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supplements are largely derived from
botanical sources, they must be tested
for pesticide contaminants in order to
meet cGMP regulations. As a result of
this requirement, labs are working to de-
velop and validate methods, an en-
deavor which is complicated by the wide
range of pesticides and matrices to be
tested.

Labs can begin method development
with the FDA Pesticide Analytical Man-
ual (PAM), which includes procedures
for plant materials. While PAM Method
303 is an appropriate starting point, it
has several disadvantages, including high
solvent consumption, manual proce-
dures that contribute to analytical varia-
tion, and the inability to extract polar
pesticides. As an alternative, we devel-
oped a QuEChERS-based method for
analyzing pesticides in dietary supple-
ments that has several advantages over
PAM 303 (Table I). QuEChERS is an
approach that was developed by devel-
oped by Anastassiades et al.2 as a simple,
rapid, effective, yet inexpensive way to
extract pesticide residues from fruits and
vegetables, followed by a novel disper-
sive SPE (dSPE) cleanup of the extract.
We chose QuEChERS as an alternative
to PAM 303 because of its speed, sim-
plicity, and low solvent use, as well as its
ability to produce good extraction effi-
ciencies for relatively polar pesticides.2

Because of these benefits, this ap-
proach has become popular and ex-
panded to include numerous other
analytes and matrices and has found ap-

NNew requirements for dietary supplements to be manufactured under

current Good Manufacturing Practices (cGMP) regulations have cre-

ated a need for methods to detect pesticides in these complex,

largely botanical products. QuEChERS offers a simple, cost-effective

approach that can reduce matrix interferences as well as variation

among technicians. Here we demonstrate a procedure that incorpo-

rates a QuEChERS extraction, cartridge solid-phase extraction

(cSPE) cleanup and gas chromatography-time-of-flight mass spec-

trometry (GC-TOFMS), resulting in good recoveries for a wide range

of pesticide chemistries in dandelion root powder.  

Introduction
Recently the U.S. Food and Drug Administration

(FDA) announced that makers of dietary supplements
(e.g., vitamins, herbal and botanical pills, etc.) will
have to adhere to cGMPs, marking a major shift in
regulatory oversight and testing for the industry. Previ-
ously, compliance was voluntary, but in 2003, due to
public and industry concern, the FDA proposed re-
quiring dietary supplement manufacturers to adhere
to cGMP standards. The final rule was issued in June
2007 and is in full effect June 2010.1 Basic GMPs re-
quire implementing comprehensive procedures to en-
sure product quality and safety. Since many dietary
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Table I: Decrease costs and increase reproducibility with a GMP-friendly QuECh-

ERS approach to analyzing pesticides in dietary supplements.



plication outside of the food testing in-
dustry. Although originally used for pes-
ticide residue analysis in fruits and
vegetables with high water content, the
QuEChERS approach has been adapted
for residue analysis in grains, nuts, seeds,
oils and animal muscle and tissue.3-11

QuEChERS has also been used to inves-
tigate pesticide residues in vegetable-,
fruit- and meat-based baby foods.17-27

Within food testing, the QuEChERS ap-
proach has been used for testing residues
other than pesticides including veteri-
nary drug residues, mycotoxins and acry-
lamide in samples such as milk, liver and
potato crisps.28-36 The benefits of
QuEChERS sample preparation has at-
tracted analysts outside of food testing
and has crossed over into environmen-
tal, clinical and forensics testing. Envi-
ronmental samples like soil, water and
compost have used the QuEChERS ap-
proach to test for pesticides and other
pollutants, like perfluorinated carboxylic
acids and polyaromatic hydrocarbons.37-42

Pharmaceutical residues in whole blood
have been determined by applying the

dispersive solid phase extraction like that
used in QuEChERS.43 The QuEChERS
approach, extraction and/or dispersive
solid phase extraction, is growing into a
general sample preparation technique
that is expected to see widespread appli-
cability in analytical chemistry.    

Based on preliminary studies, we
knew that while the extraction part of
QuEChERS would be successful, the
dSPE cleanup step probably did not
have the capacity to handle the matrix
complexity of most dietary supplements.
Thus, we compared dSPE to a cSPE
cleanup and established a procedure that
uses a QuEChERS extraction, cSPE
cleanup, and GC-TOFMS for accurate
determinations of 46 pesticides in dan-
delion root powder. This approach saves
time and can reduce analyst variation by
minimizing manual preparation with
prepackaged extraction salts and snap-
and-shoot standards. As shown in Figure
1, it also uses much less solvent, salt, and
sorbent, making it a greener, more cost-
effective method than PAM 303.

Procedure
Sample Wetting and Fortification

Fully processed dandelion root pow-
der obtained from a dietary supplement
manufacturer was used for this work.
The powder was wetted and then forti-
fied with 46 pesticides representing dif-
ferent chemical classes that have been
previously reported in dietary supple-
ments.44 Typically, QuEChERS methods
use 10-15 grams of material with high
water content (>80%). Therefore, to pre-
pare for a QuEChERS extraction with a
dry commodity, it is critical to use a re-
duced amount of material and wet it
with water prior to extraction. In this
work, 1 g dietary supplement powder
was combined with 9 mL water. After
shaking to mix well, the wetted supple-
ment was fortified with 200 µL of a 2
ng/µL pesticides spiking solution result-
ing in a 400-ng/g spike level, relative to
the original commodity. Also, 100 µL
QuEChERS Internal Standard Mix for
GC/MS analysis was added. The sample
was then allowed to soak for 2 hours
prior to extraction. 

QuEChERS Extraction
The EN 15662 QuEChERS method

was used for sample extraction.45 Ten mL
acetonitrile was added to the wetted
sample. After a 1-minute shake, Q-sep™
Q110 buffering extraction salts (4 g
MgSO

4
, 1 g NaCl, 1 g trisodium citrate

dehydrate and 0.5 g disodium hydrogen
citrate sesquihydrate) were added. Fol-
lowing another 1-minute shake, the sam-
ple was centrifuged for 5 minutes at
3,000 U/min. with a Q-sep™ 3000 cen-
trifuge. Lastly, 5 µL of quality control
standard anthracene was added to a 1
mL aliquot of extract to indicate fatal
losses of planar compounds to Carbo-
prep® 90 during cleanup.

Extract Cleanup
Two approaches were explored for ex-

tract cleanup: dSPE and cSPE. For
dSPE, 1 mL extract was added to a Q210
dSPE tube containing 150 mg MgSO

4

and 25 mg PSA, shaken for 2 minutes,
and then centrifuged for 5 minutes. The
resulting final extract was then analyzed
by GC-TOFMS.

For cSPE cleanup,46 1 mL extract was
processed with a 6 mL Resprep® Combo

RepRinted fRom food Safety magazine,  S ignatuRe SeRieS,  with peRmiSSion of the publiSheRS.
© 2011 by the taRget gRoup • www.foodsafetymagazine.com

Figure 1: QuEChERS extraction and cSPE cleanup simplifies sample prep for pesticides in di-

etary supplements.



SPE Cartridge, which is designed for pes-
ticide residue cleanup and contains 500
mg CarboPrep® 90 and 500 mg primary
secondary amine (PSA). To prepare the
SPE cartridge, magnesium sulfate was
first added to a level approximately one-
quarter height of the total bed; then the
cartridge was rinsed with 20 mL of 3:1
acetonitrile: toluene, which was dis-
carded. For cleanup, 1 mL of extract was
loaded onto the prepared cartridge and
then eluted with 50 mL 3:1 acetonitrile:
toluene. The eluent was then evaporated
and solvent exchanged using dry nitro-
gen gas and a 35-40 °C water bath. Evap-
oration was allowed to proceed until
approximately 0.5-1 mL eluent was left,
at which point about 3 mL of toluene
was added. The mixture was evaporated
to just under 0.5 mL, and then the evap-
oration vessel was rinsed with toluene to
bring the sample to a final volume of 0.5
mL. The resulting final extract was then
analyzed by GC-TOFMS.

Standards
Matrix-matched standards were pre-

pared at 80 pg/µL, as 80 pg/µL is the ex-

pected final concentration in extract of
the 400 ng/g matrix spikes (assuming
100% recoveries). Matrix-matched stan-
dards were prepared by adding standard
solution to the final extract (post-
cleanup) from a control sample. Actual
recoveries were calculated by comparing
peak areas for fortified samples that were
extracted and cleaned, to areas of a ma-
trix-matched standard, using the internal
standard quantification method. 

GC-TOFMS
A LECO Pegasus III GC-TOFMS in-

strument was used and all data were
processed with LECO ChromaTOF™
software. Gas chromatography was per-
formed using an Rxi®-5Sil MS column
(30 m × 0.25 mm × 0.25 µm). Instru-
ment conditions are shown in Figure 1.
Temperature and flow settings yielded an
analysis time of 32.75 minutes. 

Results
One aspect of this investigation was

to compare the applicability of two sam-
ple cleanup methods, dSPE and cSPE
for QuEChERS extracts of pesticides in

dietary supplements. While dSPE has
the advantage of improved speed and
less solvent usage, it does not have the
sorbent capacity to adequately clean up
these samples (Figure 2). Since cSPE uses
more sorbent, it is a better choice for di-
etary supplements (and other complex
samples, e.g., spices, essential oils) as it
can remove more matrix components,
such as fatty acids, sugars, and pigments.
QuEChERS methods developed for di-
etary supplements of botanical origin
can benefit from the extra sorbent capac-
ity of cSPE, which reduces GC inlet/col-
umn contamination and
chromatographic interference from com-
plex botanical matrices.

Even with effective extraction and
cleanup techniques, dietary supplements
can be challenging to analyze due to
their complexity. Coelutions are com-
mon and pesticide residues can be over-
whelmed by abundant matrix
compounds not only qualitatively, but
also by interfering with quantification
masses. Figure 3 plots the total ion chro-
matogram (TIC) and extracted ion m/z
312 corresponding to the quantitation
mass for carfentrazone ethyl. It is clear
that target pesticide signals can be ob-
scured in the TIC. LECO Chro-
maTOF™ software was able to identify
target pesticides by comparison with ref-
erence spectra using automatic peak find
and spectral deconvolution algorithms,
along with calibration and quantifica-
tion. TOFMS makes this powerful data
processing possible with very fast acqui-
sition rates and unbiased mass spectra,
and by having pg level sensitivity in full-
mass range mode, which allows the po-
tential for finding non-target pesticides.
An alternate GC/MS approach for tar-
geted pesticides in dietary supplements
would be to use selected ion monitoring
with a typical quadrupole mass spec-
trometer.

Overall, the combination of QuECh-
ERS extraction, cSPE cleanup, and GC-
TOFMS used in this method produced
good recoveries for most compounds
tested (Table II). Although early eluting
compounds trended toward lower recov-
eries, most analytes, including more
polar compounds, showed excellent re-
coveries. The potential for good recover-
ies of polar pesticides is a major

Figure 2: QuEChERS extracts of pesticides in dietary supplements benefit from cSPE cleanup,

which minimizes matrix interferences by removing more sugars and fatty acids than dSPE (XIC

m/z 60).
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advantage to QuEChERS methods; this
difference is due to the use polar ace-
tonitrile as the extraction solvent, rather
than petroleum ether (hexanes), which is
used in PAM 303. The lower recoveries
here of early eluting compounds may be
due to evaporative loss during concen-
tration steps, due to their higher volatil-
ity. Additionally, in the case of planar
compounds, reduced recoveries may be
due to interaction with the CarboPrep®

90 sorbent used to remove pigments and
other matrix compounds, although the
planar quality control standard, an-
thracene, did not show drastic losses
during cSPE. Overall, the chromatogra-
phy and recovery results seen for a broad
range of pesticides in dandelion root
demonstrate the utility of the QuECh-
ERS approach for dietary supplement
testing. 

Conclusion
Demonstrated here is a QuEChERS

approach that helps accomplish the pes-
ticide testing now required for dietary
supplements. The basic methodology
presented here for dandelion root can be
modified for other analytes and matrices
and illustrates the advantages of the
QuEChERS approach for labs develop-
ing cGMP methods. Analytical benefits
include reduced interferences and good

Table II: This QuEChERS-based method provides good recoveries for a variety of pesticides found in dietary supplements.
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recoveries, even of polar compounds.
Other benefits include an overall savings
of both materials and prep time com-
pared to the PAM 303 method, and bet-
ter expected reproducibility due to the
straight-forward procedure with fewer
manual preparations.

Julie Kowalski, Innovations Chemist,

Michelle Misselwitz, Innovations

Chemist, Jason Thomas, Innovations

Chemist, and Jack Cochran, Director of

New Business and Technology, Restek

Corporation, Bellefonte, PA. 

References
1. U.S. Food and Drug Administration, Cur-

rent Good Manufacturing Practice in Manufac-
turing, Packaging, Labeling, or Holding Opera-
tions for Dietary Supplements, Docket No.
1996N-0417, CFSAN 200441. 2007. 34752. 

2. Anastassiades, M., S.J. Lehotay, D. Sta-
jnbaher, F.J. Schenck. 2003. Fast and Easy
Multiresidue Method Employing Acetonitrile
Extraction/Partitioning and Dispersive Solid-
Phase Extraction” for the Determination of
Pesticide Residues in Produce. J AOAC Inter-
national 86:412.

3. Díez, C., W.A. Traag, P. Zommer, P.
Marinero, J. Atienza. 2006. Comparison of an
Acetonitrile Extraction/Partitioning and Disper-
sive Solid-Phase Extraction Method with Clas-
sical Multi-Residue Methods for the Extraction
of Herbicide Residues in Barley Samples. J
Chromatogr A 1131:11. 

4. Nguyen, T.D., B.S. Lee, B.R. Lee, D.M.
Lee, G.H. Lee. 2007. A Multiresidue Method for

the Determination of 109 Pesticides in Rice
Using the Quick Easy Cheap Effective Rugged
and Safe (QuEChERS) Sample Preparation
Method and Gas Chromatography/Mass
Spectrometry with Temperature Control and
Vacuum Concentration. Rapid Commun Mass
Spectrom 21:3115. 

5. Nguyen, T.D. E.M. Han, M.S. Seo, S.R.
Kim, M.Y. Yun, D.M. Lee, G.H Lee. 2008. A
Multi-Residue Method for the Determination of
203 Pesticides in Rice Paddies Using Gas
Chromatography/Mass Spectrometry. Anal
Chim Acta 619:67. 

6. Koesukwiwat, U., K. Sanguankaew, N.
Leepipatpiboon. 2008. Rapid Determination of
Phenoxy Acid Residues in Rice by Modified
QuEChERS Extraction and Liquid Chromatog-
raphy-Tandem Mass Spectrometry. Anal Chim
Acta 626:10. 

7. Walorczyk, S. 2008. Development of a
Multi-Residue Method for the Determination of
Pesticides in Cereals and Dry Animal Feed
Using Gas Chromatography-Tandem Quadru-
pole Mass Spectrometry II. Improvement and
Extension to New Analytes. J Chromatogr A
1208:202. 

8. van der Lee, M.K., G. van der Weg, W.A.
Traag, H.G. Mol. 2008. Qualitative Screening
and Quantitative Determination of Pesticides
and Contaminants in Animal Feed Using Com-
prehensive Two-Dimensional Gas Chromatog-
raphy with Time-of-Flight Mass Spectrometry.
J Chromatogr A 1186:325. 

9. Krska, R., G. Stubbings, R. Macarthur, C.
Crews. 2008. Simultaneous Determination of
Six Major Ergot Alkaloids and their Epimers in
Cereals and Foodstuffs by LC-MS-MS. Anal
Bioanal Chem Apr 16.

10. Li, L., H. Zhang, C. Pan, Z. Zhou, S.
Jiang, F. Liu. 2007. Multiresidue Analytical
Method of Pesticides in Peanut Oil Using Low-
Temperature Cleanup and Dispersive Solid
Phase Extraction by GC-MS. J Sep Sci
30:2097. 

11. Li, L., Y. Xu, C. Pan, Z. Zhou, S. Jianc,
F. Liu. 2007. Simplified Pesticide Multiresidue
Analysis of Soybean Oil by Low-Temperature
Cleanup and Dispersive Solid-Phase Extrac-
tion Coupled with Gas Chromatography/Mass
Spectrometry. J AOAC Int 90:1387. 

12. Posyniak, A., J. Zmudzki, K. Mitrowska.
2005. Dispersive Solid-Phase Extraction for
the Determination of Sulfonamides in Chicken
Muscle by Liquid Chromatography. J Chro-
matogr A 1087:259. 

13. Fagerquist, C.K. A.R. Lightfield, S.J.
Lehotay. 2005. Confirmatory and Quantitative
Analysis of Beta-Lactam Antibiotics in Bovine
Kidney Tissue by Dispersive Solid-Phase Ex-
traction and Liquid Chromatography-Tandem
Mass Spectrometry. Anal Chem 77:1473. 

14. Costain, R.M., A.C. Fesser, D. McKen-
zie, M. Mizuno, J.D. Macneil. 2008. Identifica-
tion of Hormone Esters in Injection Site in

Figure 3: Using TOFMS allows definitive identification and quantification, even when matrix

components coelute with target analytes. (Inset: carfentrazone ethyl S/N = 105; extracted ion

chromatogram, m/z 312.)

RepRinted fRom food Safety magazine,  S ignatuRe SeRieS,  with peRmiSSion of the publiSheRS.
© 2011 by the taRget gRoup • www.foodsafetymagazine.com



Muscle Tissues by LC/MS/MS. Food Addit
Contam August 21. 

15. Stubbings, G., T. Bigwood. 2009. The
Development and Validation of a Multiclass
Liquid Chromatography Tandem Mass Spec-
trometry (LC-MS/MS) Procedure for the Deter-
mination of Veterinary Drug Residues in Animal
Tissue Using a QuEChERS (QUick, Easy,
CHeap, Effective, Rugged and Safe) Approach.
Anal Chim Acta 637:68. 

16. Mastovska, K., A.R. Lightfield. 2008.
Streamlining Methodology for the Multiresidue
Analysis of Beta-Lactam Antibiotics in Bovine
Kidney Using Liquid Chromatography-Tandem
Mass Spectrometry. J Chromatogr A
1202:118.

17. Hercegová, A., M. Dömötörová, D. Kru-
zlicová, E. Matisová. 2006. Comparison of
Sample Preparation Methods Combined with
Fast Gas Chromatography-Mass Spectrometry
for Ultratrace Analysis of Pesticide Residues in
Baby Food. J Sep Sci 29: 1102. 

18. Cajka, T., J. Hajslova, O. Lacina, K.
Mastovska, S.J. Lehotay. 2008. Rapid Analysis
of Multiple Pesticide Residues in Fruit-Based
Baby Food Using Programmed Temperature
Vaporiser Injection-Low-Pressure Gas Chro-
matography-High-Resolution Time-of-Flight
Mass Spectrometry. J Chromatogr A
1186:281. 

19. Wang, J., D. Leung. 2009. Determina-
tion of 142 Pesticides in Fruit- and Vegetable-
Based Infant Foods by Liquid
Chromatography/Electrospray Ionization-Tan-
dem Mass Spectrometry and Estimation of
Measurement Uncertainty. J AOAC Int 92:279. 

20. Wang, J., D. Leung. 2009. Applications
of Ultra-Performance Liquid Chromatography
Electrospray Ionization Quadrupole Time-of-
Flight Mass Spectrometry on Analysis of 138
Pesticides in Fruit- and Vegetable-Based Infant
Foods. J Agric Food Chem 57:2162. 

21. Przybylski, C., C. Segard. 2009.
Method for Routine Screening of Pesticides
and Metabolites in Meat Based Baby-Food
Using Extraction and Gas Chromatography-
Mass Spectrometry. J Sep Sci 32:1858. 

22. Leandro, C.C., R.J. Fussell, B.J. Keely.
2005. Determination of Priority Pesticides in
Baby Foods by Gas Chromatography Tandem
Quadrupole Mass Spectrometry. J Chromatogr
A 1085:207. 

23. Leandro, C.C., P. Hancock, R.J. Fussell,
B.J. Keely. 2006. Comparison of Ultra-Perfor-
mance Liquid Chromatography and High-Per-
formance Liquid Chromatography for the
Determination of Priority Pesticides in Baby
Foods by Tandem Quadrupole Mass Spec-
trometry. J Chromatogr A 1103:94. 

24. Gilbert-López, B.B., J.F García-Reyes,
P. Ortega-Barrales, A. Molina-Díaz, A.R. Fer-
nández-Alba. 2007. Analyses of Pesticide
Residues in Fruit-Based Baby Food by Liquid
Chromatography/Electrospray Ionization Time-
of-Flight Mass Spectrometry. Rapid Commun

Mass Spectrom 21:2059. 
25. Leandro, C.C., P. Hancock, R.J. Fussell,

B.J. Keely. 2007. Ultra-Performance Liquid
Chromatography for the Determination of Pes-
ticide Residues in Foods by Tandem Quadru-
pole Mass Spectrometry with Polarity
Switching. J Chromatogr A 1144:161. 

26. Hercegová, A., M. Dömötörová, E. Ma-
tisová. 2007. Sample Preparation Methods in
the Analysis of Pesticide Residues in Baby
Food with Subsequent Chromatographic De-
termination. J Chromatogr A 1153:54. 

27. Leandro, C.C., P. Hancock, R.J. Fussell,
B.J. Keely. 2007. Quantification and Screening
of Pesticide Residues in Food by Gas Chro-
matography-Exact Mass Time-of-Flight Mass
Spectrometry. J Chromatogr A 1166:152.

28. Posyniak, A., J. Zmudzki, K. Mitrowska.
2005. Dispersive Solid-Phase Extraction for
the Determination of Sulfonamides in Chicken
Muscle by Liquid Chromatography. J Chro-
matogr A 1087:259. 

29. Fagerquist, C.K., A.R. Lightfield, S.J.
Lehotay. 2005. Confirmatory and Quantitative
Analysis of Beta-Lactam Antibiotics in Bovine
Kidney Tissue by Dispersive Solid-Phase Ex-
traction and Liquid Chromatography-Tandem
Mass Spectrometry. Anal Chem 77:1473. 

30. Costain, R.M., A.C. Fesser, D. McKen-
zie, M. Mizuno, J.D. Macneil. 2008. Identifica-
tion of Hormone Esters in Injection Site in
Muscle Tissues by LC/MS/MS. Food Addit
Contam August 21. 

31. Stubbings, G., T. Bigwood. 2009. The
Development and Validation of a Multiclass
Liquid Chromatography Tandem Mass Spec-
trometry (LC-MS/MS) Procedure for the Deter-
mination of Veterinary Drug Residues in Animal
Tissue Using a QuEChERS (QUick, Easy,
CHeap, Effective, Rugged and Safe) Approach.
Anal Chim Acta 637:68. 

32. Mastovska, K., A.R. Lightfield. 2008.
Streamlining Methodology for the Multiresidue
Analysis of Beta-Lactam Antibiotics in Bovine
Kidney Using Liquid Chromatography-Tandem
Mass Spectrometry. J Chromatogr A
1202:118. 

33. Aguilera-Luiz, M.M., J.L. Vidal, R.
Romero-González, A.G. Frenich. 2008. Multi-
Residue Determination of Veterinary Drugs in
Milk by Ultra-High-Pressure Liquid Chro-
matography-Tandem Mass Spectrometry. J
Chromatogr A 1205:10. 

34. Kinsella, B., S.J. Lehotay, K. Mas-
tovska, A.R. Lightfield, A. Furey, M. Danaher.
2009. New Method for the Analysis of Fluki-
cide and other Anthelmintic Residues in
Bovine Milk and Liver Using Liquid Chro-
matography-Tandem Mass Spectrometry. Anal
Chim Acta 637:196. 

35. Mastovska, K., S.J. Lehotay. 2006.
Rapid Sample Preparation Method for LC-
MS/MS or GC-MS Analysis of Acrylamide in
Various Food Matrices. J Agric Food Chem
54:7001. 

36. Dunovská, L., T. Cajka, J. Hajslová, K.
Holadová. 2006. Direct Determination of Acry-
lamide in Food by Gas Chromatography-High-
Resolution Time-of-Flight Mass Spectrometry.
Anal Chim Acta 578:234.

37. Lesueur, C., M. Gartner, A. Mentler, M.
Fuerhacker. 2008. Comparison of Four Extrac-
tion Methods for the Analysis of 24 Pesticides
in Soil Samples with Gas Chromatography-
Mass Spectrometry and Liquid Chromatogra-
phy-Ion Trap-Mass Spectrometry. Talanta
75:284. 

38. Lee, J.M., J.W. Park, G.C. Jang, K.J.
Hwang. 2008. Comparative Study of Pesticide
Multi-Residue Extraction in Tobacco for Gas
Chromatography-Triple Quadrupole Mass
Spectrometry. J Chromatogr A 1187:25. 

39. Powley, C.R., S.W. George, T.W. Ryan,
R.C. Buck. 2005. Matrix Effect-Free Analytical
Methods for Determination of Perfluorinated
Carboxylic Acids in Environmental Matrixes.
Anal Chem 77:6353. 

40. Kawata, K., T. Asada, K. Oikawa. 2005.
Determination of Pesticides in Compost by
Pressurized Liquid Extraction and Gas Chro-
matography-Mass Spectrometry. J Chro-
matogr A 1090:10. 

41. Stepan, R., P. Cuhra, S. Barsova. 2008.
Comprehensive Two-Dimensional Gas Chro-
matography with Time-of-Flight Mass Spectro-
metric Detection for the Determination of
Anabolic Steroids and Related Compounds in
Nutritional Supplements. Food Addit Contam
Part A Chem Anal Control Expo Risk Assess
25:557. 

42. Chen, L., X.S. Li, Z.Q. Wang, C.P. Pan,
R.C. Jin. 2009. Residue Dynamics of Procymi-
done in Leeks and Soil in Greenhouses by
Smoke Generator Application. Ecotoxicol Envi-
ron Saf July 31. 

43. Plössl, F., M. Giera, F. Bracher. 2006.
Multiresidue Analytical Method Using Disper-
sive Solid-Phase Extraction and Gas Chro-
matography/Ion Trap Mass Spectrometry to
Determine Pharmaceuticals in Whole Blood. J
Chromatogr A 1135:19.

44. Wong, J.W., M.S. Wirtz, M.K. Hen-
nessy, F.J. Schenck, A.J. Krynitsky, S.G. Capar.
2006. Pesticides in Botanical Dietary Supple-
ments. Acta Hort (ISHS) 720:113.

45. Foods of Plant Origin—Determination
of Pesticide Residues Using GC-MS and/or
LC-MS/MS Following Acetonitrile
Extraction/Partitioning and Clean-up by Dis-
persive SPE (QuEChERS-method). (EN 15662
Version 2008.)

46. Okihashi, M., Y. Kitagawa, K. Akutsu, H.
Obana, Y. Tanaka. 2005. Rapid Method for the
Determination of 180 Pesticide Residues in
Foods by Gas Chromatography/Mass Spec-
trometry and Flame Photometric Detection. J
Pestic Sci 30:368.

RepRinted fRom food Safety magazine,  S ignatuRe SeRieS,  with peRmiSSion of the publiSheRS.
© 2011 by the taRget gRoup • www.foodsafetymagazine.com


