug/g). DEHP exposure in the highest quartile was associated with 
nearly a four-fold increased risk of asthma (odds ratio (OR)=3.92, 95% 
CI: 1.87-8.24) and a two to three-fold increased risk of recurrent wheeze 
was observed for DEHP in all quartiles compared to the lowest exposure 
quartile. A positive dose-response relationship was also observed between 
DEHP and these outcomes (p(trend)= < 0.0001). Preliminary results for 
OPEs demonstrated an increased asthma risk associated with higher 
exposure to TBOEP, TCPP and TPhP. The focus of this presentation will 
be to discuss the up to date results from phthalate and OPE analysis along 
with the health outcomes considered.

5.02.18  Identification of Modern Paint as a Source of 
Polychlorinated Biphenyls Measured in Ambient Air
J. Jahnke, University of Iowa / Environmental Engineering and Science; 
K.C. Hornbuckle, University of Iowa / The Interdisciplinary Program in 
Human Toxicology, Department of Civil and Environmental Engineering, 
IIHR-Hydroscience and Engineering
Polychlorinated Biphenyls (PCBs) are currently produced as byproducts 
of pigment manufacturing. These pigments are used in consumer paint 
colorants that can be purchased at many hardware and paint stores in the 
United States. Previous work has shown that the PCBs found in paint 
colorants are emitted into air creating an important source in residential 
and school environments as well as outdoor natural environments. The 
PCBs found in ambient air samples from these environments is gener-
ally thought of to come from Aroclors. Some of the PCBs may be coming 

from paint, however, and it is important to distinguish these sources when 
considering remediation methods. We hypothesize that there is a PCB 
signature that relates to paint, and it can be recognized in environmental 
samples. To accomplish this, various statistical methods including Positive 
Matrix Factorization (PMF) and Multiple Linear Regression (MLR) were 
used to identify paint signals in air. Data was selected from multiple 
studies conducted in our lab including data of school air and outdoor air 
and data of PCB emissions from paint colorants. Individual PCB profile 
factors were resolved from the data using PMF. The solution was stable 
and produced a reasonable and interpretable number of factors. Some 
were closely related to Aroclors but many were not, suggesting the influ-
ence of paint on the environmental samples. PCB 11 is commonly used as 
a marker PCB for paint sources, but it does not seem to be an important 
congener when describing modern paint factors. Receiver Operating 
Characteristic (ROC) analysis showed that PCB 11 was not a good predic-
tor of modern paint sources compared to other PCBs (3, 4, 6, and 8) that 
are more commonly found in paint. This work will help identify paint 
sources in environmental samples and can aid in remediation decisions to 
reduce exposure and risk to PCBs.

5.02.19 Probabilistic Dietary Risk Assessment of Procymidone 
Based on Food Monitoring Data in Zhejiang Province (China) from 
2012 to 2016
D. Wang; D. Wang, Zhejiang Academy of Agricultural Sciences; K. Shao, 
Indiana University School of Public Health, Bloomington / Department 
of Environmental and Occupational Health; G. Yang, Zhejiang 
Academy of Agricultural Sciences / Institute of Quality and Standard for 
Agro-products
Risk assessments of chronic dietary exposure to systemic fungicide 
procymidone using a probabilistic approach were conducted in this study. 
Procymidone was investigated in a total of 15,131 agricultural samples, 
including 45 food items collected in Zhejiang province, China from 2012 
to 2016. Procymidone residue was found in 36 kinds of food items with 
an average detection rate of 15.4%. The highest detection rate (66.2%) of 
procymidone was identified in strawberry, followed by Chinese cabbage 
(39.8%), tomato (30.1%) and grape (27.1%). The residue concentrations in 
8.61% of the Chinese leek samples exceeded the Chinese MRL (0.2 mg/
kg). However, this standard of procymidone in Chinese leek was consid-
ered too strict and had greater room for adjustment. Four scenarios were 
assumed based on the substitutes for the undetected data and processing 
factor to calculate the daily intake using the non-parameter probabilistic 
approach. When assigning 1/2 LOQ to substitute for below-LOQ samples 
while using PFs for consumption data in scenario 2, the estimated distri-
bution of daily procymidone exposure at the P99.9 level (95% confidence 
interval) were 61.2 (33.6-109.8) μg/kg bw/day, 42.9 (24.1-75.6) μg/kg 
bw/day and 35.7 (19.6-63.8) μg/kg bw/day for children (2-7 years old), 
teenagers (8-19 years old), and adults (> 20 years old), respectively. The 
exposure at a higher percentile (P99.9) levels in different age groups were 
accounted for 204% (112.1-366.0%),143.0% (80.3-252.0%) and 119.0% 
(65.3-212.7%) of acceptable daily intake (ADI) for children, teenagers, 
and adults, respectively. However, only 0.6% of the children, 0.5% of 
the teenagers and 0.4% of the adults were estimated to be exposed to 
procymidone from dietary intake greater than the ADI, indicating that 
the occurrence of procymidone in agricultural products from the region 
could not represent a health problem. Major concerns should be given to 
children who were more susceptible to procymidone exposure than other 
groups. The results in the present study would provide useful information 
for re-evaluating the procymidone standard in raw agricultural commodi-
ties and improving the management of procymidone use and control.
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3. Bioaccumulation Science: Advances in the Field
5.03.01 Assessment of the Bioaccumulation Potential of PCBs 
Associated with Paint Chips in the Presence of Sediment
G.R. Lotufo, U.S. Army Corps of Engineers / Environmental Laboratory; 
P.T. Gidley, U.S. Army Engineer Research and Development Center / 
Engineer Research and Development Center; A.D. McQueen, U.S. Army 
Corps of Engineers / ERDC/EL; A. Uhler, J. Hardenstine, NewFields 
Environmental Forensics; D.W. Moore, U.S. Army Corps of Engineers / 
Engineer Research & Development Center
The historic use of marine boat bottom paints containing PCBs has led 
to concerns regarding the potential presence of paint chips in sediments 
proximal to vessel maintenance facilities serving as a source of PCBs to 
the environment. To better understand the potential contribution of paint-
chips containing PCBs (PC) as an environmental source. We evaluated 
the bioaccumulation potential of PCBs from PC dispersed in a clean sedi-
ment (Horseshoe Lake [HS]) relative to PCBs sorbed to sediments with 
no known source of PC (Manistique Harbor [MNQ] in Michigan) and to 
MNQ sediment to which PC had been added (MNQ + PC). Equilibrated 
low density polyethylene (PE) ex situ sampling showed PC particle size 
had a strong effect on the bioavailable fraction of PCBs from the sedi-
ment and PC mixture, as particles < 0.045 mm (fine) generated ∑PCBs 
equilibrium average concentration in the PE over one order of magnitude 
higher than for 0.25 to 5 mm particles (coarse), the PC size fraction rep-
resentative of PC present in aquatic sites contaminated with antifouling 
PC. Bioavailable fraction, defined as a PE accumulation factor (ratio of PE 
and sediment concentrations; PE-AF) normalized to sediment organic-
carbon (OC) (PE-AFOC) select congeners for MNQ (those that were most 
abundant in PC) was 3.5 times higher than for HS + fine PC and 47 times 
higher than for HS + coarse PC, indicating much lower bioavailability 
for PCBs associated with PC. Moreover, addition of fine PC to MNQ 
sediment caused a 30% overall decrease in PE-AFOC for PCB conge-
ners that were both present in the PC and associated with the sediment. 
Bioaccumulation of PCBs was examined in aquarium experiments using 
co-exposed infaunal Lumbriculus variegatus, filter-feeding Corbicula 
fluminia and benthos/detritus feeding Pimephales promelas in conjunc-
tion to assessment using PE concentrations corrected for equilibrium. 
Congener-specific and ΣPCBs BSAFs were over one order of magni-
tude higher for MNQ than for HS + PC and the average PE-AFOC for 
PC-PCBs for MNQ was 20 times higher than for HS + fine PC, indicat-
ing much lower bioavailability for PCBs associated with PC. Bulk-phase 
concentrations of PCB correlated weakly with concentrations in biota 
lipids because PCB-containing paint chips have much lower potential 
to bioaccumulate than PCBs sorbed to sediment. However, PE-derived 
concentrations of PCB in lipids strongly correlated with measure concen-
trations in biota lipids for all species and across all treatments as only the 
bioavailable fraction accumulated in both biota and PE.

5.03.03  Chemical Fingerprints in Fish: Suspended Particulate 
Matter and Invertebrates as Estimates for the Internal Exposure
T. Wernicke, S. Abel, Helmholtz Centre for Environmental Research 
GmbH - UFZ / Department of Ecological Chemistry; B.I. Escher, 
Helmholtz Centre for Environmental Research GmbH - UFZ / Cell 
Toxicology; H. Ruedel, Fraunhofer IME - Institute for Molecular Biology 
and Applied Ecology / Environmental Specimen Bank and Elemental 
Analysis; J. Koschorreck, Umweltbundesamt; A. Jahnke, Helmholtz 
Centre for Environmental Research GmbH - UFZ / Department of 
Ecological Chemistry
Anthropogenic chemical contamination is present in every compartment 
of the aquatic environment. Bioaccumulation of persistent lipophilic 
compounds puts secondary consumers, such as fish, at risk. To assess 
exposure, extensive monitoring programs with large sample sizes of 
individual fish have been conducted, raising logistical, financial and ethi-
cal challenges. In order to overcome these issues, the aim of this ongoing 
study is to test promising surrogates for the estimation of the internal 
exposure of fish, using alternative, accessible matrices in the aquatic 

ecosystem such as suspended particulate matter (SPM) and invertebrates 
as proxies for the chemical burden of fish. Bream (Abramis brama) muscle 
tissue, Zebra mussel (Dreissena polymorpha) tissue and SPM, were sam-
pled in 2018 from five riverine environments integrated into the national 
monitoring program of the German Environmental Specimen Bank. The 
sampling sites represent distinct patterns, including heavily polluted, 
former industrial catchments in Western (river Saar, contamination with 
PCBs and PAHs) and Eastern Germany (rivers Saale and Mulde, contami-
nation with organochlorine pesticides), as well as two major, less polluted 
streams (rivers Elbe and Danube). We analyze the samples for chemical 
contamination, lipids (biota) and total organic carbon (SPM) content. In 
preparation for chemical analysis, we used the QuEChERS procedure 
for biota extraction and accelerated solvent extraction with acetone and 
ethylacetate (1:1) for SPM. We additionally used thin-film equilibrium 
passive samplers (silicone-coated glass jars) for the SPM samples, apply-
ing a fugacity-based extraction to yield complementary information to 
total extractions. Chemical analysis is conducted using GC-MS/MS for 
46 target compounds covering a selection of environmentally relevant 
PCBs, PAHs and organochlorine pesticides. Normalizing the pollutant 
concentrations in the biota to the respective lipid contents and in the SPM 
to organic carbon content (or silicone mass for fugacity-based extraction) 
will allow us to directly compare pollutant concentrations between differ-
ent compartments of an aquatic ecosystem. The contamination patterns 
provide a base for proxies to indirectly estimate the internal exposure of 
fish. Thus, this approach could provide an elegant alternative for elaborate 
monitoring programs of fish.

5.03.04 Differential In Vitro and In Vivo Biotransformation of 
Benzo[a]pyrene in Pollution-Adapted Gulf Killifish
M.E. Franco, Baylor University / Environmental Science; K.M. 
Johanning, KJ Scientific; C.W. Matson, R. Lavado, Baylor University / 
Environmental Science
The adaptive resistance to industrial pollution shown by Gulf killifish, 
Fundulus grandis, populations inhabiting the Houston Ship Channel 
(HSC), Texas, has been suggested to be mediated by reduced inducibil-
ity of the aryl hydrocarbon receptor (AhR) pathway, and the subsequent 
downregulation of CYP1A biotransformation enzymes. Nonetheless, 
F. grandis populations continue to be exposed to this type of pollut-
ants, being polycyclic aromatic hydrocarbons (PAHs) one of the most 
ubiquitous groups of contaminants in the HSC. To obtain further insight 
into how pollution-adapted Gulf killifish cope with exposure to PAHs, 
differences in phase I biotransformation kinetics among adapted and 
non-adapted populations were examined via an in vitro substrate deple-
tion approach using liver S9 fractions (1 mg/mL) and benzo[a]pyrene 
(0.2 mM) as a model PAH. Liver S9 fractions were obtained from clean 
and b-naphthoflavone-exposed (5 mg/Kg) male fish, and characterized 
for basal and induced CYP1A activity, via the EROD assay (10 mM 
7-ethoxyresorufin, 1 mg/mL S9 protein, 10 min, and 25°C). In clean, 
adapted populations, in vitro intrinsic clearance (CL<sub>int, in vitro</
sub>) was 6.79 mL/mg protein/h, and was lower than in non-adapted 
populations (CL<sub>int, in vitro </sub>= 16.80 mL/mg protein/h). In 
induced, adapted populations, CL<sub>int, in vitro </sub>was 25.54 mL/
mg protein/h, and was significantly higher than the observed for clean 
fish, yet remained approximately 3x lower than in induced, non-adapted 
populations (CL<sub>int, in vitro </sub>= 83.83 mL/mg protein/h). 
Furthermore, preliminary in vivo experimentation measuring CYP1A 
activity, BaP clearance and metabolite formation corroborated reduced 
activity of CYP1A enzymes in adapted populations, yet these individu-
als presented higher BaP clearance and metabolite formation. On-going 
experimentation aims to verify these observations in vivo and to explore 
other phase I and II biotransformation mechanisms that may arise under 
reduced AhR pathway.
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5.03.05  Bioaccumulation Modelling: Lesson From the Past to Direct 
the Future
J. Hendriks, Radboud University / Environmental Science
Bioaccumulation is a major criterion in risk assessment for preventive and 
curative purposes. Yet, as hundred thousand of substances, sites and spe-
cies are to be covered, empirical studies are obviously severely limited by 
financial, ethical and practical constraints as well as disciplinary boundar-
ies. About 25 years ago, we therefore started estimating accumulation 
with a model that requires a minimum of data input. In between simple 
rules of thumb for regulatory purposes with relatively low accuracy and 
complex sets of equations that are unlikely to be tested to more than a few 
scientific cases, we discovered a niche for a model that we called Optimal 
Modelling for Eco(toxico)logical Applications (OMEGA). Using tradi-
tional equations applied to at least a minimum of cases and default values 
for parameter values by mechanistic linkages to well-known chemical 
properties and biological traits, we aimed for an accumulation model that 
could, in principle, be used without empirical data. In about 80 papers, 
we tuned and tested the approach on persistent and degradable (includ-
ing in vitro in vivo extrapolation), organic and inorganic, xeno-biotic and 
biotic, single and mixed (e.g., oil) substances as well as plant and animal 
(including man), aquatic and terrestrial, and temperate and polar species. 
From this experience, we will give an overview of the lessons learned in 
the past and identify promising directions for the future.

5.03.06 Top-Down and Bottom-Up Approach for Rodent 
Biotransformation Data: Two Sides of the Same Coin
A. Sangion, University of Toronto Scarborough and ARC Arnot Research 
and Consulting, Inc. / Department of Physical and Environmental 
Sciences; A.B. Looky, ARC Arnot Research and Consulting, Inc; K.L. 
Foster, ARC Arnot Research and Consulting Inc. / Trent University, 
Applications of Modelling & Quantitative Methods (AMOD); J.M. 
Armitage, AES Armitage Environmental Sciences, Inc. / Physical and 
Environmental Sciences; J.A. Arnot, ARC Arnot Research & Consulting 
/ Department of Physical & Environmental Science/Department of 
Pharmacology and Toxicology
Biotransformation can strongly impact the extent to which organic 
compounds can accumulate in organisms and is fundamental to correctly 
understand and assess the bioaccumualtion “B” potential of chemicals. 
Whole organism level in vivo toxicokinetics (TK) data can be used to 
estimate whole body biotransformation half-lives. This approach can be 
referred to as “top-down” methods for estimating biotransformation. On 
the other hand, in vitro biotransformation assays have been introduced 
as a promising tool to estimate biotransformation rates and obtain in 
vitro intrinsic clearance (CL<sub>int, in vitro</sub>). The CL<sub>int, 
in vitro</sub> data can then be used in in vitro-in vivo extrapolation 
(IVIVE) models to obtain estimates of tissue clearance. This in vitro-
based approach can be referred to as “bottom-up” and allows integrating 
chemical-specific information at a cellular and tissue level with the basic 
physiology of the organism. In this context, we have complied a critically 
evaluated database of in vivo and in vitro TK parameters for chemicals 
tested in rats and mice to provide a comprehensive basis for further 
investigation of IVIVE models. In vitro and in vivo biotransformation 
data compiled from the scientific literature and the ChEMBL bioactivity 
database. In vitro data comprises > 6000 entries collected from studies 
performed using hepatocyte, microsomes and liver S9 fraction assays. In 
vivo database includes several hundreds total elimination rate constants 
obtained from experiments on healthy animals (i.e., not toxicity tests) for 
> 600 compounds. Data quality assessment methods based on the OECD 
Guidelines for the Testing of Chemicals have been developed and applied 
to address variability and uncertainty in the data. Compounds present in 
both in vivo and in vitro rodent TK databases were used to evaluate dif-
ferent assumptions (parametrization of the IVIVE models) to examine in 
vitro and in vivo data and the potential for extrahepatic biotransformation. 
Given the significant role that biotransformation rates have in determin-
ing the toxicokinetics and bioaccumulation of organic chemicals there is 
a critical need to develop integrated testing strategies and high quality 

databases of in vitro and in vivo biotransformation rates. These databases, 
and preliminary evaluations using complementary approaches (top-down 
and bottom-up) provide opportunities to address uncertainty in IVIVE 
models and TK parameters.

5.03.07 Integrated Approaches for Assessing Bioaccumulation of 
Industrial Chemicals
Y. Chai, The Dow Chemical Company / Toxicology and Environmental 
Research and Consulting; C. Feng, Chinese Research Academy of 
Environmental Sciences; K.K. Coady, The Dow Chemical Company / 
Toxicology and Environmental Research and Consulting; N. Vallotton, 
Dow Europe GmbH / Toxicology Environmental Research and Consulting
Predictive approaches such as in silico tools [quantitative structure-
activity relationship (QSAR) and read across] and in vitro methods are 
efficient and cost-effective for assessing the bioaccumulation potential of 
industrial chemicals. A tiered framework for assessing bioaccumulation 
potential - i.e. an integrated approach for testing and assessment (IATA) 
- is proposed for industrial chemicals. Within this bioaccumulation IATA 
framework, progressively higher tiered approaches from in silico to in 
situ field methods are arranged to guide bioaccumulation assessments in 
a manner that is both logical and an efficient use of resources. To evaluate 
the IATA, the bioaccumulation potential of 29 organophosphate esters 
(OPEs), a family of compounds widely used as flame retardants and 
plasticizers, were studied as a case example. The octanol-water parti-
tion coefficients (Log KOW) of the 29 OPEs ranged from -0.6 to 11.8. 
Considering the prediction results of six in silico models together, the 
OPEs exhibited low bioaccumulation potential with predicted bioconcen-
tration factors (BCF) less than 1000. While the in silico methods did not 
identify a high concern for bioaccumulation for the OPEs, three OPEs 
with higher predicted BCF values in the range of 500-1000 were chosen 
for an in vitro biotransformation study using fish liver S9 fractions to 
further evaluate IATA data integration. The in vitro biotransformation 
data are used to refine the BCF predictions and contribute to the weight of 
evidence assessment of the bioaccumulation potential of OPE chemicals.

5.03.08  Reducing Fish Numbers in BCF and BMF Studies by 
Applying the One Dose Approach
E. Danby, Covance / Aquatic Ecotox and Biodegradation; L. Knight, 
Covance / MetabolismEnvironment Group
Fish bioconcentration or biomagnification studies are carried out to 
determine whether substances have the potential to bioaccumulate and 
have potential to bio-magnify throughout different trophic levels. There 
are increasing requirements to conduct these studies on a broad variety 
of industrial chemicals, pharmaceuticals and crop protection products 
across the globe, resulting in the use of significant numbers of fish. The 
preferred method of testing requires three doses of chemical (including 
a control) with 50 fish per dose. However following the revision to the 
OECD Test Guideline (OECD 305: 2012) there is now the option to test 
on one concentration and the control only, providing there is scientific 
justification. This has the potential to decrease the numbers of fish used 
in these tests by one third (50 fish per study). Here we present evidence 
obtained through conducting numerous bioaccumulation studies over the 
years, on multiple different chemicals, that the one dose approach is an 
appropriate alternative to the full study. We demonstrate the applicability 
of the one-dose method in both aqueous exposure studies and the dietary 
exposure testing route. The studies conducted have all of the bio-kinetic 
data required and still show statistical robustness. This methodology 
should be embraced as a way to not only save thousands of fish but also 
offers significant financial savings to those needing the study.
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5.03.09 Sexing Hyalella azteca with Machine Learning for 
Bioaccumulation Test
A. Lecert, C. Le Cocq, L’Oreal Research & Innovation / Environmental 
Research; G. Chierchia, ESIEE Paris / Département Informatique et 
Télécommunications; C. Sweetlove, LOréal Research & Innovation / 
Recherche Environnementale; J. Cousty, ESIEE Paris / Département 
Informatique et Télécommunications
Bioconcentration factors (BCF) for regulatory purposes is performed on 
fishes which are laboratory animals. a new method using a crustacean, 
Hyalella Azteca, appears as a time efficient and affordable alternative to 
the OECD 305 standardized test using fishes. In this method, only male 
subjects are used due to their stable lipid level. Manual selection of 1500 
males from a farm, as needed to test one chemical compound, requires 
around 35 hours of work by a person who is used to separate Hyalella by 
sex. In order to save time for this part of the test, it is desirable to replace 
manual sexing with an automated process performed by a robot. The main 
contribution of this study is a computer vision algorithm which enables 
the robot to recognize the sex of a Hyalella based on image analysis, 
mathematical morphology and deep learning. For each image acquired by 
the robot, a preprocessing is applied to register the head-tail axis on the 
horizontal axis of the image, and to orient it such that the head (respec-
tively back) of the subject lies on the right (respectively top) of the image. 
Then, a convolutional neural network predicts the probability of a subject 
being a male and takes the final decision based on a fixed threshold value 
of 0.5. The proposed model is trained on a database of 1308 images manu-
ally annotated (43.4% males, 56.6% females), and achieves 0.382% false 
positive error (5 females wrongly classified as males) and 99% +/- 0.004% 
accuracy using 5-fold cross validation. A fixed threshold value of 0.99 can 
be used to reduce false positive error down to zero and still get 98% accu-
racy. Therefore, a robot has a high potential to be an alternative to manual 
sexing with a low risk of introducing errors, saving time and bringing 
efficiency to the process.

5.03.12 Investigation on Permeability of Hydrophobic Substances 
Through Fish Intestinal Membrane
H. Takeue, C. Miyata, Y. Matoba, M. Sato, Sumitomo Chemical Co., Ltd. / 
Chemical Safety Assessment Group
Chemicals in the environment might be taken up to organisms via inhala-
tion (respiration), dermal and/or oral routes, and further biomagnified 
through the food chain. For evaluation of this biomagnification potential, 
bioaccumulation tests using fish have been performed by exposure to a 
test substance in an aqueous environment to investigate absorption by 
a respiratory route via gill (OECD 305-I). As a result of many previous 
investigations, it is suggested that test substances with molecular weight 
of more than 600 to 700 are hardly incorporate into organisms through 
fish gill membrane. In addition to the bioaccumulation test through fish 
gill membrane, a dietary exposure test has been recently developed to 
evaluate bioaccumulation through fish intestinal membrane (OECD 
305-III), but the number of tests performed so far is limited owing to 
its difficulty in controlling food amount taken by fish during the test, 
therefore there is little knowledge about absorption of substances by an 
oral route. In this study, we investigated permeability of 9 hydrophobic 
substances with different molecular weights through fish intestinal mem-
brane by using the everted sac method to reveal a relationship between 
molecular weight and permeability of intestinal membrane. The intestinal 
tract extracted from carp was turned inside-out, filled with phosphate 
buffer (inner solution), immersed in the solution containing each test 
substance (outer solution), and gently stirred at 23 °C for 24 hours. The 
test substance in inner and outer solutions was subject to analysis using 
GC-MS, LC-UV or LC-MS. As a result, concentration in the inner solu-
tion was higher than that in the outer solution for four substances having 
a molecular weight of less than 350, whereas concentration in the inner 
solution was less than 0.5% of the outer concentration for the other five 
substances having a molecular weight of 540 or more. These results sug-
gest that test substances with molecular weight of more than around 500 
are hardly incorporated into organisms through intestinal membrane.

5.03.13 Chemical Biotransformation in Different Species Using In 
Vitro Metabolism Approaches
K.M. Johanning, KJ Scientific; C. Kropf, Interessanter Artbeitgeber; 
H. Segner, University of Bern / Centre for Fish and Wildlife Health; Q. 
Fontenot, Nicholls State University / Biological Sciences Department; 
J. Nevarez, Louisiana State University / School of Veterinary Medicine; 
K. Berg, University of California, Davis; G. Garcia, KJ Scientific; A. 
Ferrara, Nicholls State University / Biological Sciences
Chemical biotransformation in different species is relevant in bioaccu-
mulation assessment. OECD Test Guidelines (TGs) 319A and 319B are 
available and recommended to use for in vitro metabolism assessment 
using rainbow trout liver S9 and cryopreserved hepatocytes. Although 
these TGs were developed using rainbow trout, the methodology can be 
adapted across species. Other aquatic and terrestrial species however 
display varied metabolic rates and systems due to their various adapta-
tions. In this study we used liver S9 sub-cellular fractions from a variety 
of organisms including aquatic (fish) and terrestrial (rat, mouse, monkey 
and human). We compared fish species from different environments such 
as alligator gar in high temperature (> 30oC), low dissolved oxygen, and 
wide range of salinities to rainbow trout, for in vivo and in vitrometabo-
lism and bioaccumulation studies. Trout, sturgeon, gar and alligator were 
maintained for 2 to 4 weeks under corresponding natural temperature and 
photoperiod prior to liver S9 preparation. Bowfin were obtained from the 
field and rat, mouse, monkey and human liver S9 sub-cellular fractions 
from commercial sources. Fish livers were perfused, excised, homog-
enized, and centrifuged to obtain liver S9 fractions according to TG 319B.
Liver S9 fractions of the different fishes were used in metabolism studies 
with diclofenac, pyrene, and a pesticide to determine conventional liver 
enzyme activities (EROD, GST). Alligator did not metabolize pyrene as 
expected. The highest pyrene metabolic activity was observed in trout, 
human and mouse S9. Alligator gar and bowfin EROD and GST activi-
ties were similar to rainbow trout and exhibited significant metabolism of 
pharmaceuticals such as diclofenac. This suggests that the ancient fishes, 
alligator gar and bowfin, may possess unique adaptations to cope with 
xenobiotics. This is an ongoing study and other species, bluegill, carp and 
largemouth bass will be included.

5.03.14  Is Plastic a Vector for Mercury in the Marine Food Web? A 
Characterization of Mercury Sorption to Plastic Debris Consumed 
by Fish Species of Lavaca Bay, TX
J. Myers, Texas A&M, Corpus Christi / Physical & Environmental 
Sciences; J.L. Conkle, Texas A&M University, Corpus Christi / CMSS
Plastic debris harms marine organisms and ecosystems. It is an aesthetic 
and physical threat, but chemicals added to plastic during manufactur-
ing as well as those that sorb, including mercury (Hg), might transfer 
to organisms when plastics are consumed. The goal of this study is to 
quantify mercury sorption to plastics within the water column as well 
as the digestive tracts and tissues of fish native to Lavaca Bay, Texas, 
home to a plastics manufacturer and mercury Superfund Site. Plastic 
debris visible to the naked eye will be sampled from the shore and water 
column as well as removed from the digestive tracts of opportunistically 
collected fish. A tissue sample will be removed from the axial muscle on 
each fish. The type of plastic will be determined using Fourier-transform 
Infrared microscopy (FTIR). Dr. Jessica Dutton at Texas State University 
will quantify mercury concentrations on plastic and in fish tissues using a 
Direct Mercury Analyzer. This research aims to expand current knowl-
edge on sorption and transfer of toxic contaminants into marine food 
webs via plastics and serve as preliminary work in the assessment of 
potential risks to the health of marine systems and humans. Preliminary 
results will be reported and discussed at this conference. Once completed, 
results from this study will be used to inform the management of this 
mercury superfund site and educate commercial and recreational anglers 
in the Lavaca Bay system.
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5.03.15  Assessing PCBs Bioaccumulation in Aquatic Organisms 
Using Passive Sampling: Case Study in the Anacostia River 
Watershed
N. Lombard, M. Bokare, University of Maryland, Baltimore County / 
Department of Chemical, Biochemical, and Environmental Engineering; 
A.E. Pinkney, U.S. Fish and Wildlife Service / Chesapeake Bay Field 
Office; D. Murali, Department of Energy and Environment; U. Ghosh, 
University of Maryland, Baltimore County / Chemical, Biochemical, and 
Environmental Engineering
Passive samplers are useful tools for measuring time-integrated freely 
dissolved concentrations of hydrophobic organic compounds (HOC) in 
water. Such measurements reflect average concentrations that aquatic 
organisms are exposed to and allow prediction of pollutant accumulation 
in biota, especially at the lower trophic levels. In the present work, freely 
dissolved PCB concentrations were measured in the water column of the 
five main tributaries of the Anacostia River during two consecutive years 
(2016 and 2017) using low density polyethylene sheets (LDPE) as passive 
samplers. Bioaccumulation in bivalves was predicted using thermody-
namic equilibrium model and compared to concentrations measured in 
caged mussels (Elliptio complanata) that were concurrently deployed side 
by side with LDPE. The five tributaries showed a wide range of freely 
dissolved concentrations ranging from 0.22 to 16 ng/L, all above the EPA 
water quality criteria (0.64 ng/L) protective of human health for water 
and organism consumption with a cancer risk of 1 in a million. Similar 
concentrations were obtained both years, except at one site where the 
deployment location was moved 225 m upstream. For all sites, total PCB 
concentration predicted in the mussels agreed with measured concen-
trations within a factor of 1.4 to 3.3, with 42% to 86% of the individual 
congeners being predicted within a factor of 4. Predictions were also per-
formed for the small forage fishes Fundulus heteroclitus and F. diaphanus 
and compared to concentrations measured in fish collected in 2018 and 
2019. A simple thermodynamic equilibrium model allowed predictions of 
bioaccumulation within a factor of 4 for 53% to 79% of the PCB con-
geners measured in fish, with total PCB concentrations being predicted 
within a factor of 3. Results of our study indicate that passive sampling 
with LDPE can be used as a monitoring tool for the dominant PCB 
exposure pathway to forage fish and mussels. We show that surface water 
concentration is a critical driver of PCB uptake in the aquatic food web 
and tracking these concentrations enable assessment of ongoing dissolved 
inputs that need to be controlled to reduce uptake in the aquatic food web. 
Since remedies for PCB contaminated sediment are targeted to reduce the 
uptake pathways to fish, monitoring changes in water column freely dis-
solved concentrations and uptake in resident lower trophic level organisms 
can provide complementary lines of evidence for assessing success.

5.03.16 Development of Coarse-Grained Simulation Methods to 
Study Membrane Partitioning
E.L. Barrett, Unilever R&D Colworth; T.D. Potter, Durham University 
/ Department of Chemistry; J. Kim, Durham University; A. Teixeira, G. 
Hodges, Unilever Research / Safety and Environmental Assurance Centre 
SEAC; M. Miller, Durham University
Within a risk assessment, the partitioning between n-octanol and water 
(log KOW) is commonly used as a surrogate for estimating passive par-
titioning through cell membranes and predicting chemical absorption, 
distribution and accumulation through biological and environmental 
systems such as skin, tissue-plasma, or aquatic organisms, as well as for 
toxicity prediction. Whilst the use of log KOW provides good estimates of 
membrane partitioning for small, neutral organics, the specific interac-
tions of polar, charged, or amphiphilic compounds with the ordered 
three-dimensional structure of biomembranes cannot be adequately 
described by isotropic solvent. The situation becomes even more complex 
for surface-active compounds such as surfactants which, due to their 
amphiphilic properties, accumulate at interfaces making empirical 
measurement of log KOW difficult. There is considerable evidence in 
scientific literature to suggest that predictions of partitioning in biological 
systems for such chemicals can be improved by using membrane-water 

partitioning (log KMW) in place of log KOW. A number of theoretical 
approaches for calculating log KMW, such as COSMO-RS theory, used in 
commercially available software, have been developed as an alternative 
to experimental methods which are often expensive or time-consuming. 
While these theoretical methods work well for simpler molecules, they 
often perform less well in more complex cases, such as large or ionic 
molecules. We have therefore developed a molecular simulation-based 
method for calculating log KMW. Such an approach can be used to directly 
model the behaviour of a solute molecule within a lipid bilayer, and so 
is able to capture more of the effects which influence partitioning. Our 
approach uses coarse-grained simulations, which are far more computa-
tionally efficient than all-atom simulations, allowing for rapid screening of 
a large number of molecules. This poster will show how the coarse-grain-
ing approach can be successfully applied to a diverse range of molecules, 
including many which are difficult to model using other approaches. We 
will also show that our simulations can be used to accurately model dif-
ferent membrane compositions and will therefore be useful for modelling 
partitioning in a range of biological contexts.

5.03.17  Predicted Trophic Magnification Factors for Cyclic 
and Linear Volatile Methylsiloxanes in Freshwater and Marine 
Environments
J. Kim, The Dow Chemical Company / Toxicology and Environmental 
Research and Consulting; F. Gobas, M. Cantu, Simon Fraser University / 
Resource and Environmental Management
Among several bioaccumulation metrics for chemicals, trophic magnifica-
tion factors (TMFs) is a very important metric because bioaccumulation 
potential can be evaluated through dietary exposure pathways throughout 
main biota species in aquatic and terrestrial environments. However, there 
has been a wide range of field TMFs measured for certain hydrophobic 
compounds. This is due to the fact that TMFs are influenced by multiple 
factors including spatial variations in exposure concentrations, migra-
tion of organisms, and variations in biotransformation rate constants 
and dietary assimilation efficiencies among species. The objective of the 
current study is to apply the Multibox-AQUAWEB (MBAW) model to (i) 
better characterize the influence of various factors on the determination 
of TMFs and (ii) to derive TMFs that better represent the bioaccumulation 
potential of cyclic and linear volatile methylsiloxanes (cVMS & lVMS) in 
freshwater and marine environments. We selected six aquatic food-webs 
including Lake Erie, USA; False Creek, Canada; Lake Pepin, USA, Lake 
Ontario, USA/Canada; Oslofjord, Norway; Tokyo Bay, Japan. For the 
selected food-webs, all predicted TMFs were shown to be less than 1, indi-
cating trophic dilution of volatile methylsiloxanes (VMS) through dietary 
exposure pathways. The model predictions were generally in agreement 
with field-measured TMFs for VMS. Model calculations also revealed 
that spatial differences in exposure concentrations can have a substantial 
effect on TMFs; in some cases, causing apparent TMFs to be substantially 
greater than the TMFs in the absence of spatial concentration gradients. 
We conclude that in order to determine TMFs that accurately describe 
the bioaccumulation behavior of VMS in food-webs, it is important to 
investigate spatial concentration gradients at study sites and to use proper 
models to correct TMFs determined in locations that are subject to spatial 
concentration gradients.

5.03.18 Petri Nets as a Unifying Tool to Link Physiologically Based 
Toxicokinetic Models to Adverse Outcome Pathways
I. Edhlund, Clemson University / Environmental Toxicology; L.E. 
Sweet, U.S. Environmental Protection Agency / Region 1; J.H. Bisesi, 
University of Florida / Environmental and Global Health; C.M. Lee, 
Clemson University / Engineering and Science Education Department; 
K. Tollefsen, Norwegian Institute for Water Research / Computational 
Toxicology Program
Physiologically based toxicokinetic (PBTK) Models and Adverse 
Outcome Pathways (AOPs) are common tools used in predictive and 
computational toxicology. PBTK models are used to predict internal tissue 
concentrations of a contaminant in an organism from various exposures. 
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AOPs describe a pathway leading from a molecular initiating event to an 
adverse outcome. We present Petri Nets (PN) as a way to quantitatively 
link PBTKs to AOPs, providing a complete exposure to outcome model 
and linking effect data across multiple levels of biological organiza-
tion. The present study demonstrates this conceptual approach by 1) 
quantifying an existing qualitative AOP for selective serotonin reuptake 
inhibitor (SSRI) antidepressant drug effects on feeding in fish models, 2) 
evaluating the causal relationships between events along the AOP, and, 3) 
providing quantitative links to unify data from the exposure to outcome 
continuum through application of a PN for fish. The waterborne exposure 
of the SSRIs fluoxetine and venlafaxine, and the resulting inhibition of 
time to capture prey in hybrid striped bass (Morone saxatilis x. M. chrys-
ops) were used as an example. Using the model, we were able to predict 
dose response curves for observed appetite inhibition versus exposure 
concentration. Using Monte Carlo sensitivity analyses, we determine 
which parameters should be revised through further experimentation and 
measurement. Acknowledgements: Financing - RCN 268294 “Cumulative 
hazard and risk assessment of complex mixtures and multiple stressors 
(MixRisk)”, and NCTP: NIVA’s Computational Toxicology Program, 
NCTP (www.niva.no/nctp).

4. Endangered Species Assessments for Pesticides
5.04.01 Revised Method for National Level Listed Species Biological 
Evaluations of Conventional Pesticides
K.V. Garber, U.S. Environmental Protection Agency / Office of Pesticide 
Programs Environmental Fate and Effects Division; C. Rossmeisl, J. 
Connolly, U.S. Environmental Protection Agency; C. Peck, E. Donovan, 
B. Anderson, U.S. Environmental Protection Agency / Office of Pesticide 
Programs Environmental Fate and Effects Division; 
The United States Environmental Protection Agency (EPA) conducts a 
biological evaluation (BE) to assess potential effects that pesticide regis-
trations may have on federally listed endangered and threatened species 
and designated critical habitats. Since national level registrations often 
involve pesticide uses that could occur throughout the US, nationwide 
BEs evaluate over 2600 listed species and critical habitats. EPA is using 
an iterative process for developing methods and conducting national-
level BEs, which recently involved the release of a revised method. This 
method includes two steps, both of which are focused on assessing risks 
to an individual of a listed species. Step 1 is more conservative, involv-
ing the overlap of the action area and a species range or critical habitat 
and then considering conservative estimates of exposure and effect to 
determine whether the pesticide may affect or have no effect on a listed 
species. Step 2 involves a weight of evidence approach that integrates 
information on the usage of the pesticide, life history of the assessed 
species, and available spatial data to determine if it is likely or not that an 
individual of a listed species will be adversely affected by the assessed 
pesticide. The revised method has been used to conduct national-level 
biological evaluations. This presentation will provide an overview of 
elements within the revised method and how they have been applied to 
specific pesticides.

5.04.02 Assessing the Risk of Pesticides to Threatened and 
Endangered Species: Developments of Process and Tools
D.R. Moore, Intrinsik, Ltd.; T. Blickley, Corteva Agriscience, The 
Agriculture Division of DowDuPont; L.W. Brewer, A.R. Frank,  J. 
Giddings, Compliance Services International; P. Havens, Corteva 
Agriscience, The Agriculture Division of DowDuPont; M. Kern, 
Balance EcoSolutions, LLC; C. Priest, Intrinsik, Ltd.; B.D. McGaughey, 
Compliance Services International; H. Rathjens, Stone Environmental / 
Environmental Modeling Systems; N. Snyder, Waterborne Environmental, 
Inc.; R. Teed, Intrinsik Corp.; M.F. Winchell, Stone Environmental
In the United States, registration of a pesticide is considered a Federal 
action and, as such, requires a review of potential impacts to threatened 
and endangered species (listed species) and their designated critical 

habitats under the Endangered Species Act (ESA). There are over 1600 
listed species in the United States, multiple use sites for each pesticide 
active ingredient, and three agencies (the US Environmental Protection 
Agency (EPA), Fish and Wildlife Service (FWS), and National Marine 
Fisheries Service (NMFS), collectively “the Agencies”) involved in each 
assessment. Thus, an endangered species risk assessment (ESRA) for a 
pesticide is an enormous undertaking. Although there has been progress 
towards developing more efficient and scientifically defensible approaches 
for pesticide ESRAs, continuous improvement in these methods is 
required. This presentation describes investigations into the develop-
ment of ever more efficient, transparent, reproducible, and sustainable 
ESRA processes for pesticides, including the development of innovative 
and user-friendly new tools. We illustrate these developments with case 
studies involving representative insecticide, herbicide and fungicide 
chemistries. Subsequent presentations in this session will describe many 
of the tools and approaches that were developed as part of this work.

5.04.03  Towards the Best Available Information for FIFRA/ESA 
Assessments
A.R. Frank, D. Campana, Compliance Services International; T. Hall, 
Bayer CropScience / Environmental Toxicology and Risk Assessment; R. 
Charlton, Valent U.S.A., LLC
For over 20 years, the FIFRA Endangered Species Task Force (FESTF) 
has contributed to the aggregation of data involved in the evaluation of 
pesticides under the Federal Insecticide, Fungicide and Rodenticide Act 
(FIFRA). The use of current and consistent data on species is important to 
the evaluation of pesticide impact on species listed under the Endangered 
Species Act (ESA), as conducted by the US Environmental Protection 
Agency (EPA). These evaluations are subject to subsequent consultation 
by the US Fish and Wildlife Service (FWS) and National Marine Fisheries 
Service (NMFS) depending on the species under their management. As 
we have reported previously, FESTF’s ongoing efforts have included the 
aggregation of the best available information to inform species range 
maps and species attribute information, produced while working under 
the direction and supervision of FWS. The data products produced by 
these aggregation efforts are housed in an information management 
system, Gopher, used to store and deliver FESTF’s work products. In the 
aggregation process, Hawaiian species presented the biggest challenge 
because there are a high number of listed species in the Hawaiian Islands 
and the federal and state resources to deal with them are limited. As such, 
the effort to compile data for Hawaiian listed species provides a good 
model for the data access and aggregation process in a situation where 
data are widely scattered: although data may be plentiful, access to it and 
consistent use of it present a challenge when there is no strong central 
source for housing it and keeping it current. This presentation will review 
FESTF’s development of range maps and attribute data for species in the 
Hawaiian Islands, focusing on the means taken to ensure accurate and 
authoritative sources are those captured for aggregation. We also explain 
the subsequent steps taken to incorporate these work products into the 
FIFRA/ESA assessment and consultation process.

5.04.04  Pesticide Usage: Utilizing Available Information and New 
Approaches to Inform Endangered Species Risk Assessments
C. Holmes, Applied Analysis Solutions, LLC; S. Kay, Pyxis Regulatory 
Consulting, Inc.; M. Kern, Balance EcoSolutions, LLC; J.L. Cowles, 
Tessenderlo Kerley, Inc. / NovaSource/Product Safety; K. Henry, 
Tessenderlo Kerley, Inc.
In March of this year, EPA posted an updated Revised Method document 
detailing methods to use when assessing potential pestcide risk to threat-
ened and endangered species under the Endangered Species Act. One 
major tenet of this document was the analysis of pesticide usage informa-
tion within the assessment of exposure. A distinction is made between 
pesticide “use” and “usage”, where “use” is defined by registered labels 
and describes limits on how the pesticide may be applied (i.e., maximum 
rates, methods and number of applications), while “usage” encompasses 
documented pesticide applications describing the manner in which the 
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product has been applied (e.g., from survey data). Usage of a pesticide 
also includes the characterization of the percent of crop area treated 
(PCT), and how that varies geographically. In a Biological Evaluation, 
this information is provided by EPA’s Biological and Economic Analysis 
Division in the form of a State Use and Usage Summary (SUUM). A 
larger challenge is to understand the implications of how treated acres are 
distributed within and outside of species range or critical habitats, as this 
spatial co-occurrence of pesticide usage and species locations is criti-
cal for estimating a species’ potential exposure. EPA’s Revised Methods 
document proposes three approaches including a uniform distribution 
method, as well as upper and lower bounding methods to provide extreme 
ranges. This paper outlines sources and interpretation of pesticide usage 
information to provide additional understanding of actual pesticide 
applications and describes their applicability in endangered species risk 
assessments. This is set in a probabilistic framework to characterize the 
possible configurations of treated acre distribution within species range 
and critical habitat. Results more fully and realistically characterize the 
distribution of treated acres and provide context specific to each species 
and geographic location, thereby addressing the uncertainty inherent 
in identifying specific pesticide application locations. The information 
generated through these methods can then be applied within the context of 
a Biological Evaluation, and to provide refined information to support the 
generation of a Biological Opinion.

5.04.05  Refined Proximity Analysis Incorporating Pesticide Usage 
Data in a National Endangered Species Exposure Assessment
H. Rathjens, Stone Environmental / Environmental Modeling Systems; 
M.F. Winchell, Stone Environmental; D.R. Moore, Intrinsik, Ltd.; P. 
Havens, Corteva Agriscience, The Agriculture Division of DowDuPont
Understanding the proximity of pesticide use sites to endangered species 
locations is an important component to evaluating potential risk. National 
land use datasets provide the foundation for spatial analysis methods that 
quantify proximity of species ranges and critical habitats to locations 
where pesticides may be used. Multiple years of land use and cropping 
data can account for temporal variability in cropping patterns and uncer-
tainty in crop classification, both of which are necessary to accurately 
characterize the potential exposure for a species. A proximity analysis can 
be structured to produce probability distributions of proximity distances 
for an entire species range or critical habitat, providing robust datasets 
suitable for use in multiple tiers of a risk assessment. Typically, a proxim-
ity analysis assumes that 100% of potential use sites receive pesticide 
applications. Although an acceptable conservative assumption in a screen-
ing level assessment, this assumption does not reflect reality. Because 
pesticides usage often occurs on a fraction of labeled potential use sites, 
refinement of the locations of use is important to better quantify proximi-
ties. A key aspect of such refinements involves employing realistic use 
and usage information. We have developed a methodology for combin-
ing multiple sources of historical usage and crop location data to derive 
national pesticide usage footprints. The approach considers multiple 
combinations of crop-level usage, cropping patterns, and application rates 
to derive an ensemble of usage footprint realizations. These usage foot-
prints provide probabilistic inputs to higher tier proximity analyses that 
quantify the likelihood of pesticide usage occurring within a distribution 
of proximity distances to endangered species ranges and critical habitats. 
These proximity distributions can be incorporated directly into exposure 
models for terrestrial species or included as part of a weight of evidence 
analysis used when making effects determinations.

5.04.06 Development of a National Risk Assessment Methodology 
for Mosquito Adulticide Usage in Proximity to Endangered Species
R.A. Burk, N.H. Golden, U.S. Fish and Wildlife Service / Ecological 
Services, Falls Church, VA; K. Paul, S.J. Pollack, L. Laniawe, K. Myers, 
U.S. Fish and Wildlife Service / Ecological Services; A.J. Beehler, Benton 
County Mosquito Control District, West Richland, WA; B.M. Prather, 
Cass County Vector Control
Mosquito adulticide applications of malathion are not restricted spa-
tially or temporally by the product labels. EPA lacked spatially refined 
malathion mosquito adulticide usage data at the time of the writing of 
their biological evaluation for the Federal Insecticide, Fungicide, and 
Rodenticide Act (FIFRA) registration review of malathion. Therefore, 
we devised a method to refine the spatial extent of potential applica-
tion sites. We further refined the overlap area of potential use sites with 
ranges of species listed under the Endangered Species Act (ESA) for 
mosquito adulticide in our analysis. We created an overlap map layer by 
combining three data sources: 1) sales data from FMC (registrant); 2) 
information from the American Mosquito Control Association (AMCA); 
and 3) publicly available state data (e.g., California Department of 
Pesticide Regulation) when available and not captured by other data 
sources. Multiple sources of information were evaluated for their utility 
in constructing a map of mosquito control. Challenges to overcome in 
our methodology included: lack of a definitive source of information 
where malathion is used as a mosquito adulticide; the epidemiology of 
arboviruses is difficult to predict; malathion is a critical tool in managing 
pesticide resistance in mosquito populations and protecting public health; 
and the 15-year period for registration review for the product. The meth-
odology developed provides a framework for future ESA consultations on 
FIFRA pesticide registration reviews when sufficient usage data does not 
exist for a labeled use, and a probabilistic risk assessment is not possible.

5.04.07 The Regulatory Perspective on the Development and Use of 
Higher Tier Studies for Ecological Risk Assessment in the Office of 
Pesticide Programs
E. Odenkirchen, U.S. Environmental Protection Agency
The Code of Federal Regulations (40 CFR Section 158) describes a typi-
cal suite of environmental fate and effects studies required to inform 
ecological risk assessments which support United States Environmental 
Protection Agency (USEPA/Agency) regulatory decisions under the 
Federal Insecticide Fungicide and Rodenticide Act (FIFRA). These 
regulations also provide the Agency with the flexibility to request or 
consider additional data and/or other lines of evidence to 1) address spe-
cific risk concerns, 2) provide additional refinement to the ecological risk 
assessment, or 3) inform Agency decision makers on the efficacy of risk 
mitigation measures. This presentation will discuss the implementation of 
an Agency process for designing, conducting, evaluating, and interpret-
ing higher tiered data streams using Agency guidance for data quality 
objectives.

5.04.08  A Tiered Approach to Efficient Refinement of Aquatic 
Exposure Assessments for Endangered Species
M.F. Winchell, Stone Environmental; H. Rathjens, Stone Environmental 
/ Environmental Modeling Systems; S. Castro-Tanzi, J. Dunne, Stone 
Environmental, Inc; N. Snyder, Waterborne Environmental, Inc.; P. 
Havens, Corteva Agriscience, The Agriculture Division of DowDuPont
Quantitative pesticide exposure and risk modeling is a powerful tool 
to effectively and efficiently make the important distinction between 
threatened and endangered species that are likely to be and not likely to 
be adversely affected (LAA and NLAA, respectively) as a resulted of a 
pesticide’s labeled uses. To achieve efficiency and transparency in such 
assessment for aquatic species, progressive steps in exposure model-
ing are needed that employ the best available datasets and scientific 
approaches to introduce meaningful and substantial refinements. We 
have developed a multi-tiered approach for aquatic exposure model-
ing designed to meet these requirements for national scale endangered 
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species risk assessments. The approach begins with Tier 1 which is highly 
conservative and represents potential high-end exposure for all spe-
cies. Tier 1 accounts for a wide range of potential use patterns, cropping 
scenarios, application dates, and weather conditions. At Tier 2, much 
greater relevance of the exposure estimates for each species is achieved 
by accounting for the spatial overlap between pesticide exposure sce-
narios and species ranges and critical habitats. In Tier 2, two additional 
refinement steps are incorporated into the exposure modeling. The first 
refinement accounts for potential pesticide use sites, or percent cropped 
area (PCA), in estimating exposure concentrations in multiple static and 
flowing aquatic habitat types. PCA for large numbers of relevant water 
bodies within a species range are analyzed using GIS datasets and pro-
cessing techniques. The second refinement step in Tier 2 is based on best 
available pesticide usage data. Usage data are analyzed probabilistically 
to generate an ensemble of pesticide usage scenarios across the US and 
overlaid with species ranges. This pesticide usage data refinement step 
results in quantitative pesticide exposure probability distributions that are 
then incorporated into risk assessment decisions. The two-tier methodol-
ogy developed is an efficient, effective, and transparent process using 
best available data and scientific analysis methods that helps guide a risk 
assessor to making NLAA/LAA decisions in national endangered species 
risk assessments.

5.04.09  Comparing and Contrasting a Refined Aquatic Endangered 
Species Risk Assessment to the Agency Final Biological Evaluation 
Method as Applied to the Carbamates
S. Teed, Intrinsik Corp.; M.F. Winchell, Stone Environmental; P. 
Whatling, FMC Corporation / Global Regulatory Sciences
The Environmental Protection Agency (EPA) recently released the Final 
Revised Method for developing pesticide biological evaluations (BEs) 
for threatened and endangered species (i.e., listed species) in the United 
States. At the same time, EPA released draft biological evaluations 
(BEs) for two carbamate insecticides, carbaryl and methomyl. The BEs 
represent the first opportunity to evaluate the practical application of the 
Final Revised Method. In 2017, FMC commissioned a refined aquatic 
endangered species risk assessment (ESRA) for malathion that evaluated 
potential direct impacts on 100 listed freshwater fish and aquatic inverte-
brate species. The objective was to develop an efficient standard operating 
procedure for ESRAs. EPA has noted that the Final Revised Method 
will continue to evolve, and this refined risk assessment demonstrates 
how evaluating risk using refined methods can be applied efficiently to 
the EPA’s biological evaluation process. The ESRA initiative was also 
designed to identify listed fish and aquatic invertebrate species that may 
benefit from population level risk analyses or mitigation’s such as label 
revisions or other mitigation measures. We demonstrate how refined 
species-specific aquatic exposure modeling, using the best available 
science, evaluating data quality, applying a weight of evidence approach, 
effects threshold development, and other refinements resulted in more 
realistic and protective effects determinations for listed species compared 
to current EPA methods. The three organophosphates previously assessed 
for impacts on endangered species and the two carbamates have been reg-
istered for use in the United States for 40 – 70 years and have historically 
been used over a much more extensive spatial area at higher application 
rates than on current labels. Based on the current labels the malathion 
ESRA demonstrated that for many of the 100 listed species, risk is de 
minimis or extremely unlikely to occur. In other cases, the ESRA identi-
fied those species where additional evaluation by the Services may be 
required.

5.04.10 Advancing Beyond the Draft Biological Evaluation of 
Carbaryl for Federally Listed Species
M. Kern, Balance EcoSolutions, LLC; C. Holmes, Applied Analysis 
Solutions, LLC; S. Kay, Pyxis Regulatory Consulting, Inc.; J. Cowles, K. 
Henry, Tessenderlo Kerley, Inc.
The Endangered Species Act (ESA) requires federal agencies to ensure 
that their actions are not likely to jeopardize the continued existence, 

nor destroy or adversely modify the designated critical habitat, of spe-
cies listed as threatened or endangered under the ESA. For pesticides, a 
Biological Evaluation (BE) is conducted by the EPA as a first step in the 
ESA assessment. If EPA’s BE determines a pesticide may affect a listed 
species or its designated critical habitat, EPA must initiate consulta-
tion with the U.S. Fish and Wildlife Service and/or the National Marine 
Fisheries Service (Services) depending on which agency has jurisdiction 
over the species. On March 17, 2020, EPA posted to the Federal Register 
(FRL-10006-38) the release of their draft Biological Evaluation (BE) 
assessing potential risks to listed species from labeled uses of carbaryl. 
In parallel, the EPA posted a Revised Method document (EPA-HQ-
OPP-2019-0195) detailing updated methods for conducting a BE. The 
revised methods include the use of actual pesticide usage data and 
distribution of treated acres, alternate assumptions for species population 
numbers, probabilistic approaches, and a weight-of-evidence framework 
for making effect determinations. As noted in the BE, the methods used 
in these analyses continue to evolve over time. To further support this 
advancement, case studies implementing the Revised Methods were con-
ducted to understand and evaluate the approaches used in the draft BE for 
carbaryl. To increase the reliability and relevance of the assessment, this 
work also considered additional methods and lines of evidence to reduce 
uncertainty. Central to this approach is analyzing potential impacts to a 
species for individual use patterns and including species specific informa-
tion. The transparency and availability of information from the full BE 
analysis is critical to support the Services in jeopardy determinations. The 
case studies demonstrate the need to bring as many relevant and realistic 
lines of evidence into the assessment as early as possible to help advance 
the evaluation of risk to listed species and inform the development of the 
Biological Opinion (BO) for carbaryl.

5.04.11  Assessing Risk to Listed Freshwater Mussel Species: An 
Individual-Based Modeling Approach
A.P. Moore, University of Minnesota, Twin Cities / Department of 
Ecology, Evolution, and Behavior; N. Galic, R. Brain, Syngenta Crop 
Protection, Inc. / Environmental Safety; D. Hornbach, Macalester 
College; V.E. Forbes, University of Minnesota / Ecology, Evolution & 
Behavior
Freshwater mussels are a highly diverse and imperiled faunal group; 
of the nearly 300 species currently known in the US, 90 are federally 
“listed” as threatened or endangered under the Endangered Species Act. 
Due to restrictions on testing listed species and the difficulty of working 
with freshwater mussels in the laboratory, the development of predictive 
methods can better facilitate the assessment of potential risks posed by 
a multitude of aquatic contaminants and other stressors to these species. 
Dynamic Energy Budget (DEB) theory describes allocation rules of 
energy to metabolic processes that can be applied to quantify physiologi-
cal responses (described as changes in growth, survival, and reproduction) 
of an individual to stressors in its environment. In this project, we develop 
a trait-based modeling approach with the explicit objective of assessing 
potential risks to these listed species from exposure to various stressors, 
including pesticides. First, we performed a life-history analysis in order 
to group mussel species into life-history categories for modeling and to 
identify corresponding appropriate and well-described representative spe-
cies. Using these life-history categories, we then developed a generic DEB 
model framework for the representative species, allowing for comparison 
of parameters between species with different life-history traits. The DEB 
modeling framework is used as an integral component of an individual-
based model, which simulates population dynamics based on individual 
behaviors. The model can be used to simulate the potential direct and 
indirect impacts of pesticides, utilizing toxicity-testing endpoints col-
lected in the Pesticide Registration process (Office of Chemical Safety 
and Pollution Prevention - Series 850). The ultimate objective of this proj-
ect is to provide improved population modeling approaches for assessing 
potential risks posed by various stressors to data-limited listed freshwater 
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mussel species, facilitated by more data-rich species, and thereby provid-
ing a viable higher-tier framework for the purposes of endangered species 
risk assessment.

5.04.12  Refined Methodology for a National Level Listed Species 
Assessment for a Modern Herbicide
L.W. Brewer, L.M. Duzy, J.M. Stafford, C. Habig, A.R. Frank, D. 
Campana, C. Jones, J. Giddings, J.R. Wirtz, R. Kemman, B.D. 
McGaughey, Compliance Services International; D.R. Moore, Intrinsik, 
Ltd.; P. Havens, Corteva Agriscience; T. Blickley, Corteva Agriscience, 
The Agriculture Division of DowDuPont
The US Environmental Protection Agency (EPA) issued a Revised 
Method for National Level Listed Species Biological Evaluations 
(“revised method”) in March 2020 that provided guidance for conduct-
ing pesticide evaluations under the Federal Insecticide, Fungicide, and 
Rodenticide Act (FIFRA) and the Endangered Species Act (ESA). The 
revised methods are intended to be used to evaluate currently registered 
pesticides, many of which are older chemistries. In utilizing the revised 
methods for the carbaryl and methomyl draft Biological Evaluations 
(BEs), EPA acknowledged that many assumptions were made, and that 
considerable uncertainties remain. The availability of new herbicide 
chemistries that are effective at low rates are becoming more important in 
light of the growing need for tools with a good fit in weed resistance man-
agement programs, while exhibiting minimal potential for undesirable 
environmental impacts. In many cases, such herbicides are difficult to 
assess in the context of EPA’s revised method. This presents opportunities 
to develop many aspects of an ESA-listed species assessment not yet fully 
realized by EPA. This work explored various approaches and refinements 
including the application of spatial data to estimate the proximity of spe-
cies’ range and designated critical habitat to a representative herbicide’s 
action areas (use sites plus off-site transport zone), developing crop groups 
and use sites that are more reflective of agronomic practices and labeled 
uses, and developing more realistic estimates of listed plant exposure in 
the off-site transport zone by incorporating NOAA wind speed data into 
drift and drift effects modeling. This presentation discusses the overall 
approach and methodology ,the unique challenges that a modern herbicide 
presents, and how scientifically sound data reflective of on-the-ground 
conditions all inform our understanding of risk and effects.

5.04.13 Assessing the Risk of Pesticides to Terrestrial Threatened 
and Endangered Species: An Overview of the TERESA Modeling 
Suite
D.R. Moore, Intrinsik, Ltd.; R. Teed, Intrinsik Corp.; C. Priest, R.P. 
Bergin, C. McCarroll-Butler, Intrinsik, Ltd.; H. Rathjens, Stone 
Environmental / Environmental Modeling Systems; M.F. Winchell, 
Stone Environmental; M. Kern, Balance EcoSolutions, LLC; N. Green, 
Waterborne Environmental, Inc.; T. Blickley, Corteva Agriscience, The 
Agriculture Division of DowDuPont
There is a continued need to develop higher-tier models that are transpar-
ent, user-friendly, and capable of incorporating multiple sources of data 
relevant for assessing pesticide risks to threatened and endangered (i.e., 
listed) species in the United States. As part of meeting this challenge, 
we developed the TERESA series of models for efficiently determining 
terrestrial species that are potentially at risk from exposure to a pesticide. 
TERESA models are used during Tier 2 in our process, i.e., following 
an initial screening-level assessment and co-occurrence analysis but 
prior to highly refined and probabilistic assessments. For each terrestrial 
species screening through earlier steps, the TERESA model determines 
potential exposure and risk for up to 26 agricultural production groups 
and 4 application scenarios/crop group. For listed wildlife species 
(e.g., TERESA-Bird), the model estimates exposure dose by adjust-
ing estimated concentrations in dietary items and drinking water by a 
conservative estimate of proximity (the 1%ile proximity distance is the 
default) of the species range or critical habitat to the use pattern footprint 
of interest. The default sub-model for the proximity distance adjustment is 
the highly conservative Tier 1 AgDrift model, though the user can specify 

an alternative spray drift model (e.g., from a product-specific field trial). 
In Tier 2A, the 1 %ile proximity distances assume that all areas in each 
agricultural production group are treated. In Tier 2B, historical usage data 
are used to determine proportion treated area per year and this informa-
tion is then used to calculate a refined 1 %ile proximity distance. For 
listed terrestrial plant species (i.e., TERESA-Plant), exposure is estimated 
by adjusting application rate for proximity distance. A proximity-adjusted 
approach is also used to estimate potential exposure to receptor groups on 
which each listed species depends for food, habitat, pollination services, 
seed and fruit dispersal, etc. Conservative effects metrics are specified by 
the user for both direct effects to listed species as well as indirectly via 
effects to receptor groups on which listed species depend. Risk quotients 
for direct and indirect risk are calculated for each combination of listed 
species, agricultural production group, and application scenario included 
in the model simulation. Using a representative insecticide as a case study, 
we demonstrate that the TERESA models are effective and efficient in 
screening out species and crop groups that are clearly not at risk and iden-
tifying those in need of further refinement.

5.04.14 Assessing the Risks of Pesticides to Terrestrial Threatened 
and Endangered Species: Opportunities to Refine Risk Assessments 
for Listed Terrestrial Plants
M. Kern, Balance EcoSolutions, LLC; N. Green, N. Snyder, Waterborne 
Environmental, Inc.; D.R. Moore, Intrinsik, Ltd.; S. Teed, Intrinsik Corp.; 
C. Priest, Intrinsik, Ltd.; H. Rathjens, Stone Environmental, Inc.; M.F. 
Winchell, Stone Environmental; T.M. Blickley, Corteva Agriscience / 
Ecotoxicology
There is a continuing need to develop improved procedures and tools for 
assessing pesticide risks to threatened and endangered (i.e., listed) species 
in the United States. As part of meeting this challenge, the TERrestrial 
Endangered Species Assessment (TERESA) model was developed follow-
ing a tiered approach to efficiently evaluate potential pesticide exposures 
and risks to listed terrestrial species. The terrestrial plant version of 
TERESA includes the ability to evaluate risks to listed plant species based 
on direct effects or potential indirect pathways (e.g., effects to insect 
pollinators or obligate symbionts). For species that are not screened out 
in the first tiers of the analysis in TERESA, various refinements can be 
conducted to better characterize risk using information about the species 
and relevant product use patterns. We conducted refined case studies for a 
subset of listed terrestrial plant species potentially exposed to a represen-
tative insecticide. Multiple lines of evidence were evaluated including 
refined spatial exposure estimates based on product use information and 
species life history and characteristics that may influence exposure poten-
tial. Factors considered in these analyses include local use conditions, 
application rates and methods, temporal relationships between species and 
application timing and species habitat associations. Given the low direct 
toxicity of this pesticide to terrestrial plants, the focus is on illustrating an 
approach to evaluate risk to biological features upon which the listed plant 
species depends. The case studies highlight the importance of bringing 
together the most reliable and relevant information to reduce uncertainty 
and improve our understanding of pesticide risk to listed species.

5.04.15  Refinements to EPA’s TerrPlant Non-Target Plant 
Assessment Model
C. Habig, Compliance Services International
EPA currently uses a Tier I screening level model, TerrPlant, to evaluate 
potential effects on non-target terrestrial plants from labeled agricultural 
pesticide applications. This conservative model is used to assess potential 
pesticide effects on both endangered and non-endangered terrestrial plants 
through three distinct modules. One module estimates effects of runoff 
and drift from the treated field (1 acre; A) to a nearby untreated terrestrial 
habitat, the second module estimates effects of runoff and drift from 
a larger treated area (10 A) to a nearby low-lying wetland or bog area, 
and the third module estimates the effect of spray drift only to a nearby 
untreated area. The model has no temporal component. Many aspects of 
the model are based on conservative hard-wired defaults and assumptions. 
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Estimated exposures (EECs) are compared to endpoints from EPA’s 
standard non-target plant tests using small, vulnerable-stage species, with 
endpoints most commonly based on sub-lethal effects. Currently, EPA 
does not refine the results of this Tier I model if results indicate possible 
adverse effects; rather the default conclusion is that adverse effects from 
a pesticide use are likely. Refinements to both the runoff component and 
the drift component result in more relevant estimates of exposure through 
both pathways. Runoff is currently estimated by the pesticide’s water 
solubility, and can be refined by using the soil adsorption coefficient (Kd/
Koc), soil incorporation, as well as including a temporal component that 
accounts for degradation after application. Currently available, higher tier 
modeling can be conducted to estimate the runoff contribution over time. 
Drift can be refined using various drift models as well as available field 
data that indicate far less drift, particularly with respect to drift distance 
by considering different droplet size distributions, less than maximum 
assumed wind speed, and seasonal directional considerations during 
application. Effects can also be refined through more detailed evaluation 
of the results on individual test species rather than relying on the default 
most sensitive species. These refinements can drastically change conclu-
sions concerning potential effects on non-target plants. Examples of these 
refinements will be presented.<br>

5.04.16 Assessment of Risks to Listed Species from the Use of 
Atrazine in the USA
P.N. Smith, Texas Tech University / Environmental Toxicology; K.L. 
Armbrust, Louisiana State University / Environmental Sciences College 
of the Coast and Environment; R. Brain, Syngenta Crop Protection, 
Inc. / Environmental Safety; W. Chen, Syngenta Crop Protection, LLC / 
Product Safety; N. Galic, Syngenta Crop Protection, Inc. / Environmental 
Safety; L. Ghebremichael, Syngenta Crop Protection, LLC; J. Giddings, 
Compliance Services International; M.L. Hanson, University of Manitoba 
/ Department of Environment and Geography; J.D. Maul, Syngenta Crop 
Protection, Inc. / Environmental Safety; G.J. Van Der Kraak, University 
of Guelph / Intergative Biology; K.R. Solomon, University of Guelph / 
School of Environmental Sciences
Atrazine is a triazine herbicide used widely throughout the USA, pre-
dominantly on corn, sorghum, and sugarcane. As such, its use potentially 
overlaps with a very large proportion of US listed species (threatened and 
endangered species). Therefore, in response to registration review require-
ments of the Federal Insecticide, Fungicide and Rodenticide Act applied 
in the context of the Endangered Species Act, an effort was undertaken 
to realistically evaluate potential direct and indirect impacts of atrazine 
on listed species and their designated critical habitats by synthesizing 
available data. Atrazine is among the most widely studied pesticides of 
any class, thus extensive environmental monitoring and toxicity data sets 
are available and this information was evaluated using quantitative weight 
of evidence and criteria-based scoring approaches where appropriate. 
The spatial and temporal occurrence of major crop use patterns are well 
characterized. However, listed species ranges are much less well-defined 
resulting in overly conservative designations of “May Effect”. Seasonal 
movements, migrations, and specific habitat utilization preferences all 
serve to limit exposure among many listed animal species. Because it is 
an herbicide, animals are relatively insensitive to atrazine. It is toxic to 
plants, but even sensitive plants tolerate episodic exposures such as those 
occurring in flowing waters. Atrazine does not bioaccumulate, further 
diminishing its potential for toxicity among consumers and predators; 
thus, many species can be eliminated from further consideration for direct 
effects based on incomplete exposure pathways. Empirical data from 
long-term monitoring programs and realistic field data on off-target depo-
sition of drift indicate that many other listed species can be removed from 
consideration because expected exposure is below conservative toxicity 
thresholds for direct and indirect effects. Supporting the determination of 
de minimis effects on a majority of listed animal species is a lack of inci-
dent reports from databases spanning five decades of atrazine use. This 

evaluation, combined with recent voluntarily proposed mitigation actions 
by the registrant, serve to refine and focus forthcoming listed species 
assessment efforts for atrazine.

5.04.17  Using Historical Wind Speed Data to Refine Estimates of 
Offsite Pesticide Deposition
D. Campana, C. Jones, L.M. Duzy, L.W. Brewer, Compliance Services 
International; M. Blickley, Dow AgroSciences, LLC
The US Environmental Protection Agency (EPA) released a finalized 
method for conducting national-level biological evaluations of species 
listed under the Endangered Species Act (ESA) in March 2020. Part of 
this method involves the assumption that the action area includes drift 
deposition of the applied pest control product 792 m (2600 ft.) beyond the 
boundary of the use site in all directions. The depositional drift curve, 
typically modeled using the AgDRIFT model, is used to find a critical 
threshold distance beyond which deposition would be of negligible con-
cern for a determined toxicity threshold of a given species. Our analysis 
uses publicly available historical wind rose data from approximately 
2,500 weather stations to examine different approaches to calculating 
localized wind speed during pesticide application for use as an input in 
AgDRIFT, to inform the estimation of chemical deposition in the offsite 
transportation zone. Results are demonstrated using a case study, quanti-
fied and qualified using the same metrics used in EPA’s finalized method. 
The relative benefits and limitations of the different approaches to calcu-
lating local wind speed and the value of applying different approaches for 
different stages of an ESA risk assessment are discussed.

5.04.18 Evaluation of the Potential Effects of Pesticide Registrations 
on Listed Species: A Case Study With Methomyl and a Federally 
Listed Threatened Species
B.D. McGaughey, A.R. Frank, J.M. Stafford, L.W. Brewer, L.M. Duzy, 
Compliance Services International; T.M. Blickley, Corteva Agriscience / 
Ecotoxicology; P. Havens, Corteva Agriscience
The U.S. Environmental Protection Agency (EPA) recently issued a 
Revised Method for National Level Listed Species Biological Evaluations 
of Conventional Pesticides (“revised method,” March 2020). Concurrent 
with publication of the revised method, EPA issued two Biological 
Evaluations (“BE’s”). EPA found 1,114 ESA-listed species “likely to 
be adversely affected” (“LAA”) by the use of methomyl. With 1,114 
species determined as “LAA,” the final BE and forthcoming Services 
Biological Opinion, based on the BE, will only be realistic and reflective 
of effects reasonably certain to occur if: (1) risk assessment is refined for 
every species defined as “LAA” to better capture the actual relationship 
between exposure and hazard (a daunting task for this number of spe-
cies and Agency resources); (2) the prediction of risk is put into context 
with respect to the status, recovery goals and conservation needs of the 
species; and/or (3) an efficient means is established to balance species 
assessment to the holistic needs of the species. We use methomyl and 
the listed terrestrial invertebrate Dakota skipper as a case study, in the 
spirit of the definition of “case study”: “Case studies are based on an 
in-depth investigation of a single individual . . . ” and “are analyses of . 
. . policies, institutions or other systems that are studied holistically by 
one or more methods.” We conducted additional analyses incorporating 
additional information on methomyl properties and use, and agronomic 
and conservation practices to illuminate possible pathways to understand-
ing the environmental baseline for the species in the context of effects and 
activities that are reasonably certain to occur.
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5.04.19 Modeling Landscape-Scale Effects of Insecticide Drift 
on Monarch Butterfly (Danaus plexippus) Populations in an Iowa 
Agroecosystem to Support a National Assessment
T.J. Grant, Iowa State University / Natural Resource Ecology and 
Management; N. Krishnan, Iowa State University / Entomology; S.P. 
Bradbury, Iowa State University / Natural Resource Ecology and 
Management
Spray drift from foliar insecticide application can cause mortality in 
monarch butterfly (Danaus plexippus) larvae near agricultural fields, 
which is considered a threat to population recovery in the draft U.S. 
FWS national species status assessment. Assessing population risks of 
this vagile species requires modeling effects of insecticide application 
at landscape scales. In Iowa, foliar insecticides are used to control late 
season soybean aphids (Aphis glycines) and early season true army-
worms (Mythimna unipuncta). Previously published laboratory studies 
conducted to determine the 96-hour cuticular and dietary larval mortal-
ity dose-response curves for beta-cyfluthrin, chlorpyrifos, imidacloprid, 
thiamethoxam and chlorantraniliprole indicate that larval mortality after a 
spray drift event may be high in downwind common milkweed (Asclepias 
syriaca) patches; however, landscape-scale effects on non-migratory mon-
arch populations have not been estimated. We combined several tools to 
simulate the effect of spray drift on a landscape-scale monarch population 
in Story County, Iowa. A recently published agent-based model incorpo-
rating individual monarch movement simulated the number of eggs laid 
on the landscape. Monarch populations were projected to the adult stage 
using realistic life-stage specific survival rates obtained from a recently 
published Bayesian statistical model. Egg populations were projected 
to a realistic mix of instars. Cuticular and dietary insecticide exposure 
was estimated for larvae downwind of a simulated spray drift plume. 
Mortality rates from laboratory studies were applied and the surviving 
larvae were projected to adult stage. To assess the risks and benefits of 
augmenting milkweed habitat in agricultural landscapes, we analyzed 
four augmentation scenarios with and without spray drift: current habi-
tat, maximum augmentation of milkweed, moderate augmentation of 
milkweed, and moderate augmentation of milkweed only outside a 38 m 
habitat exclusion zone around agricultural fields. The insecticides causing 
the most mortality from combined cuticular and dietary exposure, were, 
in order of severity: chlorantraniliprole, chlorpyrifos, beta-cyfluthrin, imi-
dacloprid, and thiamethoxam. Results indicate that despite some mortality 
from spray drift, augmenting milkweed adjacent to agricultural fields 
results in a net benefit to monarch populations.

5.04.20  A Tool to Rapidly Sequence ESA-Listed Species for FIFRA/
ESA Processes
L.M. Duzy, A.R. Frank, Compliance Services International; T. Burd, L. 
Ghebremichael, Syngenta Crop Protection, LLC; Y. Li, Environmental 
Policy Innovation Center
Under the Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA), 
the registration of a pesticide requires compliance with the Endangered 
Species Act (ESA) which includes evaluating the potential risk of the use 
of the pesticide on ESA-listed species and designated critical habitats. For 
the agencies responsible for registration and consultation, this can be an 
extensive exercise involving many complex datasets and processes. For 
the pesticide registrant seeking registration, this can present an opportu-
nity to explore ways to adequately protect ESA-listed species while also 
considering what is feasible for the end-user. We developed a tool that 
indexes factors that are important to the analysis of risk, as well as imper-
ilment and conservation needs of each ESA-listed species. With these 
factors, the Rapid Species Assessment Tool (RSAT) sequences species 
so that the registrant and agencies can have informed discussions about 
conservation measures that may be the most appropriate for each species 
in the FIFRA/ESA assessment and consultation process.

5.04.21  Integrated Data Gathering and Scientific Modelling Systems 
to Risk Assess the Fate of Pesticidal Chemicals From their Site of 
Application to Exposed Endangered Species
C. Thorp, Creme Global; J. O’Brien, Creme Global / Mathematics and 
Statistics; C. McNamara, Creme Global
Regulators in the USA are currently grappling with how to accurately 
characterize aggregate and cumulative exposures of endangered species 
to pesticidal chemicals across a wide range of products and use patterns. 
It is both an enormous and complex undertaking because of the number of 
threatened and endangered species, the number of designated critical hab-
itats, the multiple-use sites for each pesticide and the involvement of three 
agencies (EPA, FWS and NMFS) in each assessment of potential impacts. 
In addition to the sheer volume of data required to assess the risks, there 
is the added complication of integrating the outputs of the many environ-
mental exposure models that are either existing or under development, 
and the need to coordinate and share information across multiple stake-
holders and agency assessors. The agencies and registrants are continuing 
to advance risk assessment approaches in several critical areas including 
development of a more efficient process, with accompanying tools, for 
identifying and evaluating species at risk, and developing a weight-of-evi-
dence procedure to frame and synthesize different lines of evidence (e.g. 
modeling, monitoring data, field and mesocosm studies, species trends, 
etc). However, even when these datasets are created and the models built, 
there remains the issue of how to securely and appropriately share what 
is often confidential data between the registrants themselves and also 
with the agencies involved, and how to bring the various exposure and 
toxicological models together into a coherent and user-friendly platform 
where their outputs can be integrated into a risk assessment. The authors 
will present advances in the creation of systems that enable the integration 
of multiple datasets and models to run aggregate and cumulative exposure 
assessments, the combining of these outputs with relevant toxicologi-
cal data, and the creation of a cloud-based platform that enables a Tier 
1 or screening level risk assessments to be conducted in a coordinated 
and collaborative way. It will draw on examples from multiple research 
and development projects conducted with individual companies, indus-
try sectors and government agencies within the pesticide, fragrance, 
chemical and food industry sectors. Examples will include a platform 
that enables the collection of diverse and confidential information in a 
format that can be structured, anonymized, aggregated and organized 
using expert knowledge, how multiple lines of evidence can be combined 
accurately and in a replicable manner, and then how individual models 
from different platforms or sources can be integrated into a weight of 
evidence framework which requires the synthesis of these multiple lines 
of evidence into a risk assessment for endangered species. The objective 
of this presentation is to demonstrate how the harnessing of advanced data 
analytics, scientific modeling frameworks and A.I. can enhance collabora-
tion, underpin accurate and transparent data gathering, and pull together 
frameworks, models and workflows into a coherent, single platform for 
risk assessment.

5.04.22 A Broader Endangered Species Act Perspective on the 
Current Pesticide Assessments for Endangered Species
Y. Li, Environmental Policy Innovation Center
Since 2015, the federal government has been using highly quantitative 
methods for assessing the risk of pesticides to species listed under the 
U.S. Endangered Species Act (ESA). These methods differ considerably 
from how federal agencies typically evaluate the risk posed to ESA-
listed species from other types of proposed actions such as infrastructure 
projects. One difference is the reliance on highly quantitative methods for 
pesticides evaluations, despite the general lack of quantitative data on the 
life history characteristics of many ESA-listed species. Another difference 
is the separation between risk assessment and risk mitigation, such as the 
development of avoidance, minimization, and offset measures tailored 
to the conservation needs of individual species. Many non-pesticide 
ESA risk assessments closely integrate risk mitigation and assessment, 
resulting in proposed projects that have minimal impacts to listed species 
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and their critical habitats. This presentation discusses challenges with 
and opportunities for improving the current pesticide risk assessment 
methods, with an emphasis on the need for collaborative research among 
industry, academics, government, and conservation organizations on the 
biology of many listed species.

5. Environmental DNA: Applications for 
Environmental Toxicology
5.05.01 Shining Light Into the Black Box of Targeted eDNA 
Analyses
C.C. Helbing, University of Victoria / Biochemistry & Microbiology
Ecological effects assessments are essential components for predic-
tive and retrospective evaluations of the health of ecosystems affected 
by environmental contaminants. Conventional assessments of wildlife 
impacts depend primarily upon time-constrained physical surveys that 
can be time- and cost-intensive, susceptible to observer bias, and lack 
power to elucidate the distributions of cryptic species. Conventional 
methods can also disturb critical habitats of at-risk species and increase 
the potential for transfer of devastating diseases. Environmental DNA 
(eDNA) – genetic material shed from organisms into their environment 
– can provide more reliable, cost-effective information about natural 
and managed ecosystems than conventional ecological survey methods. 
Environmental samples, such as water or swabs from natural objects, can 
be tested for DNA as an indicator of species presence. There is ample pub-
lished evidence of the usefulness of eDNA methods. However, the broader 
adoption of these exciting, transformative approaches is threatened by 
the variability in the rigor and transparency of the applied analytical 
approaches. In this presentation, the analytical “black box” is opened for 
targeted quantitative real time polymerase chain reaction (qPCR)-based 
eDNA analyses to reveal critical components and considerations for 
robust data generation and interpretation. Understanding the interplay 
between field and analytical components of the eDNA workflow will 
improve confidence in the application of eDNA techniques.

5.05.02 How Low Can We Go? Analysis of Environmental DNA 
(eDNA) Data Near the Limit of Detection
C.A. Richter, U.S. Geological Survey / Biochemistry and Physiology; 
K. Klymus, D. Ruiz-Ramos, U.S.Geological Survey / Columbia 
Environmental Research Center
Environmental DNA (eDNA) detection of species is being increasingly 
applied to environmental toxicology. Use of eDNA as a complement to 
traditional surveys has great advantages in that eDNA is non-invasive and 
is highly specific and sensitive. As the field matures, standards are emerg-
ing for methods in field techniques, laboratory analysis, and data analysis, 
including methods for determining and reporting limits of detection 
(LOD) and limits of quantification (LOQ). However, eDNA data is dif-
ferent from analytical chemistry data, in that detections below the LOD 
should be considered true positives. In eDNA analysis, the LOD is defined 
as the lowest concentration with at least 95 % probability of detection. 
By convention, data below the LOQ, which is set as the lowest concentra-
tion that can be measured with less than 35 % coefficient of variation, 
are reported as percent detection among replicates because the exact 
concentration cannot be reported with confidence. A current challenge for 
the field of eDNA analysis is how to perform statistical comparisons using 
data sets containing data both above the LOQ, reported as concentration 
in copies/L, and below the LOQ, reported as % detection. We compared 
occupancy modeling, using the Poisson distribution to estimate concen-
tration from detection frequency, robust Regression on Order Statistics 
with the NADA R package, and naive estimation of concentrations from 
qPCR measurements with all detects included as concentrations and all 
non-detects included as zeros. Our results show that the optimal method 
will depend on the objectives of the study and the proportion of data 

below the LOQ in the dataset. Occupancy modeling performed well when 
most data were below the LOQ, while naive estimation performed well 
when most data were above the LOQ.

5.05.04  So You Want to Start an EDNA/DNA Barcoding Project
E. Pilgrim, U.S. Environmental Protection Agency / Center for 
Environmental Measurement & Modeling Watershed & Ecosystem 
Characterization Division
Environmental DNA, DNA barcoding, and DNA Metabarcoding continue 
to expand their utility into various fields of aquatic biology. From detect-
ing invasive/threatened/endangered species to indicators of environmental 
condition to measuring diversity within populations or ecosystems, 
molecular genetic methods have become increasingly useful to scientists, 
agencies, and decision makers. With the ongoing growth in this genetic 
toolkit along with the ever-lowering costs of this work, you may be asking 
yourself, how can I successfully start a DNA-based project? This likely 
leads you to many other questions, like: How do we collect and preserve 
our samples? What’s the best method for DNA extraction? How do we run 
successful PCRs and for what genetic loci? How do we get useful DNA 
data and what do we do with it once we have it? Bioinformatics!?!—that 
sounds scary. Fear no longer! This presentation, based upon experiences, 
successes, and many, many mistakes, will help answer many of those 
questions you have about applying DNA methods to aquatic science, but 
were always afraid to ask.

5.05.05  Comparative eDNA: Considerations for the Use of Bulk 
Genetic Samples to Infer Community-Level Toxicological Impacts
A. Deines, Exponent / Ecological & Biological Sciences; K.J. Murray, 
K.I. Brown, Exponent
A frontier in environmental genetic techniques is the application of eDNA 
to infer causation of environmental impacts at the population or com-
munity scale, for example, potential impacts associated with a chemical 
pollutant. When examining environmental impacts using eDNA (includ-
ing investigations of both microbiome and macroorganism communities), 
a rigorous assessment of the causes of environmental impacts requires 
careful comparison of impacted conditions to baseline and/or control 
conditions. Comparative eDNA, that is, using eDNA to characterize 
the similarities and differences in community composition over time 
and place, is still in early stages, and key questions remain on how this 
tool can be incorporated with traditional tools used for understanding 
environmental impacts. The goal of this work was to review the state-
of-the-science and articulate key questions and research needs for eDNA 
tools to be useful for environmental decision-making. One of the most 
critical arising questions is how to define “baseline” eDNA conditions 
against which to compare potential impacts. eDNA techniques are being 
explored as tools to compare the species and communities between pre- 
and post-exposure time periods, but in many circumstances, pre-exposure 
eDNA is not available in a way that usefully captures the range of natural 
variation in the eDNA signal. Similarly, while eDNA data may be used 
to compare and contrast contemporary samples between impacted 
and control sites, the selection of control sites and a sampling plan that 
captures the variability within the sites, remain critical. We also consider 
how eDNA may play a role in understanding the connection (or lack of 
connection) between often well understood toxicological mechanisms at 
the individual scale and the population, ecosystem function or service 
outcome. We also review advances and directions in the statistical tech-
niques being developed to facilitate these comparisons. We recommend 
that researchers and decision makers adopt a rigorous set of causal criteria 
for accepting eDNA evidence and conclusions when making manage-
ment, policy, or legal decisions.
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5.05.06 Landscape Drivers and Stability Changes of Hybrid 
Communities in a Human-Dominated River Catchment in China
F. Li, Nanjing University / School of the Environment; X. Zhang, Nanjing 
University / Environmental Science
Global landscape changes induced by human land use are reshaping com-
plete biodiversity in rivers. However, spatial-scale biodiversity changes 
are measured currently in a few large taxonomic groups, we not only not 
know whether this trend can be extended to the microbiota, but much 
less is know the most ‘insidious’ biodiversity changes driven by human 
activities, such as species interactions in network. Here, we profiled bio-
diversity fingerprints of hybrid communities using environmental DNA 
method in the Shaying River (part of the Huai River basin) in China. The 
term ‘hybrid’ here refers to metacommunity with both multitrophic and 
multiple interactions types, including invertebrates, protozoa, fungi, algae 
and bacteria. We found a similar spatiotemporal pattern of biodiversity 
(α and β diversity) in hybrid communities driven by human-induced 
landscape changes on a large spatial scale. For example, α diversity and 
the spatial turnover components of total β diversity decreased but the 
total β diversity and its nestedness components increased with an increase 
in human disturbance gradients. Environmental variables (e.g., nutrient 
and metals) outperformed habitat and spatial variables in structuring 
hybrid communities. The diversity changes driven by human disturbance 
resulted in simplification of hybrid network, decrease of the intensity of 
species interaction, and changes of ecosystem stability in many aspects. 
Our study highlights that human-induced landscape changes can resulted 
in the obvious cascade effects in hybrid communities, in addition to the 
declines in species diversity. Revealing regional environmental changes 
based on network structure, species interactions and ecosystem stability 
would be a clear paradigm shift for ecosystem monitoring, which should 
be considered in land use management programs to protect and restore 
riverine ecosystems.

5.05.07 Metabarcoding of Zooplankton to Assess Effects of Diluted 
Bitumen Remediation Efforts in Boreal Lake Mesocosms
P. Ankley, University of Saskatchewan / Toxicology; Y. Xie, University 
of Saskatchewan / Toxicology Centre; M. Perry, University of Manitoba 
/ Department of Environment and Geography; T. Black, University 
of Windsor / Great Lakes Institute for Environmental Research; A. 
DeBofsky, University of Saskatchewan / Toxicology Centre; M. Paterson, 
S.N. Higgins, IISD-Experimental Lakes Area; M.L. Hanson, University 
of Manitoba / Department of Environment and Geography; J. Giesy, 
University of Saskatchewan / Department of Veterinary and Biomedical 
Sciences; V. Palace, IISD Experimental Lakes Area (IISD-ELA)
Regulators and those responding to oil spills require additional infor-
mation to select best practices for cleaning and remediating freshwater 
ecosystems after oil spills. The zooplankton community, which plays 
a pivotal role in global biochemical cycles while stabilizing food webs, 
can serve as an indicator of status and trends in ecosystem structure 
and function. Morphology based identification of zooplankton is costly 
and time-consuming, however, DNA metabarcoding has promise for 
biomonitoring of zooplankton communities The objective of this study 
was to apply DNA and RNA metabarcoding to assess responses of zoo-
plankton in shoreline mesocosms that were exposed to simulated spills of 
diluted bitumen (dilbit), with enhanced monitored natural recovery and 
shoreline cleaner application serving as the experimental remediation 
efforts, at the IISD Experimental Lakes Area of Canada. Metabarcoding, 
via cytochrome oxidase subunit 1 (COI) amplicon high-throughput 
sequencing, was applied to characterize the changes of composition, 
α-, and β-diversity of zooplankton. Furthermore, transcript activity and 
genomic capability were compared by RNA and DNA metabarcoding, 
respectively. Metabarcoding demonstrated differences in communities 
of zooplankton among treatments, with differences in α- and β-diversity 
observed between treatments post-exposure for each time point measured 
for both DNA and RNA metabarcoding. Assessments of the zooplankton 
community derived from taxonomy based on morphology or metabarcod-
ing were complementary in their ability to distinguish acute responses of 

zooplankton communities to remediation. RNA and DNA each demon-
strated similar changes in community structure, however, differences 
between the two methods to detect changes in relative abundances of taxa 
were prevalent. Indicator taxa for each treatment were distinguished using 
differential abundance and indicator species analysis for both zooplankton 
identification methods applied. Metabarcoding of zooplankton can pro-
vide informative results for ecotoxicological assessment of remediation 
efforts of dilbit, advancing our knowledge of best practices for remedi-
ating oil-impacted aquatic ecosystems while serving to accelerate the 
assessment of at-risk freshwater ecosystems.

5.05.08  Overcoming Obstacles in Environmental DNA 
Metabarcoding Analysis: A Case Study on the Seasonal Detection of 
Vertebrate Species at a Uranium Mine Containment Pond
K. Klymus, U.S. Geological Survey / Columbia Environmental Research 
Center; C.A. Richter, U.S. Geological Survey / Biochemistry and 
Physiology; N. Thompson, J. Hinck, U.S. Geological Survey / Columbia 
Environmental Research Center
Metabarcoding of environmental DNA (eDNA) from water samples for 
the detection of macrobial organism presence at a site is becoming a 
popular tool for enhancing wildlife surveys. Using this technique we have 
previously detected several vertebrate species and taxonomic groups uti-
lizing water sources affiliated with uranium mining in northern Arizona. 
Our goal was to identify species that utilize surface waters in the region 
potentially impacted by mining activity, in order to better understand 
the local food web dynamics, exposure pathways and in turn the pos-
sible toxicological effects on wildlife. To continue our work we have 
been obtaining quarterly water samples from the detention pond at one, 
pre-production mine site to address seasonal variation in vertebrate usage 
of this site. Subsequent analyses with these samples, however, showed 
a large amount of DNA contamination, preventing us from making any 
conclusion on species usage of the water source. Sequence reads of sev-
eral fish species and domestic animals were found in field samples which 
would not be expected at the site. Furthermore, the proportion of con-
taminant reads varied among the three different markers used and among 
samples. Potential sources of contamination include aeration equipment 
used at the mine site, and/or species cultured at our laboratory. Here we 
present similar metabarcoding analyses with selected previous samples as 
well as additional new samples and controls, in an effort to understand at 
what step DNA contamination is occurring. Our work demonstrates the 
importance of careful field and lab practice when handling eDNA and the 
importance of robust controls at each step, and informed data analysis and 
interpretation.

5.05.09  Environmental DNA (eDNA) Metabarcoding as a Risk 
Assessment Tool for Mining-Impacted Streams
J. Feller, Ohio State University / Department of Evolution, Ecology, and 
Organismal Biology; C. Kinney, Ohio Division of Natural Resources; S.F. 
Spear, R.M. Swab, The Wilds Conservation Center; R.P. Lanno, Ohio 
State University / Department of Evolution, Ecology, and Organismal 
Biology
There is a pressing need for new biomonitoring methods in environ-
mental risk assessment that can measure local biodiversity in a quick 
and cost-efficient manner. The emerging field of environmental DNA 
(eDNA) metabarcoding offers such an approach, as it can provide high-
throughput, low-cost identification of multiple species present in an area. 
To test the effectiveness of this new technology in applied settings, eDNA 
was collected from various stream locations across southeastern Ohio 
that are routinely surveyed by the Ohio Division of Natural Resources 
(ODNR) for fish and macroinvertebrates. The majority of sites sampled 
are impacted by acid-mine drainage from either historical or active coal-
mining operations and sites include both remediated and unremediated 
stream sections. Traditional site surveys were conducted via electrofish-
ing and kick-net sampling by ODNR personnel and at all sites water 
quality parameters (pH, metals, conductivity) were assessed. Historical 
stream surveys in the area have reported over 50 freshwater fish species 
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making this an ideal area to compare the effectiveness of eDNA to tra-
ditional methods. The goal of this proof-of-principle study is to compare 
biotic indices calculated by ODNR surveys to data generated by eDNA 
metabarcoding. eDNA samples were collected across 9 different sites 
and at 3 sites eDNA was sampled repeatedly over the course of 4 months. 
eDNA metabarcoding will be conducted on these samples for both fish 
and macroinvertebrate identification. The results of this study will have a 
large impact on how agencies choose to conduct routine stream monitor-
ing as continued advances are made in the field of eDNA. Additionally, 
the expanded biodiversity information provided by eDNA will allow land 
managers to make more informed decisions about the efficacy of remedia-
tion strategies.

5.05.10 Exploring DNA Metabarcoding of Diatoms and Periphyton 
in a National Survey of Streams and Rivers
E. Pilgrim, U.S. Environmental Protection Agency / Center for 
Environmental Measurement & Modeling Watershed & Ecosystem 
Characterization Division; N. Smucker, J. Darling, U.S. Environmental 
Protection Agency / Office of Research & Development; C.T. Nietch, 
U.S. Environmental Protection Agency / ORD/CEMM/WECD/WMD; M. 
Bagley, U.S. Environmental Protection Agency / Office of Research & 
Development
Diatoms and other biota within periphyton are useful indicators of stream 
condition and impairment, particularly regarding effects of nutrient 
enrichment caused by human activities in watersheds. Periphytic biota 
can be effectively used in stream monitoring programs and bioassessment 
indices, but they require accurate identification and enumeration, which 
has associated challenges in terms of method standardization, taxonomic 
expertise, cost, and time. In consideration of these challenges, our study 
examines the use of DNA metabarcoding for molecular genetic identifica-
tion of diatoms and other biota in the periphyton collected from ~2000 
sites as part of the Environmental Protection Agency’s 2018-19 National 
Rivers and Streams Assessment. As the first national scale survey that 
includes molecular data for periphyton, this work presents its own chal-
lenges and opportunities for investigating DNA metabarcoding as a tool 
for bioassessment. We will discuss our laboratory and data workflows, 
early analyses and results, lessons learned, and plans for future work in 
applying molecular genetics to diatom/periphyton bioassessment. We will 
discuss how the data from multiple genetic data sets, including rbcL for 
diatoms, 16S for prokaryotes, and 18S for eukaryotes, has the potential for 
developing indicator taxa and biomonitoring tools responsive to effects of 
nutrient pollution.

5.05.11  Fate of Environmental Proteins (eProteins) from Genetically 
Engineered Crops in Experimental Streams
P. Brandao-Dias F Pinto, Rice University / Biosciences; E. Rosi-
Marshall, Cary Institute of Ecosystem Studies / NA; A. Shogren, 
The University of Alabama; J. Tank, University of Notre Dame; S.K. 
Hamilton, Michigan State University; H. Malcolm, D. Fischer, Cary 
Institute of Ecosystem Studies; S.P. Egan, Rice University / Biosciences
Despite the millions of different proteins expressed by individual species 
in nature, rarely do they reach concentrations in the environment that have 
ecosystem-level impacts. Therefore, environmental proteins (eProteins) 
rarely have their fate and potential ecological consequences individually 
assessed. A group of eProteins that have received attention in the past are 
the δ-endotoxins from Bacillus thuringiensis called “Cry” proteins, which 
have been commonly introduced into genetically engineered crops and 
applied as biopesticides. These proteins are viewed as pseudo-persistent 
compounds because they are detected in streams throughout the year. 
However, the impact, fate, and degradation mechanisms of these Cry 
proteins are mostly unknown. Here we report the results of an experi-
ment where we added Cry proteins (Cry1A and Cry2Ab) leached from 
genetically engineered Bt maize to a suite of recirculating experimental 
streams. To better understand how proteins behave in flowing water (lotic) 
systems, the experimental streams spanned a gradient of biofilm coloniza-
tion and water conditions. We observed that these Cry proteins had two 

phases of decay, a quick and variable initial decay, and a slower second 
phase. The initial decay was correlated with heterotrophic respiration 
of biofilm and water column dissolved oxygen, suggesting a previously 
described association with stream metabolism. However, protein degrada-
tion persisted in the absence of biofilm or microorganisms, and was faster 
with acidic pH, suggesting that water chemistry is a critical factor in 
degradation and/or detection. We hypothesize that Cry proteins, as well 
as other environmental Proteins (or eProteins) will have an initial decay 
caused by structural changes in proteins due to pH, followed by a slower 
phase with degradation caused by other mechanisms, including biological 
degradation. The observation that degradation is rapid in the first hours 
highlights the importance of these Cry detection in natural systems, as 
studies commonly find consistent and detectable levels in streams, mean-
ing that this eProtein is being readily leached into the environment at a 
steady rate in order to sustain detectability.

5.05.12 Investigating the Impacts of Acid-Mine Drainage on 
Ecosystem Function Using Macroinvertebrate Metabarcoding
K. O’Reilly, Ohio State University / Department of Environmental 
and Natural Resources; J. Feller, R.P. Lanno, Ohio State University / 
Department of Evolution, Ecology, and Organismal Biology
Acid-mine drainage (AMD) is a significant source of anthropogenic stress 
throughout the world and affects over 1,300 miles of streams in Ohio 
alone. To investigate the effects of AMD on ecosystem function, multiple 
streams were surveyed at The Wilds Conservation Center in Cumberland, 
OH. Of primary interest were macroinvertebrate communities and how 
AMD alters their community structure and function. To assess macro-
invertebrate communities and associated ecosystem function, leaf litter 
bags were deployed across three separate stream sections. Two sites were 
chosen along Watson Road, one lower section with normal pH (~7) and 
one upper section with low pH (~4), and a third comparison site was 
selected at Miller Creek. At all sites, 16 leaf litter bags were deployed 
in sets of 4 and subsequently collected once a month from October19-
February20. At the time of collection water quality parameters (pH, temp, 
DO, conductivity) were recorded. One set of bags from each site was 
devoted to DNA extraction to be used in metabarcoding and identification 
of macroinvertebrates. Litter bags designated for DNA extraction were 
retrieved, sealed in zip-lock freezer bags, and transported on ice back to 
the lab. Additionally, water samples were collected for eDNA analysis at 
deployment and collection days to track differences in the two sampling 
methods. Preliminary results from the leaf litter bags, show decreased 
leaf decomposition rates in the Watson Upper site which has severe AMD 
as compared to Lower Watson and Miller Creek. A marked decrease in 
macroinvertebrate diversity (as observed visually) was also present at 
Upper Watson. Using species occurrence data from our eDNA analysis, 
we will test the hypothesis that differences in observed decomposition 
rates are mediated by AMD reductions in biodiversity at locations with 
higher AMD load. Results from this study will provide a wealth of spe-
cies information to be used in future remediation efforts by The Wilds. 
Knowing which levels of AMD correspond to desired community struc-
tures can help create AMD benchmark levels for successful management 
of remediation sites.
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6. Environmental Effects Modeling: Advances in 
Development and Application of Effects Models in 
Environmental Risk Assessment
5.06.01  An Overview of Key Features of Population Models and 
their Relevance for Ecological Risk Assessment
C. Accolla, University of Minnesota / Ecology, Evolution, and Behavior; 
M. Vaugeois, University of Minnesota, Twin Cities / Ecology, Evolution, 
and Behavior; V. Grimm, Helmholtz Centre for Environmental Research 
/ Department of Ecological Modeling; A. Schmolke, Waterborne 
Environmental, Inc.; A.P. Moore, University of Minnesota, Twin Cities / 
Department of Ecology, Evolution, and Behavior; P. Rueda-Cediel, V.E. 
Forbes, University of Minnesota / Ecology, Evolution & Behavior
The last two decades have seen substantial advances in the development 
of population models for the ecological risk assessment (ERA) of chemi-
cals. These include guidance on systematic and consistent model creation 
and documentation, model evaluation and testing, and choosing models of 
appropriate complexity to address different types of risk assessment ques-
tions. A growing collection of case studies has clearly demonstrated how 
such models can inform risk assessment and risk management decisions, 
and slowly but surely there are indications that the acceptance of popula-
tion models for ERA will continue to increase. Nevertheless, there remain 
misconceptions about population models for ERA, including confusion 
regarding differences among types of model formalization (e.g., differ-
ential equation, matrix or agent-based models), uncertainty surrounding 
the implications of including or ignoring different aspects of reality in the 
models, as well as a lack of consensus on the role that the models should 
play in the ERA process.We provide an overview of the key features that 
may be included in population models to inform ERAs. They include 
density dependence, spatial variability, external drivers, stochasticity, life 
history, behavior, energetics and how exposure and effects are integrated 
in the models. We consider why these features are relevant for ERA 
and how they can be incorporated into three broadly defined population 
model categories: unstructured, structured, and agent-based. We show 
that nearly all features can be included in all model categories, but some 
features are more or less easily incorporated in certain model types. Using 
a previously published database of population models, we assessed the 
frequency with which each of the key features has been included so far 
in the different model categories. We show that some features have been 
more strongly associated with a certain model category. The aims of the 
overview are to help model developers and model evaluators assess the 
extent to which a model and its features are fit for purpose and to increase 
the consistency and transparency of population models used for ERA.

5.06.02 Toxicokinetic-Toxicodynamic Modelling Explains the 
Interplay Between Feeding Level and Chronic Sensitivity
A. Gergs, T. Preuss, Bayer AG / Environmental Safety
The effect assessment of pesticides is based on acute (short-term) and 
chronic (longer-term) toxicity tests with various species. In aquatic 
assessments, acute testing focusses on lethality, while for chronic toxicity, 
sublethal endpoints are of additional importance. In chronic test setups, 
the organisms are provided with food to allow for growth and reproduc-
tion. The amount of food and the quality provided will determine the 
actual growth rate of the organism, its reproductive output and potentially 
its’ sensitivity towards chemical exposure. In this study, we explored 
chronic effects in the non-biting midge Chironomus riparius exposed 
to imidacloprid, thiacloprid and flupyradifurone. Feeding inhibition is 
a well-known sublethal effect caused by neonicotinoids and is a likely 
physiological mode of action also in flupyradifurone. Although consid-
ered a sublethal endpoint, feeding inhibition may, on a chronic timescale, 
result in mortality due to starvation. In turn, the starvation resistance of 
an organism depends on its nutritional status at the onset of starvation; 
the outcome of toxicity testing for those substances will, thus, depend 
on the experimental setup, more specifically the provisioning of food. 
Toxicokinetic-toxicodynamic (TK-TD) models allow for the analysis of 

toxicity test results by explicitly accounting for the mechanisms leading 
to an effect. To test the above hypothesis, we employed TK-TD models, 
i.e. a Dynamic Energy Budget (DEB) model for C. riparius in combina-
tion with the General Unified Threshold Model of Survival (GUTS) which 
were parametrized based on toxicity data for the different substances. In 
model applications, we will demonstrate how the experimental feeding 
level and the chemical effect on feeding may influence chronic toxicity 
outcomes. Moreover, we will illustrate that the extent to which the chronic 
sensitivity changes with feeding level in the chronic setup may depend on 
chemical properties.

5.06.03  Population Context Matters: Predicting the Effects of 
Metabolic Stress Mediated by Food Availability and Predation
M. Vaugeois, University of Minnesota, Twin Cities / Ecology, Evolution, 
and Behavior; P.A. Venturelli, Ball State University / Department of 
Biology; S.E. Hummel, U.S. Fish and Wildlife Service; C. Accolla, V.E. 
Forbes, University of Minnesota / Ecology, Evolution & Behavior
Stressor impacts are frequently measured at individual and sub-individual 
levels because measuring them at the population level is very challenging 
due to the large spatiotemporal scales that are needed to detect changes 
in population dynamics. Nevertheless, population-level effects are rarely 
proportional to individual-level effects. Indeed, a stressor can impact 
the survival, growth, and/or reproduction of an individual, which can 
modify how individuals interact with each other and their environment. 
Population dynamics emerge from these individual-level interactions 
as a result of positive or negative feedbacks. Closed populations are 
regulated through reproduction and death, both of which depend on the 
balance between bottom-up forces (e.g., food availability) and top-down 
forces (e.g., predation). Few studies consider both regulating forces when 
evaluating effects of stressors. Therefore, there is a pressing need for 
studies that systematically assess the stress responses of populations 
under top-down versus bottom-up control. Based on published data, we 
developed an individual-based model that describes fathead minnow 
populations. We used our model to infer population-level impacts of a 
hypothetical, sublethal stressor that affects an individual’s metabolism 
(growth, reproduction, maintenance, or assimilation). This is particularly 
relevant because the mode of action of many contaminants of emerg-
ing concern, which are not regulated but found ubiquitously throughout 
the environment, remains unknown. We evaluated how population size 
was impacted for 109 systems in which population size is controlled by 
different combinations of food availability and predation. Our results 
confirmed that population-level effects increased with stressor intensity, 
and were rarely directly proportional to individual-level effects. However, 
we also found that population-level effects were greater when populations 
were predation-controlled because they could not exhibit compensatory, 
density-dependent responses. The compensation effect is caused by a 
reduction in competition for food caused by a stressor-induced decline in 
individual reproduction. Our results suggest that individual-level mea-
surements alone are insufficient for inferring population-level impacts of 
stressors, and that accurate inference hinges on insight into how popula-
tions are regulated. We suggest incorporating individual-level data into 
mechanistic models that take into account population regulation.

5.06.04 Applying the Dynamic Energy Budget Theory to Identify 
the Effects of an Antidepressant (Bupropion) on the Life History 
Traits of Aquatic Organisms
S. Chaabani, Norwegian University of Science & Technology / Biology
Pharmaceuticals are constantly raising concerns about their long-term 
risks to nontarget aquatic life. Particularly, antidepressants are consid-
ered among the emerging contaminants of interest in ecological risk 
assessment, due to their increasing consumption and their persistence in 
freshwater ecosystems. Unlike traditional antidepressants, Bupropion, a 
monocyclic phenylaminoketone structurally related to the phenylisopro-
pylamines, is a selective reuptake inhibitor of noradrenaline, dopamine 
and serotonin. To date, information about its effect on aquatic organisms 
is very scarce, despite being found in water and biota. In a Dynamic 
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Energy Budget (DEB) framework, it is possible to identify the disruption 
of regular metabolic processes, induced by exposure to toxicants. This is 
referred to as the mode of action (MoA) of the toxicant and is interpreted 
as a change in parameter values in the affected process. The application 
of the DEB theory to understand toxic effects, known as the DEBtox 
approach, allows to analyze, simultaneously, different life-cycle endpoints 
and to extrapolate the toxic effect to untested constant environmental con-
ditions. In this work, we use the DEBtox models as a mechanistic tool to 
investigate how Bupropion exposure could lead to altered growth, matu-
rity and reproduction of the model organism Daphnia magna. Different 
MoAs will be tested to improve our understanding of the effect of this 
antidepressant on aquatic organisms. The study will allow to extrapolate 
the results to other species and other exposure situations, which depends 
critically on the selected mode of action. The results will be further used 
to investigate the population response to Bupropion combined with other 
environmental stressors such as temperature and trophic control.

5.06.05  Impacts of Endocrine Disruptors on Fish Growth and 
Reproduction in Dynamic Energy Budget (DEBtox) Framework
E.B. Muller, University of California, Santa Barbara / Marine Science 
Institute; A. Gergs, L.L. Lagadic, T. Preuss, Bayer AG / Environmental 
Safety
The quantitative linking of molecular, cellular and other suborganismal 
level endpoints to ecological level outcomes poses a major challenge in 
environmental risk assessment. This challenge is rooted in the notorious 
complexity of biological systems and is compounded by the differences in 
sensitivities to pollutant exposure among species, as well as the potential 
co-occurance of a multitude of stressors in the environment. These kind 
of problems, among others, play a central rol in research in the Dynamic 
Energy Budget (DEB) framework. A DEB model describes the rates at 
which an individual organism acquires resources from its environment 
and use the energy and nutrients therein for universal processes support-
ing its survival and reproduction, and thereby serves as a hub between 
suborganismal metabolism and population dynamics. The framework 
contains theory describing species differences and can integrate the 
impacts of multiple stressors. In the application of DEB models to eco-
toxicological problems, commonly referred to as DEBtox, toxicant effects 
on the reproductive performance of an organism are the result of changes 
in one or more model parameters, including those governing the rates of 
energy acquisition and subsequent expenditure on maintenance, matura-
tion and production processes. However, DEBtox currently excludes the 
potential impacts of endocrine disrupting compounds (EDC). This study 
develops and applies DEBtox effect modules in order to explore how 
EDCs with different modes of action may affect commonly measured 
endpoints in fish and how other environmental drivers, such as food avail-
ability, may compound to or alleviate those effects. Through simulation 
studies centering on medaka fed ad libitum, we show that obesogens may 
increase or decrease growth and reproduction, depending whether these 
compounds affect reserve utilization or feeding and assimilation rates. 
Compounds that enhance growth also cause reproduction to increase in 
this species (at abundant food conditions), as bigger fish tend to repro-
duce at a higher rate. Compounds that increase the allocation of reserve 
to reproduction at the expense of growth have a diminishing stimulatory 
impact on reproduction. The results will be used to evaluate data needs 
for discrimination among EDC modes of action in common experimental 
settings, such as the OECD Medaka Extended One Generation Test.

5.06.06  The Fish Toxicity Translator - a Next Generation Tool for 
Population Modeling to Support Ecological Risk Assessment
N. Pollesch, M. Etterson, U.S. Environmental Protection Agency / ORD/
CCTE/Great Lakes Toxicology & Ecology Division; S. Raimondo, U.S. 
Environmental Protection Agency / Gulf Ecosystem Measurement and 
Modeling Division; S. Kadlec, U.S. Environmental Protection Agency 
/ ORD/CCTE/Great Lakes Toxicology & Ecology Division; J. Swintek, 
Badger Technical Services; K. Flynn, U.S. Environmental Protection 
Agency / ORD/CCTE/GLTED
Populations of aquatic organisms are exposed to diverse natural and 
anthropogenic stressors. Traditional toxicity testing provides endpoints 
that need to be interpreted and extrapolated in order to understand 
impacts of exposure on wildlife populations. The Fish Toxicity Translator 
is a mechanistic population model developed by the USEPA that uses life 
history characteristics of fish, laboratory derived measures of acute and 
chronic toxicity, and ecotoxicological theory to estimate population level 
effects of chemical exposure scenarios. The Fish Toxicity Translator uses 
a novel modeling approach, size-structured integral projection model-
ing, that allows for the incorporation of size-dependent acute and chronic 
effects of chemical and non-chemical stressors. Model development has 
taken place in the open source R language has been developed into an R 
package with an accompanying graphical user interface using R Shiny. In 
this talk I will describe the modeling theory supporting the Fish Toxicity 
Translator and give a demonstration of the Fish Toxicity Translator tool 
that is being developed to support ecological risk assessors.

5.06.07 Informing Effects Modeling Using Historic Changes in 
Habitat Derived from Remote Sensing
C. Holmes, Applied Analysis Solutions, LLC; R. Pearson, J. Pritsolas, 
Southern Illinois University, Edwardsville / Laboratory for Applied 
Spatial Analysis; T. Schad, Bayer AG Crop Science Division / 
Environmental Modelling
Ecological effects modeling for population or community level environ-
mental risk assessment seeks to describe the interactions of biological, 
chemical, environmental and anthropogenic factors in relation to stressor-
response relationships. Changes in landscape over time can play a large 
role in habitat suitability and species occurrence, important aspects in 
population-level modeling. Landscape change can be assessed from 
retrospective analyses or predictive efforts based on models or assump-
tions. This presentation describes novel remote sensing image processing 
methods used to capture landscape-level changes in grassland extent and 
management within a 300 km2 area over a 25-year period near Krefeld, 
Germany. Over 150 satellite images were acquired from NOAA’s Landsat 
program spanning 1989 to 2013 from all seasons. Images within each 
year were normalized for atmospheric and illumination variation to focus 
on vegetation changes due to plant structure and vigor using differ-
ent vegetation indices based on visible and infra-red wavelengths. Four 
groups of grassland fields were identified using a k-means clustering 
algorithm based on spectral information. In several groups, periods of dis-
tinct increase in vegetation biomass (defined by vegetation indices) could 
indicate changes in grassland management practices over that time from 
natural grassland cycles to include more intensive management activities 
(e.g., fertilization, more frequent cutting, silage production). Other groups 
showed relative consistency across time. All data used in this study are 
geographically referenced and processed in a Geographic Information 
System (GIS). These data are suitable for spatially-explicit landscape-level 
ecological modeling efforts exploring the multitude of stressors that may 
impact biological communities over time. This is especially important 
for retrospective modeling studies where ecological models are used to 
explain empirically derived data over time (e.g., sampling of insect counts 
and biomass). Grassland areas are important habitat for some groups of 
insects and understanding historic changes in grassland extent and man-
agement provides a key factor in the study of landscape-level ecological 
effects modeling. We have demonstrated the feasibility and applicability 
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of utilizing information from freely available satellite image archives for 
habitat characterization of historic landscape patterns and changes over a 
25-year period.

5.06.08  Stereo Noise: A Bayesian Approach to Uncertainties in 
Combined Environmental Risk Assessment
R. Wolf, K. Tollefsen, Norwegian Institute for Water Research / Section of 
Ecotoxicology and Risk Assessment
Environmental risk assessment (ERA) can be characterized as an evalu-
ation of predicted environmental concentration (PEC) and predicted 
no-effect concentration (PNEC). One of the current challenges in ERA is 
the incorporation of uncertainty in PEC and PNEC to subsequently gen-
eralize risk assessments. The risk quotient (RQ; PEC divided by PNEC) is 
still the “gold standard” for regulatory purposes, where an RQ value > 1 
is considered as a risk scenario. By treating PEC and PNEC by Bayesian 
principle and expressing them as distributions, RQ distributions can be 
used to account for uncertainty of the RQ. For multiple stressors, cur-
rently no generalized framework for uncertainty of combined risk exists. 
We explore the use of probability distributions to estimate a combined 
environmental risk of multiple stressors. The goals of our ERA procedure 
were (1) to generalize PEC and PNEC as distributions, (2) to determine 
RQ distributions, and (3) to estimate a combined risk probability distribu-
tion. A data set of 220 measured concentrations of eight metals based on 
exposure data in the Norwegian marine environment was extracted from 
NIVA’s Risk Assessment database (RAdb). The metals were arsenic, cad-
mium, chromium, copper, lead, mercury, nickel and zinc. Relevant effect 
data was extracted from the EnviroTox Database. All inorganic forms of 
the metals were considered, encompassing a total of 11,961 effect values, 
687 species in four trophic levels, 17 endpoints and 18 test statistics. Both 
PEC and PNEC were successfully expressed as distributional models. 
The generalization allows for simulation of data based on all available 
evidence while maintaining full flexibility, e.g., for exploration of date 
or site-specific scenarios. This also made it possible to simulate chronic 
saltwater PNEC distributions even in the absence of reported effect data. 
HC5 values of the PNEC distributions were extracted and together with 
the PEC distributions, the RQ distributions for each metal were deter-
mined. The RQ distributions indicated a generally low risk scenario, with 
the majority of the predicted RQs having values ≤ 1. The risk probability 
of each metal was used to model a combined risk probability distribu-
tion. Our results provide an example of how data generalization via 
Bayesian modelling can be utilized for a combined ERA, without ignoring 
uncertainties.

5.06.10 Development of Toxicity Translator Models for Population 
Level Risk Assessment
S. Kadlec, N. Pollesch, U.S. Environmental Protection Agency / ORD/
CCTE/Great Lakes Toxicology & Ecology Division; S. Raimondo, U.S. 
Environmental Protection Agency / Gulf Ecosystem Measurement and 
Modeling Division; M. Etterson, U.S. Environmental Protection Agency / 
ORD/CCTE/Great Lakes Toxicology & Ecology Division; J. Awkerman, 
U.S. Environmental Protection Agency / Gulf Ecosystem Measurement 
and Modeling Division; K. Flynn,D. Miller, U.S Environmental Protection 
Agency / ORD/CCTE/Great Lakes Toxicology & Ecology Division; M. 
Thiel, ORAU at USEPA / ORD/CCTE/Great Lakes Toxicology & Ecology 
Division
Toxicity translators are linked models that predict population-level effects 
of anthropogenic stressors on wildlife. They can be used by risk asses-
sors to quantify the risks to populations associated with specific exposure 
scenarios, while leveraging data generated by standardized toxicity 
tests. They are created by integrating empirical individual-level toxicity 
test data, field surveys, and estimating parameters from the literature to 
synthesize into life histories of the taxa of interest. A well-known example 
is the MCnest avian nesting model, which has been in use for USEPA pes-
ticide risk assessment since 2014. Our team within the EPA’s Center for 
Computational Toxicology and Exposure has a suite of toxicity translators 
in various stages of development, which address population-level effects 

on birds, invertebrates, fish, and amphibians. Each toxicity translator has 
presented distinct challenges leading to different modeling approaches. 
This poster will serve as an introduction to the concept of toxicity transla-
tors, a summary of the computational approaches being used for each of 
the translators under development by our team, and an opportunity to 
connect with the researchers currently engaged in these projects.

5.06.11 Modeling Ecological Risks of Pesticides - Glyphosate 
Example
A. Massarsky, J.S. Kozal, A. Urban, J. Bare, A. Jones, Cardno ChemRisk; 
S.M. Bartell, Cardno, Inc. / Science and Enviroment
The potential adverse effects of pesticides on ecological receptors are 
of interest to the scientific community and industry alike. Although 
many laboratory studies to date have investigated the effects of various 
pesticides, these studies are often costly and do not necessarily provide 
the bigger picture impact on a population level. Consequently, there is the 
need for modeling the potential ecological risks of pesticides. In this study 
we demonstrate how several models designed by EPA could be used to 
evaluate the risk of pesticides to several ecological receptors, including 
honeybees, plants, birds, and mammals. Glyphosate was selected as the 
exemplary pesticide. In this hypothetical risk assessment, we considered 
several exposure scenarios, and used models to derive the estimated 
environmental concentrations (EECs). We then evaluated the available 
peer-reviewed literature and EPA’s assessment on glyphosate to derive 
acute and chronic toxicity thresholds. The toxicity thresholds were input 
into the models to calculate the risk quotients (RQs). Our study demon-
strated that glyphosate generally has low toxicity potential to most of the 
ecological receptors, especially when applied at the typical usage rates.

7. Deriving and Implementing Ecologically Relevant 
Water Quality Criteria and Guidelines
5.07.01 Extending International Toxicity Testing Guidance to 
Middle Eastern Test Species
J. Butler, L. Varghese, N. Deb, B. Thornhill, ExxonMobil Research, Qatar
The Arabian Gulf is a dynamic environment with unique habitats located 
in the Middle East. The inhabitants of this ecosystem have historically 
been understudied and a lack of reliable toxicity data exists to bench-
mark their sensitivities. Current international testing guidelines (i.e. 
Organization for Economic Co-Operation and Development (OECD), 
International Standard Organization (ISO), Environmental Protection 
Agency (EPA), etc.) do not reference relevant species for this region of 
the world. This research focuses on developing standard test conditions 
for relevant test organisms indigenous to the Middle East region while 
maintaining general agreement with international testing guidelines. A 
copepod, cyanobacteria and juvenile killifish were selected as local test 
organisms to perform acute exposures to 4 Aromatic Hydrocarbons (AHs) 
ranging in log KOW from 3.88 - 5.19, 1-methylnaphthalene, phenanthrene, 
biphenyl and octahydrophenanthrene. Acute test durations were 48, 72 
and 96 hours and generally followed ISO 14669, OECD 201 and 203 for 
the copepod, algae and killifish respectively. To deliver and maintain 
controlled exposure concentrations, a passive dosing (PD) format was 
employed. PD effectively maintained aqueous exposure concentration 
of the AHs tested over the test duration. Effects data were comparable 
to literature values for similar taxonomic groupings. Critical target lipid 
body burden’s for test species used were calculated and found to be in 
agreement with those predicted by the Target Lipid Model.
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5.07.02  California Framework for Identifying and Managing Water 
Quality Impacts from Constituents of Emerging Concern
E. Kalve, California State Water Resources Control Board / Recycled 
Water, Desalination, and CECs Unit; L. McLellan, C. Waggoner, W. 
Linck, California State Water Resources Control Board
The regulation of constituents of emerging concern (CEC) presents many 
challenges for regulators worldwide. This may be due to the typical lag 
times between characterization of CECs in the environment, development 
of detailed toxicity-based studies to prioritize CECs for management, and/
or regulatory agencies with different authorities to manage the different 
stages of product lifecycle. The California State Water Resources Control 
Board has been monitoring and managing CECs since the early 2000s 
and the experience has culminated in the development of a systematic 
approach for managing water quality impacts from CECs using a concep-
tual model of a “conveyor belt”. The process streamlines the identification 
of CECs through a systematic process that focuses on CECs that present 
a potential risk to human health and the environment, leverages regula-
tory tools of other agencies, and results in the development of regulatory 
policy and guidance to minimize impacts of CECs to waters of the state. 
The process includes regular involvement with subject matter experts that 
provide recommendations on the current state of scientific knowledge and 
monitoring techniques related to human and ecological risks associated 
with exposure to CECs. The development of health-based trigger levels, 
evaluation of occurrence, and identification of validated analytical meth-
ods support a risk-based framework for monitoring a targeted list of CECs 
in a variety of water types. Other elements of the conveyor belt include 
research to advance the use of in vitro bioassays to screen for bioactivity 
associated with compounds with the potential to affect human health, and 
coordination with other California Environmental Protection Agencies 
to evaluate CEC lifecycles and identify regulatory tools to minimize 
impacts of CECs from cradle to grave. The conveyor belt model provides 
a framework for removing CECs from the CEC management process as 
appropriate regulatory programs are put in-place or as new data emerge 
that tell us a particular CEC is not a problem. This presentation will 
provide an overview of the conceptual “conveyor belt” model and how it 
can assist California in managing its water resources to meet the growing 
water supply challenges of the state and become more resilient in the face 
of climate uncertainty.

5.07.03  Comparison of Two Model Frameworks for Assessing 
Aggregate Effects of Time-Variable Toxicant Exposures on an 
Aquatic Assemblage
C.G. Delos, Great Lakes Environmental Center 
This work compares simple and complex approaches for assessing 
long-term aggregate effects of time-variable toxicant exposure on an 
assemblage of aquatic species. Gaining insight into the time-variable 
disturbance problem could be relevant to deriving a target attainment 
frequency for criteria. The simple approach only uses info on the distribu-
tion of exposure concentrations, a species sensitivity distribution (SSD) 
of chronic values, and the distribution of tolerance within a species. The 
complex approach involves time-series simulation with a kinetics-based 
toxicity model coupled to a population model for each species in the SSD. 
Unlike the simple approach, this takes into account the exposure dura-
tion needed to elicit toxicity, differing sensitivities of life stages within 
a species, differing effects on survival versus reproduction, and species 
differences in their model population’s response to press disturbance and 
recovery time from pulse disturbances. The simple approach indicates 
that for SSD assemblages challenged with moderately variable toxicant 
distributions exceeding the aquatic life criterion a few percent of the 
time, the majority of the predicted aggregate effect is usually experi-
enced by the most sensitive 10% of species. And within such species, 
because the predicted effects are sensitive to the assumed kurtosis of the 
concentration-response curve, much of the aggregate effect is confined 
to the lower-tail percentages (approx. 10%) of individuals. In the complex 
kinetics-population simulation approach both density-dependent (DD) 
and density-independent (DI) population models were explored. But due 

to certain assumptions used in model construction, the assemblage aggre-
gate effect metrics used by both models were found to be mathematically 
equivalent (DD model’s density reduction = DI model’s population growth 
reduction). The simulation modeling indicated that the severity of the 
population effect depended on the type of effect: (a) mortality affecting 
all life stages (including adults) > (b) mortality to long-duration early life 
stages > (c) mortality to short-duration early life stages, > (d) reduced 
egg production. The simulation results also revealed that time-variable 
exposure is best viewed as a fluctuating press disturbance, not as a spo-
radic pulse disturbance. The amount of time a particular species needs to 
replace individuals lost to toxic pulses (that is, recovery time) had only a 
minor influence on its aggregated effect.

5.07.04  Thoughts on How Field and Mesocosm Data Could Be 
Incorporated Into Water Quality Criteria
C. Mebane, U.S. Geological Survey / Water
In the United States and many other jurisdictions, the development of 
water quality criteria to protect aquatic communities has relied upon the 
concept of species sensitivity distributions (SSDs) of laboratory toxic-
ity test values. In the US version of the SSD approach, first adopted 
by the U.S. Environmental Protection Agency (USEPA) in 1985, this 
framework included various requirements for the quality and quantity of 
data, preferred test methods and preferred endpoints. These guidelines 
have proven to be remarkably durable and have in turn led to a legacy of 
transparent and reproducible USEPA criteria documents. Additionally, 
the guidelines have seeded a perennial crop of SETAC presentations, and 
the question “what do you think of ‘X’ in the EPA’s criteria guidelines?” 
is an ever-reliable icebreaker in the beverage line at SETAC socials. One 
reliably provocative conversation starter is why a low-diversity SSD 
constructed from tests conducted in highly artificial settings could ever be 
thought to reflect natural aquatic ecosystems? One of the more articulate 
versions of this challenge was made by David Buchwalter et al. in their 
2017 essay “Modernizing water quality criteria in the United States: a 
need to expand the definition of acceptable data” (https://doi.org/10.1002/
etc.3654). They argued that for aquatic life criteria to be more ecologically 
relevant, the criteria derivation process should directly consider ecologi-
cal data. Foremost among the data types recommended for inclusion were 
tests of quasi-natural communities in microcosms or mesocosms and field 
survey data. However, with these sorts of tests and data come a plethora 
of different complications. This talk will suggest ideas for approaching 
some common issues with community tests that could facilitate their use 
in criteria, including overcoming the issue of nonstandard test designs, 
needed rigor of testing and reporting, and data interpretation.

5.07.05  Canadian Federal Water Quality Guidelines for Rare Earth 
Elements
S. Dixit, Environment and Climate Change Canada / National Guidelines 
and Standards Office; M. Lin, Environment and Climate Change Canada 
/ Ecological Assessment Division; C. Rickwood, Natural Resources 
Canada / CanmetMINING; J. Baker, J. Elphick, Nautilus Environmental; 
D. Spry, Environment and Climate Change Canada / National Guidelines 
and Standards Office
Rare earth elements (REEs) are a chemically similar group of metals, 
which includes the 15 elements of lanthanide family and scandium and 
yttrium. The term “rare” does not refer to the relative abundance of these 
elements in earth crust, but to the fact that they do not concen¬trate in 
pure ore deposits. Canada has some of the largest known reserves of 
REEs in the world, but no commercial mining and refining has occurred 
despite many-advanced exploration projects. Large quantities (>90%) of 
excess and unused material are generated during REEs mining. Moreover, 
unlike other mining operations, REE mining and extraction require 
chemically intensive processes. REEs have recently received significant 
attention because of their increasing demand and geopolitical concerns. 
REEs are essential component of a range of industrial products, such as 
hybrid vehicles, rechargeable batteries, cell phones, LCD screens, wind 
turbines, medical imaging equipment, radar systems, catalytic converters 
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and corrosion-resistant alloys. The current status of REE toxicity data 
represents a significant progress since 2014 when the Canadian Rare 
Earth Elements Network (CREEN) identified that Canadian data on 
toxicity effects of REEs are limited. Subsequently, Natural Resources 
Canada REE R&D initiative commissioned a multiyear research program 
to address ecotoxicity data gaps for developing the environmental quality 
guidelines for REEs. A detailed toxicity database was constructed for Ce, 
La, Nd and Y using the NRCan commissioned studies and other published 
research. Sufficient freshwater chronic toxicity data are now available 
for cerium (Ce), lanthanum (La), neodymium (Nd) and yttrium (Y) to 
meet the minimum data requirements for a CCME (Canadian Council of 
Ministers of Environment) Type A guideline. Draft Federal Water Quality 
Guidelines (FWQGs) for Ce, La, Nd and Y will be presented. Very consis-
tent draft Ce, La, Nd and Y guidelines suggest similar mode of action for 
REEs toxicity and potential for deriving a generic water quality guideline 
for REEs.

5.07.06 A Review of Bioavailability and Toxicity of Nickel to Aquatic 
Organisms, Mechanistic Explanations, and Biotic Ligand Model 
Development
R.C. Santore, K.E. Croteau, Windward Environmental LLC; E.T. 
Middleton, C.E. Schlekat, E.R. Garman, NiPERA, Inc.  
A review of toxicity literature was conducted to assemble information 
about water quality factors that affect Ni bioavailability to a wide range 
of organisms in acute and chronic exposures. From this review, it is clear 
that the toxicity of nickel to aquatic organisms can be altered by chemical 
factors such as dissolved organic carbon (DOC), calcium, magnesium, 
and pH. These changes in toxicity can be attributed to interactions that 
affect the chemical speciation of nickel and the interaction between nickel 
and uptake sites on the organism (called biotic ligand sites). For example, 
the presence of DOC can reduce the chemical activity of dissolved nickel, 
thereby reducing the interaction with and effects on aquatic biota. These 
bioavailability factors can be explained and predicted using the biotic 
ligand model (BLM). The BLM for nickel incorporates factors that affect 
chemical speciation (such as DOC) and factors that affect interaction with 
biotic ligand sites (such as calcium) into an overall predictive framework 
that can be used to assess how nickel toxicity may change due to local 
environmental factors. The BLM framework can be useful for developing 
risk assessment and regulatory approaches that consider bioavailability 
factors, thereby reducing the need for other site-specific information (for 
example, Water Effect Ratios). A similar approach based on the BLM was 
used in the USEPA update to the copper criteria in 2007. In this presenta-
tion, the acute and chronic toxicity of nickel to a wide range of organisms 
will be reviewed, and the suitability of the available data for establishing 
acute and chronic species sensitivity distributions will be discussed.

5.07.07  Comparing Performance and Uncertainty of a Freshwater 
Nickel Multiple Linear Regression with the Biotic Ligand Model
K.E. Croteau, Windward Environmental, LLC; A.C. Ryan, International 
Zinc Association; R.C. Santore, Windward Environmental ,LLC; C.E. 
Schlekat, E.T. Middleton, E.R. Garman, NiPERA, Inc.; D.K. DeForest, 
Windward Environmental, LLC
For several decades, nickel water quality guidelines in the United States 
and Canada have been based on hardness equations. However, since 2007, 
the US water quality criteria for copper has been based on a mechanis-
tic model, the Biotic Ligand Model (BLM). A BLM for nickel has been 
developed that has the potential to be used in future updates for nickel 
guidelines. A review of nickel toxicity data to aquatic organisms shows 
that, in addition to hardness, toxicity can be affected by dissolved organic 
carbon (DOC). A limited number of organisms and endpoints also show 
effects with pH. The BLM uses mechanistic relationships based on either 
metal complexation or competitive ion effects to explain these toxicity 
modifying factors (TMFs). As an alternative to the BLM, a multiple linear 
regression (MLR) model was developed for nickel with these same TMFs 
in mind and resulted in hardness and DOC being significant explanatory 
variables. This presentation compares the performance of the nickel MLR 

and nickel BLM based on six scoring criteria to evaluate the appropriate-
ness of using each for developing water quality criteria/guidelines, and 
makes an attempt to quantify the uncertainty associated with each mod-
el’s predictions. Although model uncertainty in toxicity modeling has long 
been acknowledged, the quantification of that uncertainty is a valuable 
exercise for understanding model performance. Overall, both modeling 
approaches had comparable performance for predicting toxicity data, 
although the two approaches showed significant deviations when applied 
at the margins of the acceptable ranges of water chemistry, defined by the 
range of chemistries observed in the calibration and validations datasets 
used in model development. Not surprisingly, the uncertainty of predic-
tions near the extremes of the acceptable range in chemistry was greatest 
and is likely the cause of the relatively large deviations between model 
predictions.

5.07.08 Application of Bioavailability-Based Approaches for the 
Development of Water Quality Guideline Values for Nickel in 
Freshwaters
J. Stauber, L.A. Golding, CSIRO Land and Water; A. Peters, G. 
Merrington, WCA Environment Limited; M.S. Adams, CSIRO; M. 
Binet, G.E. Batley, CSIRO Land and Water / Centre for Environmental 
Contaminants Research; F. Gissi, NSW Department of Planning Industry 
and Environment / Environmental Forensics, Environment Protection 
Science Branch, Science Division; J.B. Gadd, NIWA / Department of 
Chemistry; E.R. Garman, C.E. Schlekat, E.T. Middleton, NiPERA, 
Inc.; K. McKnight, CSIRO Land and Water / Centre for Environmental 
Contaminants Research
Water chemistry parameters play an important role in controlling metal 
bioavailability to freshwater biota. Historically, only hardness algorithms 
have routinely been used in Australia and New Zealand to develop and 
correct water quality guideline values (GVs) for metals for site-specific 
conditions. However, other parameters such as pH and dissolved organic 
carbon (DOC) also influence metal bioavailability and toxicity, and these 
parameters have been incorporated into bioavailability tools including 
the Biotic Ligand Model (BLM) and multiple linear regressions (MLRs). 
The recently revised method for deriving toxicant GVs (Warne et al. 2018) 
allows for incorporation of a range of these bioavailability-based tools. 
Such tools reduce the variability of the ecotoxicity data collected at dif-
ferent water chemistries compiled in the species sensitivity distributions 
(SSDs) on which the GVs are based. We have developed MLRs for nickel 
based on tropical and temperate chronic toxicity data, and compared this 
approach with existing models, e.g. BLM, as tools for deriving bioavail-
ability-based freshwater GVs for nickel. SSDs were developed, both with 
and without normalisation to a high bioavailability index condition (pH 
7.5, hardness 30 mg CaCO3/L and DOC 0.5 mg/L). Final model selec-
tion to normalise the ecotoxicity data was based on how well the model 
covered the taxa and water chemistry, model performance and ease of 
use. The trophic-level specific MLR outperformed the other models, with 
79% of the predicted EC10 values within a factor of two of the observed 
EC10 values. Based on the index condition, the protective concentration 
for 95% of species (PC95) was 3 µg Ni/L. Predictions of nickel PC95 
values for twenty different natural waters covering a range of different 
water chemistries for Australia and New Zealand varied by over 40-fold 
and confirmed that correction for nickel bioavailability is critical for the 
derivation of site-adapted GVs.

5.07.09 Derivation of an Ecologically Relevant Water Quality 
Standard for Bioavailable Nickel in New Caledonia
G. Merrington, A. Peters, WCA Environment, Limited; C.E. Schlekat, E.R. 
Garman, E.T. Middleton, NiPERA, Inc.; J. Stauber, L.A. Golding, CSIRO 
Land and Water; Y. Dominique, BioEko; P. Gunkel-Grillon, University of 
New Caledonia; F. Bailly, CNRT
Over two-thirds of the world’s nickel deposits are in tropical regions, and 
just under half of these are in South-East Asia and Melanesia (SEAM). 
New Caledonia, an island in the South Pacific, is currently the 4th largest 
supplier of nickel in the world. Knowledge and understanding of the 
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behaviour and fate of nickel is well developed and recent data generated 
on the ecotoxicity of nickel to tropical species has improved their repre-
sentation appreciably for both freshwaters and marine systems. Through 
the understanding of nickel behaviour and fate, we recognise both the 
importance of taking account of bioavailability and developing an 
understanding of local ecosystems and accounting for background metal 
concentrations in order to deliver ecologically relevant metrics to assess 
potential risks. This presentation will outline a collaborative process 
between academics, industry, consultants and local research organisa-
tions to derive a bioavailability-based water quality standard for nickel in 
New Caledonian freshwaters. The key sequential steps in this process are 
understanding the local geochemistry through collation and collection of 
water chemistry data, understanding the local ecology, demonstrating the 
applicability of bioavailability models to local species, and bringing all of 
these elements together to derive an ecologically relevant standard. Such 
steps are representative of robust, evidence-driven, practice to account 
for bioavailability of metals in regions of the world for which models and 
existing ecotoxicity data were not originally developed. The ecotoxicity 
testing component of the study involved establishing laboratory cultures 
of local species representing different taxonomic groups and trophic 
levels and testing their sensitivity to nickel in locally collected natural 
waters. High background concentrations of nickel and other trace metals 
in the local waters, such as chromium, cobalt and manganese, may poten-
tially complicate the derivation of standards compared to similar efforts 
in Europe, North America, and Australia. This presentation will provide 
a ‘road map to deliver an ecologically relevant, bioavailability-based stan-
dards to a region of the world different from where much of the data and 
models have been developed, but where the paradigms of environmental 
risk assessment and fundamental knowledge of nickel behaviour and fate 
still remain valid.

5.07.10 A Continent-Wide, Bioavailability-Based Environmental 
Quality Standard Compliance Assessment for Metals; a European 
Case Study
I.A. Wilson, A. Peters, G. Merrington, WCA Environment, Limited; A.C. 
Ryan, International Zinc Association; C.E. Schlekat, NiPERA, Inc.; C. 
Cooper, International Zinc Association / Environment & Sustainability; 
S. Baken, European Copper Institute; M.J. Chowdhury, International 
Lead Association
A European freshwater database focused on dissolved metal concentra-
tions and the parameters required to undertake compliance assessment 
against bioavailability-based Environmental Quality Standards 
(EQSbioavailable) for copper, nickel, lead and zinc has been compiled. The 
database includes 1036682 samples from 33 countries across Europe. 
Using these data, a compliance assessment has been performed that 
closely follows current regulatory practices. Site averages were calculated 
for metals (Cu, Ni, Pb, Zn) and relevant bioavailability parameters (pH, 
dissolved calcium, and dissolved organic carbon (DOC)). This resulted 
in a dataset of 11945 sites in 30 countries with matched bioavailability 
parameters and at least one measured metal concentration. Following 
European Commission guidance, a tiered approach was used to assess 
rates of compliance. At Tier 1, metal concentrations are compared to the 
EQSbioavailable, at Tier 2 a simplified bioavailability screening is per-
formed, and at Tier 3 background concentrations and full bioavailability 
is considered. At Tier 1, all dissolved metal concentrations were compared 
to the respective EQSbioavailable of 1 µg L-1, 4 µg L-1, 10.9 µg L-1 and 1.2 
µg L-1 for Cu, Ni, Zn and Pb respectively. The percentage of sites moving 
to the second tier of the assessment were 58 % for Cu, 11 % for Ni, 22 % 
for Zn and 14 % for Pb. At Tier 1, 40 % of sites with measured concentra-
tions for all metals were screened out from any further assessment; 12 % 
of sites required further assessment at Tier 2 for all metals. Additionally, 
some sites only required evaluation for some metals at Tier 2. A simplified 
bioavailability tool (bio-met), was used to process the data at Tier 2. At 
Tier 2, Cu, Ni and Pb compliance with the EQS is 98% or more and for Zn 
93% of the sites assessed. The results clearly demonstrate the importance 
of accounting for bioavailability for all metals in compliance assessment. 

It is also of critical importance to further account for natural background 
concentrations (NBC) in these compliance assessments. Natural back-
ground concentrations of metals can exceed the EQSbioavailable, and will 
explain a number of exceedances observed. This presentation presents a 
detailed breakdown of the tiered compliance assessment and demonstrates 
the importance of using high quality monitoring data for understanding 
potential risks due to metals. Such an approach facilitates a focused use of 
resources to evaluate environmental compliance.

5.07.11 Data and Taxonomy in the Development of Marine Water 
Quality Criteria
A. Coleman, S. Edmands, University of Southern California / Department 
of Biological Sciences
In 1985 the United States Environmental Protection Agency (USEPA) 
released its guidelines (the “National Guidelines”) for the derivation of 
numeric water quality criteria. Included within the National Guidelines 
are minimum data requirements which specify the taxonomic groups that 
must have available data before a criterion can be calculated. The identity 
and number of taxa listed in these requirements were chosen based on 
data availability at the time of publication, although it was well estab-
lished that the national toxicity dataset was dominated by a few species 
common to toxicology. At present, the limited number of saltwater test 
species with data continues to constrain the development of marine water 
quality criteria. A criterion may additionally be subject to the taxonomic 
composition of the dataset used for its derivation because taxonomic 
patterns of sensitivity to specific toxicants have been observed. Using 
acute toxicity data for twelve marine pollutants, we assess the shift in 
the chemical and taxonomic distribution of these data since 1985 and 
explore whether dataset taxonomic composition can influence the deriva-
tion of water quality criteria. Preliminary results indicate that toxicity 
data remain dominated by conventional fish and invertebrate test species 
and are most broadly available for metals and high-impact biocides. We 
determined that most chemicals lacked sufficient saltwater data to detect 
taxonomic sensitivity patterns so we compiled additional toxicity records 
from freshwater species. Using this expanded database, we found that 
tolerance of the twelve toxicants varied widely among taxa and were able 
to identify general patterns of sensitivity for some pollutants consistent 
with observations in literature such as crustaceans being more vulnerable 
to nickel than fishes and the high sensitivity of freshwater mollusks to 
ammonia. However, our results also suggest that a criterion from a dataset 
assembled using the requirements in the National Guidelines is gener-
ally equivalent to the criterion from a randomized dataset and that the 
diversity index of a dataset has minimal utility as a predictor of criteria. 
At large, the results of this work will aid in the revisory process of the 
National Guidelines and help determine whether the existing data require-
ments are sufficient for protecting the broad diversity of marine life.

5.07.12  Comparisons of PNEC Derivation Logic Flows Under 
Various Regulatory Schemes and Implications for ecoTTC
K.A. Connors, Procter & Gamble Company / Global Product 
Stewardship; A. Beasley, The Dow Chemical Company / TERC; J. 
Brill, Procter & Gamble Company / Global Product Stewardship; J. 
Krailler, The Procter and Gamble Company; M.R. Embry, Health and 
Environmental Sciences Institute; M.G. Barron, U.S. Environmental 
Protection Agency / Office of Research and Development; R.R. Otter, 
Middle Tennessee State University / Biology; A. Kienzler, European 
Commission - Joint Research Centre / Chemical Safety and Alternative 
Methods; S.E. Belanger, The Procter & Gamble Company (retired) / 
Global Product Stewardship
Derivation of a Predicted No Effect Concentration (PNEC) for ecosys-
tems is the primary deterministic form of hazard extrapolation used in 
environmental risk assessment. Depending on the data set in terms of 
breadth of taxonomic inclusion (algae, invertebrates, fish) and test data 
type (acute, chronic), different regulatory jurisdictions apply application 
factors (AFs) to the most sensitive measured endpoint to derive the PNEC 
for a chemical. Here we describe two representative PNEC determination 
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methodologies and apply these to evaluate relative PNEC outcomes using 
a public database, EnviroTox (www.EnviroToxdatabase.org). PNECs 
were derived for 3876 compounds using derivation procedures of the 
USEPA and Europe for chemical registrations with some modifications 
to allow for cross-region comparisons. Following PNEC derivation, 5th 
percentile PNEC values for ranked PNEC distributions, the statistic of 
interest for evaluation of ecological Thresholds of Toxicologic Concern 
(ecoTTC), were calculated for the entire dataset and for selected subsets 
such as instances when full acute data sets and full chronic data sets 
were available. Fifth percentile PNEC values for all data included were 
approximately 50% lower when full acute or chronic data were available. 
The lowest PNEC values were for organotin, certain pyrethroid pesticides, 
and dibenzo(furan/dioxin) compounds indicating categorization based on 
chemical attributes and modes of action would lead to improved extrapo-
lations. Algae, under-represented in available ecotoxicity data, were more 
frequent drivers of PNEC conclusions than invertebrates or fish indicating 
greater effort towards understanding algal inhibition to chemicals would 
be important. The PNEC derivation logic and programming embedded in 
the EnviroTox application are transparent and should be useful for elimi-
nating common errors in PNEC determinations. The views expressed in 
this presentation are solely those of the authors and do not represent the 
policies of the USEPA. Mention of trade names or commercial products 
should not be interpreted as an endorsement by the EPA.

5.07.13 Development of a Multiple Linear Regression Model for the 
Toxicity of Nickel in Freshwater
K.E. Croteau, Windward Environmental, LLC; A.C. Ryan, International 
Zinc Association; R.C. Santore, D.K. DeForest, Windward 
Environmental, LLC; C.E. Schlekat, E.T. Middleton, E.R. Garman, 
NiPERA, Inc.
The toxicity of metals to aquatic organisms can be affected by a number 
of water quality parameters. Nickel water quality guidelines in the United 
States and Canada have been based on hardness equations for several 
decades. In addition to hardness, recent studies and mechanistic model-
ing with the Biotic Ligand Model have indicated that pH and dissolved 
organic carbon (DOC) also play a significant role in Ni bioavailability. 
These factors, including possible interactions among factors, were con-
sidered when developing ten multiple linear regression (MLR) models for 
seven individual species –four invertebrates, two fish, and one algae – and 
three pooled MLR models accounting for chronic and acute toxicity. The 
models were calibrated to a subset of the available data, and validated 
against a subset of data from identical test types (primary validation) 
as well as against tests that had the same organism and/or test duration, 
but for which the endpoint and/or effect level may have been differ-
ent (secondary validation). The water chemistry parameters of the full 
dataset spanned the range typically found in U.S. surface waters. The 
final forms of the equations contained hardness, DOC, and sometimes pH. 
Interactions between variables were not retained in any of the final mod-
els. Model performance was evaluated using the adjusted and predictive 
R2 values of calibration data, as well as with R2 values for the validation 
data. Most of the final models achieved validation performance compa-
rable to calibration performance.

5.07.14 Demonstrating the Reliability of Bio-Met for the Site-
Specific Bioavailability Normalisation of the EQS for Nickel
A. Peters, WCA; C. Nys, Arche Consulting; G. Merrington, WCA 
Environment Limited; F. Verdonck, Arche Consulting; C.E. Schlekat, E.R. 
Garman, E.T. Middleton, NiPERA, Inc. 
The importance of considering the bioavailability of metals in under-
standing and assessing their toxicity in freshwaters has been recognised 
for many years. Currently, the nickel Biotic Ligand Model (BLM) is being 
applied for the implementation of the Environmental Quality Standard 
for nickel under the Water Framework Directive throughout Europe. 
bio-met is a user-friendly tool which was developed for implementing 
bioavailability-based EQS for metals in European freshwaters. A total of 
72 validation tests are available for nickel, which have been conducted on 

9 different species and in 20 different natural waters. This study demon-
strates the reliability of the relationship between the full BLM predictions 
and the thresholds (HC5 values) predicted by bio-met in three stages. 
First, ecotoxicity data for specific species from laboratory tests in natural 
waters are compared against predictions by the full nickel BLM for the 
same species. Second, the site-specific HC5 values predicted by bio-met 
for the natural waters used for ecotoxicity testing are compared against 
those provided by the full nickel BLM. Both relationships are shown for 
nickel in this study in order to demonstrate the link between the validation 
tests performed on individual species and the HC5 values calculated for 
protection of the whole aquatic community. Thirdly, calculations using a 
larger set of European natural waters additionally demonstrate the reli-
ability of bio-met for predicting nickel sensitivity over a broad range of 
water chemistry conditions. bio-met is therefore an appropriate tool for 
performing compliance assessments against bioavailability based EQS for 
nickel in Europe, due to the demonstrated consistency with the toxicity 
test data.

5.07.15 Demonstrating the Reliability of Bio-Met for the Site-
Specific Bioavailability Normalisation of the EQS for Copper
A. Peters, WCA; C. Nys, Arche Consulting; G. Merrington, WCA 
Environment Limited; F. Verdonck, Arche Consulting; S. Baken, 
European Copper Institute
The importance of considering the bioavailability of metals in under-
standing and assessing their toxicity in freshwaters has been recognised 
for many years. Currently, Biotic Ligand Models (BLM) are being applied 
for the derivation of Environmental Quality Standards for copper under 
the Water Framework Directive by several countries in Europe. bio-met is 
a user-friendly tool that was developed for implementing bioavailability-
based EQS for metals in European freshwaters. A total of 58 validation 
tests are available for copper, which have been conducted on 11 different 
species and in 22 different natural waters. This study demonstrates the 
reliability of the relationship between the full BLM predictions and the 
thresholds (HC5 values) predicted by bio-met in three stages. First, eco-
toxicity data for specific species from laboratory tests in natural waters 
are compared against predictions by the full BLMs for the same species. 
Second, the site-specific HC5 values predicted by bio-met for the natural 
waters used for ecotoxicity testing are compared against those provided 
by the full BLMs. Both relationships are included in this study in order to 
demonstrate the link between the validation tests performed on individual 
species and the HC5 values calculated for protection of the whole aquatic 
community. Thirdly, calculations using a larger set of European natural 
waters additionally demonstrate the validity of bio-met for predicting cop-
per sensitivity over a broad range of water chemistry conditions. bio-met 
is therefore an appropriate tool for performing compliance assessments 
against bioavailability based EQS for copper in Europe, due to the demon-
strated consistency with the toxicity test data.

5.07.16 Demonstrating the Reliability of Bio-Met for the Site-
Specific Bioavailability Normalisation of the EQS for Zinc
A. Peters, WCA; C. Nys, Arche Consulting; G. Merrington, WCA 
Environment Limited; F. Verdonck, Arche Consulting; C. Cooper, 
International Zinc Association / Environment & Sustainability; F. Van 
Assche, IZA
The importance of considering the bioavailability of metals in under-
standing and assessing their toxicity in freshwaters has been recognised 
for many years. Currently, Biotic Ligand Models (BLM) are being applied 
for the derivation of Environmental Quality Standards for zinc under the 
Water Framework Directive by several countries in Europe. bio-met is a 
user-friendly tool which was developed for implementing bioavailability-
based EQS for metals in European freshwaters. A total of 86 validation 
tests are available for zinc, which have been conducted on 14 different 
species and in 24 different natural waters. This study demonstrates the 
reliability of the relationship between the full BLM predictions and the 
thresholds (HC5 values) predicted by bio-met in two stages. First, eco-
toxicity data for specific species from laboratory tests in natural waters 
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are compared against predictions by the full BLMs for the same species. 
Second, the site-specific HC5 values predicted by bio-met for the natural 
waters used for ecotoxicity testing are compared against those provided 
by the full BLMs. Both relationships are included for zinc in this study 
in order to demonstrate the link between the validation tests performed 
on individual species and the HC5 values calculated for protection of 
the whole aquatic community. Thirdly, calculations using a larger set of 
European natural waters additionally demonstrate the reliability of bio-
met for predicting zinc sensitivity over a broad range of water chemistry 
conditions. bio-met is therefore an appropriate tool for performing com-
pliance assessments against bioavailability based EQS for zinc in Europe, 
due to the demonstrated consistency with the toxicity test data.

5.07.17  A Comparison of Modernized SSDs Across Freshwater and 
Marine Environmental Compartments: A Case Study with LAS
D. Arndt, University of Florida / Physiological Sciences; K.A. Connors, 
Procter & Gamble Company / Global Product Stewardship; S.E. 
Belanger, The Procter & Gamble Company (retired) / Global Product 
Stewardship
Species sensitivity distributions (SSDs) are probabilistic models that 
compile chronic aquatic toxicity values from at least ten (preferably fif-
teen) organisms from different trophic levels of an ecosystem to establish 
a safe concentration of a chemical in the environment (defined as the 
5th percentile hazardous concentration, extrapolated to the predicted 
no effect concentration; PNEC). Many chemicals are limited to SSD 
construction in freshwater compartments due to the lack of high-quality 
chronic toxicity data in other environmental compartments. Linear 
alkylbenzene sulfonates (LAS) are anionic surfactants that are common 
ingredients in detergents and cleaners, and robust freshwater SSDs have 
been constructed to establish a freshwater PNEC for LAS. In recent years, 
additional high-quality chronic toxicity data have become available for 
LAS in marine environmental compartments, thereby enabling an update 
of marine SSDs for LAS. SSD generation requires careful evaluation of 
study quality for the underlying chronic toxicity data, and current guid-
ance and evaluation procedures for study quality have evolved over time. 
Best practices for assigning appropriate application factors for PNEC 
derivation have also significantly evolved over the past decade when many 
of the surfactant SSDs were developed. An historical marine SSD for 
LAS (published by Temara et al. 2001) was updated to incorporate new 
data and data reliability assessment processes, including new approaches 
to address SSD quality, and support a modernized marine PNEC deriva-
tion for LAS. Details of SSD construction and resulting PNECs will be 
presented and future needs will be discussed. Comparisons of SSD qual-
ity across freshwater pelagic and marine compartments underscore the 
current suitability of probabilistic hazard assessment for both well studied 
compartments and chemicals, such as LAS.

5.07.18  NOEC or EC10 for Training Data Sets in QSAR Model 
Building - Does the Difference Matter?
R. Wess, Innovative Environmental Services, Ltd. / Regulatory 
Consulting; T. Schmidt, IES, Ltd. / Ecotoxicology; M. Loetscher, 
Université de Lorraine
As early as 1998 the OECD (Series of Testing and Assessment (STA) No. 
10) concluded that the NOEC (No-Observed-Effect-Concentration), as 
the main summary parameter of aquatic ecotoxicity tests, is inappropri-
ate and should be phased out. It was recommended that the OECD should 
move towards a regression-based estimation procedure. OECD repeated 
this statement in 2006 (STA 54). Nonetheless NOEC data have been 
used in training data sets for the construction of Quantitative Structure-
Activity Relationship (QSAR) models. Little data are available for active 
pharmaceutical ingredients marketed before the submission for marketing 
authorisation had be accompanied by ecotoxicological effect data. As 
pharmaceuticals in the environment are of concern due to their desired 
bioactivity, it seems desirable to assess the data gaps employing QSAR 
models. Interestingly the first European Medicines Agency (EMA) guid-
ance for the Environmental Risk Assessment of human pharmaceuticals, 

in force since 2006, does not mention the use of the 10%-Effective 
Concentration (EC10) and only No Observed Effect Concentration 
(NOEC) is considered, but the guideline update from 2018 states explic-
itly that an existing EC10 has to be preferred. The poster presents some 
recently determined EC10 and NOEC data from ecotoxicity tests with 
Green Algae and Cyanobacteria differing in magnitude by factors higher 
than 10 while testing antibiotics and revisits earlier published examples. 
such quite significant differences of effect threshold levels from the same 
tests may not be frequent, the impact in QSAR models build on the basis 
of a limited number of training data might be critical for the appropriate-
ness of the model. The poster discusses mathematical impact scenarios 
based on experimental data using EC10 and/or NOEC.

8. Environmental Risk Assessment: Operationalizing 
Integrated Risk Assessment
5.08.01 Integration of Ecological and Human Health Risk 
Assessment
W.R. Munns, U.S. Environmental Protection Agency / Atlantic Coastal 
Environmental Sciences Division; A. Rea, U.S. Environmental Protection 
Agency / Center for Public Health and Environmental Assessment; B. 
Khan, Oak Ridge Institute for Science and Education / USEPA - ACESD
Integration of ecological and human health risk assessment has been a 
desired goal in the international risk assessment community for over two 
decades. The rationale for integration includes coherence in the risk infor-
mation provided to decision makers, efficiencies in assessment activities, 
and systematic perspectives of the risks posed by stressors to ecosystems 
and people. Understanding holistic risks, in turn, should promote better 
environmental policies and decisions. Recent advancements in the fields 
of ecosystem services, adverse outcome pathways, and decision science 
suggest approaches for meaningful top-down and bottom-up integra-
tion. Together, these approaches could strengthen multidisciplinary 
connections and scientific dialogue that are relevant to integrated risk 
assessment. This orienting talk will review past efforts to integrate eco-
logical and human health risk assessment, and will propose encouraging 
new ways forward.

5.08.02 Why it Is so Hard to Integrate Ecological and Human 
Health Risk Assessment
L. Kapustka, LK Consultancy
Attempts to integrate ecological and human health risk assessments (ERA 
and HHRA) over the past three decades have largely failed. In this talk, I 
will express my views about the underlying reasons, and there are many, 
for this situation. Fourteen years ago, I addressed the US Environmental 
Protection Agency Science Advisory Board’s Ecological Processes 
and Effects Committee on the limitations of ecological risk assessment 
(published in IEAM 4:290-290). Many of the seven inherent and seven 
contrived limitations that I described remain largely the same today. 
So, in this sense, the ecological portion of what could be an integrated 
effort remains deficient. But there is more. The formalized guidance on 
ERA and HHRA establish barriers within and across both practices. 
Both practices have evolved to constrain flexibility in the execution of 
an assessment, and both are largely performed without serious involve-
ment of affected stakeholders. Failure to move toward integrating the two 
approaches can be explained in part to parochial interests that limit dia-
logue between the two camps. Although both groups plead for integration, 
publications as of 2010 revealed insignificant cross referencing. Despite 
the barriers, there is some glimmer of hope in the One Health move-
ment, which explicitly seeks integration. But until substantive efforts to 
incorporate systems perspectives that address the complexities of social-
ecological systems are the norm, the process will remain aspirational.
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5.08.04 Application of Biomarkers in Understanding Environmental 
Risk and Determining Adverse Outcomes of Chemical Exposures 
Using Bivalve Models
B. Khan, Oak Ridge Institute for Science and Education / USEPA - 
ACESD; K.T. Ho, R.M. Burgess, U.S. Environmental Protection Agency / 
Atlantic Coastal Environmental Sciences Division
Biomarkers are measurable changes in a biological system indicative of an 
interaction with a chemical, physical, or biological agent. In a toxicologi-
cal context, such changes can be molecular, biochemical, physiological, 
or histological and are reflective of either xenobiotic exposure or effects. 
Suborganismal biomarkers play a vital role in biomedical and human 
health research being valuable early warning signs of toxicity but their use 
in ecotoxicology and environmental risk assessment has been challenging. 
Limited number of examples are available where individual biomarker 
assessments can be linked to specific adverse outcomes of ecological rel-
evance. This disconnect between biomarker research and ecotoxicological 
predictions limits accurate application of laboratory-based suborganismal 
assessments in the context of ecological health. This presentation will 
describe how biomarker linkages at different levels of biological organi-
zation can enhance their predictive value in ecological risk assessment 
via frameworks such as Adverse Outcome Pathways (AOPs). Integration 
of biomarker approaches is strengthened by evolutionary conservation 
of molecular targets and biochemical pathway similarities. Invertebrate 
models, such as bivalves, are currently underutilized in identifying these 
linkages and in extrapolating information from omics tools and taxa-read 
across approaches. Using case studies with aquatic bivalve models, we 
will present the value and challenges associated with suborganismal bio-
marker applications in toxicological assessments. Laboratory data from 
dissolved (pharmaceuticals) and particulate (nanomaterials) contaminant 
studies will be utilized to emphasize the importance of bivalve models 
in integrative approaches related to evaluation of adverse outcomes. 
Moreover, identification of linkages to adverse outcomes at individual and 
population level in ecosystem engineers, such as bivalves, is especially 
critical to ecosystem health concerns and well-being of other organisms 
including humans. Such considerations are imperative to integrated risk 
assessment approaches and are relevant to a holistic understanding of the 
connections between ecological and human health.

5.08.05 Data Synthesis and Evaluation of Constituents of Emerging 
Concern in California Aquatic Ecosystems
E.L. Miller, A. Wong, M. Mendez, D. Lin, San Francisco Estuary Institute; 
M. Monahan, San Francisco Bay Regional Water Quality Control Board; 
E. Kalve, California State Water Resources Control Board; R. Sutton, San 
Francisco Estuary Institute
California State and Regional Water Boards are working on a statewide 
Constituents of Emerging Concern (CEC) Initiative to coordinate ongoing 
CEC monitoring and management efforts. To support this initiative, we 
are synthesizing and evaluating available statewide CEC water qual-
ity data to identify priorities for management and monitoring of CECs 
in State waters. Available CEC water quality data in California include 
ambient data (water, sediment, and aquatic biota in river, stream, estuary, 
bay, and marine waters), as well as pathways data (wastewater, stormwa-
ter, and recycled water). This effort focuses on key classes of chemical 
contaminants with urban sources; chemicals primarily used in agricul-
ture are outside the project scope. Classes of CECs of particular interest 
include: poly- and perfluoroalkyl substances (PFAS); brominated flame 
retardants, including polybrominated diphenyl ethers (PBDEs); organo-
phosphate esters; bisphenols and phthalates; alkylphenols and alkylphenol 
ethoxylates; pharmaceuticals and personal care product ingredients; and 
current-use pesticides (and degradates) with urban applications. We com-
piled targeted analytical data (2005-present) from publicly available data 
sources and peer-reviewed literature, and are using this occurrence data 
to provide a screening level assessment of risk. CECs are being evaluated 
using a tiered risk-based framework, wherein CECs are assigned to risk 
tiers based on comparison of occurrence data to available ecotoxicological 
thresholds. Ecological risks are the primary driver of this screening level 

evaluation, with additional consideration of human health risks relating to 
consumption of sport fish and shellfish. Using the tiered risk-based frame-
work, we are also identifying priorities for management and monitoring of 
CECs in State waters. Management and monitoring priorities are further 
informed by factors including trends in use and environmental release, 
region-specific or site-specific factors, persistence in the environment, 
anticipated exposure to wildlife and humans, availability of toxicity infor-
mation, limits of laboratory detection for the chemical, and upcoming 
management actions. We are also highlighting critical data gaps, includ-
ing CECs that have been observed at levels of concern elsewhere, but 
for which little or no state data exist, and CECs tentatively identified as 
present in State waters via non-targeted analytical methods. Preliminary 
results of this effort will be presented.

9. Multiple Stressors: Assessing Contaminant Effects 
in Ecosystems with Multiple Stressors
5.09.01 Multistressor Approach to Assessing Effects of Pesticide 
Mixtures on Invertebrate Communities in Wadeable Streams in Five 
Regions of the United States
L.H. Nowell, U.S. Geological Survey / California Water Science Center; 
P.C. Van Metre, U.S. Geological Survey / Water Mission Area; I.R. 
Waite, U.S. Geological Survey / OR WSC; T.S. Schmidt, U.S. Geological 
Survey / Colorado Water Science Center; P.W. Moran, U.S. Geological 
Survey / Washington Water Science Center; B.J. Mahler, U.S. Geological 
Survey / Water Mission Area; M.W. Sandstrom, U.S. Geological Survey / 
National Water Quality Laboratory; M.L. Hladik, U.S. Geological Survey 
/ California Water Science Center
A novel multistressor study design was applied in five regions of the 
United States to assess the role of pesticides as stressors affecting 
invertebrate communities in wadeable streams. The study monitored 
pesticides and other chemical and physical stressors in 75 to 100 streams 
per region over 4–12 weeks, after which the invertebrate community 
was surveyed. Pesticides were sampled weekly in water, and once each 
in bed sediment, Polar Organic Chemical Integrative Samplers (POCIS), 
and (in one region only) biofilms. Additional stressors evaluated included 
nutrients, suspended sediment, temperature, flow rate, dissolved oxygen, 
and other bed-sediment contaminants. The role of pesticides as a stressor 
to invertebrate communities was assessed by evaluating multiple lines of 
evidence: predictions using benchmarks and species sensitivity distribu-
tions, statistical techniques and multistressor models, and mesocosm 
experiments. For three pesticides predicted to be toxic to invertebrates in 
the sampled streams—imidacloprid, bifenthrin, and fipronil—predictions 
were supported by statistical analyses and multistressor boosted regres-
sion tree models, and by mesocosm experiments that demonstrated effects 
on natural aquatic communities when dosed under controlled conditions. 
These multiple lines of evidence suggest that pesticides have affected 
invertebrate community condition in about one-half of the streams 
sampled nationwide.

5.09.02 Ecotoxicological Implications of an Agricultural Retention 
Pond Pesticide Mixture on the American Toad (Anaxyrus 
americanus)
P. Thomson, Institut National de la Recherche Scientifique / Centre 
Eau Terre et Environnement; S.A. Robinson, Environment and Climate 
Change Canada / Wildlife and Landscape Science Directorate; É. 
Veilleux, N. Gruyer, C. DeBlois, Ministère de l’Environnement et de 
la Lutte Contre les Changements Climatiques / Centre d’Expertise 
en Analyse Environnementale du Québec; G. Thériault, Agriculture 
and Agri-Food Canada; V.S. Langlois, INRS - Centre Eau Terre 
Environnement
Retention ponds are becoming more frequently implemented in the 
agroecosystem as a strategy to reduce the impacts of agricultural run-off 
entering surface waters. One potential consequence of these constructed 
wetlands is the attraction of wildlife (e.g., serving as breeding grounds 
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for amphibians). Therefore, the main objective of this research project 
is to study the effects of water from an agricultural retention pond on 
native larval amphibians. Pond water quality was assessed for three sum-
mers, and chemical analyses revealed a complex and dynamic mixture 
of agrochemicals, including herbicides (e.g., glyphosate, S-metolachlor), 
insecticides (e.g., neonicotinoids), and a fungicide (azoxystrobin). Chronic 
exposures to this retention pond water were performed on the American 
toad (Anaxyrus americanus) from the free-feeding stage throughout meta-
morphosis. Simultaneously, an in situ chronic exposure was conducted by 
housing tadpoles in mesh cages installed in the retention pond. Endpoints 
related to, survival, growth, and morphology were assessed throughout 
the experiment. Results demonstrated that treated toads were significantly 
smaller in morphometric indices compared to control animals and that 
rate of metamorphosis was altered by exposure. Interestingly, exposed 
organisms also yielded significant alterations of hepatic gene expression 
related to the hypothalamus-pituitary-thyroid axis. At two developmental 
stages, subsets of animals were evaluated in behavioural trials, including 
tadpole swimming performance and juvenile anti-predatory behaviour 
assays. Tissue samples were collected for molecular analyses, includ-
ing metagenomic assessment of the intestinal microbial community 
and targeted gene expression of neuroendocrine-related transcripts in 
brain tissue. This work provides ecologically relevant information of the 
potential effects of agricultural activities on a North American amphibian 
species.

5.09.03 Effects of Environmentally Relevant Pesticides and Heat 
Stress Co-Exposure on Osmoregulation and Antioxidant System in 
Gill and Kidney of Goldfish
B. Lacy, M. Rahman, University of Texas, Rio Grande / Ocean Coastal 
Earth Sciences; M. Rahman, University of Texas, Rio Grande / Ocean 
Coastal Earth Sciences, Biology
Aquatic ecosystems are becoming increasingly inundated by noxious 
chemicals, such as pesticides, due to human activities. These chemicals 
combined with other stressors like heat stress (through global climate 
change, heat waves, or natural seasonal variation) create volatile envi-
ronments that negatively affect the physiological functions of aquatic 
organisms. Through this research, we observed the dose-dependent 
effects of pesticide cocktail (metalachlor, linuron, isoproturon, tebu-
canazole, aclonifen, atrazine, pendimethalin, and azinphos-methyl) 
combined with elevated temperatures (32°C for 1-month exposure) on 
morphology of gills and kidneys, and expression of catalase (CAT, an 
antioxidant), superoxidase dismutase (SOD, an antioxidant), and renin 
in kidney tissues of goldfish (Carasius auratus, a model teleost species). 
Histopathological analysis showed wide-spread damage to both gill and 
kidney tissues in higher temperature and pesticide co-exposure groups, 
including extensive fusion of secondary lamellae, club-shaped primary 
lamellae, rupture of epithelial layer, loss of normal architecture, glomeru-
lar shrinkage, hemorrhaging, and degeneration of tubular epithelium. 
Immunohistochemical analysis demonstrated a decrease of CAT and 
SOD expressions in kidney tissues in combined exposure to pesticide 
and higher temperature compared to control (22°C). Expression of renin 
in kidney tissues was also altered with varying doses of pesticides and 
elevated temperature. Collectively, our results suggest that the combined 
effects of heat stress and pesticides cause cellular damages, as well as 
down-regulate the osmoregulatory and antioxidant enzyme activities in 
gill and kidney tissues of common goldfish.

5.09.04 Evaluation of Sublethal Pyrethroid Toxicity Across a 
Salinity Gradient in Early-Life Stage of the Endangered Delta Smelt 
(Hypomesus transpacificus)
A. Segarra, University of California, Davis / Anatomy, Physiology & Cell 
Biology, School of Veterinary Medicine; F.K. Biefel, Technical University 
of Munich, TUM / Aquatic Systems Research Unit; N.R. Amer, University 
of California, Davis / Entomology and Nematology; M.L. Hladik, U.S. 
Geological Survey / California Water Science Center; R.E. Connon, 
University of California, Davis / School of Veterinary Medicine Anatomy, 
Physiology and Cell Biology; S.M. Brander, Oregon State University / 
Environmental and Molecular Toxicology
Pyrethroid insecticides are used in urban and agricultural settings in 
California, and are frequently detected in the San Francisco Bay and 
Delta (SFBD). These insecticides are highly toxic to fishes and are 
suspected contributors to Pelagic Organism’s Decline. Stringent con-
centration goals for Delta surface waters were recently adopted by the 
Central Valley Water Quality Control Board targeting six pyrethroids; 
including permethrin and bifenthrin. Moreover, there is a knowledge 
gap regarding sublethal effects to resident fishes, particularly during 
early life and at salinity conditions relevant to the SFBD. Information on 
pyrethroid toxicity in the context of changing SFBD salinity gradients is 
vital to understanding sublethal effects in fish. We investigated behavioral 
effects of the permethrin and bifenthrin at three environmentally relevant 
concentrations (1, 10 and 100 ng/L and 0.1, 1 and 10 ng/L, respectively) 
across a salinity gradient (0.5, 2 and 6 PSU) on an endangered and 
endemic fish to the SFBD, the Delta Smelt, Hypomesus transpacificus. 
We measured several behavioral endpoints such as the distance moved, 
velocity, bursting or the freezing of early life stage Delta Smelt larvae 
at 96-hour post-exposure using a light/dark stimuli induced behavior 
test. Exposure to environmentally-relevant concentrations of permethrin 
affected the locomotor behavior of the Delta Smelt larvae, particularly 
at salinities of 2 and 6 PSU. At a salinity of 2 PSU, hypoactivity was 
observed for larvae exposed to the lowest and highest concentration (1 
and 100 ng/L) of permethrin in the light periods. At a salinity of 6 PSU, 
exposure to permethrin elicited a hyperactive state during light period 
for all concentrations tested. In contrast, no difference was observed 
between the control and the three permethrin concentrations during the 
light period at 0.5 PSU. In addition, at 2 and 6 PSU, the low and medium 
concentrations significantly increased the freezing duration of larval fish 
during dark periods compare to the control, showing nonmonotonic dose 
response curves. Of particular concern is that the lowest and medium 
concentrations tested in this study represent permethrin concentrations 
frequently detected in rearing habitats of this endangered species. The 
behavioral data relating to bifenthrin, a more toxic pyrethroid also com-
monly detected in their rearing habitat will also be presented; bifenthrin 
data is presently being analyzed.

5.09.05  Assessing the Impacts of Salmon Lice Treatment (H2O2) on 
Shrimp Populations in Fjords: The Role of Varying Environmental 
Conditions
J. Moe, Norwegian Institute for Water Research / Section of 
Ecotoxicology and Risk Assessment; T. Jager, DEBtox Research / De Bilt; 
D. Hjermann, Norwegian Institute for Water Research / Environmental 
Data Science; O. Nøst, G.H. Refseth, Akvaplan-NIVA; E. Ravagnan, R.K. 
Bechmann, NORCE Norwegian Research Centre / IRIS
Hydrogen peroxide (H2O2) is used as anti-parasitic biocide in salmon 
farms worldwide. Since the treatment water is discharged to the sea, 
there are concerns about effects of H2O2 on the coastal ecosystems. Our 
study focuses on the effects of this biocide on populations of the Northern 
shrimp (Pandalus borealis), which is an economically and ecologically 
important species in Norwegian fjords. Shrimp may be exposed to mul-
tiple stressors including repeated exposure to salmon lice biocides from 
surrounding aquaculture farms, commercial harvest, and climate change. 
Laboratory experiments have demonstrated that even short pulses (3 x 
2 h) of exposure to H2O2 in concentrations well below the prescribed 
treatment concentrations result in mortality of shrimp. In our previous 
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presentations of this work, we have focused on the combination of dif-
ferent modelling approaches for extrapolating results from laboratory 
experiments to population-level effects: (1) an oceanographic model for 
the distribution of H2O2 in shrimp fields, (2) a mechanistic effect model 
for individual survival probability (General Unified Threshold model 
of Survival), and (3) an age-structured population model to project the 
effects of H2O2 exposure on shrimp population decline. Here, we will 
explore in more detail how the risk to shrimp populations is affected by 
management decisions such as the timing and frequency of H2O2 treat-
ments, as well as by local environmental factors such as temperature, 
stratification, riverine input to the fjord and oceanographic currents.

5.09.06 The Impact of Tank Mixtures on the Route and Rate of 
Herbicidal Degradation in Soil and Aquatic Sediment
C. Wijntjes, Innovative Environmental Services, Ltd. / RWTH Aachen 
University; S. Höger, Innovative Environmental Services, Ltd. / 
Environmental Toxicology; Y. Weber, D. Adam, W. Völkel, Innovative 
Environmental Services, Ltd.; A. Schaeffer, RWTH Aachen University / 
Institute for Environmental Research (Biology V)
In 2016, the world’s largest agricultural producers and exporters, Brazil, 
China, the EU and the USA used nearly 6.8 billion pounds of pesticides. 
The use of pesticides during agronomic practice in the production of 
agricultural crops involve either sequential, or combined treatment of 
herbicides, fungicides and otherwise insecticides in form of tank mix-
tures. Such tank mixtures including two or more individual chemical 
compounds are preferred by farmers as they save fuel and labor hours, 
while causing less soil compaction, while a larger pest control range and 
efficacy might be obtained when compared to single chemical compound 
application. Consequently, in one vegetation season different pesticides 
may co-exist in the terrestrial and aquatic environment. In order to protect 
both humans and the environment, Brazil, China, the EU and the USA 
each have separate and distinct pesticide regulatory systems. However, 
the installed Guidelines for testing of chemicals are designed for examina-
tion of environmental fate and behavior of a single chemical compound 
per study and respective test system. Although mixtures have been 
thoroughly studied concerning their agronomic efficacy, possible cumula-
tive or synergistic effects and interactions between individual mixture 
compounds in the environment, as well as indirect side-effects such as 
alteration of soil, water and sediment biomass have only been very rarely 
investigated. As of 2019, in conjunction with RWTH Aachen University, 
Germany, Innovative Environmental Services (IES) Ltd, Switzerland, has 
been investigating the potential environmental impact of tank mixtures 
applied to soil and aquatic sediment. Hence, the effect of broad spectrum 
fungicidal abundance in respective environmental compartments on the 
route and rate of degradation of a sulfonylurea herbicide have been stud-
ied under controlled laboratory conditions.

5.09.07 Development of a High-Throughput Method to Test Biocide 
Toxicity Across a Salinity Gradient in a Euryhaline Fish Model
S. Hutton, Oregon State University / Environmental and Molecular 
Toxicology; E.I. Pederson, Oregon State University / Department 
of Fisheries and Wildlife; C.Y. Markgraf, Oregon State University 
/ Department of Biochemistry; X. Poole, K.L. Armbrust, Louisiana 
State University / Environmental Sciences School of the Coast and 
Environment; P. Chappell, Oregon State University / Biomedical 
Sciences; S.M. Brander, Oregon State University / Environmental and 
Molecular Toxicology
In vitro models for assessing toxicity to mammals and freshwater fish are 
well established. However, models related to ecotoxicological data are 
lacking, especially for brackish, coastal, and marine species. Recent evi-
dence suggests that the toxicity of some chemicals may change depending 
on the exposure salinity. As such, we are in the initial stages of developing 
the first in vitro – in vivo linked model for saline aquatic environments by 
using the fish Inland Silverside (Menidia beryllina), a euryhaline model 
organism. A critical first step in this process was to conduct range-finding 
studies for seven common pesticides over a salinity gradient. Our findings 

demonstrate that toxicity was higher and LC50s were lower at higher 
salinities. Specifically, LC50 values for penconazole, triadimefon, and 
chlorpyrifos decrease by 81.1%, 92.2%, and 70.1% respectively when the 
exposure salinity is increased from 5 ppt to 15 ppt. This degree of sen-
sitivity of toxicity measurements to salinity will be important to include 
in future aquatic risk assessments. The next step in this research will 
be to use these LC50 values to guide sub-lethal, early life stage toxicity 
testing with M. beryllina, and to develop equivalent in vitro assays using 
immortalized cell lines. Ultimately, this model will reduce the need for 
live animals used in toxicity testing and allow for an improvement in 
efficiency and accuracy for pesticide testing across salinities.

5.09.08  Applications of Causal Analysis: A Tiered Approach with 
Emphasis on Data Reliability
R. Kashuba, U.S. Environmental Protection Agency / Ecological and 
Biological Services Practice; C. Menzie, J.P. Staveley, Exponent; K.R. 
Palmquist, W.L. Goodfellow, Exponent / Ecological and Biological 
Services Practice; P.D. Boehm, Exponent / Environmental & EcoScience 
Group; A. Morrison, Exponent
Over the past decade, causal analysis has been increasingly used to 
diagnose environmental impairments within water bodies. Much of this 
work is guided by the USEPA CADDIS program. We have adapted these 
tools to a variety of environmental issues involving observed or presumed 
stressors on terrestrial environments, air, coastal systems, deserts, and 
wetlands. Our analyses have examined biological, chemical, and physical 
stressors in these domains. In structuring these analyses, we find that a 
tiered approach offers a means of focusing the analysis on key questions. 
Each analysis level informs the need for further investigation sufficient 
to understand which individual or combination of stressors is causing 
an outcome. The method we developed has been used to support evalu-
ations designed to achieve appropriate interventions and have also been 
presented in court proceedings including before the U.S. Supreme Court 
and International Court of Justice. We will use case examples to illustrate 
this tiered assessment strategy. Because causal analysis often involves a 
retrospective that uses extant information, we have become increasingly 
aware of the heightened need for rigorous data quality assurance methods. 
Extant lines of evidence supporting or refuting candidate causes can be 
of variable quality and quantity. These statistical and design variations 
among data sets can lead to misrepresentation of the relative importance 
of a candidate cause. A candidate cause represented by poor data may 
appear less important to the analyst than a cause for which there is consid-
erable data. This is an inequity data quality issue that must be recognized 
when conducting causal analysis. We present an example along with 
guidance on how to ensure adequate data quality for the process. We will 
illustrate this with case studies including biological effects associated 
with sediment contamination, water quality effects, declines of bees, and 
an oil spill.

5.09.09 What Does Aquatic Biomonitoring Data Tell Us About the 
Sustainability of Modern Corn and Soybean Agriculture in the US? 
Iowa As a Case Study
I.M. Rodea-Palomares, Bayer CropScience NA / Environmental Effects 
& Risk Assessment; S.P. McGee, Bayer CropScience / Environmental 
Health Sciences; J. Chen, Bayer CropScience LP / Environmental Safety 
- Environmental Fate; L. McConnell, Bayer CropScience / Regulatory 
Scientific Affairs
The Midwest of the United States is one of the most productive agri-
cultural regions in the world. Advances in agricultural science and 
engineering have allowed Midwest growers to produce ever greater yields 
on the same land. However, concerns exist over the long-term impacts 
of agricultural production on the biological integrity of local streams 
and rivers. We utilize the unprecedented opportunity presented by the 
BioNet database (public biomonitoring data made public by the IDNR) 
for exploring using machine learning (Random Forest) the critical factors 
contributing to the large-scale patterns and long-term trends of the fresh-
water biotic integrity in Iowa freshwaters. We also found that the integrity 
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of the benthic macroinvertebrates (BMIBI, and EPT taxa) and fish com-
munities (FIBI) in Iowa’s headwaters and wadeable streams remained 
stable since 2002 over the last 15 years. We found that physiography, 
descriptors of the overall number and diversity of riparian habitants, 
stream bed substrate related with good quality habitats, and chemical 
water quality were most influential of the patterns observed across the 
state in biotic integrity. Interestingly, the agricultural intensity of corn 
and soybean in the draining basin were weak predictors. This suggest that 
the interplay of local practices and physiographic characteristics shapes 
the potential footprint of agricultural practices downstream in current 
agriculture in the Iowa, supporting the concept that newer more efficient 
and less impactful agricultural practices and BMP implementation can 
support healthy and productive aquatic habitats.

5.09.10 Determination, Distribution and Toxicity of Pesticide 
Residues in Water, Sediment and Fish From Mariout Lake and their 
Health and Environmental Risk Implications
M.A. Ghorab, Michigan State University / Wildlife Toxicology 
Laboratory, Animal Science Department; A.S. Saad, Alexandria 
University / Pesticide Chemistry and Toxicology, Plant Protection 
Department; M.A. Massoud, Alexandria University, Faculty of 
Agriculture- Saba Basha / Pesticide Chemistry and Toxicology, 
Plant Protection Department; L.A. Mohamed, National Institute of 
Oceanography and Fisheries (NIOF), Alexandria / Marine Chemistry 
Laboratory, Environment Department; J. Newsted, OBG; M. Zwiernik, 
Michigan State University / Animal Science/ Vet. Med.
This study was undertaken to investigate the pesticide residues Levels 
of organochlorine (OC) and organophosphorus (OP) pesticide residues 
in surface water, sediments, fish and their health risk associated with 
the consumption of the fish from the Mariout lake system, southern 
Alexandria, Egypt. Samples were collected from five sampling sites, 
and tested for OCPs and OPs by gas chromatography-mass spectrometry 
(GC–MS) following QuEChERS extraction procedure. OCPs detected in 
surface waters ranged from 0.017 to 49.44 μgl−1; sediments from 0.11 to 
36.72 μg kg−1; fish muscle from 0.01 to 21.05 μg kg−1; gills from 0.01 to 
40.56 μg kg−1; and liver from 0.01 to 85.14 μg kg−1. A total of 20 pesti-
cides comprising 14 OCs and 6 OPs were analyzed, out of which aldrin, 
p,p′-DDE and p,p′-DDD were detected in fish and sediment samples. 
The results showed that all the residues in water had their concentrations 
higher than the detection limit. OCPs detected in surface waters ranged 
from 0.017 to 49.44 μgl−1; sediments from 0.11 to 36.72 μg kg−1; fish 
muscle from 0.01 to 21.05 μg kg−1; gills from 0.01 to 40.56 μg kg−1; and 
liver from 0.01 to 85.14 μg kg−1. While, Mean concentrations of organo-
chlorine pesticide (OCP) residues in fish ranged from 0.017 to 0.17, 0.043 
to 0.30, 0.027 to 0.243 and 0.097 to 0.263 µg/g in Sarotherodon galilaeus, 
Clarias anguillaris, Schilbe intermedius and Marcusenius senegalen-
sis respectively. Mean concentrations of organophosphates pesticides 
ranged from 0.080 to 0.090, 0.080 to 0.087 and 0.050 to 0.063 µg/g in C. 
anguillaris, S. intermedius and M. senegalensis respectively. The level of 
chlorpyrifos in S. galilaeus was 0.160 µg/g. The mean concentrations for 
all the detected residues were be higher than the WHO/FAO maximum 
residue limits. Health risk estimation revealed that aldrin in M. senegalen-
sis had great potential for systemic toxicity to consumers.

5.09.11 Effects-Based Monitoring Under the Great Lakes 
Restoration Initiative: Evaluation of Spatial and Temporal Patterns 
in the Milwaukee Estuary
E. Maloney, University of Minnesota, Duluth / Biology; G.T. Ankley, U.S. 
Environmental Protection Agency / Center for Computational Toxicology 
and Exposure; B.R. Blackwell, U.S. Environmental Protection Agency 
/ Great Lakes Toxicology and Ecology Division; J.E. Cavallin, U.S. 
Environmental Protection Agency / Center for Computational Toxicology 
and Exposure; D. Feifarek, SC Johnson / GSARA; M.D. Kahl, U.S. 
Environmental Protection Agency / Great Lakes Toxicology and Ecology 
Division; S. Poole, U.S. Environmental Protection Agency / National 
Health and Environmental Effects Research Laboratory; E.C. Randolph, 
Oak Ridge Institute for Science and Education / National Health and 
Environmental Effects Research Laboratory; D.L. Villeneuve, U.S. 
Environmental Protection Agency / Center for Computational Toxicology 
and Exposure
A commitment under the “Toxic Substances and Areas of Concern” 
Focus Area of the Great Lakes Restoration Initiative (GLRI) was to iden-
tify emerging contaminants and evaluate their potential impacts on Great 
Lakes fish and wildlife. Here we present data and results from GLRI 
supported studies conducted in 2017 and 2018 that employed biological 
effects-based approaches to help identify potential hazards and priority 
contaminants in the Milwaukee River Estuary area of concern (AOC) 
located near Milwaukee, WI. In 2017, adult fathead minnows (Pimephales 
promelas) were caged at eight sites within the AOC. The same sites 
were evaluated in 2018, along with three additional sites. The aim was to 
characterize spatial and temporal variability of biological effects and con-
taminants associated with a range of surrounding land uses and sources 
(e.g., agriculture vs urban land use; wastewater discharges). Following 4 d 
of exposure, fish tissues were sampled and used for both targeted (i.e., sex 
steroid concentrations, gene expression) and untargeted (i.e., microarray 
and metabolomics) effects analyses. Additionally, 4 d composite water 
samples were concurrently collected at each caged fish site and analyzed 
for 178 wastewater indicators and pharmaceuticals as well as evaluated 
for estrogenic activity using the T47-Kbluc assay. Detected chemicals 
varied across sampling sites and years, ranging from 46 to 77 at one or 
more sites in 2017 and 2018, respectively, with higher numbers generally 
found downstream and/or nearby WWTPs. In addition, estrogenic activ-
ity was observed in cell-based bioassays at multiple sites during both 2017 
and 2018. Induction of several hepatic and intestinal genes associated with 
xenobiotic metabolism was observed at several sites suggesting the pres-
ence of chemicals that activate the aryl hydrocarbon receptor and often 
correlated with higher numbers of pharmaceutical and PAH detections. 
Exposure-activity ratios (EARs), based on the concentration of detected 
chemicals per site, were calculated from high-throughput screening 
results obtained from the USEPA ToxCast program. EAR analysis identi-
fied multiple sites, chemicals and biological pathways that warrant future 
prioritization for assessment. Overall, this study demonstrates that better 
environmental assessment of complex mixtures can be achieved through 
integration of chemical and biological measurements. The contents of this 
abstract neither constitute nor necessarily reflect USEPA policy.

5.09.12 Water Quality of the Bayou DeView River, Arkansas, from 
2016-2019
B. Singleton, A.L. Ruby, Arkansas State University / Environmental 
Science; J.L. Bouldin, Arkansas State University / Biological Sciences
The Mississippi River watershed drains 41% of the contiguous United 
States. It has many tributaries all of which contribute to its overall water 
quality. The impairment of a single river within the watershed can impact 
all downstream water-bodies. One such river is the Bayou DeView River, 
the main tributary of the Cache River in Northeastern Arkansas. In 
2016, large sections of the Bayou DeView and Cache rivers were listed 
as impaired for sulfates, dissolved oxygen and turbidity. Water qual-
ity monitoring started in three sub-watersheds of the Bayou DeView on 
October 2016 and continued on a weekly basis until September 2019. 
Parameters measured were pH, conductivity, dissolved oxygen, turbidity, 
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total suspended solids, total and dissolved nitrogen and phosphorus. The 
objective of this study was to determine changes in water quality from 
upstream to downstream in this agriculturally-dominated watershed. 
Mean total Nitrogen and total Phosphorus decreased from upstream to 
downstream in the Bayou DeView River sites as land use changed to 
increased forested cover. Improving water quality in the Bayou DeView 
River will reduce contaminant loading to the Cache River and eventually 
the White and Mississippi rivers.

5.09.13 Toxicological Effects of Dibutyl Phthalate, Galaxolide and 
Methylparaben on Clarias Gariepinus (Burchell, 1822)
O. Folarin, CEREAS / Ecotoxicology and Pollution Management 
Unit, Department of Zoology; A. Otitoloju, J.K. Saliu, University of 
Lagos / Department of Zoology; N.H. Amaeze, University of Lagos / 
Environmental Toxicology and Pollution Management Unit, Department 
of Zoology
Active chemicals and the excipients used in the formulation of pharma-
ceuticals and personal care products have become major environmental 
contaminants of emerging concerns. Three of the most commonly found 
substances in pharmaceuticals and household products were selected for 
this study. Toxicological effects of methylparaben, dibutyl phthalate and 
galaxolide on 6-week old Clarias gariepinus were investigated. A 96 h 
acute toxicity testing shows LC50 of dibutyl phthalate, galaxolide and 
methylparaben for C. gariepinus were 0.021 ml/L, 0.42 ml/L and 27.1 
mg/L. The organism was exposed to sublethal concentrations (1/10th 
and 1/100th of the 96h LC50) of the chemicals over a period of 28 days. 
Methylparaben, galaxolide and dibutyl phthalate induced significant 
increase in the levels of cortisol and prolactin in comparison with the 
control. Fish exposed to 1/10th LC50 of dibutyl phthalate led to significant 
increase in the level of cortisol compared to the control. Destruction of the 
gonadal follicles was observed in fish exposed to dibutyl phthalate while 
mild effacement of the gonads was observed in the fish exposed to meth-
ylparaben and galaxolide. The white blood cells in fish exposed to the 
1/10th 96h LC50 of methylparaben were slightly higher with no significant 
difference in comparison with the control. White blood cells and lympho-
cytes in fish exposed to galaxolide and dibutyl phthalate were significantly 
higher (p< 0.05) than the control. Elevated levels of haematocrit were 
observed in fish exposed to the two test concentrations of methylparaben, 
1/100th 96h LC50 of galaxolide and 1/10th of dibutyl phthalate. They were 
significantly higher than the level of haemocrit detected in the control 
fish. In addition, glutathione decreased significantly (p < 0.05) in the fish 
exposed to the three chemicals at different concentrations while gluta-
thione-S-transferase GST activities in the fish exposed to the two dibutyl 
phthalate decreased significantly in relation to the control while methyl-
paraben had significant difference in the catalase activity in comparison 
with the control. Malondialdehyde was observed to be significantly higher 
(p < 0.05) in all the fish exposed to the test chemicals compared to the 
control. The findings established there are ecological risks associated with 
improper exposure of aquatic organisms to pharmaceuticals and personal 
care products. Therefore, regulations and stringent control of their dis-
posal should be put in place.

5.09.14 Biological Effects of Environmentally Relevant 
Concentrations of Non-Steroidal Anti-Inflammatory Drug 
(Diclofenac) on Freshwater Shrimp, Gammarus pulex
O. Ogunbanwo, Lagos State Polytechnic, School of Agriculture, 
Department of Fisheries / Geography (Physical); P. Kay, University of 
Leeds / School of Geography; L. Brown, University of Leeds / School of 
Geography (Physical)
An increasing number of pharmaceuticals have been found in the aquatic 
environment and the issue has become a human and environmental health 
concern. Many pharmaceuticals (e.g. diclofenac) are not fully degraded in 
wastewater treatment plants (WWTPs) and are continuously released in 
the aquatic environment resulting in concentrations in the low μg/l range 
in the receiving waters.In this study, the biological effects of diclofenac 
on growth, feeding and mortality of aquatic macro-invertebrate shrimp 

(Gammarus pulex) was investigated in a laboratory experiment. Test 
concentrations were selected to mimic environmental detection lev-
els reported for UK rivers in the literature. Seventy-five (75) G. pulex 
assigned random among the five experimental groups. were exposed 
to environmentally relevant concentrations of diclofenac (202.2 ngL-1, 
1596.45 ngL-1 and 2,990.7 ngL-1) for four (4) weeks. There was decrease 
in mass and the growth rate decreased (p< 0.001) significantly compared 
to controls. Also, the feeding rates in the controls were higher hence, the 
amount of feed materials consumed were dose dependant and signifi-
cantly influenced by diclofenac (p < 0.001).Mean mortality was more 
than 80 % in the high treatment in the 3rd week of the experiment and 
there were statistically significant differences between the treatments and 
controls ( p < 0.05). These results showed that exposure of G. pulex to 
environmentally relevant concentrations of diclofenac have significantly 
affected feeding activity, impacted growth and increased mortality, 
suggesting that prolonged exposure, use of sensitive points (behavioural 
signs) and use of susceptible test species (G. pulex) are more useful for 
assessing sublethal impacts of contaminants and are sensitive indicators 
of toxicity in benthic macroinvertebrates animals. Hence, these tools are 
useful in the aquatic environmental risk assessment of drugs.

5.09.15 Evaluating Management Actions to Reduce the Risk of 
Contaminants of Emerging Concern in the Great Lakes Basin: An 
Agent-Based Model for Walleye
M. Vaugeois, University of Minnesota, Twin Cities / Ecology, Evolution, 
and Behavior; P.A. Venturelli, Ball State University / Department of 
Biology; S.E. Hummel, U.S. Fish and Wildlife Service; V.E. Forbes, 
University of Minnesota / Ecology, Evolution & Behavior
The Great Lakes provide water for communities and industries, sup-
port numerous and valuable ecosystems and their services, are regional 
hotspots of biodiversity, and generate billions of dollars annually via jobs 
and recreation. The ecology and ecosystem services the Great Lakes pro-
vide are threatened by human activities which have introduced complex 
mixtures of chemicals into the environment. Some of these chemicals 
are successfully regulated, but new classes of chemicals have raised 
the attention of the scientific community because they are not currently 
regulated, little is known about their ecological effects, and they are found 
ubiquitously throughout the environment. These contaminants of emerg-
ing concern (CECs) may pose a threat to the Great Lakes Ecosystem. We 
developed an individual-based model that incorporates dynamic energy 
budget theory to explore individual- and population-level impacts of 
exposure to different mixtures of CECs. Our model, which was developed 
on the basis of literature data, accurately represents a walleye (Sander 
vitreus) population in the Maumee River and Lake Erie. We incorporated 
in-situ data from previous studies to estimate the exposure to CECs along 
the river, and we used laboratory data on the effects of CECs on individ-
ual fish to determine effects associated with exposure level. We compare 
how different management strategies, namely a moderate mitigation of 
CECs in the entire watershed versus an intensive mitigation of single 
river sites, could impact walleye population density. We also analyzed 
how accounting for different durations of exposure might impact these 
management strategies. Our results demonstrated that it is more important 
to accurately assess population characteristics, such as predation rates for 
different life stages, than chemical toxicokinetics to assess the effective-
ness of an entire watershed mitigation strategy. In contrast, an accurate 
evaluation of a single site mitigation strategy relies on having knowledge 
of toxicokinetics of chemicals in the CEC mixture. Finally, our results 
showed that when CECs impact egg maturation, single site mitigation 
was more effective when done for the most frequented spawning sites and 
nearby downstream sites that are substantially impaired.
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5.09.16 Effects-Based Monitoring of Bioactive Compounds 
Associated with Municipal Wastewater Treatment Plant Effluent 
Discharge to the South Platte River
J.E. Cavallin, U.S. Environmental Protection Agency / Center 
for Computational Toxicology and Exposure; J. Beihoffer, U.S. 
Environmental Protection Agency / NEIC; B.R. Blackwell, U.S. 
Environmental Protection Agency / Great Lakes Toxicology and Ecology 
Division; A. Cole, Baylor University / Environmental Science; D. Ekman, 
U.S. Environmental Protection Agency / Center for Environmental 
Measurement and Modeling; R.N. Hofer, U.S. Environmental Protection 
Agency / ORISE; A. Jastrow, U.S. Environmental Protection Agency / 
Region 5; J. Kinsey, U.S. Environmental Protection Agency / Region 8; 
K.A. Keteles, U.S. Environmental Protection Agency / NEIC; J. Parman, 
Metro Wastewater Reclamation District; D. Winkelman, Colorado State 
University / Fish, Wildlife, and Conservation Biology; D.L. Villeneuve, 
U.S. Environmental Protection Agency / Center for Computational 
Toxicology and Exposure
Previous studies have detected numerous contaminants of emerging 
concern (CECs), including pharmaceuticals, personal care products, and 
pesticides, as well as in vitro bioactivities in the South Platte River near 
Denver, Colorado, USA. CECs have the potential to perturb endogenous 
biological pathways in exposed organisms. To assess the spatial and 
temporal distribution of CECs, surface water samples were collected 
and analyzed bi-monthly throughout 2018 and 2019 at 10 sites along the 
S. Platte River and surrounding tributaries with varying proximities to 
a wastewater treatment plant (WWTP). Water samples were analyzed 
for a suite of pharmaceuticals, pesticides, steroid hormones, and waste-
water indicators as well as screened for in vitro biological activities. In 
vitro multi-factorial Attagene assays, screening for agonistic activity 
against 25 human nuclear receptors, detected estrogen receptor (ER), 
glucocorticoid receptor (GR), and peroxisome proliferator activated 
receptor-gamma (PPARg) bioactivities in surface water samples near the 
WWTP discharge. Targeted in vitro transcriptional activation assays for 
ER, GR, and PPARg corroborated bioactivities for ER (up to 19 ± 6 ng/L 
17β-estradiol equivalents) and GR (up to 77 ± 31 ng/L Dexamethasone 
equivalents), while PPARg activity was not confirmed. To evaluate the 
potential in vivo effects of contaminants, adult fathead minnows were 
caged at six locations upstream and downstream of the WWTP. After 
five days of exposure, muscle, livers, adipose, gonads, and brains were 
collected for measurement of targeted gene expression. Significant up-
regulation of estrogen-responsive hepatic vitellogenin was observed in 
males exposed at sites with corresponding in vitro ER activity. Despite 
GR-activity in vitro, no site-related differences in GR-related gene expres-
sion were detected in female adipose or male livers, suggesting observed 
environmental concentrations of GR-active contaminants do not induce a 
detectable in vivo response. Consistent with the general lack of detectable 
in vitro PPARÉ£ activity, there were no significant effects on PPARÉ£-
related gene expression in the female adipose or male livers. Although the 
chemicals responsible for GR- and PPAR-mediated biological activities 
are still unknown, results from the present study provide insights into the 
significance of these bioactivities relative to in situ fish exposures. The 
contents of this abstract neither constitute nor reflect USEPA policy.

5.09.17 Comparing Contaminant-Induced Gene Expression in 
Native and Non-Native Oysters in Southern California Estuaries
A. Sugimoto, E.B. Holland, California State University, Long Beach / 
Department of Biological Sciences
Restoration of the native Olympia oyster (Ostrea lurida) faces signifi-
cant challenges due to environmental stressors that may be impairing 
population health in highly urbanized estuaries of Southern California. 
This includes such stressors as metal and organic contaminants and the 
presence of the nonindigenous Pacific oyster (Crassostrea gigas), which 
are known to negatively affect the health of O. lurida. Studies aimed at 
understanding the impact of these stressors on O. lurida traditionally rely 
on gross assessments such as changes in overall abundance and growth. 
However, while important long term metrices, these studies can be 

improved with further assessment of molecular mechanisms to elucidate 
sublethal impacts that may contribute to impaired growth and develop-
ment. The current study aimed to assess the differential stress response 
of O. lurida and C. gigas to contaminants utilizing transcriptomics to 
evaluate health. Preliminary assessment aimed to confirm contaminant 
concentrations in oysters from three estuaries in Southern California. 
Here, C. gigas were collected from three different estuaries and levels of 
organic and metal contaminants were quantified. The total organic pol-
lutant concentration varied by site where levels were greatest in Alamitos 
Bay (26.97 ng/g wt), moderate in Agua Hedionda (13.83 ng/g wt),and 
limited in San Diego Bay (11.14 ng/g wt). Total metal concentration also 
varied by site, where the greatest total metal concentration was observed 
in Alamitos Bay (1,621.27 µg/g wt), moderate in San Diego Bay (1,189.96 
µg/g wt), and limited in Agua Hedionda (614.03 µg/g wt). To build on 
these findings, tissue from C. gigas and O. lurida collected from these 
sites will undergo further analytical chemistry analysis to compare over-
all pollutant concentrations and pollutant type. Additionally, gill tissue 
from each species will undergo RNA-sequencing to investigate the impact 
of stressors on gene expression patterns visualized with hierarchical 
clustering analysis. This work will further our understanding of O. lurida 
restoration under varying contaminant burdens and address signs of stress 
tolerance in C. gigas to aid in management of a nonindigenous species.

5.09.18 Temporal Variations of Lead and Sediment Inputs in the 
Agriculturally Dominated Upper Cache River Watershed, Arkansas
A.K. Atwell, Arkansas State University / Ecotoxicology Research Facility; 
J.L. Bouldin, Arkansas State University / Biological Sciences
Nearly 50% of all assessed streams in the United States are impaired for 
not meeting their designated use with the leading cause being agricul-
tural land use. One common practice in agricultural landscapes is stream 
channelization, a process that involves widening and deepening stream 
channels for increased hydraulic loading during flood events. This pro-
cess can lead to increased stream sedimentation, reduced stream water 
quality, substrate homogenization, and negatively impact aquatic biota. 
Agricultural practices can also lead to increased pollutants, including 
pesticides and metals. Historically, lead arsenate was used as an insecti-
cide throughout agricultural lands in the United States. In the Cache River 
Watershed, approximately 70% of the 230-km-long watershed is used 
for agricultural purposes with over 200 river-km listed as impaired for 
not supporting aquatic life due to agricultural sedimentation. Several of 
these stream segments are also listed for lead impairment. The goal of the 
project is to monitor sediment and lead contributions and water quality of 
the Cache River Watershed. Turbidity has been analyzed weekly, while 
total lead has been analyzed bi-weekly from October 2017 to September 
2019, in 12 tributaries and two main channel locations of the Upper Cache 
River Watershed. When grouped by agricultural intensity, seasonal varia-
tions are present in both sediments and lead. These results suggest that 
the intensity of agricultural activities play an important role in the amount 
of sediment and lead contributions to the Cache River Watershed, which 
may also be contributing to the Mississippi River and ultimately into the 
Gulf of Mexico.

5.09.19  Environmental Concentrations of Metals (Cu and Zn) and 
Bioaccumulation in Burnupena spp. from Selected Harbours Along 
the Cape Peninsula and False Bay Coast, South Africa
W. Fru, Cape Peninsula University of Technology / Department of 
Environmental Health; J. Odendaal, Cape Peninsula University of 
Technology / Department of Environmental and Occupational Studies; 
R.G. Snyman, Cape Peninsula University of Technology / Biodiversity 
and Conservation
Cu and Zn concentrations were measured in seawater, sediment, and 
Burnupena spp. (soft tissue and shells) samples from four sampling 
locations along the Cape Peninsula and False Bay coast. Samples were 
collected once-off in March and September 2016 and metals analyzed by 
using Inductively Coupled Plasma Mass Spectrometry (ICP-MS). The 
results showed concentration levels of Cu and Zn in seawater, sediment, 
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and subsequent bioaccumulation in soft tissue and shells of Burnupena 
spp. The highest mean Cu and Zn concentrations were recorded in the 
sediment. This may suggest that metals are from anthropogenic and 
lithogenic sources. The Pollution Load Index (PLI) for metals in sediment 
from sampling points per season were in the range of 0.01 (wet season) to 
9.29 (dry season) which suggest that sediment were unpolluted (PLI< 1) to 
polluted (PLI>1). Some sampling points exceeded the water and sediment 
quality guidelines for Cu and Zn used in this study. Therefore, continuous 
monitoring of metals in all environmental compartments is needed.

5.09.20 Multiple Stressors and Environmental Impacts on 
Macrobenthic Invertebrates of Lagoon Ecosystem
O. Olapoju, Nigerian Institute for Oceanography and Marine Research / 
Department of Biological Oceanography
Increased human impact on the bottom floor is associated with dif-
fers activities without adequate environmental impact assessments on 
the benthic habitat and species. To address this problem, a combina-
tion of chemical analyses of sediment and population of macrobenthic 
invertebrates’ species were evaluated to determine their responses to 
combined effects of multiple stressors. Permutation Analysis of Variance 
(PERMANOVA) testing responses of biological communities and 
physicochemical variables of sediment showed significant values at p < 
0.05 which suggests that sediment heavy metals were more sensitive to 
environmental disturbances while the sediment characteristic change 
from mud to sand occurred in areas of high metal concentrations. The 
observed sensitivity of recorded taxa to changes in sediment characteris-
tics created an understanding of the distribution of marine benthic species 
influenced by diverse human activities in the study area. The identified 
change responses in the benthic diversity have important implications for 
understanding and managing the ecological consequences of pollution on 
coastal ecosystems.

5.09.21 Role of Alkylated Polycyclic Aromatic Hydrocarbons in 
Mixture Toxicity from a Legacy Creosote Site
I. Moran, R.L. Tanguay, Oregon State University / Environmental and 
Molecular Toxicology; K. Waters, Pacific Northwest National Laboratory 
/ Biological Sciences Division; K.A. Anderson, Oregon State University / 
Environmental and Molecular Toxicology
Creosote is a wood treatment product, often derived from distillation of 
tars. Facilities where creosote has been used often require remediation. 
However, as a complex mixture containing mostly polycyclic aromatic 
hydrocarbons (PAHs) and their derivatives, the toxic effects of legacy 
creosote contamination are poorly understood. In particular, alkylated 
PAHs are products of PAH weathering and are known to be abundant con-
stituents of creosote and many petroleum products. Less is known about 
the toxicity of alkylated PAHs than their parent compounds. Despite this, 
alkylated PAHs have been shown to contribute substantially to the toxic-
ity of PAH mixtures. In one study, 80% of the total toxicity to aquatic 
organisms from contaminated sediments was due to alkylated PAHs. The 
goal of this study is to understand the contribution of alkylated PAHs to 
the toxicity of a complex mixture from a legacy creosote site. This study 
utilizes low density polyethylene passive samplers deployed at a former 
wood treatment facility to accumulate freely dissolved organics in the 
surface water. Passive samplers are solvent extracted and analyzed by 
gas chromatography - tandem mass spectrometry (GC-MS/MS) for over 
60 alkylated and parent PAHs. To assess toxicity, embryonic zebrafish 
are exposed to PAH mixtures in 96-well plates and are observed at 24 
and 120 hours post fertilization for a suite of behavioral and morphologi-
cal endpoints. Zebrafish embryos are exposed to both passive sampling 
extracts from the contaminated site and representative mixtures from 
reference materials in order to quantitatively describe the contribution of 
alkylated PAHs to the toxicity of a complex mixture of weathered PAHs. 
Understanding the role of alkylated PAHs and their interactions with other 
mixture constituents can inform remediation efforts and improve our abil-
ity to protect human health and water quality. Additionally, this study can 
explore the efficacy of representative mixtures as a tool for understanding 

real world mixture toxicity. Often representative mixtures contain only 
the most abundant compounds present at a site and may overlook the 
effects of less abundant mixture constituents or those that aren’t moni-
tored. By testing both whole passive sampling extracts and representative 
mixtures we can better understand the strengths and limitations of differ-
ent approaches to mixture toxicity and improve our use of these tools.

5.09.22  Sand Mining in Effluent Impacted Urban-Suburban 
Riverine: Balancing Ecosystem Services and Water Resources 
Management
E.C. Vellemu, Malawi University of Science and Technology / Institute 
for Water Research; F. Venter, University of Pretoria / Department of 
Biochemistry, Genetics and Microbiology
Freshwater ecosystems located in urban-suburban areas of many 
developing countries continue to be impacted by anthropogenic related-
activities including, industrial and agricultural effluents, plastic pollution 
and untreated sewerage discharges. These aquatic stressors are further 
exacerbated by climate change and the rising human population. As a 
result, pressure increases on freshwater ecosystem services as people 
strive to improve their livelihoods. To attain the goal of sustainable 
development on the environment, with the reality of the global environ-
mental change, novel ecological interventions are required aimed at the 
protection of aquatic community assemblages that will ensure sustain-
able utilisation of ecosystem services in urban-suburban areas. To do 
so, there is a need to balance existing ecosystem services and ecological 
functions of organisms for sustainable management of water resources. 
This study is investigating the effects of artisanal sand mining (ASM) 
as an increasing ecosystem service in two Malawian urban-suburban 
rivers (Mudi and Limbe) receiving mixed industrial effluents using an 
integrated toxicity-biomonitoring approach. Chironomids are being used 
in toxicity experiments of the sediment-impacted effluents. A citizen 
science approach was applied along both rivers as an intervention using 
a randomised controlled trial (RCT) approach to ascertain the effective-
ness of managing freshwater resources while balancing with ecosystem 
services among the city’s communities. Current results demonstrate that 
the ecosystem improves with the application of citizen science inter-
vention. However, ASM activities in effluent impacted rivers appear to 
worsen the ecological functioning and community assemblages of aquatic 
macroinvertebrates based on current results. Sections of the river with 
sand mining activities are generally dominated by Chironomidae and 
Syrphidae groups. Findings of this study will make substantial contribu-
tions to the understanding of multiple stressors in aquatic ecosystems 
while achieving a balance of important ecosystem services for com-
munities in urban-suburban areas. The findings are important for the 
development of monitoring and assessment programs in the changing 
world where for too long, available interventions in water resources man-
agement have been sector-specific that do address policy needs in many of 
the developing worlds.

5.09.23  The California Stream Quality Index: A Tool That Helps 
Quantify and Assess Impacts From Multiple Stressors
K. Schiff, R. Mazor, Southern California Coastal Water Research Project
Assessment of stream health is a function of the physical, chemical, and 
biological integrity of the water body. While monitoring of all three 
indicator types is common, combining them into a unified assessment 
of stream quality is rare. In this study, a unified index was developed 
that compares biological response to physical and chemical stressors for 
southern California wadeable streams using a scientifically rigorous, 
easy-to-understand tool intended to facilitate stream management. The 
Stream Quality Index (SQI) is based on a stressor-response empirical 
model that quantifies the expected likelihood that chemical and physi-
cal stressors will impact multiple components of biological condition. 
While the individual stressor and response components are quantitative 
and have similar meaning across a variety of environmental settings, the 
final SQI narrative assessment is categorical and designed to be directly 
actionable within a management context. The four narrative assessment 
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categories are: (1) “healthy and unstressed” (i.e., unimpacted biology, no 
stressors); (2) “healthy and resilient” (i.e., stressed, but biological com-
munities are healthy); (3) “impacted and stressed” (i.e., impacted biology 
from observed stressors); and (4) “impacted by unknown stress” (i.e., 
biology is impacted, but stressors are low). Each category has a defined 
action agreed to by environmental managers and regulators in southern 
California. To facilitate adoption, a web-based application was developed 
that not only maps overall SQI results, but also enables users to readily 
access underlying quantitative information for stressors and biological 
responses. This transparent design was intended; high-level output and 
foundational components of the SQI are relevant for different audiences 
and details are not sacrificed for accessibility.

5.09.24 Estimating Risk Due to Multiple Stressors to Multiple 
Endpoints for the San Francisco Upper Estuary, CA Using the 
Bayesian Network Relative Risk Model
W.G. Landis, Western Washington University / Institute of Environmental 
Toxicology and Chemistry; E. Brown, University of Notre Dame / 
Biological Sciences; S.R. Eikenbary, C.P. Lemons, E. Sharpe, A.J. 
Markiewicz, Western Washington University / Institute of Environmental 
Toxicology and Chemistry
The Sacramento-San Joaquin River Delta Watershed (Delta) drains the 
entirety of the Central Valley of California with many different contami-
nants ending up in Suisun Bay and the Delta. Agricultural and urban land 
use practices are the primary sources for contaminants. Other stressors 
exist, such as habitat alteration, water quality, changes in water flows and 
amount, and alterations in the landscape. Key species such as Delta smelt 
and Chinook salmon have been in decline. Delta smelt species is a key 
forage fish endemic to California and only present in the San Francisco 
Estuary. Chinook salmon pass through this region as they migrate out to 
sea and then back to their spawning areas upstream. Macroinvertebrates 
are key components of aquatic systems and the community structure 
within the USFE has been altered compared to other regions in California. 
The methodology applied in this study is the multiple stressor regional-
scale ecological risk assessment using the Bayesian network relative 
risk model (BN-RRM). The assessment will identify the chemicals or 
groups of contaminants and other stressors contributing to the ecologi-
cal risk to the study area. The long-term goal is to determine the relative 
contributions of contaminants and other stressors responsible for reduc-
ing native pelagic fish species, adversely impacting macroinvertebrate 
community structure, and causing concomitant reductions in ecosystem 
services within the USFE. Extensive data exist for this site and we have 
completed the initial compilation and analysis. We have defined six risk 
regions; North Delta, Sacramento River, Central Delta, South Delta, 
Confluence and Suisan Bay. In the last 10 years there are 161,333 collec-
tion points from the SURF program and 259,885 from CEDEN. We also 
have extensive information regarding flows, location of fish populations, 
macroinvertebrates, and habitat quality. We have completed the revision 
of the conceptual model and will present that latest parameterization of 
the Bayesian network.

5.09.25 Assessment of Pharmaceutical and Personal Care Products 
(PPCPs) in Surface and Drinking Waters of Northeast Ohio
S. Dutta, X. Mou, L. Leff, Kent State University / Department of 
Biological Sciences
Pharmaceuticals and personal care products (PPCPs) are unintentionally 
discharged into the environment from domestic, agricultural, and indus-
trial sources and end up in drinking water treatment plants (DWTPs). 
However, very little is known about the effectiveness of these plants in 
PPCP removal. The purpose of this study was to compare PPCP concen-
trations in the source and finished water in four DWTPs of Northeastern 
Ohio. Source and drinking water samples were obtained from the plants 
monthly from May until September in 2018 and 2019. PPCPs were 
quantified after solid-phase extraction using High-Performance Liquid 
Chromatography-Mass Spectrometry (HPLC-MS). Two PPCPs – (caf-
feine and estradiol) were detected in all four DWTPs each month but there 

was a 55-60% removal in the finished waters. The antibacterial, Triclosan, 
and insect repellent, DEET were detected in the source but not in the fin-
ished waters of three DWTPs (average concentrations of 29 and 9.5 ng/L, 
respectively,) suggesting they were completely removed during the DWTP 
process. The antibiotic sulfamethoxazole was detected in two of the four 
DWTPs at concentrations of 18.35 ng/L and 22.19 ng/L, respectively, 
and had a 60% reduction in finished waters. The PPCPs, acetaminophen, 
estrone, and nicotine were not detected in any DWTP. From this study, 
we concluded that the selected DWTPs were effective in reducing and in 
some cases removing the PPCPs from the finished water samples. Further 
studies are required to see if the chronic presence of these compounds in 
nanograms per liter in the drinking water can impact human health.

5.09.26  EPA Recalculation Procedure’s Resident Species Step: 
Proving a Negative - Lessons Learned
D. Guth, GEI Consultants, Inc. / Ecology; S. Pargee, Metro Water 
Reclamation District; S.P. Canton, GEI Consultants, Inc. / Ecological 
Division; S. Skigen-Caird, GEI Consultants, Inc. / Ecology
Derivation of site-specific metals standards based on based on the EPA 
recalculation procedure is dependent, first and foremost, on the species 
composition at the site and how that relates to the toxicity database. The 
recalculation procedure includes deletion of non-resident species. Thus, 
establishing an accurate characterization of the resident species, includ-
ing those species that are considered potentially resident, is paramount. 
However, the latter is more difficult to determine conclusively. At a site 
in central Colorado, identification of potentially resident species was 
complicated by elevated metals from historical mining operations, as 
well as small stream size and high elevation. Hyalella azteca is a benthic 
amphipod that is found throughout Colorado, residing in both the eastern 
plains as well as high mountain terrain at altitudes in excess of 10,000ft 
and various habitats in-between. Hyalella azteca is also very sensitive to 
cadmium and zinc concentrations, representing the second most sensitive 
species for acute zinc toxicity database, and the most sensitive species for 
chronic cadmium toxicity database. Initial sampling results in the study 
stream found H. azteca were not present, however, there were concerns 
on whether H. azteca could be present if not for elevated cadmium and 
zinc concentrations. Our sampling approach applied several techniques, 
including sampling of other nearby reference streams, to test whether 
these organisms should be considered potentially resident and therefore 
included in the cadmium and zinc toxicity databases.

10. Multiple Stressors: Beyond Contaminant-Specific 
Effects: Effects of Complex Mixtures in a Multi-
Constituent World
5.10.01 Challenges in Assessing the Adverse Effects of Contaminant 
Mixtures and Multiple Stressors on Aquatic Organisms and Food 
Webs
E.B. Nilsen, U.S. Geological Survey / ORWSC; K.L. Smalling, U.S. 
Geological Survey / New Jersey Water Science Center; H.L. Schoenfuss, 
St. Cloud State University / Aquatic Toxicology Laboratory; J. Field, 
Oregon State University / Environmental and Molecular Toxicology
Much progress has been made in the past few decades in understand-
ing the sources, transport, fate, and biological effects of contaminants of 
emerging concern (CECs) in aquatic ecosystems. Despite these advance-
ments, significant obstacles still prevent comprehensive assessments of 
the environmental risks associated with the presence of CEC mixtures, 
and interactions with other stressors. Many of these challenges center 
around the extrapolation of effects of single chemicals observed in the 
laboratory or effects found in individual organisms or species in the field 
to impacts of multiple stressors on aquatic food webs in the wild. We will 
present several case studies focused on complex chemical mixtures in 
stream environments to shed light on some of the key challenges, includ-
ing: 1) the complexity of mixtures of CECs and legacy contaminants 



SETAC North America 41st Annual Meeting | 273

Environmental Risk Assessment | Track 5

in the aquatic environment, 2) understanding of the sublethal effects of 
CECs on a range of aquatic organisms, and 3) a linkage of multiple stress-
ors with CEC exposure in aquatic systems. The ultimate goal of this work 
is to improve understanding of the risks of CEC mixtures to multispecies 
aquatic food webs in the context of additional stressors.

5.10.02 Do Polybrominated Diphenyl Ethers and Contaminants 
of Emerging Concern in the Great Lakes Tributaries Influence 
Population Recovery Efforts of Lake Sturgeon?
S. Hummel, A. Bellamy, W. Tucker, U.S. Fish and Wildlife Service / 
Ecological Services; O.T. Eckes, US Fish and Wildlife Service / Fisheries
Contaminants of emerging concern (CEC) are ubiquitous in the Great 
Lakes waterways occurring in complex mixtures and have been shown 
to adversely impact fish biology. However, information is lacking on 
CEC, including polybrominated diphenyl ethers (PBDE), impacts to lake 
sturgeon (Acipenser fulvescens). Streamside Rearing Facilities (SRFs) are 
being used around the Great Lakes to culture lake sturgeon for population 
restoration efforts, but use of these facilities exposes individuals to CECs 
which could be detrimental to rearing and long term population viability. 
PBDEs, and possibly other CECs found in the Great Lakes tributaries at 
locations coinciding with SRF placement, can mimic thyroid hormones 
which could impede imprinting, reduce spawning site fidelity, and con-
tribute to population declines. The objectives during the 2017-2018 rearing 
seasons were to evaluate lake sturgeon at rearing facilities to determine: 
1) If exposure to CECs and PBDEs differs between facility locations and 
2) If PBDEs impact thyroid hormones. We assessed exposure of CECs and 
PBDEs in water and food samples, collected tissue samples for CEC and 
PBDE analysis, and collected serum for thyroid hormone analysis. PBDEs 
and CECs differed significantly between facilities in fish tissue and 
water with food and water sources as routes of exposure which may be 
important for managers to consider in placement of new facilities or when 
monitoring for effects. Current PBDE levels present at rearing facilities 
did not show impacts to thyroid hormones but literature suggests levels 
above 2.83ppb could impact fish development. Results will be discussed 
in the context of helping inform managers how CECs and PBDEs impact 
lake sturgeon, providing information on priority placement of SRFs, help 
develop monitoring strategies, and assisting with development of best 
management strategies for lake sturgeon recovery efforts. It is important 
for field studies, such as this one, to be conducted to further understand 
if laboratory effects transfer to the environmental setting to ensure the 
development of best management practices, especially in the face of 
environmental change.

5.10.03 Prioritizing Chemicals and Chemical Mixtures of Ecological 
Concern in Great Lakes Tributaries
S.R. Corsi, L.A. DeCicco, U.S. Geological Survey / Upper Midwest Water 
Science Center; D.L. Villeneuve, U.S. Environmental Protection Agency 
/ Center for Computational Toxicology and Exposure; S. Oliver, U.S. 
Geological Survey / Wisconsin Water Science Center; A. Baldwin, U.S. 
Geological Survey / Idaho Water Science Center; B.R. Blackwell, U.S. 
Environmental Protection Agency / Great Lakes Toxicology and Ecology 
Division; G.T. Ankley, U.S. Environmental Protection Agency / Center 
for Computational Toxicology and Exposure; M.A. Pronschinske, L.C. 
Loken, U.S. Geological Survey / Upper Midwest Water Science Center
With thousands of chemicals in production and very low detection levels 
allowing for chemical surveillance of the natural environment, identifying 
which chemicals are most likely to pose an ecological hazard is chal-
lenging. Many chemicals are present as complex mixtures for which the 
potential biological consequences are difficult to predict. For a sequence 
of Great Lakes tributary surveillance studies from 2010-2018, chemicals 
and chemical mixtures of ecological relevance were prioritized based 
on potential for biological effects using a ”high-throughput” database 
from the ToxCast program, established water quality benchmarks using 
the toxEval R-package, and individual studies archived in the EPA 
ECOTOX database. Predictions of cumulative biological effects from 
chemical mixtures were estimated based on summation of effects from 

common biological pathways. Collectively, more than 800 chemicals were 
monitored in these studies and more than 500 were detected. Chemicals 
identified to be of potential concern included PAHs, flame retardants, 
components of plastic products, pesticides, pharmaceutical compounds, 
and others. Analysis on molecular-level biochemical interactions from 
ToxCast provided information on potential biological pathways and asso-
ciated adverse outcomes. With this bio-effect-based approach, the number 
of chemicals targeted for further consideration was reduced by about 90% 
from the original list of chemicals analyzed, allowing resource managers 
to focus on chemicals with the greatest potential for adverse ecological 
effects.

5.10.04  Chemical Mixtures Risk Assessment: Are There (Still) 
Elephants in the Room?
I.M. Rodea-Palomares, Bayer CropScience NA / Environmental Effects & 
Risk Assessment; S. Levine, Bayer CropScience / Regulatory
Since the early 1900s the field of pharmacology developed the basic 
principles of assessing combined exposures, determining the rules for 
defining the “normal” (additive) expectations when drugs are combined, 
and how to design experiments targeting the discovery of greater than 
additive effects (synergy) or less than additive effects (antagonism) 
for pharmacological purposes. Two main additivity models (or rules) 
where developed by Loewe in 1920 (the so called Loewe Additivity, or 
Concentration addition), and in Bliss 1933, the so called Independent 
Action (Bliss independence, or Response Addition) that have remained 
over the years the gold standards for defining additivity and departures 
from additivity in pharmacology, human toxicology and eventually, 
ecotoxicology (or environmental toxicology). In different points in time 
over the last decades, discussions have come and gone on different topics, 
such as what is the best model to assess deviations from additivity? How 
can original additivity models be improved (and is it worthy to)? How 
often do departures from “true” additivity occur? What level of deviation 
from an additivity prediction should be considered to classify mixtures as 
synergistic or antagonistic? Do more components in a mixture increase 
the potential for departures from additivity? How relevant are departures 
from additivity for risk assessments? Are we missing the elephant in the 
room (synergy) in our regulatory frameworks? In this presentation, we go 
through key historical milestones in the development of mixtures toxicol-
ogy science (with a focus on ecotoxicology), providing a critical review, 
with a focus on their implications for environmental risk assessments.

5.10.05  Predicting Potential Effects of Chemicals on Aquatic Life: 
Navigating the Multi-Chemical, Multi-Stressor Environment
J.M. Diamond, Tetra Tech, Inc.; G.A. Burton, University of Michigan / 
School for Environment and Sustainability
Sensitive analytical detection limits and extensive monitoring reveals 
a daunting list of currently unregulated chemicals in surface waters. 
Detection of a chemical, however, does not necessarily mean a risk to 
aquatic life. Prioritizing which chemicals should be given closer attention 
(e.g., regulated), has become a critical need. In previous research we used 
a risk-based approach to create a prioritized list of currently unregulated 
chemicals. Endocrine disrupting (estrogenic) chemicals were often high-
est in priority. Results of case studies from the SETAC Pellston workshop 
on ecological effects of chemical mixtures, indicated that mixture effects 
were rarely greater than effects of one or two higher risk chemicals in 
the mixture, such as highly estrogenic chemicals. We developed and 
tested a screening approach to determine whether chemicals (singly or 
as mixtures) may present a risk to aquatic biota at a site. This approach 
incorporates aquatic habitat, species that could be present, and a suite 
of monitoring tools that assess molecular, cellular, organismal, popula-
tion, and community effects. This research highlighted the importance of 
using multiple tools to assess chemical effects. Subsequent testing of this 
approach, as well as screening causal assessments of streams in southern 
California, suggest that non-chemical stressors (e.g., habitat degradation, 
hydromodification) often have more influence on macroinvertebrates and 
algae than chemicals. There is a critical need to identify where and when 
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chemical mixtures may pose a risk to aquatic biota. Using an approach 
that incorporates chemical fate and transport, uses and potential sources, 
mode of action, and physical and biological attributes of a site, we can 
classify chemicals as to whether they may either pose a risk, are unlikely 
to pose a risk, or represent critical information gaps requiring further 
research.

5.10.06 Pharmaceutical Exposures in a Temperate Region 
Wastewater Effluent-Dominated Stream: Muddy Creek, Iowa
H. Zhi, University of Iowa / Civil and Environmental Engineering; D.W. 
Kolpin, U.S. Geological Survey / Central Midwest Water Science Center; 
L.R. Iwanowicz, U.S. Geological Survey / Leetown Science Center; S.M. 
Meppelink, U.S. Geological Survey / Central Midwest Water Science 
Center; M.M. Powers, University of Iowa / IIHR-Hydrosciences & 
Engineering; J. Quin, G.H. LeFevre, University of Iowa / Department of 
Civil and Environmental Engineering
The increasing use of pharmaceuticals has translated to a corresponding 
increase in concern over their potential impacts on ecosystem and human 
health worldwide. An important environmental pathway for such pharma-
ceutical exposure is via wastewater treatment plant (WWTP) discharge as 
incomplete removal of pharmaceuticals during wastewater treatment can 
potentially affect aquatic and terrestrial organisms. Small effluent-dom-
inated streams represent an ideal scenario for evaluating and predicting 
aquatic responses to pharmaceuticals as such chemicals are continually 
discharged into these less diluted systems. To this end, Muddy Creek, a 
small (22.5 km2) effluent-dominated temperate region stream that flows 
through the town of North Liberty, Iowa, was selected as a field labora-
tory for this study. Although the population serving the North Liberty 
WWTP is small (18,500 people), it is the second fastest-growing city in 
Iowa. To determine spatiotemporal dynamics in pharmaceutical expo-
sures, four sampling sites were selected for this study: (1) approximately 
100 m above the WWTP outfall, (2) the WWTP outfall, (3) approximately 
100 m below the WWTP outfall, and (4) approximately 5 km downstream 
of the WWTP outfall. During a two-year period, water samples were 
collected on a biweekly basis and analyzed for 13 pharmaceuticals by the 
University of Iowa and collected monthly during the first year and ana-
lyzed for 110 pharmaceuticals by the U.S. Geological Survey. The top 13 
pharmaceuticals in terms of concentration accounted for over 85% of the 
overall chemical mass measured in the collected environmental samples. 
The total concentration of the top 13 pharmaceuticals ranged from 2,550 
to 37,800 ng/L in the WWTP outfall. The parent-to-product ratios for 
six pharmaceuticals were quantified spatiotemporally as a measure of 
differential attenuation mechanisms. Laboratory experiments including 
photodegradation, sorption and biodegradation of targeted pharmaceuti-
cal mixtures determined that sorption was the dominant process for a few 
compounds. Both parent and product compounds were mainly from the 
WWTP discharge rather than in-stream formation. Ongoing and future 
efforts will relate pharmaceutical results to fish exposure and biolumines-
cent yeast estrogen assays to better understand potential environmental 
impacts from pharmaceutical exposures.

5.10.07  Using Field Monitoring Data to Evaluate Potential Impacts 
of Trace Metals on Lymnaea stagnalis
A. Peters, WCA; C. Nys, Arche Consulting; G. Merrington, I. Wilson, 
WCA Environment Limited; A.C. Ryan, International Zinc Association; 
M.J. Chowdhury, International Lead Association; C.E. Schlekat, E.R. 
Garman, E.T. Middleton, NiPERA, Inc.; S. Baken, European Copper 
Institute; C. Claytor, Copper Development Association, Inc. / HESD; C. 
Cooper, International Zinc Association / Environment & Sustainability; 
A. Boullemant, Rio Tinto Aluminium Pechiney; P. Marsh, Cobalt 
Institute; W.A. Stubblefield, Oregon State University / Environmental and 
Molecular Toxicology
This study aims to evaluate the sensitivity of the great pond snail 
Lymnaea stagnalis to Co, Cu, Ni, Pb, and Zn using field monitoring data. 
Toxicity studies of some metals (Ni, Pb, etc.) to L. stagnalis suggest that 
it is an extremely sensitive species. This species is widely distributed 

in Northern Europe and North America despite relatively high ambient 
metal concentrations in several of these regions. There are various rea-
sons why effects might not be observed, such as low metal bioavailability 
or the adaptation of local snail populations to elevated metal exposures. 
Databases are available from Belgium, The Netherlands, the UK and the 
US that include ecological data for this species, genus, or family of snails 
that can be matched to chemistry monitoring data for both metals and bio-
availability modifying factors. These databases are used to investigate the 
suitability of habitat conditions, and tolerance of metal exposures by L. 
stagnalis and closely related mollusc species. Several recent studies have 
performed analyses of the abundance of macroinvertebrates as a function 
of exposure concentrations for assessing ecological impacts due to chemi-
cal stressors. There can be significant limitations to the use of abundance 
data, including whether the taxa of interest would be likely to occur at 
the site in the absence of any toxicant pressures, which may be especially 
important for taxa that are not widely occurring. This assessment reduces 
these influences by including analyses of other potential toxicants and 
assessing the frequency of species occurrence at uncontaminated sites. 
The study considers toxicity due to individual metals as well as the mix-
tures of metals present at the sites as far as the available data allows.

5.10.08 The Effect of Common Stream Antibiotics on Sediment 
Biogeochemical Processes: A Comparative Assessment of Single vs. 
Mixture Exposures
A.D. Gray, University of North Carolina, Greensboro / Biology; E. 
Bernhardt, Duke University / Biology; A.E. Hershey, University of North 
Carolina, Greensboro / Department of Biology
Previous studies investigating antibiotic pollution in streams in the 
Piedmont region of North Carolina identified 15 human and veterinary 
antibiotics. A great deal of attention has addressed the impact of anti-
biotic resistance in humans; these compounds have also been shown to 
alter the function of microbial communities. Using sealed microcosms, 
we exposed naïve sediments from non-urban streams to three commonly 
detected antibiotics (sulfamethoxazole, danofloxacin, and erythromy-
cin) at relevant concentrations (10 ug/L), along with an NH4

+Cl- addition 
(1mg/L). The assay consisted of single and mixture exposures over 14 
days to determine the influence of antibiotics on NH4

+ oxidation, NO3
- 

consumption, and greenhouse gas production (CH4, CO2, N2O, N2). 
Over the initial 24-hour oxic period, we found that NH4

+ concentrations 
significantly increased in the mixture treatment compared to the control 
and single antibiotic treatments (p< 0.05). Antibiotic single exposures had 
significantly higher rates of NO3

- consumption compared to the mixture 
and control treatments (p< 0.05). There were no observed significant 
differences in the rates of N2O, N2, CH4, and CO2 production across treat-
ments. A discernable trend in the assay was that there was an SMX initial 
suppression of N2O and CO2. However, by the conclusion of the study, the 
concentrations were no different than other treatments. Results suggest 
that antibiotic effects may be time-dependent, potentially because micro-
bial communities that facilitate biogeochemical processes can acclimate 
to antibiotic exposure.

5.10.09  Multi-Omic Responses of Fathead Minnows Exposed to 
Complex Chemical Mixtures in the Shenandoah River Watershed
D. Bertolatus, University of Colorado, Denver / Integrative Biology; C.J. 
Martyniuk, University of Florida / Physiological Sciences; L. Barber, 
U.S. Geological Survey; H. Zhen, East China University of Science and 
Technology / School of Resources and Environmental Engineering; T. 
Collette, D. Ekman, U.S. Environmental Protection Agency / Center 
for Environmental Measurement and Modeling; A. Vajda, University of 
Colorado Denver / Integrative Biology
Evaluating and predicting risk in aquatic habitats contaminated with com-
plex chemical mixtures is an increasingly demanding challenge. Here, 
we conducted a series of fish exposure experiments in the Shenandoah 
River watershed to characterize exposure effects associated with real-
world mixtures and identify linkages between land-use and contaminant 
occurrence. Adult fathead minnows were exposed in situ to water from 
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sites with different land-use. Exposure water was analyzed for over 500 
chemical constituents and organismal, metabolomic, and transcriptomic 
endpoints were measured in fish. Adverse reproductive outcomes were 
observed in the upper watershed at WWTP effluent- and agriculture-
impacted sites and increased mortality was observed in males at the 
site most impacted by agricultural activities. Intermediate key events, 
measured by metabolomics and transcriptomics, suggested that reproduc-
tive endocrine disruption, altered lipid processes, and immunosuppression 
may be involved in organism level impacts. In addition to characterizing 
exposure effects, new approaches are needed to identify the specific 
mixture constituents that contribute to adverse outcomes. For metabolo-
mic data, partial least squares regression identified significant covariance 
between endogenous metabolite profiles and 58 of 77 detected organic 
contaminants. For transcriptomics data, both data-driven and hypothesis-
driven analyses will be used to establish linkages between contaminants 
and biological effects. Finally, to quantitatively estimate correlations 
between land-use, contaminant occurrence and biological effects, we 
exposed juvenile fathead minnows to grab water samples from 18 sites in 
the Shenandoah River watershed. Multiple regression and model selection 
will be used to identify land-use metrics that best predict the occurrence 
of contaminants and biological effects in exposed organisms. The contents 
of this abstract neither constitute nor reflect USEPA policy.

5.10.10 A Bayesian Network Approach to Probabilistic Risk 
Assessment of Pesticide Mixtures
S. Mentzel, M. Grung, K. Tollefsen, Norwegian Institute for Water 
Research / Section of Ecotoxicology and Risk Assessment; M. Stenrød, 
Norwegian Institute of Bioeconomy Research NIBIO / Department 
of Pesticides and Natural Products Chemistry; K. Petersen, J. Moe, 
Norwegian Institute for Water Research / Section of Ecotoxicology and 
Risk Assessment
The aquatic environment is constantly exposed to diverse and complex 
mixtures of chemicals caused by anthropogenic activities such as agri-
cultural practices using various plant protection products. Conventional 
risk assessment approaches use single values of exposure and effect to 
quantify the risk estimate posed by chemical mixtures to the environ-
ment. These can be derived as an expected effect of mixture (EMix) by 
the concept of independent action/ response addition (for dissimilar Mode 
of Action (MoA)) or as an effect concentration of a mixture (ECxMix) by 
the concept of concentration addition (for similar MoA). In this study, we 
explore both concepts in an alternative probabilistic approach to assess 
the risks of chemical mixtures, using a Bayesian Network (BN) model. 
Probabilistic approaches can better account for variability and uncer-
tainty and are therefore more informative. A conceptual model for both 
concepts will be presented, which displays how a distribution of the risk 
can be calculated with a probabilistic approach. Exposure and effect data 
were provided by the Norwegian Agricultural Environmental Monitoring 
Program (JOVA, https://www.nibio.no/tema/miljo/jord-og-vannover-
vaking-i-landbruket) and the Risk Assessment database (RAdb, www.
niva.no/radb) of the Norwegian Institute for Water Research. The BN 
model can be a useful tool for developing a fully probabilistic approach to 
environmental risk assessment of chemical mixtures, and may facilitate 
communication on risk and uncertainties with stakeholders.

5.10.11  Methods for Testing the Influence of Contaminants of 
Emerging Concern on the Life Cycle of Native Freshwater Mussels
M. Annis, U.S. Fish and Wildlife Service; D. Woolnough, Central 
Michigan University / Biology and Institute for Great Lakes Research
Native freshwater mussels are in decline globally due to a variety of 
reasons including the potential effects of contaminants. Contaminants of 
emerging concern (CECs) is a term used to define a large class of chemi-
cals for which regulatory levels to avoid impacts on aquatic life have not 
yet been established. CECs include chemicals such as pharmaceuticals, 
current use agricultural and industrial chemicals, and personal care 
products. Mussels’ unique life cycle, including the obligate parasitic larval 
stage on host fish are vulnerable at multiple stages to the impact of CECs. 

We performed controlled laboratory experiments with mussels (Lampsilis 
cardium) and host fish (Micropterus salmoides) to consider the influence 
of representative urban and agricultural CEC mixtures which mirrored a 
subset of common chemicals and concentrations found in the Laurentian 
Great Lakes rivers of North America. Chronic 100 and 40 day exposures 
of mixes to gravid reproductive mussels and host fish were performed 
at ecological concentrations (x) as well as levels of 1/10x and 10x. This 
novel approach mimicked multiple chronic waterborne life stage exposure 
of mussel adults, brooding glochidia, pre- and post- parasitic glochidia, 
host fish, and transformed juvenile mussels. Additionally, 21 day expo-
sures of adult mussels to natural waters of varying CEC gradients in 
both agricultural and urban watersheds were performed streamside. We 
considered a suite of traditional mussel and fish health endpoints as well 
as possible emerging biological and behavioral endpoints for mussels. 
We will highlight our lessons learned and which parameters were valu-
able in explaining potential influences of CECs. We will highlight the 
inherent variability we observed in these experiments due to the rarity 
of these organisms and limited mussel biomarkers. Methods used during 
these studies provide insights to future mussel toxicology and conserva-
tion research and will aid in determining possible reasons for the mussel 
declines.

5.10.12  Environmental Chemical Mixtures, from Exposure to Risk: 
What Can We Learn from Large Scale Chemical Monitoring and 
Chemical Mixtures ERA?
I.M. Rodea-Palomares, Bayer CropScience NA / Environmental Effects 
& Risk Assessment; A. Weyers, Bayer AG - Crop Science Division / 
Environmental Effects
Vital human activities such as agriculture and industrial production 
result in emission of synthetic chemicals (such as pesticides, industrial 
chemicals, or pharmaceuticals). The potential combined effects from 
these emissions are perceived to threat terrestrial and aquatic ecosystems. 
Environmental Risk Assessment (ERA) establishes a science-based 
framework in which both, exposure and effects are characterized to 
determine the likelihood (risk) of detrimental effects to non-target organ-
isms. ERA typically follows a tiered approach in which lower tiers screen 
out “no concern” versus “potential concern” situations to determine if 
further studies are required at higher tiers (i.e., via improved and detailed 
exposure and or/effects characterizations) to further evaluate potential 
concerns identified at lower tiers. Evaluating environmental mixtures in 
ERA constitutes an increased level of complexity that can be understood 
as a higher tier refinement over single chemical ERAs. Price et al. 2011, 
2012 proposed a classification scheme that allows for classifying envi-
ronmental mixtures of any degree of complexity in different categories 
depending on whether they represent a concern or not, and if a concern, 
whether it is mainly driven by a one or multiple components in the 
mixtures. The approach is based on two well accepted chemical mixture 
metrics: The Hazard Index (HI) and the Maximum Cumulative Ratio 
(MCR) and is readily applicable to any environmental mixture for which 
analytical determinations above the limit of detection for any number of 
chemicals are reported, and for which basic ecotoxicological data (such 
as NOECs or LD50) is available. In this work, we explored a large set of 
monitoring data generated by the USGS under the NAWQA program 
and evaluated using the Price et al. classification scheme to what extent 
the exposure to multiple chemicals (as revealed by levels measured in 
chemical monitoring) translates into a “complex mixtures” chemical risk 
concern. In addition, we explored the added value of chemical mixtures 
ERA (as a higher tier refinement) over single chemicals ERA to iden-
tify environmental samples that might pose a concern for the ecological 
receptors.
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11. Multiple Stressors: Interactions Between Global 
Climate Change and Contaminants: The Need for a 
New Environmental Assessment Paradigm
5.11.01 Impacts of Climate Change on Chemical Environmental 
Fate Processes
T. Lane, A. Boxall, University of York / Department of Environment and 
Geography; J.B. Sallach, University of York / Environment
It has been suggested that global climate change might affect the usage 
and emissions and fate of chemicals in the natural environment and also 
affect the sensitivity of ecosystems to chemical stress. Taken together, 
these changes could alter the future risk of chemicals compared to today. 
The impacts of climate change on chemical fate processes are however 
uncertain. In this study, therefore, a detailed analysis of the published 
literature was performed to assess the impacts of the predicted tem-
perature increase of 3.4, obtained for Europe using the A1B emission 
scenario for 2080s, on a range of fate processes (i.e. sorption, volatilisa-
tion, degradation, uptake and metabolism). Results show a limited effect 
of temperature on sorption behaviour with maximum changes in Kd 
between -73% and 106% (mean change Kd = 40%) being observed for a 
range of chemicals. Volatilisation and degradation were more sensitive to 
the predicted temperature changes with Henry’s law constants estimated 
to increase by up to 591% and half-lives reducing by up to 795% in the 
2080s compared to today. Ongoing work will develop comparable data 
for bioaccumulation and metabolism within aquatic organisms and a 
deeper analysis will be conducted to determine the implications of these 
changes in fate properties for evaluating environmental exposure and risk 
of chemicals.

5.11.02  Climate and Global Change Drivers vs. Metal Fate and 
Effects in Aquatic Ecosystems
G.A. Burton, University of Michigan / School for Environment and 
Sustainability; E.R. Garman, NiPERA, Inc.; A. Boullemant, Rio Tinto 
Aluminium Pechiney
The impact of climate and global change on metals fate and toxicology 
is surely massive yet largely undefined. While the last 25 years brought 
major developments and advances in understanding metal toxicity, behav-
ior, and bioavailability, much of the science is based on standardized 
conditions of temperature, exposure, thermodynamics/ binding constants, 
and a few healthy surrogate species. Climate and global changes are now 
widespread and substantial, creating new questions for biology (e.g., tox-
icity endpoints, organism physiology, adaptation, ecosystem structure and 
dynamics, invasives, and novel diseases), physicochemical processes (e.g., 
altered habitat and exposures (flows, water quality, ligands)), and model-
ing assumptions (e.g., speciation, binding, rates). These climate-related 
issues are intertwined with ongoing global change issues of human popu-
lation migration, water and food insecurities, growth of mega-cities and 
societal inequalities, and increased pollution. An expert panel reviewed 
climate and global change issues likely to dominate metal fate-effects on 
a site-specific basis are: region-specific climate extremes, altered habitats 
(high flows, flooding, erosion and resuspensions), altered redox/specia-
tion/ligands, food-web alterations, physiologic and system resilience, 
wastewater treatment infrastructure and urban-agricultural runoff. These 
produce expected and unexpected, direct and indirect ecosystem connec-
tions and feedbacks, which must alter traditional ecosystem management 
and restoration actions in the face of economic and human disparities.

5.11.03 Impacts of Climate Change on the Ecotoxicology of 
Chemical Contaminants in Estuarine Organisms
M.E. DeLorenzo, NOAA / National Centers for Coastal Ocean Science; 
P.B. Key, National Ocean Service / National Centers for Coastal Ocean 
Science; K.W. Chung, National Ocean Service / under contract to NOAA, 
National Centers for Coastal Ocean Science
Estuarine organisms are uniquely adapted to large fluctuations in tem-
perature, salinity, oxygen, and pH, and yet future changes in climate may 

make them more susceptible to chemical contaminants. This presenta-
tion summarizes the impacts of climate change on the ecotoxicology of 
chemical contaminants specific to estuarine species. Common estuarine 
organisms representing a range of trophic levels, feeding types, and habi-
tats were tested in multi-factor exposures of chemical contaminants and 
climate stressors including hypoxia, hypercapnia, low and high salinity, 
elevated temperature, and ultraviolet (UV) light. Species tested included 
larval fish, grass shrimp, oysters, clams, snails, and microalgae. The addi-
tion of temperature generally increased the toxicity of oil, oil dispersants, 
and pesticides, except for pyrethroid insecticides which tend to have an 
inverse relationship with temperature. Larval clams were more sensitive 
to the insecticide resmethrin under conditions of low dissolved oxygen 
and low pH. The response to changes in salinity varied with species and 
chemical tested. Multistressor experiments with simultaneous changes in 
temperature, salinity, and UV light combined with oil exposure revealed 
the complexity of interactions that can occur. UV light significantly 
increased the toxicity of crude oil in fish, shrimp, and snails. Oil toxicity 
was also greater under elevated temperature conditions and lower salinity 
conditions. By expanding the climate conditions under which we conduct 
aquatic toxicity testing, we can improve environmental risk assessment 
of chemical contaminants and management capabilities under changing 
climate conditions.

5.11.04 Climate Change and the Potential Metabolic Costs of 
Increased Water Temperature in Early-Life Zebrafish During 
Exposure to Nanoplastics
R. Trevisan, R. Trimpey-Warhaftig, K. Gaston, L. Butron, S. Gaballah, 
R.T. Di Giulio, Duke University / Nicholas School of the Environment
Climate change and plastic pollution are among the most critical chal-
lenges of our society. Studies suggest that climate change will increase the 
water temperature of the ocean and freshwater ecosystems. At the same 
time, the input of plastic debris in the ocean has significantly increased 
over the last years, and studies point to rivers as major driveways for plas-
tics entering the ocean. Compared to marine plastics, little is known about 
freshwater plastics and their impacts on the ecosystems, including the 
contribution of climate change to these adverse effects. Recent data have 
shown that nanoplastics can trigger the mitochondria and disrupt energy 
metabolism in developing zebrafish. Thus, this study aimed to investigate 
if rising temperatures due to climate change may affect the physiology 
and energy metabolism of animals already facing metabolic stress due to 
exposure to nanoplastics. Zebrafish embryos at 6 hours post-fertilization 
(hpf) were exposed to 0.1, 1.0, and 10 ppm polystyrene nanoparticles 
(NanoPS, with an average hydrodynamic diameter of 44 nm, NanoPS) at 
28 °C (control temperature) or 32 °C (warmer temperature). The nega-
tive impacts of NanoPS at 28 °C on mitochondrial coupling efficiency 
were confirmed, decreasing ATP-linked respiration and increasing 
proton-leak respiration. Warmer temperatures increased basal respira-
tion and decreased the mitochondrial spare respiratory capacity and 
mitochondrial content, regardless of the NanoPS exposure. As expected, 
warmer temperatures also increased heartbeat rate due to the coupling 
between the respiratory and cardiovascular systems, but this physiologi-
cal effect was blocked in the presence of NanoPS. These data suggest that 
warmer temperatures increase the overall metabolism of the animals and 
modulate mitochondrial biodynamics, though animals will not be able to 
sustain the ATP production rate if also exposed to moderate to high levels 
of nanoplastics. Despite these detrimental effects on energy metabolism 
and ATP production, no signs of cellular apoptosis or developmental mal-
formations were detected, and both the growth rate and the larval feeding 
rate were affected neither by NanoPS nor warmer temperatures. In sum-
mary, increased water temperatures due to climate change may have the 
potential to increase the metabolic cost of the exposure to nanoplastics in 
moderate or highly polluted freshwater environments, though the ecologi-
cal impacts of such effects remain unclear.
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5.11.05 Long Term Trends of Contaminants in Landlocked Char 
From a High Arctic Lake: Little Impact of Climate Warming on 
Persistent Organic Pollutants and Mercury So Far
D.C. Muir, Environment and Climate Change Canada / Aquatic 
Contaminants Research Division; A. Cabrerizo, Valladolid University / 
Department of Chemical Engineering and Environmental Technology; 
K. Hudelson, ETH Zurich / Environmental Science; G. Köck, University 
of Innsbruck / Institute for Interdisciplinary Mountain Research; X. 
Wang, J.L. Kirk, Environment and Climate Change Canada / Aquatic 
Contaminants Research Division
Lake Hazen, the largest lake by volume north of the Arctic Circle, has 
been impacted by climate warming that has resulted in an approximately 
10x increase in glacial meltwater since the mid-2000s, increased fre-
quency of summer ice-free conditions, and greater turbidity of inflowing 
and nearshore lake waters (Lehnherr et al Nature Comm 2018). These dra-
matic changes over the past 15 years have also accelerated the delivery of 
persistent organic pollutants and mercury (Hg) into the lake. Arctic char 
(Salvelinus alpinus) the only fish species in the lake, are landlocked, and 
thus excellent sentinels of bioaccumulative contaminants in this system. 
Adult char (>200 g) have been collected in June-July by gillnetting or 
angling with 19 collection years since 1990. Over the 29 year period fish 
condition (g/cm3) and mean age-at-length have not changed significantly 
nor have carbon (δ13C) and nitrogen (δ15N) isotope ratios. Thus overall 
no effect of the huge changes in the hydrological regime was discernable 
on the char condition, growth rate, or diet. However least square (LS) 
mean Hg concentrations in char muscle (length adjusted) significantly 
from 1992 to 2019 (P< 0.001; 3.4 %/y). The declining trend was inversely 
related to increasing ice free periods and also coincided with observed 
declines in gaseous elemental Hg at Alert, a nearby monitoring station. LS 
mean lipid adjusted Σ87PCBs (sum of 87 congeners) declined significantly 
from 1990 to 2019 (P< 0.001; 6.1 %/y) as did concentrations of other POPs 
including DDT, hexachlorocyclohexanes (HCH) and chlordane related 
compounds. These trends for POPs are similar to observations for fish in 
mid-latitude lakes and reflect global bans. Statistically signiï¬cant posi-
tive correlations between preceding spring and summer North Atlantic 
Oscillation (NAO) values and ΣPCBs, ΣDDTs, and ΣHCH concentrations 
were observed in Arctic char, implying greater exposure to the contami-
nants deposited the previous year. Under NAO+ there is greater poleward 
atmospheric transport from Western Europe and eastern North America. 
Thus while overall trends of the contaminants in the char at this remote 
site are still mainly influenced by global emissions, year to year variation 
due to climate change effects, such as longer open water periods may be 
influencing the trends. Going forward contaminants monitoring needs to 
integrate a larger suite of climatic and ecological variables to assess pos-
sible influence of climate warming on temporal trendsa

5.11.06  Probabilistic Risk Assessment of Pesticides Under Future 
Agricultural and Climate Scenarios: A Bayesian Network Approach
S. Mentzel, M. Grung, K. Tollefsen, Norwegian Institute for Water 
Research / Section of Ecotoxicology and Risk Assessment; M. Stenrød, 
R. Holten, Norwegian Institute of Bioeconomy Research / Department of 
Pesticides and Natural Products Chemistry; J. Moe, Norwegian Institute 
for Water Research / Section of Ecotoxicology and Risk Assessment
Land-use and weather patterns will shift along with the way water and 
food resources are obtained and managed all over the world by 2050. 
In turn, this will alter agricultural practices as well as crop types and 
hence the use pattern of pesticides. Current probabilistic risk assessment 
typically takes into account the variability of species sensitivities, though 
it lacks consideration of the variability and magnitude of exposure to 
hazardous chemicals and other factors that influence the exposure to or 
effects of these chemicals. This study explores an alternative approach 
to probabilistic risk assessment using a Bayesian Network (BN) model-
ling, in order to improve ecological risk assessment. The developed BN 
integrates variability in both exposure and effects in the calculation of a 
risk as BNs can serve as meta-models that link selected input and output 
variables from other models and information sources. A conceptual model 

of the BN is presented, which can link the risk (ratio/ quotient) to out-
comes from future climate and land-use scenarios, that are manifested as 
changes in chemical exposure. In this study, we focus on environmental 
risk of pesticides in a case study region representative of northern Europe. 
Environmental factors such as soil and site parameters together with 
chemical properties and climate scenarios are linked to the exposure of a 
pesticide in the selected study area by using pesticide fate and transport 
models (e.g. WISPE). Exposure and environmental data for the scenario 
modelled was provided by the Norwegian Agricultural Environmental 
Monitoring Program (JOVA, https://www.nibio.no/tema/miljo/jord-og-
vannovervaking-i-landbruket). In the long term, the use of tools based on 
BN models will allow for a more refined assessment and targeted manage-
ment of ecological risks by industry and policy makers.

5.11.07 Assessing How Adaptation to Warmer Temperatures Can 
Impact Susceptibility to Toxicity
A. Townsend, J.B. Belden, Oklahoma State University / Integrative 
Biology
Elevated temperature in aquatic environments due to events such as 
climate change or thermal pollution in combination with chemical pollut-
ants can result in an environment with multiple stressors. The goal of our 
research is to investigate how adaptation to increased temperature might 
cause organisms to be more susceptible to organic contaminants. In the 
current study, two different genotypes of Dapnhia pulex were evaluated 
for their susceptibility to chlorpyrifos. The two populations of D. pulex 
differ in their genotype for a gene called Pgi, which is involved in glycoly-
sis and impacts the metabolic rate of the organism. Previous research has 
demonstrated that selection related to thermal pollution favors alleles that 
increase metabolic rate, resulting in the homozygous Pgi genotype being 
more frequent in warmer temperatures. Our hypothesis was that the two 
populations that differ in their genotypes for the gene Pgi will 1) differ 
in their susceptibility to chlorpyrifos, a pro-insecticide that is metabo-
lized to the much more active chlorpyrifos-oxon, and 2) the magnitude of 
differences between the populations will increases across temperatures. 
Combinations of chlorpyrifos, chlorpyrifos-oxon, and piperonyl butoxide 
were used as model contaminants as their toxicity and metabolism has 
been well studied in Dapnia and through toxicity testing of the metabo-
lite and an enzyme inhibitor allows discrimination between responses in 
different detoxification pathways. Initial results suggested limited differ-
ences in chlorpyrifos susceptibility suggesting that temperature related 
tolerance mechanisms might be unrelated to differences in Pgi genotype.

12. Multiple Stressors: Tackling Complex Mixtures - 
From Exposure to Toxicity
5.12.02  Thyroid Receptor Antagonism of Mixtures Isolated From 
Personal Silicone Wristbands and Papillary Thyroid Cancer
C. Kassotis, K. Hoffman, S. Hammel, Duke University / Nicholas 
School of the Environment; N.J. Herkert, Duke University / Civil and 
Environmental Engineering; S.W. Kullman, North Carolina State 
University / Toxicology Program; J. Sosa, University of California, San 
Francisco / Department of Surgery; H.M. Stapleton, Duke University / 
Nicholas School of the Environment
Silicone wristbands have been shown to support measurements of 
personal exposure to complex mixtures of semi-volatile contaminants 
in the ambient air, encompassing both the indoor and outdoor environ-
ments. Herein, we conducted a pilot study to evaluate TRb antagonism of 
mixtures isolated from silicone wristbands that were worn for one week 
by 36 adults recently diagnosed with papillary thyroid cancer and 36 age 
and sex-matched controls from central NC. One-gram sections of each 
wristband were solvent extracted and analyzed via mass spectrometry 
to quantify a range of 49 semi-volatile contaminants. Separate one-half 
gram sections of each wristband were solvent extracted and reconstituted 
in tissue culture media for use in bioassays. These extracts were tested for 
their ability to antagonize thyroid receptor beta (TRb) using a transient 
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transfection reporter gene assay in human kidney cells. Notable cytotoxic-
ity was observed in 29 of the samples tested at concentrations of 5-10% of 
the original extract concentration (i.e. from 1-inch segments of wrist-
bands). Approximately 70% of extracts tested at 1% of the original extract 
exhibited significant TRb antagonism, independent of cytotoxicity. 
Extracts exhibited a mean of 30% TRb antagonism (percent suppression 
of half maximal positive control) and a range of 0-100% at 1% concen-
tration. Extracts tested at 0.1% of the original concentration displayed 
a mean of 10% with a range of 0-63%. Thyroid receptor antagonism 
was positively associated with wristband concentrations of two bromi-
nated flame retardants, two organophosphate esters, and four phthalates. 
Concentrations of five organophosphate esters and two phthalates were 
significantly associated with an increased odds of papillary thyroid cancer 
case status. Interestingly, participants with wristbands with significant 
TRb antagonism were approximately 2.1 times as likely to be a papil-
lary thyroid cancer patient (p=0.12). Many of these individual chemicals 
have been previously reported as TR antagonists, supporting a potential 
role for TR antagonists in the development and/or progression of thyroid 
disease and papillary thyroid cancer. These results suggest that these 
personal passive samplers may be useful in evaluating bioactivities of 
mixtures that people come into contact with on a daily basis. Using these 
external non-invasive samplers may present new opportunities to assess 
potential relationships between contaminant mixtures and human health.

5.12.03  Firefighter Exposures to Potential Endocrine Disrupting 
Chemicals: Behavioral Trends and Representative Mixtures
C. Poutasse, Oregon State University / Environmental and Molecular 
Toxicology; W.C. Poston, S.A. Jahnke, C.K. Haddock, National 
Development and Research Institutes, Inc. / Center for Fire, Rescue, and 
EMS Health Research; L.G. Tidwell, P. Hoffman, K.A. Anderson, Oregon 
State University / Environmental and Molecular Toxicology
Studies suggest that exposure to potential endocrine disrupting chemicals 
(pEDCs) may contribute to adverse health outcomes, but the relationships 
between pEDC exposures and firefighting have not yet been fully charac-
terized. We previously demonstrated the use of the military-style silicone 
dog tag as a personal passive sampling devices for structural firefighters, 
assessing polycyclic aromatic hydrocarbon and phthalate exposures based 
on duty shift and department call volume. This study sought to examine 
the firefighter pEDC exposure trends based on participant characteristics 
and behaviors, and to develop representative pEDC mixtures based on 
the exposure profiles. The structural firefighters (n=56) were from one 
high and one low fire call volume department (Kansas City, Missouri 
metropolitan area) and wore separate dog tags while on- and off-duty 
(ndogtags=110). The targeted 1530 analyte screening method was conducted 
using gas chromatography mass spectrometry, and included over 400 
pEDCs (e.g. diisobutyl phthalate). Firefighter exposure profiles underwent 
agglomerative hierarchical clustering, and the resulting clusters were 
primarily based on department call volume, marital status, income, and 
whether they regularly used conventional cleaning products. Spearman’s 
coefficients also demonstrated that off- and on-duty pEDC concentrations 
were highly correlated with each other, which enabled us to develop rep-
resentative pEDC mixtures from the firefighter exposure profiles. Because 
pEDC exposures typically co-occur, researchers may benefit by applying 
these surrogate mixtures to future toxicological experiments.

5.12.04  Identification of Aqueous Film-Forming Foam (AFFF) 
Components Contributing to Human Liver Cytotoxicity
K.A. Mauge-Lewis, S. Ramaiahgari, NIEHS / Division of the National 
Toxicology Program; J.P. McCord, M.J. Strynar, U.S. Environmental 
Protection Agency / Center for Environmental Measurement and 
Modeling; S. Fenton, NIEHS / Division of the National Toxicology 
Program
Per- and polyfluoroalkyl substances (PFAS) are man-made chemicals 
characterized by their resistance to heat, water, and oil due to carbon-fluo-
rine (C-F) bonds. PFAS have hundreds of industrial and consumer product 
applications; a known use is in aqueous film forming foams (AFFF) to 

extinguish hydrocarbon fuel-based fires. Because AFFF may contaminate 
bodies of water used for drinking water consumption, this study was 
designed to identify components of 10 AFFF that may be responsible for 
cytotoxicity or altered function in metabolically competent human liver 
cells (HepaRG). HepaRG cells were exposed to the AFFF by blinded 
allocation for 24 hours at a volume-per-volume concentration range of 
0.0008% to 0.8% in media. Although AFFF are used at 3 or 6% dilu-
tion in firefighting, substantial declines in cellular viability occurred at 
concentrations between 0.1% and 0.4% for 3 of the 10 AFFF, and total cell 
death was observed between concentrations of 0.5% and 0.8% for 6 out of 
the 10 AFFF in cells using the CellTiter-Glo luminescence assay. Twelve 
individual PFAS, ranging from C4 to C9, a commercially available C6 
PFAS mixture, and eight non-fluorinated components of the AFFF mix-
tures that were reported on MSDSs or identified via mass spectrometry 
were evaluated for cytotoxicity. The C4 and C5 PFAS reduced cellular 
viability 69% at a maximum concentration of 500 uM. The C6 and C7 
PFAS reduced cellular viability by 50%-60% (314 uM to 420 uM). The C8 
and C9 PFAS reduced cellular viability by over 50% (146 uM to 372 uM). 
Among the non-fluorinated components tested, 2-(2-butoxyethoxy)etha-
nol was the only component capable of generating an EC50 value (0.005% 
v/v). The PFAS C6 mixture recapitulated the cytotoxic effects of the intact 
AFFF. These data support our hypothesis that the PFAS contained in the 
AFFF formulations are the primary drivers of observed cellular toxicity 
resulting from exposure.

5.12.05  Reconstructing Proprietary Poly- and Perfluoroalkyl 
Substances (PFAS) Compositions in Aqueous Film Forming Foams 
(AFFF)
B. Ruyle, E.M. Sunderland, Harvard University / John A. Paulson School 
of Engineering and Applied Sciences
Poly- and perfluoroalkyl substances (PFAS) are a large class of extremely 
persistent anthropogenic chemicals. Pervasive environmental contamina-
tion has resulted from the use of PFAS in consumer and industrial items, 
including aqueous film forming foam (AFFF) for firefighting and training 
activity. In 2002, industry voluntarily phased-out of the manufacture 
and use of perfluorooctane sulfonate (PFOS) in AFFF, resulting in the 
proliferation of novel mixtures of PFAS that are considered confiden-
tial business information. Standard detection methods for PFAS using 
liquid chromatography-tandem mass spectroscopy (LC-MS/MS) fail to 
capture ≥99% of PFAS in AFFFs in use today. In this work, we com-
bined measurements of bulk PFAS using total fluorine (TF), extractable 
organofluorine (EOF) and the total oxidizable precursor assay (TOP), and 
individual PFAS using LC-MS/MS in one legacy PFOS-based AFFF, 9 
modern PFAS-containing AFFFs that are currently approved for use by 
the U.S. Military, and one PFAS-free AFFF. The average EOF concentra-
tion at point-of-use [diluted 3% or 6% (v/v%) in water] in these AFFFs 
was 18.0±3.72 mM. No significant difference in point-of-use concentra-
tion was observed between the 3% and 6% concentrates, indicating that 
the AFFF industry targets a concentration of ~18 mM to achieve ideal 
firefighting performance. LC-MS/MS analysis for 29 PFAS explained 
48% of EOF in the legacy PFOS-based AFFF and ≤1% of EOF in modern 
AFFFs. Trace levels of compounds whose use has been eliminated by 
the U.S. Environmental Protection Agency PFOA Stewardship Program 
including perfluorooctanoate (PFOA), perfluorononanoate, and 8:2 
fluorotelomer sulfonate were detected in 6 of 9 modern PFAS-containing 
AFFFs. Targeted analysis and oxidizable precursors detectable using 
the TOP assay explain all of the EOF in legacy PFOS-based AFFF. 
Precursors in legacy AFFF are primarily six carbon perfluoroalkyl 
sulfonamide based precursors. In modern AFFFs, the TOP assay was also 
able to capture the unidentified fluorine present in EOF and indicated it is 
primarily composed of 6:2 fluorotelomer compounds (96±1%). No fluorine 
or PFAS was detected in the PFAS-free AFFF. Together, these data were 
used to successfully reconstruct the proprietary molecular compositions 
of PFAS in AFFFs to aid future toxicity and risk assessments of ongoing 
AFFF use.
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5.12.06  Application of a Framework for Grouping and Mixtures 
Toxicity Assessment of PFAS: A Closer Examination of Dose 
Additivity Approaches
P.E. Goodrum, J.K. Anderson, GSI Environmental, Inc.; A. Luz, Integral 
Consulting Inc.; G.K. Ansell, GSI Environmental, Inc.
Environmental occurrence and biomonitoring data for per- and poly-
fluoroalkyl substances (PFAS) demonstrate that humans and wildlife 
are exposed to mixtures of non-polymeric PFAS. Currently, varying 
approaches to PFAS mixtures risk assessment have been presented by 
environmental regulatory agencies in the U.S., Canada, Australia, and the 
European Union. This presentation introduces a new systematic analysis 
of available PFAS toxicity study data using a tiered mixtures risk assess-
ment framework and current U.S. and international mixtures guidance to 
select appropriate chemical groups and mixtures methods. We identify 
and integrate multiple lines of evidence available on PFAS mixtures 
including whole mixture toxicity studies, binary mixture studies with 
aquatic invertebrates, zebrafish, and amphibians, 28-day rodent bioassays 
recently published by the U.S. National Toxicology Program, and high-
throughput in vitro assays on nuclear receptor binding activity available 
for 21 PFAS, including fluorotelomers, on USEPA’s ToxCast/Tox21 data-
base. An assumption of dose-additivity is supported for limited groups of 
PFAS compounds based on toxicological similarities in mode of action 
(MoA) and shapes of dose-response curves. Specific chemical groups and 
relative potencies can vary depending on whether dose is expressed as 
administered or internal (serum) levels, the choice of critical effect end-
point, and whether points of departure (POD) are expressed on a molar 
concentration basis. While assumptions of equipotency are generally not 
supported across a broad range of environmentally relevant doses for non-
polymeric PFAS, uncertainties in the MoA continue to preclude the use of 
a relative potency factor approach indexed to one chemical. If the relevant 
mixture of concern includes both long- and short-chain PFAS, subdivid-
ing the components based on chain-length may make sense given that 
there are differences in critical effect. Following U.S. and international 
guidance, the hazard index (HI) method applied to perfluoroalkyl carbox-
ylic acids (PFCAs) and perfluoroalkyl sulfonic acids (PFSAs) grouped 
separately is the most appropriate approach for conducting a screening 
level risk assessment for non-polymeric PFAS mixtures, given the current 
state-of-the science. These findings can guide the prioritization of future 
studies on single chemical and whole mixture toxicity studies.

5.12.07 Informing Approaches to Mixtures Toxicity Assessment of 
PFAS by Evaluating Molar Concentrations
S.E. Hansen, G.K. Ansell, B.R. Winters, T. Hoang, J.K. Anderson, P.E. 
Goodrum, GSI Environmental, Inc
Environmental occurrence and biomonitoring data for per- and poly-
fluoroalkyl substances (PFAS) demonstrate that humans and wildlife are 
exposed to mixtures of non-polymeric PFAS. A key line of evidence in 
determining appropriate mixtures risk assessment approaches involves 
a systematic dose-response analysis of studies on component chemicals, 
binary mixtures, and whole mixtures (with more than two chemicals). In 
this poster, we illustrate the sensitivity of outcomes applied to available 
PFAS toxicity study data when exposure concentrations are expressed 
on a molar basis rather than a mass basis. Molar concentrations have 
long been used to predict ecotoxicity of mixtures of chemicals that cause 
narcosis such as polyaromatic hydrocarbons (PAHs) and petroleum 
hydrocarbons because a primary mode of action is understood and dose-
additivity can be demonstrated. We evaluate multiple lines of evidence 
available on PFAS mixtures including binary mixture studies with aquatic 
invertebrates, zebrafish, and amphibians; 28-day rodent bioassays recently 
published by the U.S. National Toxicology Program; and high-throughput 
in vitro assays on nuclear receptor binding activity in USEPA’s ToxCast/
Tox21 database. While it is clear that modes of action for toxicity are 
complex and not uniform across the broad range of non-polymeric 
PFAS compounds, examining patterns in toxicity after normalizing by 
molecular weight can reduce sources of variability in assessments of 
dose-additivity and potential interactions. Preliminary findings indicate 

that adjusting for molecular weight can affect estimates of relative 
potency based on ratios of effect concentrations for commonly studied 
short-chain and long-chain perfluoroalkyl carboxylic acids and sulfonates. 
Use of molar ratios in dose-response investigations of mixtures can help 
to support PFAS grouping strategies and guide study designs for future 
mixtures toxicity studies.

5.12.08 New Approach Methodologies to Prioritize and Identify Key 
Components of UVCBs
A.L. Phillips, ORISE at USEPA / Center for Computational Exposure 
and Toxicology; J.P. McCord, U.S. Environmental Protection Agency / 
Center for Environmental Measurement and Modeling; B.R. Blackwell, 
U.S. Environmental Protection Agency / Great Lakes Toxicology and 
Ecology Division; K. Houck, U.S. Environmental Protection Agency / 
Center for Computational Exposure and Toxicology; E.M. Ulrich, U.S. 
Environmental Protection Agency / Center for Computational Toxicology 
and Exposure
Over half of chemicals in commerce are classified as chemical substances 
of unknown or variable composition, complex reaction products and/
or biological materials (UVCBs). Some UVCBs originate from natu-
ral products (e.g., essential oils and petroleum products), while others 
are developed to meet performance criteria (e.g., surfactant mixtures). 
Individual UVCBs are poorly defined at the chemical structure and weight 
fraction levels, making traditional exposure and risk assessment method-
ologies poorly suited for evaluating UVCB safety. As such, there is a need 
for new methods to further define UVCB compositions and categorize 
exposure and hazard potential. This research proposes a workflow for the 
effect-directed prioritization of potentially bioaccumulative and bioactive 
UVCB components for non-targeted chemical structure identification. 
UVCBs will be initially characterized by high resolution mass spec-
trometry (HRMS) using full-scan (m/z 150-2,000) MS1 data collected 
in both positive and negative electrospray ionization modes. Following 
initial characterization, subfractions will be collected using a liquid 
chromatography system equipped with an automated fraction collector. 
UVCBs and their associated fractions will then be assessed in parallel 
bioaccumulation and bioactivity assays. The metabolism and potential 
bioaccumulation of individual UVCB features will be estimated via a sub-
strate depletion approach using an incubation system consisting of human 
liver subcellular fractions (S9) and cofactors that support both Phase I and 
II biotransformations. Bioactivity of individual UVCB fractions will be 
evaluated via Attagene’s trans-FACTORIAL assay to assess interaction of 
test samples with 24 human nuclear receptors in the liver HepG2 cell line. 
Features and fractions scoring the highest in both assays will be priori-
tized for in depth structural characterization using non-targeted, HRMS 
techniques, and potentially further fractionation and bioassay tests. When 
possible, tentative identifications will be confirmed with authentic stan-
dards and concentrations will be measured. The efficacy of this approach 
will be tested in case studies with two commercial UVCBs: a surfactant 
and a nonylphenol mixture. Generated data will aid modelers in assessing 
UVCB exposure and hazard potential in support of risk assessment for 
complex chemical mixtures.

5.12.09  Effects-Directed Analysis: Agonism Isn’t Everything
G.P. Black, University of California, Davis / Civil & Environmental 
Engineering; G. He, University of California, Davis / Environmental 
Toxicology; M.S. Denison, University of California / Environmental 
Toxicology; T.M. Young, University of California, Davis / Civil and 
Environmental Engineering
The beneficial reuse of sewage sludge via land application holds immense 
potential for nutrient recycling, yet the safety of doing so is heavily 
debated. Consumer product chemicals are found profusely in wastewater 
treatment plant discharges, and the safety of discharging such chemicals 
into the environment as part of complex mixtures is not currently well 
understood. Non-targeted analysis of High-Resolution Mass Spectrometry 
(HRMS) was combined with in vitro bioassay analysis to identify estro-
gen active chemicals in 14 sewage sludge samples. Compounds correlated 
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to estrogen agonistic behavior measured on VM7Luc4E2 bioassays were 
primarily investigated. Chromatographic fractionation and subsequent 
agonism assay analysis examined four highly estrogen agonistic samples, 
where 60% of total activity was isolated to a single fraction in 3 of the 
4 samples. However, in one of the four fractionated samples, a sizable 
discrepancy between whole extract activity and the sum of the activity 
of its corresponding fractions highlighted the presence of antagonistic 
compounds. As a result, VM7Luc4E2 antagonistic bioassays were run on 
the same 14 extracts and a strong, negative correlation between antagonis-
tic and agonistic activity was observed (linear regression R2=0.7825). The 
results emphasize the importance of evaluating both agonistic and antago-
nistic behavior when performing effects-directed analysis to achieve a 
more comprehensive understanding of biologically relevant chemicals, 
and thus evaluate risk associated with sewage sludge reuse.

5.12.10 The Complex Chemical Water Quality in a Chronic Kidney 
Disease Impacted Area: A Non-Targeted Analysis and High-
Resolution Mass Spectrometry Investigation
J. Ulrich, Duke University / Civil and Environmental Engineering; 
N. Jayasundara, University of Maine / School of Marine Sciences; L. 
Ferguson, Duke University / Civil and Environmental Engineering, 
Nicholas School of the Environment
Chronic kidney disease (CKD) affects ~15% of the worldwide population. 
The role of environmental contaminants in kidney dysfunction is poorly 
understood, especially the potential links due to organic contaminants. 
An increase in prevalence of CKD of unknown origins (CKDu) has 
become a global public health concern, including in Sri Lanka, where 
5-20% of the adult population in certain communities are affected by the 
disease, and is hypothesized due to chemical exposure. To examine the 
contaminant burden, we used a non-targeted screening method based on 
high-resolution mass spectrometry to tentatively identify organic pollut-
ants in various water samples relevant to human exposure. Data mining 
of the EPA ToxCast database was employed to understand the potential 
underlying toxicity of the compounds detected in these samples. The 
analytical strategy used UHPLC coupled to high-resolution, accurate-
mass Orbitrap MS/MS (LCHRMS). High resolution, data-dependent MS/
MS with HCD fragmentation and Orbitrap mass analysis was performed. 
High-resolution product ion spectra were used to interrogate tandem MS 
spectral libraries for compound identification, together with an in-silico 
mass spectrometry workflow using chemoinformatic methods integrated 
with a commercial HRMS data processing system. We found 1400+ 
unique chemical features in the various water samples, demonstrat-
ing the complexity of the potential exposure. A total of 28 compounds 
were identified using authentic standards. Using library matching with a 
spectral library containing >30,000 unique compounds, 127 compounds 
were annotated with a library match score >75%. The computational 
mass spectrometry tools SIRIUS and CSIFingerID were used to tenta-
tively identify molecular formula and structures for the remaining 1200+ 
features. Of the standard identified compounds and high-confidence 
library matches, 58 were found to have been tested in assays present in 
the ToxCast database, but these chemicals displayed activity in over 650 
assays that target a range of toxicological endpoints using various cell tis-
sues. Also, 79 assays had 10 or more of the 58 compounds display activity, 
suggesting there are multiple compounds present in these waters that can 
amplify common targets as toxicological endpoints. Cell proliferation and 
regulation of transcription factor activity were the most abundant active 
assays of these assays, suggesting that these may contribute to biological 
processes linked to nephrotoxicity in Sri Lanka.

5.12.11 Application of Effects Directed Analysis and Non-Target 
Mass Spectrometry to Complex Chemical Mixtures in Water 
Samples From Developing Countries
N. Madani, University of Florida, Gainesville / Department of 
Environmental and Global Health; J. Ulrich, Duke University / 
Department of Civil and Environmental Engineering; J.H. Bisesi, 
University of Florida / Environmental and Global Health; N. 
Jayasundara, University of Maine / School of Marine Sciences; T. Gu, 
University of Florida, Gainesville / Department of Biostatistics; L. 
Ferguson, Duke University / Civil and Environmental Engineering, 
Nicholas School of the Environment; T. Sabo-Attwood, University of 
Florida / Environmental and Global Health; J. Lee, University of Florida, 
Gainesville / Department of Biostatistics
The degree of environmental pollution in developing countries is limited 
despite the acknowledged association between chemical exposure and 
adverse health outcomes. A challenge of resource poor environments is 
the lack of knowledge about chemical “soups” that are present in diverse 
water systems. Therefore, researchers have limited knowledge of which 
chemicals are of public health concern. Given the presence of potentially 
thousands of chemicals in aquatic reservoirs, identifying components of 
chemical ‘soups’ as a means to better understand exposure and health 
impacts is warranted. To address this we are employing ‘non-targeted’ 
high-resolution mass spectrometry (MS) followed by a custom annota-
tion pipeline to generate chemical fingerprints in collected water samples 
to determine whether toxicity data are (or not) readily available for these 
chemicals in open source federal databases (i.e. ToxCast). Water samples 
were collected from surface waters and wells in Haiti (n=13) and Sri 
Lanka (n=11), and chemicals present in these samples were identified by 
our MS and analysis pipeline. Initial profiling identified over 170 unique 
chemicals in Haiti waters representing pharmaceuticals (12%), pesti-
cides (13%), and natural products (17%), among others, and 144 unique 
chemicals found in Sir Lanka waters representing pharmaceuticals (31%), 
pesticides (9%), and natural products (21%), among others. For both sites 
interestingly, over 60% of the chemicals have not been tested in any of the 
> 1,400 assays available through the ToxCast database with 93 chemi-
cals unique to Haiti, 77 chemicals unique to Sri Lanka, 17 chemicals 
appearing in both sample sites but not ToxCast. There were. These results 
showcase the utility of non-target chemistry to identify chemical finger-
prints in complex water samples where limited background information is 
available. To begin to understand how these mixtures associate with bio-
logical activity, we performed estrogenic activity assays for each sample 
(by site) based on the number of chemicals identified that are known to 
have some hormonal activity. Results showed estrogen equivalency values 
ranging from 2 pM to 17 pM, and the greatest values were noted in sur-
face water samples near agricultural sites. Validation of activity based on 
the Toxcast AC50 values is underway. These efforts should lead to a better 
understanding of exposure and health effects of ‘real-world’ samples in 
developing nations where limited data are available

5.12.12 Challenges with Aquatic Ecotoxicology Testing and 
Analytical Confirmation of Poorly Water Soluble UVCBs
M. Staggs, Smithers ERS Limited / Ecotoxicology; M. Dix, Smithers ERS 
Limited / Department of Chemistry; A. Fournier, Smithers ERS Limited / 
Department of Ecotoxicology; R.C. Biever, Smithers / Ecotoxicology
Ecotoxicity testing with unknown/variable composition, complex reaction 
products and biological materials (UVCBs) presents unique challenges 
due to the differing physiochemical properties of the individual com-
ponents, including water solubility. For UVCBs that are only partially 
soluble in water, OECD Guideline 23 recommends preparation of indi-
vidual water-accommodated fractions (WAF). Individual preparations 
are recommended over serial dilutions of a single WAF stock, because 
the proportions of each component can vary based on the mass-to-volume 
ratio of each loading rate and the varying levels of functional solubility of 
each. However, experience has shown that for some UVCBs the amount 
of some components in solution can be relatively consistent regard-
less of the loading rate and yield a flat dose response among an array 
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of concentrations. Because of this, selecting a range of loading rates to 
produce an adequate dose response for UVCBs with slight to moderate 
toxicity, while maintaining appropriate dilution factors, is nearly impossi-
ble. An acute algal toxicity test and an acute Daphnia magna toxicity test 
were conducted with a UVCB containing three major components. For 
the D. magna range-finding exposure, individual WAFs were prepared at 
nominal loading rates ranging from 0.10 to 100 mg/L and analysed for the 
concentration of the three major components. Despite preparing WAFs 
with loading rates spanning over four orders of magnitude, the measured 
concentrations remained within one order of magnitude. While this did 
not prove to be an issue for the D. magna test, because no toxicity was 
observed at any loading rate tested, the same was not true for the algal 
toxicity test. Individual WAFs were prepared at nominal loading rates 
spanning from 0.20 to 100 mg/L for the acute algal toxicity test. After 72 
hours of exposure, percent reductions in density (compared to the control) 
ranged from 11 to 18%, suggesting that the actual exposure concentra-
tions were nearly identical. Because the dose response produced from this 
exposure was so shallow, the data could not be adequately plotted in order 
to generate reliable ECx values. Therefore, preparing serial dilutions from 
a single WAF stock may be a more appropriate option for some UVCBs.

5.12.13  Poly-Parameter Linear Free Energy Relationships to Predict 
Partitioning of Polar Pharmaceuticals into Sediment and Fish Tissue 
at a Wastewater Effluent Dominated Stream
A. Mianecki, H. Zhi, G.H. LeFevre, University of Iowa / Department of 
Civil and Environmental Engineering
Contaminants of emerging concern, including pharmaceuticals and 
personal care products (PPCPs), are released on a near constant basis 
from wastewater treatment plants (WWTPs) into natural water bodies. 
Many WWTPs discharge into small, ephemeral streams and account for 
a large proportion of the overall stream discharge. In these small, effluent 
dominated ecosystems PPCPs can be present as complex exposure mix-
tures at pseudo-equilibrium in the water due to the constant influx of high 
concentration effluent. The objective of this study was to use poly-param-
eter linear free energy relationships (pp-LFERs) to predict equilibrium 
partitioning of ten concurrently studied pharmaceuticals in a well-
characterized, temperate-region, effluent dominated stream. Partition 
coefficients, including the octanol-water partition coefficient (KOW), 
are useful in making quick and approximate predictions for a pharma-
ceutical’s affinity to water, but are less useful in characterizing specific 
environmental sorption or uptake scenarios. Using information derived 
from molecular structure, pp-LFERs can be adjusted for environmental 
conditions and be used to model specific scenarios within a stream. In 
this study, pp-LFER equations from the Helmholtz UFZ-LSER database 
were applied to each compound and environmental matrix to predict the 
partitioning of 10 pharmaceuticals between water-sediment and water-
fish tissue. Water, sediment, and fish samples were collected concurrently 
from the stream and have been analyzed for each of the 10 pharmaceuti-
cals. The predicted partitioning considers the ambient concentrations of 
the pharmaceuticals in the stream water that we previously quantified. 
The predicted concentrations in the stream sediment and fish tissue will 
be directly compared with the laboratory derived concentration data from 
the field study. The comparison of predicted pp-LFER partitioning values 
and actual environmental measurements will be used as a tool to improve 
estimates of the fate and bioaccumulation of complex PPCP mixtures in 
effluent dominated streams.

13. Oil and Gas: Environmental Hazard and Risk 
Assessment
5.13.01  Development of an Environmental Fate Model for Diluted 
Bitumen Spills in Freshwater Lakes
L.J. Saunders, University of Ottawa / Department of Biology; J.L. 
Rodriguez, IISD-Experimental Lakes Area; M.L. Hanson, University of 
Manitoba / Department of Environment and Geography; D.M. Orihel, 
Queens University / Department of Biology/School of Environmental 
Studies; B.P. Hollebone, Environment and Climate Change Canada; V. 
Palace, IISD Experimental Lakes Area (IISD-ELA); J.M. Blais, University 
of Ottawa / Department of Biology
The shipment of diluted bitumen (dilbit) from Canada to global markets 
requires transportation via rail, truck, and pipeline. With the proposed 
expansion of this infrastructure in Canada, concerns persist regarding 
accidental spills. Recent reports by the Royal Society of Canada and the 
US National Academy of Sciences conclude that more research is needed 
on the weathering, fate, and behaviour of dilbit in aquatic environments. 
Furthermore, the development of oil spill response plans relies on the 
ability to predict the fate and behavior of dilbit in the environment to 
adequately assess its associated risk. While several fate and transport 
models are available for crude oil, few models exist specifically for 
dilbit. Additionally, many existing models consider spills in marine 
environments, but few models exist to evaluate the fate of spilled oil in 
lower energy lake or river systems. To address this research need, the 
BOREAL project (Boreal-lake Oil Release Experiments by Additions to 
Limnocorrals) was commissioned to carry out large-scale field experi-
ments of simulated dilbit spills into a freshwater lake. Experiments were 
conducted over 70 d in 9 limnocorrals (10 m diameter, 100 m^3) installed 
in an oligotrophic lake. Both physical and chemical properties of dilbit 
were monitored over time to elucidate different weathering processes 
(i.e., evaporation, photodegradation, biodegradation, emulsification, and 
dissolution). Chemical concentrations of n-alkanes and polycyclic aro-
matic compounds (PACs) in the slick, water, sediment, and air were also 
measured. Using these empirical data, we have developed an environmen-
tal model that can be used to evaluate the fate of organic contaminants in 
freshwater lakes. The model incorporates the dilbit slick as an indepen-
dent dynamic compartment that accounts for evaporative losses of bulk 
dilbit (~30%). Chemical fluxes between dilbit, water, air, and sediment are 
estimated and derived half-lives for different transport and transformation 
processes demonstrate the role of different removal mechanisms of con-
stituents following spills into freshwater. The presented data will inform 
other models to describe the fate of dilbit constituents in the environment. 
This model will provide a useful tool to inform evidence-based environ-
mental risk assessments and spill-management strategies for dilbit.l

5.13.02 Modeling to Estimate Constituent Concentrations in a River 
from a Barge Release of Fracking Fluid and Associated Potential 
Human and Ecological Risks
A.M. Bernhardt, J.M. Diamond, Tetra Tech, Inc.; H. Rodriguez, GHD; 
A.C. Bejarano, Shell Health - Americas / Shell Health Risk Science Team
Shale gas extraction wastewater (SGEWW) also known as “frack water,” 
is a by-product of drilling for natural gas using unconventional hydraulic 
fracturing technology, which involves the injection of water, sand, and 
chemical additives into shale gas extraction wells. Sand remains in the 
gas wells, but a substantial portion of the injected fluid re-surfaces after 
drilling and must be handled as SGEWW. There is commercial interest in 
transporting SGEWW from northern Appalachia via inland waterways to 
storage or reprocessing centers and final disposal sites in Ohio, Texas, and 
Louisiana. Therefore, an evaluation was conducted to determine potential 
constituent concentrations in surface water and sediment should a release 
of SGEWW occur while being transported along the river and potential 
human health and ecological risks from the release. A predictive model-
ing framework, using the Environmental Fluid Dynamic Code (EFDC), 
was developed. The modeling framework involved the simulation of 
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hydrodynamic, sediment transport, and constituent concentrations (i.e., 
barium, radium) resulting from a liquid spill from a barge transporting 
SGEWW in a representative hypothetical reach of river. The physical 
configuration of the reach of the river and ambient conditions of depths, 
flows, and meteorological conditions assumed appropriately represent a 
reasonable worst-case scenario likely to occur in navigational reaches of 
the upper Ohio River tributaries. The modeling was conducted for a range 
of spill discharge volumes and river conditions. In addition, a sensitivity 
analysis was conducted to identify model input assumptions having the 
greatest impact on predicted surface water and sediment concentrations. 
The results of the modeling produced constituents in surface water and 
sediment at various times and distances within the river. The sensitivity 
analysis found that SGEWW discharge volume and river flow rate had a 
significant effect on constituent concentrations, the length of time con-
centrations exceeded human health and ecological criteria, and the area of 
river potentially impacted. Therefore, different modeling scenarios were 
conducted to present a range of these potential risks.

5.13.03 Evaluation of the Sameness of Production Batches of 
Petroleum Refining Products With Ion Mobility -Mass Spectrometry 
Im-Ms
A.T. Roman-Hubers, Texas A&M University / Veterinary Integrative 
Bioscience; A.C. Cordova, Texas A&M University / Veterinary Integrative 
Biosciences, Interdisciplinary Faculty of Toxicology; A. Rohde, Texas 
A&M University / Veterinary Integrative Biosciences,; E.S. Baker, North 
Carolina State University / Department of Chemistry; T.J. McDonald, 
Texas A&M University / Department of Environmental and Occupational 
Health; W. Chiu,I. Rusyn, Texas A&M University / Veterinary Integrative 
Biosciences, Interdisciplinary Faculty of Toxicology
Substances of Unknown or Variable Composition, Complex Reaction 
Products and Biological Materials (UVCBs) are difficult to characterize 
with respect to their chemical composition using traditional analytical 
methods. Petroleum-derived products are archetypal UVCBs that need to 
be characterized with respect to the sameness of the chemical composi-
tion of the products that are grouped for regulatory purposes. Current 
methods for establishing sameness of petroleum UVCBs rely on phys-
chem properties and manufacturing process information, not on detailed 
chemical characterization. In this project, we aimed to demonstrate 
how Ion Mobility -Mass Spectrometry (IM-MS) can be used for rapid 
deconvolution of complex chemical composition of petroleum UVCBs 
so that their sameness can be substantiated with detailed analytical data. 
For this study, we used samples of 6 petroleum refining-derived sub-
stances (USEPA High Production Volume (HPV) chemical categories of 
“Hydrocarbon solvents” (n=2) and “Lubricating oil basestocks” (n=4)). 
We obtained independent production batches of these samples to test the 
degree of variability within each substance, as well as the degree of same-
ness between substances that are currently classified into the same group 
(“Aromatic Hydrocarbons, Reformate-based” or “Base Oils (Paraffinic),” 
respectively) or HPV category. A total of 16 independent production run 
samples (2-3 per substance) were analyzed using direct injection IM-MS 
(using varying ionization sources) to obtain their aliphatic and aromatic 
hydrocarbon chemical composition profile. Analytical features were 
filtered based on peak quality and abundance, and the individual features 
were then putatively identified using Kendrick mass defect analysis and 
collision cross section trends. Carbon number blocks and molecular 
classes of petroleum hydrocarbons and heteroatoms were also gener-
ated for each sample. These data were used to perform classification of 
the samples into groups. We found that, some compositional variability 
notwithstanding, production batch samples of the same substance were 
grouping together and substances from the same HPV category were also 
grouping together. These data demonstrate that despite chemical complex-
ity of the petroleum UVCBs, their sameness can be characterized using 
rapid chemical profiling enabled by IM-MS. Funding for this research 
was provided by a grant from NASEM’s Gulf Research Program.

5.13.04 Simulating Behaviour of Petroleum Compounds During 
Sewage Water Treatment
N. Thunnissen, Radboud University, Nijmegen / Environmental Science; 
D. van de Meent, J. Struijs, Association of Retired Environmental 
Scientists; M. Hjort, CONCAWE; A.D. Redman, Exxon Mobil Biomedical 
Sciences, Inc. / Toxicology and Environment Science Division; M.G. Smit, 
Shell International / Risk Science Team, Shell Health; J.A. Hendriks, R. 
van Zelm, Radboud University, Nijmegen / Department of Environmental 
Science
Petroleum products are complex mixtures of chemical compounds. The 
physical-chemical properies of these compounds show a wide variety and 
as a result, will behave differently, but predictable, upon release to the 
environment. With the multimedia model SimpleTreat, distribution and 
elimination of petroleum products can be predicted in aerobic wastewater 
treatment plants (WWTP). A major feature of this model is that it only 
requires a few basic properties of the chemical to calculate emissions to 
air, surface water and in produced sludge (sometimes applied to agricul-
tural soil). Furthermore, in recognition of the complexity of petroleum 
products, more advanced treatment processes are constructed in WWTP. 
So, it would be of value to upgrade SimpleTreat with more advanced treat-
ment processes, such as dissolved air flotation (DAF). DAF is a process 
for removing suspended particles from liquid by bringing the particles 
to the surface of the liquid. When this process is added to SimpleTreat, 
it is important to understand how including DAF affects the concentra-
tion predictions of petroleum products. The objectives of this work was 
to develop a multimedia fate model which includes realistic simulation 
of DAF treatment. For this, we replaced primary sedimentation with a 
DAF unit in the SimpleTreat model. Subsequently we compared newly 
obtained WWTP fate results for 1560 hydrocarbon constituents with 
results obtained with the SimpleTreat model with primary sedimentation. 
Modelling was performed using SimpleTreat 4.0 and the Concawe library. 
In SimpleTreat 4.0 a simulation of DAF was included. Furthermore, 
chemical fate in WWTP of the library compounds was modelled for 
SimpleTreat 3.1, SimpleTreat 4.0. The latter with and without simulation 
of DAF. Comparison of model outcome will give insight in the effect of 
changes in SimpleTreat. It appeared that the upgrade of SimpleTreat with 
DAF has an effect on the fate in WWTP. A large fraction of up to 90% is 
predicted to be removed by DAF. Predicted removal by DAF was on aver-
age 11% larger than for removal via primary sludge. Our study explains 
the added value of using an up-to date multimedia model to get a more 
reliable insight in the risk of petroleum products.

5.13.05  Enhanced Evaporative Flux to Remediate Soils Contaminated 
With Produced Water Brine 
K. Platt, University of Delaware / Environmental Engineering;
P.T. Imhoff, D.M. Di Toro, University of Delaware / Civil and 
Environmental Engineering; R.F. Carbonaro, Mutch Associates, LLC /
Chemical Engineering; H.E. Allen, University of Delaware / Civil and 
Environmental Engineering; T. Parkerton, ExxonMobil Biomedical 
Sciences, Inc. / Toxicology & Environmental Science; L.J. Eastcott, 
Imperial Oil
Hydraulic fracturing has revolutionized the onshore energy industry. 
While current practices are designed to prevent spills during operations, 
every year accidents occur that can contaminate local soils with highly 
saline produced water. The salts from spills can affect soil fertility and 
disperse soil clays, which can result in plant death and increased erosion 
and water runoff. Commercially available technologies to remediate brine 
impacted soils are time consuming, costly, and only partially effective. 
In this research, a novel technology is evaluated that removes salts from 
contaminated soil through an enhanced evaporative flux. Surface evapo-
ration and capillary action transport saline water upwards through the 
soil. If a crystallization modifier is added to prevent salts from precipitat-
ing and clogging soil pores below ground, the salts instead crystallize 
at the soil surface and can be simply removed physically above ground. 
Two produced waters collected from the Midland and Delaware regions 
of the Permian Basin were chemically characterized for ion composition. 
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Sodium chloride was predicted to form the largest quantity of precipi-
tated salt for both samples. Ferrocyanide, a well-known crystallization 
modifier for sodium chloride, has proven effective in its ability to induce 
major morphological changes from cubic to dendritic crystal forms, thus 
promoting surface efflorescence. Evaporative experiments in beakers of 
produced water-saturated sand columns were subsequently performed. 
While ferrocyanide was shown to cause surface efflorescence with pure 
sodium chloride solutions, the additional components of produced waters, 
such as calcium or iron, required higher ferrocyanide doses or additions 
of ethylenediaminetetraacetic acid (EDTA) to effectively produce surface 
efflorescence. Greater than 80% of salts were removed when both ferro-
cyanide and EDTA were added, highlighting the promise of this approach 
as an effective, lower cost and non-invasive remediation technique. A 
predictive geochemical speciation model that can be used to determine 
the optimum dosage of crystal modifier and EDTA to apply based on 
produced water ion composition will be discussed.

5.13.06  Ecotoxicology of Deep Ocean Spills
S. Chiasson, Loyola University / Department of Biological Sciences; A.C. 
Bejarano, Shell Health - Americas / Shell Health Risk Science Team; M.G. 
Barron, U.S. Environmental Protection Agency / Office of Research and 
Development
Central issues in understanding impacts of oil spills in the deep ocean 
include the unknown sensitivity of species inhabiting aphotic zones 
and the complexity and diversity of habitats that may be affected as the 
oil enters euphotic offshore and coastal environments. Challenges in 
evaluating toxicity in deep ocean species comprise both unique physical 
conditions (low temperature, high pressure, low dissolved oxygen, no 
light) and biotic factors (e.g. chemosynthetic and bioluminescent species), 
and little is known about bioavailability of volatile hydrocarbons in deep 
hypersaline environments. Oil spilled in the deep ocean may also impact 
coastal and offshore ecosystems as the oil droplets enter the meso- and 
epipelagic zones, and could result in oiling of seabirds, turtles, marine 
mammals, and coastal wetlands. A spill coinciding with spawning 
seasons may elevate risk to sensitive life stages of pelagic species. Some 
approaches for estimating toxicity to deep ocean and other aquatic species 
includes using existing extrapolation tools, such as the species sensitivity 
distribution, toxicity databases (e.g. Chemical Aquatic Fate and Effects), 
and predictive models (e.g. Interspecies Correlation Estimate). This 
presentation reviews challenges, approaches, and limitations of toxicity 
estimates to deep ocean species, and is based primarily on information 
derived from the Gulf of Mexico and lessons learned from the Deepwater 
Horizon oil spill.

5.13.08  Interspecies Correlation Estimation Models for Offshore 
Produced Water Whole Effluent Toxicity: A Proof-of-Concept
A.C. Bejarano, Shell Health - Americas / Shell Health Risk Science Team; 
T. Parkerton, ExxonMobil Biomedical Sciences, Inc. / Toxicology & 
Environmental Science; M.G. Smit, S.A. Hughes, Shell Health - Americas 
/ Shell Health Risk Science Team
To ensure protection of the marine environment and to comply with 
regulatory requirements, offshore oil and gas operators routinely perform 
whole effluent toxicity (WET) testing of produced water discharges. 
Given considerable toxicity testing for complying with WET require-
ments (e.g., several species across different taxa for a given effluent), a 
key priority is to develop reliable alternatives for refining produced water 
testing. Standardized acute and chronic WET testing often involves the 
concurrent use of several marine species covering a range of taxonomic 
groups which provide data for developing Interspecies Correlation 
Estimation (ICE) models. ICE models are mathematical relationships 
useful in predicting toxicity from one surrogate test species to a spe-
cies of unknown sensitivity. These models can be used to augment taxa 
diversity in species sensitivity distributions, a tool commonly used in 
hazard and risk evaluation. In this work, WET-ICE models were devel-
oped from data compiled across over 30 offshore platforms with global 
distributions. Point estimates [LCx, ECx] across hundreds of WET tests 

were standardized to toxic units (TU=100/point estimate), followed by 
pairing of TUs between two test species (surrogate-predicted species) for 
a given effluent. This data compilation produced >1,500 data pairs for 
88 surrogate-predicted species. Ultimately, 45 WET-ICE models were 
statistically significant and met established criteria for model reliability. In 
165 of 234 comparisons, WET-ICE predictions were within a 3 to 5-fold 
difference of observed values not used in model development, with mod-
els underpredicting toxicity in 20% of cases. Despite observed variability 
in TUs across offshore platforms, operators and region, WET-ICE models 
estimated toxicity with reasonable accuracy. When selected WET-ICE 
models were tested against a small external validation dataset, in 18 of 
22 comparisons, predictions were within a 3-fold difference of observed 
values, with models underpredicting toxicity in 13% of cases. Future work 
will focus on identifying additional data sources for external validation, 
and using WET-ICE enhanced SSDs to estimate the potentially affected 
fraction of species from offshore discharges after accounting for field 
dilution. Based on preliminary findings, WET-ICE appears to provide a 
promising alternative to toxicity testing, and with further development 
and validation, these models could prove useful in evaluating risks to 
marine life from produced water discharges.

5.13.09 Assessing the Affect of Temperature on the Acute Toxicity 
of Polycyclic Aromatic Compounds to Artemia franciscana Nauplii 
Using a Passive Dosing System
D. Philibert, B.P. de Jourdan, Huntsman Marine Science Centre / 
Environmental and Molecular Toxicology
Mathematical models of individual PAC toxicity provide invaluable infor-
mation to stakeholders to predict effects, assess damage, and identify and 
prioritize vulnerable habitats if an oil spill occurs. The target lipid model 
(TLM) was developed to predict the toxicity of PAC mixtures based on 
the principle that non-polar narcosis is primarily responsible for the acute 
toxicity of PACs. The model also stipulates that the log KOW values of 
the individual PACs are predictive of the differences in toxicity found 
amongst these compounds. Our study further develops and validates the 
relationship between toxicity and log KOW for an extensive range of PACs 
in a standard model marine crustacean; Artemia franciscana. Artemia 
nauplii were exposed to PACs with a wide range of log KOW values (2.5 
– 5.5) and compound classes (polycyclic aromatic hydrocarbons (PAH), 
alkyl-PAH, heterocycle PACs, and oxidized hydrocarbons) using a passive 
dosing system. Exposures lasted 48 hours in groups of 10 nauplii per well 
in polysterene 6-well plates. A subset of the compounds were tested at 
various temperatures, and the nauplii were assessed at 6, 24 and 48 hours 
post-exposure for mortality. Biological effects of PAC exposure were not 
observed in Artemia nauplii until 24 hours of exposure and most lethality 
occurred between 24 and 48 hours of exposure. The relationship between 
log Kow and the 48 hour log LC50 was linear for the PACs that elicited a 
biological effect. The critical body burden for 24 hour post hatch (II and 
III instar) Artemia nauplii was derived from the equation of the line and 
determined to be 151.56 µmol/g, ranking Artemia nauplii as very insensi-
tive to PAC exposure. The relationship between single PACs and 48hour 
LC50 values from this study hold true to the TLM model, and this study 
suggests the TLM model is an effective tool to assess the toxicity of a 
wide ranger of PACs found in crude oil.

5.13.10 Evaluating Bioaccumulation and Toxicity of Hydraulic 
Fracturing Flowback and Produced Water (FPW) in the Aquatic 
Invertebrate, Lumbriculus variegatus
W.T. Mehler, University of Alberta / Biological Sciences; K. Snihur, 
University of Alberta; Y. Zhang, University of Alberta / Department of 
Laboratory Medicine & Pathology; H. Li, Jinan University / School of 
Environment; D. Alessi, University of Alberta / Earth and Atmospheric 
Sciences; G. Goss, University of Alberta / Biological Sciences
With continued high demand for oil and gas, horizontal hydraulic 
fracturing as a means of extraction are being used. Hydraulic fracturing 
uses large volumes of water and chemicals to extract the oil and gas and 
therefore produces large amounts of flowback and produced water waste 
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(FPW). FPW has been shown to be a complex mixture containing high 
salinity and a variety of both anthropogenic and geogenic compounds. In 
the event of a spill that reaches an aquatic system, the majority of risk is 
assumed to be associated with the salinity of FPW, with non-polar organ-
ics contributing to a lesser extent. However, few studies have evaluated 
how the presence of both of these contaminant classes interact with each 
other in FPW, and whether the presence of these organic contaminants 
affects the bioaccumulation and toxicity of these inorganic constituents. 
In the present study, the toxicity and bioaccumulation of FPW releases to 
aquatic systems was studied using the benthic invertebrate, Lumbriculus 
variegatus. The results of this study suggest that while inorganics are the 
primary driver of toxicity, the organic constituents are likely to affect the 
uptake and depuration of the inorganic contaminants. Understanding the 
drivers of toxicity as well as the various influences on those drivers can 
provide risk assessors and policy makers additional information to make 
more thorough decisions in mitigating the risk of these waste products.

5.13.11 Evaluating Sediment Toxicity Associated with Diluted-
Bitumen (Dilbit) and Conventional Crude Spills Through the Use of 
Pilot-Scale Spill Tanks
W.T. Mehler, University of Alberta / Biological Sciences; Q. Xin, H. 
Dettman, Natural Resources Canada / CanmetENERGY; G. Goss, 
University of Alberta / Biological Sciences
Although the oil sands in Northern Alberta are the third largest oil 
reserve in the world, the aquatic risk of accidental releases associated 
with diluted bitumen are still poorly understood, especially in regard 
to impacts to sediment dwelling organisms. Experiments conducted at 
CanmetENERGY’s Devon Research Centre using large pilot-scale spill 
tanks have examined the physical and chemical behaviour of various 
crude oils including diluted bitumen products under varying envi-
ronmental temperature regimes. Biological impact assessments of the 
contaminated sediments from two simulated oil spill tests using either 
Cold Lake Blend diluted bitumen (DB) or a conventional crude oil (CC) 
were conducted. Sediments were evaluated at the University of Alberta 
for acute toxicity (i.e. survival over 10 d) using three standard sediment 
test species: Hyalella azteca, Lumbriculus variegatus, and Chironomus 
dilutus. In all three species, conventional crude showed a significantly 
higher level of acute toxicity than the diluted bitumen. The use of pilot-
scale spill tank in combination with benthic sediment bioassays provides 
an environmentally realistic spill evaluation for understanding oil and 
gas related toxicity. By combining sediment bioassays with these pilot-
scale spill tank studies, we provide a more thorough evaluation of fate, 
exposure, and effects of various types of oil related spills on biota, hence 
shedding light on appropriate mitigation and remediation needed in the 
event of future spills.

5.13.12 Toxicity Tests to Evaluate the Environmental Risk of In-Situ 
Microcosm Deployments to Determine the Potential of Microbes to 
Degrade Oil at Sea
T. Boloori, Huntsman Marine Science Centre / Aquatic Toxicology; R. 
Eldridge, Huntsman Marine Science Centre / Aquatic Services; N. Fortin, 
National Research Council Canada; C.W. Greer, National Research 
Council Canada / Energy, Mining and Environment; B.P. de Jourdan, 
Huntsman Marine Science Centre / Environmental and Molecular 
Toxicology; K. Lee, Fisheries & Oceans Canada Bedford / Institute of 
Oceanography
Natural attenuation a fundamental process that removes organic pollut-
ants from natural environment is considered an oil spill response option. 
Thus, knowledge of oil biodegradation capacity for different geographi-
cal locations is a key component in our decision making for selection of 
the optimal response strategy to be used. Deploying in-situ microcosms 
that have small amounts of oiled substrate and monitoring the growth of 
hydrocarbon degrading bacteria is the most accurate means to provide 
an estimate of the inherent natural attenuation capacity. To address 
the issue of whether the deployment of such microcosms would cause 
localized impacts on marine biota, a series of toxicity tests with early 

life stages of marine species were performed. Microcosms (slotted PVC 
tubes, 6 cm OD, 32 cm long) containing 65 g of clay beads or 100 g of 
river rocks coated with three petroleum products, Alaska North Slope 
crude oil (ANS), Cold Lake Blend dilbit (CLB), and Marine Diesel (MD), 
were individually deployed into 20-L glass tanks containing recirculat-
ing natural seawater for 14 days. Oil concentrations were monitored daily 
by fluorometry and water samples were collected from each tank at Day 
0, 3, 7, and 14, and used as exposure media for toxicity tests at 100, 50, 
and 25% strength. Acute lethal and sublethal bioassays were conducted 
using green algae (Dunaliella tertiolecta), ice-algae (Nitzschia frigida), 
green sea urchin (Strongylocentrotus droebachiensis), American lobster 
(Homarus americanus), and Atlantic cod (Gadus morhua). The growth 
inhibition bioassay with green algae did not demonstrate any significant 
effects of oil (p < 0.05). No significant impacts of MD, ANS, or CLB was 
obtained on the hatching rate and survival of Atlantic cod embryos, nor 
on the survival of post-hatch larvae. The fertilization rate of sea urchin 
exposed to 100% MD and 100% CLB treated water declined significantly 
at Day 7 but returned to no significant effect at Day 14. The bioassays 
for the larval lobsters and ice-algae did not meet our validity criteria. 
The fluorometry profile of tank waters showed that the concentration of 
CLB reached a maximum level one-week post-deployment followed by 
a decline. Considering dilution in open waters and the minimal effects 
observed on the “sensitive and commercially valued” test species selected, 
these results suggest that deployment of these microcosms in the open sea 
would pose little or no environmental risk.

5.13.14  International Oil and Gas Producers’ Guidance 
Development: Produced Water Risk-Based Assessment
M.G. Smit, Shell International / Shell Health Risk Science Team; O. Pelz, 
BP / Gulf Coast Restoration Organization; R. Arnold, Chevron Energy 
Technology Company / Environmental Risk Assessment; S. Hayes, More 
Energy, Ltd.; W. Brown, IOGP; M. Dorward, More Energy, Ltd.; S. 
Pochee, IOGP; T. Parkerton, ExxonMobil Biomedical Sciences, Inc. / 
Toxicology & Environmental Science; N. Robinson, EOSCA; M. Gray, 
IPIECA; T.K. Frost, Equinor AS; L. Bracco, M. Chiavico, eni; P. Page, 
BP; K. Cailleaud, Total Petrochemicals France / PERL; C. Coffey, 
Woodside Energy, Ltd.; R. Craigie, National Oilwell Varco (NOV); K. 
Wadhia, National Oilwell Varco (NOV) / Environmental; M. Taranto, 
L. Veiga, Petroleo Brasileiro SA PETROBRAS; L.A. Kristofco, Chevron 
Energy Technology Company; C. Arias-Barriero, PETRONAS; I. Cuenca, 
Repsol
Produced water (PW) discharge assessment is increasingly required to 
evaluate the potential for impacts on the marine environment, along with 
demonstration that potential impacts are properly managed. This require-
ment is illustrated by the regional seas’ conventions and strategies such 
as the Convention for the Protection of the Marine Environment of the 
North-East Atlantic (OSPAR) which work towards goals for eliminating 
harmful discharges. PW Risk-based assessment (RBA) is increasingly 
being applied internationally to complement technology-based controls 
based on PW parameters such as oil in water measurements. The RBA 
process aligns with the general use of risk assessment, management 
and mitigation approaches by oil and gas operators. By incorporating 
different lines of evidence and using location-specific inputs to assess 
PW discharges, RBA goes beyond end-of-pipe standards and provides 
a framework whereby the overall acceptability of the discharge can be 
demonstrated, and/or potential improvements identified and managed. As 
different operators develop in-house approaches and tools for evaluating 
environmental risk, there are a variety of different assumptions, inputs, 
levels of conservatism and risk endpoints being applied. The International 
Association of Oil & Gas Producers (IOGP) recognized a need for align-
ment to support a more consistent application and communication of 
RBA concepts. An IOGP Task Force was formed to define industry good 
practice and disseminate understanding and acceptance of RBA tech-
niques internationally, as an effective management tool. This presentation 
provides a summary of RBA methods and will present the main elements 
of the proposed common RBA framework for produced water discharges. 
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It discusses two main methods for effluent hazard characterization; Whole 
Effluent Toxicity (WET) testing and chemical analysis combined with 
toxicity modelling. Special attention is paid to techniques available to 
derive (no) adverse effect levels by means of species sensitivity distribu-
tions and the assessment factor approach. Practical recommendations 
are provided to characterize PW composition, define appropriate mixing 
zones, conduct a tiered RBA and decide when risks are adequately 
controlled. Industry alignment will support more consistent global and 
corporate application of RBA concepts in places where this is yet to 
become established practice and where the regulatory framework is 
evolving.

5.13.15  Environmental Risk of Offshore Drill Cuttings Discharge 
Modeled With Different Drilling Base Fluids
D. Lyon, Shell Oil Company / Shell Health Risk Science Team; M.G. Smit, 
Shell International / Shell Health Risk Science Team; B. Lee, Shell Global 
Solutions, Inc.; B. Conley, Shell Chemical Company
Offshore oil and gas drilling operations generate drill cuttings, which 
are the ground-up rock and sand carried to the surface by the circulat-
ing drilling fluids. Depending on local regulations, the drill cuttings may 
be disposed by bringing them back to shore for treatment or by offshore 
discharge. The environmental impacts of offshore discharge are deter-
mined by factors like the water depth, currents in the area, and the choice 
of drilling fluid. The International Association of Oil & Gas Producers 
(IOGP) has two main categories of drilling base fluids: water based 
drilling fluids (WBDFs) and non-aqueous drilling fluids (NADFs), which 
are further divided into Group I (>5 wt% aromatic hydrocarbons, >0.35 
wt% polyaromatic hydrocarbons (PAH)) , Group II (0.5-5wt % aromat-
ics, 0.001-0.35% PAH), and Group III (< 0.5 wt% aromatics, < 0.001 wt% 
PAH) NADFs. While laboratory testing and post-drilling environmen-
tal surveys clearly show the difference between Group I and Group III 
NADFs, the environmental survey data are often not directly comparable 
because the results do not come from the same wells. To achieve direct 
comparisons between different drilling base fluids in this project, the 
Dose-related Risk and Effects Assessment Model (DREAM) was used 
to simulate the environmental risk on sediments from drill cuttings 
discharge with different types of base fluids under identical discharge 
conditions (volume of cuttings, drilling base fluid retention on cuttings, 
etc.). DREAM combines the impact from chemical stress (toxicity), 
burial of organisms, change in sediment grain size, and oxygen depletion 
due to biodegradation of the drilling base fluid into an Environmental 
Impact Factor for drilling discharges (EIFDD). For a Group I NADF, 
major contributors were chemical toxicity stemming from the presence 
of monoaromatic compounds and oxygen depletion in the sediment due 
to biodegradation. For all Group III NADFs, the main contributor to 
environmental risk from the discharged matter is oxygen depletion by 
degradation of the chemicals in the base fluid. The length of time for 
removal of the drilling base fluid estimated in DREAM far exceeded what 
is seen in environmental surveys; this is attributed to the limited capacity 
to include anaerobic biodegradation in DREAM.

5.13.16  Investigating Beneficial Reuse of Oil and Gas Extraction 
Waste Products
A. Farag, U.S. Geological Survey / Columbia Environmental Research 
Center - Jackson Field Research Station; J.A. Steevens, U.S. Geological 
Survey / Columbia Environmental Research Center; D. Harper, U.S. 
Geological Survey / Columbia Environmental Research Center - Jackson 
Field Research Station; D. Akob, I.M. Cozzarelli, U.S. Geological Survey 
/ Earth System Processes Division, Water Mission Area
The long-term sustainability of water resources in the U.S. would 
benefit from the safe reuse of unconventional oil and gas (UOG) extrac-
tion wastewater and application of associated waste solids. In areas of 
extensive UOG development, large amounts of wastewater and solids are 
generated per well. Waste products (e.g., wastewaters, solids, drilling flu-
ids, and sludges) are being evaluated for their resource value, particularly 
in water-stressed parts of the Country. However, there is little information 

on environmental exposures and potential health effects from such reuse 
strategies. Waste product constituents are influenced by the geological 
formations, or “plays” from which the oil and gas are extracted, varying 
across regions and even among wells constructed within a single play. 
Regardless, we can look to recent investigations of spills and wastewater 
releases to define constituents for study in the evaluation of effects on 
receptor organisms and ecological processes. Defining waste constituent 
profiles is a first step to identifying environmental hazards and defin-
ing risks of reusing wastes from UOG production. Understanding those 
profiles will also provide a basis for developing treatment strategies that 
may be needed to reduce potential hazards related to the use of the waste 
stream. Elevated salt content (including sodium chloride and sodium 
bicarbonate) in UOG waste is common throughout the United States and a 
growing body of toxicity literature can be used to define biological effects 
related to resulting salinization of freshwaters. The accumulation of salts 
in terrestrial soils will be a related limiting factor in waste applications 
on land. The toxicological literature for other constituents, such as boron 
and 226radium, is less well developed for aquatic organisms, but can still 
provide preliminary information related to effect levels. Ammonia in 
wastes may also contaminate aquatic environments, depending on where 
and how that product is released. Should ammonia persist and accumulate 
in sinks post-release, it can become an acute toxicity hazard due to poten-
tial for episodic releases. Using site-scale and laboratory effects data, this 
synthesis of potential UOG waste effects on natural resources provides 
information for those investigating beneficial reuse strategies for oil and 
gas waste products.

5.13.17 Effect of Spilled Diluted Bitumen on Chemical Air-Water 
Exchange in Experimental Lake Enclosures
L.J. Saunders, University of Ottawa / Department of Biology; J.L. 
Rodriguez, IISD-Experimental Lakes Area; S.S. Stoyanovich, University 
of Ottawa; M.L. Hanson, University of Manitoba / Department of 
Environment and Geography; B.P. Hollebone, Environment and Climate 
Change Canada; D.M. Orihel, Queens University / Department of 
Biology/School of Environmental Studies; V. Palace, IISD Experimental 
Lakes Area (IISD-ELA); L.E. Kimpe, J.M. Blais, University of Ottawa / 
Department of Biology
Following spills into water, petroleum-based oils can spread widely 
producing oil slicks across water surfaces. Resulting slicks may impact 
chemical exchange between water and air by impeding volatilization 
and consequently increasing chemical persistence. Surface slicks may 
directly impact chemical exchange by acting as a barrier that the chemical 
must diffuse through or may act indirectly via hydrodynamic effects. 
The influence of oils on chemical exchange rates has been described 
through laboratory studies and theoretical models, but field studies have 
not been conducted to assess the relevance of these effects following 
actual oil spill events. The objective of our study was to evaluate the 
impact of spilled diluted bitumen (dilbit) on the water-to-air exchange 
of sulfur hexafluoride (SF6) following large-scale field experiments of 
simulated spills into a freshwater lake. SF6 is a non-reactive tracer gas 
and is commonly used to estimate chemical fluxes across water surfaces. 
Experiments were conducted over 70 d in 9 enclosures (10 x 2 m; 100 
m3) installed in an oligotrophic lake. Spill volumes ranged from 1.5 to 
180 L (i.e., 1/10^6 to 1/10^3 oil:water [v/v]). SF6 was released twice, at 
early and late time points (on days 7 and 48, respectively), to evaluate the 
influence of spill time, and thereby spill cover, on the loss SF6 from water. 
Total proportional spill cover increased with increasing spill volume but 
decreased over time due to the evaporation and sinking of dilbit, which 
reduced surface slick cover. At early time points (7-13d post spill), SF6 
was not significantly depleted from the enclosures receiving any volume 
of spilled dilbit. However, at later time points (≥48d), SF6 was signifi-
cantly depleted from limnocorrals receiving low spill volumes (≤18L) but 
was not significantly lost from those receiving high treatment volumes 
(≥42L). First order depletion rate constants of SF6 significantly decreased 
with increasing proportional spill cover (R2=0.65; p< 0.001), suggest-
ing that volatilization of SF6 was significantly reduced in the presence 
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of surface slicks. Derived mass transfer coefficients of SF6 were applied 
to a three-film resistance model (air, water, oil) to evaluate possible dif-
fusive resistance effects of dilbit on the volatilization of SF6. We propose 
that a correction factor be applied in oil spill fate models to account for 
the impact of dilbit slicks on the exchange of petroleum hydrocarbons 
between water and air.

15. Soil and Sediment Background Studies and their 
Utility in Risk Assessment and Remedial Decision 
Making
5.15.01  Site-Specific Background Assessment of Metals at a Former 
Wood Treatment Facility in West Virginia
C. Peterson, T.M. Biksey, EHS Support / Risk Assessment
A multi-media site-specific background assessment was conducted at 
a Site pursuant to the West Virginia Voluntary Remediation Program 
(VRP) to facilitate an evaluation of naturally occurring metals at a former 
wood treatment facility. Historically, wood treatment activities occurred 
at an approximately 50.5-acre site located in a mixed industrial, agricul-
tural, and residential area from 1955 to 2014. Borate, coal tar creosote 
(creosote) and chromated copper arsenate (CCA) were used for treatment 
of various wood products (e.g., railroad ties, utility poles). Site investiga-
tion activities identified arsenic, chromium, cobalt, iron, and manganese 
as constituents of potential concern (COPCs) in soil and sediment. 
According to West Virginia Voluntary Remediation and Redevelopment 
Act (VRRA) guidance, natural or anthropogenic background may be 
used in place of the VRP De Minimis, Uniform, and Site-Specific Risk-
Based Standards to inform remedial decision making. The background 
assessment included collection of surface soil and sediment samples from 
locations at the Site that were either upgradient or upstream of indus-
trial operations or at locations where no industrial activities occurred. A 
statistical analysis of this data was conducted according to the VRRA 
guidance to compare the soil and sediment site data to the representative 
background data. Individual site data points for each media for a COPC 
were compared to an upper tolerance limit (UTL) of the background data 
points for the same COPC where the UTL defines the upper end (95th 
percentile) of the range of background concentrations. If five percent 
or less of the site data exceeded the background UTL, Site data were 
considered to be representative of the background data distribution for 
that COPC. Concentrations in soils of manganese and cobalt were found 
to be representative of background concentrations. In sediments, iron was 
determined to be representative of background data distribution. These 
three COPCs were determined to be representative of background and 
were excluded from further evaluation in the risk assessment. Arsenic 
and chromium were determined to not be consistent with background and 
retained as COPCs in risk assessment; arsenic was identified a risk driver 
for receptors.

5.15.02  Tracking Past Inputs from Mink Farms Using Lake 
Sediment Cores in Southwestern Nova Scotia
J.A. Kissinger, D. Eickmeyer, L.E. Kimpe, University of Ottawa / 
Department of Biology; J. Kurek, Mount Allison University / Department 
of Biology; J. Smol, Queens University / Department of Biology; J.M. 
Blais, University of Ottawa / Department of Biology
Where algal blooms occur it is vital for ecosystem health to determine 
the putative sources of pollution in order to assess waste management and 
mitigation strategies. Mink farming in Canada is the province of Nova 
Scotia’s second largest agricultural export, contributing over $54 million 
to the Nova Scotia economy in 2016. Despite its economic importance, 
the potential effects of eutrophication from nutrients released from mink 
farms have caused public concern and a polarized debate at government 
and local levels. Here we present a multi-proxy approach in a series of 
lake sediment cores near mink farms and in relatively unaffected refer-
ence sites. We propose an assessment toolbox approach using sterol and 

stanol biomarkers in conjunction with δ13C and δ15N stable isotope ratios 
and Hg in lake sediment cores dated radiometrically by 137Cs and 210Pb to 
provide a chemical “fingerprint” of organic input of sediment in sampled 
lakes. A BACI (before-after-control-impact) design model was applied to 
assess long-term changes to lakes affected by mink farms and relatively 
unperturbed reference lakes over the previous ~150 years. Preliminary 
results show elevated sterols (e.g. cholesterol, cholestanol) in mink-
affected lakes, rising coeval with δ13C, δ15N, Hg, and the establishment 
of mink farms in southwest Nova Scotia. The proposed approach offers 
insight to risk management strategies involving the determination of 
source water pollution origin and promises to be applicable to other situa-
tions facing similar water quality issues.

5.15.03 Characterization of Baseline Conditions in Sediment Metal 
Concentrations in the Klamath River Basin
M. Hornberger, U.S. Geological Survey / Water; T.M. Short, E. Hepler, 
U.S. Geological Survey
Streambed sediment samples were collected along a 400 Km segment of 
the Klamath River as part of a multi-discipline study to identify regional 
background metal concentrations prior to the proposed removal of four 
dams in the middle and upper basin. Sediment input from headwa-
ter reaches, adjacent tributaries, and land-use activities influence the 
spatial distribution of metals throughout the watershed and may change 
following dam removal. We found that metals were spatially variable, 
and generally associated with proximity to dams or adjacent tributaries. 
Concentrations of arsenic ranged from 6.2 ± 0.9 ug/g in the upper reaches 
just below the J.C. Boyle Dam, to < 1.0 ± 0.2 ug/g near the mouth of the 
Klamath River. Lead concentrations were highest further downstream, 
below Iron Gate Dam (6.0 ± 0.8 ug/g), and lowest near the mouth (3.4 ± 
0.4 ug/g). In contrast, chromium and copper concentrations were lowest in 
the upper reaches (30 and 23 ug/g, respectively) and highest downstream 
(240 and 55 ug/g, respectively) likely due to inputs from tributaries with 
legacy mining activities in their drainages. Sediment metal concentrations 
measured as part of this study fell below the sediment probable effects 
levels, with the exception of chromium. This study provides a preliminary 
assessment of baseline metal concentrations in streambed sediment which 
can be used to identify areas of enrichment prior to dam removal.

5.15.04 Spatial Variations in Ambient Polycyclic Aromatic 
Hydrocarbon Concentrations in Sediment in a Complex Urban River 
System
M.W. Kierski, Exponent / Ecological and Biological Services Practice; K. 
O’Reilly, Exponent, Inc.; M. Edwards, Exponent / Environmental & Earth 
Sciences; S. Meyer, E. Hritsuk, Ramboll; R. Paulson, WEC Energy Group
Background/Objective: With a long history of industrialization, in 
addition to combined sewer discharges that continue today, the Chicago 
Rivers (the Rivers) have received pollutant loading for centuries. 
Identifying the input of polycyclic aromatic hydrocarbons (PAHs) to the 
Rivers potentially from multiple former manufactured gas plant (MGP) 
sites located throughout the system is complicated by current and histori-
cal PAH contributions from myriad sources over this timespan. Several 
locations on the Rivers have been selected and studied to represent ambi-
ent conditions relative to the former MGPs. These ambient areas are not 
affected by the former MGPs, but rather represent impacts related to the 
background industrial, urban nature of the system. Ambient total PAH 
concentrations throughout the Rivers are among the highest of recent 
urban waterway studies. By comparing relevant portions of the Rivers to 
ambient conditions, the effect of the former MGPs on PAHs in sediment 
can be determined. Approach/Activities: The Rivers have been studied 
in four separate segments of a span of over 11 river miles. Segments 
were selected from the North Branch, South Branch, Bubbly Creek, and 
the Chicago Sanitary and Ship Canal (CSSC) based on proximity to the 
former MGPs. Specific locations identified as local ambient areas were 
selected based on river flow history, known operational periods for the 
former MGPs, and known current and historical industrial inputs to 
the system in those areas. An initial standalone study was conducted to 
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establish ambient conditions for the North Branch. For the other three 
segments, local ambient areas were identified by expanding the site study 
areas to include likely ambient locations using earlier lessons learned as 
guides. Extensive sediment sampling and analysis to depths of over 40 
feet below mudline have been conducted. Ambient areas have been char-
acterized using total PAH (tPAH-13) concentrations that represent local 
ambient conditions and forensic signatures that diverge from those of site-
specific MGP residuals. Different ambient tPAH concentrations have been 
established for three river segments. Results/Lessons Learned: Rationale 
and importance of selecting an appropriate ambient area along with study 
details and actual characteristics of the ambient areas chosen for these 
studies will be presented. Pros and cons of methods for establishing ambi-
ent conditions will be discussed.

5.15.05  Discrimination of Soil Using Complimentary Tools: 
Geographical Attribution of Soils Using Inductively Coupled Plasma 
Mass Spectrometry and X-Ray Fluorescence
B. Ng, Florida International University / Chemistry and Biochemistry; 
B. Gue, Florida International University; P.R. Gardinali, Florida 
International University / Chemistry & Biochemistry and SERC
Examination of the elemental soil profiles could be used to discriminate 
between samples or to explore geographic attributions that may link them 
to a specific site. Traditionally, geographic attribution of soils has been 
conducted using multiple and varied analytical tools considering “bulk” 
parameters. Recent developments of portable X-ray fluorescence (XRF) 
technology had both improved detection limits, reduced the spot size of 
the surface to be analyzed in a much smaller field unit that can access 
small spaces so that soil samples may not have to be removed. This work 
explores the capability of a portable in-situ XRF technique (Bruker Titan 
S1 Handheld XRF analyzer) that could be used for the quick assessment 
of sample origin (elemental composition) in the field. The multi-phase 
XRF acquisition method yielded a comprehensive elemental menu as 
well as adequate detection limits. Three commonly used standard refer-
ence materials (SRMs) (NIST 2710 – Montana Soil, high elevated trace 
elements, NIST 2704 – Buffalo River Sediment, Canada NRC PACS 2 
– Marine Sediment) were analyzed with this XRF method using 3 energy 
levels for a total of 90 seconds of acquisition time per sample to calibrate 
the instrument and determine analytical performance, advantages and 
limitations and compared to inductively coupled plasma mass spectrom-
etry (ICP-MS) analysis (n=5). The range of SRMs used represent both 
contaminated and non-contaminated matrices. The results showed that 
the performance of the two techniques were complementary for a set of 
commonly used standard reference materials. Initial elemental correla-
tions indicated that 14 elements could be detected with confidence by 
both techniques (Mg, Al, Si. P, Ca, Cr, Fe, Cu, Zn, As, Se, Rb, Sr, and 
Pb). The 14 common elements covered a variety of major, minor and trace 
elements. The results showed a generally acceptable performance for both 
methods but indicates a consistent high-bias for the ICP/MS data at lower 
concentrations. The developed XRF method was applied to soil samples 
from the Miami-Dade County, Florida, Rwanda, Africa region and soils 
from the USGS repository to create XRF elemental soil profiles.

5.15.06  PCBs in Market Basket Fish From Washington, D.C. Area
B. Ruffle, K. Vosnakis, R. Kennedy, R. Damera, B. McCarthy, AECOM / 
Environment
Risk-based concentrations of contaminants in fish tissue depend on the 
assumptions used in their derivation, such as the amount of fish con-
sumed, exposure duration, contaminant loss during cooking, and target 
risk level (e.g., 10-6, 10-5 or hazard index of 1). When multiple conserva-
tive assumptions are combined, the resulting risk-based concentration 
can fall below levels found in wild and commercially available fish. PCB 
levels in commercial fish were assessed to provide perspective on the 
degree of conservatism inherent in risk-based concentrations used in 
remedial decision-making at the Anacostia River in Washington, D.C. A 
total of 45 samples of finfish were purchased from D.C.-area fish mar-
kets and grocery stores. The sample collection and handling procedures 

were designed to simulate actual consumer fish purchase. The sample 
pool included 40 samples of uncooked fish (whole body and fillet) and 5 
samples of cooked fish. Samples were analyzed for PCBs (EPA Method 
1668C) and lipids. Analytical results were evaluated using descriptive 
statistics and box plots to assess variability and any differences by species 
or tissue type. PCB congeners were detected in all 45 fish tissue samples, 
with total PCBs ranging over three orders of magnitude, from 0.2 ug/kg-
wet weight (cooked catfish fillet) to 1300 ug/kg-ww (whole dressed white 
perch). PCB-138, 153, 180, and 118 were dominant in most congener pro-
files, which is consistent with “steady state” congener patterns identified 
in the literature. Nearly one quarter (23%) of the 40 samples of uncooked 
market basket fish contained total PCBs at levels equal to or greater than 
the risk-based tissue concentration of 22.4 µg/kg-ww used by the District 
to establish the remedial goal for sediment in the Anacostia River. The 
average concentration in multiple samples of commercial catfish, a target 
species for local anglers, was 35 µg/kg-ww. PCB concentrations observed 
in this study are similar to levels reported in other market basket studies 
and provide a relevant benchmark for consideration in setting risk-based 
remediation goals.

16. Soil Contaminants: Fate, Bioavailability, 
Environmental Toxicology in Ecological and Human 
Health Risk Assessment
5.16.01 Sublethal Imidacloprid Toxicity and Recovery in the 
Abundant Soil Springtail Folsomia quadrioculata: Life Stage-
Specific Vulnerability and Consequences for Populations
S. Sengupta, H. Leinaas, University of Oslo / Department of Biosciences; 
C.A. van Gestel, Vrije Universiteit Amsterdam / Ecological Science; 
T. Rundberget, Norwegian Institute for Water Research; K. Borgå, 
University of Oslo / Department of Biosciences
Life-history traits determine individual fitness and the fate of populations, 
and can be negatively affected by toxicants. Therefore, detailed analyses 
of life-history traits, such as reproduction and survival, are necessary 
for a comprehensive understanding of the implications of sublethal 
toxicant exposure for natural populations. Imidacloprid, a widely used 
neonicotinoid insecticide, persists in soil for >100 d. This increases the 
chances of exposure of collembolans (springtails), which are ubiquitous, 
ecologically important soil arthropods. However, detailed analysis of the 
life-history traits of ecologically-relevant collembolan species are rarely 
included in risk assessments. We aimed to understand the sublethal effects 
of imidacloprid exposure and post-exposure recovery (if any) in the col-
lembolan Folsomia quadrioculata. F. quadrioculata is abundant in many 
habitat types throughout the northern hemisphere. The collembolans were 
exposed to imidacloprid (5 doses and a control) through diet. In the first 
study, randomly-selected adults were exposed for 14 d at 15°C, followed 
by a post-exposure period of 28 d for studying recovery. In a second 
study, hatchlings were exposed for 70 d (without any recovery period). We 
registered survival and reproduction (egg laying and hatching success) 
throughout. In the first study, egg production by the adult collembolans 
stopped during the exposure phase, but resumed during the post-exposure 
phase with a concentration-dependent delay. However, survival and hatch-
ing success remained high throughout. In contrast, exposed hatchlings 
showed higher mortality, and eventually when reaching the reproductive 
age, severe effects on reproduction. The results indicated that the adult 
collembolans survived short-term exposure to high imidacloprid doses 
and recovered partially thereafter, whereas the hatchlings showed greater 
mortality quite early during the exposure. We conclude that the low con-
centrations of imidacloprid reduced reproduction in adult collembolans, 
and survival and sexual maturation in juveniles, which may have severe 
long-term population-level effects. Evidently, in addition to presence/
absence data from the field, realistic ecological risk assessments should 
consider the effects of life stage-specific sensitivities.



288 | SETAC North America 41st Annual Meeting

Track 5 | Environmental Risk Assessment

5.16.03 Use of Acute Earthworm Toxicity Test Results in the 
Absence of Chronic Test Results for the Environmental Assessment 
of Veterinary Medicinal Products
J.P. Staveley, Exponent
The guidance for conducting Phase II Environmental Impact Assessments 
of Veterinary Medicinal Products (VMPs) recommends conducting 
studies on effects on earthworms for VMPs used in the terrestrial envi-
ronment. Studies should be conducted according to OECD Guideline 
222, in which mortality and growth of adult worms are assessed after 4 
weeks of exposure, followed by assessment of reproduction expressed as 
the number of juveniles produced in a subsequent 4 weeks of exposure 
(i.e., 56 days total). The Phase II guidance further recommends that an 
assessment factor (AF) of 10 be used on the endpoint from the repro-
duction test to derive the predicted-no-effect concentration (PNEC) for 
risk assessment. However, older guidance from the US Food and Drug 
Administration specified a 28-day acute earthworm exposure in which 
effects on mortality and body weight were assessed. Thus, there are a 
number of VMPs for which there are no data on reproductive effects 
in earthworms. A literature evaluation was conducted to determine an 
appropriate acute-to-chronic ratio (ACR) that could allow use of these 
older studies. The literature search was restricted to organic chemicals, 
and both acute and chronic toxicity endpoints needed to be generated 
within the same testing facility and using similar experimental condi-
tions (e.g., soil type, temperature, etc.) to allow derivation of valid ACRs. 
A total of 22 ACRs were calculated, with a geometric mean of 4.2 and a 
median of 3.9; 82% of the ACRs were below 20. Two publications were 
identified that provided further support for these results. Therefore, it is 
proposed that an AF of 200 can be used with data from acute toxicity tests 
with earthworms to calculate the appropriate PNEC for risk assessment 
of VMPs. The difference between the recommended AF for the chronic 
test (10) and the AF proposed to be used with the results of available acute 
tests (200) is a factor of 20; since the literature evaluation supported an 
ACR of 20 or less, the proposed approach should be sufficiently protective 
for use in the environmental assessment.

5.16.04  Effect of Soil Particle Size, pH and Organic Carbon on In 
Vitro Bioaccessibility of Arsenic
M. Dodd, Royal Roads University / School of Environment & 
Sustainability
The bioavailability of soil-borne metal/metalloid contaminants depends 
on various factors including soil physicochemical parameters such as 
particle size, pH, organic carbon and clay content. In vivo and in vitro 
bioavailability assays have traditionally been conducted using soil particle 
size < 250 µm. The USEPA recently updated their guidance documents 
on the incorporation of bioavailability into human health risk assessment 
(HHRA) of contaminated soils and recommended “sieving size of < 150 
µm to represent the particle fraction having the highest likelihood of 
incidental ingestion”. Health Canada also recently provided a guidance 
document on incorporating oral bioavailability in soil and soil-like mate-
rials (e.g., indoor dust, sediment, mining tailings, slag) during HHRA 
at contaminated sites which are either owned by the federal government 
or are under their responsibility. In line with the USEPA, Health Canada 
also recommended the use of the < 150 µm soil; however, the use < 250 
µm may be acceptable while the < 45 um was deemed as inappropriate. 
This research evaluates samples from two mining-contaminated sites to 
determine the effect of particle size on and other properties on arsenic 
bioaccessibility. Twenty-seven samples collected from the two sites were 
sieved to three sized fractions: < 250 µm, < 150 µm and < 45 µm. The 
sieved samples were analyzed for total metals, pH and TOC while USEPA 
Method 1340 was used to assess in vitro bioaccessibility. The findings of 
the analyses including the relationship between bioaccessibility vs. soil 
particle size, soil pH and carbon content, and the implication for HHRA 
of arsenic in soil will be presented.

5.16.05 Natural Iron Dynamics in Irrigated Soils
A. Malakar, C. Ray, University of Nebraska, Lincoln; D.D. Snow, 
University of Nebraska / School of Natural Resources; D. Rudnick, B. 
Maharjan, University of Nebraska, Lincoln
Iron is ubiquitous and its hydroxides/oxides transformation controls 
mobility of a large number of trace elements in the environment. The 
dynamics of natural nanominerals of iron in sprinkler and furrow 
irrigated soils is not well known and likely controls trace element uptake 
by crops. Irrigation water quality is likely declining because of agricul-
tural intensification, and moreover not regularly monitored except when 
there are obvious effects to soil salinity. Here we show that labile, easily 
extractable iron dynamics in a sprinkler irrigated field control mobil-
ity and plant uptake of geogenic contaminants arsenic, selenium, and 
uranium. Natural transformaiton of ferrihydrite, an iron nanomineral, 
likely impact the bioavailability of these trace contaminants thus making 
them available for introduction into the food chain. Selective dithionite-
citrate-bicarbonate extractable iron in the surface irrigated soil varies 
reproducibly during the growing season, increasing to a maximum 
(1.7±0.1 g/kg) in mid-growing season and returning to background post-
harvest. Acid leachable contaminant concentrations in soil follow the 
opposite trends, and likely controls trace elements availability to crops. 
Finally, application of synthethetic ferrihydrite soil amendment may 
provide a means to attenuate metal uptake, while also improving water 
holding capacity and nutrient availability to irrigated crops.

5.16.06 Association Between Surface Soils Trace Metal Pollution 
and Economic Status in the Houston Metropolitan Area
S. Dama, H. Hwang, Texas Southern University / Department of 
Environmental and Interdisciplinary Sciences
Urban surface soils are contaminated by heavy metals from various 
anthropogenic sources such as traffic and industrial facilities. Socio-
economically disadvantaged communities are generally located closer to 
these sources and likely exposed more to heavy metals. This study was to 
investigate if there is a negative correlation between surface soil contami-
nation by trace metals and economic status (i.e., average annual household 
income) of surrounding communities. Surface soils were collected from 
community parks (n=75) and playgrounds of elementary schools (n=6) 
located in 33 zip codes split into four groups with different economic 
status and industrial emissions (releases reported to the Toxic Release 
Inventory): high/middle income (> $40,000/year) with and without 
emissions and low income (< $40,000/year) with and without emissions. 
Collected soil samples were digested using nitric acid and microwave 
oven and analyzed for trace metals (Pb, Cu, Zn, As, Cd, Cr, Mg, Mn, and 
Ni) using ICP-MS. The results showed that low income neighborhoods 
close to industrial facilities displayed the highest levels of Pb, Cu, Zn, Cd, 
Cr, Co and Ni with the respective mean concentrations of 33.1 µg/g, 12.7 
µg/g, 94.2 µg/g, 0.26 µg/g, 11.7 µg/g, 4.07 µg/g and 8.35 µg/g. While the 
lowest mean concentrations of 13.6 µg/g, 6.70 µg/g, 38.1 µg/g, 0.08 µg/g, 
4.96 µg/g, 2.11 µg/g and 3.76 µg/g for Pb, Cu, Zn, As, Cd, Cr, Co, and Ni 
were detected in the samples collected in high/middle-income neighbor-
hoods located far from industrial facilities. This study shows that health 
risk of trace metals in surface soil is likely to be significantly higher in 
children living in economically disadvantaged communities close to 
industrial facilities.

5.16.07 Levels of Polycyclic Aromatic Hydrocarbon and Metal 
Contamination in Urban Playground Soils Throughout Oklahoma 
City Metropolitan
S. Hileman, J.B. Belden, Oklahoma State University / Integrative Biology
Polycyclic aromatic hydrocarbons (PAHs) and metals are generally 
ubiquitous in the environment and have been found to be of concern 
with regards to human health. PAH and metal contamination may cor-
respond with atmospheric deposition, and in urban environments soils 
may contain elevated levels of both categories due to proximity to sources 
like vehicular traffic. Sampling in the Oklahoma City Metropolitan Area 
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has indicated that PAH accumulation (and especially carcinogenic PAHs 
or cPAH concentration) has been significant, and in many cases cPAH 
load has been measured above the USEPA’s residential soil screening 
level of 110ppb. The Oklahoma City Metropolitan Area varies in urban 
landscape causing school proximity to major areas of traffic to differ. 
Included in this initial sampling were soils from public elementary school 
playground areas. Because schools in this metropolitan range tend to have 
a high degree of concern, there is the potential for oral exposure to these 
contaminants in sensitive age groups by way of hand-to-mouth actions 
involving soil. Recent data from playground soil at elementary schools 
throughout the Oklahoma City Area have shown elevated but varied 
cPAH levels. This preliminary investigation has also shown metals to be 
present, but in lower levels. These sites should be further investigated to 
determine potential sources of contamination.

17. Systematic Reviews: Tools and Techniques to 
Advance Systematic Reviews in Environmental 
Toxicology and Risk Assessment
5.17.01 Utilizing Automated and Semi-Automated Data Analytic 
Tools for Curating Data in the ECOTOX Knowledgebase
D.J. Hoff, J. Olker, C. Elonen, U.S. Environmental Protection Agency / 
Office of Research and Development; A. Pilli, A. Anderson, C. Suomi, K. 
Nehiba, T. Gephart, General Dynamics Information Technology
The ECOTOX Knowledgebase (www.epa.gov/ecotox) is the world’s larg-
est compilation of ecotoxicity data and has provided support for chemical 
assessments and research for over 30 years through systematic and trans-
parent procedures to identify and curate ecological toxicity data. Since 
its inception, the number of chemicals introduced into commerce has, 
and continues, to grow. With an ever-increasing number of new chemi-
cals coupled with goals of reduction in animal usage for testing, there is 
a tremendous need for streamlined processes to curate high volumes of 
good quality existing information within shorter timeframes. Through 
the decades, ECOTOX operating procedures have been developed which 
are consistent with attributes of standardized systematic review protocols. 
Most steps of those processes were highly dependent on manual curation, 
often considered the gold standard for accuracy and precision, but very 
labor and time intensive. To address the challenges of curating data for 
more chemicals, more rapidly, well established ECOTOX protocols for 
manual curation have evolved to include automated and semi-automated 
data analytic tools and techniques to streamline processes. These include: 
1) generation of chemical search terms; 2) automated searches from 
literature inventories to retrieve citation data; 3) title and abstract screen-
ing; and 4) generation of data evaluation records. To date, these new 
processes have demonstrated a reduction of up to 83% in level of effort to 
identify relevant journal articles through title and abstract screening steps 
in the systematic review process. These increases in efficiencies have not 
sacrificed accuracy in identifying pertinent literature. Comparisons to 
date between literature identified through manual curation steps versus 
through new data analytic tools have been found to be very consistent. In 
the past, ECOTOX has focused curation efforts by prioritizing targeted 
chemical searches requested by EPA Offices conducting assessments 
but has also endeavored to identify current ecotoxicity content from 
searches of journals that contain pertinent ecotoxicity data. Data analytic 
tools currently being employed, and others under development, will 
allow ECOTOX to continue to be responsive to chemical requests from 
regulatory programs while concurrently increasing the amount of current 
content extracted for chemicals of broader interest in the ecotoxicological 
community. This abstract does not necessarily reflect USEPA policy.

5.17.02 Development of Toxicology-Based Criteria Using Evidence 
Integration Techniques
M.S. Johnson, U.S. Army Public Health Center / Toxicology Directorate
Development and derivation of toxicology-based criteria, either for 
wildlife or humans are rarely straight-forward. This process often requires 
using data collected for different purposes, integrating a wide range 
of endpoints from diverse study designs, and searching for patterns of 
corroboration, biological plausibility, coherence, and dose-response 
relationships. Despite the direct applicability of human data to toxicity-
based benchmark derivation, rarely are these data useful or applicable for 
specific human toxicity criteria because of limitations that include impre-
cise exposure estimates and confounding elements. These limitations also 
apply to field data for wildlife criteria development. Here a framework for 
evaluating epidemiological/field, controlled in vivo, computational, and 
mechanistic/in vitro evidence is presented that can help inform toxicol-
ogy criteria development. Initially, a documented systematic review of 
the literature is done relative to precise problem formulation guidelines, 
followed by collection of data into either controlled laboratory in vivo, 
mechanistic/in vitro, or epidemiological/ field data categories. Strict 
weight of evidence criteria are used to assess controlled in vivo data 
that includes an assessment of risk of bias. Epidemiological/field and in 
vitro data are used to help inform points of departure or human/wildlife-
equivalent concentrations that are system-based. Data based Bayesian 
uncertainty factors are then employed to develop preliminary toxicity-
based criteria, and these values are again compared with epidemiological/
field data to support criteria development.

5.17.03  Decreasing the Screening Burden in Systematic Reviews: 
Performance of DistillerSR’s AI-Enabled Reprioritization and 
Predictive Reporting Applications
J. Tetzlaff, I. Stefanison, P. O’Blenis, Evidence Partners
BACKGROUND: Systematic reviews (SR) need both comprehensive-
ness and efficiency and automation has become imperative. DistillerSR, 
a comprehensive, web-based SR platform, includes several natural 
language processor applications designed to decrease screening bur-
den. The performance of these tools has been tested using diverse SRs; 
however, to understand the variability of their benefits and risk, further 
validation across SR domains is needed. OBJECTIVES: To assess the 
performance of DistillerSR’s dynamic prioritization and predictive report-
ing functionalities using SRs in toxicology and environmental health. 
METHODS: Using human-screened data from a convenience sample of 8 
completed SRs conducted by the United States Environmental Protection 
Agency, we simulated screening using the dynamic prioritization tool 
in DistillerSR (10 per review). Our primary outcomes were the mean 
theoretical workload reduction achieved at 95% recall (training with title 
and abstract [Ti/Ab] and full text screening data) and the number of false 
negatives (FN; based on final inclusion status) if Ti/Ab screening was 
stopped when 95% recall was achieved. We tested the predictive reporting 
application by determining true recall and workload reduction achieved at 
95% estimated recall. RESULTS: Including 17,354 total screened records, 
dynamic prioritization reduced workload to achieve theoretical 95% 
recall by a median of 62% across SRs (range: 46-81%) when using Ti/Ab 
screening data and 72% (range: 58-89%) when using all screening data for 
training. A 95% recall stopping rule during Ti/Ab screening would have 
resulted in 0 FNs in four SRs and a mean (% final includes) of 0.1 (0.4%), 
2.4 (1.6%), 2.6 (3.1%) and 4.7 (1.7%) in the remaining four. The mean 
true recall consistently exceeded the predictive reporting application’s 
mean estimated recall and potential workload reduction remained high. 
CONCLUSIONS: In these SRs, the use of prioritized reference screening 
would have resulted in significant time savings to identify most relevant 
records. Stopping rules would have decreased screening workload by 
at least half in most reviews, and often much more, with no or few FNs. 
These results add to the growing body of evidence supporting AI-enabled 
reprioritization as a viable screening methodology and will help review 
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teams considering the use of such tools. More research is needed to 
expand the evidence-based regarding the relative benefits and risks in 
diverse SRs.

5.17.04  A Web-Based Literature Identification Platform for the 
ECOTOXicology Knowledgebase, Powered by Deep Learning
B.E. Howard, C. Norman, A. Tandon, R. Shah, Sciome LLC; J.H. 
Olker, U.S. Environmental Protection Agency / Office of Research and 
Development, National Health and Environmental Effects Research 
Laboratory, Mid-Continent Ecology Division; C. Elonen, D.J. Hoff, U.S. 
Environmental Protection Agency / Office of Research and Development
The ECOTOXicology Knowledgebase (ECOTOX) is a comprehensive, 
publicly available resource providing single chemical environmental 
toxicity data on aquatic life, terrestrial plants and wildlife. The database is 
updated quarterly, and to identify relevant references and extract pertinent 
data, the ECOTOX data curation pipeline employs a methodical- pro-
cess - similar to initial stages of systematic review. This labor-intensive 
workflow requires curators to regularly evaluate tens of thousands of can-
didate references, the majority of which are then rejected as not relevant. 
After the careful review of hundreds of thousands of potentially relevant 
articles, the ECOTOX database currently (as of June 2020) contains 
data for 12,089 chemicals and 13,138 species manually extracted from 
50,092 references. The availability of this extensive dataset of historical 
screening decisions provided us with the opportunity to develop high per-
formance, state-of-the-art neural network classifiers to partially automate 
title and abstract screening and to categorize (e.g. human health, fate, 
chemical methods) rejected references. First, we prepared a database con-
taining more than 88,000 previously screened references spanning nearly 
100 different chemical-centric datasets. We used this data to develop two 
deep learning models which were then integrated into a modified ver-
sion of the SWIFT-Active Screener software, a collaborative web-based 
reference screening platform. The first model is a neural language-model 
classifier that predicts the relevance of candidate references. When used 
to augment the standard SWIFT-Active Screener document prioritization 
model, this method provides a mean improvement of 6.5% Work Saved 
over random Sampling (WSS) compared to the standard Active Screener 
approach. The second model uses a separate deep learning network to 
conduct multi-class classification of excluded documents to predict the 
reason for exclusion. This model achieves F-scores in the 65-75% range 
for the most frequent classes and has been integrated into Active Screener 
to provide intelligent “default choices” for capturing exclusion reason. 
Using extensive simulations, we demonstrate that this modified version of 
Active Screener results in more than a 50% reduction, on average, in time 
spent screening ECOTOX references, with larger savings for the datasets 
having the most articles.

5.17.05 Application of Systematic Review in Environmental Hazard 
Evaluations Under the Amended Toxic Substances Control Act
A. Nguyen, U.S. Environmental Protection Agency / Office of Chemical 
Safety and Pollution Prevention; K.A. Fay, General Dynamics 
Information Technology / Office of Chemical Safety and Pollution 
Prevention / Office of Pollution Prevention and Toxics / Risk Assessment 
Division; F. Branch, U.S. Environmental Protection Agency / Office of 
Chemical Safety and Pollution Prevention; D.J. Hoff, U.S. Environmental 
Protection Agency / Office of Research and Development; K. Thayer, U.S. 
Environmental Protection Agency / National Center for Environmental 
Assessment; C. Elonen, J. Olker, U.S. Environmental Protection Agency 
/ Office of Research and Development; A. Persad, U.S. Environmental 
Protection Agency / National Center for Environmental Assessment; K.M. 
Eisenreich, U.S. Environmental Protection Agency / Office of Chemical 
Safety and Pollution Prevention / Office of Pollution Prevention and 
Toxics / Risk Assessment Division
EPA’s Office of Pollution Prevention and Toxics (OPPT) is implement-
ing systematic review (SR) for environmental hazard assessments under 
the amended Toxic Substances Control Act (TSCA). This presentation 
provides an overview of OPPT’s SR process, with an emphasis on the 

literature search, screening, and evaluation of environmental hazard 
data to support the TSCA risk evaluations (REs). Lessons learned from 
the first 10 TSCA REs and how OPPT is leveraging new SR tools and 
techniques to refine its process for the next 20 high-priority substances 
will be highlighted. OPPT’s updated SR process begins with a literature 
search of peer-reviewed sources by using chemical-only keyword terms.A 
fit-for-purpose title and abstract and full-text screening process is being 
developed with harmonized inclusion/exclusion criteria relevant for envi-
ronmental and human health hazard data. Screening software applications 
(e.g., Swift-Review and Swift-Active Screener) are leveraged to prioritize 
literature and diminish manual screening of off-topic studies. The screen-
ing results from these process improvements, developed in coordination 
with new protocols being employed within the ECOTOX Knowledgebase, 
are compared to manual reviews of abstracts for a subset of chemicals to 
validate data. Interactive Health Assessments Workspace Collaborative 
(HAWC) diagrams are generated to visualize the inclusion/exclusion of 
citations. Only citations that meet the screening criteria at the full-text 
screening level are considered for data evaluation. Evaluations of environ-
mental hazard data are conducted in DistillerSR, which tracks and records 
the evaluations for each citation. Information with acceptable quality and 
relevance serve as the basis for environmental hazard characterization in 
TSCA REs. Since the publication of the Application of Systematic Review 
in TSCA Risk Evaluations, the environmental hazard evaluation criteria 
are being updated to better consider methodological design, implemen-
tation, and reporting and to address public and peer review comments. 
In addition, training, calibration exercises, quality checks, and multiple 
levels of reviews are deployed to reduce bias and improve evaluation 
consistency among reviewers. Disclaimer: The views expressed in this 
presentation are solely those of the authors and do not represent the 
policies of the USEPA. Mention of trade names or commercial products 
should not be interpreted as an endorsement by the EPA.

5.17.06 What Is the Historical Spatial and Temporal Distribution 
of Legacy Contaminants in Galveston Bay and the Houston Ship 
Channel GB/HSC
K. Camargo, Texas A&M University / Veterinary Integrative Biosciences; 
M. Foster, Texas A&M University / Libraries; B. Buckingham, Texas 
A&M University / Department of Oceanography; T.J. McDonald, Texas 
A&M University / Department of Environmental and Occupational 
Health; W. Chiu, Texas A&M University / Veterinary Integrative 
Biosciences, Interdisciplinary Faculty of Toxicology
The objective of this systematic evidence map (SEM) is to determine 
whether there is a baseline reference dataset for Galveston Bay (GB) and 
the Houston Ship Channel (HSC) for legacy contaminants. To develop the 
search terms for this systematic map, the scope was determined by the 
primary question: What is the historical spatial and temporal distribu-
tion of legacy contaminants in GB/HSC? From this question, five general 
categories were used to develop our search terms: estuary and/or inner 
coastal environments; sediments; geographic region; chemicals of inter-
est; and study design. We include searches within both databases and grey 
literature to capture a representative historical data. In total, our search 
identified 487 studies with 55 studies were included after title/abstract 
screening. After full text data extraction, 24 studies are analyzed for 
the narrative synthesis. We found most of the available studies reported 
on Dioxins/Furans (Dx/F) or Mercury (Hg); data for other organics 
and heavy metals was sparse and limited to some geographic regions of 
GB/HSC. The outcomes typically reported were generally associated 
with trends, sediment quality checks for site management, or inquiry of 
bioaccumulation potential of a given legacy contaminant. We demon-
strate each legacy contaminant has been sampled for in GB/HSC, but not 
consistently over space or time. For example, across most regions at least 
one to two samples were taken with the main sample locations including: 
Trinity Bay, the Houston Ship Channel, San Jacinto Waste Pits, or lower 
Galveston Bay. However, sample collection distribution over time ranged 
from 1995, 2000-2004, 2006-2008, to 2010-2014 with little consistency in 
between. The resulting data sparsity within certain regions of GB/HSC 
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make it difficult to determine baseline levels and whether environmental 
or man-made events have impacted contaminant distribution in GB/HSC. 
Future efforts studying this region will need to address knowledge gaps 
such as reported contaminant(s), available spatial information, and sample 
size(s). An initial step to address these knowledge gaps includes encour-
aging the scientific community to use key words to help support the open 
science movement and contribute to environmentally based systematic 
maps and review protocol development.

5.17.07 Prioritization of Site Risk Drivers Informs and Streamlines 
the Development of Ecological Screening Levels for a Complex 
Department of Energy Site
P. Wald-Hopkins, T. McFarland, N3B, Los Alamos / Environmental 
Restoration
Los Alamos National Laboratory (LANL), a large Department of Energy 
(DOE) facility, is situated in a complex ecosystem in the arid southwest-
ern United States. Over the last 30 years, thousands of contaminated 
and potentially contaminated sites have been under investigation and in 
stages of remediation and closure. The contaminants, inorganic chemi-
cals, organic chemicals, and radionuclides; are a concern for both human 
health and ecological receptors, including threatened and endangered 
species. The challenge has always been to prioritize what ecotoxicity data 
for hundreds of chemicals of potential concern is needed to continue to 
effectively and efficiently evaluate these sites and implement remedia-
tion as applicable. A recent example of prioritization of site chemicals for 
ecological risk for fiscal year 2020 was to develop ecological screening 
levels (ESLs) using existing risk results from completed investigation 
reports and consultations with key project personnel to inform the system-
atic review of the ecotoxicological literature, the development of toxicity 
reference values (TRVs), and calculation of ESLs. First, a database of site 
data plus information gathered from key project personnel was developed 
and used to determine which chemicals were of highest priority, based 
on risk, for developing new ESLs this fiscal year. Second an in-depth 
systematic review of the primary and secondary toxicity literature was 
performed to develop TRVs and calculate ESLs. ESLs for the per- and 
polyfluoroalkyl substances (PFAS) perfluorooctanoic acid (PFOA) and 
perfluorooctanesulfonic acid (PFOS) and total petroleum hydrocarbons 
(TPH) for plants and invertebrates were developed more efficiently by 
implementing such a two phase systematic review of the site data and 
ecotoxicity literature. The whole process was semi-automated and easily 
curated. This systematic review process expedites risk evaluations and 
makes them more complete at LANL for ecological risk by filling data 
gaps on an anticipated risk priority basis. This presentation provides an 
example of the importance and effectiveness of using systematic review 
process of site data to inform what ecotoxicty information is most needed 
to develop ecological screening levels in order to expedite the evaluation 
of complex sites.

5.17.08  Updating EnviroTox: Developing Transparent Biology-
Driven Approaches for Defining Acute and Chronic Experimental 
Durations
K.A. Connors, Procter & Gamble Company / Global Product 
Stewardship; K.A. Fay, General Dynamics Information Technology 
/ Office of Chemical Safety and Pollution Prevention / Office of 
Pollution Prevention and Toxics / Risk Assessment Division; A. Samel, 
FMC Corporation / Environmental Sciences; T.J. Norberg-King, U.S. 
Environmental Protection Agency / Great Lakes Toxicology and Ecology 
Division; M.R. Embry, Health and Environmental Sciences Institute
The EnviroTox database was built to meet the needs of researchers and 
regulators to establish the ecological threshold of toxicological concern 
(ecoTTC), a pragmatic modeling approach that can be used to establish 
an exposure level for chemicals below which no appreciable risk to the 
environment would exist. The ecoTTCs are created from distributions of 
predicted no-observed-effect concentrations (PNECs) that can be derived 
using this uniquely curated chemical-effects database. Data contained 
within EnviroTox is curated to ensure each study meets the specifications 

for experimental duration, biological endpoint, and statistical approach 
required for an “acute” or “chronic” designation. Initial EnviroTox cura-
tion was completed entirely by hand using detailed decision diagrams. 
This required special considerations and expert review for all 1,500 
unique species and 91,000+ entries in the database. A more streamlined 
approach is needed for standardizing and classifying new and relevant 
effects data so the EnviroTox database can be routinely updated. In this 
presentation we explore how to define “acute” and “chronic” experimental 
designations based on broad considerations of phylogeny, generation time, 
body size, regulatory guideline precedence, and other factors. Defining 
these experimental designations further supports the development and 
application of assessment factors. Challenges of data standardization and 
curation will also be highlighted. The views expressed in this presenta-
tion are solely those of the authors and do not represent the policies of the 
USEPA. Mention of trade names or commercial products should not be 
interpreted as an endorsement by the EPA.

5.17.09  Enhancing the Data Usability from the ECOTOX 
Knowledgebase
C. Elonen, U.S. Environmental Protection Agency / Office of Research 
and Development; J.H. Olker, U.S. Environmental Protection Agency / 
Office of Research and Development, National Health and Environmental 
Effects Research Laboratory, Mid-Continent Ecology Division; D.J. 
Hoff, U.S. Environmental Protection Agency / Office of Research and 
Development; S. Erickson, M. Skopinski, A. Pilli, K. Murphy, G. Sachs, B. 
Kinziger, General Dynamics Information Technology
The ECOTOX Knowledgebase (ECOTOX, www.epa.gov/ecotox) is a 
comprehensive, publicly available application providing chemical envi-
ronmental toxicity data on aquatic life, terrestrial plants and wildlife. Data 
are curated from the scientific literature after exhaustive search protocols 
and contains more than 1 million data records from over 12,000 chemicals 
and species. Pertinent study details [species, chemical(s), test methods, 
and results] are extracted from papers that meet ECOTOX inclusion 
criteria, with data being added to the public-facing website quarterly. A 
common challenge for large data sets is to provide the ability of data seek-
ers to efficiently retrieve targeted information and link output to multiple 
computational platforms. In August of 2018 ECOTOX Knowledgebase V5 
was released with enhanced data identification and retrieval capabilities 
which have been previously described. Since the initial release, several 
additional widgets have been added to enhance end user experience 
for data retrieval and platform interoperability. Updated data filter-
ing, visualization, and graphing options have been added to aid in data 
exploration and identification of key information. Customizable outputs 
were developed to allow users to select data fields for export into formats 
compatible with direct input into platforms such as EPA’s SSD Toolbox 
and populating data evaluation records. Efforts have been completed 
to integrate other platforms such as EPA’s Chemicals Dashboard which 
provides a myriad of chemical characteristics, and to SeqAPASS to aid in 
species extrapolations of chemical effects. We have also updated search 
terminology techniques to better focus literature searches for chemicals of 
interest to both researchers and risk assessors. These improvements, along 
with ongoing enhancement efforts, will assist in efficiently accessing 
necessary data for ecotoxicological chemical assessments and research. 
The views expressed in this abstract are those of the authors and do not 
necessarily represent the views or policies of the U.S. Environmental 
Protection Agency.
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5.17.10 Re-Evaluating Environmental Hazard Assessment Under 
the Toxic Substances Control Act (TSCA) Using Data-Derived 
Approaches to Determine Assessment Factors
K. Koehrn, F. Jewett, U.S. Environmental Protection Agency / Office 
of Chemical Safety and Pollution Prevention / Office of Pollution 
Prevention and Toxics / Risk Assessment Division; M. Shuman-Goodier, 
U.S. Environmental Protection Agency / Department of Biological 
Sciences; K.A. Fay, General Dynamics Information Technology / Office of 
Chemical Safety and Pollution Prevention / Office of Pollution Prevention 
and Toxics / Risk Assessment Division; A. Nguyen, K.M. Eisenreich, 
U.S. Environmental Protection Agency / Office of Chemical Safety and 
Pollution Prevention / Office of Pollution Prevention and Toxics / Risk 
Assessment Division
The USEPA’s Office of Pollution Prevention and Toxics (OPPT) is re-
evaluating its method for assessing hazards to aquatic plants within the 
broader scope of risk assessment methodologies and ecotoxicity data. In 
the first 10 risk assessments of existing chemicals under TSCA Section 6, 
EPA accounted for sources of variation such as interspecies and labo-
ratory to field variation through the application of fixed extrapolation 
factors, known as Assessment Factors (AFs). These AFs were applied to 
available ecotoxicity data to calculate concentrations of concern (COCs) 
used to estimate risk. The basic principle of this AF method is commonly 
used in regulatory programs to assess risks to aquatic and terrestrial 
species. EPA is using novel approaches and leveraging existing ecotoxic-
ity databases to understand the protectiveness of its fixed AF approach 
in a data-driven way. First, EPA conducted a literature search of avail-
able literature to understand, identify, and document AFs used in other 
regulatory programs, as well as alternative methods for calculating AFs. 
Within the on-topic references, several papers applied Species Sensitivity 
Distributions (SSDs) to capture variation observed across large datasets 
and subsequently calculate AFs that would be protective of 95% of spe-
cies. Second, EPA used data from the ECOTOXicology knowledgebase 
(ECOTOX), which includes endpoints for over 2,000 chemicals and 
760 species, with alternative approaches to calculate data-derived AFs. 
Similar methods can be applied to the vascular plant dataset available in 
ECOTOX. During this analysis, EPA considered specific biological char-
acteristics for aquatic plants during risk assessment (e.g., most susceptible 
taxa, consideration of exposure duration, differences between vascular 
plants and algae) and the potential importance of chemical mode of action. 
Last, EPA used the AF data generated through these novel approaches to 
understand the protectiveness of its fixed AFs. The results of this work 
could provide the benchmarks for EPA to refine its methods for deriving 
COCs in risk evaluations under TSCA. Disclaimer: The views expressed 
in this presentation are solely those of the authors and do not represent the 
policies of the USEPA. Mention of trade names or commercial products 
should not be interpreted as an endorsement by the EPA.

18. Transcriptomic: Dose-Response Modeling for 
Ecological Risk Assessment
5.18.01  Transcriptomic Dose-Response Modeling: The Current 
State of the Art and Outstanding Challenges
J.M. O’Brien, Environment and Climate Change Canada / Ecotoxicology 
and Wildlife Health Division
Technologies that measure genome-wide changes in gene expression (i.e. 
transcriptomics) have bene powerful tools for investigating the toxico-
logical mechanisms of chemicals. Unfortunately, due to various factors, 
the degree to which transcriptomics test data have been incorporated 
into quantitative chemical risk assessment has not been as impactful as 
once anticipated. However, recent advances in transcriptomic technolo-
gies have now alleviated several of these barriers, particularly with 
respect to cost and accessibility. As a result, study designs with a greater 
number of chemicals and more comprehensive dose ranges have become 
more common, permitting more sophisticated transcriptome-wide 

concentration-response investigations across chemical space. From these 
studies, transcriptomic dose-response modeling (TDRM) has emerged as 
an exciting new technology with promising applications in toxicological 
research. Importantly, this technology has made important advances in 
realizing the potential of using genomics data to support, and ultimately 
enhance, chemical hazard identification and quantitative risk character-
ization. Here, the current state of TDRM technology will be presented, 
with a focus on the benchmark-dose modeling approach. The importance 
of different experimental design and data analysis considerations will be 
examined, such as dose and time selection, and the impact of different 
statistical pipelines. Finally, some of the outstanding technical challenges 
that must be addressed before the regulatory acceptance of TDRM can be 
realized will be highlighted.

5.18.02 Investigating the Applicability of Transcriptomic Dose-
Response Modeling to Ecological Risk Assessment
F. Page-Lariviere, Environment and Climate Change Canada / 
Ecological Assessment Division; D. Crump, Environment and Climate 
Change Canada / National Wildlife Research Centre; J.M. O’Brien, 
Environment and Climate Change Canada / Ecotoxicology and Wildlife 
Health Division
The prohibitive cost of chronic ecotoxicity tests forces chemical risk 
assessors to rely heavily on short-term ecotoxicity data to derive threshold 
concentrations considered protective of wildlife exposed to a chemical 
for longer durations. Using a set of assessment factors to account for 
sublethal effects and prolonged exposure, short-term ecotoxicity values 
are mathematically transformed into predicted no-effect concentrations 
(PNECs). Transcriptomic dose-response modeling (TDRM) is a promis-
ing approach to estimate a protective transcriptomic point of departure 
(tPOD) from short-term exposures. tPODs are empirically-derived and 
represent the biological potency of compounds to induce changes in the 
regulation of gene expression. Here, we will describe the ecological risk 
assessment process and investigate where and how tPOD values could 
be integrated. We will also discuss the benefits of such an approach for 
regulators and stakeholders and elaborate on areas of uncertainty that 
require further work.

5.18.03 High Throughput Exposure Methods to Support the 
Derivation of Transcriptomics-Based Points of Departure for 
Common Aquatic Toxicity Test Organisms
K. Flynn, D.C. Bencic, A. Biales, R. Flick, U.S. Environmental 
Protection Agency / ORD/CCTE/GLTED; M. Le, Oak Ridge Institute of 
Science Education / Great Lakes Toxicology and Ecology Division; J. 
Martinson, U.S. Environmental Protection Agency / ORD/CCTE/GLTED; 
D.L. Villeneuve, U.S. Environmental Protection Agency / Center for 
Computational Toxicology and Exposure
While the US Environmental Protection Agency’s (USEPA) implementa-
tion of high-throughput (HTP) screening, as represented by the ToxCast 
and Tox21 efforts, have largely focused on human health, there is a 
need for HTP assays that address pathways and physiology unique to 
aquatic organisms representing different trophic levels. An aim of the 
present work was to modify standard protocols and methods to allow 
rapid toxicity tests with small aquatic organisms in 96-well plates. HTP 
assays were developed for four ecologically relevant and taxonomically 
diverse species, Pimephales promelas (fathead minnow), Daphnia magna 
(a freshwater crustacean), Chironomus dilutus (midge; an insect), and 
Raphidocelis subcapitata (a green algae). The assays consisted of 24-hour 
exposures in 96-deep well plates which provide 12 chemicals concentra-
tions and 8 replicates per concentration on each plate. Lifestages were 
chosen to be amenable to limited volumes, to show high baseline survival, 
and to provide enough tissue for downstream endpoints. Therefore, the 
final assays were initiated with 24-hour post-hatch fathead minnows, 
72-hour old daphnids, 3rd instar midge, and algae in log-phase of growth. 
After exposure, data was collected anchored to phenotypic responses 
directly applicable to standard aquatic toxicology assays. In addition, 
whole transcriptome RNA-seq data was collected in parallel, providing an 
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opportunity to anchor transcriptomic responses to phenotypic responses. 
Preliminary results suggest that standard toxicity estimates like LC50’s 
are comparable in these 24-hour exposures conducted on 96-deep well 
plates to traditional toxicity designs. For instance, the LC50’s for CuSO4, 
NiSO4, and ZnSO4 in 96-well plate exposures were 0.6 mg/L, 11.3 mg/L, 
and 3.8 mg/L which are similar to values reported from traditional tests 
(0.7 mg/L, 6.2 mg/L, and 2.5 mg/L, respectively). A plate of fathead min-
nows, daphnids, or midge can be manually loaded and exposure started in 
less than 45 minutes, providing an opportunity to efficiently screen large 
numbers of chemicals. Algal plates can be processed in even less time. 
Finally, efforts to calculate transcriptomic-based points-of-departure and 
compare them to traditionally derived points-of-departure have been initi-
ated. Overall, these results suggest HTP assays with ecologically relevant 
species can provide useful toxicological information in an efficient and 
cost-effective manner. The contents of this abstract neither constitute nor 
necessarily reflect USEPA policy.

5.18.04  FastBMD: An Online Tool for Rapid Benchmark Dose-
Response Analysis with Transcriptomics Data
J. Ewald, McGill University / Natural Resource Sciences; O. Soufan, 
J. Xia, N. Basu, McGill University / Faculty of Agricultural and 
Environmental Sciences
Transcriptomics dose-response analysis is a promising new approach 
method for toxicity testing. While international regulatory agencies have 
spent substantial effort establishing a standardized statistical approach, 
existing software that follows this approach (BMDExpress) is computa-
tionally intensive, requires local installation, and is not easily integrated 
with the wealth of bioinformatics resources available in R. To address 
some of these challenges, we developed FastBMD, a web-based tool 
that implements standardized methods for transcriptomics benchmark 
dose-response analysis in R (available at www.fastbmd.ca). FastBMD 
offers a comprehensive analytical pipeline that goes from processing and 
normalization of raw gene expression values to interactive exploration 
of transcriptomic and pathway-level benchmark dose results. Currently, 
FastBMD supports transcriptomics data from 13 species. Additionally, 
an annotation-free pipeline was developed specifically to help support 
dose-response analysis for ecologically relevant species that may not have 
high-quality transcriptome annotation resources. In a side-by-side com-
parison with BMDExpress using 24 dose-response datasets, we found that 
FastBMD is >60 times faster while achieving very similar final results 
(R2 > 0.98 for the transcriptomic point-of-departures between the two 
software). In the future, we are excited to update FastBMD as the regula-
tory and scientific communities continue to refine the recommended 
approach to transcriptomic dose-response analysis.

5.18.05 Benchmark Dose Integration of Transcriptomic, 
Metabolomic and Morphometric Signatures of Exposure to BPA, 
PFOS and TBT in Zebrafish Eleutheroembryos
R. Martinez, B. Piña, Institute of Environmental Assessment and Water 
Research, Spanish Research Council / Environmental Chemistry; L. 
Navarro-Martin, Institute of Environmental Assessment and Water 
Research / Environmental Chemistry
Exposure to endocrine disrupting chemicals (EDCs) elicit several 
adverse effects in wildlife and humans. Functional benchmark dose 
analysis allows for the identification of early affected pathways and their 
associated adverse outcome pathways (AOP). In addition, it allows the 
integration of data from different biological levels allowing to evaluate 
modes of action (MoA) and a molecular initiation event (MIE) using a 
holistic approach. Indeed, it helps to achieve a higher comprehension of 
the toxicity mechanisms of EDCs, a key stone for environmental risk 
assessment. In this study, we exposed zebrafish embryos from 2 to 5 days 
post-fertilization (dpf) to bisphenol A (BPA), perfluorooctanesulfonic acid 
(PFOS) and tributyltin chloride (TBT), and transcriptomic (RNA-Seq), 
metabolomic (HPLC-MS) and phenotypical (morphometrics) analyses 
were performed at 5 dpf. Transcriptomic, metabolomic and morphomet-
ric data were integrated and first affected pathways were identified. The 

specific effects elicited by BPA, PFOS, and TBT could be referred to their 
respective proposed MOAs and MIE. Briefly: 1) BPA effects were far 
beyond its alleged estrogenic potential, showing a very complex pattern 
of toxic effects that also included lipid and visual disruption, obesogenic 
effects, and yolk sac malabsorption; 2) Macroscopic and molecular effects 
of PFOS included muscle-skeletal alterations (scoliosis and kyphosis), 
immunosuppression, and disruption of the system related to cell adhe-
sion molecules (CAMs); 3) TBT appeared as a strong toxicant, with a low/
median lethal concentration, and inducing a general developmental delay 
(diapause-arrest effect). At very low concentrations, TBT also affected 
steroids’ and cell cycle metabolic pathways. All three toxicants altered 
lipid metabolism, although with a different extension and consequences: 
BPA exerted the strongest obesogenic effect, whereas PFOS seemed to 
have “anti-obesogenic”, anorexic-like properties. TBT only exerted mild 
effects on lipid metabolic pathways and were only observed at concentra-
tions close to lethality. In conclusion, data combination at the different 
biological levels allowed us to propose a MoA, MIE and key events (KE) 
for each EDC, all of them integrated in an AOP for each toxicant, which 
could represent an excellent approach when studying new xenobiotics or 
mixes with lack of information about their toxicity.

5.18.07  Transcriptomic Dose-Response Analysis in Zebrafish 
Embryos for Estimating Aquatic Toxicity of Phthalate Plasticizers
P. Nguyen, Environment and Climate Change Canada / National Wildlife 
Research Centre; F. Page-Lariviere, Environment and Climate Change 
Canada / Ecological Assessment Division; D. Crump, Environment 
and Climate Change Canada / National Wildlife Research Centre; J.M. 
O’Brien, Environment and Climate Change Canada / Ecotoxicology and 
Wildlife Health Division
While long term exposure studies are ideal for determining chronic 
point-of-departures (POD), these studies are cost and time prohibitive; as 
a result, chronic toxicity data is typically limited during ecological risk 
assessment. Recent research has shown that modelling changes in gene 
expression (i.e. transcriptomics) following short term exposure can be 
used to estimate doses that lead to chronic toxicity. Additionally, advance-
ments in targeted sequencing technology (i.e. measuring a reduced 
representative gene set) have made transcriptomic dose-response model-
ling (TDRM) very cost effective. When combined with high throughput 
in vitro test models, such as the zebrafish embryo model, TDRM may be 
economically feasible for standard test batteries. This project will analyze 
the transcriptomic dose response in zebrafish embryos exposed to six 
different phthalates: butyl benzyl phthalate, butyl benzyl cyclohexane, 
diethylhexyl phthalate, diethylhexyl cyclohexane, dibutyl phthalate and 
dibutyl cyclohexane. Zebrafish were dosed at 6 hours-post-fertilization 
(hpf) and collected at 120hpf. Doses included a 6-point dilution series 
ranging from 3μM to 30pM and a vehicle control (1% DMSO). Various 
apical toxicological endpoints were measured including lethality, mor-
phology, and swimming behaviour. RNA extracted from pools of 10 
embryos (n=3 pools per dose) was sequenced using two methods: Illumina 
whole transcriptome sequencing and TempO-Seq targeted transcriptome 
sequencing, which targets the S1500+ zebrafish sentinel gene set (~3000 
genes). TDRM will be conducted using fastBMD software. The tran-
scriptomic point-of-departure (tPoD) will be compared to the POD for the 
concurrently measured apical effects, and to chronic PoDs reported in the 
literature. We predict that the tPoD using both sequencing methods will 
be lower than the concurrent apical PoD, and generally protective of the 
chronic PoDs in the literature. These results will help test the effective-
ness of using tPoDs in an embryo model as a potential alternative to 
chronic PoDs for compounds that have limited data for risk assessment.
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5.18.08 Effects of Volume on Acute Toxicity and the Transcriptome 
in Fathead Minnow Exposures
M. Le, Oak Ridge Institute of Science Education / Great Lakes Toxicology 
and Ecology Division; D.C. Bencic, A. Biales, R. Flick, J. Martinson, U.S. 
Environmental Protection Agency / ORD/CCTE/GLTED; D.L. Villeneuve, 
U.S. Environmental Protection Agency / Center for Computational 
Toxicology and Exposure; K. Flynn, U.S. Environmental Protection 
Agency / ORD/CCTE/GLTED
A core mission of the US Environmental Protection Agency (USEPA) is 
to assess the effects of anthropogenic chemicals on freshwater ecosys-
tems. One species commonly used is the fathead minnow (Pimephales 
promelas). Traditional fathead minnow tests last days to weeks and 
involve relatively large exposure volumes. However, the USEPA’s Office 
of Research and Development is conducting research into the use of 
high throughput methods and technologies to improve the efficiency and 
cost-effectiveness of testing strategies including those with the fathead 
minnow. A test design that involves 24-hour exposure of 24-hour post-
hatch fathead minnows exposed in individual wells of multi-well plates is 
being evaluated. In addition to traditional apical endpoints like survival, 
whole transcriptome dose-response modeling is a desired endpoint. The 
purpose of the present study was to evaluate the effect that differences 
in solution volume and associated loading density could have on both 
survival and the transcriptome-level response in the type of assay system 
being considered. A series of 24-hour static exposures to fathead minnow 
larvae were conducted with CuSO4, NiSO4, and ZnSO4 using three 
different exposure systems: 96-well plates, 24-well plates, and single 15 
ml vessels. Survival was assessed with exposures in full dose-response 
with 12 concentrations of half-log dilutions of each chemical starting at 
high concentrations of CuSO4, NiSO4, and ZnSO4 of 2 mg/L, 15.8 mg/L, 
and 4 mg/L, respectively. RNA-seq data was collected from a subset of 
two of these concentrations for each chemical. First, transcriptomic data 
(RNA-seq) from the control fish from these different exposures was com-
pared to determine the impact exposure volume alone may have on the 
transcriptome. Second, to further explore potential impacts of exposure 
volume on the transcriptomic response, lists of differentially expressed 
genes for specific chemicals were compared across formats. Survival 
across the different exposure formats was similar in all three chemicals, 
and LC50 values calculated from the these were similar to published 
24-hour LC50’s. For instance, the LC50 for CuSO4 from exposure in a 
96-well plate was 0.57 mg/L, close to 0.74 mg/L, the median value from 
several published tests documented in the EPA’s ECOTOX knowledge-
base. Comparable results were also observed for NiSO4 and ZnSO4. 
Implications for design of a standardized, high throughput test with a 
transcriptomic-based POD endpoint are considered. The contents of this 
abstract neither constitute nor necessarily reflect USEPA policy.

5.18.09 Dose-Response Relationship of Transcriptional Biomarkers 
in a Freshwater Mussel Exposed to Sub-Lethal Copper Stress
G.M. Ekelund Ugge, Lund University / Department of Biology; A. 
Jonsson, B. Olsson, University of Skövde / Department of Bioscience; O. 
Berglund, Lund University / Dept of Biology
Bivalves show great promise for use in environmental risk assessment, 
as sentinel organisms in field monitoring or as laboratory models. Plenty 
of studies address bivalve transcriptional responses to chemical stress, 
but most focus on marine species and very few assess effects at more 
than three or four exposure concentrations. Using copper (Cu) as our 
model stressor, focus of the current study is therefore transcriptional 
responses in a freshwater mussel (Anodonta anatina) across twelve 
sub-lethal concentrations. Adult mussels were collected in southern 
Sweden on a location free from point source pollution and brought back 
to the laboratory. After two weeks of acclimatization, mussels were 
acutely exposed (96 h) to Cu in twelve treatments (n = 3 per treatment) 
at the nominal concentrations 1.0, 2.0, 3.9, 7.8, 16, 31, 63, 125, 250, 500, 
1 000 and 2 000 µg/L (measured concentrations 0.204 – 1 640 µg/L, 
R2 = 0.98). After exposure, mussels were dissected to extract gills and 
digestive glands for chemical and biomarker analyses. Chemical analyses 

revealed concentration-dependent levels of Cu in gills, while digestive 
glands showed little difference in Cu concentration across treatments. 
For both tissues, selected transcriptional stress responses (catalase, 
glutathione-S-transferase, heat shock proteins 70 and 90, metallothio-
nein and superoxide dismutase) will be assessed by reverse transcription 
quantitative polymerase chain reaction (RT-qPCR). This will allow us 
to model transcriptional dose-response relationships of stress genes at 
high resolution, over a wide range of sub-lethal Cu exposures. The main 
question addressed is whether general stress genes can be used to give 
a robust measure of chemical stress, and specifically whether transcrip-
tional response magnitudes increase monotonically with increasing Cu 
concentration. Ultimately, this information is crucial for appropriate 
incorporation of transcriptional biomarkers in environmental risk assess-
ment. Our results, as demonstrated in a proposed freshwater model, will 
therefore provide important knowledge and improve general understand-
ing of subcellular responses to chemical stress.

5.18.10  EcoToxXplorer: A Visual Analytics and Signature 
Development Platform for Comprehensive Toxicogenomic Analysis
O. Soufan, McGill University / Institute of Parasitology; J. Ewald, 
McGill University; G. Zhou, McGill University / Parasitology; Y. Fan, 
O. Hacariz, McGill University / Institute of Parasitology; A. Alcaraz, 
University of Saskatchewan / Toxicology Centre; E. Boulanger, J. 
Head, McGill University / Natural Resource Sciences; N.S. Hogan, 
University of Saskatchewan / Department of Animal and Poultry Science 
and Toxicology Centre; D. Crump, Environment and Climate Change 
Canada / National Wildlife Research Centre; M. Hecker, University 
of Saskatchewan / School of the Environment & Sustainability and 
Toxicology Centre; N. Basu, J. Xia, McGill University / Faculty of 
Agricultural and Environmental Sciences
With the increasing availability of advanced molecular screening 
techniques (e.g., RNA sequencing, targeted QPCR panels such as 
EcoToxChips), there is a need for a comprehensive analytics and explora-
tion platform. EcoToxXplorer.ca is a cloud-based platform with several 
visual analytics and statistical evaluation tools that helps interpret tran-
scriptomic results and develop exposure-response profiles (e.g., pathways 
analysis), while also delivering tailored reports to help support decision 
making using toxicogenomics data. EcoToxXplorer.ca provides functions 
to upload raw data from RNA-seq, microarray, or qPCR experiments. 
End-users are able to follow steps to summarize their data, perform qual-
ity checks, and run downstream analyses such as visualization of toxicity 
modules and benchmark dose-response calculations. Users can create 
accounts to store project sessions and resume analysis as needed. The 
website contains demonstrations, FAQs, tutorials, and other resources to 
best assist users with diverse backgrounds and training. EcoToxXplorer.
ca provides support for key species including those of relevance to the 
Canadian and international regulatory and testing communities. The tool 
is designed to be used (and institutionalized) by chemical/environmental 
risk assessors and managers in government and industry. This study is 
part of the EcoToxChip project (www.ecotoxchip.ca).
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5.18.11  Development of Cross-Omics Predictors of Apical Toxicity in 
Selenomethionine-Exposed Embryo-Larval Fish
D. Green, University of Saskatchewan / Toxicology; K. Bluhm, University 
of Saskatchewan / School of Environment and Sustainability; D.M. Janz, 
University of Saskatchewan / Veterinary Biomedical Sciences; K. Liber, 
University of Saskatchewan / School of Environment and Sustainability; 
N.S. Hogan, University of Saskatchewan / Department of Animal and 
Poultry Science and Toxicology Centre; A.J. Alcaraz, University of 
Saskatchewan / Toxicology Centre; O. Soufan, McGill University / 
Faculty of Agricultural and Environmental Sciences; J. Xia, McGill 
University Macdonald Campus / Institute of Parasitology; D. Crump, 
Environment and Climate Change Canada / National Wildlife Research 
Centre; N. Basu, McGill University / Faculty of Agricultural and 
Environmental Sciences; M. Hecker, University of Saskatchewan / School 
of the Environment & Sustainability and Toxicology Centre
Selenium (Se) is a naturally occurring atomic element and an essential 
nutrient for almost all forms of life with a narrow threshold between 
essentiality and toxicity. Where anthropogenic activities liberate excess 
Se to the aquatic environment, it can bioconcentrate in primary producers 
that subsequently biotransform aqueous Se oxyanions to bioaccumula-
tive forms, with bioaccumulation being most strongly associated with the 
organic species “selenomethionine”. If exposed above certain thresh-
olds, oviparious animals can show embryo-larval deformities and/or 
mortalities, with effects manifesting as severely as complete extirpation 
of species from impacted sites. The magnitude of this impact has led 
several regulatory agencies (ex. United States Environmental Protection 
Agency, British Columbia Ministry of Environment) to set aquatic and/or 
tissue-based Se concentration thresholds to protect aquatic life. In order 
to evaluate and potentially refine these protective thresholds, four North 
American fish species of ecological, economic, and cultural importance 
(fathead minnow [Pimephales promelas], rainbow trout [Oncorhynchus 
mykiss], white sucker [Catostomus commersonii], and white sturgeon 
[Acipenser transmontanus]) were microinjected in-ovo with graded, 
environmentally relevant concentrations (3.1-27.7 µg Se/g dry weight) 
of selenomethionine. Whole-embryo transcriptomic analyses revealed 
dysregulation of gene-ontology terms related to lipid peroxidation, among 
others, in fathead minnow embryos, and molecular analyses are currently 
underway for the additional species. Molecular endpoints for all species 
are being further expanded to include shotgun proteomics and targeted 
metabolomics. Apical outcome analysis showed an increased incidence 
of deformity and mortality across species, with remarkable sensitivity 
shown by rainbow trout. Once completed, the molecular analyses will be 
evaluated to identify potential cross-organizational toxicity pathways pre-
dictive of adverse apical impacts within and across species. These results 
will also be used to inform the development of the EcoToxChip, a qPCR 
screening tool intended to expedite the risk assessment of chemicals pro-
duced in quantities of concern that may influence the aquatic environment 
that are currently lacking toxicological characterization.

5.18.12  Polystyrene Nanoplastic Induces Oxidative Stress, Immune 
Defense, and Glycometabolism Disorder in Daphnia pulex: 
Application of Transcriptome
Z. Liu, Y. Li, East China Normal University; E.R. Perez, Purdue 
University / Forestry and Natural Resources; Q. Jiang, Freshwater 
Fisheries Research Institute of Jiangsu Province; Q. Chen, Y. Jiao, Y. 
Huang, East China Normal University; Y. Yang, Freshwater Fisheries 
Research Institute of Jiangsu Province; Y. Zhao, East China Normal 
University
Aquatic environments are generally riddled with nanoplastic material. 
As a result, establishing molecular mechanisms for sensitive species like 
Daphnia are warranted, given that mechanistic nanoplastic toxicity is 
largely unknown. Here, global transcriptome sequencing (RNA-Seq) was 
performed on D. pulex neonates to quantitatively measure the expression 
level of transcripts. A total of 208 differentially expressed genes (DEGs) 
were detected in response to nanoplastic exposure, with 107 being up-
regulated and 101 down-regulated. The gene functions and pathways for 

oxidative stress, immune defense, and glycometabolism were identified. 
In this study, D. pulex neonates provide some molecular insights into 
nanoplastic toxicity. However, more studies on DEGs are needed to better 
understand the underlying mechanisms that result as a response to nano-
plastic toxicity in aquatic organisms.

19. General Environmental Risk Assessment
5.19.01 Environmental Risk Analysis of Human and Veterinary 
Pharmaceuticals Use - Evolving Regulatory Framework and 
Guidelines
J. Laurenson, U.S. Food and Drug Administration / Center for Drug 
Evaluation and Research; C. Moermond, RIVM / Centre for Safety of 
Substances and Products; H. Zahner, U.S. Food and Drug Administration 
/ Center for Veterinary Medicine; J. Chateauvert, Health Canada / 
Environmental Impact Initiative
In many countries an environmental risk analysis is conducted prior to 
the marketing authorization of human and veterinary pharmaceuticals, 
or prior to their import and manufacture, to assess whether the active 
ingredients will cause significant environmental impacts. The regulatory 
frameworks and scientific challenges for conducting these analyses in 
the United States (US), Canada, and the European Union (EU) are very 
different. This concerns regulatory, legal aspects (e.g., substances need 
to be approved in different phases of the process) as well as technical 
aspects (e.g., risk determination). Efforts to harmonize the underlying risk 
assessment methods and science of pharmaceuticals continue to evolve. 
Even when basic methodology is the same—as is the case for veterinary 
medicinal products, where a common guideline is used—every country 
has its own sub-documents to add recent developments and/or insights 
to the risk analysis. In this presentation, we briefly describe the different 
regulatory frameworks, discuss current approaches and scientific chal-
lenges for conducting environmental risk analysis of pharmaceuticals, and 
present potential opportunities for future harmonization. In addition, this 
presentation corrects key misconceptions that appear to exist in literature 
and industry submissions.

5.19.02 An Across Species Approach to Pharmaceutical 
Prioritization Using Fish Reproduction Data
L. Cramer, University of Louisiana, Monroe; M. Overturf, University of 
Louisiana, Monroe / Biology
The number of pharmaceuticals present in the environment has steadily 
increased in the past decade due to the growing human population. 
Moreover, there is little to no data on the effect of the majority of phar-
maceuticals in a given environment. Testing each active pharmaceutical 
ingredient for negative effects is difficult and not economically feasible. 
However, the use of Sequence Alignment to Predict Across Species 
Susceptibility (SeqAPASS) can be utilized to develop a prioritization 
method to predict whether a particular pharmaceutical can cause fish 
reproductive impairment. The SeqAPASS database compares the protein 
sequence across taxonomic groups to determine if there is a relative inher-
ent susceptibility to chemicals. Also, it can be used to determine if there 
is a potential protein target or chemical/protein interaction of a certain 
pharmaceutical between taxonomic groups. The current study used the 
drug targets of 24 pharmaceuticals known to have reproductive impair-
ments in fish to determine if there is high homology between human 
targets and fish. Pharmaceuticals that have drug targets with high homol-
ogy, especially those with endocrine related pathways, could possibly lead 
to reproductive impairments in fish.
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5.19.03 Predicting Environmental Risks of Pharmaceuticals in 
Norwegian Surface Waters
S. Welch, Norwegian Institute for Water Research / Ecotoxicology; K. 
Olsen, Norwegian Institute of Public Health / WHO Collaborating Centre 
for Drug Statistics Methodology; J. Moe, Norwegian Institute for Water 
Research / Section of Ecotoxicology and Risk Assessment; M. Nouri 
Sharikabad, Norwegian Institute of Public Health / WHO Collaborating 
Centre for Drug Statistics Methodology; K. Tollefsen, M. Grung, 
Norwegian Institute for Water Research / Section of Ecotoxicology and 
Risk Assessment
Present paradigms of environmental risk assessment in the EU and 
elsewhere rely on the prediction of environmental concentrations from 
broad generalisations of dose sizes and market penetration. Although 
this approach minimises banning for environmental reasons of pharma-
ceuticals useful to humanity, the principal trade-off is that it presents 
an unnecessarily crude prediction of environmental risk for an already 
under-studied domain of pollutants. In Norway, a high-income Nordic 
nation with an aging population, high-resolution records of pharmaceuti-
cal sales are maintained back to the year 1995, providing a rich body of 
data from which environmental concentrations of a broad range of phar-
maceuticals can be retrospectively predicted. In this study, we applied a 
predictive model to predict surface water concentrations of pharmaceu-
ticals on a substance-by-substance basis from package sales and mass of 
active ingredient per package. By comparing these predictions concentra-
tions to predicted no-effect concentrations (where available), we were 
able to calculate a simple Risk Quotient (or ratio) for substances. Initial 
results suggested that of the substances with available toxicity data, we 
found that hormonal contraceptives contributed a massive proportion of 
the overall risk burden - estradiol (RQ = 46), ethinylestradiol (32) and 
norethisterone (3.7), while over-the-counter painkillers were also well 
represented – ibuprofen (9.8), paracetamol (8.5) and naproxen (1.4). Also 
present were amoxicillin (17), a β-lactam antibiotic, abiraterone (15), an 
androgen/oestrogen agonist used to treat prostate cancer, mycophenolic 
acid (9.6), an immunosuppressant, and simvastatin (2.3), a statin. Once 
validated against environmental measurements, this predictive model 
will allow for the extrapolation of trends in pharmaceutical pollution 
over time. Where data resolution and lag-time allows, it will also be 
possible to develop near-real-time prediction of pharmaceutical pollution 
from human use across Norway, allowing for more targeted pollution 
management.

5.19.04 Cumulative Risk Variations for Metals and Major Ions 
Exposure to Macroinvertebrate Communities at the McClean Lake 
Mill in Northern Saskatchewan
B. Cupe Flores, M. Mendes, University of Saskatchewan / Toxicology 
Centre; K. Liber, University of Saskatchewan / School of Environment 
and Sustainability
Treated effluent from the McClean Lake uranium milling operation in 
northern Saskatchewan is released into the East Basin of McClean Lake. 
This could potentially represent a toxicological risk to aquatic organisms. 
The goal of this study was to determine the cumulative risk from effluent 
exposure to benthic macroinvertebrates at different times (2018-2019) 
in McClean Lake east basin. Ten monitoring locations were established 
along Vulture Lake (upstream location), McClean Lake, and Collins 
Creek (downstream location) to collect water, sediment, and macroin-
vertebrates. Major ions, dissolved metals, and routine water quality were 
measured in water and total metals in sediments. The toxicological risk 
for metals and major ions in water and sediment was determined using 
Hazard Quotients (HQs). Canadian water and sediment quality bench-
marks for the long-term protection of freshwater aquatic life and no-effect 
and reference-level sediment quality values were used to calculate HQs. 
Cumulative risk at each monitoring site was estimated by summing the 
individual HQs higher than 0.4 (moderate risk) together. Results from 
both 2018 and 2019 showed that at some monitoring locations, the HQs 
for zinc, arsenic, selenium, mercury, sulphate, and fluoride were higher 
than water quality benchmarks. In addition, iron and thallium had 

individual HQ>0.4 only in 2019. Regarding sediments, individual HQs 
for vanadium and cadmium were higher than sediment quality bench-
marks for both years. The cumulative risk of metals and anions in water 
was> 1 in Vulture Lake, and at some locations in McClean Lake east 
basin. However, the cumulative risk of metals in sediment was> 1 only in 
Vulture Lake. These results suggest that some metals and anions may rep-
resent a risk of adverse effect on macroinvertebrates. Conversely, in 2018, 
PCA analysis between invertebrate abundance and water cumulative HQs 
for metals showed that there was an influence from effluent exposure 
on macroinvertebrate communities given that higher abundances were 
correlated with higher cumulative HQs in monitoring locations closer to 
the effluent discharge. This may suggest that there was higher biological 
productivity at sites with higher effluent exposure, not higher toxicity.

5.19.05  Evaluation of Ecological Risks Associated with a Former 
Alumina Processing Facility
B.E. Sample, Ecological Risk, Inc.
The 1400 acre former St. Croix Alumina facility operated as a bauxite 
ore processing facility from the 1960’s through 2000. Only a portion of 
the facility was used to process ore; the remainder is aquatic and ter-
restrial habitat including mangrove stands, salt marsh, salt flats, and scrub 
thickets. While in operation, waste streams from alumina production (i.e., 
red mud and other wastes) were comingled and disposed onsite. Analyses 
in 2010 indicated adverse effects are likely for resident biota. Bioassays 
were conducted on surface water (96 hr mysid shrimp), sediment (10-d 
Leptocheirus plumulosus), and soil (14 d earthworm and perennial 
ryegrass) collected from multiple onsite locations. Significant toxicity 
was observed in all four bioassays. Bioassay results were integrated with 
contemporaneous analytical chemistry data to identify analytes most 
likely associated with effects. Site-specific effect thresholds were then 
developed and applied to the existing site characterization data to quan-
tify the location, frequency, and magnitude of potential effects. Observed 
surface water toxicity was most localized, with effects observed only in 
samples from the Ash Disposal Pond. Surface water toxicity was largely 
a function of elevated pH and fluoride, and depleted calcium. When 
compared to site characterization data, the greatest number of threshold 
exceedances was observed in areas most closely associated with red mud 
or coal ash. Sediment toxicity was intermediate, with significant toxicity 
observed in samples closest to red mud sources. Soil toxicity was most 
widely distributed, with significant earthworm and plant toxicity observed 
in all but one onsite sample. Although effects were more pronounced for 
earthworms than for ryegrass, bioassay responses observed for both taxa 
were analogous. Sodium, aluminum, pH, and silt appear to drive toxicity 
for both species. These analytes are also known to be associated with 
bauxite ore processing. In conclusion, the results of the site-specific bioas-
says clearly show that 1) surface water, sediment, and soils at the former 
St. Croix Alumina facility are toxic; 2) analytes associated with bauxite 
ore processing are clearly associated with surface water and soil toxicity; 
and 3) both observed and predicted effects in surface water, sediment, and 
soil are spatially associated with the presence of red mud and other onsite 
wastes.

5.19.06 Contamination Status and Ecological Risk Assessment of 
Some Heavy Metal in Sediments of the River Buriganga, Bangladesh
A. Nargis, Xiamen University - College of the Environment & Ecology 
/ Marine Affairs; C. Minggang, Xiamen University - College of the 
Environment & Ecology / College of Ocean and Earth Science; M.M. 
Islam, Marine Fisheries Academy / Nautical Science
The Buriganga river flows from the west to the east of Dhaka city and it 
has been used as the means of main inland water transport route toward 
the south-east part of Bangladesh. Many industries and factories have 
been setup on its banks to use the transport facilities as well as to dump 
the industrial waste. These wastes are from tanneries, metal goods manu-
facturing industries, electroplating and battery factories and shipyards. 
They are considered as the major sources of metal pollution of the River 
Buriganga. Surface sediment samples were collected at the depth of 0–5 
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cm from seven sampling sites of the River during monsoon (August , 
2018) and winter (February , 2018) were studied to understand the spatial 
and seasonal variations of heavy metals analyzed by using ICP-MS and 
their possible sources. Nine (9) metals were given more attention because 
of their detrimental effects on human health and aquatic lives. These 
metals are Cr, Cd, Mn, Ni, Cu, Zn, As, Hg and Pb, and their average 
concentrations were 39.50, 0.24, 37.31, 6.76, 14.00, 36.62, 0.20, 0.013 and 
10.54 mg/kg in monsoon and 41.63, 0.30, 39.11, 7.57, 16.01, 40.52, 0.25, 
0.016 and 11.58 mg/kg in winter respectively. The results showed that 
the concentrations were little bit higher in winter than that in monsoon 
because of no water current is observed in winter. Among these metals 
Cr was found highest concentration and Hg was the lowest in both the 
seasons. The maximum concentration of Cr (70.81 mg/kg) was found at 
site-1, while the trend was found to be decreasing toward the downstream 
sites (from 70.81 to 23.61 mg/kg). This investigation showed that the 
untreated tanning effluents which directly discharge to the river water 
is responsible for the high concentration of Cr in the sediment Cr exists 
as Cr(III) in the aquatic environment and forms insoluble hydroxides 
(Cr(OH)3) and finally settles down on the river basin. The contamination 
in the sediments were also evaluated by applying Index of contamination 
factor (Cf), degree of contamination (Cd), pollution load index(PLI) and 
potential ecological risk assessment for the selected toxic metals, that the 
contamination status in the studied river was low. It’s maybe due to some 
necessary initiatives taken by the proper authorities to prevent direct dis-
charge of industrial effluents in the River Buriganga in recent years.

5.19.07  Emerging Challenges of Urban Farming: Metals 
Contamination of Staple Crops in a Fragmented Urban Setting of a 
Developing Nation
J. Nwachukwu, Manchester Metropolitan University / Chemistry & 
Environment
The proportionate increase in urban settlements twice the global popula-
tion growth rate, and the resultant urbanization spread especially in less 
developed countries have inadvertently given rise to the encroachment 
of urban settlements into hitherto agricultural land areas. Urbanization 
trend in most major cities in the sub Saharan region has significantly 
modified both the atmospheric and biogeochemical structures of the 
physical environment via emission of greenhouse gases (GHG) and trace 
metals that contaminate urban land and crops. Prominent among trace 
metals with potential impact on staple food crops is the lead compound 
(Pb) often associated with use of tetraethyl lead (TEL) in leaded gasoline; 
an anti-knock. Urban congestion and proximity of residential houses 
(urban garden) to highly trafficking roads enhance susceptibility of food 
crops especially leafy vegetables to emitted toxic substances accounting 
for about 70% of dietary intake of heavy metals. An elemental analysis 
of 218 soil, 78 Manihot esculanta and 118 Telfaira occidentalis samples 
randomly collected from the City of Owerri, Nigeria between July and 
September 2015 were conducted using the ICP-OES. Pb measured above 
the threshold of 0.3 µg/g and 0.1µg/g stipulated by the FAO/WHO Codex 
Alimentarius in 99.8% of pumpkin leaf (Telfaiara occidentalis) and 51.6% 
of cassava tuber (Manihot occidentalis) samples respectively. Pb concen-
tration in soil measured above the 85 µg/g target value stipulated by the 
Nigeria Department of Petroleum Resources in about 0.9% of sampled 
soils. Multi-statistical analysis revealed how soil physical parameters 
(SOM, pH, Mineralogy, Carbon and Nitrogen) influence the Phyto-
availability of trace metals in the food plants. A geospatial risk assessment 
of human exposure pattern to Pb contamination among different age 
groups using both the Total Hazard Quotient (THQ) and geostatistical 
techniques revealed the proneness of infants and toddlers to Pb con-
tamination and made appropriate recommendations that could forestall 
imminent health risks. Keywords— Urbanization, anthropogenic, trace-
metals, Hazard quotient.

5.19.08 Levels of Airborne Particulate Matter and Radon Near 
Three Large Florida Phosphogypsum Stacks
C. Adeoye, Georgia Southern University / Environmental Health 
Sciences; J. Gupta, Florida Gulf Coast University / Marieb College of 
Health & Human Services; A. Mele, Sarasota FL; N. Demers, Florida 
Gulf Coast University / Department of Biology; A. Adhikari, Georgia 
Southern University / Department of Biostatistics, Epidemiology & 
Environmental Health Sciences
Background and Objective: Approximately one billion tons of phospho-
gypsum, a by-product of the fertilizer industry, are currently stacked in 
Florida. Phosphogypsum emits radon gas, which is a risk factor for lung 
cancer and can also increase particulate matter (PM2.5) associated non-
cancer mortality in exposed individuals. In this pilot study, we measured 
atmospheric levels of radon and PM1, PM2.5 and PM10 near three large 
phosphogypsum stacks in Florida. Method: Atmospheric radon was col-
lected for 72h at distances of 2.5, 5.0 and 7.5 miles (three locations within 
each site) downwind from the three selected phosphogypsum stacks using 
charcoal-based kits, and measured by liquid scintillation counting, using 
sodium iodide detectors. PM1, PM2.5 and PM10 were measured twelve 
times at each location with a DustTrak™aerosol monitor. A professional 
digital radon monitor was used to take 24h-average radon reading at 5.0 
miles from each stack for comparison purpose. Results: The median 
(interquartile range: Q1, Q3) radon levels were 0.325 (0.150, 0.675), 0.150 
(0.150, 0.650) and 0.500 (0.150, 0.700) pCi/L at 2.5, 5, and 7.5 miles, 
respectively. The median (interquartile range: Q1, Q3) PM2.5 levels were 
5 (4, 6), 5 (3, 7), and 5 (2, 9) µg/m3 at 2.5, 5, and 7.5 miles, respectively. 
The 24h average radon readings were 1.75, 1.91, and 1.62 pCi/L at three 
sites. Non-parametric Kruskal-Wallis test could not detect any associa-
tion between radon level and distance from phosphogypsum stacks. 
Conclusion: With scintillation counting, median radon levels detected 
were above the EPA recommended standard (0.4 pCi/L in outdoor air) in 
some of the sites; however, much higher levels were detected through the 
more advanced digital monitor. Radon levels did not vary within a short 
distance (2.5 – 7 miles). PM2.5 levels were below the 24h average national 
ambient air quality standard but very close to that reported in other cities 
of Florida.

5.19.09  Adaptation of a Risk-Based Framework for Evaluating 
Sensitive Habitats Near Federal Navigation Channels: An 
Application to Coral Reefs at Honolulu Harbor, Hawaii
B. Suedel, S. Altman, J. Wilkens, A.D. McQueen, D. Hayes, D.W. Moore,  
P. Schroeder, U.S. Army Corps of Engineers / Engineer Research and 
Development Center; T. Swannack, U.S. Army Corps of Engineers  
Engineer Research and Development Center / Coastal Hydraulics 
Laboratory; M. Balazik, J. Gailani, U.S. Army Corps of Engineers / 
Engineer Research and Development Center
The “Blue Economy”, also known as the ocean economy, is generally 
defined by the United Nations as an initiative with the purpose of improv-
ing “human well-being and social equity, while significantly reducing 
environmental risks and ecological scarcities”. The successful growth of 
the Blue Economy will require critical port infrastructure support which 
includes the maintenance and expansion of navigation channels through 
dredging to ensure safe and navigable waterways. In several major 
harbors and ports in the United States and its territories, the U.S. Army 
Corps of Engineers maintains Federal navigation channels in proximity to 
coral reefs (e.g., Honolulu Harbor, HI; Miami Harbor, FL; Apra Harbor, 
Guam) and other sensitive habitats. To effectively predict potential 
adverse impacts from dredging activities near coral reefs, a more holistic 
approach to improve understanding of the pressures on these habitats is 
needed to foster an accurate prediction of risk drivers. To achieve this, 
risk-based frameworks that account for the interactions among social, 
economic, and ecological risks and benefits of anthropogenic impacts 
need to be adapted and applied specifically for dredging operations. The 
Drivers-Pressures-Stressors-Condition-Response (DPSCR4) concep-
tual framework is considered a comprehensive conceptual model of the 
coupled human-ecological system. To help understand these interactions, 
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DPSCR4 was applied to evaluate dredging and other environmental 
pressures (e.g., terrestrial runoff) coupled with the social, environmental, 
and economic benefits and risks of growth and development in Honolulu 
Harbor, HI, USA. The strengths and limitations of the approach are 
presented and the incorporation of the risk-framework into environmental 
management decisions is discussed.

5.19.10 Effect of Pollution on the Mesoamerican Reef
M. del Carmen Guzman Martinez, Universidad Autonoma Metropolitana 
/ Hydrobiologí a
The Mesoamerican Reed System (SAM) is the second-largest reef system 
in the world; it is in the Mexican Caribbean, which extends from the 
Contoy Island at the north of the Yucatan Peninsula to Honduras. Coral 
reefs have ecological importance and represent an important economic 
resource like recreational activities, fishing, and tourism. They are 
in areas where there are very large hotel complexes, that offer to the 
visitors’ recreational activities such as diving, sailing, renting jet skis, 
fishing sport, etc. The conservation of these ecosystems is the funda-
mental importance because of their great biodiversity, high productivity, 
richness, and abundance of species, which are comparable to a tropical 
jungle. Anthropogenic activities release several toxic substances such as 
pesticides and herbicides. The objective of the present work is to evalu-
ate the contamination risks that can affect corals through a conceptual 
model. The tourist and urban development on the Quintana Roo coastline, 
where the second reef barrier is located, had been exponentiated in recent 
years and had been caused environmental degradation. Deforestation and 
land-use change have caused a disturbance in underground hydrology. 
Environmental stress caused by tourism, port activities, overfishing, and 
population growth is identified, thus, by identifying risks, severe damage 
to the SAM can be prevented. When an area was developed it is neces-
sary to carry out activities for conserving the environment and preventing 
damage. The reef system is vulnerable to natural changes, global warm-
ing, and the introduction of toxic substances into ecosystems.

5.19.12 Environmental Risk Assessment of Marine Scrubber 
Effluent Discharge
D. Wang, Exponent / Environmental & EcoScience Group; S.B. Kane 
Driscoll, J. McGrath, Exponent, Inc. / EcoSciences; M. Jalalizadeh, 
Exponent Inc.
Fueled by the ever-increasing global trade as well as institutional and 
technological factors, maritime transport activities saw an increase of 
151.5% between 1990 and 2015. The maritime boom also contributed 
to increasing environmental emissions. To mitigate pollution from the 
shipping industry, the International Maritime Organization implemented 
the 2020 Sulfur Cap to limit sulfur air emissions from ships globally. 
One option for compliance is to install scrubbers onboard to redirect 
sulfur oxides from exhaust gases into the ocean. While an economically 
viable option, the associated risks of these discharges to marine organ-
isms remain largely unknown due to the scarcity of monitoring data and 
lack of comparison to appropriate predictive toxicity thresholds. One 
group of chemicals in the discharge is polycyclic aromatic hydrocarbons 
(PAHs). The United States Environmental Protection Agency (USEPA) 
has published chronic values for PAHs and recommends the toxic unit 
(TU) approach for assessing the toxicity associated with PAHs. This 
research applies the USEPA methodology to assess the scrubber effluent 
toxicity and analyze available toxicity datasets from feedwater (inlet) and 
effluent of the exhaust gas cleaning systems (ECGS) tower. TU based 
on USEPA final chronic values were calculated for 16 parent PAHs in 
feedwater (inlet) and effluent. The sum of the estimated TU based on total 
(unfiltered) concentrations in feedwater and effluent were similar and 
slightly greater than the TU threshold of 1, indicating a similar potential 
for PAH-associated toxicity in both feedwater and effluent. It should be 
noted that these TU values were based on the total concentration of PAHs 
in water, including both particulate phase PAH and freely dissolved phase 
PAH, which likely overestimates the potential for toxicity. Data gaps will 

be discussed and recommendations for additional methods, including the 
use of passive samplers to validate predictions of the toxicity assessments 
will be presented.

5.19.13  The Ecotoxicity Risk Calculator: A Publicly Available Tool 
to Integrate Exposure and Effect Distributions
D.A. Dreier, Syngenta Crop Protection, LLC / Environmental Safety; 
S.I. Rodney, Intrinsik; D.R. Moore, Intrinsik, Ltd.; S.L. Grant, Syngenta 
Crop Protection, LLC / Environmental Safety; W. Chen, Syngenta Crop 
Protection, LLC / Product Safety; T.W. Valenti, Syngenta Crop Protection, 
LLC / Environmental Safety; R. Brain, Syngenta Crop Protection, Inc. / 
Environmental Safety
Risk curves offer a probabilistic approach to integrate exposure and effect 
distributions, yet their adoption has remained limited in ecological risk 
assessment. Contrary to quotient-based methods, which do not consider 
the probability of exposure or effect, risk curves can identify how various 
management strategies could potentially reduce risk. The integration of 
this curve provides a quantitative measure of risk expressed as a probabil-
ity, and hence may prove useful for informing higher-tier risk assessment 
and/or risk management decisions. To improve the accessibility and 
adoption of this approach, we developed a publicly available, spreadsheet-
based Ecotoxicity Risk Calculator (ERC) to facilitate the construction and 
interpretation of risk curves. Case studies will be presented with common 
crop protection products, highlighting the utility of the ERC to incorpo-
rate various data sources, including surface water modeling estimates, 
monitoring observations, and species sensitivity distributions. Providing 
this ERC tool could potentially facilitate increased adoption of risk 
curves in ecological risk assessment space for agrochemicals, industrial 
compounds, pharmaceuticals, as well as other potential environmental 
stressors. Adoption of probabilistic approaches will be necessary to more 
accurately define risk within the context of ecological risk assessment, 
especially for threatened or endangered species. We recommend risk 
curves to become a common format to assess and communicate ecologi-
cal risks, thereby improving management decisions to support sustainable 
environmental quality and ecosystem integrity.

5.19.14 The Status of Pesticide Risk in California’s Surface Waters
N. Parker, A.A. Keller, University of California, Santa Barbara
In California, 13% of waterways assessed for non-point source pollution 
under the Clean Water Act (section 303(d)) are impaired by pesticides. Of 
the impaired waterways, 56% are located within the Bay Delta Watershed 
which provides the majority of California’s residents with drinking water 
and is home to over 90 threatened or endangered species. These alarming 
statistics prompted an investigation to quantify the spatial distribution 
of insecticide risks based upon the most recently available pesticide use 
and monitoring data (2013-2017). Pesticide loads were used to predict 
the cumulative insecticide toxicity as well as toxicity by chemical and 
class at the 100 km2 watershed scale. Monitoring data were employed 
to evaluate the frequency of insecticide detections above aquatic health 
benchmarks. Results demonstrated 5 insecticides to account for 83% of 
toxicity introduced to the environment, and 12 insecticides 99% of the 
toxicity. From monitoring data, the frequency of exceedance of aquatic 
health benchmarks by insecticides was greatest for pyrethroids (>1,400), 
with bifenthrin comprising the greatest fraction of the exceedances 
(579). The relative rank of aquatic health benchmark exceedances (>200 
exceedances) from greatest to least is: pyrethroids > neonicotinoids > 
organophosphates > pyrazoles > diacylhydrazines > carbamates > organo-
chlorines. By using the methods herein, a snapshot of current insecticide 
toxicity is provided for the State of California. These findings prioritize 
pesticide management gaps in California and highlight concerns that are 
likely shared at the national scale.
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5.19.15  Emerging Frameworks and Tools for Environmental Risk 
Assessment
M.E. McArdle, S. Ryan, C. Menzie, A. Taylor, Exponent, Inc.; K. Kulacki, 
Exponent Inc. / EcoSciences; M.W. Kierski, Exponent / Ecological and 
Biological Services Practice; R. Kashuba, U.S. Environmental Protection 
Agency / Ecological and Biological Services Practice; W.L. Goodfellow, 
Exponent / Ecological and Biological Services Practice
Whi Frameworks and tools continue to emerge for addressing regulatory 
and policy matters involving risks. We identify several frameworks that 
are being increasingly used. While they all share the fundamental com-
ponents of environmental risk assessment, they are tailored to problems 
not easily addressed using simpler and less comprehensive frameworks. 
The evolution of these frameworks illustrates the utility of the underly-
ing risk concepts and the adaptability to new problems. These include: 
1) decision or solution oriented frameworks where the risk assessment 
process is structured within an alternative analysis; 2) weight-of-evidence 
and tiered approaches that incorporate sufficiency criteria and a means 
of judging equability and reliance for traditional lines-of-evidence; 3) 
cumulative risk assessment approaches that incorporate environmental 
conditions as well as direct health effects; and 4) the incorporation of 
ecosystem services as a means of integrating human health and ecological 
risk assessments. Case examples will be provided for these more holistic 
assessment frameworks. A number of tools are receiving attention with 
respect to utility for risk assessment. While many exist, we focus on the 
Adverse Outcome Pathway (AOP), e-DNA, OMICS, and rapid screen-
ing methods. Finally, we illustrate how several challenging issues are 
being addressed or may be addressed. These include the incorporation 
of climate change considerations, microbial risk assessment, and the 
assessment of plastics. Our talk will highlight a theme of commonality 
in conceptual approach together with the thought needed to adapt those 
concepts to increasingly complex and emerging matters.

5.19.16 Establishing Realistic Exposure Estimates of Solitary Bee 
Larvae Via Pollen Using Inter Species Correlation Models
T. Pamminger, BASF SE, Agrarzentrum Limburgerhof / Ecotoxicology; 
C.W. Schneider, M. Bergtold, BASF SE
In recent years there is growing concern that some solitary bee popu-
lations are in decline, potentially compromising pollination security 
in agricultural and non-agricultural landscapes. Among the numer-
ous causes associated with this trend bee exposure to plant protection 
products (PPP) in agricultural landscapes has been discussed. Bees can 
be exposed to PPP directly resulting from overspray and/or to residues in 
pollen and nectar. In the case of solitary bee larvae, the main exposure 
route is likely pollen and the amount consumed depends on the size of the 
bee larvae and the pollen composition and (e g. pollen protein concentra-
tion). So far exposure estimates for wild bee larvae for risk assessment 
purposes have often been based on a limited number of observations 
making their accuracy uncertain. As a first step to tackle this question 
we combine information on solitary bee ecology (plant preference), plant 
pollen quality (pollen protein concentration), bee larvae weight and pollen 
consumption to build a phylogenetically controlled inter species correla-
tion model to estimate the protein/pollen needs of solitary bee larvae. 
We use this model to predict the protein/pollen needs of Osmia bees (the 
currently discussed solitary bee surrogate for EU risk assessment) and 
contrast our results with the proposed default pollen consumption esti-
mates. We find that the currently used default pollen consumption values 
likely overestimate exposure and we discuss the implications of our find-
ings for the future solitary bee risk assessment.

5.19.17  Acesulfame-K (ACE-K) Environmental Risk Assessment and 
Probabilistic Exposure Modeling
P.D. Guiney, University of Wisconsin, Madison / Molecular and 
Environmental Toxicology Center; E. Schaefer, EUROFINS; K. Belton, 
Grocery Manufacturers Association
ACE-K is widely used as a no calorie sweetener in food and beverage 
products. Its use over the past several decades has increased. The detec-
tion of ACE-K in wastewaters and surface water is enabled by its high 
solubility, low soil absorption, reported persistence, and the use of reliable 
analytical methods. ACE-K is used around the world as an approved food 
additive and is considered safe for human consumption by the United 
States Food and Drug Administration and other regulatory bodies. 
Concerns have been raised however, regarding its growing presence and 
potential aquatic toxicity. Recent studies have provided new empirical 
environmental monitoring, environmental fate, and ecotoxicity data on 
this artificial sweetener. The biodegradation of ACE-K is predicted to be 
low, based on quantitative structure activity relationship (QSAR) models. 
This has been conï¬rmed by several investigations, mostly published prior 
to 2014. More recently, there appears to be an interesting paradigm shift 
with several reports of enhanced ability of wastewater treatment plants 
to biodegrade ACE-K. Some studies report that ACE-K can be photo-
degraded into potentially toxic breakdown products, whereas other data 
indicate that this may not be the case. A robust set of acute and chronic 
ecotoxicity studies in fish, invertebrates, and freshwater plants provided 
critical data on ACE-K’s aquatic toxicity. A survey of worldwide monitor-
ing data for ACE-K confirmed its detection in wastewater and surface 
water, generally in the lower parts per billion range, whereas concentra-
tions in sludge and groundwater are much lower (parts per trillion). The 
highest average concentrations were detected in influents 22.9 μg/L, and 
effluents 29.9 μg/L. iSTREEM and E-FAST probabilistic exposure models 
using ACE-K usage loadings to the environment to predict ACE-K 
concentrations in rivers and streams in the United States confirmed the 
empirical monitoring data. A regional exposure index was developed that 
suggests that ACE-K concentrations in other countries were comparable 
to North America and therefore the model can be reasonably extrapolated 
worldwide. This environmental risk assessment establishes that ACE-K 
has high margins of safety and presents a negligible risk to the aquatic 
environment based on extensive ACE-K environmental monitoring, 
conservative predicted environmental concentrations, and predicted no-
effect concentration (PNEC) estimates, and a circumspect probabilistic 
exposure modeling. the EPA&

5.19.18 Knowledge and Plastic Pollution-Importance of Education to 
Plastic Waste Reduction: Case Study in Vietnam
A. Elzer, Loyola University, Chicago / Institute of Environmental 
Sustainability; B.W. Brooks, Baylor University / Department of 
Environmental Science; L. Leege, Georgia Southern University / 
Department of Biology; D. Schlenk, University of California, Riverside 
/ Environmental Science; C.J. Shultz, Loyola University Chicago / 
Quinlan School of Business; S.T. Tran, C.V. Vo, Quy Nhon University / 
Department of Biology; T. Hoang, Loyola University, Chicago / Institute 
of Environment and Sustainability
Plastic has transformed our world in many ways and is used in almost 
every industry. While plastic is extremely beneficial during its use, it 
can be equally as harmful to our planet. This study aims to assess the 
differences in general knowledge, behaviors, and attitudes about environ-
mental science and plastic pollution of students and teachers and whether 
environmental education will lead to an increase of those variables to 
improve proper disposal and reduce plastic waste in the Binh Dinh prov-
ince of Vietnam. The first round of two studies was conducted among 685 
students and 150 teachers in 10 different high schools in the Binh Dinh 
province. A series of educational seminars were conducted, along with 
pre- and post-seminar surveys, to obtain basic information that allows 
evaluation of the general knowledge, behaviors, and attitudes of a group 
of selected students and teachers. Post seminar, majority of the popula-
tion understood some of the challenges with managing plastic waste in 
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Vietnam (90.1%). Students’ mean knowledge score was 88% before the 
seminar and 91% post seminar. A majority of the population (73.8%) 
claims to use 2 or more single-use items daily. This results in the average 
student generating between 1.4 – 19.0 grams of trash per day within an 
average population of 1,075 students. The most popular items recorded at 
each school were plastic bags (29.0%), plastic food wrappers (28.0%), and 
Styrofoam containers (13.4%). In general, schools located in urban areas 
generate more plastic waste than schools in rural areas. This is correlated 
to the Vietnamese lifestyle; students attending urban schools consume 
more street food with additional plastic packaging compared to students 
attending rural schools and consuming more homemade meals without 
additional packaging. Therefore, the importance of increasing knowledge 
is necessary to reduce the amount of plastic usage and disposal. As plastic 
pollution is a global and growing issue, it will require extreme effort to 
resolve. Environmental education is an opportunity to be an essential 
pathway to allow for advancement in pro-environmental knowledge, 
behaviors, and attitudes. Keywords: Plastic pollution, plastic reduction, 
environmental knowledge, environmental education

5.19.20  Quantification and Probabilistic Risk Assessment of PFOA 
and PFOS in Surface Water and Sediment from Two Rivers, Cape 
Town South Africa
B. Opeolu, Cape Peninsula University of Technology / Faculty of Applied 
Sciences; B.O. Fagbayigbo, Cape Peninsula University of Technology / 
Environmental Health and Occupational Studies; O.S. Fatoki, KolaDaisi 
University / Chemistry
The quality of water resources is steadily declining due to the increase 
in the release of contaminants such as perfluoroalkyl substances (PFAS) 
into surface waters such as municipal drains and in the flowing rivers 
with consequent release into coastal waters. Adverse health and systemic 
effects of exposure to high concentrations of PFOA and PFOS include 
hepatotoxicity, developmental toxicity, immune toxicity, neurotoxic-
ity, endocrine toxicity, gene toxicity and tumorigenic potential, among 
others Perfluorooctanoic acid (PFOA) and perfluorooctane sulfonate 
(PFOS) in surface water and sediment samples from two rivers (Diep and 
Plankenburg) in Cape Town, South Africa were determined by ultra-
performance liquid chromatography coupled with quadrupole time of 
flight mass spectrometry (UPLC-QTOF-MS). Concentrations of PFOA 
in surface water ranged from < LOD to 1929.8 ng/l and concentrations of 
PFOS ranged from < LOD to 1289.00 ng/l. Corresponding values in sedi-
ment samples ranged from < LOD to 214.5 ng/g and from < LOD to 246.2 
ng/g. Levels of PFOA and PFOS measured were subjected to probabilistic 
hazard risk assessment to predict the possibility of exceeding regulatory 
threshold limits. Results showed that PFOA in water exceeded the thresh-
old limits set by the United States Environmental Protection Agencies 
(USEPA) and Department of Water Council (DWC) Germany. The per-
centage PFOA distribution exceedance of 50 and 52 were observed for the 
Diep River relative to USEPA and DWC threshold limits. Corresponding 
values for the Plankenburg River were 54 and 56 respectively. The values 
for PFOS in the Diep River were 50% and 55%; Plankenburg percent-
age exceedance values were 56 and 58. Continuous release of PFOA and 
PFOS into surface water may therefore lead to elevated levels in ecosys-
tems with consequent associated environmental and human hazard risks 
of the compounds.

5.19.21  Histopathological Findings on the Testicles of Rhamdia 
quelen Fish after Subchronic Trophic Exposure to the Herbicide 
2,4-D
N.R. Zuanazzi, Universidade Tecnológica Federal do Paraná - Campus 
Dois Vizinhos / Postgraduate Program in Agroecosystems; N. Ghisi, 
Universidade Tecnológica Federal do Paraná / Biology and Ecology; E. 
de Oliveira, Federal University of Technology - Paraná Campus Dois 
Vizinhos
The herbicide 2,4-D (2,4-Dichlorophenoxiacetic acid) is globally applied 
to control agricultural and urban plagues, despite the evidence of its 
potential to cause endocrine disruption in non-target organisms. This 

study aimed to evaluate the subchronic effect of 2,4-D on the testicle 
development of the fish Rhamdia quelen (Teleostei: Pimelodidae). 
Individuals around 15 cm length, were randomly distributed in the nurs-
ery network and acclimated during 14 days in four tanks. Temperature, 
pH, carbonates, nitrate, and ammonia levels and dissolved O2 were mea-
sured twice a week throughout the experimentation period. The animals 
were fed twice a day and uneaten food was removed. The pure 2,4-D 
99.8% (Sigma-Aldrich Pestanal®) was used to prepare the doses deter-
mined according to the maximum concentration allowed in and Brazilian 
legislation and recommended by World Health Organization (WHO) in 
drink water (30 µg/L). Doses were administered with an insulin syringe 
attached to a gavage needle (100µL per animal). Each tank presented four 
treatments: 1) negative control: received only distilled water; 2) 20 µg.kg-1 

2,4-D; 3) 200 µg.kg-1 2,4-D; 4) 2,000 µg.kg-1 2,4-D. These doses were 
administered every 10 days and samples were collected after 22 and 42 
days of exposure. After anesthesia, morphometric data were collected and 
the animals were sectioned to remove a testis fragment, fixed for 12 hours 
in ALFAC and stored in 70% alcohol. The testicles were processed by 
routine histological procedures: dehydration, inclusion, cutting, microt-
omy and H/E staining. The slides were analyzed by optical microscopy 
for the histopathologies identification and quantification. A severity index 
was estimated through of damage reversibility degree and extension. In 
the male gonads, six histopathological damages were identified: increased 
sperm count, asynchronous development, enlarged sperm ducts, inter-
stitial protein fluid, fat, and hermaphroditism. The two-way ANOVA 
showed a significant difference for the severity index only between the 
experimental groups, without interaction with exposure time. All groups 
exposed to 2,4-D had a significant increase in testicular lesions. Although 
preliminary, these results suggest endocrine disruption even at doses 
recommended by the WHO for 2,4-D.

5.19.22  Mosquito Net Fishing: A Novel Exposure Pathway for 
Pesticide Toxicity in Aquatic Organisms
D.H. Love, University of Florida / Environmental and Global Health; 
A. Manrique, University of Florida / Department of Environmental 
and Global Health; R. Welsh, D.A. Larsen, Syracuse University / 
Public Health, Food Studies and Nutrition; P.C. Wilson, University of 
Florida / Soil and Water Science; J.H. Bisesi, University of Florida / 
Environmental and Global Health
The use of insecticide treated bed nets (ITNs) are considered to be a great 
public health success story, helping to reduce the malaria burden on a 
global scale. ITNs are typically treated with pyrethroid insecticides that 
are highly effective at killing the target organism, mosquitos. They pose 
a low toxicity risk to humans, making the ITNs an effective mosquito 
control strategy. Though pyrethroids exhibit low toxicity in humans, they 
are known to be highly toxic to aquatic organisms. Observational studies 
as well as qualitative data collected from areas of Kenya and Zambia, 
suggest that some ITNs are being repurposed for fishing. There are also 
reports from these studies that suggest that the use of ITNs for fishing 
has also decreased fish quality and quantity, though this has not been 
measured quantitatively. The practice of fishing with ITNs, may introduce 
toxic pyrethroids into aquatic systems, however, to date, little research 
has focused on pyrethroid leaching behavior and toxicity resulting from 
ITN fishing. To examine these potential issues, exposure experiments 
were conducted with embryonic and larval fathead minnow (Pimephales 
promelas) as well as Daphnia magna. Fish were exposed to a series of 
different sized pieces of ITNs (0, 1, 5, 10, and 20 cm2 ITN) in 300 ml of 
moderately hard water for 96 hours (embryos) and 7 days (larvae). Fish 
were monitored daily for any morbidity or mortality associated with expo-
sure. At the end of the experiment fish were weighed to determine growth. 
Results indicated that even small areas of ITN (1 cm2) impact growth of 
larval while larger nets cause overt toxicity. Similar studies were con-
ducted with D. magna and found that the ITNs exhibited higher toxicity 
in invertebrates. Currently, we are conducting experiments to determine 
leaching rates from ITNs which will be presented during the meeting. 
Results from this study highlight the need for a one health approach when 
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implementing public health interventions in developing countries. This 
is to ensure we protect human health without adversely impacting the 
environmental resources that drive economic prosperity and nutritional 
needs in these areas.

20. Late Breaking: Environmental Risk Assessment
5.20.01  AOP-Informed Risk Assessment of Complex Mixtures and 
Multiple Stressors
K. Tollefsen, Y. Song, N R. Wolf, L. Xie, Norwegian Institute for Water 
Research / Section of Ecotoxicology and Risk Assessment
Knowledge of how single chemicals and their complex mixtures affect 
organisms, e.g., their mode of action (MoA) and how these perturbations 
project to adverse effects (outcomes), is continuously increasing due 
to extensive bioassay testing activity worldwide. However, generation 
of such effect data, typically by bioassays ranging from classical (eco)
toxicological tests to New Approach Methodologies (NAMs), is rapidly 
generating disparate data sets that are not easily integrated. Efforts to 
link MoAs to adverse outcomes at individual and population levels using 
Adverse Outcome Pathways (AOP) lends a great promise to facilitate such 
integration, and devloping computational approaches to harvest AOP-
informed data and conduct quantitative evaluations for mechanisticaly 
oriented hazard and risk assessment are thus highly warranted. Efforts to 
develop new AOPs, quantitate the relationships of events across the AOP 
continuum (quantitative AOPs) and interpret these in terms of ecologi-
cal relevance are thus quickly becoming bottlenecks in successful use 
of an ever increasing amount of effect data. This applies in particular 
to the transition from single chemical assessment to cumulative hazard 
(CHA) and cumulative risk (CRA) assessments of “real world” exposure 
scenarios, where a high degree of complexity reigns and standardised 
approaches are lacking. The present work demonstrates how AOP-
informed exploitation of effect data from different bioassays and exposure 
information from monitoring studies can be used to identify suitable bio-
assays, toxicity pathways and endpoints, and predict the hazard potential 
of single chemicals and complex mixtures. The study also demonstrates 
how site-specific exposure data can be used to characterise “risk” profiles 
and identify “risk” hot spots, susceptible species groups (taxa), risk 
drivers, and MoA of relevance for a given exposure scenario using bioas-
say data from different levels of biological organisation. The proposed 
approach is anticipated to assist bioassay development, exploit existing 
bioassay (effect) data, and support Integrated Approaches to Testing and 
Assessment (IATAs) and more mechanistically oriented hazard and risk 
assessment. Acknowledgements: Financing - RCN 268294 “Cumulative 
hazard and risk assessment of complex mixtures and multiple stressors 
(MixRisk)”, and NCTP: NIVA’s Computational Toxicology Program, 
NCTP (www.niva.no/nctp).

5.20.02 Applying Multiple Machine Learning Methods to Predict 
Endocrine Disruption
K. Zorn, D.H. Foil, T.R. Lane, Collaborations Pharmaceuticals, Inc.; 
W.E. Hillwalker, D. Feifarek, F.A. Jones, W.D. Klaren, A.M. Brinkman, 
SC Johnson / GSARA; S. Ekins, Collaborations Pharmaceuticals, Inc.
Endocrine disruption is the modulated by androgen and estrogen recep-
tors (AR and ER), as well as aromatase which catalyzes the conversion of 
androgens to estrogens. This has been a major topic of toxicology research 
for decades but evaluating the adverse outcomes of chemical exposure 
requires expensive and time-consuming in vitro and in vivo studies. Thus, 
the Environmental Protection Agency (EPA) prioritized the development 
of alternative methods for their Tier 1 assays, and periodically releases 
high-throughput screening data through the ToxCast program and the 
Tox21 consortium that encompass a breadth of biological targets and 
processes. These in vitro data have recently been utilized for mathemati-
cal models of AR/ER agonism and antagonism pathways to predict the 
AR- and ER-mediated endocrine disrupting bioactivity of a chemical. 
These pathway models utilize a series of assay datasets organized in 

a biochemical pathway of molecular events, producing a summation 
bioactivity score; however, in vitro data is required to generate this score. 
In contrast, machine learning (ML), particularly Bayesian methods, have 
demonstrated success in drug discovery and toxicology prediction from 
molecular structure alone. The current study describes the application 
of Bayesian and other ML methods to predicting endocrine disrupting 
potential via AR, ER and aromatase inhibition. Two aromatase assays 
were selected from either ToxCast or Tox21, and these models were 
validated with external test sets from ChEMBL and literature data. 
For both AR and ER, the same assays used in previous publications of 
mathematical models from the EPA were grouped by corresponding 
agonist or antagonist pathways. These model groups were then validated 
by cross-referencing prediction accuracies of in vitro and in vivo refer-
ence chemicals with previoUSEPA publications, as well as CoMPARA 
and CERAPP ML models. Our ML models generally predicted on par or 
exceeded reported results from the EPA. Six other ML algorithms (includ-
ing support vector machines (SVM) and deep neural networks (DNN) 
etc.) were applied to these datasets and resulting five-fold cross-validation 
performance metrics were evaluated. Generally, Bayesian methods were 
superior, demonstrating that these ML methods are competitive without 
the computational cost to generate models such as SVM and DNN. Such 
ML models could be used in combination for toxicology research to depri-
oritize molecules with endocrine disrupting potential.

5.20.03 Assessment of Soil Physicochemical Properties and 
Microbial Diversity in Two Dumpsites in Lagos, Nigeria
A.L. Ogunyebi, M.O. Ogungbemi, K.O. Omoyajowo, University of Lagos / 
Cell Biology and Genetics
Assessing soil physico-chemical properties and micro-fauna diversity is 
critically important in estimating the potentials and limitations of land 
use and management. Hence, this study assessed soil physico-chemical 
properties and micro-fauna diversity in Abule-Egba and Solous dumpsites 
in Lagos State, Nigeria using standard analytical procedures while the soil 
mineral nutrients and heavy metal concentrations were determined using 
Atomic Absorption Spectrophotometer (Perkin Elmer AAnalyst-200). 
Findings revealed that the physicochemical properties, heavy metals 
and nutrient constituents were relatively higher in both dumpsites’ soil 
compared to the control soil samples and according to the World Health 
Organization (WHO) and Federal Environmental Protection Agency 
(FEPA) standard tolerance limits. Nonetheless, there was no significant 
difference (P < 0.05) between the physicochemical properties, heavy 
metals and nutrients constituent in the dumpsites and the control soil 
samples. However, there were significant differences (P < 0.05) between 
pH and EC, Pb and Zn, Pb and Ni in Abule-Egba and Solous dumpsites 
soil. A total of 18 micro-faunas comprising 8 bacteria and 10 fungi spe-
cies, notably Bacillus spp., Pseudomonas aeruginosa, Flavobacterium 
spp., Micrococcus spp., Rhizopus stolonifera, Aspergillus niger, A. wentii, 
Trichoderma spp., Mucor spp., Penicillium spp., and Fusarium spp. were 
identified in the control and dumpsite soils. Among these micro-faunas 
are heterotrophic bacteria, heterotrophic fungi, hydrocarbon utilizing 
bacteria and hydrocarbon utilizing fungi. Based on these findings, this 
study observed that the dumpsites were highly polluted by toxic chemicals 
especially heavy metals (Pb, Ni, Cd, Cr and Zn) and also contain diverse 
micro-faunas especially bacteria and fungi.

5.20.04  Bridging the Gap Between Chemical Fingerprinting and 
Site-Specific Risk Assessment
K. Tollefsen, Norwegian Institute for Water Research / Section of 
Ecotoxicology and Risk Assessment; G. Sogn Andersen, Norwegian 
Institute for Water Research (NIVA) / Marine Biology; Y. Song, R. Wolf, 
Norwegian Institute for Water Research (NIVA) / Ecotoxicology and Risk 
Assessment; J. Slobodnik, Environmental Institute
Surface waters contain complex mixtures of inorganic and organic pollut-
ants that may affect the health of humans and wildlife. As the composition 
of these complex mixtures are highly variable, both in temporal and 
spatial scales, their cumulative hazard and risk are thus often poorly 
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characterized. Efforts to develop approaches to assess cumulative impact 
of pollutants on organisms and identifying “Archetypical” mixtures being 
representative for different emission scenarios are highly warranted. The 
present work aimed to develop a conceptual approach to identify such 
mixtures on basis of their cumulative potential for perturbing relevant 
toxicity pathways and causing adverse effects on aquatic species of 
regulatory relevance. A combination of taking advantage of exposure 
information, available effect data representative for selected Adverse 
Outcome Pathways (AOP) and multi-variate statistics to decipher common 
patterns between chemical exposures, hazard and risk predictions will be 
used to demonstrate the approaches on monitoring data from the 3rd Joint 
Danube survey (JDS3). Special emphasis will be given the identification 
of ecologically relevant reference compounds and mixtures of these that 
can inform future efforts in chemical monitoring and experimental effect 
assessment. This approach represents the initial step in designing com-
putational and experimental approaches to decipher complex chemical 
interactions associated with combined toxicity of complex mixtures, and 
to bridge the gaps between chemical monitoring and bioassay testing of 
surface waters. Acknowledgement: FP7-ENV-2013 project SOLUTIONS 
(grant agreement no. 603437), RCN 268294 “Cumulative hazard and risk 
assessment of complex mixtures and multiple stressors (MixRisk)”, and 
NCTP: NIVA’s Computational Toxicology Program, NCTP (www.niva.
no/nctp).

5.20.05  Chemical Awareness Toolkit: A Free Data Resource for Risk 
Assessment
H. Plugge, Verisk 3E / Safer Chemical Analytics; A. Lee, DuPont / Life 
Sciences
ChemicalAwarenesstoolkit.com or (CAt) is a free (non-subscription) 
web application that provides the ability to quickly generate snapshots 
of targeted chemical data to help researchers and product stewards make 
more efficient decisions by providing powerful visualizations and export 
capabilities useful in supporting ecotoxicological investigations, risk 
assessment, groundwater modeling and other uses. CAt was designed 
to be an intuitive and easy-to-use set of database driven applications, 
which includes environmental data ranging from bioaccumulation to 
environmental toxicity testing to (bio)physical properties, and much more. 
Integrated graphical plotting of ranges make comparison of chemical 
properties inherently visual as well as numerical and CAt also enables 
users to save data off-line for future assessments. Finally, CAt provides 
the ability to search and link out to other publicly available databases 
based on CAS ID or Name for up to 5 chemicals, simultaneously. Aside 
from search capabilities, linked demos, and aggregable data sets that can 
be exported, this presentation will demonstrate how CAt can be used 
as an alternatives assessment platform for ecotoxicological (and human 
health effects) of chemicals of concern and their potentially greener 
analogs/counterparts. The alternatives assessment will compare both 
graphical representations of environmental data as well as listings of 
effects from public databases demonstrating the breadth and integration 
of data within the CAt.

5.20.06  Compilation and Evaluation of Fish-Specific Toxicity 
Reference Values for the Canadian Federal Contaminated Sites 
Action Plan
M. Crawford, R. Hill, P. Allard, Azimuth Consulting Group; M.J. Ryan, 
S. Dean, Fisheries & Oceans Canada / FCSAP; J. Cassidy, Fisheries and 
Oceans Canada / Fisheries and Oceans
Fish are an important receptor group both ecologically and socioeconomi-
cally, and are often of key interest in aquatic ecological risk assessments 
(ERAs) at contaminated sites. Toxicity reference values (TRVs) are one 
tool used in ERAs as benchmarks of effects against which environmental 
contaminant exposures can be compared. However, standard compilations 
of TRVs for the protection of fish are not readily available to our knowl-
edge. Therefore, aquatic ERAs commonly rely on (1) more generic effects 
benchmarks such as aquatic life guidelines, which are not specific to fish, 
and (2) more involved field-based lines of evidence (e.g., toxicity testing, 

population surveys). To address this limitation, Fisheries and Oceans 
Canada proposed this project to compile and evaluate existing fish-
specific TRVs that might be suitable default values for use at Canadian 
Federal Contaminated Sites Action Plan (FCSAP) sites. This project was 
comprised of two parts. One, existing fish-specific TRVs were identified 
through a literature search and review of selected ERA case studies from 
federal sites; each available TRV was evaluated against a set of criteria 
identifying the TRV’s merits, limitations and uncertainties. Two, recent 
water quality guidelines from CCME, ECCC, and USEPA were also 
reviewed for their potential suitability to be used (a) directly as fish-
specific TRVs, or (b) as the basis for future development of fish-specific 
values. A set of metals and organic contaminants considered relevant for 
fish and aquatic environments at FCSAP sites was included in this project. 
Both water concentration- and tissue concentration-based TRVs were 
considered. This project builds on existing ERA guidance from FCSAP 
for selecting and developing site-specific TRVs (Module 2), and for rec-
ommended default TRVs for protection of avian and mammalian wildlife 
(Module 7). Results may be used by FCSAP site custodians and ERA 
practitioners to (1) identify where a suitable fish-specific TRV already 
exists, and (2) to highlight where effects information may be limited for a 
given contaminant, thus necessitating development of site-specific TRVs 
and/or use of other lines of evidence. Some practical approaches to devel-
oping fish-specific TRVs that could be taken within ERAs are illustrated 
with examples for selected metals and readily available tools and datasets.

5.20.07  Detection and Quantification of Fullerenes in River 
Sediments and their Fate in Wastewater Treatment Plant, South 
Africa
N. Hendricks, University of KwaZulu-Natal / School of Chemistry and 
Physics; O.S. Olatunji, School of Chemistry and Physics / Chemistry; B. 
Gumbi, University of KwaZulu-Natal / School of Chemistry and Physics
Fullerenes are carbonaceous nanomaterials class of carbon allotropes 
expected to play major role in emerging nanotechnology. The use of 
nanomaterials by the society can result into variant of effects in the 
environment that can adversely affect human health and aquatic life. The 
demand for production of these nanoparticles in abundance has promoted 
a major rise in their manufacturing industries. However, some negative 
effects concerning nanomaterials in the aquatic environment have been 
realized. Toxicity of nanomaterials in the environment is accumula-
tive, it is imperative to know about their fate in wastewater and aquatic 
environment. In present study analysis of fullerenes is undertaken on 
river sediments and wastewater treatment plant, a part of Mgeni catch-
ment system in South Africa. The recovery of fullerenes in sediments and 
wastewater samples was performed using ultrasound-assisted bath and 
liquid-liquid extraction with toluene respectively. The analytes in extract 
were detected and quantified with liquid chromatography coupled to mass 
spectrometer and ultraviolet-visible detectors. Fullerenes were detected 
in river sediments and were found to partition to biosolid in wastewater 
treatment plant. A comparison of predicted no environmental effect con-
centration (PNECs) with measured environmental concentration (MECs) 
showed that these fullerenes present a medium ecological risk to the 
receiving environment. To our knowledge, this is first report of fullerenes 
occurrence and risk assessment in South Africa.
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5.20.08  Developing Ecological Screening Values (ESVs) in Surface 
Water, Sediment, and Soil
S.R. Thoms, U.S. Environmental Protection Agency / Region 4; 
C.G. Maurice, U.S. Environmental Protection Agency / Research & 
Development / Science Policy; B.K. Shephard, U.S. Environmental 
Protection Agency / Risk Evaluation Branch; D.W. Charters, U.S. 
Environmental Protection Agency / Office of Superfund Remediation 
& Technology Innovation; S. Lynn, U.S. Environmental Protection 
Agency / Office of Science Coordination and Policy; J. Mills, U.S. 
Environmental Protection Agency / Office of Resource Conservation & 
Recovery; B. Pluta, U.S. Environmental Protection Agency / Region 3; B. 
Sanchez, U.S. Environmental Protection Agency / Region 8; T. Gibeau, 
U.S. Environmental Protection Agency / Region 1; B.V. Thomas, U.S. 
Environmental Protection Agency / Region 4
In hazardous waste regulatory programs under RCRA corrective action 
or CERCLA, evaluating ecological risks begins by comparing chemical 
exposures to identified ‘safe’ levels in order to assess the potential for 
undesirable ecological effects. At the start of the project few ESVs were 
available from the EPA for chemicals other than polycyclic aromatic 
hydrocarbons (PAHs) in sediments or for chemicals in other media. 
Existing ESVs used in regulatory programs were not updated. The EPA 
Ecological Risk Assessment Forum (ERAF) convened a work group to 
evaluate sources of ESVs and formulate a process for selecting ESVs from 
available sources. The presentation will discuss the hierarchy for select-
ing ESVs from available sources to enhance and update existing ESVs 
by an agreed upon process. The hierarchy generates tables of ESVs from 
information on the toxicity of chemicals. The methodology incorporates 
equilibrium partitioning benchmarks for soils and sediments with state 
standards for surface water and other information, thereby harnessing the 
science of lipid-water partitioning of organic chemicals to streamline the 
screening process in ecological risk assessments. Lipid-water partition-
ing is used to develop sediment and soil screening benchmarks to expand 
the number of ESVs available. The structured methodology facilitates 
periodic updates. The work product will allow risk assessors and risk 
managers to focus on the chemicals more likely to harm the environment 
with greater ease and confidence.

5.20.09  Effects of Physically Dispersed Crude Oil on the Survival 
and Molting of American Lobster Larvae (Homarus americanus)
T. Boloori, Huntsman Marine Science Centre / Aquatic Toxicology; R. 
Eldridge, Huntsman Marine Science Centre / Aquatic Services; B.P. 
de Jourdan, Huntsman Marine Science Centre / Environmental and 
Molecular Toxicology; K. Lee, Fisheries and Oceans Canada / Ecosystem 
Science and Management
Oil and gas exploration, production, refinement, and shipping activi-
ties frequently occur within productive offshore marine environments. 
These activities often overlap with highly productive oceanic feeding 
and spawning habitat for complex marine species assemblages, including 
numerous species that are the target of commercial fisheries – including 
the American lobster (Homarus americanus). Both of these industries 
– petroleum and fisheries – are very important to the economic and 
social well-being of Atlantic Canadian provinces. The physical overlap 
of these sectors creates the potential for negative impacts to the fisher-
ies, and the environment, in the event of a significant spill or release of 
crude oil. To better understand the potential impacts to this commercially 
important species the acute and sublethal effects of exposure to the East 
Coast Offshore crude oil on American lobster larvae were investigated as 
part of the Department of Fisheries and Oceans Canada’s Multi-Partner 
Research Initiative. Following an acute toxicity range finding trial, 215 
lobster larvae at planktonic stage I were exposed to sublethal concentra-
tions of water-accommodated fraction (WAF) of a conventional crude oil 
(nominally 10, 19, 37, and 72% v/v), and filtered seawater for 24 hours. 
Post-exposure, larvae were subsampled for transcriptional and respiratory 
assessments, with the remaining lobsters (n = 10 per treatment N= 50), 
individually transferred to 125-mL flasks filled with 1.0 µm UV-filtered 
natural seawater water for monitoring. During monitoring, lobsters were 

fed daily and water changes were completed 3 times a week. Larvae were 
assessed daily for immobilization, and the trial ran until all lobsters had 
molted or died. Carapace length was measured on post-molt organisms 
and growth was compared across treatments. Water quality parameters 
were measured at pre- and post-exposure, as well as pre- and post-water 
renewal during monitoring. Water samples were collected pre-exposure 
from the 10 and 72% solutions for analytical characterization of BTEX, 
TPH, and Σ31PAH, and fluorometric measurements were taken on the 
pre- and post-exposure samples from each test solution. The present study 
will provide the toxicity results of different concentrations of physically 
dispersed conventional crude oil on the survival and molting of stage I 
lobster larvae.

5.20.10  FORESEE - a Spatial and Temporal Explicit TKTD Model 
for Earthworms
V. Roeben, Bayer AG / Environmental Safety; K. Rakel, gaiac- Research 
Institute for Ecosystem Analysis und Assessment; G. Ernst, Bayer 
AG / Ecotoxicology; R. Zolfaghari, T. Preuss, A. Gergs, Bayer AG / 
Environmental Safety
Earthworms are important ecosystem engineers and, as such, part of the 
environmental risk assessment (ERA) of plant protection products (PPPs) 
in Canada and the European Union (EU). The soil risk assessment in the 
EU is based on the exposure and the effect assessments using a tiered 
approach. In general, exposure models can provide detailed spatial and 
temporal distribution of chemicals and environmental variables in soil. 
The lower tier effect assessment takes a limited temporal and spatial 
variability into account. However, for earthworms, those scales play an 
essential role as they move vertically and horizontally through the soil and 
may change their burrowing behavior in response to changing environ-
mental factors. Hence, mechanistic modeling offers not only a powerful 
tool to integrate exposure and effect assessments, but also to enhance the 
understanding of earthworm ecology. Furthermore, toxicokinetic-toxico-
dynamic (TKTD) models used in this context can provide a meaningful 
interpretation and analysis of ecotoxicological data by considering the 
processes leading to an effect and quantifying toxicity. We will present a 
modular modeling approach with 4 submodules to cover the most relevant 
processes for earthworm modeling: Environment, Behavior (feeding, 
movement), TKTD, and Population. The Environment module uses expo-
sure models that provide spatially and temporally explicit information on 
environmental variables and PPP concentration (total and pore water). The 
Behavior module simulates the movement and feeding of different earth-
worm species using a trait-based approach. The TKTD module covers 
the toxicity of PPPs to earthworms using the General Unified Threshold 
model of Survival (GUTS) for lethal and the Dynamic Energy Budget 
(DEB) model for sublethal effects. The population module incorporates 
existing population models of different species. The modular approach 
allows to take advantage of existing models by coupling them into a 
broader framework. Next to the overall framework, each module has to 
be evaluated on its own. This allows individual modules to be exchanged 
or updated if new knowledge is available. We will highlight how a broad 
stakeholder involvement and transparent, consistent procedures for devel-
opment, use, and documentation contribute to the acceptance of models 
in the ERA. An integrated risk assessment by linking exposure and effect 
models will provide sound higher tier refinement options for the risk 
assessment of soil organisms.

5.20.11  Groundwater/Surface Water Interactions at the Transition 
Zone: Utilizing an In-Situ Passive Sampling Program to Evaluate 
Groundwater Upwelling
B. Pautler, J. Roberts, M. Healey, SiREM; J. Conder, D. Toler, L.W. 
Fontenot, Geosyntec Consultants, Inc.; S. Aufdenkampe, Norfolk 
Southern Corporation
Passive sampling devices (PSDs) present many advantages over conven-
tional sample collection methods for quantifying hydrophobic organic 
compound (HOC) and inorganic compound availability in sediment, 
soil, surface water and storm water in terms of cost and data quality. 
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PSDs provide data to estimate contaminant bioavailability and toxicity to 
environmental receptors that are more accurate than conventional grab 
samples, as it quantifies freely dissolved contaminant concentrations 
(Cfree). Polyethylene-based PSDs with rare PCB congener performance 
reference compounds (PRCs) were deployed and sampled to assess 
groundwater parent and alkylated polycyclic aromatic hydrocarbon (PAH) 
concentrations in Pump Slough bottom sediments and surface water 
adjacent to a former wood preserving site in Louisiana. Twenty-four PSDs 
(nineteen in sediment, two in surface water and three trip blanks) were 
deployed for 30 days. Data screening evaluation of the Cfree results based 
on the human health benchmark values, the Louisiana Department of 
Environmental Quality standards and the USEPA equilibrium partition-
ing sediment benchmarks were performed. Site-specific background 
(upstream) locations in Pump Slough indicated that PAHs were present 
but are likely originating from recreational use and/or urban runoff. 
The USEPA’s toxic unit sediment quality guidelines designed to evalu-
ate toxicity of 34 parent and alkylated PAHs were used and indicated 
exceedences of the benchmark in 3 of the 21 pore water samplers, primar-
ily located in an isolated area of the Pump Slough. PAH cluster analysis 
by HCA and PCA identified two common groups of samples. The three 
locations with toxic unit benchmark exceedances were in the first cluster 
and had the highest total PAH concentrations with Acenaphthene as the 
largest contributor to the overall composition. The second cluster contain-
ing the remaining sample locations had concentrations one to two orders 
of magnitude lower with naphthalene and 2-methylnaphthalene as the 
largest contributors to the composition. The combination of these results 
demonstrated the potential extent of the groundwater discharge along the 
Pump Slough was spatially defined with all other areas not affected by 
groundwater discharge. These data are consistent with previous investiga-
tions of Pump Slough that evaluated bulk sediment chemistry; however, 
all the bulk sediment chemistry data were within the range of typical 
urban background sediments. The more in-depth analysis of the pore 
water by PSDs provided PAH Cfree values that are clearly distinguishable 
in the groundwater discharge zone compared to PAH Cfree values from 
samplers used to measure background values.

5.20.12 Incorporating Climate Change Predictions in Ecological 
Risk Assessment: A Bayesian Network Relative Risk Model for 
Chinook Salmon in the Skagit River
E.J. Lawrence, A.J. Markiewicz, W.G. Landis, Western Washington 
University / Institute of Environmental Toxicology and Chemistry
Climate change is expected to have widespread impacts on future eco-
system services in the Puget Sound and around the world. It is important 
that climate change be included in ecological risk assessment so that 
changing climate variables and potential interactive effects with chemical 
stressors can be taken into account in an adaptive management frame-
work to better inform environmental decision-making. In this research, 
we focused on the question of how water temperature changes gener-
ated by climate change interact with organophosphate pesticide toxicity 
to affect Chinook salmon population size in the Skagit River, WA. To 
answer this question, we conducted an ecological risk assessment using 
the Bayesian network relative risk model (BN-RRM). It is a quantitative, 
probability-based approach that calculates complex relationships between 
ecological variables in a cause-and-effect framework to provide estimates 
of risk to valued receptors (endpoints). We used region and season specific 
measurement data for water temperature, dissolved oxygen, chlorpyrifos 
concentration, and diazinon concentration as the model input. Climate 
predictions were based on model output between the years 2071 and 2100 
from an ensemble of global climate models (GCMs) selected from the 
Fifth Coupled Model Intercomparison Project (CMIP5). The probability 
of Chinook salmon population decline, before climate change predictions 
were taken into account, ranged between 77.1% and 64.0% depending 
on region and season. We found climate change caused changes in water 
temperature that influenced risk in different ways depending on the region 
and season. The probability of Chinook population decline increased by 
up to 4.2% in different regions and seasons. Sensitivity analysis of the 

BN-RRM allowed us to analyze which stressors had the most influence 
on Chinook salmon population size. We found that the environmental 
stressors of water temperature and dissolved oxygen had the most influ-
ence, which suggests habitat remediation may be an effective strategy 
for addressing risk to Chinook salmon in the Skagit River. This research 
demonstrates that climate change scenarios can be successfully incor-
porated into ecological risk assessment using the BN-RRM. Our model 
can be easily adapted to other watersheds and allows for the inclusion of 
additional stressors and/or endpoints.

5.20.13  Multi-OMICS Dose-Response Modeling Reveals Potential 
Hazards of Low-Dose Gamma Radiation to Daphnia magna
Y. Song, Norwegian Institute for Water Research / Section of 
Ecotoxicology and Risk Assessment; K. Zheng, D.A. Brede, Y. Kassaye, B. 
Salbu, Norwegian University of Life Sciences / Centre for Environmental 
Radioactivity; K. Tollefsen, Norwegian Institute for Water Research / 
Section of Ecotoxicology and Risk Assessment
Elevated levels of gamma radiation from radionuclides released due 
to nuclear accidents, authorized releases and from naturally occurring 
radioactive materials may pose hazards to aquatic organisms. While 
adverse biological effects of acute high dose gamma radiation have been 
extensively investigated, knowledge on low dose chronic effects is scarce. 
The present study was performed to assess the impact of gamma radia-
tion to aquatic invertebrates using Daphnia magna as a model. Neonates 
were “chronically” exposed to seven dose rates (0.4-100 mGy/h) of 
external 60Co gamma radiation for 8d. Transcriptomic analysis (RNA-
seq) was performed with D. magna after 4d and 8d exposure, whereas 
metabolomics (UHPLC-HRMS/MS and GC-MS) was conducted after 
8d exposure. Dose-response modeling of OMICS data was performed 
using DRomics. For multi-OMICS integration, the D. magna genes 
were mapped to Drosophila Melanogaster prior to joint KEGG pathway 
enrichment analysis (MetaboAnalystR) based on genes and metabolites 
identified by dose-response modeling. Functional endpoints such as reac-
tive oxygen species (ROS) formation, mitochondrial membrane potential 
(MMP) and body length (growth) were also measured after 8d to support 
the OMICS data. Dose-response modeling showed that the responses 
of 343 genes after 4d exposure, 957 genes and 101 metabolites after 8d 
exposure were successfully fitted to the five predefined dose-response 
models (i.e., linear, Hill, exponential, Gauss-probit and log-Gauss-probit). 
After 4d exposure, 180 genes showed monotonic dose responses, whereas 
163 genes showed U- or bell-shaped dose responses. After 8d, the major-
ity (810) of the fitted genes and metabolites (65) showed monotonic 
responses, whereas only 147 genes and 36 metabolites showed U- or bell-
shaped responses. The BMD-1SD values ranged from 0.001-94 mGy/h 
for 4d gene expression, 0.0008-90 for 8d gene expression and 0.0002-100 
for 8d metabolic responses. The joint KEGG pathway analysis showed 
that DNA damage responses, programmed cell death, protein degrada-
tion, citrate cycle and oxidative phosphorylation were affected. At the 
functional level, dose-dependent increase in mitochondrial ROS, decrease 
in mitochondrial MMP and body length were observed with 100 mGy/h 
causing significant effects. These results collectively suggest that chronic 
gamma radiation could activate several toxicity pathways and be hazard-
ous to D. magna at low dose rates.

5.20.14 Pharmaceuticals and Personal Care Products in the Aquatic 
Environment in Japan: A Risk Assessment Study
T. Nishino, M. Kato, Y. Miazawa, Tokyo Metropolitan Institute for 
Environmental Protection; T. Tojo, Osaka City Center of Environmental 
Science; C. Matsumura, Hyogo Prefectural Institute of Environmental 
Sciences; H. Hasegawa, Nagoya City Science Research Institute; A. 
Sawai, IDEA Consultants, Inc.
In Japan, as a result of regulations on various chemical substances and 
the introduction of sewage treatment plants (STPs), the concentrations 
of environmental pollutants such as dioxins and polycyclic aromatic 
hydrocarbons have been decreasing. However, several pollutants released 
into the environment by human activities, such as pharmaceuticals 
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and personal care products (PPCPs), are detected at relatively high 
concentrations in aquatic environments. Therefore, the Ministry of the 
Environment in Japan recently started investigating these chemicals. To 
determine the presence of PPCPs in water, 59 samples from 15 Japanese 
cities were analyzed by the Tokyo Metropolitan Research Institute for 
Environmental Protection using high-performance liquid chromatograph 
mass spectrometer (LC-MS/MS).For the extraction, 200 mL of water 
samples were passed through Oasis HLB plus cartridges (225 mg, Waters) 
at a flow rate of 10 mL/min. The chemicals adsorbed to the cartridges 
were eluted using 3 mL of methanol, followed by 3 mL of acetone and 
2 mL dichloromethane. The prepared extracts were then concentrated 
with nitrogen gas to approximately 0.2 mL. Finally, the sample volume 
was adjusted to 1 mL using 80% methanol solution and analyzed using 
LC-MS/MS (Xevo-TQS:Waters).The concentrations of main PPCPs such 
as Clarithromycin, Erythromycin, Diclofenac, and Carbamazepine were 
N.D.~860 ng/L, N.D.~370 ng/L, N.D.~220 ng/L, and N.D.~75 ng/L, 
respectively. The risk assessment for aquatic organisms was performed by 
comparing the analyzed data with the predicted no-effect concentration 
(PNEC; 50 ng/L for Clarithromycin, 20 ng/L for Erythromycin, 66.3 ng/L 
for Diclofenac, and 29.7 ng/L for Carbamazepine) obtained from various 
sources.The results showed that the concentrations of the analyzed chemi-
cals exceeded the PNEC in several water samples, and many sampling 
points were located downstream of the emission sources such as STPs.
Acknowledgements: This research was performed by the Environment 
Research and Technology Development Fund (JPMEERF20164002 and 
JPMEERF20195054 ) of the Environmental Restoration and Conservation 
Agency of Japan.

5.20.16 Risk Assessment of Mixture of Micropollutants in Large 
Lakes : The Case Study of Lake Geneva, Switzerland/France
N. Chèvre, University of Lausanne / Faculty of Geosciences and 
Environment; V. Gregorio, University of Lausanne; C. Plagellat, Etat de 
Vaud; A. Oriez, R. Gaillard, CIPEL
Large lakes are reservoirs of several organic compounds released from 
human activities like agriculture, industry, or simply from people living 
in cities. These so-called micropollutants may impact the lakes’ ecosys-
tems but also the quality of the drinking water that is issued from those. 
Lake Geneva, situated between Switzerland and France, is monitored 
by an international commission (CIPEL, www.cipel.org) for 20 years 
(pesticides) and 50 years (heavy metals). Concentrations of pesticides, 
pharmaceuticals, heavy metals and other chemicals in surface water, 
fish and sediments are regularly registered. The collected data show that 
several compounds are regularly detected in water at different depths. 
The sources are human activities, i.e. wastewaters and agriculture, but 
also industrial released. The entrance of compounds through the main 
tributary, the Rhone river, can be followed in the lake and contributes to 
a different distribution of the concentrations compared to the entrance 
through wastewaters and small rivers. The changes of agricultural 
practices (for example the ban of a given pesticide) are reflected by the 
concentrations measured in the Lake along the years. The historical 
changes in industrial activities can also be observed. Taken individually, 
the concentrations of the compounds stay below the thresholds required 
by the Swiss and the French laws for both ecosystems and drinking 
waters. However, when the mixture is considered, the risk can exceed the 
critical aquatic threshold. This is due to some specific toxic compounds, 
but mainly to the sum of the several chemicals present in the water. The 
effects on the ecosystem is currently not known.

5.20.17 Risk Assessment of Pesticide Residues in Soil Samples Along 
River Gongola, Nigeria
O. Otitoju, Federal University Wukari / Biochemistry of Department; 
G.T. Otitoju, Federal Univerity Wukari / Department of Food Science and 
Technology
The use of some pesticides has been banned worldwide due to their 
toxicities. However, some farmers use them illegally because of their 
acclaimed potency and lower prices. The aim of this study was to estimate 

the concentrations of pesticide residues in soil samples obtained along 
river Gongola, Nigeria. A total of 10 samples were analyzed using Gas 
chromatography-Mass Spectrometer equipped with an auto injector (10µl 
syringe). The analytical result showed that aldrin, metalaxyl, trans-
nonaclor, dicloran, 2,3,5,6-tetrachloroaniline, monolinuron, mecarbam, 
2,3,4,5-tetrachloroanisole, ronnel, propham, cycluron, clamazone, 
2,5-dichloroaniline, methyl-parathion,clrorpyrifos, and nitrapyrin were 
detected in various concentrations. The residuals of the pesticides varied 
from 0.013±0.006mg/kg to 0.450±0.064mg/kg. The highest mean concen-
tration of 0.450±0.064 mg/kg was recorded for aldrin which was detected 
in soils from all locations. Methyl-parathion recorded the least mean con-
centration of 0.013±0.006mg/kg which was detected in soil samples from 
group 1 to 3. The pesticide residue concentrations found in the soil sam-
ples were highly above maximum residue limits by Food and Agriculture 
Organization of the United Nations (FAO). The detected pesticide residues 
reflect the type of pesticides that have been used in the study area. The 
differences in the concentrations of these pesticide residues in the soil 
samples are likely the result of substantial inter-farm variation in intensive 
use of pesticide as well as the variation in their degradation dynamics. 
Routine monitoring of pesticide residues in these study area is necessary 
for the prevention, control and reduction of environmental pollution and 
its health risks on humans and other biota.

5.20.18 Soil Microbial Responses to Polystyrene Microplastics of 
Three Different Sizes
M. Kim, W. Kim, Korea University / Department of Materials and 
Science; H. Chung, Konkuk University / Department of Civil and 
Environmental Engineering
The entrance of microplastics and nanoplastics into terrestrial ecosystems 
has become a major environmental issue. Recent studies have demon-
strated that the size of microplastics may determine their potential effects 
on soil organisms. However, few studies investigated the size-effects of 
microplastics (MPs) on soil microbial communities. In the present study, 
we analyzed the impacts of polystyrene (PS) particles of different sizes 
on soil microbial communities, commonly found in soils owing to its 
increasing disposal. In sandy loam soils spiked with PS particles of three 
different sizes (50, 500, and 5000 nm) at 100 and 1000 μg g-1 soil, changes 
in microbial biomass and the concentration of inorganic nitrogen was 
shown through a 40-day incubation. In soils amended with PS of different 
sizes at 1000 μg g-1 soil, microbial biomass in soils treated with large-
sized PS particles (5000 nm) was lower when compared to that treated 
with small-sized PS particles (50 and 500 nm) on day 1 and 10, but these 
effects were transient. Also, in soils amended with PS particles at 1000 
μg g-1 soil, the concentration of ammonium ions increased as the size of 
PS particles increased. However, PS particles with different sizes had no 
significant effects on the activity of soil extracellular enzymes associ-
ated with nutrient cycling during the incubation period. Additionally, the 
relative abundance of Proteobacteria was changed by PS particles of dif-
ferent size, but alpha diversity indices of soil bacterial communities was 
not altered. Therefore, MPs of different sizes may have distinct impacts 
of MPs on soil microbial communities, and further study is required to 
determine via which mechanisms MPs of different sizes affect soil micro-
bial communities

5.20.19 Targeted and Non-Targeted Chemical Analysis of Surface 
Water in the Endangered Copper Redhorse Spawning Grounds
H. Marchand, McGill University / Natural Resource Sciences; B.D. 
Barst, McGill University / Water and Environmental Research Center; 
E. Boulanger, McGill University; N. Vachon, Ministère des Forêts, de la 
Faune et des Parcs; M. Houde, Environment and Climate Change Canada 
/ Aquatic Contaminants Research Division; L. Liu, S. Bayen, McGill 
University / Food Science and Agricultural Chemistry; J. Head, McGill 
University / Natural Resource Sciences
The Richelieu River, near Montreal, Canada, is home to the only two 
known spawning grounds of the copper redhorse (Moxostoma hubbsi), 
an endangered fish endemic to Quebec. The river is bordered by 64 
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municipalities and 70% of its watershed is dedicated to agriculture. Two 
of its tributaries routinely have pesticide concentrations above Canadian 
Council of Ministers of the Environment (CCME) chronic toxicity thresh-
olds for aquatic life. We previously reported that copper redhorse embryos 
raised in water from the Richelieu River showed lower survival, hatched 
prematurely and exhibited differential gene expression with a notable 
increase in the expression of cytochrome P4501A. Here, we explore the 
identity and concentration of contaminants to identify the cause of these 
changes. In June 2018, river water samples were collected daily for 25 
days in both copper redhorse spawning grounds and at the mouth of two 
tributaries, which meet the river in between the two sites. Water from 
both our in situ exposure and control aquariums were also sampled and 
compared. Using a combination of targeted and non-targeted liquid chro-
matography/mass spectrometry (LC/MS) analysis, contaminants present 
in the river and the two tributaries were identified. Nine pesticides were 
targeted: aminomethylphosphonic acid (AMPA), atrazine, chlorantranilip-
role, clothianidin, glyphosate, imazethapyr, imidacloprid, metolachlor, 
thiamethoxan. All were detected in the ng/L (ppt) range except AMPA 
which was in the µg/L range (ppb). In general, all pesticide concentrations 
were highest in the tributaries, followed by the downstream spawning 
ground and peaked following intense rain. Only the neonicotinoids had 
concentrations above CCME toxicity thresholds. With the non-targeted 
analysis, we identified 342 of the 4291 detected compounds, and then vali-
dated 41 (22 pharmaceutical and personal care products, 15 pesticides, 3 
food additives and 1 flame retardant) which were present in the river water 
and absent from control aquarium water (reconstituted ultrapure water). 
The unidentified compounds likely represent a variety of degradation 
products and natural compounds, which were absent from our database. 
Given the importance of the Richelieu River to both endangered and 
threatened fish species, future experiments should focus on the potential 
effects of the identified chemicals to fish early life stages and link them to 
biological effects such as those reported in copper redhorse.

5.20.20 The Evolution of the Application of Bioaccumulation 
Data in Chemicals Risk Assessment Under Canada’s Chemicals 
Management Plan
Y. Fan, J. Cermak, D. Lee, K. Ratneswaran, J. Miksza, M. Bonnell, 
Department of Environment and Climate Change Canada
Bioaccumulation data have been used in the risk assessment of chemicals 
as part of the Chemicals Management Plan (CMP) under the Canadian 
Environmental Protection Act, 1999 for two decades. The science of 
bioaccumulation and its application in risk assessments under CEPA has 
evolved during this time to include species other than fish and to investi-
gate the role of bioaccumulation in ecotoxicity. This poster describes past 
and present applications of in vivo, in vitro and in silico bioaccumulation 
data in chemicals risk assessment in different phases of the CMP. Selected 
representative case studies are summarized and discussed, with consid-
eration of the assumptions, limitations and advantages of the approaches. 
In the initial phase of the CMP (2006-2012), specifically during the 
Challenge initiative, fish bioaccumulation data (predicted and measured) 
used by ECCC mainly consisted of bioconcentration factors (BCFs) and 

bioaccumulation factors (BAFs). These were compared to Canadian 
regulatory criteria for bioaccumulation which have a threshold of 5000 
for both BCF and BAF. The pass/fail criteria were used to determine 
whether a substance meets the regulatory bioaccumulation criteria under 
CEPA. In the second phase of CMP (2012-2016), bioaccumulation data 
in species other than fish were considered to characterize a substance’s 
bioaccumulation potential and its impact on risk. ECCC’s bioaccumula-
tion assessments also expanded to include the impact of metabolism on 
bioaccumulation potential. In the third phase of the CMP (2016-2021), 
bioaccumulation and ADME (absorption, distribution, metabolism and 
elimination) data are being used to better understand tissue residues and 
internal distribution of organic substances. This in turn allows for char-
acterizing modes of action and the ecotoxicity potential of a substance. 
The analysis of case studies in different phases of the CMP demonstrates 
how the application of bioaccumulation data in CMP has evolved over 
time and moved from simple pass/fail declarations of bioaccumulation to 
integrating the science of bioaccumulation for the assessment of chemical 
fate and toxicity under CEPA. This evolution enabled the use of bioac-
cumulation data as part of the overall weight-of-evidence analysis, which 
enhances science-based decision-making on chemicals management.

5.20.21  What You Can Do with AIST-MeRAM: An All-in-One Tool 
for Multi-Purpose Ecological Risk Assessment and Management 
(MeRAM) of Chemical Substances
B. Lin, National Institute of Advanced Industrial Science and Technology  
Japan / Research Institute of Science for Safety and Sustaintability; 
Y. Meng, Beijing Normal University / Academy of Disaster Reduction 
and Emergency Management; M. Kamo, W. Naito, National Institute 
of Advanced Industrial Science and Technology / Research Institute of 
Science for Safety and Sustainability
To meet the concerns regarding Ecological Risk Assessment (ERA) and 
accelerate the risk assessment and management of chemicals, we devel-
oped an all-in-one free tool for multi-purpose ecological risk assessment 
and management of chemical substances in aquatic environment called 
the AIST-MeRAM. It allows users from beginners to experts to con-
duct ERA without any preparation because all the necessary ecotoxicity 
test data and methodologies are available in the system. Approximately 
270,000 ecotoxicity test data points for 3900 chemical substances together 
with the scientific methodologies from traditional hazard quotient (HQ) 
to more ecologically relevant assessments such as species sensitivity 
distribution (SSD) and population-level assessment are embedded in the 
AIST-MeRAM. In addition, users can easily understand the Japanese 
regulatory risk assessment and management of chemical substances due 
to a special function based on the Japanese Chemical Substance Control 
Law (CSCL). This presentation firstly give you an overview on the func-
tions by showing you what you can do with AIST-MeRAM, and then 
demonstrate a tiered ERA if time available using the embedded sample 
data to evaluate and ensure the functions. AIST-MeRAM can provide 
a comprehensive and accurate ERA, suggesting that it is a powerful IT 
solution for cumbersome ERA.
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1. Canadian Oil Sands and Dilbit: Advancing Science 
in Chemical and Toxicological Characterization
6.01.03  Microsatellite Mutation Frequencies in River Otters (Lontra 
canadensis) from the Athabasca Oil Sands Region Are Correlated to 
Polycyclic Aromatic Compound Tissue Burden
H. Gyasi, University of Ottawa; J. Curry, Carleton University & 
Environment and Climate Change Canada; J. Browning, Environment 
and Climate Change Canada; K. Ha, University of Ottawa & 
Environment and Climate Change Canada; P. Thomas, Environment 
and Climate Change Canada / National Wildlife Research Centre; J.M. 
O’Brien, Environment and Climate Change Canada / Ecotoxicology and 
Wildlife Health Division
Oil sand mining activities in the Alberta oil sands region (AOSR) have 
polluted the surrounding environment with polycyclic aromatic com-
pounds (PACs). However, the majority of AOSR-related PACs, and the 
combined effects of PAC mixtures have not been evaluated for genotoxic-
ity in wildlife. Here, we examine whether DNA mutation rates in AOSR 
river otters are correlated to PAC tissue burdens. We used single-molecule 
PCR (SM-PCR) to measure the mutant frequency of unstable DNA 
microsatellite loci in the bone marrow of wild river otters (n=11) from 
the AOSR. Microsatellite mutant frequencies were regressed against 
liver PAC burden (total, low/high molecular weight (LMW/HMW), and 
parent/alkylated PACs), and to the distances from where the samples 
were collected to nearby bitumen upgraders. Our findings suggest that 
total liver PACs burden are positively correlated with mutant frequency. 
LMW (parent and alkylated) and alkylated (HMW and LMW) PACs were 
detected at higher levels, and have a stronger positive relationship with 
mutant frequency, than with HMW parent PACs. However, there was not 
a significant correlation between mutant frequency and the distance from 
bitumen upgraders. Furthermore, pyrogenic and petrogenic signatures 
suggest that PACs in animals with high mutation frequencies were associ-
ated with combustion processes. Our findings support the hypothesis that 
the AOSR PACs increase mutation frequency in wildlife. Further investi-
gation is required to determine whether elevated mutation rates are due to 
natural or anthropogenic PAC sources.

6.01.04 Alkyl-Polycyclic Aromatic Hydrocarbons Are the Main 
Contributor to Polycyclic Aromatic Compound Levels in Traditional 
Foods of the Bigstone Cree Nation in Alberta, Canada
N. Golzadeh, McGill University / Natural Resource Sciences; B.D. Barst, 
McGill University / Water and Environmental Research Center; J.M. 
Baker, Athabasca University / Department of Anthropology; J.C. Auger, 
Athabasca University; M.A. McKinney, McGill University / Department 
of Natural Resource Sciences
Rising global demand for energy promotes extensive mining of natu-
ral resources, such as oil sands extractions in Alberta, Canada. These 
extractive activities release hazardous chemicals into the environment, 
such as polycyclic aromatic compounds (PACs), which include the parent 
polycyclic aromatic hydrocarbons (PAHs), alkyl-PAHs, and the sulfur-
containing heterocyclic dibenzothiophenes (DBTs). In areas adjacent to 
industrial installations, Indigenous communities may be exposed to these 
PACs through the consumption of traditional foods. Our objective was 
to evaluate and compare the concentrations of total PACs, expressed as 
the sum of the 16 USEPA priority parent PAHs (∑PAH), 49 alkyl-PAHs 
(∑alkyl-PAH), and 7 DBTs (∑DBT) in plant and animal food items col-
lected in 2015 by the Bigstone Cree Nation (BCN) in Alberta, Canada. 
We analyzed 42 plant tissues, 40 animal muscles, 5 ribs, and 4 pooled 
liver samples. Concentrations of ∑PAC were higher in the lichen, old 
man’s beard (Usnea spp.) (808 ± 116 ng g-1 w.w.), than in other vascular 
plants, and were also higher in smoked moose (Alces alces) rib (326 ± 133 
ng g-1 w.w.) than in all other non-smoked animal samples. Alkyl-PAHs 
accounted for between 64% and 95% of ∑PACs in these traditional foods, 
while the concentrations of ∑16 USEPA PAH varied from 4% to 36%. 
Contributions of ∑DBT to ∑PAC were generally lowest, ranging from < 

1% to 14%. The exceptions were old man’s beard, grouse liver (Bonasa 
umbellus and Falcipennis canadensis), and hare liver (Lepus americanus), 
which showed 1.2- to 3-times higher ∑DBT than ∑PAH concentra-
tions. Based on guideline levels for human consumption determined by 
European Commission, the concentrations of benzo(a)pyrene (B[a]P) and 
∑4PAH (∑benzo[a]anthracene, chrysene, benzo[b]fluoranthene, and B[a]
P) in all samples were considered safe. The findings of this study clearly 
indicated that alkyl-PAHs were prevalent in all food samples, and given 
the toxicological profile of this class of PACs, it is critical to consider a 
broader range of PACs other than just parent PAHs in research conducted 
close to oil sands mining activities.

6.01.05 Use of Differential Display-PCR and RNAseq to Assess the 
Effects of River Water Taken From Above and Below Oil Sands 
Operations on Gene Expression in Oncorhynchus mykiss
J.P. Sherry, T. Neheli, Environment and Climate Change Canada / 
Water Science & Technology Directorate; D.B. Simmons, Ontario Tech 
University / Faculty of Science
There is ongoing concern about the potential effects of emissions from 
oil sands operations in Northern Alberta on fish in recipient rivers, 
particularly the Athabasca River. We addressed two questions related 
to the potential impacts of oil sands operations on downstream fish. Do 
fish exposed to water from downstream of oil sands operations show 
evidence of exposure to tailing pond constituents? Are there substantive 
differences in gene expression patterns of fish exposed to water from 
above and below oil sands operations? We used differential display-PCR 
(DD-PCR) and high-throughput sequencing (RNAseq) to address those 
questions by assessing the effects of river water from downstream of 
oil sands operations on mRNA transcript expression in liver of juvenile 
Oncorhynchus mykiss. By means of DD-PCR, we first selected a suite 
of transcripts that expressed differentially in fish exposed to river water 
taken from upstream of oil sands operations compared with fish exposed 
to tailing pond water. We then exposed juvenile O. mykiss for 10-days in a 
flow-through bioassay to daily collected river water from a site upstream 
of oil sands operations and from two downstream sites. Quantitative-PCR 
analysis of the DD-PCR selected suite of transcripts in the fish exposed to 
downstream water, relative to the upstream reference, revealed minimal 
evidence of exposure to contaminants from tailing ponds. For RNAseq, 
we prepared paired-end libraries from the liver transcriptomes of the 
bioassay fish (n = 10 per site). We sequenced the libraries on an Illumina 
NextSeq500. We aligned the Illumina short reads (75 nucleotides) to the 
rainbow trout transcriptome and then estimated differential expression 
among treatments at a false discovery rate (FDR) of 0.01 (CLC Genomics 
Workbench). As was the case for DD-PCR, there were few differentially 
expressed genes in the fish exposed to water from downstream of oil 
sands operations relative to the upstream treatment. We shall discuss 
some potential explanations and implications for those differentially 
expressed transcripts.

6.01.06  Fractionation of Commercial NA Mixtures and AEOs 
Reveals that Acute Toxicity Is Mainly Due to Naphthenic Acids
J.M. Gutierrez-Villagomez, INRS - Centre Eau Terre Environnement; 
J. Vázquez Martí nez, CINVESTAV IPN UNIDAD IRAPUATO / 
Biotecnologí a y Bioquí mica; W. Zhang, University of Ottawa / Biology; 
E. Ramí rez Chávez, J. Molina Torres, CINVESTAV IPN UNIDAD 
IRAPUATO / Biotecnologí a y Bioquí mica; V. Trudeau, University of 
Ottawa / Biology
Naphthenic acids (NAs) are naturally occurring oil-derived complex 
mixtures of carboxylic acids that can be released to the environment after 
oil spills. High concentrations of NAs are found in tailings ponds in the 
oil sands mining region of Alberta, Canada. To identify the components 
responsible of the toxicity of these mixtures, open column chromatogra-
phy was used to fractionate a commercial naphthenic acid (NA) mixture 
and an acid extractable organic (AEO) mixture derived from an oil sands 
process-affected water (OSPW) sample taken from a tailings pond. The 
mixtures and the fractions were analyzed as pentafluorobenzyl derivatives 
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by GC-EIMS specifically for NAs. The lethal and sublethal toxicity of the 
fractions was later assessed using Silurana (Xenopus) tropicalis embryos. 
The commercial extract and its polar fraction decreased survival rate, 
total length (TL), tail length (TaL), snout-vent length (SVL), and interor-
bital distance (IOD) (p < 0.05) of S. tropicalis embryos. The AEO extract 
reduced survival rate, TL, TaL, SVL, and IOD (p < 0.05). The exposure 
to the more polar fraction did not decrease the survival up to 48 mg/L (p 
> 0.05), but it decreased the TL, TaL, SVL, and IOD of S. tropicalis at 48 
mg/L (p < 0.05). However, the polar fraction was significantly less toxic 
than the AEOs (p < 0.05). The exposure to the less polar fraction did not 
have any significant effect on S. tropicalis (p > 0.05). The data indicate 
that the acute toxicity of commercial NA is mainly due to the presence of 
NAs. Furthermore, the AEOs toxicity is mostly due to its polar compo-
nents and the fractionation reduced the general toxicity.

6.01.07 Molecular Biomarkers of Exposure and Sublethal Effects 
in Embryonic Birds Exposed to Diluted Bitumen Through Egg 
Injection
S.J. Wallace, Institut National de la Recherche Scientifique / Centre Eau 
Terre Environnement; S. de Solla, Environment and Climate Change 
Canada / Wildlife Landscape and Science Directorate; R. Lavoie, 
Environment and Climate Change Canada / Canadian Wildlife Service; 
M.D. King, Simon Fraser University / Department of Biological Sciences; 
V.S. Langlois, INRS / Centre Eau Terre Environnement
The transport of diluted bitumen (dilbit) across Canada could pose a risk 
to wildlife if a spill occurs. Polycyclic aromatic compounds (PACs) are 
components of dilbit that contribute to embryotoxicity in birds. However, 
the mechanisms of action of PAC mixtures are not fully elucidated in 
birds. The research objectives of this study were to assess the sublethal 
effects of dilbit exposure through egg injection in order to investigate the 
mechanism of action of PACs in embryonic avian species. 215 double-
crested cormorant (Phalacrocorax auritus; DCCO) freshly laid eggs 
collected from reference sites in Ontario were injected with a dilution 
(1:10 to 1:10,000) of one of Canada’s dilbit products (Clearwater or Cold 
Lake Blend). In addition, 30 Northern gannet (Morus bassanus; NOGA) 
eggs collected from Bonaventure Island, Quebec were injected with 1:10 
dilution of Cold Lake Blend. Non-injected and vehicle only (corn oil) 
controls were included. The eggs were artificially incubated until the liver 
matured (day 12 for DCCO, day 14 for NOGA). Physical malformations 
were assessed and tissues were preserved for targeted transcriptomic 
analyses of genes involved in phase I, II, and III xenobiotic metabolism 
pathways. Genes involved in phase I metabolism were up-regulated and 
genes involved in oxidative stress defense were down-regulated with 
dilbit exposure compared to controls. Cytochrome P450 1a (Cyp1a) genes, 
a known biomarker of PAC exposure, was increased in both the liver and 
chorioallantoic membrane, suggesting their relevance to PAC embryotox-
icity in birds as well. In addition, preliminary results suggest that dilbit 
exposure through egg injection affects the cardiovascular system in devel-
oping bird embryos. Overall, identifying molecular mechanisms of action 
can help develop appropriate biomarkers for PAC exposure and effects of 
more environmentally realistic exposure scenarios for avian species.

6.01.08 The Degradation and Associated Aquatic Toxicity of a 
Conventional Medium Crude Oil in Freshwater During a Two-
Month Natural Weathering Test
S.L. Hepditch, T.A. To, J.M. Gutierrez-Villagomez, Institut National de 
la Recherche Scientifique / Centre Eau Terre Environnement; Q. Xin, 
H. Dettman, Natural Resources Canada (NRCan) / CanmetENERGY; 
G. Triffault-Bouchet, Ministère de l’Environnement et de la Lutte 
Contre les Changements Climatiques / Centre d’Expertise en Analyses 
Environnementales du Québec; J.M. Ahad, Natural Resources Canada 
/ Geological Survey of Canada; V.S. Langlois, INRS / Centre Eau Terre 
Environnement
Oil spills are potential threats to the ecological integrity of freshwater 
aquatic ecosystems. Ecological risk assessments are complicated by the 
changing composition of organic compounds in the water over time due to 

the changing composition of the oil (floating or submerged) as it weath-
ers. Oil weathering includes processes such as evaporation, dissolution, 
dispersion, biodegradation, and photo-oxidation which cause changes 
to the concentrations of polycyclic aromatic hydrocarbons (PAHs) and 
toxic congeners present in oils. As well, oxidation products themselves, 
resulting from the photo-oxidation and/or biodegradation of oil, can 
cause toxicity concerns. The chemical addition of oxygen molecules to 
larger aromatic compounds that initially had low solubility in water, may 
increase their solubilities and therefore their bioavailability. The Natural 
Resources Canada (NRCan) research facility at CanmetENERGY Devon 
has been performing experiments in a pilot-scale spill tank using 1,200 
L of river water to examine the evolution of various oil/water mixtures 
at varying temperatures and with wave-action. A two-month experiment 
was conducted with a conventional medium crude oil in river water after 
the addition of 2000 ppm river flood-plain sediment, under a pattern of 
wave-on and wave-off actions, at an average water temperature of 25°C. 
Water samples were collected from the tank on days 1, 6, 14, 21, 28, 35, 
42, 49 and 56 in order to measure changes in the concentrations of a 
suite of parent and alkylated PAHs, and volatile organic hydrocarbons. 
Orbitrap mass spectrometry analyses were also conducted to begin to 
identify oxidized organic compounds being produced. It is suggested 
that these compounds may be generated by oil biodegradation over time. 
The toxicity of dissolved oxidized organic compounds at each sampling 
point was assessed with fathead minnow embryotoxicity assays. Newly 
fertilized embryos were exposed for 6 days to serial dilutions of the water-
dissolved fractions at each time point. Morphological endpoints included 
malformations, heart rate, length, hatching time and mortality. EROD 
analyses were conducted in vivo to quantify CYP1 enzyme activity as a 
response to the bioaccumulation of PAHs, and possibly oxidized organic 
compounds. Preliminary data will be presented.

6.01.09 Using Tree Cores to Evaluate Historic Atmospheric 
Concentrations and Trends of Polycyclic Aromatic Compounds in 
the Oil Sands Region of Alberta, Canada
C.B. Rauert, The University of Queensland / Queensland Alliance for 
Environmental Health Sciences; T. Harner, Environment and Climate 
Change Canada / Air Quality Processes Research Section; J.M. Ahad, 
Natural Resources Canada / Geological Survey of Canada; K. Percy, 
University of New Brunswick / Atlantic Forest Research Collaborative
The oil sands in northern Alberta has been an important energy resource 
for Canada with the Athabasca Oil Sands Region (AOSR) the largest of 
three oil sands deposits and home to numerous Indigenous communities. 
Concerns exist over the cumulative human and environmental effects 
from emissions associated with oil sands development activities in the 
area, including atmospheric levels of polycyclic aromatic compounds 
(PACs).1 To understand cumulative effects from increasing anthropogenic 
activities, long-term trends of environmental levels of PACs have been 
determined through analysis of sediment and peat cores.2,3,4 However, 
these methods may not distinguish the contribution of atmospheric PACs 
to the total PAC concentration. This study presents the alternative meth-
odology of using tree cores as historic passive air samplers to determine 
spatial and temporal trends of atmospheric PACs in the AOSR. Tree cores 
and bark were sampled from jack pines at 18 sites, with concentrations in 
bark (ΣPACs: 75-3615 ng/g) in line with previous lichen and deposition 
sampler studies.5,6 Higher concentrations were detected within 40 km 
of AOSR activities, in line with previous studies.1 The tree cores were 
segmented and analysed to determine temporal trends over the trees 
lifetime (~1950-2015). A significant increase in PAC concentrations over 
the lifetime of the tree was observed, particularly from the 1970s onward, 
and the average % increase in concentration from 1970-2015 was in line 
with average % growth in bitumen extraction in the AOSR. Finally, the 
PAC mass in the tree cores were converted to an atmospheric concentra-
tion using uptake study derived wood-air partitioning coefficients.7,8 
Concentrations were in excellent agreement with concentrations reported 
from the passive atmospheric sampling network in this region. This is the 
first study to use tree cores to calculate an atmospheric concentration of 
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PACs, demonstrating the applicability of this methodology for provid-
ing historic atmospheric data of semi-volatile organic chemicals. Harner 
T. et al. (2018). Environmental Science Reviews, 26, 430-468 Kurek 
J. et al. (2013). PNAS, 110(5): 1761–1766 Jautzy J. et al. (2013). ES&T, 
47(12): 6155–6163 Zhang Y. et al. (2016). ES&T, 50(4): 1711-1720 Landis 
M.S. et al. (2019). STOTEN, 654, 1241-1257 Jariyasopit N. et al. (2018). 
Atmospheric Chemistry and Physics, 18, 9161-9171 Rauert C. & Harner 
T. (2016) Atmos Env, 140, 514-518 Rauert C. et al. (2017). ES&T, 51, 
5287-5295

6.01.10  What Have Learnt About Fish Health in the Alberta Oil 
Sands?
M.E. McMaster, Environment and Climate Change Canada / Water 
and Science Technology Directorate, Aquatic Contaminants Research 
Division; G. Tetreault, Environment and Climate Change Canada / 
Water Science and Technology Directorate; T. Clark, Environment and 
Climate Change Canada / Water and Science Technology Directorate 
Aquatic Contaminants Research Division; A.G. Wynia, Environment and 
Climate Change Canada / Aquatic Contaminants Research Division; 
J. Cunningham, Environment and Climate Change Canada / Aquatic 
Contaminants and Research Division; E. Ussery, Environment and 
Climate Change Canada / Biological Sciences; M. Evans, Environment 
and Climate Change Canada / Watershed Hydrology and Ecology 
Resarch Division; K. Hicks, F. Noddin, Alberta Environment and Parks; 
T. Arciszewski, Government of Alberta / Environmental Monitoring and 
Science Division
As part of the Canada-Alberta Oil Sands Monitoring Program (OSM), 
fish health within the Athabasca and Peace River watersheds was evalu-
ated using methods developed for the Canadian Environmental Effects 
Monitoring (EEM) program. For fish health evaluations, longnose 
suckers are utilized as large bodied sentinel species on the Peace River 
mainstem, while white suckers are utilized on the Athabasca River. 
Additionally, trout perch are used as small bodied sentinel species on 
both rivers. Further, walleye are utilized for fish contaminant monitoring 
in both mainstem rivers as they are consumed by resident communities. 
Measurement endpoints include indicators of growth, reproduction and 
survival as well as indicators of fish exposure and contaminant levels. 
Baseline fish health was assessed in both watersheds by collecting data 
over a three year period, followed by evaluation for existing differences in 
fish health between sites sampled within each watershed. Reference site 
variability was assessed in order to help make monitoring decisions when 
differences existed. Data provide a baseline against which future changes 
in fish populations will be judged and compared. Design of the program is 
to look for effects, to confirm those effects, then to use developed critical 
effect sizes to make monitoring decisions on steps forward depending 
on the source of the change. The program is now on a once every three 
year sampling cycle. Baseline data will be presented along with new data 
looking for change in fish health over time in order to better understand 
variability within and between years. Data was assessed and found that 
climate variables (temperature and flow) explained significant annual 
differences in white sucker health within the Athabasca River. Similar 
evaluations are being made on longnose sucker health in the Peace River 
and trout perch health on both systems.

6.01.11 Development of Regional Reference Sites, Critical Effects 
Sizes and Assessment of Natural Variability of Fish Performance 
Parameters in Tributaries of the Athabasca River
G. Tetreault, Environment and Climate Change Canada / Water 
Science and Technology Directorate; C.J. Bennett, Environment and 
Climate Change Canada / Aquatic Contaminants Research Division; T. 
Clark, Environment and Climate Change Canada / Water and Science 
Technology Directorate Aquatic Contaminants Research Division; 
T. Arciszewski, Government of Alberta / Environmental Monitoring 
and Science Division; M.E. McMaster, Environment and Climate 
Change Canada / Water and Science Technology Directorate, Aquatic 
Contaminants Research Division
In 2011, the Governments of Canada and Alberta developed the Joint Oil 
Sands Monitoring Plan (JOSM) to assess surface water quality and quan-
tity, air quality and biodiversity of the lower Athabasca River. Landscape 
development in watersheds due to mining has increased over the last 
20 years and are encroaching on in-stream reference locations. Recent 
studies indicate that, despite the terrestrial landscape being altered, the 
magnitude of the response in the aquatic environment adjacent to those 
activities is similar to historic data. The objectives of this study were 
to define the normal range of fish performance indicators (within the 
Steepbank reference sites), and evaluate the change demonstrated in fish 
within the Steepbank River relative to regional reference sites. In 2010-
2014, slimy sculpin were collected from six additional reference sites to 
assess the natural variability of fish performance indicators over time 
within and among the existing and the potential regional reference sites. 
When all sites (2010-2014) were included in evaluating the relationships 
of fish performance indices, slimy sculpin demonstrated strong positive 
relationships between body weight and length, gonad weight and body 
weight and liver weight and body weight. However, fish age was less 
predictive of fish length and length was less predictive of liver weight. 
Analysis from this study demonstrated that variability in fish performance 
indices among years is consistent with previous monitoring data and some 
regional sites (Firebag and High Hills) were similar to existing Steepbank 
River in-stream reference sites. Fish from the Horse River were typically 
different from the other sites evaluated demonstrating the range of vari-
ability in health endpoints for sculpin. The drivers of these site differences 
should be identified to help understand documented differences.

6.01.12 Advancements in Chemical and Toxicological 
Characterization of OSPW Seepage and Bitumen-Influenced 
Groundwater
R. Frank, Environment and Climate Change Canada / Water Science 
and Technology Directorate; J.W. Roy, Environment and Climate Change 
Canada; A.J. Bartlett, Environment and Climate Change Canada / Water 
Science and Technology Directorate; J. Parrott, P. Gillis, Environment 
and Climate Change Canada / Aquatic Contaminants Research Division; 
W. Norwood, Environment and Climate Change Canada; A. Bauer, 
University of Waterloo / Biology; M.R. Rodrigues, Environment and 
Climate Change Canada / Aquatic Contaminants Research Division; M. 
Rudy, S.D. Campbell, Environment and Climate Change Canada / Water 
Science and Technology Directorate; L. Brown, Environment and Climate 
Change Canada / ACRD; G. Bickerton, Environment and Climate Change 
Canada; M. Hewitt, Environment and Climate Change Canada / Water 
Science and Technology Directorate
Groundwater in the oil sands region near Fort McMurray, AB, Canada 
contains chemicals originating from natural bitumen and OSPW sources. 
The risks to aquatic environments posed by seepage from tailings ponds 
must be considered against the natural bitumen background present in the 
Athabasca watershed, however the chemical complexities and similarities 
of bitumen organics between both sources present significant challenges 
to differentiate sources and risks. Concurrent research streams are 1) 
developing source attribution methodologies using advanced separa-
tion and high resolution mass spectrometry, and 2) determining the 
toxicological significance of OSPW seepage through effects-directed 
analysis. Through the separate collection of aggregated samples of OSPW, 
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bitumen-influenced groundwater, and surface water from within the 
McMurray Formation of the Athabasca River watershed, standard refer-
ence mixtures of bitumen-derived soluble organics are being created that 
will ultimately lead to the development and/or improvement of quantita-
tive analytical methodologies. A multi-year investigation is also underway 
to identify the primary toxic compounds/classes within these bitumen-
influenced waters, and to determine if the drivers of toxicity are different 
between natural and OSPW sources. This presentation will provide a 
current state-of-the-science for these integrated research projects, and will 
highlight how this work is being incorporated into the development of 
monitoring initiatives.

6.01.13  A Non-Lethal Methodology Using Fish for Assessing 
Recovery After an Oil Spill
J.M. Gutierrez-Villagomez, INRS / Centre Eau Terre Environnement; 
A. Thambirajah, C.C. Helbing, University of Victoria / Biochemistry & 
Microbiology; V. Palace, IISD Experimental Lakes Area (IISD-ELA); V.S. 
Langlois, INRS / Centre Eau Terre Environnement
Bitumen is a viscous form of petroleum that needs to be thinned with a 
mixture of light crude for transportation. The resulting mixture is called 
diluted bitumen or dilbit. The oil industry is economically important 
and Canada was the 4th top producer in 2018. However, there is public 
concern regarding oil spills and debate among regulators, spill responders 
and the scientific community on how best to clean and monitor oil spills. 
Recovery monitoring typically requires destructive sampling, costly tis-
sue analysis, and delays in determining effects. Thus, the objective of this 
work is to investigate if fin clips and mucus samples can be used as non-
lethal indicators of the toxic effects in fish caused by exposure to dilbit. 
For this, adult fathead minnows (Pimephales promelas) were exposed 
for four days to water accommodated fractions (WAF) and chemically 
enhanced WAF (CEWAF) of Cold Lake Blend (CLB) dilbit. At the end 
of the exposure, the fish were sacrificed and liver, mucus and fin were 
sampled for RNA extraction and posterior RNA-seq. To identify biomark-
ers of petroleum exposure, with omics technologies, we will screen the 
expression of thousands of genes simultaneously. The transcript abun-
dance will be normalized and analyzed to compare the controls and the 
exposed fish. Moreover, gene ontology analyses will validate biomarker 
candidates and refine biomarker selection in the creation of qPCR tests. 
According to the Canadian Energy Regulator, an average of 1,084 
barrels/y of oil were spilled from pipelines in Canada from 2011-2014. 
Thus, this project provides insights into the monitoring of freshwater 
ecosystems exposed to spilled oil.

6.01.14 Bioaccumulation and Toxicokinetics of Polycyclic Aromatic 
Compounds and Metals in Giant Floater Mussels (Pyganodon gran-
dis) Exposed to a Simulated Diluted Bitumen Spill
J.Y. Séguin, University of Ottawa / Biology; J.J. Mason, Queens 
University; M.L. Hanson, University of Manitoba / Department of 
Environment and Geography; B.P. Hollebone, Environment and Climate 
Change Canada; D.M. Orihel, Queens University / Department of 
Biology/School of Environmental Studies; V. Palace, J.L. Rodriguez, 
IISD-Experimental Lakes Area; J.M. Blais, University of Ottawa / 
Department of Biology
Canadian bitumen is mainly transported in a dilution form via pipeline, 
train, and trucks, all posing a risk as they can lead to the release of diluted 
bitumen (dilbit) in the environment. In the summer of 2018, a collab-
orative large-scale field experiment was conducted at the International 
Institute for Sustainable Development - Experimental Lakes Area (IISD-
ELA), a world-renowned aquatic research facility. The research objectives 
of the Boreal lake Oil Release Experiment by Additions to Limnocorrals 
(BOREAL) project were to understand the fate, behaviour, and potential 
toxic effects of dilbit in a freshwater Boreal lake to inform evidence-based 
management strategies for the transport of dilbit. A range of controlled 
dilbit spills were conducted in seven 10 m diameter limnocorrals 
(~100,000 L of water) resulting in environmentally realistic dilbit:water 
dilutions ranging from 1:72,810 to 1:516, representing the upper half of 

the distribution of oil spill sizes in North America in the last decade. 
Additionally, two limnocorrals not treated with dilbit were studied as 
controls. Here we identify the bioaccumulating compounds derived from 
naturally weathered dilbit in giant floater mussels (Pyganodon grandis), 
and determine the rates at which they are accumulated and excreted. 
More specifically, the bioaccumulation and toxicokinetic parameters of 
polycyclic aromatic compounds (PACs) and various metals were assessed 
in mussels exposed ex-situ for 41 days (25 days of exposure and 16 
days of depuration) to water from the limnocorrals treated with dilbit. 
Significantly greater TPACs concentrations in mussels exposed to water 
contaminated with dilbit (24.09 – 36.36 µg g-1 Lipids-1) were detected 
compared to mussels from the control treatment (0.64 µg g-1 Lipids-1). 
Uptake (24.65 – 0.66 L g-1 Day<sup>-1 Lipids-1</sup>) and depuration 
(0.012 – 0.37 Day<sup>-1 Lipids-1</sup>) kinetic rate constants, as well as 
bioconcentration factors (7.15 – 1,309.69 L g-1) were determined for the 29 
PACs that accumulated in mussel tissue. Furthermore, mussels exposed 
to water contaminated with naturally weathered dilbit experienced 
elevated concentrations of zinc (38.41 µg/L) compared to the mussels in 
the uncontaminated water (7.53 µg/L), surpassing the Canadian water 
quality guidelines for the protection of aquatic life. There are significant 
knowledge gaps associated with the compounds derived from dilbit, and 
results from this study can help us predict their accumulation in freshwa-
ter mussels.

6.01.15  Understanding the Behavior and Fate of Diluted Bitumen in 
Shallow Groundwater Systems
J.M. Ahad, Natural Resources Canada / Geological Survey of Canada; 
S.L. Hepditch, R. Martel, V.S. Langlois, INRS / Centre Eau Terre 
Environnement; L. Mindorff, N. Mahmoudi, McGill University / 
Department of Earth and Planetary Sciences
The bitumen extracted from Alberta’s oil sands region is a highly 
degraded, viscous form of petroleum. As a result, in order to transport 
bitumen via pipeline, it is blended with lighter hydrocarbon fractions 
yielding a less viscous, diluted bitumen often referred to as ‘dilbit’. A 
growing number of studies have begun to investigate the behavior and 
toxicity of dilbit in freshwater and marine environments. However, there 
are few detailed investigations into the fate and transport of dilbit in 
the vadose zone and groundwater. Consequently, concerned stakehold-
ers (provincial and federal governments, First Nations, oil sands and 
pipeline industries, etc.) do not currently possess sufficient information 
to assess whether spilled dilbit poses a greater, equal, or lesser threat to 
aquifers than conventional crude spills. To address this research gap, we 
carried out controlled dilbit (Cold Lake Blend) and conventional heavy 
crude spills in large columns designed to simulate the unsaturated zone 
during autumn or spring recharge. A suite of toxicological, geochemi-
cal and microbial parameters, including fathead minnow toxicity assays; 
concentrations and distributions of polycyclic aromatic hydrocarbons 
(PAHs), BTEX (benzene, toluene, ethylbenzene and xylenes), naphthenic 
acids, metals and phospholipid fatty acids (PLFAs); and the diversity of 
16S rRNA sequences, were determined in column leachate and soil core 
samples over a three-month period. Compound-specific δ13C analysis of 
PAHs, BTEX and PLFAs, as well as Δ14C analysis of PLFAs, will also be 
carried out. Experimental design and preliminary data will be presented.

6.01.16 A Comparison of the Geochemical Evolution and Associated 
Aquatic Toxicity of Diluted Bitumen and Conventional Crude Oil 
Within Shallow Groundwater Systems
S.L. Hepditch, Institut National de la Recherche Scientifique / Centre 
Eau Terre Environnement; J.M. Ahad, Natural Resources Canada / 
Geological Survey of Canada; R. Martel, V.S. Langlois, INRS - Centre 
Eau Terre Environnement
Current monopoly on Canadian bitumen export by the USA has fueled 
global trade interest and future transmission pipeline development initia-
tives, such as the Trans Mountain Expansion project. Pipelines efficiently 
transport diluted bitumen (dilbit); ~70% bitumen containing lighter 
hydrocarbon fractions to reduce viscosity and facilitate flow. Although 
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dilbit spills are uncommon, substantial environmental contamination 
has resulted from such events as the Enbridge pipeline rupture near the 
Kalamazoo River in 2010. Dilbit pipelines travel in close proximity to 
protected ecosystems and some of the most densely populated regions 
in Canada and the USA, yet investigations into the evolution of subsur-
face plumes within shallow groundwater systems are limited. Thus, it 
is imperative to determine the geochemical characteristics and resultant 
toxicity of spilled dilbit over time and compare it to conventional crude 
oil, an oil well studied for its degradation and toxicity. To this end, sepa-
rate controlled spill experiments were conducted with dilbit (Cold Lake 
blend) and a comparative pooled sample of conventional heavy crude 
with similar physical and chemical properties, also transported through 
transmission pipelines. Spills were conducted in large (1 × 0.6 m) unsatu-
rated soil columns over a period of several months. Soil and leachate 
samples were routinely collected to assess a suite of parent and alkylated 
polycyclic aromatic hydrocarbons (PAHs), naphthenic acids and BTEX 
(benzene, toluene, ethylbenzene and xylenes) over time. The associated 
toxicity of leachate samples was assessed using fathead minnow embryo-
toxicity analyses. Preliminary data will be presented.

2. Great Lakes: Creating Pathways to Restoration 
and Addressing Beneficial Use Impairments at Areas 
of Concern
6.02.01 Development of a Guidance Manual for Determining the 
Environmental Suitability of Dredged Sediments for Beneficial Uses 
in the Great Lakes
K.G. Keil, M.W. Habberfield, U.S. Army Corps of Engineers / Buffalo 
District; J.P. Kreitinger, U.S. Army Engineer Research and Development 
Center / Environmental Laboratory; A. Lenox, U.S. Army Corps of 
Engineers / Buffalo District; G.R. Lotufo, U.S. Army Corps of Engineers 
/ Environmental Laboratory; J. Miller, U.S. Army Corps of Engineers 
/ Detroit District; J.A. Miller, U.S. Army Corps of Engineers / Chicago 
District; S.W. Pickard, U. S. Army Corps of Engineers / Buffalo District; 
P. Schroeder, U.S. Army Engineer Research and Development Center / 
Environmental Laboratory; M.P. Wargo, U.S. Army Corps of Engineers / 
Buffalo District
Each year, the U.S. Army Corps of Engineers (USACE) dredges 3 to 
5 million cubic yards of sediment from 20 to 40 federally-maintained 
commercial and recreational harbors in the Great Lakes, including from 
navigation channels in 29 of the Great Lakes’ 43 Areas of Concern (AOC). 
Due to source control and sediment remediation, historical contamination 
in the harbor sediments has been greatly reduced. Material dredged from 
many harbors is now suitable for use as fill material in habitat restoration 
and brownfield remediation projects, rather than simply being disposed of 
as a waste. A wide range of projects are possible, including beach nourish-
ment, storm protection, and improvements to benthic, fish, and wildlife 
habitat. Beneficial use of dredged material is contributing to AOC restora-
tion and removal of beneficial use impairments at some harbors. However, 
these projects are not without controversy as questions regarding sediment 
quality linger. The USACE, working with the Great Lakes Dredging 
Team, has developed a new guidance manual entitled “Environmental 
Evaluation and Management of Dredged Material for Beneficial Use: 
A Regional Manual for the Great Lakes”. The manual’s objective is to 
provide a standard approach to evaluating the environmental suitability of 
dredged material for beneficial uses. It incorporates assessment paradigms 
from the US Environmental Protection Agency and USACE, as well as 
from the eight Great Lakes states (Illinois, Indiana, Michigan, Minnesota, 
New York, Ohio, Pennsylvania, Wisconsin), all of which have various 
regulatory authorities over placement of material in aquatic and upland 
environments. This manual provides a single regional resource for testing 
and evaluating dredged material to determine suitability for beneficial 
use; it offers a scientific, risk-based means for evaluating both ecological 
and human health impacts. The manual is intended to serve as a regional 
platform to increase collaborative problem-solving and endorse a common 

understanding of the scientific and institutional practices for evaluation of 
dredged material for any beneficial use in aquatic, nearshore, wetlands, or 
upland environments. This manual will benefit practitioners in resource 
management, regulatory, municipal, and private roles.

6.02.02 Lessons Learned from Habitat Restoration Projects in the 
Great Lakes Areas of Concern
D. White, ORISE at USEPA; T. Newcomer-Johnson, U.S. Environmental 
Protection Agency / NERL / Systems Exposure Division; T. Angradi, 
U.S. Environmental Protection Agency / Mid-Continent Ecology Div; 
J. Hoffman, U.S. Environmental Protection Agency / Great Lakes 
Toxicology and Ecology Division; M. Kern, USEPA / GLNPO; J.M. 
Lazorchak, U.S. Environmental Protection Agency / Office of Research 
and Development Cincinnati; M. Mills, U.S. Environmental Protection 
Agency / Office of Research & Development; M.A. Struckhoff, U.S. 
Geological Survey / Columbia Environmental Research Center; A. 
Trebitz, U.S. Environmental Protection Agency / Office of Research 
and Development; D. Walters, U.S. Geological Survey / Columbia 
Environmental Research Center; K. Williams, Environmental Consultant; 
S. Green, ORAU at USEPA; G.B. Beaubien, U.S. Environmental 
Protection Agency / Office of Research and Development
USEPA, state and local governments, and industrial and private part-
ners invest heavily in restoration activities relevant to contaminated 
and impaired sites within the Great Lakes Areas of Concern (AOCs). 
Common issues at these sites include historical contamination, habitat 
degradation, loss of biodiversity, and increases in non-native species. 
These issues have led to beneficial use impairments (BUIs) within AOCs. 
Since 2010, there has been increased implementation of habitat restoration 
projects aimed at removing BUIs. Systematic approaches for assessing the 
effectiveness of habitat restoration efforts are needed. Here, we will pres-
ent an examination of Great Lakes AOC habitat restoration projects that 
have been implemented as part of a broader strategy aimed at transform-
ing impaired sites into restored ecosystems that support revitalized and 
sustainable human communities. Projects were selected for this study that 
are approximately 5 years post-construction and have adequate baseline 
data such as planting plans, wildlife population assessments (e.g., aquatic 
invertebrates, birds, frogs, fish), design specifications, post construc-
tion assessments (i.e. as-builts), monitoring reports, etc. against which 
restoration can be evaluated through long-term monitoring and possibly 
expanded assessments. Here, we summarize goals, techniques, monitor-
ing programs, quantitative metrics of assessment, and lessons learned of 
selected habitat restoration projects within AOCs. We find variable collec-
tion of pre- and post-restoration data and the metrics monitored between 
the selected projects. We suggest that assessments of a restoration project 
should be evaluated using a weight-of-evidence approach within a 
framework for planning, monitoring, and assessment. This approach and 
framework would provide assessment consistency and structured data, 
allowing scalable, programmatic gains to be built.

6.02.03 Continuing Impairments in Populations, Reproduction, and 
Immune Function in Colonial Waterbirds at Contaminated Great 
Lakes Sites in Michigan During 2010-19
K. Grasman, A. Triemstra, Calvin University / Department of Biology; 
L.L. Williams, M. Annis, C. Eakin, U.S. Fish and Wildlife Service / 
Michigan Ecological Services Field Office
Fish-eating birds are excellent sentinels for assessing biological effects 
of persistent pollutants. The Great Lakes Water Quality Agreement identi-
fies two Beneficial Use Impairments (BUIs) in wildlife: 1) bird or animal 
deformities or reproductive problems and 2) degraded fish and wildlife 
populations. Both BUIs, primarily caused by PCBs, have been desig-
nated for the River Raisin and Saginaw Bay Areas of Concern (AOCs). 
Although not an AOC, biota in Grand Traverse Bay contain significant 
amounts of dioxins. To support federal and state efforts under the Great 
Lakes Restoration Initiative, this long-term monitoring program inves-
tigated whether health, reproductive, and population endpoints in birds 
improved over time (2010-19). In River Raisin herring gulls, none of the 
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impaired biological endpoints (total embryonic nonviability, infertil-
ity, embryonic death, 4 week chick productivity, T cell skin response, 
and antibody titers) changed over time despite remedial dredging of 
contaminated sediments in 2014 and 2016. Furthermore, numbers of 
nesting herring gulls declined 90% between the late 1990s and 2015-19 
(r=-0.96). In Saginaw Bay herring gull eggs on the Confined Disposal 
Facility (CDF) and L. Charity Is., total nonviability, infertility, and death 
were elevated relative to the reference site and did not improve with 
time. Embryonic death increased 4.4X on the CDF between 2010-14 
and 2015-19. In gull chicks, chick productivity, antibody titers, and T 
cell skin responses did not change over time on either island, and T cell 
function was suppressed relative to reference. In Saginaw Bay Caspian 
terns (Charity Reef/L. Charity Is. and CDF), antibody titers, T cell skin 
responses, and chick productivity did not improve over time, with the 
latter two endpoints lower than reference. The breeding population of 
Caspian terns, a state-threatened species, decreased 49% in Saginaw Bay 
over the course of the study (r=-0.64). In Grand Traverse Bay gulls, total 
embryonic nonviability, infertility, and embryonic death were higher than 
at the reference site. Only total nonviability had a marginal improving 
trend between the early and late periods of the study. No time trends were 
observed in chick productivity, T cell skin responses, or antibody titers, 
the latter two of which were lower than reference. Overall, time trend 
analyses showed no significant improvements in population, reproduc-
tive, and immune endpoints related to BUIs at either AOC or in Grand 
Traverse Bay.

6.02.04 Effects of Contaminants on Populations, Reproduction, and 
Immunity in Colonial Waterbirds at Contaminated Great Lakes 
Sites in Michigan During 2010-19
K. Grasman, Calvin University / Biology; A. Triemstra, L. Dykstra, 
Calvin University / Department of Biology; L.L. Williams, M. Annis, C. 
Eakin, U.S. Fish and Wildlife Service / Michigan Ecological Services 
Field Office
This study monitored effects of contaminants on reproduction, immu-
nity, and populations in fish-eating birds in the Saginaw Bay and River 
Raisin Areas of Concern (AOCs) and Grand Traverse Bay in 2010-19 
under the Great Lakes Restoration Initiative and AOC programs of the 
US Fish and Wildlife Service and US Environmental Protection Agency. 
Saginaw Bay sites included two herring gull colonies (Confined Disposal 
Facility (CDF) and Little Charity Island), two Caspian tern colonies 
(CDF and Charity Reef/L. Charity Island) and one black-crowned night 
heron colony (CDF). Gulls were studied in the River Raisin AOC on 
the western shore of Lake Erie and on Bellow Island in Grand Traverse 
Bay. Reference sites were in the lower St. Mary’s River (gulls on Pipe 
Island Twins and terns on Two Tree Island), on Tahquamenon Island in 
Whitefish Bay (terns), and on Chantry Island, Lake Huron (herons). Late 
incubation gull embryos were assessed for heartbeat and movement using 
a viability detector. Relative risk ratios for embryonic nonviability (caused 
by both elevated infertility and mortality) were 2-3 fold higher at contami-
nated sites (2.1 for the Saginaw Bay AOC, 2.6 for the River Raisin AOC, 
and 2.8 for Grand Traverse Bay). Deformities associated with PCBs and 
dioxins were found only at contaminated sites (3 gull chicks at Monroe, 
2 tern chicks on L. Charity, 4 gull embryos on the CDF, 1 gull embryo 
on L. Charity, and 1 gull embryo on Bellow). Productivity of 4 week tern 
chicks in Saginaw Bay (0.68 chicks/nest) was significantly below that at 
reference sites (1.04 chicks/nest). In the River Raisin AOC, productivity 
of 4 week gull chicks was poor in 7 of 10 years, including 4 of the last 5 
years and near complete reproductive failure in 3 of 10 years. Breeding 
Caspian terns, a state-threatened species, declined 49% in Saginaw Bay 
over 13 years (r=-0.64) as did breeding herring gulls in the River Raisin 
AOC, which fell 90% between the late 1990s and 2015-19 (r=-0.96). In 
gull chicks the phytohemagglutinin (PHA) skin response for T-cell medi-
ated immunity was suppressed 55-56% at both AOCs and 50% in Grand 
Traverse Bay. This response was suppressed 49% in terns and 39% in 
herons in Saginaw Bay. Antibody responses in gull chicks at the River 
Raisin AOC and in Grand Traverse Bay were reduced 1.6-2 fold. Ongoing 

reproductive, immunological, and population impairments at these con-
taminated sites are consistent with the effects of persistent pollutants such 
as PCBs and dioxins.

6.02.05  Spirit Lake Case Study: Field Investigation and Design 
Evaluation to Support Chemical Isolation Cap Design
M.C. Ciarlo, C. Kiehl-Simpson, J. Beaver, EA Engineering, Science, and 
Technology, Inc., PBC
The planned remediation at the Spirit Lake site in Duluth, Minnesota 
includes 120 acres of subaqueous capping to address metals and PAHs 
in sediment. The site is complex and subject to special considerations. 
Aquatic environments at the site range from shallow bays and emergent 
wetlands to deeper open water. Substrate types vary from thick peat to 
loose fines to compacted cemented fill. The remedy includes wetland 
restoration components that require specific water depths, placing added 
requirements on cap thickness. Recently deposited clean sediments at 
the site may contribute to cap effectiveness. All of these factors were 
considered in design via a comprehensive sediment sampling program; 
field investigation of groundwater and porewater flows and chemistry; 
groundwater and hydrodynamic modeling; cap fate and transport model-
ing; geotechnical evaluations relevant to cap stability and consolidation; 
treatability studies; and sediment photography investigations. Design 
drew from these data sources to develop multiple cap profiles, each of 
which was form-fit to different portions of the site to achieve chemical 
isolation requirements while providing sufficient water depth for desired 
habitat. Important components of the approach include the use of reactive 
amendments to decrease cap thickness requirements; use of geotextiles 
to decrease bioactive zone requirements; careful consideration of over-
placement tolerances as part of planning water depths; use of groundwater 
modeling to identify upward flow velocities as a component impacting 
transport and cap stability; and leveraging geotechnical data to account 
for consolidation and mixing. The outcome of the design was a suite of 
area-specific cap designs that balanced both remediation and restoration 
needs.

3. Remediation and Restoration: Assessing and 
Measuring their Effectiveness at Contaminated Sites
6.03.01  Beneficial Use of Dredged Sediment as a Sustainable 
Practice for Restoring Coastal Marsh Habitat
B. Suedel, A.D. McQueen, J. Wilkens, C. Saltus, S. Bourne, J.Z. Gailani, 
U.S. Army Corps of Engineers / Engineer Research and Development 
Center; J. Corbino, U.S. Army Corps of Engineers, New Orleans District; 
J.K. King, U.S. Army Corps of Engineers / Engineer Research and 
Development Center
Land and habitat losses remain an ongoing concern in Coastal Louisiana 
(USA) due to subsidence, sea-level rise, and storm events. About 70 mil-
lion cubic yards of sediment is dredged annually from Gulf coast Federal 
navigation channels to maintain safe navigation of these waterways. The 
beneficial use of dredged sediments continues to be a priority for the U.S. 
Army Corps of Engineers (USACE) as a critical resource in large-scale 
(estimated multi-billion dollar) restoration efforts to mitigate coastal land 
and habitat losses. Yet the communication of such restoration benefits via 
sediment beneficial use is lacking, which limits the potential for future 
applications. To address this deficiency, this study documents the progress 
to restore marsh habitat and the resultant environmental, social, and eco-
nomic benefits in West Bay, Louisiana, USA. West Bay, a 4,850 hectare 
sub-delta adjacent to the Mississippi River, typifies risks of coastal land 
loss that also threatens the integrity of the adjacent Federal navigation 
channel. Since the 1950s, approximately 70% of the bay converted from 
marsh to open water. To help restore coastal marsh habitat on a large 
spatial and temporal scale, the USACE constructed an uncontrolled 
diversionary channel from the Mississippi River paired with subsequent 
direct and strategic placement of dredged sediment. To date, placement of 
dredged sediment in the bay facilitated the creation of over 1,000 hectares 
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of new land, reversing land loss in West Bay. The West Bay restora-
tion project aligns with the principles of the USACE Engineering with 
Nature® (EWN®) initiative which supports more sustainable practices 
to deliver economic, environmental, and social benefits through collab-
orative processes. These principles align with several UN Sustainable 
Development Goals designed to achieve a better and more sustainable 
future.

6.03.02 Application of Machine Learning to Inform Remedial 
Decision Making
D. Baldwin, J. Collins, AECOM; N.R. Grosso, M.R. Liberati, Corteva
Historical mercury (Hg) releases from a textile manufacturing facility 
on the South River, Virginia resulted in increased Hg concentrations in 
biotic and abiotic media. Past regression models identified loading of 
legacy Hg deposits from certain eroding riverbanks to the river as an 
important variable influencing Hg concentrations in fish tissue. On-going 
remedial actions are intended to address this source of Hg loading within 
the first two river miles. Past simulations based on regression models have 
indicated that decreases in Hg loading from remediated riverbanks will 
lead to decreases in fish tissue Hg concentrations. This study builds upon 
past work by using machine learning to optimize the independent models 
to predict surface water, sediment, and fish tissue Hg concentrations. In 
addition, the current study integrates the independent models to simu-
late cumulative influence of decreasing riverbank Hg loading on surface 
water, sediment and, ultimately, on fish tissue. Three independent statisti-
cal machine learning models were developed to predict sediment, surface 
water, and smallmouth bass tissue Hg concentrations using up to 15 
environmental variables. The ‘XGBoost’ gradient boosting algorithm was 
used to train the models. The models were calibrated to historical baseline 
data collected prior to the initiation of bank remediation. Bank loading 
reduction simulations were conducted for each media separately. Finally, 
the models were integrated, stepwise into the subsequent models to 
predict the fish tissue response to remedial actions. Predicted vs. observed 
Hg concentrations in the independent surface water, sediment and fish 
tissue models were strongly correlated. Sensitivity analyses indicated 
bank Hg loading was an important explanatory variable for observed Hg 
concentrations, which corroborates the current conceptual site model and 
supports the current rationale for the interim remedial measures. Fish 
tissue model simulations, which integrate predictions from the surface 
water and sediment models, predict substantial decreases in average fish 
tissue concentrations following remediation. A discussion of results will 
be provided in context of the site’s remedial action objectives of reducing 
or eliminating the fish tissue consumption advisory that is currently in 
place. Study approaches, findings, and their implications will be presented 
along with uncertainties and limitations of the models and simulations in 
this platform.

6.03.03 Importance of Climate Variables When Evaluating Long-
Term Trends at Mercury-Impacted Sites
J. Collins, D. Baldwin, S. Thakali, AECOM; M.R. Liberati, Corteva
Historical mercury (Hg) releases from a textile manufacturing facility on 
the South River, Virginia (Site) resulted in increased Hg concentrations 
in biotic and abiotic media, which have not declined over the past thirty 
years. Interim remedial measures (IMs) targeted at reducing or eliminat-
ing Hg loading via streambank erosion in the first two river miles began 
in 2016. The IMs are being implemented in an Adaptive Management 
framework, with monitoring data serving as a key feedback mechanism 
to inform future remedial actions. However, a key question for monitor-
ing remedial success in this and other mercury-impacted systems is how 
to separate responses in Hg concentrations due to the remediation from 
climate-related interannual variation. Methylmercury (MeHg) displays 
strong seasonality in the South River in response to physical changes in 
surface water temperature and discharge. Short-term monitoring (STM) 
and Long-term monitoring (LTM) programs comprised of multiple lines 
of evidence are being instituted at the Site to document reduction in Hg 
concentrations in a range of biotic and abiotic media. Based on three 

years of post-IM data, three statistical tests were performed for significant 
declining trends following remediation, and thus addressing whether 
remedial action objectives have been achieved. Monitoring data were 
also evaluated using multiple approaches, including Bayesian Mixed 
Effect modeling, to quantify how seasonality, remediation, and physical 
variables impact Hg concentrations in different media within the South 
River ecosystem. Trend analyses showed several statistically significant 
declining trends in Hg concentrations. While these results are encourag-
ing, it may be premature to attribute the changes to the remedial actions, 
given other factors such as climate-driven variables like water tempera-
ture and stream discharge or changes in analytical methods. The results of 
the Mixed Effect modeling demonstrated that MeHg is sensitive to water 
temperature and discharge in locations upstream and downstream of the 
former point-source indicating strong climatic controls on Hg methylation 
in the South River. This analysis highlights the importance of considering 
larger scale climatological factors when evaluating site-specific monitor-
ing data to assess remedy effectiveness at Hg-impacted sites.

6.03.04  There’s More to Remedy Metrics than Fish: Alternative 
Remedy Metrics for the Anniston PCB Site
A. Fowler, J. Conder, Geosyntec Consultants, Inc.; A.P. Wang, Geosyntec 
Consultants, Inc. / Civil & Environmental Engineering; G. Macolly, 
Solutia, Inc. / Remediation; J.R. Loper, T.B. Loper, The Loper Group, 
Inc.; J.D. Schell, TEA, Inc.; B. Anthony, ARCADIS
Recent results from field tests to evaluate a range of alternative remedy 
metrics will be presented for a large-scale PCB sediment site. These tests 
were conducted for the Choccolocco Creek portion of the Anniston PCB 
Site (Alabama, USA) and included the collection of innovative data that 
will enhance traditional data collected for fish, sediment and surface 
water. The remedy metrics sampling implemented for Choccolocco Creek 
included a combination of physical and biological methods including sedi-
ment traps, caged bivalves, semipermeable membrane devices (SPMDs) 
and polyethylene (PE) samplers. These approaches were tested based on 
their potential ability to provide early-stage indicators of remedy perfor-
mance. Having a valid bellwether for long-term remedy performance is 
important since the overall protectiveness of the remedy will be evalu-
ated every 5 years and it often takes several decades for a sediment site 
to achieve its remedial goals. The importance of early-stage performance 
indicators is increased if adaptive site management (ASM) is applied to 
the remedy as supplemental remedial actions may be considered within 5 
to 10 years following initial remedy implementation. Key considerations 
for the selection of remedy metrics methods that were tested for this Site 
included representativeness as early indicators of PCB concentrations in 
fish and applicability to a range of remedial techniques that may be associ-
ated with the yet to be selected remedy. The range of remedial approaches 
under consideration for this Site include source control, removal (dredg-
ing), isolation (capping), and monitored natural recovery (MNR). Other 
considerations for selecting the remedy metrics sampling techniques for 
site-specific testing included agency and community communication 
goals, field safety, and cost.

6.03.06 Seasonal Sulfur Redox Cycling and its Effect on Metal 
Sequestration in Constructed Wetlands
C.M. Nicholson, X. Xu, University of Georgia / Savannah River Ecology 
Laboratory/D.B. Warnell School of Forestry and Natural Resources; R.B. 
Bringolf, University of Georgia / Warnell School of Forestry and Natural 
Resources
The A-01 and H-02 constructed wetlands on the Department of Energy’s 
Savannah River Site (Aiken, SC) play an important role in achieving 
both federal and state regulatory compliance for effluent discharges. 
Understanding sulfur biogeochemical cycles in constructed wetlands is 
important for the effective remediation of heavy metals. The processes 
contributing to sulfur cycling includes direct assimilation of sulfide and 
sulfate by macrophytes and microbes, dissimilatory sulfate reduction, and 
both abiotic and biotic sulfide oxidation. Seasonal sulfur redox cycling, 
involving the primary sulfur reaction of sulfate reduction in the warm 
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season and sulfide oxidation in the cool season, has been suggested based 
on a modeling output but not observed directly in the two constructed 
wetlands. Both systems rely on dissimilatory sulfate reduction to produce 
sulfide and mineralize heavy metal contaminants, primarily copper and 
zinc, from surface waters. Therefore, the implied seasonal change in 
sulfide concentration in the wetland suggests this may alter the effective-
ness of remediation, because sulfide oxidation was suggested to dominate 
in the cooler months decreasing the available anoxic sulfide to mineralize 
metals. Previous studies predicted that metal concentrations within the 
macrophytes would increase when the concentration of the metal-fulvic 
acid complexes were high. My study aims to corroborate the implications 
presented by assessing if seasonal sulfur redox cycling exists within the 
wetland cells and how metal sequestration is affected in the sediments 
and macrophytes. Sulfur species and metals within the sediment and 
macrophytes will be analyzed over a summer and winter sampling sea-
son. Metal accumulation within the macrophytes will be compared to the 
generated concentration of the modeled metal-fulvic acid complexes to 
assess if the suggested correlation exists. In addition, the two constructed 
wetlands differ in maintenance history, which has been proposed to 
improve function, with the A-01 wetland remaining relatively untouched 
for the past decade, and the H-02 wetland maintained since construction. 
Comparing sulfur species and metal sequestration efficiency in the two 
wetlands will address how maintenance affects functionality. The find-
ings will provide further understanding of how sulfur redox chemistry, 
assimilation of sulfur species by macrophytes, and maintenance history 
affects the functionality of constructed wetlands for metal remediation.

6.03.07 Application of Bioactivity-Based Monitoring to Evaluate 
Remediation Effectiveness - a Case Study at Erie Pier Ponds, Duluth, 
MN
K. Santana Rodriguez, U.S. Environmental Protection Agency / Great 
Lakes Toxicology and Ecology Division; D.L. Villeneuve, G.T. Ankley, 
J.E. Cavallin, U.S. Environmental Protection Agency / Center for 
Computational Toxicology and Exposure; M.D. Kahl, K.M. Jensen, C. 
Jenson, U.S. Environmental Protection Agency / Great Lakes Toxicology 
and Ecology Division; A. Cole, Baylor University / Environmental 
Science; J. Doering, University of Lethbridge / Biological Sciences; S. 
Poole, U.S. Environmental Protection Agency; A. Kittelson, ORISE at 
U.S. Environmental Protection Agency / Great Lakes Toxicology and 
Ecology Division; K.T. Dean, U.S. Environmental Protection Agency
Several small ponds neighboring the Erie Pier, an historical loading 
dock for ships, in the St Louis River, Duluth, MN have been scheduled 
for remediation of sediments with elevated concentrations of mercury, 
dioxins, furans and PCBs. This remediation will involve bank to bank 
removal of the sediment, which will disrupt the habitat and basic eco-
system structure of the ponds. The current research examined whether 
molecular and physiological bioactivity profiles associated with samples 
and/or biota from the site could be used as a near-term indicator of 
remedy effectiveness while the ecosystem recovers from the physical 
disturbance associated with the dredging. Our initial goal was to establish 
baseline bioactivity profiles for the site. For a 2018 pilot investigation, 
lab-reared fathead minnows were caged at the site for 48 h or 21 d. 
Additionally, composite water samples were evaluated for bioactivity 
using multifactorial in vitro screening assays. In these assays, water 
from the site activated several nuclear receptors including peroxisome 
proliferator-activated receptors (PPAR), pregnane X receptor, and retinoid 
X receptor beta (RXR-b), as well as G protein-coupled receptors (GPCRs) 
such as prostaglandin receptors I, D2, and E2, dopamine receptor D1 
(DRD1), adenosine A2b receptor (ADORA2B) and melanocortin recep-
tor (MC4R). Transcripts for an inducible enzyme involved in xenobiotic 
metabolism, cytochrome P450 1a1 (cyp1a1) were upregulated in the liver 
of male fathead minnows caged at the site, but no significant induction of 
vitellogenin mRNA, an indicator of estrogenicity, was detected. In 2019, 
fish were caged at the site for 7-day intervals over the course of 8 weeks 
to capture a broader range of seasonal and temporal variation in biologi-
cal endpoints of interest. Up regulation of cyp1a1 and the PPAR-regulated 

gene coding for lipoprotein lipase (lpl) was detected in the liver of male 
fish and the range of variation typical of late summer/early fall at the site 
was captured. This presentation will report on the biological parameters 
evaluated in 2018-2019 and outline additional pre-remediation charac-
terization planned for 2020, the final year of pre-remediation sampling. 
The success of this bioactivity-based approach for evaluating remedy 
effectiveness will be evaluated in subsequent years and opportunities 
for deployment at other sites explored. Contents of this abstract neither 
constitute nor necessarily reflect USEPA policy.

6.03.08 Using Tree Swallows to Assess Remedy Effectiveness at 
Great Lakes Restoration Initiative (GLRI) Sites Across the Great 
Lakes
C.M. Custer, T.W. Custer, P.M. Dummer, U.S. Geological Survey / Upper 
Midwest Environmental Sciences Center
The Great Lakes Restoration Initiative (GLRI) was launched in 2010 to 
protect and restore the Great Lakes ecosystem, one of the largest fresh-
water complexes in the world. The successful assessment and removal of 
many of the 14 Beneficial Use Impairments identified by the International 
Joint Commission rely on removal or sequestering of toxic substances 
present in the sediment. This is often achieved by dredging and removal 
of the contaminated sediments from the system, as well as, by capping 
and otherwise making those chemicals unavailable to the biota in the 
system. While chemical and physical measures are typically used to char-
acterize sediment remediation, the uptake in the food web and subsequent 
exposures to biological target receptor(s) are an additional metric that 
can be used to evaluate the effectiveness of the remedy. Tree swallows 
(Tachycineta bicolor) have been used since 2010 at >70 sites across the 
Great Lakes to understand exposure to, and effects of, contaminants. 
Another way these tree swallow data can be used is to assess the effec-
tiveness of sediment removal. Sediment projects have been completed 
at 3 Areas of Concern (AOCs) where there was concurrent information 
for tree swallows beginning during or before the dredging, and then 
continuing for several years afterwards. Egg and nestling exposures, 
and accumulation rates of polychlorinated biphenyls (PCBs) on a daily 
basis were assessed in tree swallows at 7 locations located at Waukegan 
Harbor, IL, along the Ottawa River, OH, and at Lincoln Park, Milwaukee 
WI before, during, and after remediation activities; comparisons were 
made to nearby Great Lakes locations where no remediation has occurred. 
Data between 2010 and 2017 will be presented for Waukegan Harbor and 
Lincoln Park where there was nearly complete removal of contaminated 
sediments and compared with less contaminated locations where there 
was ‘hot-spot’ dredging. Changes in the pattern of PCB congeners that 
accompanied dredging will be discussed.

6.03.09  Use of Probabilistic Risk Assessment (PRA) and 
Physiologically Based Pharmacokinetic (PBPK) Modeling to 
Support Soil Remedial Objectives for Dioxins and Furans
W. Rish, C. Perry, L. Mittal, C. Ring, M.A. Harris, ToxStrategies, Inc.
PRA and PBPK modeling are used to support a decision about soil 
cleanup criteria, called site specific remedial objectives (SSROs), at a 
former wood processing plant in Edmonton, Canada. The site is being 
repurposed to residential use. The SSRO is to be based on protecting a 
future toddler from dioxins and furans in soil assuming exposures via 
direct contact and eating home-grown produce. PRA is used to explicitly 
address the impact of variability and uncertainty about risk calculation 
inputs on confidence that the derived SSRO will achieve health risk goals. 
PRA results indicate that a toxic equivalency (TEQ) dioxin and furan 
SSRO of 883 parts per trillion corresponds to a 95% probability of a 
hazard index (HI) of 1 or less for the toddler. PBPK modeling is used to 
convert the external exposure into an internal dose and compare esti-
mated exposures at the SSRO concentration with levels reported in the 
literature to be associated with adverse effects. Using the Carrier-Aylward 
model, PBPK modeling is performed assuming 30 years of exposure, 
including intake from breast feeding and a toddler pica event, assuming 
exposure to soils at the SSRO concentration. Predicted lipid-adjusted 
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serum concentrations (LASC) are compared with published values associ-
ated with adverse effects, including no observable and low observable 
adverse effects levels (NOAELs and LOAELs). Predicted LASCs associ-
ated with exposures at SSRO concentrations in soil are all at or below 
published NOAEL/LOAEL LASC values. Incorporation of a pica event 
did not elicit substantial changes in blood level of dioxins and furans. 
Moreover, the background dose an infant receives from breastfeeding is 
substantially larger than the dose passed on to an infant by a pregnant 
female exposed at the site. PRA and PBPK modeling provides important 
insight to decision making, tools to address key issues, and increased 
confidence in risk-based decision outcomes.

4. Remediation and Restoration: Connecting them- 
Integrating Cleanup and Ecosystem Recovery
6.04.01  The Value of Final Ecosystem Goods and Services in 
Restoration Effectiveness Monitoring and Assessment
C. Jackson, Oak Ridge Institute for Science Education (ORISE) / U.S. 
Environmental Protection Agency Pacific Ecological Systems Division; 
C. Hernandez, ORISE at USEPA / ORD; M. Harwell, USEPA / ORD; 
W.J. Berry, U.S. Environmental Protection Agency / Atlantic Coastal 
Environmental Sciences Division; J. Hoffman, U.S. Environmental 
Protection Agency; M.J. Kravitz, U.S. Environmental Protection Agency / 
ORD/CESER; T.H. DeWitt, U.S. Environmental Protection Agency
In order to establish the effectiveness of restoration efforts it is important 
to monitor and assess the right endpoints. Final ecosystem goods and 
services (FEGS) are the components of the environment directly enjoyed, 
consumed, or used to yield human well-being. Whereas receiving benefits 
from nature are often stated as complementary goals for doing ecosys-
tem restoration (e.g., to increase benefits of recreation, flood protection, 
nature-based education, etc.), measuring progress toward those outcomes 
is not often included in post-remediation monitoring. Incorporating FEGS 
into restoration effectiveness monitoring and assessment (REMA) would 
be useful for measuring and communicating progress towards meeting 
the restoration goals from a human benefits perspective. The goal of this 
presentation is to demonstrate how FEGS concepts and tools can be incor-
porated into REMA designs, with special considerations for contaminated 
site cleanups involving environmental components. Key to this approach 
is identification of the FEGS that are relevant to a given restoration proj-
ect, and to find or develop metrics to include in monitoring programs. We 
will introduce two tools useful for this: The National Ecosystem Services 
Classification System Plus (NESCS Plus) and the FEGS Scoping Tool. 
Secondly, we will present results of a literature review to assess the extent 
to which REMA practices have included FEGS. Finally, we will pres-
ent a generalized methodology that outlines how to incorporate FEGS 
endpoints and metrics into REMA designs.

6.04.02  An Application of the Final Ecosystem Goods and Services 
Scoping Tool at Restoration Sites in Tillamook Bay
C. Hernandez, C.A. Jackson, ORISE at USEPA / ORD; L.M. Sharpe, 
U.S. Environmental Protection Agency / ORD; T.H. DeWitt, U.S. 
Environmental Protection Agency
Stakeholders typically have different priorities regarding the purpose or 
goals for restoring specific sites (or areas), particularly regarding the ben-
efits that the restoration might provide to them or the communities they 
represent. Prior to initiating the actual restoration work, those different 
priorities must be reconciled into a final set of shared goals around which 
the restoration project design and monitoring are developed. In many 
cases, those goals are expressions of final ecosystem goods and services 
(FEGS) which are those biophysical attributes of nature that people 
directly use, appreciate, or enjoy – such as charismatic wildlife for recre-
ational experiencers and viewers, property protection for residents, and 
edible fauna for hunters and anglers. The FEGS Scoping Tool (FST) can 
be used by restoration practitioners for a particular decision (e.g., a resto-
ration design) to identify those FEGS valued by the suite of stakeholders 

involved in that decision, and the beneficiaries (individuals or groups) that 
those FEGS speak directly to. Using a structured approach to identify 
FEGS and beneficiaries can help restoration practitioners focus on com-
mon interests that can build toward shared restoration goals and help with 
identifying relevant ecosystem service attributes to include in restoration 
design and measure during pre- and post-remediation monitoring. We will 
demonstrate an application of the FST in Tillamook Bay, OR where we 
worked with restoration planners from Tillamook Bay’s National Estuary 
Partnership. We used the tool to determine how restoration goals and 
monitoring metrics could be linked to FEGS most relevant to local stake-
holders. This allowed for an evaluation of restoration performance that 
can be communicated in terms of locally relevant final ecosystem goods. 
This transparent and replicable approach can be useful for restoration 
planners when selecting environmental attributes to be incorporated into 
restoration goals. It is transferrable across a wide range of environmental 
decision contexts in which it is important to consider various, complex 
stakeholder interests and restoration engineering options. This flexibility 
also allows for the FST to be easily adaptable from small- to large-scale 
restoration projects both in size/extent of the project and number of stake-
holders involved.

6.04.03 A Top-Down Approach for Identifying and Prioritizing 
Final Ecosystem Goods & Services for Site Restoration
T. DeWitt, U.S. Environmental Protection Agency / ORD; A. Borde, 
Pacific Northwest National Laboratory; J. Bousquin, U.S. Environmental 
Protection Agency / ORD; H. Diefenderfer, Pacific Northwest National 
Laboratory; C. Folger, M. Harwell, U.S. Environmental Protection 
Agency / ORD; C. Hernandez, C.A. Jackson, ORISE at USEPA / ORD; 
T. Newcomer-Johnson, L.M. Sharpe, S.H. Yee, U.S. Environmental 
Protection Agency / ORD
The goals for restoration projects are often framed in terms of the benefits 
that will be derived from restorative actions. In many cases, the restored 
benefits include the direct uses of nature by people (aka, final ecosystem 
goods and services, or FEGS), such as enhanced recreational viewing 
of native wildlife, improved fishing for desired species, or increased 
protection of property due to wave attenuation by native vegetation. 
Consideration of the direct benefits that people could obtain from a 
restored site informs the development of monitoring plans that include 
FEGS-relevant metrics. These metrics can be used for adaptive manage-
ment decisions and aid in communicating restoration progress toward 
people-centric goals to inform stakeholders and the public. We present a 
top-down approach to identifying the FEGS that are relevant to restora-
tion of a site using EPA’s National Ecosystem Service Classification 
System Plus (NESCS Plus). Using a generalized, systematic, top-down 
approach ensures that a full suite of potential FEGS is identified. These 
FEGS can then be used by restoration practitioners to identify relevant 
metrics to incorporate into restoration planning, monitoring, and adap-
tive management design. Using NESCS Plus, we identified more than 
85 FEGS that may be produced by tidal wetlands (our example system). 
These FEGS were distributed across 29 classes of beneficiaries—defined 
as the roles assumed by people as they use, appreciate, or enjoy tidal 
wetlands—and seven classes of ecological endpoints representing a 
coarse categorization of the biophysical attributes that beneficiaries 
use. To determine which of these FEGS are of greatest interest (i.e., 
cited most frequently) for tidal wetland restoration, we conducted a 
data mining exercise using documents from organizations charged with 
managing, conserving, and/or restoring tidal wetlands (i.e., National 
Estuary Programs, National Estuarine Research Reserves, land trusts, 
and selected non-governmental organizations) using the results of the 
NESCS Plus search and other documentation. The results of this analysis 
will guide our prioritization of FEGS for metric development for tidal 
wetlands. These materials are intended for use by tidal wetland restoration 
practitioners and decision makers to measure progress toward a restora-
tion project’s benefit-based goals; and, this approach is expected to be 
applicable to restoration of other types of ecosystems.
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6.04.04  What Comes First Sediment Cleanup or Ecosystem 
Recovery? (Hint: They Should Go Hand in Hand)
R. Johnston, Applied Ecological Solutions; D.W. Moore, US Army Corps 
of Engineers (USACE), Vicksburg MS 39180 / Engineer Research & 
Development Center (ERDC); K.M. Payne, Enthalpy Analytical / Aquatic 
Toxicology; A. Kascak, University of Louisiana, Lafayette / Biology
Cleanup at many contaminated sediment sites can be very costly, time 
consuming, and ineffective if larger scale pressures and ecological 
processes are not adequately addressed by the remedial design. Ideally, 
a holistic approach is desired for remedies that brings together remedia-
tion and reuse (restoration) by exploiting synergies that minimize costs 
and environmental impacts and achieves whole-system sustainability 
benefits. Sustainable remediation strategies should be informed not only 
by considerations of regulatory compliance but also by stakeholder goals, 
values and expectations. Over the last few decades, remedies selected 
at contaminated sediment sites have focused on mass removal or the 
reduction of exposure to sediment-associated contamination to man-
age human health and ecological risks. At many contaminated sediment 
sites, assessing contaminant-focused remedy effectiveness measures has 
been confounded by the complexity of ecosystem processes, the lack 
of comprehensive monitoring data sets, and the need to align remedia-
tion objectives with ecosystem recovery goals for restoring ecosystem 
processes that support a wide range of ecosystem services and functions 
that are necessary to sustain ecosystem recovery. Additionally, sedi-
ments (whether contaminated or not) are linked to processes occurring 
within the watershed making them susceptible to, and potential drivers 
of, chemical, physical and biological stressors from larger scale social and 
economic pressures (land use change, hydrology perturbations, new and 
emerging chemicals), climate change (sea level rise, extreme events, inva-
sive species), and other disturbances associated with the Anthropocene. 
This presentation will draw on the results of case studies to illustrate key 
concepts and lessons learned to better integrate sediment cleanup and 
ecosystem recovery goals.

6.04.05 Repeat Photography Analysis of Historic Nova Scotia Gold 
Mine Sites and Tailings
L. Laskey, Saint Mary’s University / Biology; D.A. Jewell, Saint Mary’s 
University / Applied Science; L. Campbell, Saint Mary’s University / 
Environmental Science
Nova Scotia has a rich history of gold mining since the 1860’s. Mining-
related activities have shaped many communities across the province into 
what they are today. Historical activities in 64 gold mine districts across 
the province has created a significant arsenic and mercury contamina-
tion issue that is still impacting Nova Scotia to this day. Since the 1980’s 
investigations have been undertaken to identify the nature of these toxic 
tailings and evaluate toxic response and bioaccumulation of contaminants 
on the surrounding environments and the species living there. However, 
to date, no investigation has been undertaken to identify the overall 
landscape, historical and environmental changes for those sites since the 
mines were closed or abandoned.Here, we have started a repeat photog-
raphy (aka “rephotography”) analysis of the mining sites. Rephotography 
is a long-established environmental and historical research technique 
to assess changes and patterns in select landscapes. Rephotography 
involves collecting and organizing historic images of a certain area with 
all appropriate metadata, resolving the coordinates of those sites and the 
photographer, then recreating the images as accurately as possible. The 
rephotography study of the historic gold mines in Nova Scotia provides 
relevant insight into the environment which may be subject to future 
study or remediation initiatives; these findings are especially valuable 
when interpreting and understanding the impact of the mines, as well as 
evaluating the success of any remediation or naturalization actions for 
those sites. Many of the gold mining sites were abruptly abandoned after 
Nova Scotia’s third and final gold rush ended in the 1940’s, therefore the 
structures and shafts were largely overgrown and engrossed with natural 
life, or destroyed to further develop communities. However, the tailings 
from these mines were left exposed and even 100 years later, the elevated 

arsenic, mercury and other potentially toxic elements has restricted 
plant succession and ecological regrowth. Furthermore, rephotographic 
analysis has made it possible to visually identify cues in the mines and 
tailing fields that had or had not changed since the mines were active. Our 
bank of images, both historical and modern, will also support evaluations 
of vegetation and wildlife recovery, remote sensing and mapping, as well 
as future rephotography to document remediation project successes and 
continuing environmental issues.

6.04.06 Green Chemistry Is the Key to Preserving the Ecology of 
Siberia
A. Govorin, Irkutsk National Research Technical University
A high environmental hazard is observed near lake Baikal. In 2013, the 
pulp and paper mill was closed, but 6.5 million tons of sludge-lignin 
remained. Plus 160,000 tons of black lye. Toxic waste disposal sites are 
located 500 meters from the lake shore. The substances that make up the 
slime-lignin and black lye are toxins for the lake water, since they are not 
bioassimilated in any way.Some scientists and experts believe that soon 
the lake is threatened by an environmental disaster. The only barrier to 
toxic substances is a concrete map wall. At the same time, once in about 
50 years, there are strong mudslides in this area. The last such case was 
recorded in 1971.The problem of waste from the former pulp and paper 
mill has been dealt with since 2013, but recycling has not yet begun. At 
the same time, many options for working with toxic substances have 
been developed and proposed, projects for land reclamation on map plots 
have been developed, articles and a dissertation on waste disposal have 
been written.At the same time, there is a certain detachment of the public 
from the threat that has arisen over the lake. But the problem of lake 
Baikal is only one and the most serious problem of the region’s ecology 
at the moment. The latter role is assigned to the issues of nature protec-
tion from the impact of industrial enterprises, and is often completely 
ignored. Green chemistry, which concentrates the principles of caring for 
the environment and preserving and increasing economic prosperity, may 
become a breakthrough direction.Unfortunately, in Russia and Siberia 
there is a very low level of awareness about green chemistry (compared 
to the world) and interest in green chemistry (there is not a single Russian 
scientific journal on green chemistry!), and enterprises are run by repre-
sentatives of “conservative” views.In addition, the question of including 
green chemistry in the educational programs of universities is acute. 
After all, every chemistry student can create a potentially dangerous toxic 
substance in the future or run a large industrial enterprise. Therefore, 
educating a generation of chemists on the ideas and principles of green 
chemistry is a guarantee of a future responsible attitude to nature and its 
resources, preserving the ecology of Siberia, and perhaps the entire world.

5. Sediment: What’s the Deal with Pore Water? The 
Fundamental Science, Analytical Methods, and Data 
Use for this Important Medium
6.05.01  Groundwater-Surface Water Interface (GSI) Investigation 
Sampling Techniques
D.R. Lavoie, R. Zajac, J. Tortomasi, Jacobs Engineering Group
Groundwater-surface water interface (GSI) investigations are often per-
formed to assess potential impacts of groundwater discharges to surface 
water. These studies also can be performed to meet multiple objectives, 
including efforts to track of migration of contaminants across transport 
pathways (groundwater to pore water to surface water), verify off-site 
releases, estimate exposure point concentrations (benthos), validate 
hydrogeological models, evaluate remedy effectiveness, develop GSI 
attenuation factors or cleanup goals and assess regulatory compliance. 
How does one collect representative GSI samples (surface water and 
pore water)? There are important factors to consider when planning a 
GSI investigation, including identifying site-specific objectives and data 
needs, developing a hydrogeological conceptual site model, and choosing 
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the appropriate sampling approach. Multiple sampling approaches and 
characterization techniques have been developed and validated for evalu-
ating GSI conditions – what key factors should your project team consider 
when selecting a field method? This presentation will cover the pros and 
cons of following methods: nested well [drive] points, PushPoint probes 
(tubular stainless steel samplers), the Trident Probe system, seepage 
meters and manometers boards (hydraulic pressure survey). Additionally, 
this presentation will review field considerations such as supporting 
equipment needs, the collection of water quality parameters to help 
inform selction of the sampling technique and other logistical factors.

6.05.02 Differentiating Natural and Anthropogenic Causes of 
Benthic Impairment at the Groundwater-Surface Water Interface 
Using a Novel Weight-of-Evidence Approach
E.C. Cervi, G.A. Burton, University of Michigan / School for Environment 
and Sustainability; J.P. Johnson, D.R. Lavoie, Jacobs Engineering Group, 
Inc.; F.S. Dillon, Jacobs Engineering Group, Inc. / Global Environmental 
Services; R. Zajac, Jacobs Engineering Group, Inc.; S.S. Brown, Dow / 
Environmental Remediation & Restoration
Discharges from a chloride manufacturing plant impacted groundwater 
beneath the facility’s wastewater settling basins. Groundwater-surface 
water interface (GSI) characterizations were completed to evaluate the 
nature and extent of contamination, potential upwelling and interac-
tion of site groundwater with surface water in an adjacent river, and any 
potential adverse effects on resident benthic macroinvertebrate communi-
ties. Chloride, pH, total dissolved solids, and ammonia were identified 
as contaminants of potential concern (COPC). Four lines-of-evidence 
were used to evaluate concentration-response relationships and potential 
risks to the benthic community including 1) COPC and physicochemi-
cal characterizations, 2) benthic macroinvertebrate community structure 
(grabs and colonization trays), 3) in situ toxicity testing (Hyalella azteca, 
Daphnia magna), and 4) laboratory toxicity testing using sediment meso-
cosms spiked with COPCs. Data were collected at five stations in the river 
immediately adjacent to the settling basins (A-E) and at two upstream 
reference stations. No stations exceeded water quality benchmarks for pH, 
TDS, and chloride in surface water. However, ammonia concentrations at 
station E approached levels reported to result in chronic toxicity. Benthic 
communities in grab samples from stations A, B and C were comparable 
to reference stations, while D and E exhibited lower diversity and were 
classified as moderately degraded to degraded. Benthic community 
structure was impaired in colonization trays placed at stations D and E, 
and improved markedly after being transplanted to reference stations. 
Stressor-tolerant species including gastropods and isopods were abundant 
at these stations, but pollution-sensitive amphipods were also abundant at 
station E. Laboratory mesocosm experiments demonstrated site sedi-
ments exhibited high buffering capacity and minimal if any impacts 
due to elevated pH. In situ toxicity tests produced inconsistent results, 
but revealed that dissolved oxygen was depleted (0-1 mg/L) overnight at 
stations D and E, suggesting low DO was likely responsible for observed 
mortality at D, and low DO and elevated ammonia were likely stressors at 
E. Results from this study illustrate the importance of using a weight-of-
evidence approach incorporating in situ evaluations of biotic responses in 
the presence of fluctuating exposures, including natural stressors.

6.05.03 Long Term Porewater Monitoring in a Sediment Cap
A. Smith, D.D. Reible, Texas Tech University / Civil and Environmental 
Engineering; L. Lefkovitz, Battelle; M. Mills, U.S. Environmental 
Protection Agency / Office of Research & Development
The U.S. Environmental Protection Agency Great Lakes National 
Program Office oversaw the remediation of the West Branch of the 
Grand Calumet River in Hammond, Indiana as part of the Roxana Marsh 
Great Lakes Legacy Act Project. Phase II of the remediation involved 
the placement of a sediment cap in May 2012. The cap consisted of 6 
inches of organoclay intermixed with sand and covered by an additional 
12 inches of sand, and the cap covers approximately 345,000 cubic yards 
of contaminated sediment. The performance of the cap was monitored 

by passive sampling utilizing solid-phase microextraction (SPME) 
with polydimethylsiloxane (PDMS) coated glass fibers at 21 subsurface 
locations after cap placement in 2012 and again in 2013 and 2014. The 
passive sampling sediment porewater monitoring technology provides 
depth profiles of the freely dissolved contaminant concentrations in the 
sediment porewater and overlying water column. The initial sampling 
efforts showed a variety of behaviors around the site including thick clean 
capping layers in some areas but also cap layers thinner than designed 
and caps that were re=contaminated at the surface due to site activities 
after cap placement. In 2019, the in-situ passive sampling was repeated 
at the same 21 locations providing a unique opportunity to examine the 
performance of the capping layer 7 years after placement. The presenta-
tion will summarize the changes observed in the cap and the containment 
of PAH compounds. Performance reference compounds (PRCs) were used 
to determine the fractional approach to steady state of each compound 
and explain PAH mobility within the cap. Depth profiles were evaluated 
to determine an average thickness of the effective cap as well as trends 
for migration into the cap or recontamination at the surface. CapSim, a 
software tool designed to simulate contaminant transport in near surface 
sediments, was used to test transport mechanisms by comparison to 
measured concentration profiles. To further identify areas of potential 
concern, concentrations are also compared to surface water quality crite-
ria as a screening criterion.

6.05.04  Does the Pore Water Free Concentration Explain 
Everything in Sediment Contact Assays with Hydrophobic Organic 
Chemicals?
S. Endo, K. Hiki, F.C. Fischer, H. Watanabe, H. Yamamoto, 
National Institute for Environmental Studies / Center for Health and 
Environmental Risk Research; F. Nakajima, Environmental Science 
Center, The University of Tokyo / Environmental Science Center
Hydrophobic organic chemicals tend to accumulate in the bottom sedi-
ments of aquatic systems. Therefore, toxicity tests with benthic organisms 
in spiked sediment-water systems are required in domestic and interna-
tional chemical regulations. Interpretation of such tests is, however, not 
straightforward. It is recognized that toxicity values expressed as nominal 
concentrations (e.g., in mg/kg-sediment) are of limited use, because the 
properties of sediments and thus the bioavailability of contaminants 
may vary across artificial sediments and even more so in environmental 
sediments. Freely dissolved concentrations (Cfree) in pore water have been 
proposed as a unifying metric for toxicity of contaminants in sediments. 
This concept, however, has not rigorously been evaluated for spiked 
sediment contact assays. In this study, toxicity tests with spiked sedi-
ment were performed in a semi-flow through system following a USEPA 
method, using the freshwater amphipod Hyalella azteca as test species. 
Cfree and total dissolved (filtrate) concentrations (Cdis) in pore and overly-
ing water, sorbed concentrations in sediment particles, and concentrations 
in the body of organisms were measured to derive the toxicity values 
specific to exposure media. Chlorpyrifos and benzo[a]pyrene were used 
as initial test chemicals. Passive sampling with solid-phase microextrac-
tion (SPME) fibers found large differences between Cfree of pore water 
and overlying water, inferring a steep concentration gradient across the 
sediment-water boundary. Pore water Cfree were lower than Cdis, in par-
ticular for benzo[a]pyrene, which indicates a significant bound fraction in 
pore water. Spatial and temporal variation of exposure concentrations in 
the standard sediment contact test system could complicate the interpreta-
tion and comparability of observed toxicity. Cfree-based LC50 was lower 
than LC50 of a water-only test of the same species. In contrast, Cdis-based 
LC50 was comparable (chlorpyrifos) or higher (benzo[a]pyrene) than LC50 
of water-only exposure. Overall, our results suggest that pore water Cfree 
alone may not explain the toxicity in spiked-sediment toxicity tests. We 
also note that control or measurement of Cfree in water-only exposure 
systems is required for meaningful comparison to spiked sediment tests.
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6.05.05  Mind the Gap: Modelling Pore and Overlying Water 
Concentrations in Sediment Contact Assays Using Kinetic Chemical 
Fate Modelling
F.C. Fischer, National Institute for Environmental Studies / Cell 
Toxicology; K. Hiki, S. Endo, National Institute for Environmental Studies 
/ Center for Health and Environmental Risk Research
Spiked-sediment contact tests are well-established in assessing the 
hazard of hydrophobic chemicals for sediment organisms. Endo- and 
epibenthic species are used for toxicity testing, most requiring a (semi) 
flow-through water renewal system to supply oxygen and to remove 
ammonia. However, chemical exposure in such dynamic systems can 
vary in time and space, making it difficult to clearly link observed toxic-
ity to nominal sediment (mg/kg sediment) or freely dissolved pore water 
concentrations (Cfree,pore) calculated by equilibrium-based models. Here, 
we present a kinetic chemical fate model that accounts for temporal 
concentration changes in Cfree,pore and overlying water (Cfree,over) in the 
H. azteca semi flow-through sediment contact test. The model includes 
the desorption from sediment particles to pore water, diffusion through 
pores and the sediment-water boundary, mixing in overlying water, and 
outflow by water renewal. Sensitivity simulations were run with different 
water diffusion coefficients and partition constants and the model results 
were compared to experimental Cfree,over and Cfree,pore measured by pas-
sive sampling with solid-phase microextraction (SPME) fibers. Cfree,over 
and Cfree,pore were predicted to decrease by ~60% and ~15% after 10 d 
for chemicals exhibiting moderate sediment sorption like phenanthrene. 
In contrast, very hydrophobic chemicals like benzo(a)pyrene were not 
depleted from the sediment and Cfree,over was largely constant over the 
test duration. For all chemicals, Cfree,pore was predicted to be higher than 
Cfree,over (e.g. 26x for phenanthrene and 2.8x for benzo(a)pyrene), which 
was confirmed by SPME. Spatial concentration modelling revealed that 
slow chemical diffusion in the sediment pores does not compensate the 
fast transport to the overlying water and then the outflux by water renewal 
in time, resulting in a steep concentration gradient in the upper mm of 
the sediment and a gap between Cfree,pore in lower sediment regions and 
Cfree,over, especially for water-soluble chemicals. The first model results 
emphasize that chemical exposure of H. azteca will depend on their 
activity (burying in sediment or swimming in overlying water) and can 
decrease over time due to competing kinetic processes (diffusion, water 
renewal). The spatial and temporal dynamics of chemical exposure need 
increased consideration in the further development of sediment contact 
tests and in the interpretation and field extrapolation of toxicity.

6.05.06  A Stochastic Framework for Estimating Freely Dissolved 
Concentrations: Implications of Variance in Observed Sediment-
Porewater Partitioning
A.A. Brennan, U. S. Environmental Protection Agency / ORD/CCTE/
CCED/AACMB; D.R. Mount, U.S. Environmental Protection Agency / 
ORD/CCTE/Great Lakes Toxicology & Ecology Division; N.W. Johnson, 
University of Minnesota, Duluth / Civil Engineering
The use of passive sampling to quantify net partitioning of hydrophobic 
organic contaminants between porewater and sediment solid-phase has 
led to advancements in the ability to predict bioavailability and toxicity as 
well as innovative contaminant management strategies. Despite signifi-
cant progress, variance in partitioning strength remains an intractable 
problem due to a complex mixture of phases present in natural and 
anthropogenic organic matter. When solid-phase concentration (Ctotal) is 
known but porewater measures are not available, variability in passive 
sampling-derived sediment-porewater partitioning (KTOC) can be used 
to estimate the variance in expected porewater concentrations (Cfree). 
We propose a stochastic framework in which an estimated range of Cfree 
exposure can be paired with biological effects data, providing a quantita-
tive and transparent way of estimating the risk of Cfree- exceeding a toxic 
unit or tissue concentration threshold for polycyclic aromatic hydrocar-
bons (PAHs). We apply the framework to both an individual biological 
endpoint or a sensitivity threshold for a biological assemblage in an 
ecosystem. The stochastic framework presented here uses the extent to 

which actual aggregated PAH partitioning to the solid-phase is greater 
than that predicted by default KTOC values when normalized for potency, 
a quantity termed the bioavailability ratio (BR). We use the BR to derive 
a continuous estimate for the probability that aqueous-phase potency 
(interstitial water toxic units) will exceed a threshold along a continuum 
of solid-phase contaminant quantity (equilibrium partitioning sediment 
benchmark toxic units). Our analysis shows the implications of the vari-
ance in BR when applied to solid-phase measurements from moderately 
contaminated sediments. At lower contaminant concentrations, the risk 
curves derived from BR distributions with large variance exceed biologi-
cal thresholds at lower Ctotal compared to those with a smaller variance. 
By considering differences in the variance of KTOC and BR, estimates 
of risk posed by sediment-associated contaminants are more transparent 
and nuanced. Stochastic descriptions of contaminant partitioning can 
refine screening-level assessments using Ctotal until passive sampling is 
routinely incorporated into sediment assessments. The views expressed in 
this abstract are those of the authors and do not necessarily represent the 
views or policies of the USEPA. 

6.05.07 Deconvoluting Thermodynamics from Biology in the 
Aquatic Food Web Model
U. Ghosh, M. Bokare, University of Maryland, Baltimore County / 
Chemical, Biochemical, and Environmental Engineering; F. Gobas, 
Simon Fraser University / Resource & Environmental Management
We present here a thermodynamic approach for modeling the bioaccu-
mulation of polychlorinated biphenyls (PCBs) in aquatic food webs that 
uses two primary thermodynamic drivers: the concentration of freely dis-
solved PCBs in sediment porewater and surface water. In this approach, 
we distinguish and account for thermodynamic partitioning and specific 
interactions among various organisms in food-webs to characterize the 
ecosystem-specific fractional contribution of sediment porewater and 
surface water. This approach aims to deconvolute biological interactions 
(determined by organism diet and ventilation behavior) from the thermo-
dynamic factors (determined by the concentrations in sediment porewater 
and surface water). We first demonstrate the feasibility of this deconvolu-
tion approach mathematically for “simple” food web models with two and 
three interacting species and two “complex” food web models that include 
more than 10 species of aquatic organisms in a freshwater lake ecosystem 
(Western Lake Erie) and a marine ecosystem (New Bedford Harbor). Our 
results show both mathematically (for the simple ecosystems) and com-
putationally (for the more complex ecosystems), that a deconvoluted food 
web model that is parameterized for site specific conditions can predict 
the uptake in aquatic organisms similar to existing detailed food web 
models. Once the fractional contributions are computed for an ecosystem, 
the deconvoluted model provides a relatively simple approach for calculat-
ing concentrations of PCBs in biota under conditions with changing water 
phase concentrations. This approach is especially useful for calculating 
bioaccumulation based on freely dissolved concentrations measured using 
passive sampling or predicted based on fate and transport modeling.

6.05.08  Refining Our Understanding of Metal Bioavailability in 
Sediments Using Information from Porewater: Application of a 
Multi-Metal Sediment BLM
R.C. Santore, K.E. Croteau, Windward Environmental, LLC; A.C. Ryan, 
International Zinc Association
The Equilibrium Partitioning Sediment Benchmarks (ESBs) derived 
by USEPA in 2005 provide a mechanistic framework for understand-
ing metal bioavailability in sediments. These benchmarks are based on 
Equilibrium Partitioning theory, which predicts that metal bioavailability 
in sediments is largely determined by partiti`oning to sediment particles. 
Factors that favor the partitioning of metals such as the presence of 
acid volatile sulfide (AVS) and sediment organic matter tend to reduce 
metal bioavailability to benthic organisms. Because ESBs link metal 
bioavailability to partitioning, they also predict that measuring metals in 
porewater can lead to a more accurate assessment of bioavailability and 
toxicity to benthic organisms. At the time the ESBs were developed, the 
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analysis of porewater metal concentrations was limited to comparison 
with hardness-equation based metals criteria. However, the sediment 
biotic ligand model (BLM) provides a more comprehensive assessment 
of porewater metal concentrations since it considers factors in addition to 
hardness including pH, and dissolved organic carbon. In this presentation, 
we will use the sediment BLM to analyze porewater chemistry from a 
number of studies at metal-impacted sites to assess whether information 
about porewater metals can help improve our assessment of metals risk to 
benthic organisms. The sediment BLM considers mixtures effects from 
cadmium, copper, nickel, lead and zinc such that each metal can contrib-
ute to the toxicity of the mixture, and interactions between metals can 
modify the overall expression of toxicity. In general, the BLM running all 
metals simultaneously produced a better comparison with observed toxic-
ity than the BLM with any one metal alone. Performance of the sediment 
BLM with porewater data was compared with other sediment benchmark 
methods and was generally more accurate in differentiating sediments 
where toxicity was observed.

6.05.09 Equilibrium Partitioning Sedmient Benchmark Derivation 
for Metals Mixtures: Unfinished Business
J. Toll, D.K. DeForest, R.C. Santore, K.L. Tobiason, C. Detering, A.J. 
Edgington, N. Judd, Windward Environmental, LLC
15 years ago, USEPA published a procedure for deriving metal mixture 
equilibrium partitioning sediment benchmarks (ESBs) protective of 
benthic organisms. ESBs are based on an understanding of acid-volatile 
sulï¬de (AVS) and organic carbon (OC) binding of simultaneously 
extracted cadmium, copper, lead, nickel and zinc. The sum of the molar 
concentrations of the simultaneously extracted metals (SEM) minus the 
molar concentration of AVS is called “excess SEM.” Excess SEM ≤ 0 
indicates that the metal mixture is not toxic. Excess SEM > 0 indicates 
possible toxicity. Presence of OC can identify additional sediments that 
are not toxic due to SEM. Sediments that screen in might be toxic due 
to SEM. Whether SEM is toxic depends on pore water concentrations of 
metals and other constituents including temperature, pH, dissolved OC, 
major cations, major anions, alkalinity, and sulfide; and on sensitivity of 
exposed benthic organisms. The ESB procedure has been helpful over 
the past 15 years. It gradually might yield to biotic ligand models for pore 
water metal mixtures but there is enough life left in ESB to warrant updat-
ing and improving the procedure. In this presentation we will identify at 
least 3 different elements that should be updated: 1. Underlying database. 
The original database is not even available. We tried reassembling it from 
the literature, requesting it from multiple co-authors of the ESB proce-
dures, and filing a FOIA request. We got close, but the database is not 
fully reproducible. We have assembled a fully reproducible database. It 
includes most of the original data, plus data collected over the 2 decades 
since the original database was assembled. We will present that and make 
it available. 2. Uncertainty bounds procedure. Lower and upper bounds 
are computed by an empirical procedure. Monte Carlo techniques can 
provide improved uncertainty bound estimates that provide the same level 
of protection as the original bounds. We will demonstrate and make the 
improved procedure available. 3. Species-specificity. Sufficient data now 
exist to compute species-specific uncertainty bounds. Additional studies 
to expand species-specific datasets should be encouraged. We will present 
species-specific uncertainty bounds for Hyalella azteca. Users will have 
access to the underlying database and uncertainty bounds procedure, 
and so will be able to recalculate the uncertainty bounds themselves and 
update them as new data become available. n

6. Treatment Technologies for Emerging Water 
Contaminants
6.06.02  Evaluation of 3D Printed TiO2 Embedded Structures for 
Photocatalytic Treatment of Organic Constituents in Confined 
Disposal Facilities
A.D. McQueen, U.S. Army Corps of Engineers / ERDC/EL; M. Ballentine, 
L.R. May, U.S. Army Corps of Engineers / ERDC; A. Das, M. Bortner, 
Virginia Polytechnic Institute and State University / Department of 
Chemical Engineering; A.J. Kennedy, U.S. Army Corps of Engineers / 
ERDC
Large-scale water treatment impoundments associated with confined 
disposal facilities for dredged material often contain residual contami-
nation of organic compounds (e.g., polycyclic aromatic hydrocarbons 
[PAHs]) that limit water reclamation options and beneficial uses of the 
site. Therefore, there is a need to explore effective low-energy treatment 
options that can mitigate aqueous concentrations of organic contami-
nants. Recent advancements in additive manufacturing using polymers 
embedded with photocatalytic materials (e.g., titanium dioxide [TiO2]) 
are gaining attention due to their performance as an advanced oxidation 
process for water treatment. Yet, significant data gaps remain to transfer 
it to practical, deployable, and retrievable treatment structures for use 
at larger-scale applications. Advancements in low cost 3D-printing may 
enable rapid and flexible methods to evaluate photocatalytic materials 
for testing treatment efficacy and bridge the gap for technology transfer 
to field-scale application. Therefore, the goal of his study was to evaluate 
the performance of 3D printed TiO2 structures for treating contaminants 
of concern (e.g., PAHs). The specific objectives were to: 1) measure the 
performance of photocatalysis by 3D-printed TiO2 structures to degrade 
methylene blue (a performance standard); and 2) confirm changes in con-
taminant exposures following photocatalytic treatment using standardized 
freshwater toxicity testing species. Treatment structures were created 
using polylactic acid (PLA) feedstock mixed with TiO2 (Aeroxide® P25) 
and manufactured using a commercially available bench-top 3D-printer. 
Photocatalytic experiments were conducted in controlled environmental 
chambers under full spectrum light producing 65% visible spectrum 
(400-750 nm); 30% UVA (320-400 nm) and 5% UVB (280-320 nm). 
3D-printed mesh and solid films embedded with TiO2 were effective at 
decreasing concentrations of methylene blue, with removal efficiencies 
achieving > 90% reduction after 120 hours (decreasing from 1.03 mg/L to 
< 0.10 mg/L). Following photocatalysis of methylene blue, a degradation 
half-life of 19 and 24 hours was observed in treatments with 3D-printed 
mesh and solid structures, respectively. These data indicate the poten-
tial application of polymers embedded with TiO2 to alter exposures of 
problematic organic constituents in contaminated water and highlight the 
benefits of 3-D print technology to construct novel structures for evaluat-
ing performance.

6.06.03 High Energy Electron Beam Technology for the Mitigation 
of M. aeruginosa and microcystin-LR in Drinking Water
A. Folcik, Texas A&M University / Interdisciplinary Program in 
Toxicology; C. Klemashevich, Texas A&M University / Protein Chemistry 
Laboratory; S.D. Pillai, Texas A&M University / Interdisciplinary 
Program in Toxicology
Increasing global water scarcity is underscoring the need for efficient 
and reliable treatment technologies within the water treatment process. 
Ionizing radiation technologies present promising strategies for the 
remediation of many emerging contaminants. In particular, high energy 
electron beam (eBeam) technology is a chemical-free advanced oxidation 
reduction process (AORP) that is generated from commercial electricity 
and has been proven effective for the breakdown of organic and inorganic 
pollutants. This largely occurs due to interactions with reactive species 
created during water radiolysis. Similar variables effecting water avail-
ability, such as rising temperatures and nutrient pollution, are also feeding 
the rising occurrence of harmful cyanobacterial blooms (cyanoHABs). 



320 | SETAC North America 41st Annual Meeting

Track 6 | Engineering, Remediation and Restoration

CyanoHABs are responsible for producing an array of hepato- and 
neuro-toxins that pose threats to human and animal health. Drinking 
water sources that are affected by a cyanoHAB provide a critical human 
exposure scenario. The cyanobacterium Microcystis aeruginosa is com-
monly associated with freshwater cyanoHABs and is responsible for 
producing a class of hepatotoxins termed microcystins. Of the over 100 
variants of microcystin, microcystin-LR (MC-LR) is the most prevalent 
and most toxic. Current removal strategies rely on ozonation but may not 
be effective for both intra- and extra-cellular microcystins. Our underly-
ing hypothesis is that high energy eBeam technology could be effective 
for the detoxification of microcystin and M. aeruginosa contaminated 
waters. Our data suggests that aqueous samples treated with low eBeam 
doses (< 500 Gy) completely destroy the parent MC-LR as determined 
through LC-MS/MS and the EPA standard method 546 ADDA-specific 
Enzyme-Linked Immunosorbent Assay (ELISA). Similarly, these samples 
exhibit dose dependent decreases in toxicity with eBeam treatment. 
Culture samples treated with eBeam required higher doses for inactiva-
tion (2 kGy) to achieve no cell multiplication. However, M. aeruginosa 
cells were observed to lyse within 16 hours of irradiation treatment 
suggesting extensive cell damage. Further studies are being pursued to 
understand the degradation pathway of MC-LR and the ability of M. aeru-
ginosa cells to synthesize MC-LR prior to cell lysis. eBeam technology 
has the potential to be a sustainable and more cost-effective alternative 
treatment strategy for the remediation of cyanoHABs and their toxins in 
water treatment.

6.06.04 Tight Sorption of Arsenic, Cadmium, Mercury and 
Lead by Medical Grade Activated Carbon and Acid-Processed 
Montmorillonite Clay
M. Wang, Texas A&M University / VIBS; S. Hearon, Texas A&M 
University / Toxicology; G. Bera, Texas A&M University / Oceanography 
and GERG; K. Mitra, Texas A&M University; T.L. Wade, A. Knap, Texas 
A&M University / Geochemical and Environmental Reaserch Group; T. 
Phillips, Texas A&M University
Heavy metal exposure in humans and animals commonly occurs through 
consumption of metal-contaminated drinking water and food, and this 
exposure can be magnified following disasters that can result in mobi-
lization and redistribution. Although many studies have focused on the 
remediation of metals by purification of water streams using sorbents, 
limited therapeutic sorbent strategies have been developed to minimize 
human and animal exposures to contaminated water and food. To address 
this need, a medical grade activated carbon (MAC) and an acid pro-
cessed montmorillonite clay (APM) that can be consumed by humans 
and animals, were characterized for their ability to bind heavy metals 
and mixtures that commonly occur in water and food. Results of screen-
ing and adsorption/desorption isotherms showed that binding plots for 
arsenic, cadmium and mercury sorption on surfaces of MAC (and lead on 
APM), fit the Langmuir model. The highest binding percentage, capacity 
and affinity were shown in a simulated stomach model, and the lowest 
percentage desorption was shown in a simulated intestine model. The 
safety and protective ability of MAC and APM, against individual heavy 
metals and a metal mixture, were confirmed in a living organism (Hydra 
vulgaris) where 0.1% MAC significantly protected the hydra against As, 
Cd, Hg, and a mixture of metals. In other studies, APM showed sig-
nificant reduction of Pd toxicity, compared to MAC and heat-collapsed 
APM, suggesting that the interlayer of APM was a major binding site 
for Pb. This is the first report showing that edible sorbents can bind a 
mixture of heavy metals in a simulated gastrointestinal tract and prevent 
their toxicity in a living organism (hydra). Also, the results indicate that 
edible sorbents may represent an effective way to reduce unintentional 
exposures to metals from contaminated water and food during natural 
disasters, outbreaks, emergencies and acts of terror.

6.06.06 Electron Beam as a Platform Technology for the Water 
Industry to Address Emerging Pollutants
S.D. Pillai, Texas A&M University / Graduate Toxicology Program
Electron beam is a non-thermal, chemical-free technology that employs 
electron accelerators for generating large concentrations of highly 
energetic electrons from regular, commercial electricity. These energetic 
electrons mediate extremely rapid reduction and oxidation reactions that 
generate a variety of highly reactive free radicals such as hydroxyl radi-
cals, solvated (aqueous) electrons, hydrogen peroxide, etc. The energetic 
electrons in combination with the free radicals are capable of destabiliz-
ing organic biomolecules such as DNA, RNA, proteins as well as small to 
large chemical compounds such as PFAS, bromate, toxins, antibiotic com-
pounds, pesticides, and other such compounds. The primary advantage of 
this technology compared to any other technology that is available com-
mercially is that it can be used for the remediation of target compounds in 
either liquid, semi-solid or solid materials. Currently eBeam is the only 
technology that is known to have the capacity to completely breakdown 
PFOS one of the newly regulated emerging contaminant. Given the 
supposed advantages of this technology, it begs the question as to why 
there are no water or wastewater treatment plants in the US. In the 1990’s 
there was a pilot scale eBeam facility that was associated with a water 
treatment plant in Miami, Florida. However, the technology used in that 
facility was solely for demonstration and research. Several research pub-
lications were generated while that facility was still in operation. Since 
the early 2000 studies at the Texas A&M University National Center for 
Electron Beam Research have shown that this technology is effective 
against conventional bacterial pathogens as well as emerging pollutants 
such as viral and protozoan pathogens, cyanotoxin-producing algae, 
endocrine disrupting chemicals, disinfection byproducts such as bromate 
as well as per and polyfluorinated chemical compounds (PFAS). A salient 
feature of this technology is that it can be used to treat contaminants 
in liquid and solid waste streams. Thus, this technology is suitable for 
drinking water, raw wastewater, wastewater effluent and treatment plant 
residuals such as sludges as well as soils and landfill leachates. China has 
the world’s only commercial scale eBeam technology based industrial 
wastewater treatment plant. The US Department of Energy has identified 
the current limitations in the technology that is preventing widespread use 
of the technology. Besides technology there are other non-science reasons 
behind the poor commercial adoption of this technology in the US water 
and wastewater industries. This presentation will focus on the research 
studies demonstrating the value of this technology as well as a discussion 
of why this technology is yet to be adopted widely around the world and 
especially in the US.

7. General Engineering, Remediation and 
Restoration
6.07.01 Identifying Historic Gold Mine Waste Using Satellite Images 
and Remote Sensing Techniques
D.A. Jewell, Saint Mary’s University / Applied Science; L. Campbell, 
Saint Mary’s University / Environmental Science; H. White, Canada 
Centre for Mapping and Earth Observation / Natural Resources Canada
From the late 19th the early 20th centuries, arsenopyrite-rich gold ore 
in Nova Scotia was mined and subsequently extracted using a mercury 
amalgamation process. Ore-bearing rock was crushed into a fine sand 
before being saturated with mercury, which dissolved gold and left the 
waste rock behind. This waste rock, which was invariably contaminated 
with mercury in addition to being naturally high in arsenic, was typically 
dumped into the nearest wetland, stream, or depression with no regard for 
the impact on the environment or the health and wellbeing of people and 
animals. Remediation or reclamation plans were very rare or nonexistent 
during this period, and much of this waste, known as tailings, still lies 
right where it was dumped a hundred or more years ago.The govern-
ment of Nova Scotia has committed to cleaning up two tailings waste 
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sites among the 64 historic gold mine districts in the province. While the 
boundaries of the districts are well defined, the exact location and extent 
of many of the tailings sites are unknown and unmapped. What maps and 
datalayers do exist are based on geological surveys from the 1890-1910’s, 
with the exceptions of the two key gold districts identified for provincial 
remediation actions. This project explores whether satellite-based (opti-
cal) remote sensing techniques can be used along with targeted in-situ 
ancillary data to accurately identify these tailings sites in a cost-effective 
manner. The proposed method includes the use of GIS and remote sens-
ing software to algorithmically sort pixels of multi-spectral images into 
classes that represent land cover. By verifying this classification via 
in-situ visual inspection, soil samples, and presence/absence of indicator 
plant species, the classification algorithm can be iteratively refined to cre-
ate an accurate model. Once verified at one site, the model will be applied 
to other sites with similar surficial/geological properties and verified again 
to determine if this process can be reliably used province wide.

6.07.02 Characterization and Comparison of Polychlorinated 
Biphenyl Concentrations and Distributions in School Rooms
M. Keshei, R.F. Marek, C. Just, The University of Iowa / Civil and 
Environmental Engineering; K.C. Hornbuckle, University of Iowa / The 
Interdisciplinary Program in Human Toxicology, Department of Civil and 
Environmental Engineering, IIHR-Hydroscience and Engineering
Polychlorinated biphenyls (PCBs) are persistent organic pollutants that 
exist in school and home air due to use of PCBs in building materials and 
due to the presence of PCBs in modern pigments and polymers. PCBs are 
carcinogens, neurotoxins, and endocrine disruptors and their presence 
in schools can be harmful to students and other vulnerable populations 
of people who work in schools. But the variation between PCB concen-
trations and congener distributions have not yet been analyzed from 
room-to-room within a single school. Here we report measured PCB 
concentrations and congener distribution from 10 distinct locations inside 
and outside of Columbus Community High School (CCHS). Samples 
(n=36) were collected in triplicate using polyurethane foam passive air 
samplers (PUF-PAS) from July to August 2019. Samples were analyzed 
using gas chromatography mass spectrometry (GC/MS-MS) for all 209 
PCBs. Concentrations were 1-2 orders of magnitude higher indoors than 
outdoors, ranging from 1 to 42 ng m-3 indoors. The average concentration 
for indoor air was 16 ± 11 ng m-3, which is much higher than outside air 
(0.09 ng m-3). Room air congener distributions are more similar in rooms 
that are in the same part of the building, despite decentralized heating 
cooling and air conditioning systems. This study is the first of its kind to 
study room-to-room variation of PCB congener distribution and concen-
tration of indoor school air.

6.07.03 In-Situ Treatment of 1,4-Dioxane Under Column Scale 
Conditions
M. Cashman, U.S. Environmental Protection Agency / Atlantic Coastal 
Environmental Sciences Division; T.B. Boving, University of Rhode Island 
/ Department of Geosciences
1,4-dioxane is a recalcitrant groundwater contaminant present at many 
industrial sites and resistant to most conventional remediation technolo-
gies. In-situ chemical oxidation with peroxone activated persulfate (PAP) 
is a promising remediation technology, but there is limited understanding 
of the underlying processes that govern PAP oxidation of 1,4-diox-
ane. This research investigates a PAP oxidant, OxyZone® (EnChem 
Engineering, Newton, MA), and its effect on 1,4-dioxane contaminated 
water under column scale conditions in the presence of porous material. 
Flow-through column-scale experiments were conducted in a sand packed 
(porosity =29%), 1.5 m column (i.d. 7.7 cm) saturated with an aqueous 
1,4-dioxane solution (QIN, Caq=300 μg/L). The effluent concentrations 
(QOUT) were measured with gas chromatograph mass spectrometry for 
1,4-dioxane concentration alongside pH, oxidation reduction potential, 
and electric conductivity. Multiple experiments were performed to simu-
late two field scale oxidant injection schemes of (1) one slug of oxidant 
injection at one location or (2) two slug injection at two locations within 

the flow field of a 1,4-dioxane plume. The same amount of oxidant was 
injected in both scenarios. In these column experiments, the oxidation 
rates varied from 0.08 h-1 to 1.54 h-1 under pseudo-first order conditions 
and were greatest in the second oxidant injection scheme. These results 
suggest that field scale in-situ chemical oxidation of 1,4-dioxane in 
groundwater plumes with PAP is possible.

6.07.04  Inactivation of Toxic Cyanobacteria (Microcystis aerugi-
nosa) by Chitosan Nanobubbles
G. Nam, Korea University; J. Jung, Korea University / Environmental 
Science and Ecological Engineering
Recently, we have investigated microbubble ozonation for the removal 
of toxic cyanobacteria, Microcystis aeruginosa (1.74 × 106 cell mL-1). 
Although microbubble ozonation (0.26 to 1.92 mg O3 L-1) was success-
ful to treat M. aeruginosa (26 to 83%), there were still risk concerns for 
dissolved ozone and toxic microcystins released. Therefore, in this study, 
chitosan nanobubbles were applied to inactivate M. aeruginosa with 
minimum cell lysis. Chitosan modification changed the surface charge 
of nanobubbles from negative (-20.68 ± 1.11 mV) to positive (15.36 ± 1.17 
mV) to enhance the electrostatic interaction with negatively charged M. 
aeruginosa (-34.81 ± 1.79 mV). The significant increase in the inactivation 
of M. aeruginosa by chitosan nanobubbles was revealed by cell viability 
test using a fluorescence indicator (propidium iodide). Additionally, levels 
of reactive oxygen species and microcystin-LR before and after chitosan 
nanobubble treatment were also analyzed to confirm the inactivation 
process.

6.07.05  Washing Machine Filters Are an Effective Way to Reduce 
Microfiber Emissions in a Small Town
D. Nouri Parto, L. Erdle, University of Toronto / Department of 
Ecology & Evolutionary Biology; D. Sweetnam, Georgian Bay Forever; 
C.M. Rochman, University of Toronto / Department of Ecology and 
Evolutionary Biology
Microfibers are defined as anthropogenic fibers < 5 mm in length and 
are usually the most common type of microplastics found in the environ-
ment. Microfibers have been shown to be harmful to aquatic organisms 
by interfering with their feeding behavior and causing impacts on growth. 
Laundering clothes is a major known source of microfibers in water, with 
a single load releasing as many as 700,000 microfibers. While wastewater 
treatment plants can remove >90% of microfibers from the final efflu-
ent, many microfibers are still released either directly into waterbodies 
via final effluent or into terrestrial environments via land application of 
biosolids. Research has found that externally installed filters on washing 
machines are able to capture 89% of the microfibers emitted with wash 
water, thus reducing the number of fibers sent to a treatment plant. Our 
research is testing the effectiveness of washing machine filters installed 
in a community. We installed 100 filters in households in Parry Sound, 
Ontario, starting in 2019. All households were connected to the Parry 
Sound Wastewater Treatment Plant, which processes wastewater from 
approximately 1050 homes. We measured the number of fibers in the final 
effluent before and after installing washing machine filters. The wastewa-
ter was collected using efflux pumps. Sieves were used to capture fibers 
and fragments up to 45µm. By targeting around 10% of the community, 
we expected to see a small decrease in microfiber emissions from the 
wastewater treatment plant. Our results show a significant reduction in 
the number of microfibers in the final effluent after filters were deployed. 
In addition, we subsampled the lint collected in the filters and estimated 
the total number of microfibers diverted away from the environment. We 
estimate that each filter captured between 1.5 to 6.2 million microfibers 
in the first three months of use. Filters also were effective at capturing 
microplastic fragments, including sequins, glitter, and other anthropo-
genic particles. Our results suggest that washing machine filters are an 
effective and feasible way to reduce the microfibers and microplastics 
released from domestic laundry.
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6.07.06  Determining the Effect of Marine Fuel Oil on Spartina 
Growth and Comparing Source Material for Oil Spill Salt Marsh 
Restoration
J.L. Ramirez, College of Charleston / Biology; P.L. Pennington, NOAA / 
National Centers for Coastal Ocean Science
Replanting of intertidal salt marshes with native plant species has been 
used as an oil spill restoration tactic. Plants raised in nurseries, as well 
as field transplants from areas adjacent to spill sites, have been used, but 
there is currently no standard or preferred method for obtaining plant 
materials. The purpose of this study is two-fold: (1) to determine the oil-
ing level at which marine fuel oils will have adverse effects on Spartina 
alterniflora and Spartina patens and (2) to compare the growth perfor-
mance of field transplants versus nursery-raised Spartina alterniflora in 
response to different marine fuel oils. The effect of No. 6 fuel oil on the 
growth of the coastal salt marsh plants S. alterniflora and S. patens was 
studied in a greenhouse experiment. Spartina plant plugs were established 
in cups with collected marsh sediment. The cups were placed into bins 
filled with 20ppt seawater and were treated with five different oil slick 
thicknesses ranging from 0µm to 3000µm. After 28d, the plant stem 
height, density, aboveground and belowground biomass, and chlorophyll 
α concentration were recorded. The data concluded that overall, there was 
no significant effect of oil on plant performance for both grass species. 
Regrowth of Spartina was also recorded during this experiment. After 
the 28d toxicity test, 1 plant plug from every bin was cut at the sediment 
surface and plant regrowth was measured monthly for 140d. This data 
recorded stem density and stem height regrowth after the oiled treatments 
occurred. The results of the regrowth study will be presented. To compare 
plant source performance, greenhouse mesocosms with collected marsh 
sediment will be dosed at different oil slick thicknesses of marine fuel oil. 
Field-collected or nursery-raised plants will be transplanted into the oiled 
sediments within the mesocosms. This experiment will be performed 
for at least 28d. The same endpoints from objective 1 will be collected to 
compare which plant source performs better in the oiled mesocosm sedi-
ments. The results of these experiments will help determine which source 
of Spartina, field-collected or nursery grown, will have better growth 
performance for replanting after an oil spill in a salt marsh. Determining 
the toxic threshold of Marine Fuel Oil on Spartina, will lead to develop-
ment of an effective replanting strategy for restoration after oil spills in 
salt marshes.

6.07.07 Carbonaceous and Clay-Based Sorbents Can Reduce 
Chemical Bioavailability from Soil and Translocation to Plants
S. Hearon, Texas A&M University / Toxicology; M. Wang, Texas A&M 
University / VIBS; T. Phillips, Texas A&M University
The widespread use and release of chemicals has resulted in detectable 
residues throughout the environment, sometimes at concentrations well 
above regulatory limits. This issue can be magnified during disasters 
such as hurricanes, where chemicals can be mobilized in floodwaters 
resulting in unintended human and animal exposures. Therefore, the 
development of safe, effective, field-practical, and economically feasible 
strategies to mitigate the effects of chemical contaminants is warranted. 
Aminomethylphosphonic acid (AMPA), a toxic and persistent metabolite 
of the widely used pesticide glyphosate, can accumulate in soil and sedi-
ment and translocate to plants. In this study, we investigated the binding 
efficacy of activated carbon (AC) and calcium montmorillonite (CM) clay 
to decrease AMPA bioavailability from soil and AMPA translocation to 
plants. Adsorption isotherms and thermodynamic studies on AC and CM 
fit the Langmuir model and showed tight binding (enthalpy values >-20 
kJ mol-1) for AMPA with high capacities (0.25 mol kg-1 and 0.38 mol kg-1, 
respectively). A hydra assay was utilized to indicate toxicity of AMPA 
in a living organism and inclusion of 1% AC and CM both resulted in 
90% protection of the hydra (**p≤0.01). Further studies in glyphosate-
contaminated soil showed that AC and CM significantly reduced AMPA 
bioavailability by 53% and 44%, respectively. Additionally, results in 
genetically modified (GM) corn showed a conversion of glyphosate to 
AMPA in roots and sprouts over a 10-day exposure duration. Sorbents 

inclusion resulted in a reduction of AMPA residues in GM corn roots 
and sprouts by 47-61%. These studies collectively indicate that AC and 
CM are effective sorbents for AMPA and could be used to reduce AMPA 
bioavailability from soil and AMPA residues in GM corn plants. Other 
chemicals of concern include polyfluoroalkyl substances (PFAS) that 
are widely used in manufacturing and other industrial processes and can 
accumulate throughout the environment. Ongoing studies are investigat-
ing sorbent ability to reduce PFAS bioavailability in soil and translocation 
to vegetable plants. Supported by NIEHS SRP P42 ES0277704.

6.07.08  Co-Benefits of Remedial Designs that Accelerate Urban 
Revitalization and Recreational Opportunities
D. Kennedy, C. Dixon, AECOM; N.R. Grosso, M.R. Liberati, Corteva
Historically released mercury (Hg) from a former textile manufacturing 
facility (Site) has accumulated in depositional areas on the banks of the 
South River, Virginia. Introduction of legacy Hg impacted soils to the 
South River through bank erosion is the most significant source of Hg 
loading to the system. Phase 1 interim measures (IMs) are being designed 
and constructed at six bank management areas (BMAs) in the first two 
river miles below the Site. Remedial design elements include river bank 
stabilization measures, geocell cap with biochar amendment for bank 
leaching control, and restoration activities. Several components of the 
remedial design for each BMA factor in the area’s existing or proposed 
use for members of the public. The North Park BMA is the sixth and 
final BMA project being implemented in Phase 1. The existing park area 
includes a number of recreational and athletic facilities within the flood-
plain, but are isolated from the river by a flood control berm and heavy 
vegetation that obscures the river view from within the park. Consistent 
with previous BMAs, this project incorporated design elements from the 
City of Waynesboro’s Greenway Trail and Water Trail projects into site 
restoration plans. Additionally, a riverside access for recreational fishing 
and boating activities was also included to provide greater river access 
and connectivity with the park. This presentation will focus on the design 
and post development aspects of the Phase 1 IMs and discuss how unique 
site planning and restoration features were able to be incorporated into the 
remedial design at the North Park BMA and previous BMAs to acceler-
ate urban revitalization and recreational opportunities while achieving 
remedial action objectives.

6.07.09 Early Indicators of Potential Remedy Success at a Mercury 
Impacted River Remediation
W.J. Reese III, AECOM / Risk Assessment; J. Collins, A. Miano, AECOM; 
M.R. Liberati, Corteva
Historical mercury (Hg) releases occurred at a textile manufacturing 
facility on the South River, Virginia. These releases resulted in increased 
Hg concentrations in biotic and abiotic media, which did not decline 
naturally over the past thirty years as originally expected. Introduction of 
legacy Hg-impacted soils to the South River through bank erosion is the 
highest source of Hg loading to the system. In 2009, a bank stabilization 
pilot was successfully constructed along the South River, significantly 
reducing mercury concentrations in near-bank sediment and pore water 
samples. Following a similar remedial approach, four additional bank 
management areas (BMA’s) were also stabilized, reducing the predicted 
mercury load from banks by approximately 60% within a two mile stretch 
of the South River. These BMA’s were completed in 2017 through 2019, 
followed by post-remediation monitoring. Post-remediation monitoring 
consists of abiotic (pore water and sediment) and biotic (periphyton and 
Asiatic clams) media adjacent to each BMA to measure and evaluate 
potential remediation success. Monitoring data are compared to base-
line (pre-remediation) data as well as data collected from BMAs that 
have yet to undergo remediation.Sediment inorganic mercury (IHg) and 
methylmercury (MeHg) concentrations at the four remediated BMAs 
are decreasing following remediation. These bulk sediments increas-
ingly reflect mercury concentrations in suspended solids as opposed to 
bank soils. Additionally, at some BMAs, preliminary success criteria 
for total mercury (THg) in sediment (80% reduction) has been achieved 
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within as little as two years following remediation. Similarly, a decline 
in pore water mercury concentrations along remediated BMAs has been 
observed, following an initial increase following the perturbation of 
the system due to remedial construction activities. compared to non-
remediated BMAs. These trends of declining mercury concentrations 
in sediment and pore water have not been observed at non-remediated 
BMAs. Mercury concentrations monitored in biotic media are more vari-
able than that of abiotic media and have not yet demonstrated any clear 
trends following remediation. However, it is predicted that mercury con-
centrations in biotic receptors will ultimately decline with the completion 
of additional bank remediations and the continued reductions in mercury 
concentrations in associated sediment and pore water.

6.07.10 Assessment of Stormwater Quality Discharging from the 
City of Saskatoon into the South Saskatchewan River
H. Popick, University of Saskatchewan / Environmental Engineering; 
M. Brinkmann, University of Saskatchewan / School of Environment 
and Sustainability and Toxicology Centre; K. McPhedran, University of 
Saskatchewan / Civil Engineering
Stormwater originates from precipitation events including rainfall and, 
for most Canadian cities, snowmelt that flows via surface runoff from 
urban landscapes, collecting in storm sewers, and conveyed into treat-
ment facilities or directly into the receiving water bodies. The continually 
increasing urbanization in Canadian cities has been resulting in increased 
quantity and decreased quality of stormwater. This increase of high 
quantity, low quality stormwater presents difficulties for the collection 
and diversion of potentially harmful stormwater effluents to protect 
municipal infrastructure and the receiving environmental waterbodies. 
The goal of this research was to determine the potential impacts of the 
City of Saskatoon’s (City) stormwater outfalls and snow dump sites on the 
South Saskatchewan River (SSR) during the summer of 2019 and spring 
of 2020. Stormwater quality was monitored during four storm events in 
2019 at seven major City outfalls. Grab samples were collected at 7 major 
stormwater outfalls and 4 snow dumps. In the summer of 2020, composite 
river water samples were collected downstream of the City after a storm 
event to directly assess stormwater impact on river water quality. Samples 
are currently being analyzed for parameters including coliform bacte-
ria, organic carbon (TOC/DOC), heavy metals, and polycyclic aromatic 
hydrocarbons (PAHs); additionally, the sample toxicity to algae and 
daphnids will be assessed. Previous results for data collected in 2017 and 
2018 for seven other major outfalls showed exceedances for each of these 
analyzed parameters according to the Canadian Council of Ministers of 
the Environment (CCME) Water Quality Guidelines for Irrigation and/or 
for the Protection of Aquatic Life. Thus, many parameters for the seven 
current research outfalls are also expected to exceed their guidelines. 
These results can be useful considerations in decision-making regarding 
the implementation of potential stormwater treatment technologies.

6.07.11 Assessing the Potential for Biochar to Reduce Exposure to 
Pb: A Study of Pb Sorption on Biochar Under Varying Conditions
S.A. Plunkett, ORISE c/o U.S. Environmental Protection Agency / 
CPHEA, PESD; T.P. Luxton, U.S. Environmental Protection Agency / 
Office of Research and Development; C. Eckley, U.S. Environmental 
Protection Agency / EMMD; M. Johnson, U.S. Environmental Protection 
Agency / CPHEA, PESD
When people and animals ingest Pb-bearing soil, Pb is solubilized in the 
gastrointestinal (GI) system making it available for absorption. Pyrolyzed 
carbon in the form of activated charcoal is recommended after inges-
tion of various toxic substances to prevent absorption by the GI tract. If 
co-ingestion of pyrolyzed carbon (e.g., biochar) with Pb-contaminated 
soil can reduce Pb bioavailability by providing sorption sites for the 
solubilized Pb, biochar amendments to Pb-contaminated soil may be a 
cost-effective way to reduce soil Pb hazard to ecological receptors like 
waterfowl. Thus, we evaluated the ability of biochars to sorb Pb under 
both extremely acid and near neutral pH and identify biochar character-
istics associated with Pb immobilization. Forty-eight different biochars 

were produced from a variety of lignocellulosic and manure-based 
feedstocks and pyrolyzed at temperatures between 300 and 1100° C. 
Pb-contaminated sediment (5400 ppm Pb) from near Coeur d’Alene, ID 
was extracted with a synthetic stomach acid (0.4 M glycine at pH = 1.5) 
solution (EPA Method 1340). The Pb concentration of the filtered (0.45 
µm) extract was 0.164 mM Pb. Aliquots of this solution (100 mL) were 
reacted with 0.4 g of biochar for 1 hour, then filtered (0.45 µm). To isolate 
the effect of the synthetic stomach acid’s extreme acidity on biochar 
Pb sorption capacity, 0.6 g of the same biochars were also reacted with 
60 ml of 5 mM Pb(NO3)2 solution for 24 hours, then filtered (0.45 µm). 
Pb-loaded biochars were then reacted with synthetic stomach acid for 1 
hour to gauge the stability of immobilized Pb. Solutions were analyzed 
for Pb by ICP-OES. Results show that biochar pyrolysis temperature and 
feedstock dramatically affect Pb sorption capacity with higher tempera-
ture biochars (≥ 700° C) generally displaying greater Pb sorption than low 
temperature biochars. Under gastric conditions, maximum Pb sorption 
capacity of biochars range from 1000 - 1400 mg Pb kg-1. At near neutral 
pH, Pb sorption capacity increased to over 100,000 mg Pb kg-1 for some 
biochars. Upon subjecting Pb-sorbed biochars to gastric conditions, some 
biochars re-released all the initially sorbed Pb while others retained as 
much as 62,550 mg Pb kg-1 biochar (68% of initial sorbed Pb). We explore 
biochar characteristics that are particularly effective for immobilizing Pb 
under various conditions to inform the use of biochar for Pb-contaminated 
soil remediation.

6.07.12  Understanding the Effect of Oil on Phytoremediation of PCB 
Co-Contamination in Transformer Oil Using Chromolaena odorata
R. Anyasi, University of South Africa / Environmental Sciences; H.I. 
Atagana, University f South Africa / Institute for Science and Technology 
Education; J. Anyasi Raymond, Tshwane University of Technology, 
Pretoria / Management and Technology; C.S. Okafor, University of South 
Africa / Environmental Sciences
This study entails the greenhouse assessment of the effect of oil on 
Chromolaena odorata ability to remove PCB from soil treated with trans-
former oil co-contaminated with Aroclor 1260. Plants were transplanted 
into one kilogram of soil contained in 1L pots differently containing 100, 
200, and 500 ml of transformer oil (T/O), co-contaminated with 100 ppm 
of Aroclor. Treatment was done in two microcosm; direct contamination 
and soil culture method. Measured plant growth parameters showed that 
C. odorata growth was differently affected by the different concentrations 
of transformer oil. Inhibition of the oil to plant growth increased with 
concentration. At the end of six weeks of growth, plants showed a dimin-
ished effect in T/O amended soil to the parameters tested. Plants size was 
increased by 1.4, 0.46 and -1.0 % in direct treatment and 17.01, 6.09 and 
1.08 % in soil culture at the 100, 200 and 500 ppm respectively. Untreated 
control showed 43.07 % increase. Slight PCB recovery was observed in 
the root tissues of C. odorata but the plant caused a high reduction of 
66.6, 53.2, 41.5 % and 77.3, 74.7, 58.8 % of soil PCB at both treatments 
with their respective concentration of oil. However, unplanted control was 
reduced by 21.4 and 16.7 % in the two treatments at 100 ppm of oil. This 
study has shown that with improved agronomic practices, there is pos-
sibility of phytoremediation of soil PCB from PCB contained transformer 
oil contaminated soil using Chromolaena odorata, hence should be 
optimized in the field. Keywords: Phytoremediation, Transformer oil con-
tamination, Chromolaena odorata, PCB, Soil remediation, South Africa.

6.07.13 Biodegradation of Key Intermediates Produced from 
Biodegradation of Xylene Isomers in Groundwater
S. Miri, York University / Civil Engineering; S. Brar, York University / 
Lassonde School of Engineering; T. Rouissi, INRS-ETE, Université du 
Québec, / Earth Science; R. Martel, Institut National de la Recherche 
Scientifique / Centre Eau Terre Environnement
Xylene is used as an important solvent in the leather, paint and rubber 
industries. The principle pathway of human contact to p-xylene is via soil 
and groundwater contamination from leaking underground storage tanks 
containing petroleum products. Among all treating methods, biological 
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treatment processes offer potential advantages such as cost-effective, 
environmentally friendly, and high efficiency in the degradation of aro-
matic contaminants. However, it is well documented that xylene isomers 
cannot be used efficiently as growth substrates by microorganisms. The 
main reason is the presence of toxic intermediates produced from the 
incomplete aerobic biodegradation. Pseudomonas putida is well-known 
bacteria for degradation of petroleum compounds that able to convert 
xylene isomers to their central intermediates such as toluic acid and 
p-cresol. Using degrading enzymes from different microorganisms allow 
designing a desirable pathway to degrade effectively selected contami-
nant. The result of this study showed that fungal laccases from Trametes 
versicolor could oxidize the central intermediated (toluic acid and cresol 
isomers) into an inert product with reduced toxicity. To produce lac-
case, the solid-state fermentation was carried out on plates contained 10 
g of apple pomace, 78% (w/w) moisture, pH 4.5 and 1ml of T. versicolor 
then incubated at 30ºC for 7 days. The tests were also carried out using 
10-11 U/mg of laccase in 150 ml serum sealed bottles contained 25ml 
of contaminated groundwater with 200ppm xylene contamination. The 
phenolic products obtained by Pseudomonas putida activity can be used 
as a substrate for laccase. The oxidation by Pseudomonas putida may be 
initiated by direct oxidation or oxidation of one or two methyl groups of 
the aromatic nucleus. Laccases are blue copper oxidases that catalyze the 
one-electron oxidation of phenolic compounds as well as many organic 
or inorganic substrates. The results showed that transformation xylene by 
Pseudomonas putida (in the initial concentration range of 200 mg/l) into 
toluic acid to cresol reached completion within 24 h. Then, the central 
intermediates were transformed leading to their complete disappearance 
within 400-500h. The results from the GC-MS scan showed the final 
product was an inert compound with reduced toxicity.

6.07.14 Choosing the Best Coring and Drilling Technologies to 
Achieve Project-Specific Data Quality Objectives
M.C. Ciarlo, EA Engineering, Science, and Technology, Inc., PBC; P.A. 
Derrick, EA Engineering, Science, and Technology, Inc., PBC / WNRE; 
J. Beaver, F. Barranco, EA Engineering, Science, and Technology, Inc. 
PBC; M. Hudson, EA Engineering, Science, and Technology, Inc., PBC / 
Water and Natural Resources
Sediment characterization at remediation and navigational dredging sites 
typically requires investigation of subsurface sediments using coring or 
drilling technologies. Characterization may be performed to understand 
sediment chemistry, lithology, geotechnical parameters, or ecology. A 
number of drilling and coring technologies are available. While there 
are some sources that identify advantages and disadvantages of some 
of these technologies, a source that catalogues the relative advantages 
of each is lacking. The purpose of this study is to compare methods of 
sediment coring. Twelve of the most commonly encountered methods of 
sediment coring were reviewed to develops a matrix-based tool to assist in 
selection of the right technologies to achieve specific data quality objec-
tives. This study draws from case studies at 50 sites in the Great Lakes 
and mid-Atlantic to compare methods based on the following variables: 
penetration depth, sample continuity, recovery potential, chemical integ-
rity, lithologic integrity, geotechnical integrity, portability/mobility, core 
processing requirements, logistical requirements, production of investi-
gation derived waste, and cost. Each technology’s performance for each 
variable may be influenced by substrate type, water depth, current/wave 
action, and accessibility. This study finds that an array of technologies is 
required for the full range of sediment investigation needs. Traditional 
drilling methods excel at preserving geotechnical integrity and maximiz-
ing penetration capability, while direct push and vibrational coring excel 
at obtaining continuous cores for chemical analysis. Manual samplers 
and vibracore are most portable, but may have limited penetration depth 
and recovery. Sonic drilling bears benefits for penetrating debris and 
hard substrates. The study concludes with recommendations for selec-
tion of technologies for commonly encountered settings and data quality 
objectives.

6.07.15 Coupled Hydrocarbon Degradation and Methanogenesis 
Drive Bioattenuation in Oil-Polluted Artisanal Refining Site
C.C. Obieze, University of Port Harcourt / Africa Centre of Excellence 
in Oilfield Chemicals Research; C.B. Chikere, University of Port 
Harcourt / Microbiology; R. Adeleke, North-West University / Unit for 
Environmental Sciences and Management; R. Selvarajan, College of 
Agriculture and Environmental Sciences / UNISA Science Campus; 
K. Ntushelo, UNISA / Department of Agriculture and Animal Science; 
O. Akaranta, University of Port Harcourt / Department of Pure and 
Industrial Chemistry
Hydrocarbon pollution resulting from artisanal crude oil refining in the 
Niger Delta has led to devastating effects on both the marine and ter-
restrial environments. The relatively slow recovery of these polluted sites 
and the paucity of information regarding the responses of indigenous 
microbes is the motivation for this study. Samples covering the surface 
(0 – 15cm) and sub-surface (30cm – 1m and 1m – 1.5m) of an artisanal 
refining site were analysed using metabarcoding. Total petroleum hydro-
carbons reduced with soil depth from 490, 000 mg/kg in the surface to 81, 
000 mg/kg at 1.5 m depth. Alphaproteobacteria was the dominant bacte-
rial class in the surface of the oil-polluted soil while dominance shifted to 
Anaerolinea in the subsurface. Acetoclastic Methanosaetaceae (45%) and 
hydrogenotrophic Methanoregulaceae (38%) were the dominant metha-
nogenic archaeal families. Microbial interactions and functions revealed 
hydrocarbon activation is potentially coupled with methane production 
through syntrophic associations. Among the established syntrophic 
bacteria detected were Smithella and Syntrophus. Pathways for polycyclic 
aromatic hydrocarbon degradation and methanogenesis from acetate, 
carbon dioxide and hydrogen were significantly enriched in the oil-pol-
luted soil. The findings from this study are critical in designing remedial 
strategies for the recovery of oil-polluted artisanal refining sites and for 
predicting future microbial responses to anthropogenic impacts.

6.07.16 Indigenous Microbial Species as Bioresource for 
Remediation of Chronically Polluted Niger Delta Soils
C.P. Okafor, University of Port Harcourt / Africa Centre of Excellence 
in Oilfield Chemicals Research; C.B. Chikere, L. Udemang, University 
of Port Harcourt / Microbiology; K. Ntushelo, UNISA / Department 
of Agriculture and Animal Science; O. Akaranta, University of Port 
Harcourt / Department of Pure and Industrial Chemistry
Bioremediation strategies rely on the use of microorganisms, fungi, 
green plants or their enzymes to restore natural environments altered by 
contaminants to their original state. Crude oil hydrocarbon pollution is 
a major problem of the Niger Delta States of Nigeria. The present study 
investigated the degradation efficiency of a bacterial consortia recovered 
from heavily inundated site in Bia-Ama Community, Niger Delta. Total 
Petroleum Hydrocarbons (TPH) concentration exceeded 22,000mg/
kg which surpassed the Nigerian Department of Petroleum Resources’ 
(DPR’s) 5000mg/kg intervention limit. Soil samples were collected at 
15cm depth with soil auger while microbial isolation was done using 
enrichment and vapor phase transfer methods in Bushnell Haas medium. 
Colorimetric method using 2, 6-dichlorophenol indophenol (DCPIP) 
redox indicator was employed to determine biodegradation potentials 
of the isolates. Bacterial isolates were further screened for biosurfactant 
production and aromatic hydrocarbon degradation abilities. A consortium 
for efficient biodegradation of crude oil was constituted from individual 
isolates that totally decolorized DCPIP. Total culturable heterotrophic 
and hydrocarbon utilizing bacterial counts were 2.07x106 and 1.71x106 
respectively indicating natural enrichment of indigenous hydrocarbon 
degraders by petroleum hydrocarbons. Bacterial species were identi-
fied using the 16S ribosomal identification following next generation 
sequencing. The genera Pseudomonas, Bacillus, Klebsiella, Enterobacter 
produced biosurfactants while Pseudomonas. Klebsiella, Proteus and 
Lysinibacillus species utilized aromatics (benzene and naphthalene). A 
combination of Pseudomonas, Bacillus, Lysinibacillus and Enterobacter 
was the most efficient crude oil degrading consortium with significant 
mean difference at (p =0.05) as evidenced by GC-analysis confirming 
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more than 25% reduction in TPH concentration of 1% crude oil within 
48hrs. Fungal isolates were mainly from the genera Aspergillus and 
Penicillium. Conclusively, the extant indigenous microbial community in 
the impacted site has the natural capability to degrade hydrocarbons and 
could be further enhanced through biostimulation for in situ remediation. 
Also these microorganisms could serve as models for toxicity testing of 
related environments with similar pollutants.

6.07.17  Influence of Antibiotics and Nitrification Inhibitors on 
Treatment Wetland Ecosystem Services in Agricultural Regions
M.V. Russell, T. Messer, University of Nebraska, Lincoln; S. Bartelt-Hunt, 
University of Nebraska, Lincoln / Department of Civil Engineering; D.D. 
Snow, University of Nebraska / School of Natural Resources; R. Smith, D. 
Repert, A. Reed, U.S. Geological Survey
Natural and constructed wetlands are now used extensively across the 
United States for mitigating nitrate losses to both surface water and 
groundwater. While the use of wetlands as a treatment approach for 
nitrate in runoff is well known, nitrate-N is not the sole constituent 
coming from agricultural fields. Other biologically active contaminants 
regularly co-occur with nitrate and many can affect the efficiency of 
nitrate removal. For example, residues of veterinary pharmaceuticals reg-
ularly occur in in run-off from fields receiving livestock waste. We have 
evaluated the discrete and combined effects of several common veterinary 
antibiotics (chlortetracylcine, sulfamethazine, lincomycin, monensin) 
together with a commonly used nitrification inhibitor (nitrapyrin) on 
nitrate-N treatment efficiency in saturated sediments and wetlands. We 
hypothesized the combination of veterinary antibiotics and nitrapyrin 
would significantly impact nitrate-N removal through denitrification 
within wetland ecosystems. To test this hypothesis, research objectives 
included: 1) simulate and quantify the combined effects of antibiotics 
and a commercial nitrification inhibitor on the nitrogen cycle in saturated 
pulse flow treatment wetlands; and 2) determine the overall effect of trace 
levels of antibiotics and nitrification inhibitors on the nitrate-N removal 
potential of pulse flow wetlands receiving contaminated agricultural run-
off. Spiked microcosm incubations were completed in 2019 to establish 
the concentration levels where nitrapyrin and antibiotic mixtures affect 
nitrate transformation. Nitrogen and antibiotic transformation, and 
nitrapyrin interactions are being assessed in mesocosm wetland experi-
ments. Preliminary findings suggest higher concentrations of veterinary 
antibiotics may affect nitrate-N transformation and removal in wetland 
soils. Future mesocosm experiments will elucidate these observations 
in more realistic, scaled up settings. Findings provide new insight into 
whether residues of nitrification inhibitors and veterinary antibiotics in 
wetland environments affect proposed mitigation strategies for controlling 
nitrogen losses from fertilized crops and managing nitrate contamination 
of ground and surface water.

8. Late Breaking: Engineering, Remediation and 
Restoration
6.08.01  Efficiency Assessment of Electro-Fenton for Thiosalt 
Oxidation in Mine Water
J. Dubuc, University of Quebec in Abitibi-Témiscamingue / Research 
Institute on Mines and the Environment; H. Olvera-Vargas, Universidad 
Nacional Autonoma de Mexico / Instituto de Energí as Renovables; C.M. 
Neculita, L. Coudert, University of Quebec in Abitibi-Témiscamingue / 
Research Institute on Mines and the Environment; O. Lefebvre, National 
University of Singapore / Department of Civil and Environmental 
Engineering
Electro-Fenton (EF), a novel electrochemical advanced oxidation process 
derived from the conventional chemical Fenton process, already dem-
onstrated its remarkable performance to degrade/mineralize organic 
pollutants in landfill leachates and municipal wastewaters. However, its 
application for the treatment of inorganic contaminants in mine water has 
been largely ignored, despite the promising spinoffs. Due to the current 

exploitation of low-grade and refractory sulfidic ores entailing new water 
treatment challenges, such as increased contamination level and mixing 
of contaminants, the development of new cost-efficient water treatment 
technologies is required. Extreme concentrations of thiosalts (15 g/L) have 
recently been reported, in a study evaluating the effect of freeze/thaw 
cycles on the stability of mine waste. Although thiosalts have relatively 
low direct toxicity, the acidity generated by the production of sulfuric acid 
as an end product of their oxidation leads to the toxicity of the effluent 
thus deteriorating the biota along with the surrounding ecosystems and/
or the treatment plants. In this context, the purpose of this study was to 
evaluate the efficiency of EF for thiosalt oxidation in real mine water. 
Two complex mine effluents (A and B), with initial thiosulfate concentra-
tions of 210 mg/L and 32 mg/L and pHs of 2.87 and 8.43, respectively, 
were treated using EF in an undivided electrochemical cell using the 
following conditions, optimized from previous experiments performed 
on synthetic effluents : carbon fiber brush cathode, single-sided Nb/boron 
doped diamond plate (10 x 5 x 2 cm) anode, current intensity of 300 mA, 
continuous oxygen sparging and agitation with a reaction time of 2 h. 
Complete removal of thiosalts (by oxidation to sulfate) was achieved in 
effluent A, after 60 min, whereas 15 min of treatment sufficed for effluent 
B, for which an unexpected pH drop was observed. Various tests will be 
conducted to better identify the mechanisms occurring during this time 
interval, which is the focus of upcoming investigations. Nonetheless, 
results showed that EF is a promising process for rapid and efficient thio-
salts oxidation in mine water.

6.08.02 Mechanism of Removal of Emerging Contaminants in 
Nitrification-Denitrification System
S.N. James, A. Vijayanandan, Indian Institute of Technology Delhi
The removal of emerging contaminants (ECs) from wastewater has 
become a significant concern owing to their increased toxicity and recalci-
trant behavior in conventional wastewater treatment plants. Even though 
several studies were conducted on the transformation of ECs in biologi-
cal treatment systems, very few studies have focused on the fate of ECs 
during biological nitrogen removal. There can be substantial differences 
in the degradation pattern of ECs during nitrification and denitrification 
compared to aerobic treatment focusing on organic carbon reduction. The 
nitrification-denitrification processes occur under two different redox 
conditions, thus the ECs will be getting exposed to diverse enzymes 
produced by the nitrifiers and denitrifiers. For example, ammonia mono-
oxygenase (AMO) enzyme produced by ammonia oxidizing bacteria is 
reported to degrade ECs in the nitrifying condition via co-metabolism. 
AMO enhances the ability of ECs to diffuse across the cell wall and mem-
brane. Moreover, the combination of nitrification-denitrification enhances 
the degradation of ECs through multiple transformation pathways. 
Process modifications such as simultaneous nitrification-denitrification 
offers the advantage of hosting both nitrifiers and denitrifiers, thereby 
rendering ECs more susceptible to biodegradation. The present study 
investigates the significance and potential of nitrification-denitrification 
processes to degrade ECs, critically examines the different removal 
mechanisms and transformation pathways based on literature data. In 
addition, the study also proposes innovative process modifications and 
reactor configurations for efficient removal of ECs.

6.08.03 Photocatalytic Degradation of Microplastics
A. Joseph, Indian Institute of Technology Delhi / Civil Engineering; A. 
Vijayanandan, Indian Institute of Technology Delhi
Microplastic pollution has become a global concern as recent stud-
ies highlight their ecological and environmental impacts. The threat of 
microplastic contamination in the environment is alarming due to their 
prolonged residence time and potency to act as carriers for other toxic 
pollutants such as dioxins, aldrin, perfluorooctane sulfonic acid, triclosan, 
tonalide chlordane, hexachlorobenzene, etc. Once microplastics enter into 
the marine food chain, bioaccumulation is inevitable which can ultimately 
lead to adverse health effects on human beings as well. Microplastics are 
ubiquitous in wastewater as these are present in everyday personal care 
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products and are also formed by the disintegration or degradation of larger 
plastic products. Textiles, tyre industries, synthetic clothes laundering are 
the other major sources of microplastics. Various treatment technologies 
have been identified and are being explored for the removal of micro-
plastics from wastewater. Recent studies suggest photocatalysis as an 
inexpensive and efficient alternative to conventional treatment techniques 
for microplastic degradation. The reactive oxygen species produced dur-
ing the photocatalytic processes initiate microplastic degradation at the 
weaker spots of the polymer chain which causes scission of the polymer 
chain and subsequent oxidation. Photocatalysts such as zinc oxide, tita-
nium dioxide, and platinum deposited zinc nanorods are reported to have 
considerably high polymer degradation efficiencies. However, complete 
degradation of microplastics is still a major challenge. The present study 
reviews the available data on the occurrence and toxicity of microplastics, 
the applicability of photocatalysis in the degradation of microplastics, and 
elucidates the mechanism involved in photodegradation.

6.08.04  Sustainability Conceptual Site Model (SustCSM) and the 
Remediation Project Cycle: Linking Remediation, Restoration, 
Re-Use and Resilience
S.E. Apitz, SEA Environmental Decisions Ltd
Remediation projects, from site listing, assessment and remedy design, to 
implementation and closure, can be quite complex, involving a number of 
questions, negotiations and decisions, and potentially requiring significant 
time, money, and effort. The remediation project cycle can be broken into 
a number of inter-dependent steps; starting with scoping, and leading 
to adaptation (and another cycle) or closure and re-use. Sustainability 
assessment can play a role in all steps in the remediation project cycle 
and sustainability thinking can provide a communication tool between 
stakeholder outreach and remedial decision making. To facilitate this, 
a sustainable conceptual site model (SustCSM) can be used to frame 
sustainability assessment and decision making, and to link criteria for 
these issues to stakeholders’ visions for site restoration and re-use. A 
SustCSM “can be used as a platform for illustrating how humans and the 
environment may be affected not only by impacts at a site but also by 
sustainability impacts caused by remediation activities (Holland, 2011).” 
While a traditional CSM focuses on pathways of contaminant risk, “whole 
system sustainability” considers how different sustainability parameters 
are affected by and affect remediation systems. Thus, a SustCSM consid-
ers both the traditional CSM elements, as well as resource inputs and 
outputs, land re-use and restoration goals, stakeholder well-being, and 
resilience. A SustCSM should include a consideration of the desirable 
and undesirable pathways of environmental, economic and social impact 
of remedial alternatives. Resilience considerations can include potential 
effects of re-contamination or recovery from point and non-point sources, 
as well as erosional, depositional or disturbance events from ongoing, 
changing or extreme natural or anthropogenic processes. Remediation 
and site re-use, including restoration and redevelopment activities, are 
intrinsically linked, although a disconnect between these two remains. A 

holistic approach would bring together remediation and reuse to achieve 
whole-system sustainability benefits, exploit synergies and minimize the 
costs and environmental impacts associated with bringing land back into 
beneficial use. In order to best inform sustainable remediation strategies, 
it is essential that the ultimate goals for site re-use (restoration) are borne 
in mind. These should be informed not only by considerations of regula-
tory compliance but also by stakeholder goals, values and expectations. 
The framework for such consideration can underlie the SustCSM, which 
can begin as a qualitative model, and later provide the groundwork for 
further assessment, via qualitative or quantitative scoring. A conceptual 
framework and approach in which sustainability assessment of sediment 
remediation is set within the broader context of site restoration and re-use 
goals, underlain by a SustCSM is described. The role of sustainability 
assessment in each step in the remediation project cycle, and how this can 
provide a bridge and communication tool to support stakeholder outreach, 
will be laid out.

6.08.05  Fate of Nosocomial Resistant Klebsiella Pneumoniae 
Producing Enterobacterales in a Wastewater Treatment Plant and 
Receiving Waters
E. Loudermilk, University of Virginia / Environmental Systems and 
Environment; S. Kotay, University of Virginia / Division of Infectious 
Diseases and International Health; L. Colosi, University of Virginia / 
Engineering Systems & Environment; A. Mathers, University of Virginia / 
Division of Infectious Diseases and International Health
Antibiotic resistance has been recognized as one of the largest challenges 
facing human health by the World Health Organization. Wastewater treat-
ment plants (WWTP) serve as important reservoirs of antibiotic resistance 
and, thus, are an important engineering link to containing the spread of 
antibiotic resistance into the environment. Klebsiella pneumoniae produc-
ing Enterobacterales (KPCE) are a serious concern in hospital settings 
because of their ability to cause life-threatening human infections. KPCE 
also have the ability to thrive in wastewater and environmental settings, 
which causes concern for human acquisition from the environment. In 
our study, we investigated the fate and concentrations of viable KPCE 
and the corresponding gene, blaKPC, from a hospital into, through, and 
out of a WWTP as well as in upstream and downstream surface water 
and sediment samples. The results show that KPCE are present in the 
hospital effluent and throughout each compartment of the WWTP, except 
for the UV-disinfected final effluent. A Klebsiella oxytoca strain was also 
isolated in a surface water sample downstream of the WWTP, which is 
an identical match to strains found in patients in the nearby hospital. This 
demonstrates conclusive linkage between hospital discharges of antibiotic 
resistant bacteria and their ultimate presence in the environment. These 
results show that constituents of hospital wastewaters that are capable 
of eliciting antibiotic resistance are present in the downstream receiv-
ing water. It is not yet known to what extent the presence of these agents 
elicits antibiotic resistance in downstream microbial communities.
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1. Stakeholder Collaboration: Collaborative Efforts 
Between Research and Indigenous Peoples and 
Citizen Scientists
7.01.01  Two Canoes in Parallel: Tribal/EPA Collaboration to 
Advance the Cooperation of Western and Indigenous Science 
Approaches in the U.S.
N. Patterson, SUNY College of Environmental Science and Forestry; J. 
Zambrana, U.S. Environmental Protection Agency / Office of Research 
and Development; P. Hingst, Santee Sioux Nation of Nebraska; B. 
Rashleigh, U.S. Environmental Protection Agency; M. Rodia, U.S. 
Environmental Protection Agency / Office of Research and Development
In a manner consistent with the U.S. Environmental Protection Agency 
(EPA) Indian Policy and trust responsibility, the mission of the National 
EPA-Tribal Science Council (TSC) is to provide a forum for interac-
tion between Tribal and Agency representatives of mutual benefit and 
responsibility to work collaboratively on environmental scientific issues. 
The Council is sponsored by EPA’s Office of Research and Development 
(ORD). The Council addresses a wide range of scientific issues, including 
research, monitoring, modeling, information, technology, and training 
in Indian country. To support the subsistence, cultural, and ceremonial 
lifestyles of Indigenous Peoples and the safe use and availability of a 
healthy environment for present and future generations, the TSC is com-
mitted to the development of sound holistic, integrated, and cross-media 
scientific approaches. Working in collaboration, Agency and Tribal 
staff are working to: develop science in support of tribal sovereignty, 
especially by addressing the dual TSC priorities of climate change and 
incorporating local/traditional/indigenous knowledge into environmental 
and public health protection; help gather and address key science needs 
in Indian Country; and facilitate information sharing on science issues 
and solutions. The Two Row Wampum Treaty of the Haudenosaunee has 
inspired the Council’s efforts to recognize two vessels of knowledge sys-
tems Western science and Indigenous science- working in parallel. This 
presentation will highlight the collaborative work of the Council to collate 
examples of Western and Indigenous science working cooperatively. 
Relevant examples will be shared as well as ways in which this informa-
tion can better inform the environmental protection efforts in Indian 
country, and the implementation of ORD’s research portfolio.

7.01.02  The Dragonfly Mercury Project: A National Scale 
Assessment of Mercury Bioaccumulation and Risk in US National 
Parks Through a Citizen Science Framework
C.A. Eagles-Smith, J.J. Willacker, U.S. Geological Survey / Forest and 
Rangeland Ecosystem Science Center; S. Nelson, Appalachian Mountain 
Club; C. Flanagan Pritz, National Park Service / Air Resources Division; 
D. Krabbenhoft, U.S. Geological Survey / Upper Midwest Water Science 
Center; C. Chen, Dartmouth College / Biological Sciences; J. Ackerman, 
U.S. Geological Survey / Western Ecological Research Center; E. Grant, 
D. Pilliod, U.S. Geological Survey
We conducted a national-scale assessment of mercury (Hg) bioaccumu-
lation in aquatic ecosystems using dragonfly larvae as biosentinels, by 
developing a citizen science network to facilitate biological sampling. 
Implementing a carefully designed sampling methodology for citizen sci-
entists, we developed an effective framework for landscape-level inquiry 
that might otherwise be resource limited. We assessed variation in drag-
onfly Hg concentrations across >450 sites spanning 100 US National Park 
Service units, and examined intrinsic and extrinsic factors associated with 
variation in Hg concentrations. Mercury concentrations ranged between 
10.4-1,411 ng/g across sites and varied among habitat types. Dragonfly 
Hg concentrations were up to 1.8-fold higher in lotic habitats than in 
lentic habitats, and 37% higher in waterbodies with abundant wetlands 
along their margins than those without wetlands. Mercury concentra-
tions in dragonflies differed among families, but were correlated with 
each other, enabling adjustment to a consistent family to facilitate spatial 
comparisons among sampling units. Dragonfly THg concentrations were 

positively correlated with THg in both fish and amphibians from the same 
locations, indicating that dragonfly larvae are effective indicators of Hg 
bioavailability in aquatic food webs. Using the relationships between 
dragonfly and fish Hg concentrations we developed a series of integrated 
impairment indices that inform potential risk of Hg exposure to fish, wild-
life, and human health. Across 402 sites in 92 National Park Service units, 
dragonfly THg concentrations indicated that 10% of sites did not exceed 
any impairment benchmarks, whereas 22%, 56%, 11%, and 1% of sites 
exceeded low, moderate, high, and severe categories for potential health 
impairment.Collectively, this continental-scale study demonstrates the 
utility of dragonfly larvae for estimating potential mercury risk to fish and 
wildlife in aquatic ecosystems and provides a framework for engaging 
citizen science as a component of landscape Hg monitoring programs.

7.01.03  One Health Assessment of Persistent Organic Compounds 
and PFAS for Consumption of Restored Anadromous Fish
D. Kusnierz, Penobscot Indian Nation; J.M. Lazorchak, U.S. 
Environmental Protection Agency / Office of Research and Development 
Cincinnati; L. Melynk, U.S. Environmental Protectino Agency Office of 
Research & Development / CPHEA-PHESD-EIB Cincinnati; J. Lin, U.S. 
Environmental Protection Agency Office of Research & Development 
Cincinnati / CEMM; M. Stover, U.S. Environmental Protection Agency 
Region 1; G. Perlman, CDC / ATDSR; K. Pugh, U.S. Environmental 
Protection Agency / Region 4 
USEPA, in collaboration with the Penobscot Indian Nation’s Department 
of Natural Resources (PINDNR) and the Agency for Toxic Substances 
and Disease Registry (ATSDR), assessed the safety of human and wildlife 
consumption of six species of anadromous fish: Alewife (Alosa pseu-
doharengus), American Shad (Alosa sapidissima fillet & roe), Blueback 
Herring (Alosa aestivalis), Rainbow Smelt (Osmerus mordax), Striped 
Bass (Morone saxatilis), and Sea Lamprey (Petromyzon marinus). In 2017 
and 2018 PINDNR collected, filleted, froze, and shipped fish to ORD 
analytical lab in Fillets and roe were analyzed for PCBs, PBDEs, dioxins/
furans, and 13 PFAS compounds. An assessment of the organic contami-
nant levels in these fish was compared to reference doses (where possible) 
as established in the US Integrated Risk Information System (IRIS) and 
wildlife values. The concentrations (all based on wet weight) for both 
years combined for PCBs ranged between 6.38 µg/kg (Shad roe) to 100 
µg/kg (Striped Bass). PBDEs ranged between 0.855 µg/kg (Shad roe) to 
5.54 µg/kg (Rainbow Smelt). Dioxins/furans ranged between 0.044 µg/
kg (Shad roe) to 0.22 µg/kg (Striped Bass) for all species. PFAS concen-
trations varied by the specific compound for each species. The range of 
concentrations of the different PFAS congeners fell between 1.18 µg/
kg for PFOSA in Striped Bass to 8.59 µg/kg for PFOS in Sea Lamprey. 
The wildlife value for mink for total PCBs of 72 µg/kg was exceeded in 
2017 and 2018 in Striped Bass. Maine CDC fish tissue action levels for 
sensitive populations for PFOS in fillets of 34.1 µg/kg was not exceeded 
in 2017 or 2018. Samples of Blueback Herring and Sea Lamprey fillets 
in 2017 were above the NJ PFOS Human consumption value of 3.9 µg/
kg. In 2018, American Shad roe and Sea Lamprey fillets exceeded the NJ 
human consumption value. Fillet concentrations were converted to whole 
fish using an average application factor of 2.13. Using wildlife values for 
PFOS from Environment Canada (4.6 µg/kg for mammalian), wildlife 
consuming Blueback Herring, Striped Bass and Sea Lamprey from 2017 
and Striped Bass and Sea Lamprey from 2018 indicated potential risks. 
This collaborative effort, including the exchange of sound, scientific and 
technical expertise, has resulted in a partnership that has enhanced our 
government-to-government relationship with the Penobscot Nation and 
improved public health policies for the community directly impacted.

7.01.04 Community-Driven Preliminary Ecological Impact 
Assessment of Coal Transport on Seagrass in Krabi Estuarine
T. Phenrat, S. Srirattana, K. Piaowan, Naresuan University / Civil 
Engineering
Electricity Generating Authority of Thailand (EGAT) planed to transport 
coal from Indonesia using an 800-ton ship in order to supply coal for a 
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proposed a coal-fired power plant in Krabi Province, Thailand. The ship 
has to pass through the Krabi estuarine, the 2nd largest seagrass area of 
Thailand where 200-300 families of fishermen do their fishery for living. 
The fishermen were worried that coal transport by ship would cause 
turbidity that adversely affected seagrass and the abundance of aquatic 
life which unavoidably affected their way of life. Thus, they opposed the 
coal-fired power plant project. To resolve the issue, the Thai government 
established the tri-party committee, comprising affected villagers, EGAT, 
and scholars, to assess the potential impact of coal transport on seagrass 
abundance. To accomplish this goal, EGAT arranged an 1800-ton ship to 
cruise through the Krabi estuarine while we as a scholar representative 
together with affected villagers and EGAT representatives monitored 
the change of turbidity for 32 stations. We also monitored the change 
of photosynthetically active radiation (PAR) as a function of turbidity 
a monitoring station. We then calculated the impact of an 8000-ship 
coal transport on seagrass abundance by estimating the change of PAR 
as a function of increased turbidity due to the coal transport. Then, the 
decrease of PAR was correlated to the decrease of seagrass density. We 
estimated that the 8000-tone coal transport can decrease the seagrass 
abundance as much as 65.84% which is very substantial. Assuming the 
linear relationship between fish abundance and seagrass density and by 
taking into account the fishery revenue from fisherman families in the 
area, we estimated that the adverse financial impact to fishermen is as 
high as 51 million THB per year (1.67 million USD per year). Given this 
serious potential risk to affected villagers, we recommend EGAT to estab-
lish an insurance foundation to ensure that if the predicted effect really 
occurs, the affected fishermen will be promptly compensated.

7.01.05 Community-Driven Impact Assessment for Cleanup of 
Legacy Lead Contaminated Creek in Thailand
T. Phenrat, Naresuan University / Civil Engineering
Contaminated by lead (Pb) (tens to hundreds of thousands mg/kg) from 
the spill of Pb-mine tailing in 1998, Klity Creek has become Thailand’s 
first official remediation in 2013 when Pollution Control Department 
(PCD) was ordered by the court to clean it up. The remedial action is 
ongoing. As part of remedial investigation and feasibility study phase, 
in 2016, PCD divided the creeks to 7 parts and assigned a consultant to 
determine which parts of the creek to be cleaned up to comply with the 
court order. The consultant used expert scoring system similar to what is 
done for EIA to select sections 2 and 6 for remediation. Affected villagers 
at Lower Klity village disagreed with the expert’s jusgement. Thus, they 
worked with our research team to conduct community-driven impact 
assessment to determine the most appropriate portions of the creek to be 
cleaned up to eliminate their health risk. The community prepared their 
daily creek utilization map, illustrating where they catch fish and take 
water for consumption as well as use water for agriculture and recreation. 
We then used their map together with Pb concentration in surface water, 
fish, and sedimentation in each part of the creek as inputs for Integrated 
Exposure Uptake Biokinetic (IEUBK) model to perform risk assessment. 
We found that considering the villagers’ health risk, the creek sections 3, 
4, 5, and 7 should also be cleaned up. This shows the problem of expert 
judgement without knowledge of local way of life and quantitative risk 
assessment modeling tool.

2. Communication: Communicating Risk and 
Engaging with Stakeholders
7.02.01 Applying Stakeholder Mapping to Identify and Address 
Diverse Needs in Community-Centric Project Planning
A. Rudman, K. Canfield, U.S. Environmental Protection Agency / Social 
Sciences; A. Rea, U.S. Environmental Protection Agency / Center for 
Public Health and Environmental Assessment; K. Mulvaney, W.J. Berry, 
M. Chintala, T. Gleason, W.R. Munns, U.S. Environmental Protection 
Agency / Atlantic Coastal Environmental Sciences Division (ACESD)
The success of a stakeholder-centric project hinges upon identifying and 
managing the needs and expectations of a range individuals and organiza-
tions. For multi-sector projects involving many researchers, navigating a 
landscape of stakeholders to meet these varying needs can be challeng-
ing without a collaborative and coordinated engagement strategy. This 
interactive session will acquaint participants with a tool for building such 
a strategy: stakeholder mapping. Stakeholder mapping is a visual com-
munications tool that uses collaborative discussion and analysis to assess 
the interests, influence, and roles of individuals and organizations in a 
project. In considering the contributors to and beneficiaries of a project, 
this mapping process guides project managers in prioritizing communica-
tion efforts while considering the unique social, economic, political, and 
regulatory contexts in which a project takes place. A team of researchers 
at the U.S. Environmental Protection Agency’s Office of Research and 
Development (ORD) recently applied this process in the creation of a 
communications strategy for an extensive project piloting the benefits of 
a community-centric solutions-driven research approach. This collabora-
tive effort involves fifteen internal scientists and two dozen partners and 
contributors across different public sectors working to create a framework 
for addressing widespread nutrient pollution in Cape Cod watersheds. 
This example will serve as a contemporary case study to illustrate both 
the process and value of stakeholder mapping. This session will guide 
participants through how to identify stakeholders, describe individual 
roles in the project based on levels of interest and influence, and prioritize 
engagement based on stakeholder categorization. It will demonstrate how 
stakeholder mapping is a valuable step to ensuring that research outputs 
address project beneficiaries’ needs, and towards ensuring that a diverse 
array of interests are represented. We suggest a collaborative approach 
to mapping for its advantage in promoting a coherent understanding of 
stakeholder needs and its utility in managing expectations within large 
groups.

7.02.02  Wildfire Smoke Episodes: Working with Local and Tribal 
Partners to Enhance Understanding of Indoor Air Exposures
A.L. Holder, G. Hagler, H. Vreeland, U.S. Environmental Protection 
Agency Office of Research and Development / Center for Environmental 
Measurement and Modeling; S. Katz, G. Robarge, U.S. Environmental 
Protection Agency Office of Research and Development / Center for 
Public Health and Environmental Assessment; S.J. Coefield, B. Schmidt, 
Missoula City-County Health Department; C. Noonan, University 
of Montana / School of Public & Community Health Sciences; B. 
McCaughey, Hoopa Valley Tribe; C. Berg, L. Kashef-Hamadani, U.S. 
Environmental Protection Agency Office of Research and Development 
/ Center for Environmental Measurement and Modeling; B. Hassett-
Sipple, U.S. Environmental Protection Agency / Center for Environmental 
Measurement and Modeling
Wildland fire smoke is a global public health issue. Many communities 
are exposed to smoke from wildland fires, both wild and controlled burns, 
for days, weeks, or even months in a given year. With that smoke comes 
high concentrations of fine particles (PM2.5) and other pollutants that may 
cause adverse health risks. The number of individuals adversely impacted 
by smoke events is growing as the wildland urban interface expands and 
at-risk populations increase. A common recommendation during smoke 
events to reduce exposure is to go indoors away from the smoke; however, 
wildland fire smoke can infiltrate indoors, emphasizing the importance 
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of creating clean air spaces that effectively reduce smoke exposures. 
Approach: The USEPA is partnering with Missoula City-County Health 
Department, University of Montana, Climate Smart Missoula, Hoopa 
Valley Tribe, and the U.S. Forest Service Fire Sciences Laboratory to 
expand understanding of indoor exposures and air filtration approaches 
that are most effective during smoke episodes. This team brings together 
people knowledgeable about wildfire smoke measurement, new tech-
nologies for measuring air pollution, and indoor air quality assessment. 
Methods: This project has been and continues to be a true partnership. 
USEPA scientists collaborated with community colleagues throughout 
the research cycle. Team members worked together to understand the 
broad research needs; define the specific problem; identify and prioritize 
the research questions to inform solutions; and leverage expertise and 
resources for specific project components. Local and tribal team members 
provided critical input to determine the scope of and implement field 
studies evaluating indoor and outdoor PM2.5 concentrations during smoke 
events in a range of community buildings. As we move into the second 
year, their input is crucial to identify opportunities to improve data col-
lection. Conclusions: EPA successfully engaged with partners throughout 
the research process to identify common research interests and to plan 
and implement studies designed to inform solutions for complex scientific 
issues. Our continuous interactions are so important in so many aspects of 
the project. This collaboration builds on the experiences and strengths of 
all team members with the goal of helping communities find solutions to 
their environmental problems, while helping EPA scientists learn how to 
solve problems better and faster.

7.02.03 African Agriculture, Neonicotinoid Insecticides Use, and 
Impact: Using Science and Stakeholder Engagements to Inform 
Policy Formulation
E. Dankyi, University of Ghana / Chemistry; N. Hobbhahn, European 
Academies’ Science Advisory Council; L.C. Bester, University of 
Pretoria; M. Norton, European Academies’ Science Advisory Council
Agriculture is crucial to Africa’s future. Faced with a rapidly increasing 
population, high vulnerability to climate change, and low food produc-
tivity, the task of ensuring food security remains one of the greatest 
challenges facing the continent. This situation is exacerbated by the 
indiscriminate use of pesticides, which remain weakly regulated in many 
African countries. Of particular concern is neonicotinoid insecticides due 
to their extensive usage, high environmental mobility, and detrimental 
effects on non-target organisms, including pollinators. Neonicotinoid 
insecticides have been shown to contribute to the loss of ecosystem 
services from pollinators, and harmful to beneficial insects and non-target 
organisms. This has led to a ban on some neonicotinoids in Europe and 
other countries. With the current ban or restrictions in use in Europe, 
there is growing concern about their use on the African continent with 
weak regulation and lax enforcement of environmental laws. Faced with 
this concern, The InterAcademy Partnership (IAP) and the Network of 
African Science Academies (NASAC) collaborated in a study to examine 
the use and implications of neonicotinoid insecticides for ecosystem 
services and sustainable agriculture in Africa. The study was conducted 
through two workshops with leading expert scientists from 17 African 
countries, as well as an extensive review of relevant African research 
in a total of 28 African countries. Among key findings and messages to 
policymakers, the report generated concludes on an urgent need for action 
to prevent further deterioration in the sustainability of African agricul-
ture and its biodiversity from indiscriminate and preventative use of 
neonicotinoids and alternative insecticides. The report was disseminated 
through various stakeholder engagements involving regulators, farm-
ers, researchers, and government agencies to help address the challenges 
associated with neonicotinoid insecticide usage and the urgent need to 
protect biodiversity. This project demonstrates the critical role of science, 
research and stakeholder engagements in informing policy formulation on 
environmental management on the continent.

7.02.04 Community-Based Cumulative Assessment of Household 
Carcinogen Burden in Conventional and Organic Agricultural 
Growing Regions of Northern California
J.S. Kelty, Rutgers Environmental and Occupational Health Sciences 
Institute; A. Aranda, UC Davis / Geography Graduate Group; S. 
Manukian, E. Pardo, UC Davis / M.P.H. Program; T. Jow, D. Moher, 
UC Davis / UC Davis Knights Landing One Health Clinic; K. Jabbari, 
UC Davis / M.P.H. Program; G. Calderwood, UC Davis / Civil and 
Environmental Engineering; L. Wong, T.M. Young, University of 
California, Davis / Civil and Environmental Engineering; S. Somepalle, 
N. Vu, K. Prado, UC Davis / UC Davis Knights Landing One Health 
Clinic; R. Schmidt, UC Davis / Public Health Sciences and MIND 
Institute; H. Dabritz, Yolo County HHSA / Community Health Branch; J. 
London, UC Davis / Human Ecology; L. Van Winkle, UC Davis / Center 
for Health and the Environment; N. Deeb-Sossa, UC Davis / Chicana/o 
Studies
Cumulative carcinogen exposures in small, agricultural communities 
of California are challenging to analyze using current public health 
approaches and monitoring data. This study used Community Based 
Participatory Action Research (CBPAR) to evaluate whether existing 
monitoring data and community concerns are representative of human 
exposures to potential carcinogens. It focused on a case study of a 
conventional farming region surrounding the small unincorporated rural 
community of Knights Landing, California. This study investigated 
behavioral, occupational, and environmental exposures at a household 
level using a community survey, private water well quality measurements, 
and pesticide exposure measurements. Knights Landing was found to 
be at higher exposure risk for pesticide and heavy metal exposures when 
compared to the surrounding Yolo County and a neighboring organic 
agriculture growing region. Exposures of concern were prioritized using 
CBPAR to inform development of a wide range of positive interventions 
for reducing smoking, encouraging healthy diet and exercise, preventing 
farmworker pesticide exposure pathways, filtering household drinking 
water, and reducing combustion sources. Study results also provided 
contextual information and promoted increased community awareness 
for the development of systemic solutions to exposures of concern by 
local organizations and governmental agencies. This study’s approach for 
community-led investigation and prioritization of carcinogenic exposures 
can be applied in other small, agricultural communities around the state 
and country.

7.02.05 Using a Communications Plan for Strategic Stakeholder 
Engagement in a Solutions-Driven Research Pilot
K. Canfield, U.S. Environmental Protection Agency / Social Sciences; 
A. Rudman, US Environmental Protection Agency / ORISE; A. Rea, 
U.S. Environmental Protection Agency / Center for Public Health and 
Environmental Assessment; K. Mulvaney, W.J. Berry, M. Chintala, W.R. 
Munns, T. Gleason, U.S. Environmental Protection Agency / Atlantic 
Coastal Environmental Sciences Division
Effective stakeholder communication in scientific research demands a 
coordinated plan to strategically engage with various groups based on 
their interest, expertise, and influence. This is the focus of researchers 
at the U.S. Environmental Protection Agency’s Office of Research and 
Development (ORD) who are working closely with stakeholders on Cape 
Cod on a Nutrients Solutions-Driven Research (SDR) Pilot. This pilot 
research is focused on designing and implementing research to inform 
watershed-scale solutions to nutrient pollution. As a solutions-driven 
project, the primary goal of this pilot is to support our stakeholders in 
meeting their nutrient reduction goals, as excess nutrient loadings have 
caused impairments in more than 30 small estuaries. A secondary goal of 
this Nutrients SDR Pilot is to serve as a test case for designing and enact-
ing extensive and thoughtful communication efforts throughout ORD’s 
research process. The focus of this talk is on the development and imple-
mentation of a project communications plan as a step towards achieving 
this second goal. The Nutrients SDR Pilot Communications Plan is a 
living document for researchers and managers to track communications 
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activities and evolving stakeholder needs. This communications plan 
was developed to 1) assist researchers in streamlining their engagement 
and communication processes, 2) increase the likelihood of meeting 
stakeholder needs through usable research, 3) create communication 
products targeted to specific stakeholders, and 4) aid ORD in evaluat-
ing the potential contributions of SDR communication and engagement 
in future research efforts. Using a stakeholder-centric approach to this 
research process, we call for iterative stakeholder identification in the 
project and designing targeted communication strategies for effectively 
engaging with this evolving community. This talk will address the who, 
what, when, and why of creating a communications plan, using elements 
of the Nutrients SDR Pilot plan to demonstrate the transferability of this 
approach.

7.02.06 Communicating Risk During Public Health Emergencies
A. Goldberg Day, ARCADIS
The World Health Organization developed guidelines specifically for 
risk communication during health emergencies. The recommendations 
in these guidelines provide evidence-based direction on how risk com-
munication should be practiced during a health crisis. Given the current 
Covid-19 health emergency, reviewing the World Health Organization’s 
guideline can provide additional risk communication tools and help 
teach the public on how to filter through the misinformation presented 
on social media. The Who Health Organization understands that risk 
communication includes the real-time exchange of information, advice 
and opinions between experts, community leaders, or officials and the 
people who are at risk. During public health emergencies, people need 
to know what health risks they face, and what actions they can take 
to protect their health and lives. Accurate information provided early, 
often, and in languages and diction that people understand, trust and use, 
enables individuals to make choices and take actions to protect them-
selves, their families and communities from threatening health hazards. 
During epidemics, pandemics, humanitarian crises, or natural disasters, 
effective risk communication provides information to those most at risk 
so they can understand and adopt protective behaviors. Risk communica-
tion also allows authorities and experts to listen to and address people’s 
concerns and needs so that the advice they provide is relevant, trusted 
and acceptable. This talk will summarize the primary concepts from 
the WHO guidance with the goal to provide information that can lead to 
more effective risk communication during a health emergency. The talk 
will emphasize the World Health Organization’s fundamental guidance 
which includes methods to build trust, integrate risk communication with 
emergency response, practice effective communication, and create com-
munication plans.

7.02.07  Communicating Risks of Sea Level Rise to Benefit Coastal 
Resiliency and Adaptation
L. Paulik, J. Wright, D.L. Revell, Integral Consulting, Inc.
Effective risk communication is increasingly important in the modern age 
of widely accessible information and politicized science. Scientists are 
traditionally trained to talk about technical topics with other scientists but 
often are not trained to talk with broader audiences. This creates a com-
munication gap between scientists and the public. When scientists cannot 
communicate effectively about their work or its implications, communica-
tion gaps grow, causing fear and confusion, and often resulting in science 
being taken less seriously by the public. This reduces public support for 
scientifically defensible policies. One major source of debate and confu-
sion in the public eye is how to prepare for the impacts of climate change. 
Sea level rise is one of the effects of climate change that will affect people 
the soonest, with more than 100 million people living within 3 feet of 
current sea levels. With wide ranges of uncertainty, sea level rise is a 
challenging topic to discuss with stakeholders. These conversations can 
be especially contentious if stakeholders’ future well-being or financial 
security hangs in the balance. The nuances of technical uncertainty 
that underlie these projections further complicate these conversations. 
Applying best practices for risk communication can help structure 

discussions about coastal resiliency. One key tenet of risk communica-
tion is building trust with stakeholders. Stakeholders who are concerned 
about how best to mitigate the effects of climate change on their future 
are more likely to listen to someone they trust than to an untrusted expert. 
Another key principle of effective risk communication is understanding 
viewpoints that conflict with the technical message you are communicat-
ing. It is important to know your audience and proactively structure your 
message with these conflicting viewpoints in mind. The effects of climate 
change can be intimidating and deeply personal. Incorporating alternative 
viewpoints illustrated with different examples of resiliency approaches is 
crucial for converting this fear into hopeful optimism. This presentation 
will highlight strategies we are using to apply risk communication best 
practices to our coastal resiliency work. We aim to spark discussion about 
how effective risk communication can maximize the positive impacts 
of coastal resiliency planning and adapt our communities to evolve in 
sustainable directions. 

7.02.08  Walking the Walk of Transparency and Open Science: 
Demonstrating the Safety of Pesticides and GMOs
A. Devitre, A. Hood, B. Lebbing, L. McConnell, Bayer CropScience / 
Regulatory Scientific Affairs; C. Morr, A. Quambusch, C. Ryan, Bayer 
CropScience / Regulatory Scientific Affairs
Scary media headlines about pesticide residues in food, threatened pol-
linators, and genetically modified organisms (GMOs) understandably 
create a level of fear and uncertainty around the safety of our food supply. 
Active campaigns of disinformation around pesticides and GMOs in 
agriculture have only increased these fears. In recent decades, technologi-
cal advances in agriculture have enabled farmers to grow more food for 
an increasing global population on a limited amount of arable land while 
lowering the risks to farm workers, consumers, and the environment. 
While advances in phone and TV technologies are perceived as valu-
able, advances in food production are generally misunderstood or viewed 
negatively. While pesticides and GMO crops undergo ten to fifteen years 
of comprehensive testing and regulatory assessment prior to entering the 
market place, there is a perception that these are unregulated products. 
Companies in the agricultural industry have historically done a poor job 
of communicating and demonstrating the safety of their products to the 
scientific community and the public. How can industry more effectively 
demonstrate the safety of their products and more transparently share the 
science behind their technologies without revealing confidential business 
information? We will share insights into several new initiatives into how 
our company engages with our customers, the scientific community and 
the public; in essence re-inventing the business communication landscape 
to actively and sustainably demonstrate trustworthy and transparent 
behavior.

7.02.09  Is Your Talk to Techy?
M.C. Reiley, U.S. Environmental Protection Agency (Retired) / Office of 
Water
We are not the only profession with ‘tech talk’ that turns the public off to 
our message, that fosters confusion, or worse – distrust. But do we really 
want to be caught in the same trap as legalese, computerese, and financia-
lese, for example? The public puts up with the confusing and complicated 
lingo of these professions because they purchase a service from the law-
yer, the geek, the accountant so they can navigate their unique processes, 
purchases, or requirements. The public is not buying our service, at 
least not directly. Rather, we are telling them they need to do something, 
change something, protect something. We are asking them to take an 
action out of their own goodwill that is likely to cost them money, time, 
inconvenience, or all three. They do not put up with it; they just ignore or 
distrust our profession. So save the ‘techy talk’ for the ‘Techies’: your col-
leagues, collaborators, journal and report readers, and choose to explain 
your work and why it matters, why the public should care what you have 
to say, differently. Stop thinking in journal article or reportese and start 
thinking in peoplese. This talk will present tools and examples of their 
use that can move us from ‘Techy Talk’ to ‘People Talk’ so people care, 
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understand, get enthusiastic, take action, and share the science, actions, 
and results with their own ‘people’. Join me to talk about how to drop the 
‘techy talk’ so our words and message will have impact.

7.02.10  Disentangling Disinformation in the Attention Economy: 
Science and Social Media
C. Ryan, J. Swarthout, Bayer Crop Science / Regulatory Science; A. 
Schaul, Bayer Crop Science / Public Affairs and Sustainability
The ubiquity of social media has created both opportunities and chal-
lenges for businesses and societies. For product brands, ideas, or 
campaigns to gain traction on social media platforms, they need to 
capture attention. This is often accomplished by creating and disseminat-
ing compelling information, even disinformation, on these platforms. 
Disinformation influences public opinion and risk perceptions and this, 
in turn, results in policies developed based on disinformation rather 
than scientific evidence.. Distortion of science, through disinformation, 
inappropriately raises the risk profile of many good technologies and 
chemistries. This results in delays in getting socially vital products to the 
market, shelved or unrealized innovations, the loss of important research 
through vandalization, and even public health implications (eg, vac-
cine hesitancy and rising incidences of disease). Disinformation, in the 
context of this case study, is viewed as a strategically planned product for 
deception. The strategies that drive this and the attention economy that 
underlies it are often not obvious. To study and illuminate some of these 
less visible campaigns, the monetization of disinformation is explored 
here through a case study on genetically modified organisms (GMOs). 
We analyze a dataset of 94,993 unique online articles and explore various 
events and campaigns that feed into and / or are fueled by the evolving 
GMO narrative. Our methodology allows for the evaluation and explora-
tion of various tactics that contribute to the evolving GMO narrative and 
their potential application to other topics. Preliminary results suggest 
that a small group of alternative health and pro-conspiracy sites received 
more total engagements on social media than sites commonly regarded as 
media outlets on the topic of GMOs. Other externalities observed include 
continued social and political controversy that surround the GMO topic 
as well as the growth of additional product and marketing approaches 
such as “non-GMO” verification. This case study on GMOs can provide 
insights into the communication and engagement landscapes (as well as 
potential social and economic implications) of other narratives around 
emerging technologies and chemistries.

3. Communication: Let’s Talk Turkey About What 
Works and What Does Not!
7.03.01  Risk Communication: Translating Research into Practice at 
the USEPA
M. Beal, J. Harwood, A. Hackel, A. Drinkard, A. Davis, U.S. 
Environmental Protection Agency
EPA’s mission is simple: to protect human health and the environment, 
but its execution is complex, involving monitoring, research, regulation, 
program implementation, and enforcement with significant implica-
tions for the public health and economic welfare of communities across 
America. This critical work involves preventing and addressing risks 
from thousands of contaminants that may eventually end up in one or all 
of our environmental media -- land, air, and water. Risk communication 
is critical to every aspect of this mission, but much of the action of risk 
communication is siloed in individual programs and offices and does not 
follow an overarching process or framework. The goal was to translate 
an evidence base into a practical framework flexible enough to be useful 
across the breadth of the risk communication challenges EPA faces and 
yet specific enough to provide actionable tools for the communicator. The 
process began with informational interviews with leading researchers and 
practitioners in the science of science communication, the risk sciences, 
community outreach, and federal practitioners of risk communication. 
This was supplemented with EPA relevant risk communication literature 

and internal review from risk communicators, science communicators, 
and public affairs staff across the agency and partner federal agencies. 
The result is an EPA risk-communication process framework, the SALT 
Framework, that is not a proscriptive how-to for every situation, but rather 
a set of steps that, when followed, will allow the communicator to rely on 
established best practice to create and convey risk communication that 
is meaningful, understandable, and actionable. The SALT Framework 
has become the starting point to launch additional tools, supplemen-
tal practical guides, and a tiered training platform for the agency. The 
SALT framework is flexible enough to allow it to serve as a useful guide 
for all EPA risk communicators and others outside the agency, but it 
is also approachable and understandable and provides practical action 
steps for the risk communicator who may not be trained fully in risk 
communication.

7.03.02 Risk Communication - Why? When? How?
M. Hamilton, S. Jonker, Arcadis U.S., Inc.
Explaining difficult scientific concepts relating to human health risk 
exposure can be a tricky task, even when communicating within the 
environmental consulting realm. As environmental consultants and 
practitioners, we often find ourselves in situations where we also need to 
communicate these concepts to the community and third-party property 
owners. It is not uncommon for the majority of surrounding communi-
ties to have little to no understanding of environmental investigation 
and remediation activities or knowledge of exposure pathways and the 
risk factors associated with those pathways. Initial introduction to these 
concepts, coupled with the fact that these community members may be 
potentially affected, can create feelings of fear, anger, distrust, and result 
in very high emotional situations. Implementing the right tool at the 
right time can help to alleviate some of these issues. This is where risk 
communication skills and tools become your best friend. This presenta-
tion will focus on risk communication while investigating the vapor 
intrusion (VI) pathway. The presentation will go over key elements to 
risk communication, including why risk communication is important, 
when risk communication should be implemented, and how to implement 
risk communication methods. Many tools and methods are available for 
use depending on the specific scenario in which you may find yourself. 
A variety of examples that will cover client communication, one on one 
communication with community members, and larger public forums, such 
as community meetings will be discussed.

7.03.03  Communicating Contaminant Specific Risk Information: 
Who Needs to Know What? Building Risk Communication Toolkits 
for Multiple Audiences on PFAS, EtO, and Lead at the USEPA
M. Beal, J. Harwood, A. Hackel, A. Drinkard, A. Davis, U.S. 
Environmental Protection Agency
In the past year, EPA has undertaken an effort to improve our agency-
wide approach to risk communication in our consistency, clarity, and 
adherence to best practice. As a part of this process, we have sought to 
develop a series of content-rich multi-media tool-kits on contaminants of 
cross-cutting or emerging concern. While each contaminant has its own 
unique risk communication issues, we also sought to develop an over-
arching process to ensure that adherence to best practice and end-result 
look and feel were similar for each toolkit. Panelists were each leads on 
working groups dedicated to a single contaminant or oversaw the process 
of the development of the overarching road-map. This presents a case 
study on translating research into practice for the benefit of the public at 
the USEPA.

7.03.04 Communicating Risk During Public Health Emergencies
A. Goldberg Day, ARCADIS
The World Health Organization developed guidelines specifically for 
risk communication during health emergencies. The recommendations 
in these guidelines provide evidence-based direction on how risk com-
munication should be practiced during a health crisis. Given the current 
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Covid-19 health emergency, reviewing the World Health Organization’s 
guideline can provide additional risk communication tools and help 
teach the public on how to filter through the misinformation presented 
on social media. The Who Health Organization understands that risk 
communication includes the real-time exchange of information, advice 
and opinions between experts, community leaders, or officials and the 
people who are at risk. During public health emergencies, people need 
to know what health risks they face, and what actions they can take 
to protect their health and lives. Accurate information provided early, 
often, and in languages and diction that people understand, trust and use, 
enables individuals to make choices and take actions to protect them-
selves, their families and communities from threatening health hazards. 
During epidemics, pandemics, humanitarian crises, or natural disasters, 
effective risk communication provides information to those most at risk 
so they can understand and adopt protective behaviors. Risk communica-
tion also allows authorities and experts to listen to and address people’s 
concerns and needs so that the advice they provide is relevant, trusted 
and acceptable. This talk will summarize the primary concepts from 
the WHO guidance with the goal to provide information that can lead to 
more effective risk communication during a health emergency. The talk 
will emphasize the World Health Organization’s fundamental guidance 
which includes methods to build trust, integrate risk communication with 
emergency response, practice effective communication, and create com-
munication plans.

4. Confirmation Bias: What Does it Look Like and 
How Does it Affect the Science that Gets Published 
and Presented
7.04.01  An Overview of Conformation Bias in Science: Examples 
and Opportunities for Improvement
P.D. Guiney, University of Wisconsin, Madison / Molecular and 
Environmental Toxicology Center; W.L. Goodfellow, Exponent 
/ Ecological and Biological Services Practice; T. Canfield, U.S. 
Environmental Protection Agency / Center for Environmental Solutions 
and Emergency Response
Human thought processes are not perfect. We face cognitive errors daily. 
Confirmation bias is a common error committed by people, and con-
trary to the thoughts of many, scientists are not immune to committing 
this same error. It’s a tendency to believe that you are right, disregard-
ing things that conflict with your ideas. Confirmation bias is reinforced 
with time. The longer you believe something, the more time there is to 
collect evidence in support of your opinion and the less willing you are 
to consider evidence counter to your opinion. Thus, it becomes increas-
ingly more difficult to make real adjustments to the opinion or to abandon 
it completely. Confirmation bias also contributes to exaggerating belief 
probabilities. When you accumulate evidence in your mind that supports 
your hypothesis, you can believe something is much more probable than 
it actually is. As scientists, we want the public to trust science, scientists 
and the data they put forth because they have confidence that scientists are 
intelligent, honest and follow procedures that ensures validity of the data 
and results. However, scientists are human and equally capable of suc-
cumbing to faulty thinking processes as everyone else. For the public to 
be truly au fait about research conclusions, they should not simply accept 
the findings unless they have carefully checked the research and evalu-
ated its quality and reliability. However, we know that most in the public 
are not equipped with the skill set or the desire to perform self-reflection 
and do this evaluation themselves. So, the onus is on the scientist and 
the scientific community to put forth the best and most unbiased data 
possible. Science is fundamentally about hypothesis testing where the 
scientist should have no personal preference for finding the hypothesis 
either supported or rejected. The pursuit to collect data that is without bias 
to test the hypothesis is the role of every scientist. Proffering hypotheses 
that one wishes was true but the data does not support causes the future 
pursuit of errant paths in science, a waste of limited resources in these 

deviant pursuits, and when it comes to light, erodes the support of the 
public for scientists and the science they produce. This presentation will 
cover several examples of confirmation bias in scientific research and 
conclude with some ideas and recommendations on how to identify areas 
of confirmation bias, leading to opportunities to reduce or eliminate bias 
from our science.

7.04.02  Tackle Confirmation Bias by Communicating the Science 
Behind the Research
T. Seiler, Ruhr District Institute of Hygiene
Environmental research is aimed at improving environmental quality. 
This goal is directly connected to every day lives, and thus environmen-
tal research matters to the people, to stakeholders, and to policy makers. 
Since it is so close to the expectations, opinions, fears and desires of our 
target audiences, environmental research is difficult to communicate. 
These topics directly touch the sense of well-being, and are hence often 
taken on more emotionally than is actually necessary – or better say 
helpful. They have a tendency to go ‘viral’ on social media platforms. 
Conversely, topics which may be seen as prosaic can often be under-
reported and evade the popular consciousness; e.g., topics that strongly 
matter to mankind but are perceived as inconvenient or even superfluous, 
such as sustainability. As a consequence, findings from environmental 
research can be readily misunderstood, or simply ignored, when not 
communicated in a proper way. Unfortunately, science and risk com-
munication is often neither an element of education when becoming an 
environmental scientist, nor part of many scientist‘s job description. As a 
consequence, scientists largely use communication activities to try filling 
knowledge gaps of their audiences, because this is what research is actu-
ally aimed at. However, the concept of a deficit model that is behind this 
kind of thinking, cannot change beliefs. It rather leads to cognitive dis-
sonance which often results in confirmation bias. In this talk I will present 
my belief that we should always communicate about our science alongside 
our research for building trust. Diving into science and risk communi-
cation as a conflict situation I will show what separates science from 
research and why we need to make this difference. I will explore the role 
of cognitive dissonance and confirmation bias and how a scientist’s mind 
differs from that of a non-scientist’s. The futile escape from the ivory 
tower I will connect to a fairness approach as a possibility to overcome 
part of all these difficulties.

7.04.03  I’m so Glad to Review this Paper; I Have No Comments. 
Confirmation: The Hidden Bias in Peer-Review
C. Borgert, Applied Pharmacology & Toxicology, Inc.
Scientists who publish routinely in scholarly journals frequently report 
bias in the peer-review process. This sometimes occurs at the editorial 
stage when editors reject, without review, submissions that point to errors 
in work previously published in their journals. More commonly, as Jef 
Akst titled her 2010 article in The Scientist, it takes the form of “I hate 
your paper.” Although peer-review is intended to serve as a self-regula-
tory, gate-keeper function as well as to help authors improve the reporting 
of their research and analysis, it has been criticized for devolving into a 
form of censorship by editors and reviewers whose work or beliefs are 
threatened by contradictory results or interpretations. If nothing else, 
rejecting manuscripts that challenge a reviewer’s preconceptions may 
simply be self-serving in the sense that outright rejection is less time-con-
suming than providing thoughtful comment and constructive correction. 
This presentation, however, offers a view from the opposite side of that 
coin. Herein it is proposed that rather than encountering unreasonable 
impediments, manuscripts submitted for peer-review are often given less 
scrutiny and are accepted more readily when they conform to normative 
standards generally agreed to within a field of research. Thus, the first 
thesis of this presentation is that confirmation bias affects peer-review 
in an affirmative direction. Second, it is proposed that confirmation bias 
is more prevalent in fields of research that may affect public policy, and 
third, that confirmation bias ultimately serves to weaken rather than to 
strengthen the scientific basis of policy decisions informed by fields of 
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work that are affected by confirmation bias in publishing. Although much 
has been written about the relative merits of single blind, double blind, 
triple blind, and quadruple-blind versus open peer-review processes as it 
pertains to the quality of individual publications, little attention has been 
paid to the possibility that confirmation bias can promote a like-minded-
ness within entire fields of research. Even less attention has been given 
to methods for identifying, addressing and preventing confirmation bias 
in the peer-review process. This presentation will explore the proposed 
theses and discuss possible remedies should the theses prove to be true.

7.04.04  Plurality of Scientific Perspectives: From Stumbling Block 
to Opportunity
A. Leopold, Calidris Environment BV; G. Oberg, University of British 
Columbia / IRES
Critiquing the work of others is central to science, with scientists 
continuously assessing each other’s work, for example, when reviewing 
manuscripts submitted for publication, funding proposals and job applica-
tions. The environmental risk assessment process relies heavily on expert 
judgement and is one of the areas where scientists commonly disagree. 
In this presentation, we argue that it is problematic that consensus is the 
expected outcome of all expert panel discussions and that merely record-
ing a dissenting view is not enough. Diverging conclusions are caused 
in part by experts having different risk tolerance, which is exacerbated 
when there are large uncertainties. Social science research has found that 
risk tolerance among experts is impacted by their scientific background 
as well as by socio-economic factors such as gender, affiliation, and 
country of origin. It is therefore not always possible to reach consensus. 
The reason is that policies based on a plurality of scientific perspectives 
are likely to be more rigorous and resilient than policies that are based on 
one scientific perspective only.We will provide an overview of research 
on the impact of socio-cultural factors on risk perception. In light of this 
literature, we discuss a current case: the heated, emotionally evocative, 
and complex scientific debate about the effects of PFAS as a group. We 
will discuss stumbling blocks that are frequently occurring in expert 
panels. Examples are a lack of shared understanding of the goal, diverging 
understandings of terms and concepts being used by panel members, and 
no formalised procedure for disclosing one’s motivations for taking part 
in the panel. We discuss how processes surrounding expert input might 
be revised to better embrace a plurality of scientific perspectives. How 
might the scientific disagreements typically occurring among members of 
such groups, be transformed from a stumbling block to an opportunity?In 
conclusion, it is not sufficient to hone our ability to detect bias. We also 
need to hone our ability to better draw on the plurality of scientific per-
spectives and to accept that it is not always possible and desirable to reach 
consensus.

7.04.05 Weight of Evidence, or Bias of Evidence? Regulatory 
Implications of Confirmation Bias
E.M. Mihaich, ER2; C. Borgert, Applied Pharmacology & Toxicology, 
Inc.
The biases of individual peer-reviewers has been identified as a significant 
form of confirmation bias that detracts from the value of the peer-review 
process, however, apart from so-called “publication bias,” which favors 
the publication of studies that report effects versus those that find none, 
little attention has been given to the downstream implications of such 
biases. Although it is often asserted that over time, the scientific pro-
cess corrects such biases when results fail to be widely confirmed and 
replicated, this assumption may be optimistic. Not only does the propor-
tion of publications that reflect a prevailing bias at any particular point in 
time affect the types of questions likely to be posed by new research, but 
as regulatory programs increasingly require use of weight of evidence 
(WoE) to evaluate the potential for chemicals to exhibit certain types 
of adverse effects such as cancer, reproductive toxicity, or endocrine 
disruption, publication bias and reviewer bias in the peer review process 
might also affect the relative proportions of studies available for WoE 
analysis. The recent CLARITY-BPA project may be informative in this 

respect; whereas a preponderance of unblinded studies published in the 
peer-reviewed literature report effects of BPA on various endpoints, the 
double-blinded protocols utilized for that project reduced the positive 
findings dramatically. Furthermore, as the use of “lists” increases as a 
means of prioritizing chemicals for regulatory assessment and for regula-
tory action, as is now occurring in the European Union for chemicals 
alleged to be endocrine disruptors, it is fair to ask whether confirmation 
bias in science may also affect commerce, product availability and con-
sumer choice. The impact of confirmation bias and publication bias may 
be particularly insidious within the regulatory realm since many of these 
lists are formulated through reliance on other lists rather than on indepen-
dent WoE evaluations that scrutinize data quality. In fact, a 2016 report 
from the International Panel on Chemical Pollution identified 24 lists of 
endocrine disruptors, many of which were based on other lists, giving a 
false sense of independence and concordance. Case examples from lists 
published on a recently established Danish website will be presented.

7.04.06  Open Science in Environmental Risk Assessments for Crop 
Protection Products: A Company’s Perspective on Contributions and 
Expectations
A. Gladbach, Bayer AG, Crop Science Division / Research & 
Development, Disease Management; L.S. Ortego, Bayer CropScience / 
Environmental Effects and Risk Assessment; C. Morr, Bayer AG Crop 
Science Division / Regulatory Scientific Affairs
The safety and environmental impact of crop protection products is a 
public concern making them among the most thoroughly researched and 
strictly regulated chemicals. The environmental risk assessment (ERA) 
conducted in the registration process for crop protection products is based 
on data supplied by the companies, supplemented with relevant informa-
tion from scientific literature. But are all data considered equally relevant 
when assessing the potential risk of substances? We aim to provide insight 
on the following topics from Bayer’s perspective: 1. What are the criteria 
for generating and using data in a regulatory context? Clearly defined 
study protocols adhering to regulatory testing guidelines and good 
laboratory practice laws aim to ensure consistency and comparability 
across tested substances. Some elements of these requirements rang-
ing from study design to reporting to supplementary data access would 
foster the consideration of more open scientific literature in ERA. 2. What 
can companies contribute to Open Science? We as pesticide producers 
have not typically shared our safety studies with the public, except via 
processes like the Freedom of Information Act in the US, which has often 
been a point of debate. Launched in 2017, Bayer’s transparency initiative 
was the first in the industry to proactively enable access to safety-relevant 
crop protection studies. To support the Transparency initiative, videos, 
infographics and education material are provided to put regulatory sci-
ence into context and to help break down barriers to understanding our 
work. In 2020 we will shed more light on the quality assurance system 
and, most importantly, will take transparency to the next level. 3. What is 
Bayer’s expectations from Open Science? We strive for an open dialogue 
on scientific data considered in the environmental risk assessments of 
crop protection products, their interpretation, reliability and relevance, 
potential conflicts of interest and conscious and unconscious biases. There 
are many opportunities to practice Open Science – which starts with open 
data and continues through weighing-the-evidence. Applying the same 
rigor in the evaluation of scientific evidence irrespective of the institution 
generating the data, and focusing on the quality and relevance of the data 
for the question to be answered, is one of the key aspects to (re)build trust 
in the regulatory system by both companies and the general public.

7.04.07 Moving Beyond P<0.05 in Ecotoxicology
B.A. Rattner, U.S. Geological Survey / Patuxent Wildlife Research 
Center; R.A. Erickson, U.S. Geological Survey / Upper Midwest 
Environmental Sciences Center
Statistical inferences play a critical role in ecotoxicology. Historically, 
Null Hypothesis Significance Testing (NHST) has been the domi-
nant method for inference in ecotoxicology. Informally, this approach 
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entails a researcher comparing (or “testing”) an experimental treatment 
or observation against a hypothesis of no relationship or effect (“null 
hypothesis”) using the collected data to determine if the observed values 
are statistically “significant” (i.e., different) given predefined error rates. 
The resulting probability of observing a value equal to or greater than 
the observed value, assuming the null hypothesis is true, is the p-value. 
Criticisms of NHST have existed for almost a century and more recently 
these have grown to the point where some statisticians believe it is neces-
sary to clarify the role of NHST and p-values in science beyond their 
current, common use. These limitations also exist in ecotoxicology. For 
example, a review of the 2010 Environmental Toxicology & Chemistry 
(ET&C) volume found many authors did not correctly report p-values. We 
undertook a similar survey of the 2019 volume of ET&C and found incor-
rect reporting of p-values persists. Problems with NHST and p-values 
highlight the need for statistical inferences besides NHST, a deficiency 
that has long been recognized in ecotoxicology and the broader scientific 
and statistical communities. In view of these criticisms, there is a need for 
ecotoxicologists to use contemporary methods in place of or as an adjunct 
to NHST. We will describe alternative methods including confidence 
intervals, regression analysis, dose-response curves, Bayes factors, 
survival analysis, and model selection to provide insights into what eco-
toxicology might look like in a post-p-value world.

5. Fallacies: Toxicology and Risk Assessment Theory 
and Practice: Misrepresentation, Misunderstandings, 
and Fallacies of All Kinds
7.05.01  What’s the Harm in Toxicological Fallacies and 
Misrepresentations - an Applied Ethics Perspective
L. Burgoon, U.S. Army Engineer Research and Development Center
Scientists today have a lot of pressure to get their message out. We are 
strongly encouraged to demonstrate our work has impact, and as part 
of that, we are encouraged to push press releases out, publish blogs, and 
push our work through social media. And that’s great when our readers 
are other scientists. But what about when lay audiences or the science 
press read our work? Those who are not familiar with some of the more 
nuanced aspects of our work? We have seen instances recently of policy-
makers pushing papers with poor study designs to promote their favored 
treatments for COVID-19; and some of these papers were peer-reviewed. 
The question I seek to address here is from an applied ethics standpoint is 
there harm in perpetuating toxicological fallacies that may be built on a 
foundation of poor science? And, the more prevalent issue – is there harm 
in allowing ourselves, or the press, to push findings from our papers, that 
have never been replicated, as if the science is settled? I will close with 
some of my own reflection, but ask the audience to reflect on what we, as 
SETAC, can do in our communications with lay people and the press, to 
better address fallacies and misrepresentations.

7.05.02 Evaluation of the Inherent Toxicity Concept in 
Environmental Toxicology and Risk Assessment
L.S. McCarty, L.S. McCarty Scientific Research & Consulting; C. 
Borgert, Applied Pharmacology & Toxicology, Inc.; L. Burgoon, Raptor 
Pharm & Tox, Ltd.
Intrinsic/inherent chemical properties are characteristic of a substance, 
irrespective of the number of molecules present. However, toxicity is an 
extensive/extrinsic biochemical property that depends on the number 
of molecules. Paracelsus noted that all things are poisonous; it is the 
dose that makes something not a poison. Although all chemicals can 
be poisons, adverse effects are only observed at toxic exposure levels; 
thus, toxicity cannot be an “intrinsic/inherent” biochemical property. 
Consistent with this, the primary task of toxicology, particularly chemical 
safety assessment, is to determine case-specific risks that are a function 
of interrelationships between possible adverse effects (i.e., “hazards”) 
produced by toxic doses/exposures, the mechanisms causing those effects, 

and case-specific influencing factors. As toxicity testing results are widely 
known to be variable within and between chemicals, test organisms, and 
experimental conditions and repetitions, toxicity is clearly not a fixed 
constant property. Yet, contrary to logic and empirical evidence, hazard-
based regulatory approaches treat hazard as a fixed and constant property 
(i.e., inherent/intrinsic). A logical alternative, more consistent with reality, 
is to define toxicity testing data as a standard risk determination where 
the nature, magnitude, and probability of toxicity is standardized to the 
organism, chemical, and conditions of the test. As species and envi-
ronmental conditions vary, interpolation/extrapolation of experimental 
results (i.e., standard risks) to site-specific environmental conditions 
(i.e., specific risks) is challenging, but necessary. It requires a detailed 
understanding of when and how differing conditions interact with toxicity 
modifying factors. In essence, Paracelsus’ paradigm is perhaps better 
abbreviated as “dose-causality-response. Establishing toxicity causality is 
a critical component in both theory and practice, but appropriate knowl-
edge development has not been prioritized resulting in an inadequate 
current knowledge base. Shifting to a standard risk-specific risk paradigm 
would highlight the importance of improving the quantity and quality 
of information on the role of toxicity modifying factors, CBRs, modes/
mechanisms of toxic action in toxicity causality. This would substantially 
improve routine translation of standard risk estimates to specific risk 
estimates, the raison d’être of environmental regulations and risk-based 
decision-making.

7.05.03 Contextual Interpretation of 21st Century Toxicological 
Assay Results Reveals Protective Mechanisms via the Metabolome
C. Borgert, Applied Pharmacology & Toxicology, Inc.
Recent advances in mechanistic pharmacology and toxicology have 
increased interest in using high-throughput in vitro, in situ and molecular 
modeling approaches – so-called 21st Century Toxicology – to predict 
the potential human toxicity of new chemicals and biological agents to 
which humans may be exposed and to better define the conditions under 
which chemicals and biologicals can be used safely. Much effort has 
been expended on testing as many chemicals as possible in an expanding 
number of assays, but only recently have attempts been made to develop 
algorithms that can be used to interpret assay results in the context of 
activity and exposure. To be ultimately successful, however, these 21st 
Century approaches must be contextualized more broadly within the 
realm of functional biology, which includes, for example, a consider-
ation of genetic responsiveness, the composition of the metabolome, 
the functional status of cellular signaling networks, and physiological 
and biochemical adaptation. This broader contextualization has been 
undervalued at best and has typically gone unrecognized completely. 
Consequently, it has not been adequately addressed. We have used the 
estrogen receptor alpha signaling system as a proof-of-principle model 
on which to build a framework for interpreting the results of 21st Century 
assays in the context of recent advancements in the characterization of 
the human metabolome as well as fundamentals of receptor, enzyme and 
transporter kinetics that are well established and validated over the past 
century in pharmacology. Using this model and just a few components 
of the human metabolome – DHEA, DHEA derivatives, and 27-hydroxy-
cholesterol – it can be shown that the human metabolome occupies a 
significant fraction of estrogen receptors under physiological condi-
tions. On the basis of this model and these results, it is proposed that the 
human metabolome provides protection against exogenous perturbation 
of hormonal pathways through receptor occupancy and negative feed-
back modulation, and that similar protective mechanisms exist in most 
vertebrates. To our knowledge, this represents the first endocrine defense 
mechanism proposed to operate through classical principles of receptor 
ligand kinetics involving the endogenous metabolome.
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7.05.04 Toxicological Misunderstandings and the Undoing of 
Ecological Risk Assessment
L.V. Tannenbaum, U.S. Army Public Health Center 
The discovery some 50 years ago and more, of chemically contami-
nated terrestrial and aquatic sites in the U.S., sparked the creation of 
the world-renowned Superfund program of the USEPA. This risk-based 
program makes no bones about castigating and maligning chemicals 
that have either been accidentally or deliberately released to the environ-
ment. Before we victimize chemicals so, we would do well to cautiously 
review the toxicological information we have, and cautiously consider 
how we use it. Such an exercise might well inform that ecological assess-
ment science needs some serious help. Our lacking understanding of the 
toxicological threats that chemicals can pose to ecological receptors, our 
routine evaluation of exposure scenarios that are not realistically based, 
and our inabilities to express “risk” -- the probability of toxicological 
effects arising -- can paint a very different picture from what most sum-
marily conclude. This presentation will provide examples of toxicological 
studies that proceed in the name of advancing ecotoxicological science, 
but that fall far short of the mark. It will endeavor to identify some very 
hard pills to swallow for scientists/assessors, stakeholders, and the public, 
namely that we commonly pursue problems that don’t truly exist, and that 
in the general case, there is no need at all for an ecological risk assessment 
process.
7.05.05 Consensorship - So that None Might Disagree
C. Borgert, Applied Pharmacology & Toxicology, Inc.
Consensus statements developed through legitimate consensus processes 
confer a number of potential benefits to society, particularly in areas 
where the scientific evidence is not clearly resolved. In clinical medi-
cine, for example, consensus statements rank just below Best Practice 
Guidelines for diagnosing and treating diseases where scientifically 
established diagnostic and therapeutic solutions are lacking. To help 
ensure beneficial outcomes, accepted guidelines for achieving consensus 
should be followed, which includes a clearly formulated goal and techni-
cal boundaries on the topic under discussion, a transparent and clear 
process for selection of expert participants, inclusion of all competing 
interpretations of the data, clear criteria for forming the consensus, and 
open discussion of uncertainties and areas of disagreement. When these 
are not followed, consensus statements can be detrimental, particularly 
when they are presented or perceived as representing a unified interpreta-
tion of established science in situations where the science is still evolving, 
ambiguous, or highly debatable. In such instances, so-called consensus 
statements can discourage or misdirect further scientific inquiry and stifle 
or bias legitimate scientific discussion regarding potential errors, inconsis-
tencies, and alternative interpretations of the data. In some instances, the 
perception of scientific consensus can be used to legitimize censorship 
of scientists who hold alternative and opposing interpretations. Recently, 
a series of five publications written by a substantially similar group of 
authors raise the possibility of the latter situation, where censorship 
has been utilized to achieve consensus and so-called consensus is used 
to legitimize censorship. The three earliest of these papers were repre-
sented as being the outcome of expert workshops and the latter two as 
“consensus statements.” Indeed, scientists who have published opposing 
viewpoints on the topics at issue have been excluded from policy discus-
sions within scientific societies whose committees comprise the group of 
authors who published the putative consensus statements. The so-called 
consensus statements were published without adherence to a recogniz-
able set of guidelines for consensus development and moreover, included 
only one of many competing interpretations of the data. These examples 
will be presented in detail; audience participation and discussion will be 
encouraged.

7.05.06  Towards a Universal TTC: Threshold of Toxicological 
Concern for Acute Fish Endpoints
H. Plugge, Verisk 3E / Safer Chemical Analytics; J. Kostal, George 
Washington University / Department of Chemistry
Thresholds of Toxicological Concern (TTC) have been around for 
decades. A TTC describes the level below which an effect is not expected. 
Only recently were TTC’s applied to ecotoxicology (eco-TTC), although 
the concept has existed for many years as a virtual TTC used in PNECs 
(Predicted No-Adverse Effect Concentration). PNECs and eco-TTC’s are 
generally derived for single chemicals or small groups. Our aim was to 
derive not a chemical group eco-TTC but a universal TTC, applicable to 
all chemical classes. In a detailed meta-analysis of 69999 data points of 
acute fish toxicity we described various curated subsets (Total Curated, 
Organics, Metals and Curated minus Metals) as well as the Raw data. 
Data curation had very little effect: slopes and statistical parameters 
remained similar between Raw and Curated notwithstanding the elimina-
tion of 20000 plus records. The same held for chemical family subsets, 
except for metals which varied from the norm. We performed assorted 
TTC derivations. First, taking our cue from PNECs, we applied a variety 
of safety/assessment/uncertainty factors to statistical descriptors. Second, 
we calculated the y=0 intercept of the log normal graph as a measure of 
TTC. TTC’s range from 0.4 to 1 ug/L, using a 10 fold assessment factor. 
Given the non-normality of the data distribution we also examined the 
lowest 5% of data and found them to have a linear distribution (cumula-
tive number of observations versus toxicity parameter). Thirdly, once 
again we used the y=0 intercept as a predictor of TTC. TTC values were 
identical for all families: 0.2 ug/L, except for metals at 0.7 ug/L. Fourthly, 
a method to derive TTCs at 99.75 and 99.975 percentiles of data was also 
utilized. At 99.75 %, surprisingly all chemical families had similar TTC 
(with the exception of Metals), ranging from 1.4 to 2.1 ug/L. Metals had 
a higher TTC than the other chemical subsets, 3.7 ug/L. At 99.975% data 
the TTC’s ranged from 0.3 to 0.4 ug/L with Metals at 1 ug/L. In conclu-
sion, we identified a universal TTC of 2 ug/L at the 99.75 percentile as 
the most appropriate TTC. At the 99.975 percentile the TTC would be 0.3 
ug/L. Of course in practice your result (and percentile pick) will vary.

6. Science Education: Ideas for Increasing Student 
Engagement, Diversity and Retention to Drive 
Scientific Innovation
7.06.01  Using POGILs to Activate Minds and Foster Inclusive 
Practices in the Classroom
T. King-Heiden, University of Wisconsin, La Crosse / Biology
Process-Oriented Guided-Inquiry Learning (POGIL) is a pedagogical 
approach that stems from chemistry classrooms, but is easily adapted to 
other fields. This tool guides small groups of students through a series of 
exploratory “models” that follow a learning cycle approach (exploration, 
concept invention and application) to foster a deeper understanding of 
course content and data literacy. Since this learning tool also requires that 
students work in collaborative learning teams, it provides the opportunity 
for students to gain experience as a manager, spokesperson, recorder, 
and reflector. POGILs are also uniquely suited for incorporating practice 
in cultural humility, and increasing students’ sense of belonging and 
community to foster equity in the classroom. I use this student-centered 
learning approach in all of the courses I teach, ranging from large 
introductory biology courses, large upper level anatomy and physiol-
ogy courses, to smaller upper level/graduate courses in environmental 
toxicology. Here I describe my methods of facilitating these activities in a 
variety of different classroom settings, evidence of their success, and the 
pitfalls of facilitating discussions in classes with high enrollments.
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7.06.02  Retention Through Engagement: Graduate Students in 
Environmental Chemistry and Toxicology Programs
C.M. Lee, Clemson University / Engineering and Science Education 
Department; C. Sumner, Clemson University / Biological Sciences
An important aspect of retention and success in graduate study is main-
taining and fostering the motivation for the doctoral research. Students 
must generally focus on a single project over a sustained amount of time. 
Retention of students from groups that are traditionally underrepresented 
in academia and professional positions is also of concern in STEM disci-
plines. But research suggests that demonstrating how the profession helps 
people in general (women) or specific communities (underrepresented 
minority students) can contribute to motivation, identity, and ultimately 
retention in the STEM disciplines. For underrepresented and majority stu-
dents, intrinsic motivation is important to cultivate and not just rely only 
on external motivation such as passing qualifying and comprehensive 
exams or encouragement from advisors and mentors. Service-learning 
and outreach programs can serve as passion projects for graduate stu-
dents. However, there can be barriers to involvement. To keep students on 
track and to meet the requirements of sponsors of funded research, some 
advisors may not encourage their advisees to engage in generalized out-
reach efforts or service-learning. Another barrier may be students’ ability 
to manage time effectively, which is frequently a struggle for all involved 
in academia. Universities or national efforts may also present barriers to 
participation. For graduate students in the environmental sciences that 
straddle multiple disciplines, students may not see the utility in partici-
pating in a general chemistry, biology or some other discipline specific 
program. Case studies of two student-created and led efforts at Clemson 
University will be discussed and their relationship to graduate student 
motivation and retention will be examined. What’s in Our Water (WOW) 
was developed and managed by graduate students in the Environmental 
Toxicology program, while Clemson Engineers for Developing Countries 
(CEDC) was developed by undergraduate students in Civil Engineering. 
One of the founding members continued leading the effort as a gradu-
ate student and faculty member at Clemson. Both organizations crossed 
disciplinary boundaries and represent passion projects for graduate 
students who received support from the institution and external spon-
sors. The results of the case studies provide guidance to others desiring to 
support or start service-learning and outreach for graduate students in the 
environmental sciences.

7.06.03  Serial Dilutions and Other Scary Concepts: Integrating 
Mathematics and Chemistry into Toxicology
A.D. Harwood, Alma College / Environmental Studies/Biology
By nature, toxicology is interdisciplinary and undergraduate courses in 
this subject (particularly at smaller institutions) tend to draw students 
from a variety of majors. This can create a body of students with a range 
of skills that they are experienced with, but also a range of skills in 
which they are confident. There are several advantages to embracing this 
diversity in students. So, rather than limit the students or content in these 
courses, I wish to explore techniques to bring students to both the same 
skill and comfort level with mathematics and basic chemical concepts. 
Several factors cause anxiety and lack of confidence with mathematics 
and chemistry in life science students. In identifying these issues and 
strategies for improvement, we can create better learning environments 
and subsequently recruit more diverse toxicology students.

7.06.04 Small Scale Interventions in Introductory Biology Lead to 
Meaningful Changes in Student Success
N.G. Holtzman, Queens College / Biology
A strong background in STEM is important, not only for science majors, 
but also for member of the general public as a part meaningful citizenship. 
The STEM gap for minority student and first-generation college students 
has been known for many years. As a part of a DOE funded HIS-STEM 
grant, faculty at Queens College (CUNY) have been modified to increase 
student success in the core introductory classes for the STEM majors. 

Here, we review the efforts for Introductory Biology 1 (BIOL 105). 
BIOL105 is the first semester of a two-semester series of introductory 
biology for majors. It consists of a single 300 student lecture paired with a 
25-student lab class. In order to carry out a randomized control-treatment 
study, all interventions were carried out in the lab sections with the hope 
that this would increase lecture grades. The lab interventions include 
instructor training in inquiry-based learning, a content check in the form 
of a quiz at the start of each lab, a weekly post lab quiz, a standardized 
Powerpoint with inquiry-based questions and better integration of lab 
and lecture materials. Preliminary analysis of 4 semesters indicates that 
the treatment sections had a significant reduction in students withdraw-
ing from the class (10-20% less students withdrew) compared to control 
classes. Where there was no evident increase in the number of students 
with a grade of A- or better, the trend clearly suggests that more stu-
dents in treatment sections received a grade of C (7% increase) or B (5% 
increase), when compared to the class as a whole. These findings did not 
depend on the time of day that the class was held, the semester, the lecture 
or lab instructor. The current analysis suggests that our treatment inter-
ventions are increasing student success. We plan to finalize that analysis 
along with an analysis of demographic distribution of the impacts. We 
also plan to assess the long-term student outcomes of our students by 
including time to graduations, grades in following classes and retention in 
the major.

7.06.05 Engaging Undergraduate Students in Environmental 
Toxicology and Chemistry Research
T. Hoang, Loyola University, Chicago / Institute of Environment and 
Sustainability
Loyola University Chicago has been recognized as one of the best teach-
ing universities in the US. With the teaching focus, research at Loyola, 
especially at the new Institute of Environmental Sustainability that did 
not have graduate program was usually designed to engage participa-
tion of undergraduate students. The goals are to introduce the students 
to research and prepare them for graduate schools and future research 
career. My students were gradually engaged in research by introducing 
them to research topics, ideas, and meaning in the field of environmen-
tal toxicology and chemistry through courses I taught as the first step. 
After the introduction, students that expressed interest in research were 
provided with materials to read, trained, and allowed to participate in 
research that was led by other senior students. When the students are 
familiar with the experimental procedure and interested in continuing 
research, a specific research was designed for each student to conduct. 
During the past 10 years at Loyola, I have advised over 50 undergradu-
ate and 6 graduate students for research in environmental toxicology and 
chemistry. Approximately, half of the students participated in research 
for more than a year and joined SETAC membership. They attended and 
presented their research at the Midwest Regional and National SETAC 
meetings. A couple of them successfully presented their research at 
Midwest SETAC meetings and received Best Student Oral Presentation 
Awards in 2016 and 2019. Results of their research have been published in 
peer reviewed journals. Most of the students presenting at SETAC meet-
ings attended graduate schools after graduating from Loyola. I was also 
beneficial from my student’s success and was selected for the Langerbeck 
Faculty Research Mentor Award of Loyola in 2019. More details can be 
discussed at the 41st Annual Meeting of SETAC North America.

7.06.06 Using Behavioral Assays to Demonstrate Principles of 
Environmental Chemistry in Toxicology
S. Nutile, Pennsylvania State University / Biology
Determining risk associated with contamination in environmental toxicol-
ogy requires understanding of environmental chemistry. The molecular 
properties of contaminants factor into how toxicants partition in the 
environment and an organism, defining exposure, while the chemical 
structure defines the mechanism by which toxicity occurs. Demonstrating 
changes in toxicant fate and toxicity caused by changes in toxicant 
chemistry can be difficult to demonstrate with hands-on approaches. 
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Toxicity tests are utilized in toxicology classrooms, but the time commit-
ment, materials, space, and technique required to gather relevant data can 
limit applicability. Behavioral assays with invertebrates require minimal 
equipment and offer a variety of experimental designs, yet few standard-
ized methods exist. The objective of this study was to design a behavioral 
assay using the epibenthic amphipod, Hyalella azteca, to demonstrate the 
concepts of environmental chemistry as they relate to toxicology in the 
classroom. Using a two-choice area, students monitor substrate selec-
tion of individual H. azteca over ten minutes. Replicate trials with new 
individuals are conducted, gathering data to be analyzed using simple to 
complex statistical analyses, depending on the experimental design and 
course objectives. As H. azteca demonstrate selection preference, treat-
ment effects are easily realized. By altering chemical class, concentration, 
organic carbon content, or substrate type within each half of the arena, 
students are able to manipulate the experimental objective, examining 
how chemical properties alter behavior. Experimental results can be 
applied to concepts of toxicology (i.e., sublethal effects) and ecology (i.e., 
“landscape of contamination”), providing practical application of experi-
mental results, linking toxicology with environmental chemistry.

7.06.07  From Ground Water Contamination to Mt. Everest: Lessons 
Learned From Science Presentations to Two Generations of Students
S.Z. Cohen, Environmental & Turf Services, Inc.
Many school systems welcome visits from parents and grandparents who 
want to share their environmental science expertise with the students. It 
is important to choose an age-appropriate topic that would be interesting 
to the students while supporting some aspect of the teacher’s curriculum. 
The American Chemical Society has a wonderful set of kits that enable 
the teaching of data gathering and testing hypotheses via the hands-on 
generation of carbon dioxide (K-5th grade). The concept of greenhouse 
gases was addressed. Red dye was added to a terrestrial microcosm to 
teach first graders about ground water contamination. Eighth graders 
learned about the physics of skydiving in class -- including videos of sky-
diving set to rock music -- then went into the hallway to touch and handle 
a parachute. A lecture on the biochemistry and atmospheric physics of 
mountain climbing became a hands-on lesson when the students handled 
mountaineering gear at the end of the lecture. Lessons learned from 26 
years of conducting these teaching activities will be presented.

7.06.08 Spiritual Beliefs and Teachings May Entrench 
Environmental Sustainability: Evidence From Lagos, Nigeria
K.O. Omoyajowo, University of Lagos, Akoka Yaba / Cell Biology 
and Genetics (Environmental Biology); K.A. Omoyajowo, Ekiti State 
University, Ado-Ekiti / Faculty of Law
Threats to environmental sustainability have evolved into a subject of 
acute global concern and have necessitated the pluralism of approaches 
to promoting environmental conservation as well as galvanizing global 
efforts across institutions in every society. Hence, spirituality has been 
ushered into the discussions on global environmental sustainability. 
It cannot be overemphasized that a significant proportion of the envi-
ronmental degradation that confront human existence are the results 
of human activities which are stimulated by a range of factors, among 
which, is religion or spiritual beliefs. This pioneer study therefore seeks to 
understand the influence of spirituality on environmental behavior as well 
as the role of spiritual/religious leaders in propagating environmental sus-
tainability. In doing this, 300 youths (mean age 34 years) across five local 
government areas (namely Alimosho, Kosofe, Ifako-Ijaiye, Somolu and 
Lagos Island) in Lagos, Nigeria were interviewed with respect to “how 
spirituality influences their behavior with respect to the management of 
natural resources”. Respondents (>50%) agreed that spirituality influences 
their choice of saving water, energy and disposing household and hazard-
ous waste in a responsible way. About 80% of the respondents indicated 
their preparedness to live a lifestyle that engenders responsible environ-
mental behaviors while about 40% revealed that teachings on resource 
conservation if spearheaded by their religious leaders would make them 
more environmentally responsible. Thus, this study therefore resolved 

that spirituality influences the environmental behavior of humans. It is 
therefore canvassed that to promote resource conservation and environ-
mental sustainability, the religious sector should be integrated into policy 
advocacy programs on environmental sustainability.

7. Status of Ecological Risk Assessment  
Regulatory Programs
7.07.01  An Overview of the TCEQ’s Ecological Risk Assessment 
Program
G. Zychowski, M.S. Smith, Texas Commission on Environmental Quality
The Texas Commission on Environmental Quality’s Ecological Risk 
Assessment (ERA) program features a three-tiered approach for evalu-
ating ecological risks from chemical contaminants at remediation sites 
under various state and federal programs (voluntary cleanup, corrective 
action, Superfund, etc.). The agency offers a variety of ERA guidance 
documents and useful resources to the regulated community and employs 
a core group of technical staff to review and oversee ongoing ERA work. 
For over 20 years, the program has evolved primarily within the context 
of the Texas Risk Reduction Program Rule (30 TAC 350) and continues 
to develop in response to challenges at remediation sites in Texas and 
emerging scientific data. This presentation will provide an overview of 
the program, including the three-tiered approach, new developments and 
goals, and resources to aid consultants and the regulated community. 
Recent and ongoing work includes the publication of new and updated 
guidance documents, the establishment of screening benchmarks based 
on the best available science, and the successful collaboration between 
the TCEQ and West Texas A&M University toward the development 
and maintenance of a Protective Concentration Levels Calculator (“PCL 
Database”).

7.07.02 Development of Web-Based Protective Clean-Up Levels for 
Use in Ecological Risk Assessment and Remediation
B.S. Yates, Yates Environmental Sciences, Inc.; B. Heim, West Texas A&M 
University / Information Technology; G. Zychowski, Texas Commission 
on Environmental Quality; M. Roy, Centerline Environmental Consulting, 
LLC; W. Rogers, West Texas A&M University / Life, Earth and 
Environmental Sciences
Development of remediation or “risk management” decisions is often 
arrived at through the application of ecological “protective clean-
up levels” (PCL’s). In the state of Texas, the Texas Commission on 
Environmental Quality (TCEQ)’s Texas Risk Reduction Program 
integrates PCL development into both the screening level and baseline 
ecological risk assessment processes. Development of PCL’s is compli-
cated by the variety of habitats present throughout the state, diversity of 
species – including threatened and endangered receptors – and number 
of contaminants of concern (COC’s). To address this problem the TCEQ 
and West Texas A&M University collaborated to create the ecological 
PCL Database. This database is the result of a 20+ year research effort 
to develop web-based user interactive software capable of calculating 
PCL’s for representative indicator receptors for trophic levels and feeding 
guilds found within those habitats. Primary and secondary receptors were 
selected for each trophic level/guild resulting in 113 receptors in seven 
primary habitats. Contaminants of concern (COCs) commonly found in 
Texas, particularly at Texas CERCLA sites, including metals, PAH’s, 
PCB’s, VOC’s, munitions and explosives, dioxins, pesticides and per-
fluorinated compounds comprise the 116 COCs included in the database. 
A toxicological profile was developed for each COC from an exhaustive 
literature review, which includes fate and transport and acute and chronic 
toxicity data that is sufficient for developing default Toxicity Reference 
Values (TRVs). The TRVs, along with the other data gathered, were then 
used to develop NOAEL / LOAEL-bounded PCLs for each COC/recep-
tor pair. With 116 PCOCs and 113 receptors, this interactive database 
can generate over 13,000 PCLs each for mortality, reproductive, growth, 
and population toxicity endpoints for the seven habitats, resulting in a 
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total of over 275,000 PCLs. This tool allows the user to replace default 
values with site-specific ones for refining bioaccumulation estimates and 
conducting dose-response calculations. This presentation will demon-
strate the regulatory impetus, history, breadth and scope of the database, 
sources of uncertainty (i.e., data deficiencies indicative of the need for 
further research) and the utility of the database in conducting site-specific 
“real world” assessments.

7.07.03 Sense and Sensibility in the West Virginia Voluntary 
Remediation Program Ecological Risk Assessment Process
R. Brittain, WVDEP / Office of Environmental Remediation
Since the WV Voluntary Remediation Program (VRP) was established 
in 1996, the VRP stakeholders were often confused about relevant 
ecological receptors, screening benchmarks and ecological risk assess-
ment methods. Due mostly to community concerns, the WV Department 
of Environmental Protection (WVDEP) restructured the Office of 
Environmental Remediation (OER) and updated the VRP Guidance 
Manual to improve consistency and clarity in VRP. The Voluntary 
Remediation and Redevelopment Rule mandates that VRP sites assess 
ecological risks via either De Minimis, Uniform or Site-Specific risk 
assessments. The updates to VRP guidance clarified De Minimis ecologi-
cal screening due to no releases or no ecological receptors, established 
relevant ecological benchmarks for Uniform ecological screening, and 
explained preferred Site-specific ecological risk assessment methodolo-
gies. By applying these changes, OER protects WV’s ecological resources 
using a more sensible process. For example, the updated VRP guidance 
is being applied to WV’s first VRP site, an old chemical plant, to protect 
ecological receptors in the Kanawha River from historical releases of 
chlorinated compounds and pesticides. This chemical plant entered VRP 
in 1997 and the original ecological risk evaluation from 1999 declared 
that the “river environment requires no further ecological evaluation” 
despite multiple contaminants exceeding background concentrations. 
This declaration was based on “no expectations” of the area to contain 
ecological receptors without conducting surveys to verify the assump-
tion. New consultants and fresh eyes from WVDEP are now testing 
this assumption using ecological surveys, the Refined Screening Value 
(RSV) method from EPA Region 4 and developing baseline ecologi-
cal risks using published Toxicity Reference Values and biota sediment 
accumulation factors. Another site was able to get a NFRAP letter from 
EPA Region 3 in less than a year and save over 100 jobs by following the 
updated guidance. This old smelter site had historical Zinc and Polycyclic 
Aromatic Hydrocarbon impacts in an adjacent stream. Removing sedi-
ment hotspots that exceeded site-specific RSVs developed using multiple 
lines of evidence allowed the site to receive their NFRAP and new inves-
tors to proceed with their purchase of the property. These examples and 
others demonstrate how OER adapted to fulfill their Legislative mandate 
in a more consistent and sensible manner.

7.07.04  Framework for Evaluating Emerging Substances of Concern
D.W. Moore, U.S. Army Corps of Engineers / Engineer Research & 
Development Center; B. Ruffle, AECOM / Environment; S. Thakali, 
AECOM; A.D. McQueen, U.S. Army Corps of Engineers / ERDC/EL; D. 
Edwards, ExxonMobil
The decision to use a chemical or group of substances needs to consider 
multiple factors, such as performance, cost, potential for adverse health 
and environmental effects, and societal impacts. The process for evaluat-
ing key factors to make informed decisions is challenging and inherently 
uncertain. A variety of frameworks and assessment methods exist for 
evaluating the environmental and public health risks of new and existing 
chemicals and hazardous substances. This presentation will discuss an 
evaluation of a cross-section of existing frameworks in use internationally 
to identify key principles and approaches for characterizing and prioritiz-
ing potentially problematic substances. Common features and unique 
elements of existing frameworks that promote principles of responsible 
use will be described, as well as recommendations for potential process 
improvement. Key elements of a successful framework will be discussed, 

such as incorporating continual advances in science and technology, 
applying a risk-screening prioritization approach, maximizing transpar-
ency and information sharing, and using adaptive management to target 
areas of uncertainty and facilitate early identification and corrective 
action for unanticipated potentially problematic substances. Application 
of the framework to an emerging contaminant of concern to identify areas 
where key data were lacking and environmental issues missed will be 
described.

7.07.05  Environmental Risk Assessment: Points to Consider When 
Preparing New Chemical Notifications Under the Toxic Substances 
Control Act (TSCA)
J.S. Gallagher, U.S. Environmental Protection Agency / Office of 
Pollution Prevention and Toxics
The United States Environmental Protection Agency’s (USEPA)’s New 
Chemicals Program helps manage potential risk to human health and the 
environment from new industrial chemicals prior to their introduction 
into U.S. commerce under Section 5 of the Toxic Substances Control Act 
(TSCA). In 2018, the USEPA provided industrial chemical submitters 
with “Points to Consider” when preparing a new chemical notification 
for human health and environmental risk assessment under TSCA. The 
USEPA “Points to Consider” document, involving industry and public 
input, was developed to facilitate a more refined and efficient regulatory 
evaluation of new chemical substances based on providing complete/
key information in the original new chemical notification. Even though 
the “Points to Consider” document primarily focuses on new chemical 
submitters (industry), the overall concepts are applicable to all human 
health and environmental risk assessors. This presentation will provide an 
overview as to how the USEPA assesses environmental hazard of a new 
chemical substance under TSCA with limited chemical-specific toxicity 
test data (preference: test data on the new chemical >> analogue test data 
> modeling approaches [ECOSAR v. 2.0]) to arrive at concentrations of 
concern (COCs) followed by a discussion on environmental risk (compar-
ing COCs to potential environmental concentrations of the new chemical). 
The presentation will conclude with key “Points to Consider” when 
preparing a new chemical substance for environmental review in the New 
Chemicals Program. Disclaimer: The views in this abstract are those of 
the author and do not represent USEPA policy or endorsement.

8. Late Breaking: Policy, Management and 
Communication
7.08.01  Evalution of Factors Underlying the Development of Health-
Based Drinking Water Guidance Values for Per- and Polyfluoroalkyl 
Substances
A. Kliminsky, H. Herring, I. Collins, D. Cox, GHD
Environmental contamination of drinking water by per- and poly-
fluorinated alkyl substances (PFAS) has become a widespread and 
widely-recognized health and regulatory concern. Two PFAS in particu-
lar, perfluorooctanoic acid (PFOA) and perfluorooctane sulfonate (PFOS), 
have come under review due to their widespread use, documented water 
impacts, and persistence in the environment. The U.S. Environmental 
Protection Agency (USEPA) developed toxicity criteria (reference 
doses, RfDs) and drinking water health advisories for both compounds 
in 2016. A number of other regulatory agencies in North America have 
developed their own toxicity criteria independent of USEPA and derived 
drinking water values, demonstrating a lack of regulatory consensus in 
selecting PFAS toxicity criteria. This paper evaluates the assumptions 
and approaches used by regulatory agencies that have developed PFAS 
values in the interest of providing clarity for stakeholders who are look-
ing to manage sites with PFAS concerns. We hope that this information 
can be useful to not only site managers but also regulators who may be 
looking to set PFAS values in the future. Through our review, we found 
that evidence supports specific toxicokinetic models, toxicity endpoints, 
Uncertainty Factors (UFs), and Relative Source Contributions (RSCs) 
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to varying degrees. For both compounds, the use of the Wambaugh et 
al. (2013) model appeared to be well-supported. The selected Human 
Equivalent Dose (HED) calculation methods; however, directly influenced 
the chosen the toxicity endpoint for both compounds. This influence was 
more evident in PFOS target endpoints than for PFOA. The review took 
into account that UFs should be influenced by the principal study chosen. 
We recognized that some UFs would be study specific, while others could 
be applied based on the body of evidence. The review found evidence to 
support modifications to currently utilized UFs. Finally, the selection of 
RSC by agencies were influenced by exposure models, epidemiological 
data, and the agencies’ own RfD. RSCs above the EPA default were sup-
ported in the review. Although the current body of evidence supports the 
above conclusions, we recognize that the knowledge base regarding PFAS 
toxicity continues to develop. As with an increase in available studies, 
there may be a corresponding decrease in UFs used by regulatory agen-
cies. In addition, regulatory consensus may be reached on appropriate 
toxicity endpoints and target organs for both compounds.

7.08.02  COVID-19 Scourge Encumbers the Practice of 4R’s of Waste 
Management in Some American Firms
K.O. Omoyajowo,  A.L. Ogunyebi, University of Lagos, Akoka / 
Department of Cell Biology and Genetics
As COVID-19 continues to present unimaginable threats to the future 
of the environment, it is not impossible to rethink that the continual 
existence of human race is at stake. More than 60% of toxic wastes 
released to the environment are largely contributed by manufacturing and 
service firms. Hence, this present study critically examined the impact 
of COVID19 with respect to compliance of firms to the practice of 4R’s 
of Waste Management (i.e. Reduce, Reuse, Recycle, and Recover) among 
American manufacturing and service firms. A total of 42 notable firms 
across Detroit (Michigan), Atlanta (Georgia), and Houston (Texas) were 
successfully interviewed on their choices to reduce, reuse, recycle and 
recover their industrial waste since the outbreak of COVID19. Common 
wastes generated by these firms were papers, plastic, aluminum foils, 
metal scraps, and sewage. About 80% of firms studied generate plastics 
as waste; out of which, more than 75% (34) of firms agreed that COVID19 
encumbered their choices to reduce, reuse, recycle and recover plas-
tics. This study reasoned that Covid19 will continue to increase plastic 
wastes and their associated risks in the environment. This study therefore 
recommends that Government and relevant stakeholders should sensitize 
American firms on grave dangers of plastics and other toxic wastes in the 
environment.
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1. Enhancing Usability of LCA Results by Decision-
Makers
8.01.01  Overcoming Barriers to Enhanced Use of LCA Results
B.W. Vigon, Breveja Environmental Consulting, LLC; J.A. Fava, Anthesis; 
T.J. Skone, National Energy Technology Laboratory / Department of 
Energy; L. Laurin, EarthShift Global; S. Bajaj, Forum for Sustainability 
through Life Cycle Innovation; J. Zeman, Kohler Corporation
Although Life Cycle Assessment (LCA) has enjoyed increasing popular-
ity over the past several decades as a methodology for holistic assessment 
of system level environmental burdens and potential impacts, its uptake 
has been constrained by a number of factors. This story, and indeed this 
session, provides thinking, workshop outcomes and community input to 
address these challenges and enhance use of LCA results by decision-
makers. Although the story is as old as LCA itself, discussions on how 
to identify the barriers, engage actual or prospective users, and provide 
cohesive recommendations have only been undertaken in the past several 
years. The SETAC North America LCA Interest Group (IG) began an ad 
hoc effort to better support decision-makers with LCA and published a 
roadmap to provide guidance on a path forward. Since that publication, 
further efforts have been made toward organizing a workshop oriented 
toward needs and gaps assessment and identifying potential solutions. 
Challenges to addressing barriers are myriad and include the huge range 
of users, differences among organizations in size, complexity, service and 
product offering, geographic reach, and available financial and technical 
resources, to mention some. This story is an ongoing one and audience 
members will be asked to offer perspectives and ideas on effective and 
implementable solutions

8.01.02  Optimizing Products to Meet Sustainable Market Needs
C. Smith, Owens Corning / Product Stewardship and Sustainability
By implementing life cycle thinking tools, product developers are able 
to guide new product and process developments in directions which 
reduce environmental impacts. These improvements translate through 
to LCA and EPD results which make it possible to address a previous 
gap for builders and architects looking to leverage the LEED building 
product and disclosure optimization section for environmental product 
declarations, specifically, the option 2 credit related to multi-attribute 
optimization. More LEED credits make for happier customers.

8.01.03  Integrating Reduced-Form Air Pollution Models to an LCA 
Electricity Baseline Model
D. Sun, M. Jamieson, G. Cooney, National Energy Technology 
Laboratory, Contractor; T.J. Skone, National Energy Technology 
Laboratory / Department of Energy
The electricity and power generation sector in the United States (U.S.) is 
undergoing a period of rapid transformation via the adoption of natu-
ral gas-fired power plants, incorporation of renewable feedstocks, and 
phasing-out of older power-generation systems (e.g. legacy coal and 
nuclear). However, this historic shift in the supply/demand of electricity 
and diversification of power generation technologies is accompanied by 
resource consumption and emissions to land, water, and soil, and thus 
may have unintended environmental consequences. EPA, NETL, ANL, 
and NREL collaborated to develop an open source multifunctional life 
cycle model to quantify baseline life cycle impacts of U.S. electricity 
consumption, known as the U.S. Electricity Baseline. Energy analysts 
and LCA practitioners can interact with the resulting electricity inventory 
data via the open-source Python code, unit processes in the Federal LCA 
Commons, and via an external results interface. NETL will maintain 
the U.S. Electricity Baseline and is continuing with additional develop-
ment to enhance features and capabilities. In this work, we provide more 
context to electricity sector emissions increases by estimating changes 
to the ambient concentration of PM2.5. We augment the existing baseline 
model with three air pollution reduced-form models: InMAP, EASIUR, 
and AP3. As a proof of concept, we illustrate the model’s capabilities by 

estimating the climate and environmental impacts associated with the 
electrification of vehicles in the U.S. We estimate impacts for three differ-
ent scenarios: current fuel mix, projected 2030 U.S. Energy Information 
Administration (EIA) Annual Energy Outlook (AEO) fuel mix, and 
projected 2050 U.S. EIA AEO fuel mix. These scenarios create a bound-
ing analysis that approximate different levels of decarbonization. We 
assume, for each state, the fuel requirement and generation of each power 
plant increases equally to the amount of energy needed to operate vehicles 
annually. We approximate emissions of SOX, NOX, NH3, VOC, and 
primary PM2.5 produced by the electricity baseline model. This case study 
will illustrate how the electrification of vehicles might affect air pollution, 
especially while the electricity fleet is in its current state or in a partially 
decarbonized state and how vehicle electrification may shift pollution 
burdens as diffuse non-point sources become concentrated point sources. 
We expect the inclusion of air pollution modeling will help better inform 
decision-makers on how to make future decisions about the electricity 
fleet and how those decisions could impact the broader public.

8.01.04  Incontinence Bed Pad - Eco-Efficiency Analysis
B. Uhlman, BASF Corporation / Environment Health and Safety Division
BASF used LCA, more specifically our eco-efficiency analysis (EEA) 
to support the health care industry and their downstream customer to 
better understand in a holistic manner the environmental and economic 
benefits and trade-offs associated with disposable and reusable fabrics 
and textiles. Using 3rd party verified eco-efficiency results, company 
users are made aware of the important drivers effecting the sustainability 
footprint of their product and can thus focus product development efforts 
on the key, relevant aspects. In addition, the EEA results help support 
credible external communications specific to the environmental aspects 
while offering deeper insights regarding where impacts and benefits 
were occurring over the full life cycle of a product. The EEA information 
replaces perception with science-based calculations.

8.01.05 Life Cycle Analysis Tools for Evaluating the Environmental 
Footprint of Carbon Utilization Projects
G. Cooney, M. Mutchek, National Energy Technology Laboratory, 
Contractor; E. Dale, National Energy Technology Laboratory; T.J. 
Skone, National Energy Technology Laboratory / Department of Energy
Capturing carbon dioxide (CO2) emissions from power and industrial 
sources and using that CO2 to make useful products is an emerging area 
of research that would benefit from a consistent and unbiased framework, 
such as life cycle assessment/analysis (LCA), to better understand the 
environmental impacts and net life cycle GHG reductions compared to the 
current state of the alternative in the marketplace. From a methodologi-
cal perspective, CO2 utilization systems are complex due to the intrinsic 
links established between the power sector and the utilization sector 
(e.g., biofuels, cement, chemicals, etc.). In their 2019 report, “Gaseous 
Carbon Waste Streams: Utilization Status and Research Needs,” the 
National Academies identified life cycle assessment benchmarking as a 
key research priority to “facilitate consistent and transparent assessments 
of the net greenhouse gas emissions of carbon utilization technologies.” 
LCA is uniquely suited to employ in the analysis of CO2 utilization tech-
nologies because of the methodical approach that forces a cradle-to-grave 
understanding of the system. It is not uncommon to see CO2 utilization 
analyses that focus mainly on the utilization technology and apply a 
simplified approach to the upstream CO2 source. We contend that a robust 
treatment of the upstream CO2 source is imperative in any CO2 utiliza-
tion LCA, because of the important link between the source of the CO2 
and the use of the CO2 in the overall environmental impact. This holistic 
view is necessary to understand the net benefits of the entire system, not 
just a subset. Conducting LCA guidance work early is important in the 
development of these emerging technologies, because it allows time to 
implement change while technologies are still nascent. Additionally, U.S. 
Department of Energy (DOE) and the federal government is increas-
ingly requiring LCA as part of funding for primary research and tax 
incentives like “45Q” for CO2 capture, utilization, and storage projects 
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(H.R. 1892, 2018). In the interest of supporting the creation of useful and 
consistent LCAs of CO2 utilization projects, the DOE National Energy 
Technology Laboratory has developed a CO2 utilization LCA toolkit. The 
primary audience for the toolkit is the group of principal investigators 
that have been awarded a grant through a DOE Carbon Use and Reuse 
funding opportunity announcement. However, we believe that there is 
wider application beyond those grant recipients. The toolkit comprises a 
guidance document, reporting templates, openLCA contribution analysis 
tools, LCI data, and subject matter expertise. The guidance document 
should be considered as a companion to the requirements established in 
ISO 14040/14044, providing specific guidance on methodological issues 
for scoping and completing the LCA. The guidance, data, and tools are 
publicly available and free. This presentation will provide an overview of 
each part of this first-of-a-kind toolkit, it’s utility to the LCA community, 
and value in assessing emerging technologies.

8.01.06  Sharing Experiences Around the Campfire
B.W. Vigon, Breveja Environmental Consulting, LLC; J.A. Fava, Anthesis
This is a participatory element that complements the shared stories in this 
session. The discussion group will include the three storytellers and two 
moderators (session co-authors). The session will last 25 to 30 minutes 
and be audience friendly. Although the panel will initiate the conver-
sations, based on the overview of the workshop (anticipated to occur 
before the SNA Meeting) and selected stories, the idea would be to elicit 
additional audience insights derived form the workshop outcomes and the 
application-oriented stories <br>

8.01.07  Life Cycle Assessment of an Aquaponic System: 
Environmental and Economic Implications of an Aquaponic Food 
Production in US-Midwest
R. Ghamkhar, A. Hicks, University of Wisconsin, Madison / Civil and 
Environmental Engineering
Tightening nutrient cycles is prospectively a sustainable approach for food 
production that mitigates waste and damages to ecosystems. Aquaponic 
food production, in which fish and plants are grown symbiotically, is 
one potential approach to reduce the adverse environmental impacts 
of aquaculture food production systems (e.g. eutrophication and water 
consumption) while maintaining the economic gains by adding to product 
types and quantities. As more products are generated and less waste is 
emitted, combining these systems are anticipated to be more environmen-
tally and economically sustainable food production process compared to 
separate aquaculture-agriculture processes. With respect to environmen-
tal sustainability, many studies have evaluated the environmental impacts 
of aquaponics. Ghamkhar, Hartleb, Wu, and Hicks (2019) compared the 
environmental impacts for carnivorous cold-water fish production in 
an aquaponic system vs. conventional farm, and highlighted a notable 
reduction of impacts in acidification and eutrophication by aquaponic 
production. Despite the indisputable value of the current knowledge 
on aquaponics environmental impacts, there are three main gaps with 
respect to the environmental analysis of aquaponics: (a) the investigated 
impacts are usually not covering all the relevant impact categories; (b) 
the investigated systems are mostly located in warm weather locations, in 
which heating requirements are relatively low and may not be representa-
tive to cold weather locations, in which heat requirements are relatively 
high; (c) practical alternatives to mitigate the environmental impacts of 
aquaponics, considering economic limitations, are not fully explored 
within the studies. This work seeks to utilize Life Cycle Assessment 
(LCA) and Economic Analysis to provide a comparative environmental 
and economic evaluation of a cold-weather located aquaponic system 
(US-Midwest), which cultivates varying aquatic species in different years. 
A holistic set of environmental impact categories (10 impact categories) 
and economic indices (4 indicators) are manipulated to determine hotspot 
parameters and strategies to enhance the environmental and economic 
favorability of the aquaponic food production system. Entailing both 
environmental and economic evaluations, results suggest that aquafeed 
and heat are the two key parameters that should be prioritized for optimal 

usage. This can be achieved by (a) the use of aquafeeds with higher feed 
conversion efficiency and lower environmental impacts, and (b) applying 
effective space heating strategies.

8.01.08  Narrowing Variability by Global Sensitivity Analysis: Case 
Study of Swiss Household Consumption
A. Kim, Paul Scherrer Institute / Energy System Analysis; C. Mutel, Paul 
Scherrer Institute (PSI) / Laboratory for Energy Systems Analysis
Household consumption is directly or indirectly responsible for the 
majority of anthropogenic environmental impacts. Accurate estimates 
of its total impact, as well as sectoral contributions (mobility, housing, 
food, etc), provide valuable support for effective policymaking. However, 
life cycle assessment (LCA) results can only be interpreted confidently 
if the quality of the underlying data is satisfactory. In this work, we use 
Monte Carlo simulations for uncertainty quantification, and then employ 
multi-step global sensitivity analysis (GSA). Challenge lies in conducting 
a comprehensive analysis by including background inventory databases 
with hundreds of thousands uncertain datasets. Traditional GSA methods 
can only be applied to models with up to hundreds of inputs. By recasting 
the problem into a different formulation, employing gradient boosting 
machines and running parallelized computations on a cluster, we could 
identify the most influential datasets of this very high-dimensional model. 
The results indicate that for the Swiss household consumption, and the 
climate change impact category, most of the output uncertainty comes 
from only 2850 datasets (less than 2% of all datasets). By systematically 
analyzing them, we identified a potential for regional disaggregation as 
a first step for data quality improvement. The combination of GSA and 
contribution analysis can provide even more insight into data collection 
prioritization as it essentially considers both inventory uncertainties and 
LCA modeling. As environmental policy recommendations are dependent 
on interpretation of LCA results, it is important to consider boundaries of 
the results variability. The smaller this variability is, the more confidence 
we have in results interpretation. The uncertainty and sensitivity analysis 
methodology proposed in this work serves towards quantifying and 
narrowing impact assessment results variability, and the findings for the 
specific case study of Swiss household consumption guide towards better 
quality inventory data.

2. Life Cycle Assessment Applications
8.02.01 Sustainability Implications of Nutrient Removal and Use in 
Wastewater Treatment Systems
M. Sena, University of Wisconsin, Madison / Civil and Environmental 
Engineering; M. Seib, Madison Metropolitan Sewerage District; A. Hicks, 
University of Wisconsin, Madison / Civil and Environmental Engineering
Current use rates of phosphorus have created concern for the sustain-
ability of global phosphate reserves, and research has begun focusing on 
ways to recover and reuse phosphorus. Wastewater has gained appeal 
as a viable resource for phosphorus recovery, and the precipitation of 
magnesium ammonium phosphate (NH4MgPO46H2O), or struvite, has 
emerged as viable technology. In addition to recovering phosphorus and 
nitrogen, struvite precipitation recovers a valuable alternative fertilizer 
product. However, the energy and chemical requirements necessary for 
precipitation raise a concern that the overall environmental impacts of 
this technology are negative. This research focuses on evaluating the 
environmental benefits and costs of phosphorus recovery in wastewater 
treatment by struvite precipitation through a life cycle assessment case 
study of the struvite precipitation system at a full scale wastewater treat-
ment plant. The use of multiple impact categories will provide a holistic 
view, and highlight the environmental impacts incurred and avoided from 
this technology.
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8.02.02 Environmental Impact Assessment of Struvite Precipitation 
from Anaerobically Digested Dairy Manure
S. Temizel Sekeryan, University of Wisconsin / Civil and Environmental 
Engineering; F. Wu, Jinan University / School of Environment; A. Hicks, 
University of Wisconsin, Madison / Civil and Environmental Engineering
Phosphorus (P) and nitrogen (N) are the key nutrients for both plants and 
animals, and play a central role in agricultural applications. Worldwide 
phosphate fertilizer demand is expected to reach a total of 46 million 
tons, and nitrogen fertilizer need is forecasted to exceed 118 million tons 
by 2020. There is a growing concern about the sustainability of these 
nutrients as global phosphate rock deposits are expected to be exhausted 
in 100-250 years, and fixation of nitrogen from air through Haber-Bosch 
process relies heavily on natural gas. Recovering P and N from waste 
materials, such as manure or wastewater, has been extensively investi-
gated in the literature. This study focuses on recovering P and N from 
anaerobically digested dairy manure generated in Wisconsin farms. 
Wisconsin, as being “America’s Dairyland”, is responsible for generating 
more than 25 million tons of manure, annually. Spreading animal manure 
as fertilizer is the most applied manure management strategy for small 
scale farms. For larger farms, anaerobic digestion is a common manure 
management method. However, the nutrients that make manure/digestate 
a valuable fertilizer also cause eutrophication of groundwater and surface 
water streams due to runoff. One method to recover P and N from manure 
can be achieved by struvite precipitation. The purpose of this study is 
to evaluate the potential environmental impacts of struvite recovery 
process from the liquid portion of the anaerobically digested dairy 
manure generated in Wisconsin dairy farms using life cycle assessment 
(LCA) methodology. Additionally, sensitivity analysis is performed in 
order to highlight the parameters to which the LCA results of the struvite 
precipitation system is sensitive. Struvite precipitation process involves 
the use of additional chemicals and energy, therefore, investigating 
upstream impacts are important in evaluating the environmental costs and 
benefits of this additional treatment process. It should be highlighted that 
the procedure in this work (i.e. inventory) is informed by the reviewed 
literature. The midpoint LCA results showed that incorporating struvite 
recovery process may help reducing eutrophication potential up to 83% 
while managing the amount of nutrients that reach water bodies as a result 
of agricultural runoff. Overall, manure management by nutrient recovery 
and recycling will contribute to obtaining valuable nutrients as well as 
protecting water resources.

8.02.03 Comparative Environmental Impact Assessment of 
Aquafeed Production: Sustainability Implications of Forage Fish 
Meal and Oil Free Diets
R. Ghamkhar, A. Hicks, University of Wisconsin, Madison / Civil and 
Environmental Engineering
The environmental sustainability of aquaculture food production systems 
is of critical concern due to its rapid expansion as the fastest growing 
major food production sector in the world. Among the parameters that 
contribute to the overall environmental impacts of aquaculture marine-
based protein production, aquafeed is identified as an impact hotspot. 
Therefore, there is a need to seek for more environmentally sustainable 
aquafeeds in order to mitigate the adverse environmental impacts associ-
ated with aquaculture food production. The environmental and economic 
sustainability of aquafeeds can be improved by two main approaches: 
(a) optimization of finite resources use (e.g. fish meal and fish oil), and 
(b) mitigation of waste generation and emissions to the environment. 
A variety of ingredients have been previously proposed, investigated, 
and utilized in order to accomplish the aforementioned strategies, while 
maintaining acceptable food production efficiencies. However, there 
is a necessity to comprehensively evaluate the environmental sustain-
ability of aquafeeds with respect to the use of different ingredients, both 
in terms of resource use and waste emission. In this work, a holistic life 
cycle impact assessment of twelve practically formulated and utilized 
aquafeeds has been performed to provide a comparative evaluation of dif-
ferent aquafeed’s environmental impacts, considering resource use (biotic 

resource use, water intake, and fossil fuel depletion) and emission-based 
(ozone depletion, global warming, photochemical smog, acidification, 
eutrophication, carcinogenics, non-carcinogenics, respiratory effects, and 
ecotoxicity) impact categories. Results indicate that the investigated fish 
meal free diets do not propose significant decrease of the environmen-
tal impacts with respect to the use of biotic resources. However, if the 
substituted ingredients would not propose elevated impacts (e.g. blood 
meal), these diets can potentially lower the overall environmental impacts 
of aquafeed production mainly with respect to the relevant emission-
based indicators (e.g. global warming, eutrophication, ecotoxicity, etc.). 
The investigated fish oil free diets can potentially lower the use of biotic 
resources. However, in order to prevent burden-shifting, strategies to 
provide nutrient-rich oils with minimized energy requirements need to be 
undertaken.

8.02.04 Application of Life Cycle Assessment to Wooden Pallet 
Industry in the United States
S. Alanya-Rosenbaum, R.D. Bergman, U.S. Forest Service / Economics, 
Statistics, and Life Cycle Analysis; B. Gething, National Wooden Pallet & 
Container Association
The wooden pallet sector plays a significant role in the packaging 
industry. The numbers of pallets used worldwide is growing and they 
are used by a wide range of industries. This growth motivates the need 
to understand and quantify the environmental impacts associated with 
the wooden pallet systems. This study developed an industry average 
life cycle inventory of the wooden pallet manufacturing and recycling 
in the Unites States. The environmental impacts associated with every 
stage of a wooden pallet supply chain was assessed. The scope of this 
study included the cradle-to-grave life-cycle stages: raw material supply, 
manufacturing, transportation, repair and remanufacturing, and end-
of-life. This study considers manufacturing of a wooden pallet in the 
Unites States where the four wooden pallet types that were selected are 
assumed representative of the wide range of designs used in the wooden 
pallet supply chain in the U.S. market. The results of the analysis showed 
that the average global warming impact for a functional unit of 100,000 
pounds (45,359 kilograms) of pallet loads of product delivered using 
wooden pallets was about 9.5 kg CO2e. The raw material supplies has the 
highest contribution, about 37%, followed by raw material transportation, 
25% of the overall impact. Most of the greenhouse gases were derived 
from the sawing and drying processes, which are part of the raw material 
supply stage. Second to the global warming impact, most of the impact 
at wooden pallet manufacturing stage came from wood preparation and 
board shaping process due to the electricity consumed. The fasteners used 
at the pallet assembly stage led the global warming impact at the manu-
facturing stage. The contribution analysis showed that the raw material 
supply stage was the major contributor to all impact categories Energy 
substitution from fossil fuel to wood fuel for drying and using soft-start 
motors for sawing would aid in reducing greenhouse gas emissions.
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8.02.05 A Review for Environmental Analyses of Sodium-Ion 
Battery Systems and a Preliminary Life Cycle Assessment of Anode 
Material Manufacturing
H. Liu, Karlsruhe Institute of Technology / Institute for Technology 
Assessment and Systems Analysis; M. Weil, Helmholtz Institute, Ulm / 
Institute for Technology Assessment and Systems Analysis; M. Baumann, 
Karlsruhe Institute of Technology / Institute for Technology Assessment 
and Systems Analysis     
Increasing Li-ion battery demand raises concerns about potential scarci-
ties of raw materials like cobalt, nickel, lithium and natural graphite. The 
dependency on those critical materials could make the lithium- based 
battery technologies less sustainable in the mid and long term. Sodium-
ion battery (SIB) is a potential candidate to overcome this resource 
limitations, because the battery systems are composed of earth-abundant 
elements, like sodium and aluminum. Hence, this emerging battery tech-
nology tends to be more sustainable than lithium-ion batteries, if similar 
technical performance can be reached. In order to identify potential sus-
tainable pathway, this work focuses firstly on environmental impacts of 
the SIB system. A literature review was conducted to gather an overview 
of previous studies. Based on that a first life cycle-oriented environmen-
tal assessment was performed on the manufacturing of anode materials 
of SIB system. The literature review exhibit that various approaches 
have been developed to evaluate the environmental impacts of different 
SIB systems. However, due to lack of data, previous researches did not 
model some upstream processes of materials in detail, which might have 
significant influence on results. Moreover, discrepancy in electrochemi-
cal performance of battery cells, e.g. cycle lifetime, was not considered. 
These might lead to bias in results, especially when considering lifetime 
impact. Finally, the effects as a result of production up-scaling was not 
investigated explicitly. Thus, these limitations need to be taken into 
account in further works. This requires data collection in laboratories and 
a hypothetical up-scale. To start with, we focused on the manufacturing 
of anode active materials and performed a preliminary environmental 
analysis, since anode materials with low impact is a promising option for 
reducing the environmental burden. Amorphous carbon materials, also 
called hard carbon, are widely applied as anode active materials in SIB. 
Since there is no established market for producing hard carbon, differ-
ent precursors need to be processed with varied measures. Hard carbon 
can be synthesized from biogenic materials like sugar, or organic waste 
materials like peels, but also fossil precursors like petroleum cokes. In 
this context, considering environmental impacts associated with waste 
feedstock and allocation of by- products is essential for a precise assess-
ment. Cooperating closely with material developers, we modeled the 
manufacturing of hard carbon from selected precursors and evaluate the 
potential environmental impacts in detail. Hereby, environmental hotspots 
were identified along the whole production chain of hard carbon materials. 
This preliminary life cycle assessment will serve as a foundation for the 
proposed research of whole SIB supply chain.

8.02.06 Estimated Release of Titanium Dioxide from Personal Care 
Products Entering Wastewater Treatment Plants
F. Wu, Jinan University / School of Environment; M. Seib, Madison 
Metropolitan Sewerage District; A. Hicks, University of Wisconsin, 
Madison / Civil and Environmental Engineering
Although current regulation indicates titanium dioxide (TiO2) is non-
toxic compound, TiO2 nanoparticles (NPs) are considered as an emerging 
environmental contaminant. Research indicates up to 30% of TiO2 found 
in personal consumer products (PCPs) are present at nano-scales (one 
or more dimensions is equal to or less than 100 nm) to achieve applica-
tions such as UV protection, coloring, catalysis, and greater sizes serve 
as a texture modifier in food and PCPs. With the high quality and wide 
applications in PCPs, TiO2 is dispersed during use, then entering the 
waste water treatment plant (WWTP) and ultimately the environment. 
Traditional studies by directly measuring the TiO2 concentrations in 
WWTP is localized and difficult to represent TiO2 concentration at large 

scale. This work utilizes a citizen science approach to generate infor-
mation as to the quantity of TiO2 entering the WWTP to enhance the 
knowledge on the life cycle of TiO2 at usage stage, refine the estimates of 
TiO2 entering the WWTP as a function of the use of PCPs to determine 
future potential adaptions. In addition, the current study aim is to develop 
a PCP inventory to list products contain nano-TiO2 for future research 
and benefit regulators and industry. The objectives are accomplished by 
surveying PCPs in households from the sewerage district and estimat-
ing TiO2 emission at individual household level from use of PCPs. In 
the survey, information is collected on the brand, number of products, 
and if contain TiO2, from most commonly used PCPs in the household 
(such as toothpaste, shampoo, skin care, sunscreen, etc.) along with the 
demographic information. Survey results were then combined with the 
daily usage and amount of TiO2 in each product to estimate the human 
exposure and the contribution of TiO2 release to the WWTP from the use 
of PCPs. TiO2 concentrations in wastewater samples were measured by 
ICP-MS. Results identify sunscreen to be the product contains the most 
TiO2.

8.02.07  Environmental Impacts of Bioplastics: Their Real Disposal 
and End of Life
M. Rodriguez, A. Hicks, University of Wisconsin, Madison / Civil and 
Environmental Engineering
The current recycling market conditions have presented difficulties to 
institutions and municipalities when trying to sell their recovered plastics 
materials. Employing the use of bioplastics may be a possible solution to 
the problems arising from conventional plastics use. Nonetheless, the full 
environmental impacts of these materials should be analyzed and region-
ality aspects of available waste management infrastructure should be 
considered. The prefix bio in relation to plastics has been mentioned fre-
quently in the news and published body of literature in recent years, while 
terms such as bio-based, bioplastic, and biodegradable are also included 
on finished product labels. The clarification of the potential environmental 
impacts of each specific material class is important for decision makers. 
Annual global bioplastics production currently represents about 1% of 
the total global plastic production rate and global bioplastics production 
is projected to grow about 19% by the year 2023. This growth and shift in 
technology is not without environmental consequences and implications. 
Production of bioplastic materials present both environmental costs (i.e. 
negative impacts) and benefits (i.e. positive impacts). A literature review 
of life cycle assessments (LCA) that compares bioplastics with conven-
tional plastics was conducted. This study aims to find the gaps that may 
be valuable to address when decision makers are weighing whether or not 
to incorporate bioplastics use in their institutions. Preliminary findings 
include (a) availability of solid waste management infrastructure capable 
of handling these bioplastics materials is scarce, (b) LCAs performed may 
include waste treatment technologies that are not locally available, (c) 
end of life scenarios present a challenge due to the uncertainties in user 
behavior and regional availability of the various types of waste treatment 
facilities and also, (d) the handling of these materials presents technical 
difficulties to existing local infrastructure. The findings suggest that deci-
sion makers who are weighing the use of these materials in their facilities 
should consider locally available waste treatment options before commit-
ting to using bioplastics.

8.02.08  High-Resolution Fate Analysis of Primary Microplastic 
in Japanese Environmental Compartments and the Influence of 
Environmental Management Practices
A. Abeynayaka, N. Itsubo, Tokyo City University / Graduate School of 
Environmental and Information Studies
Primary microplastics (PMP) is a result of linear economy (LE). Fate 
analysis of PMP is significant in environmental management approaches 
such as life cycle assessment (LCA) and circular economy (CE). 
Integration of potential impacts of plastic litter into LCA process requires 
a substantial work in both lifecycle inventory (LCI) and life cycle impact 
assessment (LCIA). Previous studies have evaluated/predicted the 
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environmental emissions of PMP. However, the findings were based on 
a very low number of real datasets, which were extrapolated to general 
projections in global scale. Particularly for Japan there are no high-
resolution information for the PMP emissions. Present study focused on 
the high-resolution distribution of several types of PMP [artificial grass 
(AG), fertilizer capsules (FC), microbeads (MB), road markings (RM), 
textile microfiber (TM) and tire-wear (TW)] in several environmental 
compartments (agricultural land, natural land, fresh water and urban air) 
in Japan. Annual emissions to environment were calculated based on the 
consumptions and litter related data. We developed fate models for each 
type of PMP to distribute it among each compartment. To obtain high-
resolution data, the spatial distribution of consumption patterns, point 
[i.e. wastewater treatment plants (WWTP)] and non-point sources were 
considered. An administrative (prefectural) level information comparison 
was also conducted for the convenience of the stakeholders. The pres-
ent study produced large number of high-resolution datasets of PMP for 
Japan. Eliminated TF, MB, TW, AG, FC and RM fractions were 90.2, 
92.7, 17.9, 20.3, 5.2 and 18.7% respectively. Fractions of TF, MB, AG, FC 
and TW ending in land-based compartments were 1.1, 1.0, 11.2, 45.5 and 
17.2% respectively. TF, MB, TW, and RM reaching the freshwater com-
partment were 5.1, 4.2, 74.3 and 75.2% respectively. The higher fractional 
elimination of TF and MB were due to recapture at the WWTP as sludge 
followed by incineration. TW emissions were significant in the urbanized 
regions such as Tokyo and Osaka. These fractions of TW in urban air and 
freshwater poses a higher potential of entering the atmosphere and the 
marine environments. We observed the effect of combined sewers on the 
emission reduction of TW into freshwater. Certain types of PMP have 
higher potential of reaching marine environments due to properties such 
as low specific gravity (AG and FC). Relatively new products of linear 
economy such as AG and FC are adding extra environmental burden. 
There is a pressing need of regulatory measures based on LCA and CE 
aiming at the issue of PMP.

8.02.09  The Environmental Impact Assessment of Desertification 
Considering Land Use and Climate Change
R. Liu, N. Itsubo, Tokyo City University / Graduate School of 
Environmental and Information Studies
Currently, dryland has occupied 46% of global land area, which home 
to approximate 3 billion people. Desertification is land degradation in 

arid, semi-arid, and dry sub-humid areas, generally known as drylands. 
Considering the desertification is a kind of sophisticated dynamic process, 
the quantitative assessment of desertification is hardly ever conducted, not 
to mention the study including its impact.As we all know, desertification 
is almost affected by climate change and unsustainable managements, 
actually that is a mutual process. Quantitative desertification is hard to 
grasp each emerging process; thus, assessments of desertification are 
almost conducted as qualitative analyses. Life cycle assessment (LCA) 
can be a quantitative environmental assessing method. Incorporating the 
LCIA framework and focusing on describing a one-path may break-
through for methodological development assessing the desertification. 
However, the framework assessing desertification is waiting to be com-
pleted. In this study, we aim to develop an LCIA methodology assessing 
the desertification, addressing the impact of climate change and land use. 
we concern about the relationship associated with each driver process, 
addressing each process contributes to the evolution of desertification. To 
clarify the contribution more comprehensively, the characterized factors 
are calculated to bridge the connections. So far, there is no study extent to 
the impact of desertification, the social situation requires a specific dam-
age value. Firstly, by adopting the concept of LCIA, a framework can be 
achieved. Regarding the desertification as the midpoint, we considering 
the land use and the emission of greenhouse gases as inventories. With 
diverse sustainable or unsustainable land-use managements, will differ-
ently impact on desertification to some extent. After identifying the type 
of damages caused by the desertification, we develop the damage factors 
related to biodiversity and primary productivity. To visualize the damage 
on biodiversity, we apply the MaxEnt model processed by R script in tem-
poral and spatial scales. Analyst how the climatic variables and different 
land use management in a long term period contribute to desertification, 
also, the biodiversity change because of desertification extension. Then, 
we would give the species extinction rate based on taxonomic groups. As 
LIME3 did, integrates the damage from the biodiversity loss, NPP, and 
ecosystem service etc. to a new model for desertification, which makes 
the various damage more visible to the society to raise attention so that 
benefit for policymakers in managing the land use mechanism, combating 
desertification with a more effective operation, meet the need of SDGs.
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