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Developing New Methods

for Pesticioes in Dietary

supplements

By Julie Kowalski, Michelle Misselwitz, Jason Thomas, and Jack

Cochran, Restek Corporation

New 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-fight 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.! Basic GMP:s re-

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.? 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.?

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

PAM 303 QuUEChERS Benefits of
Method + cSPE QuEChERS + cSPE
Solvent used (mL) 1,850 92 20x% less solvent;
cleaner, greener,
& cost-effective
# of Solvents 4 3
Salt and sorbent used (g) 35 6.6 5x less salt/sorbent
Glassware/lab + Separatory funnel | - Centrifuge Fast, easy batch
equipment (1L capacity) * SPE manifold processing
« Filter apparatus
» Florisil column
Manual preparation » Salt solution Mone—prepackaged | Highly reproducible;
= Standards salts and cSPE less manual prep means
» Florisil column cartridge are less human error
ready to use

quire implementing comprehensive procedures to en-  Taple |- Decrease costs and increase reproducibility with a GMP-friendly QUECh-
ERS approach to analyzing pesticides in dietary supplements.

sure product quality and safety. Since many dietary
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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.*"!
QuECHhERS has also been used to inves-
tigate pesticide residues in vegetable-,
fruit- and meat-based baby foods.!”?
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.?*3¢ 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.#
Pharmaceutical residues in whole blood
have been determined by applying the

dispersive solid phase extraction like that
used in QUEChERS.® 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, ¢SPE
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.

QuEChERS Extraction

1. Wet 1 g of matrix powder with 9 mL of water.
Fortify as necessary, then soak 2 hours,

. Add 10 mL acetonitrile.

Shake 1 min.

Add Q-sep™ (110 extraction salts.

Shake 1 min.

. Centrifuge 5 min. at 3,000 U/min.

P

\

¢SPE Cleanup

1. Prepare 6mL Resprep® Combo SPE Cartridges as
follows. Add magnesium sulfate to a level approxi-
mately hall the height of either the GCB or PSA
bed. Rinse cartridge with 20 mL of 3:1
acetonitrileitoluene.

. Load | ml of extract on cartridge and elute with

50 mL 3:1 acetonitrile:toluene,

Evaporate to approximately 0.5-1 mL using dry

nitrogen gas and a 35-40°C water bath.

4. Add 3 mL toluene and evaporate to just under 0.5 ml.

Rinse evaporation vessel with toluene and adjust

tinal volume to 0.5 mL.

(=

e
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Solvent Usage: 92 mL, 3 solvents

PAM Extraction

Weigh 20-25 g and fortify as necessary.

Add 350 mL 65:35 acetonitrileswater,

Blend 5 min. and filter.

Transfer to a | L separatory funnel and add 100

mlL petroleum ether (hexanes).

5. Shake |-2 min.

6. Add 10 mlL saturated sodium chloride and 600
mlL water.

7. Shake 45 seconds and allow layers to separate.

8. Wash organic layer with 100 mL water and
transfer to a graduated cylinder.

9. Wash organic layer again with another 100 mL
water and transfer to cylinder.

10. Add 15 g sodium sulfate Lo organic fraction.

11. Shake vigorously, then evaporale to ~100 mL.

itk 2

PAM Cleanup

. Prepare a Florisil? cleanup column as follows.

Add Florisil® to a 22 mm x 300 mm column to a

height of 4 inches, then top with 4 inch sodium

sulfate,

Transfer extract to column for cleanup.

Elute in 3 separate fractions as follows:

a. 200 mL 6% diethyl ether in petroleum ether.

b. 200 ml. 15% diethyl ether in petroleum ether.

€. 200 ml. 50% diethyl ether in petroleum ether.

4. For each fraction: evaporate solvent, adjust
final volume, and add internal standards as
necessary for GO injection,

La ta

Solvent Usage: 1,850 mL, 4 solvents

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

etary supplements.

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.* 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 pL of a 2
ng/pL pesticides spiking solution result-
ing in a 400-ng/g spike level, relative to
the original commodity. Also, 100 pL
QuECHERS Internal Standard Mix for
GC/MS analysis was added. The sample
was then allowed to soak for 2 hours
prior to extraction.

QOuEChHERS Extraction

The EN 15662 QuEChERS method
was used for sample extraction.* Ten mL
acetonitrile was added to the wetted
sample. After a 1-minute shake, Q-sep™
Q110 buffering extraction salts (4 g
MgSO,, 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 pL 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 c¢SPE. For
dSPE, 1 mL extract was added to a Q210
dSPE tube containing 150 mg MgSO,
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 ¢SPE cleanup,* 1 mL extract was
processed with a 6 mL Resprep® Combo
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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).

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 3540 °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/pL, as 80 pg/pL 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.

GCTOFMS

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 x 0.25 mm x 0.25 pm). 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 c¢SPE
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, ¢SPE 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
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Compound RT (sec.) Recovery (%) Class Type
1,2,3,5-Tetrachlorobenzene 418.0 46 Organochlorine Chemical intermediate
Pentachlorobenzene 587.0 51 Organochlorine Metabolite
Tetrachloronitrobenzene 648.8 72 Organochlorine Fungicide
2,3,5,6-Tetrachloroaniline 678.0 64 Organochlorine Fungicide
alpha-BHC 739.4 69 Organochlorine Insecticide
Hexachlorobenzene 744.4 56 Organochlorine Impurity
Pentachloroanisole 754.6 62 Organochlorine Metabolite
beta-BHC 780.5 88 Organochlorine Insecticide
Pentachloronitrobenzene 784.2 62 Organochlorine Fungicide
Pentachlorobenzonitrile 790.0 70 Organochlorine Impurity
gamma-BHC 791.2 85 Organochlorine Insecticide
Diazinon 816.6 71 Organophosphorus Insecticide
Chlorothalonil 819.2 100 Organochlorine Fungicide
delta-BHC 836.4 85 Organochlorine Insecticide
Pentachloroaniline 857.6 75 Organochlorine Metabolite
Pentachlorothioanisole 931.2 66 Organochlorine Metabolite
PCB 52 932.0 - Organochlorine Internal standard
Chlorpyrifos 952.6 92 Organophosphorus Insecticide
Dacthal 958.8 83 Organochlorine Herbicide
Parathion 963.2 91 Organophosphorus Insecticide
Heptachlor epoxide 1008.4 93 Organochlorine Metabholite
Procymidone 1027.4 100 Organonitrogen Fungicide
Endosulfan I 1059.8 70 Organochlorine Insecticide
4, 4-DDE 1094.6 90 Organochlorine Metabolite
Dieldrin 1097.8 91 Organochlorine Insecticide
Myclobutanil 1100.6 100 Organonitrogen Fungicide
Endosulfan II 1141.6 110 Organochlorine Insecticide
Oxadixyl 1149.4 100 Organonitrogen Fungicide
4.4-DDD 1152.2 98 Organochlorine Insecticide, Breakdown product
2,4-DDT 1155.0 94 Organochlorine Insecticide
Carfentrazone ethyl 1188.0 110 Organonitrogen Herbicide
Endosulfan sulfate 1194.8 105 Organochlorine Metabolite
Fenhexamid 1202.4 94 Organonitrogen Fungicide
4 4-DDT 1203.8 96 Organochlorine Insecticide
Piperonyl butoxide 1237.6 93 Other Insecticide synergist
Iprodione 1261.0 110 Organochlorine Fungicide
Cypermethrin 1 1466.8 130 Pyrethroid Insecticide
Cypermethrin 2 1474.8 86 Pyrethroid Insecticide
Cypermethrin 3 1478.6 75 Pyrethroid Insecticide
Cypermethrin 4 1481.8 100 Pyrethroid Insecticide
Pyraclostrobin 1538.0 92 Organonitrogen Fungicide
Fluvalinate 1 1541.4 100 Pyrethroid Insecticide
Fluvalinate 2 1546.8 94 Pyrethroid Insecticide
Difenoconazole 1 1562.0 99 Triazole Fungicide
Difenoconazole 2 1566.6 81 Triazole Fungicide
Azoxystrobin 1596.0 93 Organonitrogen Fungicide

Table II: This QUEChERS-based method provides good recoveries for a variety of pesticides found in dietary supplements.

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 ¢SPE. 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
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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.)

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.
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