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Overview:
Stormwater and Integrated Management in Urban Watersheds
Why Microbial Monitoring?
Rainwater Study
Condensate Study
Urban Runoff Study

Constructed Wetland Study
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Resources in typical regional stormwater management plans:
Stormwater - Precipitation from rain and snowmelt events which flows over land or impervious surfaces, does not
percolate into the ground and flows across defined property lines. (We would suggest that rooftop collected
rainwater is not stormwater).
Rainwater – “Storm” water harvested from an “above” ground collection area and conveyed to a storage system that
is located within defined property area.
Condensate - Collection of water on cool surfaces. (fog/mist collection, HVAC systems, etc.) It can be collected
and used on-site with minimal treatment. Condensate water collected from commercial buildings is typically used for
makeup water in cooling towers.
Foundation drainage water - Water recovered from tile or pipe systems for collecting
seepage within/around a foundation.
Stormwater management - Systems/Practices that use or mimic natural water processes
for retaining stormwater (rainwater, runoff, etc.) on the site where it is generated.
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Integrated Stormwater Management: Low Impact Designs –
Land planning and engineering design approaches to manage stormwater runoff (passive in function).
Permeable Paving, Rain Garden, Retention basin, Detention basin, Infiltration space, Green space,
Community Garden, Green/Blue Roof, Wetland, etc.
Water Quality Parameters for - Individual, Public, Commercial, Non-potable

EPA Report - EPA/600/S-13/196, Lye and Waits, 2013
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Integrated Stormwater Management: High Impact Designs –
Approaches (active) that go beyond volume control, infiltration, etc. Involves collection, storage,
treatment and use (reuse) of alternate water resources.
Water Quality Parameters for - Individual, Public, Commercial, Non-potable, Potable systems
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In an ideal situation, what types of chemical/microbial monitoring are appropriate?
• Stormwater –
• Rainwater –

• Condensate –
• Foundation drainage water • Others?
Would we apply the same microbial monitoring parameters throughout a stormwater

management system?
Hint: Depends upon the type of biofilm communities present.
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Harvested Rainwater Quality Before and After Treatment and Distribution in Residential Systems, 2016, American
Water Works Association 108(11): 571-584
TAEGYU KIM, DENNIS LYE, MAURA DONOHUE, JATIN H. MISTRY, STACY PFALLER, STEPHEN VESPER, and MARY JO KIRISITS
Dept of Civil, Architectural, and Environmental Engineering, University of Texas at Austin, US EPA, Cincinnati, Ohio, US EPA, Dallas, Tex.

Rainwater harvested and treated at six residential sites for indoor domestic use was surveyed for:
temperature, pH, turbidity, DOC, DO, residual chlorine, TTHM, HPC, indicator bacteria (TC, E. coli, and
Enterococci – culture methods), and potential human pathogens (L. pneumophila, M. avium,
M. intracellulare, A. flavus, A. fumigatus, and A. niger – all molecular methods [qPCR]).
Site 1 performs batch chlorination in the cistern, Sites 2–5 use UV light, and Site 6 has filtration only (no disinfection).
Sites 1–5 use their treated rainwater for potable water source. Site 6 uses only for nonpotable water source.
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Genomic Targets per Liter
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Conclusions:
The impact of having no disinfectant residual in the distribution
system following UV treatment must be assessed
(most likely because of biofilm development).
RWH systems located geographically close to one another will not
necessarily have similar cistern water quality. (Neither will those
systems necessarily yield similar tap water quality, even if they have
similar treatment processes in place.)
Harvested rainwater quality cannot be anticipated from neighboring
systems because system history, design, operation, and maintenance
are likely to strongly impact water quality.

Reminder- Site 6 - filtration only
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Overview:
Rainwater harvesting (RWH) is an alternative method of providing water for indoor domestic use, but the water quality
after treatment and distribution within individual residences is not well documented.
Potential human pathogens (Mycobacterium avium, Mycobacterium intracellulare, Aspergillus flavus,
Aspergillus fumigatus, and Aspergillus niger) were found frequently in cisterns and in treated rainwater delivered at
the tap; Legionella pneumophila was not detected as frequently, but it persisted in premise plumbing of one system.
The observed decreases in bacterial concentrations from the cistern to the tap after filtration/ ultraviolet (UV)
treatment and distribution were less than expected; suggesting deficiencies in the effectiveness of the filtration/UV
processes employed and/or degradation in water quality in the distribution system due to the absence of a
disinfectant residual.
Keywords: Aspergillus, Legionella, Mycobacterium, rainwater harvesting
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Condensate Water –
In 2006, San Antonio became the first city in the U.S. to require all new commercial buildings (with at least 10 tons
of total cooling capacity) to capture condensate from air-conditioning systems. The intent of the ordinance was to
encourage non-potable usage (cooling tower makeup, irrigation, flushing of toilets).
Condensate production in San Antonio is estimated to be 0.4 – 1.1 liters (0.1 – 0.3) gallons per hour per ton of
cooling during summer months.
Diana Glawe, Trinity University, San Antonio Condensate Collection and Use Manual for Commercial Buildings.
Published by San Antonio Water System, © 2012 San Antonio Water System.
http://www.saws.org/conservation/commercial/Condensate/docs/SACCUManual_20131021.pdf

Moist/humid air flows over the cooling coils, moisture in the air
condenses on the cooling coils and drips into a drain pan
located beneath the cooling coils. The condensate is removed
through an exit port.
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Air filters installed at the outside and return air entrances to the AHU act to capture contaminants suspended in
the air. Contaminants that are not captured by the air filters pass through to the cooling coils. This is the reason
condensate from AHUs in facilities like hospital (where return air could contain pathogens) requires special
consideration.
Because condensate is slightly acidic, lacks total dissolved solids and tends to react with the metal surface of
the cooling coils and drain pan to form metal ions, chemical contamination can occur.
If poorly maintained, microbial growth may accumulate on the cooling coils or the drain pan and be picked
up by the condensate. If anti-microbial tablets are placed in the drain pan as part of a preventative maintenance
program, the ingredients in the tablets can become a source of chemical contamination as well.
Biofilms containing microbes build up on the inside of water distribution pipes over time in virtually all water
supply systems (including drinking water).
Condensate collection systems with long runs of copper pipe can result in condensate
with a higher concentration of copper as compared to similar systems using polyvinyl
chloride (PVC) or cross-linked polyethylene (PEX) pipe.
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Quality of Condensate from Air Handling Units
ASHRAE Journal, December, 2016: 14-23
Diana Glawe, Marilyn Wooten, Trinity Univ., San Antonio, TX., Dennis Lye, USEPA Research Microbiologist
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Although preliminary results from over 50 water samples tested in a laboratory at Trinity University support
the results published in this paper, only test results from 19 water samples tested in labs certified by the
National Environmental Laboratory Accreditation Program (NELAP) are included in this paper.
Individual building characteristics were explored to determine causes of irregularities in the data.
Conclusions
The condensate samples taken from AHUs of diverse buildings in terms of age, size, function, and configuration
of the condensate flow path showed condensate to be relatively high-quality water that has the potential to become
contaminated as it travels through the distribution plumbing. In all cases, elemental chemical contamination was
minimal and predictable based on material composition of the cooling coils, drain pan, and distribution plumbing.
Microbial contamination reflected via eukaryotic cell growth was shown to increase with increased temperature in
distribution plumbing along the condensate flow path. Metal contaminants can be minimized through system design
while microbial contaminants can be minimized through design and maintenance of the AHU and water distribution
system.
Water treatment is required for some applications to make the condensate “Fit for Purpose”
for the intended use on-site.
14

ARCSA
2017
Orlando, FL

Santa Monica Urban Runoff Recycling Facility (SMURRF)
Primary objective is to eliminate pollution of Santa Monica Bay caused by urban runoff during dry season
(storm drain low flows).
Secondary goal is to provide cost-effective treatment while producing high quality water for nonpotable reuse.
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Project Participants:
EPA
Dennis Lye, Brian McMinn, Eric Villegas, Rich Haugland, Mano Sivaganesan, Manju Varma, Stacy
Pfaller, Dawn King
SMURRF
Tom Watson, Water Resources Protection Program, Santa Monica, CA
RAND
Jimi Estrada, Customer Business Manager, Rand Corporation, Santa Monica, CA

Los Angeles County Department of Public Health
Carlos Borja, Cross,Connection & Water Pollution Control Program, Baldwin Park, CA
Loma Linda University Lab
Ryan Sinclair, Dept. Env. Health and Geoinformatic Sciences, Loma Linda University, CA
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Culture Assays: E.coli, Enterococcus
QPCR Assays for fecal indicator bacteria:
•

Entero1A: An EPA Multi-lab validated assay for detection of general fecal indicator species
within the genus Enterococcus. Assay targets the multi-copy 23S Ribosomal RNA gene.

•

EC23S287: An EPA single-lab validated assay for detection of general fecal indicator
species E. coli. Assay targets the multi-copy 23S Ribosomal RNA gene.

•

Genbac3: An EPA Multi-lab validated assay for detection of general fecal indicator species
within the order Bacteroidales. Assay targets the multi-copy 16S Ribosomal RNA gene.

•

Cperf: An EPA-developed, unvalidated assay for detection of several Clostridium species
related to C. perfringens. Assay targets the multi-copy 16S Ribosomal RNA gene.

•

HF183: An EPA Multi-lab validated assay for detection of Human-associated fecal bacteria
in the genus Bacteroides. Assay targets the multi-copy 16S Ribosomal RNA gene.

•

Humm2: An EPA Multi-lab validated assay for detection of Human-associated fecal bacteria
in the genus Bacteroides. Assay targets an uncharacterized single copy gene.

Reclaimed water - QPCR for Legionella pneumophila serogroup 1
QPCR for Mycobacterium avium, Mycobacterium intracellulare
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Normal Operations - Human Marker HF183
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Short summary of preliminary results from monitoring of SMURRF facility –

The urban runoff entering the SMURRF facility contains significant levels of viable
fecal indicator bacteria. Preliminary results suggest that there are significant human
contributions to the fecal loads monitored in the runoff. The treatment processes
in place during a 2015 – 2016 sampling time period resulted in a three-log reduction in
viable cells as well as a two-log reduction in the physical removal of gene target materials.
The SMURRF facility is effectively reducing risks of infection associated with the
microbial populations associated with the urban runoff.
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Constructed Wetland Project:
The Wildermuth Wetland project on the Upper East Fork
of the Mill Creek is a recently constructed (2015)
25 acre wetland for alleviating flooding that occurs in
downstream portions of the Mill Creek.
The wetland was designed to receive water from the
stream under high wet weather events and retain the
water for approximately 48 hour through a controlled
release outlet back into the stream.
The EPA project is to characterize and compare the
fecal indicator loads in both the (a) untreated stream
water and (b) stream water that has been exposed
to the wetland area before re-entry back into the stream.
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Constructed Wetland Project:
The Mill Creek flows through urban downtown Cincinnati
and receives heavy loads of unwanted contaminants (both
nutrient and microbial).
There is evidence in scientific literature that water diverted
from a contaminated stream, passed through a
constructed wetlands and returned to the same stream, will
also have reduced levels of contaminants as a result of
biological and physical interactions within the wetland over time.

Monitoring the following microorganisms:
Culture -

E.coli
Enterococcus
Campylobacter
Virus
QPCR Fecal Indicators
Human Fecal Indicators
Campylobacter
Virus

Campylobacter spp. have been suggested to be a significant contaminant of non-sewage impacted
recreational environments. These microorganisms are isolated from the majority of human
gastrointestinal infections reported in the United States. Avian reservoirs (such as seagulls,
ducks, etc.) may be major contributors of pathogenic bacteria via release and dispersal of their
21
feces in recreational water.
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In an ideal situation, what types of microbial monitoring are appropriate?
• Stormwater – should be standardized so can make comparisons across regions
should include as many microorganisms/indicators as possible
should include viruses
QPCR technology
• Rainwater – potable or nonpotable, storage vs premise plumbing
• Condensate – biofilm formation
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Cincinnati State College - Stormwater Management Major

Graduates earn an Associate of Applied Science Degree
Courses focus on Environmental Mapping, Watershed
Management, Stormwater Management Technologies and
Restoration Ecology.
The program stresses applying various stormwater
management practices.
Dr. Lye suggests other topics - State, municipal codes (plumbing, building, etc.)
State, Federal regulations (chemical, microbial, etc.)
State, Regional Stormwater District guidelines
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Dr. Dennis Lye
727 Vincent Drive
Taylor Mill, KY
859-512-1953
The views expressed in this presentation are those of the individual author
and do not reflect the views and policies of the United States Environmental
Protection Agency (EPA).
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