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   Collaborative Study of Pesticides in Dietary Supplements using GC/MS/MS 



Botanical Dietary Supplements 

 

 

• Diverse class of products (root, leaves, fruits, flowers, seeds, bark, 
husks, whole plant) 

 

 

 

 

 

• Botanicals are difficult to analyze because they are dried and 
concentrated (pigments, lipids, tannins, polyphenols, lignin) 

 
 
• No pesticide tolerance levels for many of these products  
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Procedures Investigated 
 
• QuEChERS (Quick, Easy, Cheap, Effective, Rugged and Safe)  

 for GC-FPD and GC-MS/SIM analysis of ginseng  

 (J. Agric. Food Chem. 2007, 55, 1117-1128) 

  

• Solvent extraction, GPC and Solid-phase Extraction Cleanup  

 for GC-MS/SIM and GC-HR-TOF-MS analysis of ginseng 

 (Anal. Chem. 2009, 81, 5716-5723)  

 

• Salt-out Organic Solvent Extraction with Solid-phase Extraction Cleanup 

 for GC-MS/SIM and GC-MS/MS analysis of ginseng 

     (J. Agric. Food Chem. 2010, 58, 5884-5896) 

 

• Salt-out Acetonitrile extraction with solid-phase extraction clean-up on SPE 
column for 24 Botanical Dietary Supplements (Anal. Chem. 2013, 85, 4686-4693). 
  

 



Single Laboratory Validation 
Anal. Chem. 2013, 85, 4686-4693 

  
• Validation based on salt-out acetonitrile extraction, solid-phase extraction 

cleanup followed by capillary gas chromatography-triple quadrupole mass 
spectrometry (GC-QqQ-MS/MS) 

 

• 24 botanical dietary supplements evaluated 

 

• Recovery studies involved fortification of all botanicals at 10, 25, 100, 500 
µg/kg (ppb) in quadruplicates with 355 pesticides 

 

• Linearity studies conducted based on 14 point matrix matched calibration 
standards (0.5 – 10,000 ng/mL) 

 

• LOQs estimated statistically for all 24 botanicals using matrix matched 
standards 

 

• Pesticides determined from a variety of incurred samples  

 

  

 

 

 



Procedure for GC-MS Analysis of Pesticides in Botanicals 

1 g dry + 10 mL H2O (soak) + 10 mL ACN + I.S. 

Load 1.25mL extract on conditioned SPE  
cartridges GCB/PSA (0.25/0.5 g) 

Elute /w 12 mL (3:1 acetone:toluene) 

Reduce to ~100 µL, bring to 0.5 mL  
(toluene) + QC standards 

GC-MS/MS Analysis 

Add 1.0 g NaCl and 4.0 g MgSO4 

Shake and centrifuge (4500 rpm x 5 min) 

Anal. Chem. 2013, 85, 4686-4693 
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Modifications of Procedure  
1 g dry + 10 mL H2O + 10 mL ACN + I.S. 

Load 1.25mL extract on conditioned SPE  

Carbon X CCS/PSA (0.5/0.5 g) 

Elute /w 12 mL ethyl acetate or acetone 

 

Reduce to ~100 µL, bring to 0.5 mL  

(toluene) + QC standards 

GC-MS/MS Analysis 

Add 1.0 g NaCl and 4.0 g MgSO4 

Shake and centrifuge (4500 rpm x 5 min) 

Carbon X 

3-5 Carbon layers 

No 

Toluene 

required 

Carbon- 

coated 

silica 
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Green tea recovery ranges   
Mean 

recoveries 
Black tea recovery ranges   

Mean 

recoveries 

< 

50% 

50-

70% 
70-120% > 120% n % RSD SPE (Elution solvent) < 50% 50-70% 70-120% 

> 

120% 
n % RSD 

GCB/PSA                        

(3:1 Acetone:Toluene) 

4 11 80 12 107 96 13 10 µg/kg 1 12 59 7 79 90 16 

4 15 106 6 131 88 10 25 0 10 90 13 113 95 14 

12 29 119 3 163 76 6 100 0 6 148 6 160 90 7 

1 56 106 1 164 74 5 500 1 8 152 7 168 94 9 

CCS/PSA  

(Ethyl acetate) 

4 13 88 12 117 96 13 10 µg/kg 2 23 90 9 124 85 14 

3 30 100 1 134 82 9 25 9 85 45 1 140 68 10 

9 41 111 2 163 76 6 100 31 90 39 1 161 61 10 

6 17 143 1 167 83 6 500 15 21 129 2 167 82 7 

CCS/PSA 

(Acetone) 

3 5 73 36 117 109 18 10 µg/kg 4 20 73 11 108 92 14 

8 2 100 6 141 83 12 25 3 27 107 4 141 81 10 

9 12 137 4 162 89 7 100 5 19 134 2 160 90 6 

11 7 144 5 167 94 6 500 5 45 118 0 168 80 6 

Method Validation 
Comparison of GCB/PSA and CCS/PSA SPE Clean-up for Analysis of 168 Pesticides in  Green and Black Teas 

GCB/PSA: Graphitized Carbon Black/Primary-Secondary Amine dual layer sorbent 

CCS/PSA: Carbon Coated Silica/Primary-Secondary Amine dual layer sorbent 



Ginseng  Gingko biloba 

Saw palmetto St John’s Wort Milk thistle 

Fenugreek Echinacea Chamomile Cinnamon 

Jasmine 

Astralagus Bitter orange peel 

Kava kava 

Hoodia 

Psyllium 

Hops 

Valerian root 

Dong quai Garlic Ginger 

Green tea 

Comfrey root Black cohosh  

root 
Licorice root 

Botanicals studied so far… 

http://images.google.com/imgres?imgurl=http://www.earthpower.com/en/images/PhotoAmGinsengJinks.jpg&imgrefurl=http://www.earthpower.com/en/ginseng.htm&h=241&w=360&sz=84&hl=en&start=110&um=1&usg=__pxIeI0WIcqlz1sgO8Vl1z9EjOBc=&tbnid=gqZyjHLerLAvRM:&tbnh=81&tbnw=121&prev=/images%3Fq%3Dginseng%26start%3D100%26ndsp%3D20%26um%3D1%26hl%3Den%26sa%3DN
http://images.google.com/imgres?imgurl=http://www.healthywaymagazine.com/images/SawPalm_000.jpg&imgrefurl=http://www.healthywaymagazine.com/issue37/07_.html&h=170&w=170&sz=17&hl=en&start=12&um=1&usg=__8ajPQWU8IhfHwmwrCQQN8f9EzzU=&tbnid=0diN58uCd07h8M:&tbnh=99&tbnw=99&prev=/images%3Fq%3Dsaw%2Bpalmetto%2Bberries%26um%3D1%26hl%3Den
http://images.google.com/imgres?imgurl=http://www.dkimages.com/discover/previews/961/40011981.JPG&imgrefurl=http://www.dkimages.com/discover/DKIMAGES/Discover/Home/Plants/Ornamental-Groups/Perennials/Theales/Clusiaceae-Guttiferae/Hypericum/Hypericum-perforatum/Hypericum-perforatum-3.html&h=768&w=655&sz=90&hl=en&start=2&um=1&usg=__DzZnKe9uNJ5nM6lT6zBAoKfKGOY=&tbnid=eWUjunxy5fXCSM:&tbnh=142&tbnw=121&prev=/images%3Fq%3DSt.%2BJohn%2527s%2BWort%26um%3D1%26hl%3Den
http://images.google.com/imgres?imgurl=http://www.dkimages.com/discover/previews/961/45013249.JPG&imgrefurl=http://www.dkimages.com/discover/DKIMAGES/Discover/Home/Plants/Ornamental-Groups/Annuals-and-Biennials/Asteraceae-Compositae/Silybum/Silybum-marianum/Silybum-marianum-4.html&h=585&w=768&sz=78&hl=en&start=16&um=1&usg=__aqundN0frfIFeaVMirjSjvoKlyw=&tbnid=m4F1gXzi7318jM:&tbnh=108&tbnw=142&prev=/images%3Fq%3DMilk%2Bthistle%26um%3D1%26hl%3Den
http://images.google.com/imgres?imgurl=http://altmed.creighton.edu/Allergies/images/A4gingko.jpg&imgrefurl=http://altmed.creighton.edu/Allergies/ChineseMed.htm&h=421&w=407&sz=37&hl=en&start=76&um=1&usg=__hFCsk-yJ4sRU9b8tlAKD4bxU57Q=&tbnid=Apeca8RdV10M_M:&tbnh=125&tbnw=121&prev=/images%3Fq%3Dgingko%2Bbiloba%26start%3D60%26ndsp%3D20%26um%3D1%26hl%3Den%26sa%3DN
http://images.google.com/imgres?imgurl=http://www.dapatelunjha.com/images/fenugreek.jpg&imgrefurl=http://www.dapatelunjha.com/products.html&h=300&w=300&sz=99&hl=en&start=77&um=1&usg=__hsxJqEG7VV04SZldlVUxbcEdPFw=&tbnid=vNrBOEKZuBGGaM:&tbnh=116&tbnw=116&prev=/images%3Fq%3Dfenugreek%26start%3D60%26ndsp%3D20%26um%3D1%26hl%3Den%26sa%3DN
http://images.google.com/imgres?imgurl=http://image24.webshots.com/25/1/58/15/83115815evxnQp_ph.jpg&imgrefurl=http://entertainment.webshots.com/photo/1083115815035353877evxnQp&h=569&w=800&sz=109&hl=en&start=3&um=1&usg=__q2vMhXqhWlY-uKL8l_lm6NigBmU=&tbnid=Ny0r2MaR5TY-UM:&tbnh=102&tbnw=143&prev=/images%3Fq%3Dechinachea%26ndsp%3D20%26um%3D1%26hl%3Den%26sa%3DN
http://images.google.com/imgres?imgurl=http://www.leffingwell.com/chamom~1.gif&imgrefurl=http://www.leffingwell.com/flavbase.htm&h=129&w=128&sz=12&hl=en&start=51&um=1&usg=__b3tv9kID1uBvA_-DotzewfyFmlw=&tbnid=eADipTVDk7M9VM:&tbnh=91&tbnw=90&prev=/images%3Fq%3Dchamomille%26start%3D40%26ndsp%3D20%26um%3D1%26hl%3Den%26sa%3DN
http://images.google.com/imgres?imgurl=http://3.bp.blogspot.com/_-iF-ZS12NIY/SKE-SbyGP4I/AAAAAAAAAD8/jbz3RDbIW9Y/s320/cinnamon.jpg&imgrefurl=http://modicalinfo.blogspot.com/2008/08/cinnamon-kayu-manis.html&h=300&w=300&sz=20&hl=en&start=23&um=1&usg=__Cy78z-cAh60f7CxqaU5Pry9J0sc=&tbnid=q-hVJfKFAvwPtM:&tbnh=116&tbnw=116&prev=/images%3Fq%3Dcinnoman%2Bbark%26start%3D20%26ndsp%3D20%26um%3D1%26hl%3Den%26sa%3DN
http://images.google.com/imgres?imgurl=http://www.herbalfire.com/images/jasmine-flower.jpg&imgrefurl=http://www.herbalfire.com/pedro-cactus-inch-rooted-cactus-p-285.html&h=325&w=430&sz=20&hl=en&start=17&um=1&usg=__vlDZrZr4X3UvsSj5kzPJGIcB5xw=&tbnid=_JYmacZlLCoxsM:&tbnh=95&tbnw=126&prev=/images%3Fq%3Djasmine%26um%3D1%26hl%3Den
http://images.google.com/imgres?imgurl=http://www.thebluesun.co.uk/astragalus.jpg&imgrefurl=http://www.thebluesun.co.uk/astragalus.htm&h=150&w=199&sz=6&hl=en&start=109&um=1&usg=__xiT_fTtWvXwwqb3uvNqJfqmEz-o=&tbnid=RE24Kc2M2Bjo8M:&tbnh=78&tbnw=104&prev=/images%3Fq%3Dastralagus%2Broot%26start%3D100%26ndsp%3D20%26um%3D1%26hl%3Den%26sa%3DN
http://images.google.com/imgres?imgurl=http://www.sungoldsoap.com/pics/kava1.jpg&imgrefurl=http://www.sungoldsoap.com/product_descriptions/kava-kava-root.html&h=373&w=493&sz=59&hl=en&start=1&um=1&usg=__DEVq4N_cWTshNb0MkvQyKvC6SOg=&tbnid=YDpRAhpCo_KJiM:&tbnh=98&tbnw=130&prev=/images%3Fq%3Dkava%2Bkava%2Broot%26um%3D1%26hl%3Den
http://images.google.com/imgres?imgurl=http://www.naturallygreen.co.uk/images/PR_OH_Psyllium-Husk.jpg&imgrefurl=http://www.naturallygreen.co.uk/u-z-weight-loss-c-100_105_131.html&h=225&w=300&sz=20&hl=en&start=2&um=1&usg=__2oOXM6_Bv6tYFHJ_I2aSkwy-NsQ=&tbnid=0QsfERgb_M4rzM:&tbnh=87&tbnw=116&prev=/images%3Fq%3DPsyllium%2Bhusk%26um%3D1%26hl%3Den
http://images.google.com/imgres?imgurl=http://www.hoodia.co.nz/HoodiaGordonii.jpg&imgrefurl=http://www.hoodia.co.nz/hoodia-gordonii.html&h=400&w=535&sz=76&hl=en&start=7&um=1&usg=__fSCmMQjYbXaZd8v-dwGZ4PCIzfE=&tbnid=TKj2BQnIQ-vxjM:&tbnh=99&tbnw=132&prev=/images%3Fq%3Dhoodia%26um%3D1%26hl%3Den
http://images.google.com/imgres?imgurl=http://blog.oregonlive.com/thebeerhere/2007/08/large_hops1.jpg&imgrefurl=http://blog.oregonlive.com/thebeerhere/2007/08/&usg=__JRMNcQzyoDYNCmMAT-BpQJw4Uf0=&h=302&w=453&sz=14&hl=en&start=3&um=1&tbnid=1QmY5cRLH7qXHM:&tbnh=85&tbnw=127&prev=/images%3Fq%3Dhops%26um%3D1%26hl%3Den%26rlz%3D1T4SUNA_enUS239US243%26sa%3DN
http://www.google.com/imgres?imgurl=http://www.gnomeandlotus.com/Fever.jpg&imgrefurl=http://www.gnomeandlotus.com/teas%2520for%2520health.htm&usg=__M1CfmywLyeoZzdTFaHJO0bZeoDM=&h=336&w=448&sz=78&hl=en&start=18&um=1&itbs=1&tbnid=8jLoBc3CzXEbhM:&tbnh=95&tbnw=127&prev=/images%3Fq%3Dvalerian%2Broot%26um%3D1%26hl%3Den%26safe%3Dactive%26sa%3DN%26tbs%3Disch:1
http://www.google.com/imgres?imgurl=http://www.gnomeandlotus.com/Fever.jpg&imgrefurl=http://www.gnomeandlotus.com/teas%2520for%2520health.htm&usg=__M1CfmywLyeoZzdTFaHJO0bZeoDM=&h=336&w=448&sz=78&hl=en&start=18&um=1&itbs=1&tbnid=8jLoBc3CzXEbhM:&tbnh=95&tbnw=127&prev=/images%3Fq%3Dvalerian%2Broot%26um%3D1%26hl%3Den%26safe%3Dactive%26sa%3DN%26tbs%3Disch:1
http://www.google.com/imgres?imgurl=http://www.gnomeandlotus.com/Fever.jpg&imgrefurl=http://www.gnomeandlotus.com/teas%2520for%2520health.htm&usg=__M1CfmywLyeoZzdTFaHJO0bZeoDM=&h=336&w=448&sz=78&hl=en&start=18&um=1&itbs=1&tbnid=8jLoBc3CzXEbhM:&tbnh=95&tbnw=127&prev=/images%3Fq%3Dvalerian%2Broot%26um%3D1%26hl%3Den%26safe%3Dactive%26sa%3DN%26tbs%3Disch:1
http://www.google.com/imgres?imgurl=http://herbalteathenaturalway.com/images/valerian%2520root.JPG&imgrefurl=http://herbalteathenaturalway.com/index.php%3Fmain_page%3Dproducts_all%26disp_order%3D3%26page%3D3&usg=__8J__jomWPzwbFCnjj93TGukrMe4=&h=874&w=1166&sz=180&hl=en&start=74&um=1&itbs=1&tbnid=AQF1bxnseIMUAM:&tbnh=112&tbnw=150&prev=/images%3Fq%3Dvalerian%2Broot%26start%3D72%26um%3D1%26hl%3Den%26safe%3Dactive%26sa%3DN%26ndsp%3D18%26tbs%3Disch:1


Study Overview 

• Botanicals for Collaborative Study – Gingko biloba, ginseng, saw palmetto 
and tea (all ground and powdered form). 

 

• Three matrices will be fortified at 50 and 250 ppb using standard mixture 
with COA required under ISO 17025 procedures.  

 

• ~20 pesticides (not including pesticide isomers) are to be evaluated.  Labs 
who wish to expand validation to ~200 pesticides will be able to do so. 

 

• Quantitation will be based on the use of matrix-matched standards. 

 

• Identification using retention time and presence of the precursor ion and 
product ions. 

 

• Triplicate determinations will be performed on 4-5 incurred ginseng (2 
samples), green (2 samples) and black tea (2 samples). 



Target pesticides  
(ginseng, green tea, black tea and ginseng) 

Bifenthrin Endrin Quintozene 

BHC, a, β, γ, and δ- isomers Heptachlor Tebufenpyrad 

Chlorbenzilate Hexachlorobenzene Tecnazene 

Chlorpyrifos Iprodione Terbufos 

Cyhalothrin Methoxychlor, p, p’- Tetrachlorvinphos 

DDE, p, p’- Mirex Tolclofos-methyl 

DDT, p, p'- Pentachloroaniline Triazophos 

Deltamethrin Permethrin, cis- and trans- isomers Vinclozolin 

Diazinon Phosmet Azoxystrobin 

Endosulfan, α- and β-isomers Pirimphos Metalaxyl 



Study Participation 

• Laboratories will be provided with botanicals and consumables 
(vendors indicate they will be able to contribute) 

 

• Certified standards will be provided if participant agree to 
complete study (or participant may receive a discount or be 
refunded upon completion and results submitted) 

 

• Participant must have GC-QQQ-MS or equivalent GC-MS.  GC 
conditions, pesticide transitions and energies for GC-MS/MS 
systems (if vendors will provide) will be available  

 

• Phase one will involve a preliminary test to ensure all laboratories 
are able to complete the study with minimum of difficulty (e.g. 
might involve analysis of an incurred botanical). 



Timeline  
(to begin in Fall 2015) 

• Collaborative study will be advertised and interested laboratories are  
    encouraged to participate and recruited 
 
• Study protocol will be made available for AOAC committees and communities  
     and participating laboratories for input 
 
• Laboratories will be provided time to acquire necessary consumables and materials and to 

optimize equipment and laboratory conditions.  Instrument and science vendors are 
strongly encouraged to support participating labs that use their instruments or materials. 
 

• Laboratories shall self-evaluate themselves to determine if they are qualified 
     or have the means and materials to participate 
 
• Samples and protocol will be shipped to the participating laboratory to begin  
     collaborative study.  Time table shall try to be flexible and accommodating to all  
     participating laboratories but target date to begin study: January 2015 
 
• Participating laboratories are to provide results, including raw data, for     
     evaluation 
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Thank you for your attention.  
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Procedure for GC-MS Analysis of Pesticides in Black Pepper 

1 g dry + 10 mL H2O + 10 mL ACN (hexane 
saturated) + 5mL Hexane + I.S. 

Discard hexane and Load 1.25mL ACN extract on  
SPE  Carbon X COA/PSA/Lipid X (0.5/0.5/0/5 g) 

 Elute /w 12 mL Acetone 
 

Reduce to ~100 µL, bring to 0.5 mL  
(toluene) + QC standards 

GC-MS/MS Analysis 

Add 1.0 g NaCl and 4.0 g MgSO4 

Shake and centrifuge (4500 rpm x 5 min) 

http://www.caslab.com/News/Images/gc-ms-ms-mrm-mode.jpg


  Black Pepper   
Mean 

recoveries 

Lipid X/ CCS/  
PSA         

(Acetone)          
No detects < 50% 50-70% 70-120% > 120% n % RSD 

10 µg/kg 100 16 28 94 3 241 79 12 

25 79 25 69 67 1 241 66 7 

100 68 12 39 122  0 241 75 6 

500 57 14 46 124 0 241 72 5 

Method uses Hexane partitioning and Lipid-X/Carbon Coated Silica/primary-secondary amine SPE cleanup 

Still requires some better cleanup but not bad for black pepper (difficult matrix) 

Method Validation for Black Pepper 


