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A multiresidue method for the analysis of 168 pesticides in dried powdered ginseng has been

developed using acetonitrile or acetone mixture (acetone/cyclohexane/ethyl acetate, 2:1:1 v/v/v)

extraction, solid-phase extraction (SPE) cleanup with octyl-bonded silica (C8), graphitized carbon

black/primary-secondary amine (GCB/PSA) sorbents and toluene, and capillary gas chromatogra-

phy-mass spectrometry/selective ion monitoring (GC-MS/SIM) or -tandem mass spectrometry (GC-

MS/MS). The geometric mean limits of quantitation (LOQs) were 53 and 6 μg/kg for the acetonitrile

extraction and 48 and 7 μg/kg for the acetone-based extraction for GC-MS/SIM and GC-MS/MS,

respectively. Mean percent recoveries and standard deviations from the ginseng fortified at 25, 100,

and 500 μg/kg using GC-MS/SIM were 87 ( 10, 88 ( 8, and 86 ( 10% from acetonitrile extracts and

88 ( 13, 88 ( 12, and 88 ( 14% from acetone mixture extracts, respectively. The mean percent

recoveries from the ginseng at the 25, 100, and 500 μg/kg levels using GC-MS/MS were 83 ( 19, 90 (
13, and 89 ( 11% from acetonitrile extracts and 98 ( 20, 91 ( 13, and 88 ( 14% from acetone

extracts, respectively. Twelve dried ginseng products were found to contain one or more of the

following pesticides and their metabolites: BHCs (benzene hexachlorides, R-, β-, γ-, and δ-),
chlorothalonil, chlorpyrifos, DDT (dichlorodiphenyl trichloroethane), dacthal, diazinon, iprodione, quin-

tozene, and procymidone ranging from <1 to >4000 μg/kg. No significant differences were found

between the two extraction solvents, and GC-MS/MS was found to be more specific and sensitive than

GC-MS/SIM. The procedures described were shown to be effective in screening, identifying, confirm-

ing, and quantitating pesticides in commercial ginseng products.
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INTRODUCTION

Panax quinquefolius and Panax ginseng commonly known as
American and Asian ginseng, respectively, are botanical dietary
supplements widely used for health purposes. Due to its potential
health benefits, ginseng root is widely regarded as a valuable
agricultural crop, and to prevent economic losses, pesticides may

be used against pests such as mold and insects that may damage
the plants and the highly valued roots. Despite the usefulness of
pesticides in agricultural practices, there are concerns about their
excessive use, presence, and levels in plant commodities. Ginseng
roots can accumulate pesticides during the growing stage or
postharvest treatment, and previous studies have shown that
many organochlorine and organophosphorus pesticides have
been detected in dried ginseng root products (1-8). Therefore,
the presence of pesticides in ginseng root and other botanical
products requires validated analytical procedures for effective
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and efficient screening and enforcement. An interlaboratory
comparison study conducted by Kong et al. (7) revealed the
difficulties and the many different procedures of analyzing
pesticides in ginseng products.

There are numerous methods (1-16) that describe pesticide
screening in dried botanical dietary supplements, spices, medic-
inal plants, herbals, teas, and phytomedicines, which are based on
procedures for fresh plant-derived foods (17-28). These analy-
tical methods usually involve organic solvent extraction of the
pesticides and cleanup procedures to remove coextractives and
interfering components from the matrix; these are followed by
instrumental analysis such as capillary gas chromatography or
high-performance liquid chromatography with element-selective,
spectrophotometric, and/or mass spectrometric detectors.
Although these methods work well with fresh produce, there
are unique challenges with dried botanicals because of the
concentrated levels of the matrix and lower limits of detection
due to the concentrated sample sizes. This often complicates the
detection, identification, and quantification of pesticide residues
in dried botanicals. We recently evaluated methods for the
analysis of pesticides in ginseng utilizing acetonitrile salt-out
extraction, solid-phase dispersive techniques, gas chromatogra-
phy with flame photometric detection (GC-FPD) and single-
quadrupole mass spectrometry (GC-MS) (5) and gel permeation
chromatography/solid-phase extraction (GPC/SPE) cleanup
procedures and GC-high resolution time-of-flight mass spectro-
metry (GC-HR-TOF-MS) (6). This study describes amethod that
uses aspects and improvements of these existing procedures and
technologies for the multiresidue analysis of pesticides in ginseng.

Organohalogen, organophosphorus, and pyrethroid pesticides
in this study were measured using two different GC-MS techni-
ques. One instrument usedwas aGC-MSoperated in selective ion
monitoring (SIM) mode (GC-MS/SIM). This approach has been
widely used for the targeted determination of pesticides in ginseng
and other plant products (5-8,11,14-17,21,23-28) because of
its reliability, effectiveness, and low cost. Although GC-MS/SIM
provides qualitative and quantitative information on pesticide
residues in foods, there are potential difficulties with this ap-
proach. Common pesticide identification using GC-MS/SIM
requires criteria that call for four ions at the proper ion ratios
in combination with correct GC retention time and other quality
assurance protocols to take regulatory action (29). These ions
may not be uniquely specific to the pesticide or analyte of interest,
and the ion abundancesmay result from coextractives in the plant
matrix that may skew the ratios between the identifying ions.

A second procedure is to use GC-triple-quadrupole or
tandem mass spectrometry (GC-MS/MS), which is now being
used by some pesticide laboratories for multiresidue targeted
screening of pesticides in food samples due to commercial
availability (30-35). In MS/MS, target masses are selected in
the first quadrupole and fragmented in a collision chamber.
Depending on the analyte, unique product ions are generated
from the collision chamber, and only selected product ions are
allowed to pass through the second quadrupole to be monitored
and detected. The fragmentation pattern and resulting product
ions are dependent on the chemical structures of the target
analytes so that MS/MS is more specific than the SIM mode
commonly used in the single-quadrupole detectors. The tandem
or triple-quadrupole mass analyzer can operate in multiple reac-
tion monitoring (MRM) mode, which can monitor specific pro-
duct ions from a large number of analytes, but the number of
product ions screened inMS/MS is limited by the scan speed of the
instrument. A recent paper by Okihashi et al. (31) showed lower
limits of detection at the 0.01 μg/g concentration and improved
selectivity for the identification and confirmation of 260 pesticides

in fresh produce by MS/MS over GC-element selective detection
(i.e., flame photometric detection) and GC-MS/SIM.

This study employs and compares bothGC-MS/SIM andGC-
MS/MS for the multiresidue screening of 168 pesticides in dried
ginseng root powders using conventional multiresidue proce-
dures (21, 23, 24, 26, 27, 31). The methods utilize a salt-out
organic solvent extraction step, followed by primary-secondary
amine/graphitized carbon black (PSA/GCB) solid-phase extrac-
tion column cleanup. Due to recent shortages of acetonitrile (36),
we also investigated the use of acetone-based extraction proce-
dure using an acetone/ethyl acetate/cyclohexane (2:1:1, v/v/v)
mixture employed by Sannino et al. (24), both as an alternative
extraction solvent and for comparative studies. Finally, the
methods will be used to screen and analyze pesticides in dried,
powdered ginseng roots from different commercial sources.

MATERIALS AND METHODS

Materials and Standards Preparation. The majority of pesticide
standards were obtained from the U.S. Environmental Protection Agency
(U.S. EPA) National Pesticide Standard Repository (Ft. Meade, MD).
Other pesticides were purchased from Sigma Aldrich (Fluka, Milwaukee,
WI) and Chem Service Inc. (West Chester, PA). Pesticide-grade acetoni-
trile and toluene, HPLC-grade water, and certified-grade anhydrous
sodium sulfate and sodium chloride were purchased from Fisher Scientific
(Pittsburgh, PA). The internal standard, tris(1,3-dichloroisopropyl) phos-
phate, was purchased from TCI America (Portland, OR), and quality
control standards, naphthalene-d8, acenaphthlene-d10, pheneanthrene-d10,
and chrysene-d12were purchased bySigmaAldrich. Solid-phase extraction
cartridges consisting of 250mg of graphitized carbon black (top layer) and
500 mg of primary-secondary amine bonded to silica (bottom layer)
containing a Teflon frit were purchased from United Chemical Tech-
nologies (Bristol, PA) and Supelco Co. (Bellefonte, PA), respectively.
Ginseng (P. quinquefolius) used to prepare ginseng blanks, and matrix-
matched standards was generously provided by the Wisconsin Ginseng
Board (Wausau, WI). Incurred ginseng products of different varieties
(P. quinquefolius, P. ginseng, Red Korean, American, etc.) containing
pesticide residues were obtained from commercial sources.

Stock solutions of individual pesticide standards were prepared by dissolv-
ing 25-100mgof pesticides in 25mLof acetonitrile for fortification standards
and 25 mL of toluene for calibration standards. The working standards used
for quantitation were prepared by mixing 2-5 mL of each standard using a
250 mL volumetric flask to prepare a 20 μg/mL working standard. The
fortification solutions were prepared by diluting the 20 μg/mL acetonitrile
working standard into 0.167, 167, and 6.67 μg/mL fortification solution with
acetonitrile. Successive dilutions of the stock pesticide standards were used
to prepare 5.0, 2.5, 1.0, 0.50, 0.25, 0.10, 0.05, 0.025, 0.010, 0.005, 0.0025,
and 0.001 μg/mL standards in toluene (each 50 mL standards). The internal
and quality control standards were prepared by dissolving tris(1,3-
dichloroisopropyl) phosphate to a 3.4 μg/mL working solution in aceto-
nitrile and the deuterated polycyclic hydrocarbons to a 20 μg/mLworking
solution in toluene from a 1000 μg/mL stock solution. Care must be taken
to ensure that tris(1,3-dichloroisopropyl)phosphate is not an incurred residue
by prescreening the ginseng samples without the addition of the standard.

Ginseng Extraction Preparation. A schematic of the extraction and
cleanup procedure is shown in Figure 1. Dried ground ginseng powder
(2.00 ( 0.05 g), 10 mL of water, and a steel ball bearing were placed in a
disposable centrifuge tube and shaken in a 2000 GenoGrinder mechanical
shaker (SPEX SamplePrep,Metuchen, NJ) for 1 min at 1000 strokes/min.
An internal standard (200 μL of a 3.4 μg/mL solution of tris(1,3-
dichloroisopropyl) phosphate, 20 mL of solvent (acetonitrile or 2:1:1
acetone/cyclohexane/ethyl acetate), and NaCl (2.0 g of NaCl for acetoni-
trile extraction or 3.5 g of NaCl for the acetone mixture extraction) were
added to the ginseng/water mixture. The sample was extracted in the
GenoGrinder for 1min at 1000 strokes/min and centrifuged at 4500 rpm�
5 min using a centrifuge (ThermoElectron Corp., Milford, MA).

C-8 Dispersive Cleanup. The centrifuged organic extract (∼18-
19 mL) was transferred to a centrifuge tube containing 0.5 g of C-8 sor-
bent (UnitedChemical Technologies) and shaken for 1min at 500 strokes/
min using theGenoGrinder. The tubewas centrifuged at 4500 rpm�5min,
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and 15 mL (1.5 g sample equivalent) was transferred to a clean glass
centrifuge tube and reduced to∼1mLunder a gentle streamofnitrogenusing
a nitrogen evaporator (N-Evap, Organomation Associates, Berlin, MA).

Solid-Phase Extraction (SPE) Cleanup. The concentrated extract
was loaded onto an acetone-conditioned (3 column volumes of acetone)
tandem SPE cartridge (United Chemical Technologies) containing 250 mg
of graphitized carbon black (GCB, top) and 500mg of primary-secondary
amine (PSA, bottom) sorbents topped with anhydrous sodium sulfate.
The cartridges were eluted and collected with 12mL of 3:1 acetone/toluene.
The GC extract was reduced (∼100 μL) and brought to 0.5 mL of toluene,
and 25 μL of QC standards (the mixture of deuterated polycyclic aromatic
hydrocarbons, 20μg/mL)was added.Fiftymilligramsofmagnesiumsulfate
was added, and the extractswere centrifuged at 2500 rpm� 5min to remove
any cloudiness or fine precipitates that may be present in the extracts. The
toluene extracts were divided into two portions and transferred to GC vials
with vial inserts for GC-MS/SIM and GC-MS/MS analysis.

GC-MS/SIM Analysis. An Agilent 6890N gas chromatograph was
equipped with an Agilent 5973 mass selective detector (MSD, Agilent
Technologies, Little Falls, DE) and fitted with a deactivated guard column
(5 m � 0.25 mm i.d., Restek Corp., Bellefonte, PA) and HP-5MS column
(30m� 0.25mm i.d.� 0.25 μm film thickness, Agilent Technologies). The
5973 MSD was upgraded with software and hardware components to
allowup to 60 ions per time segmentwhen operating in the SIMmode. The
temperature programconsisted of 105 �C (1minhold) to 130 �Cat a rate of
10 �C/min, increased to 230 at 4 �C/min, followed by a final ramp to 290 at
20 �C/min (7 min hold) using He as the carrier gas at 1.9 mL/min. The
MSD was operated in electron impact (EI) mode at 70 eV. The injector,
transfer line, MSD source, and quadrupole temperatures were 250, 290,
230, and 150 �C, respectively. The ginseng extracts, standards, and blanks
were injected (1 μL) into the GC operated in pulsed splitless mode (pulsed
pressure = 35.0 psi; pulsed time = 2.00 min) using an Agilent 7683 series
autoinjector. TheMSD system was routinely programmed in selective ion
monitoring (SIM) mode using one target and three qualifier ions as
listed in Table 1 of the Supporting Information. Identification by mass
spectrometry was established by the retention time of the target ion and
the agreement of three qualifier-to-target ion ratios established by the
EuropeanCommission (29). The SIM programwas separated into 27 time
segments and could be populated up to 60 ions as shown in Table 2 of
the Supporting Information. Quantitation by GC-MS/SIM was based on

the peak area ratios of the target ions of the analyte to that of the internal
standard, tris(1,3-dichloroisopropyl) phosphate and compared to concen-
trations of matrix-matched calibration standards using the ChemStation
G1701DA rev D.03.00 software.

GC-MS/MS Analysis. A Varian CP-3800 series gas chromatograph
coupled with a Varian 1200 L triple-quadrupole mass spectrometer and a
CTC COMBI PAL autosampler (Varian Inc., Palo Alto, CA) were
employed for all sample analyses using GC-MS/MS. Analytes were
separated with a Varian 30 m � 0.25 mm � 0.25 μm, VF-5 fused silica
capillary column preceded by a deactivated guard column (5m� 0.25mm
i.d., Restek Corp., Bellefonte, PA). The column head pressure was set at
13.2 psi, and flow rate was 1.2 mL/min using He as the carrier gas. The
column temperature was programmed as follows: the initial temperature
was 105 �C for 6 min and increased to 130 at 10 �C/min, ramped to 230 at
4 �C/min and to 290 at 10 �C/min, which was held for 5.5 min. The total
run time was 45 min. Injector temperature was maintained at 280 �C, and
the injection volume was 1.0 μL in the splitless mode. The ion source and
transfer line temperatures were 240 and 300 �C, respectively. Electron
multiplier voltage was set to 1400 V by automatic tuning. Argon was used
as the collision gas for all MS/MS experiments, and the pressure in the
collision cell was set at 1.8 mTorr. Two ion transitions for each pesticide
were determined via collision tests. Determined precursor ions, daughter
ions, and corresponding collision energies for all analytes were determined
and are provided in Table 1 of the Supporting Information. Figure 1 of the
Supporting Information shows a schematic of the MS/MS program used
to detect the pesticides in multiple reaction monitoring mode. Varian
Workstation software, version 6.9, was used for instrument control and
data acquisition and processing. Quantitation by GC-MS/MS was based
on the peak area ratios of the primary transition of the analyte product
to that of the primary transition of the internal standard, tris(1,3-
dichloroisopropyl) phosphate and compared to concentrations of ma-
trix-matched calibration standards using the Varian Workstation soft-
ware. Identification of the pesticide in the ginseng matrix was based on
criteria by the ratio of the primary ion transition to the secondary ion
transition and the acceptable tolerances of the ratio established by the
European Commission (29).

Fortification Studies. For fortification studies, 2.0 g of ginseng
powder was fortified with 250 μL of the internal standard solution
(tris(1,3-dichloroisopropyl) phosphate) and 300, 120, and 150 μL of the
appropriate fortification solution (0.167, 1.67, and 6.67 μg/mL standards
prepared in acetonitrile) to a final concentration of 25, 100, or 500 μg/kg,
respectively, and the centrifuge tube was vigorously vortexed to distribute
the pesticides and allowed to rest for 30 min so that the solvent could
evaporate. Extraction and cleanup are described in the previous sections.
Quantitation was performed by using the peak area ratio responses of the
analyte to that of the internal standard, tris(1,3-dichloroisopropyl) phos-
phate, and calculating the concentration by preparing a calibration curve
using the peak area ratios of matrix-matched calibration standards to that
of the same internal standard. Matrix-matched standards were prepared
by extracting ginseng blanks (as described above) and fortifying the
ginseng extracts with standards dissolved in the toluene. Standards were
prepared at concentration levels of 0.005, 0.010, 0.025, 0.05, 0.10, 0.25,
0.50, 1.0, 2.5, and 5.0 μg/mL.

Statistics Analysis and Calculations. Averages and standard devia-
tions from fortification and sample studies and linear regressions and
correlation coefficients for calibration curves were determined using
Microsoft Excel 2003. Pesticide concentrations from GC-MS/SIM and
GC-MS/MS analysis were determined by using ChemStation G1701DA
rev. D.03.00 and Varian Workstation, version 6.9, software, respectively.
These software programs were also used to develop calibration curves
using the peak area response ratios of the primary ion transitions of the
pesticide analyte to the internal standard (tris(1,3-dichloroisopropyl)
phosphate) versus pesticide calibration standards. The recovery data from
each fortification level were analyzed by a two-tailed Student’s t test at
95% confidence level. Recovery samples using two different solvents,
namely, acetone/cyclohexane/ethyl acetate and acetonitrile, were consid-
ered independent of each other for comparison of solvent extraction
performance. The datawere grouped in six sets, namely, three fortification
levels each for MS/MS and SIM analysis modes. The data set for each set
was tested for homogeneity of variance using an F test at 95% confidence
level. Similar tests for comparison of the performance in SIM versus

Figure 1. Flowchart of the multiresidue analysis of pesticides in dried
ginseng powders.
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MS/MS mode were also conducted. Recovery data were therefore
arranged in six sets, namely, three levels each for acetone and acetonitrile.
All calculations were performed using Microsoft Excel 2003.

RESULTS AND DISCUSSION

Ginseng Extraction and Cleanup. Salt-out organic solvent
extraction is a common procedure used to extract and partition
nonpolar pesticides from a plant material into an organic
solvent, such as acetonitrile or acetone (19-24). The addition
of water has also been shown to aid in the extraction of
pesticides from dehydrated plant materials (37). Acetonitrile,
which was originally used byMills et al. (38), has been shown to
be an effective extraction solvent in many multiresidue proce-
dures (19-21 , 23 , 26-28) and is also used in the Quick, Easy,
Cheap, Effective, Rugged, and Safe (QuEChERS) proce-
dure (25). Sannino et al. (24) modified a procedure based on
that of Specht et al. (39) which involved acetone extraction of
pesticides in fresh produce samples, followed by a partitioning
step involving a 1:1 (v/v) mixture of cyclohexane/ethyl acetate.
The solvent mixture of a 2:1:1 acetone/cyclohexane/ethyl
acetate was shown to be effective for the extraction of a variety
of pesticides analyzed byGC andGC-MS (24). In this work, an
organic solvent extraction/partitioning procedure was aided
by the addition of NaCl and the GenoGrinder, which blended
the dried powder with water and provided consistent shaking
and uniform extraction of the hydrated powdered ginseng
roots. The GenoGrinder turned out to be a useful apparatus
because multiple simultaneous individual extractions of the 2 g
samples are performed in disposable centrifuge tubes instead of
stainless steel blenders or a homogenizer or tissuemizer.
Although a blender, homogenizer, or tissuemizer can be used
to macerate the ginseng with water and blend the hydrated
sample with the organic solvent, the blender containers and
homogenizer or tissuemizer rotors must be rinsed thoroughly if
multiple samples are to be analyzed to avoid any possibility of
contamination. One advantage of the 2:1:1 acetone/ethyl
acetate/cyclohexane solvent mixture was that the solvent
mixture was easily reduced in volume with a gentle N2 stream,

which was much faster than reducing the volume of ace-
tonitrile. The resulting concentrated extract, containing
primarily ethyl acetate and cyclohexane, could either be
loaded for gel permeation chromatography cleanup as des-
cribed by Specht et al. (39) or subjected to solid-phase extrac-
tion cleanup.

The cleanup procedures in this work employ C-8 solid-phase
dispersive cleanup, followed by solid-phase extraction using tan-
demGCB/PSA cartridges. C-8 orC-18 sorbents have been used by
Fillion et al. (21,23) and Pang et al. (27) to remove fats, lipids, and
other nonspecific components from the plantmatrix. In this study,
we employed a dispersive solid-phase cleanup step using C-8 for
the ginseng extract due to speed and convenience compared to
solid-phase extraction procedures. The combination of the three
sorbent cleanup of C-8 or C-18 and tandem GCB/PSA SPE
columns is shown to be effective for the removal of a variety of
matrix components. PSA has been shown to remove organic acids
andother components,whichmaypotentially contribute tomatrix
enhancement effects during capillary GC detection (25, 28, 40).
These matrix enhancement effects may lead to erroneous results.
GCB is effectively used to remove plant pigments such as chloro-
phyll and carotenoids, as well as polyphenols and sterols, which
are all commonly present in plant foods (28, 40). However, GCB
can also retain structurally planar and aromatic pesticides and
metabolites such as hexachlorobenzene, chlorothalonil, and pen-
tachlorobenzene and requires toluene to elute all bound pesticides
from the graphitized carbon layers (40). When GCB sorbents are
used, a 25% toluene solution (v/v) is typically used to elute any
bound pesticides from the GCB layer. A 25% toluene in acetone
solutionwas utilized instead of ethyl acetate or acetonitrile because
the acetone can be quickly removed by N2 evaporation. We
considered employing adispersive orQuEChERS type application
utilizing GCB and PSA sorbents and later adding toluene, but
results (data not shown) have shown that the hexachlorobenzene
and pentachlorobenzene recoveries were low (typically ∼50%),
whereas extraction and cleanup usingGCB/PSASPE led to better
(>70%) recoveries. The resulting SPE method, as outlined in
Figure 1, was then subjected to validation.

Figure 2. Reconstructed GC-MS/MS chromatograms of ginseng powder extracts prepared by acetonitrile (left) and 2:1:1 acetone/cyclohexane/ethyl acetate
extraction (right) procedures. Shown are blank and fortified extracts at 25, 100, and 500 ng/mL. Refer to Materials and Methods for sample preparation details
and GC-MS/MS conditions. See Table 1 and Figure 1 of the Supporting Information for details on GC-MS/MS conditions.
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Method Validation. Standard mixes of 168 organohalogen,
organophosphorus, and pyrethroid pesticides, including isomers
and metabolites in solvent, were initially used to determine
retention times, mass spectra, and acquisition time segments for
both GC-MS/SIM and GC-MS/MS are provided in Table 1 of
the Supporting Information. Typical mass spectrometry para-
meters such as percentages of qualifier to target ratios (% Q/T)
for GC-MS/SIM and transitions from precursor to product ions,
collision energies, and ion ratios (abundances of the precursor to
the product ion) for GC-MS/MS are also listed in Table 1 of the
Supporting Information. The GC-MS/SIM and GC-MS/MS
results listed were obtained from pesticide standards dissolved
in toluene in these studies. Matrix-matched standards, ranging
in concentration from 0.005 to 5.0 μg/mL, established the linear
ranges and the minimum limits of quantitation (LOQs) expected
for the method.Most of the pesticides could be determined in the
0.005-5.0 μg/mL and r2>0.99 range when analyzed byGC-MS/
MS. Linear ranges for pesticides analyzed byGC-MS/SIMvaried
by pesticide due to different LOQs (range from 5 to 333 μg/kg
from matrix interferences in the ginseng). Using GC-MS/SIM,
one target and three qualifier ions preselected by full-scan MS
were used for detection, whereas for GC-MS/MS detection, two
transitions resulting from the collision-induced dissociation of the

precursor ion into product fragments characteristic of the pre-
cursor were used. The ECdirectives (29) for method performance
were used for pesticide identification and detection using GC-
MS/SIMandGC-MS/MS.This requiredusing qualifier-to-target
ratios and ion ratios of the primary to secondary ion transitions
for confirmation.

The LOQ for each pesticide analyzed by GC-MS/SIM and
GC-MS/MS was defined as the amount of pesticide that would
produce at least 3:1 signal/noise in the matrix-matched standards
for all qualifying ions (SIM) or qualifying (or secondary) transi-
tion (MS/MS) and 10:1 for the target ion (SIM) or quantitating
(or primary) transition (MS/MS). The geometric mean LOQ
based on the LOQs of 168 pesticides, metabolites, and isomers
listed in Table 1 of the Supporting Information and analyzed by
GC-MS/SIM were 53 and 48 μg/kg for extraction by acetonitrile
and acetone/cyclohexane/ethyl acetate solvents, respectively. In
contrast, the geometric mean LOQs from GC-MS/MS analysis
were approximately 7-9 times lower, with values of 6 and7 μg/kg,
respectively, for both solvents. Most of the LOQ values for
GC-MS/MS were typically in the 1-20 μg/kg range, compared
to 83-167 μg/kg for GC-MS/SIM for both solvent extraction
methods, indicating that GC-MS/MS is a more sensitive tech-
nique than GC-MS/SIM.

Figure 3. Reconstructed GC-MS/SIM chromatograms of ginseng powder extracts prepared by acetonitrile (left) and 2:1:1 acetone/cyclohexane/ethyl acetate
extraction (right) procedures. Shown are blank and fortified extracts at 25, 100, and 500 ng/mL. Refer to Methods andMaterials for sample preparation details
and GC-MS/SIM conditions. See Tables 1 and 2 of the Supporting Information for details on GC-MS/SIM conditions.
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Table 1. Average Recoveries (av) and Relative Standard Deviations (RSD) of Pesticides Extracted from Dried Ginseng Powder Fortified at 25, 100, and 500 μg/kg
Levels (n = 4) Using Acetonitrile and Acetone/Cyclohexane/Ethyl Acetate (2:1:1) Extraction, Cleaned up by C8 Solid-Phase Dispersion and GCB/PSA Solid-Phase
Extraction and Analyzed by GC-MS/SIM and GC-MS/MS Using Matrix (Ginseng)-Matched Standardsa

25 μg/kg 100 μg/kg 500 μg/kg

acetone extraction acetonitrile extraction acetone extraction acetonitrile extraction acetone extraction acetonitrile extraction

SIM MS/MS SIM MS/MS SIM MS/MS SIM MS/MS SIM MS/MS SIM MS/MS

pesticide av RSD av RSD av RSD av RSD av RSD av RSD av RSD av RSD av RSD av RSD av RSD av RSD

acrinathrin ND 85 4 ND 87 10 90 4 79 7 85 1 89 1 87 3 79 5 90 2 90 4

akton 80 3 91 4 84 3 83 8 81 4 85 5 80 3 90 3 81 3 79 3 84 3 85 2

alachlor ND 117 5 ND 86 7 102 3 100 7 89 4 95 4 100 3 93 2 89 3 90 2

aldrin 85 4 106 9 88 12 78 7 85 6 82 4 83 3 81 4 83 1 76 2 84 2 75 2

allethrin ND 83 10 ND 78 7 81 4 82 5 77 5 88 3 83 3 74 3 81 5 83 2

atrazine ND 120 3 ND 87 12 106 5 103 8 92 4 99 6 102 3 97 2 95 3 96 2

azamethidaphos ND 100 7 ND 102 8 104 5 103 3 ND 98 2 101 2 106 4 78 13 99 5

azinphos-ethyl ND 108 2 ND 87 10 92 3 98 3 87 3 89 2 96 3 102 7 89 4 89 3

azinphos-methyl ND 104 6 ND 86 14 100 3 94 6 ND 88 2 100 2 106 8 92 2 88 3

R-BHC 85 6 97 3 87 6 76 9 86 2 89 6 79 4 86 4 86 2 81 2 80 3 84 3

β-BHC ND 104 7 ND 91 10 ND 97 10 ND 97 1 101 21 87 4 81 10 94 2

δ-BHC 94 10 106 17 86 9 71 13 94 7 109 6 86 3 109 1 92 2 89 2 86 3 90 2

bifenthrin 82 6 83 3 96 5 83 9 78 3 77 3 86 3 91 1 79 2 90 4 88 2 96 2

bromophos 84 2 95 2 83 2 79 8 77 2 80 6 78 3 83 2 84 3 76 3 80 2 82 3

bromophos-ethyl 77 3 86 5 80 3 84 6 84 3 87 5 76 3 87 2 77 3 82 3 78 2 79 3

bromopropylate 84 3 89 2 92 6 86 10 84 2 86 4 85 2 91 1 84 4 95 4 89 2 94 2

captafol ND ND ND ND ND ND ND ND ND ND 76 7 ND

captan ND ND ND ND ND ND ND ND 112 3 104 4 98 2 97 2

carbophenothion ND 83 11 ND 89 8 85 3 83 5 87 3 88 2 86 2 77 4 90 2 83 2

chlorbenzilate 83 3 75 2 91 3 66 11 87 4 93 4 83 2 74 3 89 3 66 3 87 2 71 2

cis-chlordane 67 3 95 3 93 8 91 8 83 4 71 5 85 3 91 2 83 2 80 3 86 3 86 1

trans-chlordane 91 2 111 3 73 4 90 8 66 5 87 4 67 2 98 4 66 2 87 2 67 2 94 3

R-chlordene 81 9 95 8 94 2 76 5 90 4 95 6 90 3 91 3 90 3 80 4 91 3 86 2

β-chlordene 89 9 96 3 90 7 81 7 74 5 87 6 83 3 92 5 82 1 80 1 87 2 85 2

γ-chlordene 116 2 137 3 89 5 108 9 86 5 90 6 86 3 112 3 85 3 113 3 85 3 108 2

β-chlorfenvinphos ND 99 3 115 2 85 10 117 3 119 5 103 3 92 3 120 2 94 3 108 3 92 2

chloroneb ND 77 13 ND 74 10 ND 101 7 84 2 102 2 129 24 87 5 90 6 89 3

chlorothalonil ND 24 20 22 17 15 24 52 4 58 7 45 11 54 4 72 6 70 4 64 9 67 9

chlorpyrifos 85 5 94 4 86 6 82 8 82 1 89 7 80 2 87 4 83 3 81 2 83 2 86 2

chlorpyrifos-methyl ND 107 5 ND 90 7 90 3 92 6 81 5 88 3 90 3 84 2 82 2 85 2

chlorthiophos 89 10 95 2 87 8 84 8 86 3 90 4 82 5 92 2 85 3 83 1 86 2 92 2

coumaphos 90 4 87 7 ND 100 16 86 1 91 8 82 5 87 5 87 8 108 5 87 3 91 6

cyanazine ND 95 5 ND 83 9 107 5 91 7 95 4 90 5 101 1 86 5 109 10 87 3

cyanophos 98 3 113 6 92 2 81 8 99 4 104 6 88 3 94 5 99 2 93 3 87 3 87 2

cyfluthrin 1 ND 71 14 ND 82 19 ND 79 10 88 3 84 15 70 4 87 8 90 2 94 7

cyfluthrin 2 ND 63 2 ND 82 9 ND 80 10 89 6 104 5 59 16 89 10 92 4 96 7

cyfluthrin 3 ND 79 19 ND ND ND 77 16 88 3 65 17 87 16 89 10 94 3 92 4

cyfluthrin 4 ND 98 10 ND ND ND 98 10 88 3 38 13 69 2 91 5 95 5 88 7

λ-cyhalothrin 77 5 ND 78 9 ND 75 7 ND 83 10 ND 77 3 ND 86 4 ND

cypermethrin 1 ND 85 9 ND 85 9 ND 79 6 ND 93 7 81 2 89 8 93 4 93 4

cypermethrin 2 ND ND ND ND ND 78 9 ND 90 3 76 3 86 8 93 3 94 6

cypermethrin 3 ND ND ND ND ND 77 8 ND 62 2 77 3 86 9 91 4 93 5

cypermethrin 4 ND ND ND ND ND 75 7 ND 81 6 60 5 88 9 90 4 88 7

dacthal 82 23 161 10 89 3 83 6 97 6 102 7 85 3 91 4 96 2 94 4 87 3 88 3

o,p0-DDD 87 2 95 2 94 6 85 7 86 4 88 3 85 2 93 2 85 2 86 2 86 3 90 1

p,p0-DDD 81 6 95 2 86 4 85 7 82 7 88 4 85 3 92 2 85 3 86 2 90 3 89 2

o,p0-DDE 84 1 97 2 90 6 85 6 85 3 88 6 83 3 93 3 85 2 83 2 86 2 88 2

p,p0-DDE 84 1 129 3 90 6 111 5 85 3 116 5 83 3 124 2 85 2 108 2 86 2 119 2

o,p0-DDT 106 13 95 2 88 8 85 7 104 13 88 4 84 4 93 3 84 4 86 2 78 4 89 1

p,p0-DDT 87 2 92 2 92 7 85 8 82 4 88 4 85 3 91 1 84 3 83 2 89 2 90 2

DEF (tribufos) ND 104 3 ND 82 10 80 6 87 5 ND 92 4 90 10 82 4 98 3 89 2

deltamethrin 75 7 79 9 ND 97 9 75 4 76 8 92 5 91 6 79 2 98 4 91 3 97 7

demeton S ND ND ND ND 71 3 ND 72 6 ND 76 2 ND 73 3 ND

demeton S-methyl ND 104 5 ND 87 7 83 4 90 7 ND 96 2 90 7 84 1 91 4 93 2

dialifor ND 96 5 ND 88 10 82 4 89 3 82 2 84 7 84 3 91 6 88 3 86 5

diallate 1 ND 98 2 ND 80 9 97 6 93 7 85 5 88 4 86 2 83 4 77 4 83 3

diallate 2 ND 100 4 ND 80 10 88 5 92 7 85 4 89 2 81 3 82 4 82 3 84 3

diazinon 95 4 110 5 90 8 82 7 96 3 97 8 84 5 91 4 95 3 89 3 85 3 88 3

dicapthon 80 4 96 5 81 1 79 8 83 2 91 5 76 4 84 3 87 3 84 3 78 3 80 3

dichlofluanid ND ND ND 5 22 61 6 64 8 ND 59 3 63 61 79 3 77 2 78 3

dichlorfenthion 85 3 96 5 89 4 92 4 85 4 91 8 82 2 89 4 85 2 84 2 83 3 89 4

3,40-dichloroaniline ND 28 10 ND 8 4 ND 30 4 ND 7 10 36 4 25 6 ND 25 6

4,40-dichlorobenzophenone ND 105 4 ND 80 7 93 3 95 4 85 2 90 1 94 2 93 3 87 3 89 3

dichlorvos ND 94 9 ND 80 9 85 6 93 8 88 5 96 2 78 8 71 4 87 3 88 3

diclobenil 88 3 101 4 ND 75 8 90 6 91 7 83 4 90 1 81 9 71 6 82 3 83 3
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Table 1. Continued

25 μg/kg 100 μg/kg 500 μg/kg

acetone extraction acetonitrile extraction acetone extraction acetonitrile extraction acetone extraction acetonitrile extraction

SIM MS/MS SIM MS/MS SIM MS/MS SIM MS/MS SIM MS/MS SIM MS/MS

pesticide av RSD av RSD av RSD av RSD av RSD av RSD av RSD av RSD av RSD av RSD av RSD av RSD

dicloran ND 118 13 ND 90 5 109 8 104 6 92 8 98 1 99 4 95 1 97 3 92 1

dieldrin ND 97 7 ND 82 10 92 3 89 5 84 4 87 1 89 2 81 3 89 4 89 2

dimethachlor 104 7 86 16 91 5 79 9 104 3 96 17 96 1 108 1 104 3 96 2 97 3 94 1

dioxathion ND ND ND 92 4 107 15 77 9 86 7 116 6 82 7 86 9 90 3 107 30

disulfoton ND 93 4 ND 89 2 62 8 79 17 69 5 69 7 68 3 69 7 70 3 92 4

ditalimfos ND 93 8 ND 77 11 79 5 84 5 76 10 85 3 80 11 83 3 79 6 82 6

edifenphos ND 104 4 ND 86 8 95 5 100 2 ND 91 2 99 3 96 3 90 3 90 2

R-endosulfan ND 79 17 93 6 84 16 85 3 93 15 85 1 107 8 84 3 88 2 82 4 89 1

β-endosulfan ND 93 5 ND 124 19 92 7 93 3 85 2 96 2 91 3 89 4 89 3 90 2

endosulfan ether ND 103 6 ND 92 9 93 7 94 7 89 3 93 7 91 2 86 3 86 5 89 3

endosulfan sulfate 93 5 ND 99 4 83 8 91 7 80 18 83 5 89 5 90 4 87 4 87 2 90 2

endrin 83 10 121 15 ND 113 8 90 10 119 8 81 4 128 3 89 2 109 3 88 4 123 1

endrin aldehyde ND ND ND ND ND ND ND ND 3 25 ND 9 25 ND

endrin ketone ND 99 10 ND 92 3 94 4 97 4 87 3 101 4 95 3 102 7 91 5 96 5

EPN ND 89 3 ND 90 8 80 3 85 1 ND 90 2 86 4 88 6 90 3 87 3

ethalfluralin 78 8 89 5 91 3 76 14 77 5 81 8 82 6 90 3 76 1 72 2 83 3 86 4

ethion ND 91 4 ND 79 10 ND 86 7 ND 88 3 88 3 78 3 88 2 84 2

ethoprop ND 116 6 ND 88 8 104 5 105 6 93 1 98 3 104 2 97 2 90 4 97 2

etridazole 87 8 106 3 79 3 78 7 91 4 97 7 83 6 90 1 84 8 77 3 81 4 84 4

famphur ND 104 2 ND 87 9 100 4 101 4 79 4 91 4 102 2 99 4 91 3 89 4

fenamiphos ND 109 4 ND 76 18 95 3 95 2 87 3 96 7 97 3 91 2 89 3 88 2

fenarimol ND 101 5 ND 86 9 96 3 101 6 96 2 95 1 98 1 107 6 95 3 96 5

fenchlorphos ND 102 3 ND 82 7 90 3 93 6 84 3 91 1 89 2 84 2 85 3 87 2

fenitrothion ND 108 5 ND 88 9 97 4 111 6 87 3 95 2 98 3 93 2 88 3 89 2

fensulfothion ND 132 4 ND 125 6 110 3 119 4 ND 118 2 115 2 120 4 109 2 116 3

fenthion 83 3 96 2 86 3 81 9 87 3 89 6 81 3 87 4 90 2 84 4 82 3 84 2

fenvalerate 1 ND 79 10 ND 83 16 76 4 74 8 90 4 81 3 76 3 94 4 90 4 89 7

fenvalerate 2 ND 87 6 ND 93 17 80 5 74 8 86 5 89 4 81 3 102 3 94 5 97 6

fluchloralin ND 83 5 ND 81 7 73 4 80 6 ND 87 3 76 3 73 2 82 3 86 4

flucythrinate 1 ND 95 3 ND 105 13 90 3 93 8 94 4 103 1 89 4 109 9 99 2 111 5

flucythrinate 2 ND 73 1 ND 82 14 69 8 68 9 88 10 76 1 70 3 87 5 85 3 84 7

fluridone ND 216 33 ND 198 45 150 3 157 10 136 2 149 5 153 1 188 12 145 4 158 14

fluvalinate T-1 76 4 82 4 90 7 83 3 74 2 75 12 88 2 85 3 77 4 95 6 92 3 96 6

fluvalinate T-2 80 6 82 4 86 11 83 3 76 1 76 13 85 3 85 3 78 3 95 6 91 3 96 6

folpet ND 2 10 ND 9 12 77 4 87 7 77 5 85 3 87 2 89 2 86 2 88 4

fonophos ND 100 8 ND 79 16 90 4 90 7 82 2 86 9 91 2 82 3 82 2 80 3

heptachlor ND 109 2 ND 96 6 96 4 100 6 94 3 107 2 95 2 92 3 96 3 103 2

hexachlorobenzene 81 5 93 8 73 7 71 10 81 5 84 6 73 8 81 5 73 12 71 3 72 2 74 4

iprobenfos ND 114 3 ND 79 7 98 4 99 6 84 4 89 2 97 2 92 3 86 3 84 2

iprodione 82 10 90 9 92 5 101 16 95 4 95 12 85 4 98 6 97 2 99 5 88 3 93 3

isazophos 100 5 103 11 ND 88 14 97 3 93 7 79 5 82 4 93 3 89 3 83 4 85 3

isofenphos 89 4 101 3 87 6 80 8 87 6 91 5 80 3 88 3 88 3 84 3 86 3 83 2

jodfenphos 92 1 90 18 92 3 81 16 90 3 86 16 86 3 103 1 93 4 88 3 90 2 96 2

leptophos 84 3 86 5 90 6 83 12 82 2 83 3 81 5 87 2 81 6 81 7 85 2 85 4

lindane (γ-BHC) ND 83 9 ND 80 3 ND 97 8 ND 90 3 104 10 88 4 97 2 86 3

malathion ND 118 11 ND 78 11 98 3 99 8 ND 91 1 99 2 94 3 84 3 85 3

methidathion ND 111 2 ND 85 7 101 4 99 4 ND 93 0 101 1 97 3 92 3 88 2

o,p0-methoxychlor ND 93 2 ND 89 10 83 3 89 1 ND 92 3 84 3 91 4 84 2 90 3

p,p0-methoxychlor 86 5 92 2 ND 81 8 84 4 90 3 83 2 89 3 87 3 109 3 89 2 99 2

metolachlor 100 1 114 3 ND 89 8 104 4 103 6 ND 96 4 104 2 96 2 93 3 90 2

mevinphos ND 114 1 ND 88 5 92 9 103 7 98 1 103 1 97 1 91 4 97 4 96 1

mirex 95 4 93 2 91 4 85 9 84 6 87 3 85 1 92 1 85 2 85 3 86 3 91 2

cis-nonachlor 80 2 101 3 86 3 84 8 79 3 86 5 83 3 91 3 81 2 83 3 86 2 90 2

trans-nonachlor 82 4 102 3 90 3 86 4 81 4 95 3 84 2 89 3 82 3 82 3 86 3 91 2

oxadiazon 83 5 94 3 91 3 84 8 86 4 91 4 87 5 89 3 86 3 83 2 86 3 91 2

parathion ND 100 3 ND 87 7 89 3 92 6 84 2 92 2 93 3 85 3 87 3 87 4

parathion methyl ND 108 4 ND 86 6 94 2 98 6 85 4 93 2 97 3 91 3 87 4 88 3

pentachloroaniline 81 8 94 7 79 4 81 8 83 3 87 5 75 7 84 5 81 10 77 7 77 2 80 4

pentachloroanisole 85 2 104 4 89 8 79 7 88 3 92 6 81 5 91 1 86 2 81 3 81 3 85 3

pentachlorobenzene 85 3 97 3 78 5 72 9 86 6 91 7 77 5 84 2 79 4 75 7 76 3 79 4

pentachlorobenzonitrile 81 6 97 6 76 7 65 20 82 4 87 4 73 9 87 4 78 10 74 8 75 2 78 4

pentachlorothioanisole 79 6 91 7 75 5 72 10 82 5 85 6 71 7 81 6 74 15 75 2 73 2 75 4

cis-permethrin ND 82 9 ND 79 10 77 2 78 5 85 1 92 4 81 5 87 6 96 4 91 4

trans-permethrin ND 95 8 ND 83 8 77 4 84 6 84 1 88 3 80 3 86 7 92 4 90 4

phenothrin ND ND ND ND 81 5 59 20 85 6 85 14 79 2 79 7 88 3 65 3

phenthoate 91 4 ND 90 8 ND 89 4 ND 81 4 ND 92 3 ND 86 4 ND

phorate ND 93 3 ND 75 8 84 6 87 6 ND 89 3 83 2 78 4 80 5 81 4
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ReconstructedGC-MS/MSandGC-MS/SIMchromatograms
of ginseng blank extracts and extracts fortified to concentrations
of 25, 100, and 500 ng/mL prepared from both the acetonitrile
and acetone/cyclohexane/ethyl acetate procedures are shown in
Figures 2 and 3, respectively. TheGC-MS/MS chromatograms in
Figure 2 show the presence of increasing peak heights of pesticides
as a result of increasing pesticide concentrations and minimal
background contribution from the ginseng matrix. However, the
GC-MS/SIM chromatograms in Figure 3 reveal no significant
difference between the ginseng blank and the levels at 25 and
100 ng/mL, but additional peaks due to the higher concentration
of the pesticideswere noticeable at 500 ng/mL.Comparison of the
two GC-MS chromatograms indicates the desired specificity by
selecting the two precursor-to-product ion transitions used in
GC-MS/MS over the nonspecific qualifier and target ions used in
GC-MS/SIM to analyze the targeted pesticides for quantitation
and identification purposes from the ginseng extracts.

Table 1 lists the mean recoveries and relative standard devia-
tions for 168 pesticides fortified at 25, 100, and 500 μg/kg of dry
weight of ginseng using both solvent mixtures and measured by
both GC-MS/SIM and GC-MS/MS. The fortified ginseng was
extracted by both solvent mixtures and cleaned up using dis-
persive C8 and tandem GCB/PSA SPE. Recoveries for most of
the pesticides were in the 70-120% range using either solvent or

mass spectrometric method. The mean recoveries at the 25, 100,
and 500 μg/kg fortification concentrations for GC-MS/SIM
analysis by using the two different solvent extraction procedures
(acetonitrile and acetone) were 87( 10 and 87( 8%, 84( 8 and
88 ( 12%, and 86 ( 10 and 88 ( 14%, respectively. The mean
recoveries for GC-MS/MS were similar to the GC-MS/SIM
results: 83 ( 19 and 98 ( 20%, 90 ( 13 and 91 ( 13%, and
89 ( 11 and 88 ( 14% at 25, 100, and 500 μg/kg for acetonitrile
and acetone extractions, respectively.

The performances of both solvents were similar for most
pesticides at all three fortification concentrations when analyzed
by GC-MS/MS. In the case of GC-MS/SIM analysis, the solvent
performances were different for most analytes, showing higher
recoveries in the acetone mixture compared to acetonitrile. This
could possibly be due to the higher selectivity in the analysis by
MS/MS compared to SIM.Comparison of the analysismodes for
both solvents, namely, acetone mixture and acetonitrile using a
two-tailed Student’s t test (p = 0.05), indicates that the perfor-
mances of both analysis modes (i.e., MS/MS and SIM) were
equivalent for most of the pesticides. However, using GC-MS/
SIM, at the lower fortification concentration of 25 μg/kg, only 66
(acetonitrile) and 73 (acetone) pesticides (of a total of 168 pesti-
cides) could be detected at this concentration,whereasmost of the
pesticides (153 and 151) could be identified by GC-MS/MS for

Table 1. Continued

25 μg/kg 100 μg/kg 500 μg/kg

acetone extraction acetonitrile extraction acetone extraction acetonitrile extraction acetone extraction acetonitrile extraction

SIM MS/MS SIM MS/MS SIM MS/MS SIM MS/MS SIM MS/MS SIM MS/MS

pesticide av RSD av RSD av RSD av RSD av RSD av RSD av RSD av RSD av RSD av RSD av RSD av RSD

phosalone ND 98 5 ND 90 10 92 4 107 6 84 2 100 2 87 4 95 7 87 4 88 3

phosmet ND 110 4 ND 88 10 101 2 99 3 ND 89 3 101 2 103 6 92 2 90 4

pirimphos-ethyl 85 3 103 3 89 4 80 9 84 3 86 6 82 3 88 3 85 4 79 4 84 3 83 3

pirimphos-methyl 91 4 105 2 85 5 84 8 92 5 95 7 84 3 90 4 94 3 88 3 84 3 87 3

procymidone 97 6 108 4 87 6 84 6 98 4 98 4 87 3 92 3 98 2 92 2 89 3 89 2

profenofos ND 101 4 ND 65 9 90 6 95 4 81 11 91 12 90 3 93 3 85 3 86 3

propachlor ND 110 10 ND 91 11 106 7 99 8 93 4 101 7 102 2 92 2 92 3 97 2

propazine ND 130 8 ND 91 7 ND 105 10 ND 97 2 98 1 97 3 93 4 93 3

propetamphos ND 96 6 ND 83 9 95 3 95 7 82 6 87 2 96 4 93 3 85 3 87 3

propyzamide ND 111 7 ND 85 3 100 4 101 8 88 4 94 2 100 3 94 1 90 3 92 2

prothiophos ND 101 6 ND 90 11 95 3 107 16 ND 84 5 97 3 79 4 89 3 96 8

pyraclofos ND 103 5 ND 94 9 94 3 99 7 85 2 92 3 97 3 106 9 93 3 92 5

pyrazophos ND 91 4 ND 83 19 86 4 91 7 86 7 86 4 88 6 92 8 85 3 85 5

pyridaphenthion 101 2 123 4 ND 100 4 99 3 106 7 88 3 98 7 102 2 107 6 89 6 95 4

quinalphos ND 102 3 ND 83 8 97 5 95 5 85 4 89 2 96 3 93 4 88 3 88 2

quintozene 89 5 97 5 82 5 79 14 89 1 89 5 81 6 95 2 86 2 82 3 81 5 88 5

resmethrin ND 52 12 ND ND ND 80 8 69 8 71 6 73 8 63 3 64 4 78 11 68 8

simazine ND 111 7 ND 83 10 105 4 108 7 ND 102 1 106 3 96 3 98 4 99 1

sulfotep-ethyl 86 3 99 2 86 1 80 7 85 3 90 7 79 3 87 4 85 2 80 2 80 4 82 3

sulprofos 75 4 79 6 85 4 82 9 75 2 81 2 79 2 88 2 79 2 77 3 83 2 86 2

tebupirimphos 83 3 93 6 91 8 80 8 83 3 84 8 84 3 87 0 83 3 76 3 84 3 85 3

tecnazene 89 4 101 4 87 7 83 10 90 4 96 7 86 3 91 4 88 2 85 5 83 3 88 3

tefluthrin ND 85 3 ND 78 7 72 2 78 7 77 3 85 2 76 4 73 2 82 3 84 2

temephos ND ND ND ND 86 1 ND ND ND 82 2 ND 69 2 ND

terbufos ND ND ND ND 81 4 ND 81 2 ND 81 3 ND 81 2 ND

terbutylazine 102 4 116 6 100 8 89 11 101 3 106 8 90 4 99 3 101 2 97 1 91 3 92 2

2,3,5,6-tetrachloroaniline 94 2 109 1 87 3 82 8 95 5 99 7 85 4 93 2 93 2 88 3 85 2 87 3

tetrachlorvinphos 99 2 104 7 94 6 87 6 99 3 94 4 85 4 90 1 100 3 91 5 90 2 87 4

tetramethrin 1 ND 89 5 ND 77 12 81 5 84 3 79 6 87 2 83 3 83 4 84 3 85 3

tetramethrin 2 ND ND ND ND 84 4 ND 82 2 ND 85 2 ND 85 2 ND

tolclofos-methyl 91 1 103 4 86 2 81 8 91 3 95 6 82 4 89 3 91 3 86 3 83 3 86 2

tolylfluanid ND ND ND 8 2 67 5 71 5 63 3 67 4 84 3 82 4 81 3 83 2

triallate 85 1 95 4 ND 80 8 86 5 90 7 80 4 87 2 84 2 80 3 82 4 85 3

triazophos ND 110 7 ND 89 7 102 6 104 4 87 6 98 1 105 4 104 2 97 1 95 3

trifluralin 72 4 82 11 84 4 76 6 72 3 81 14 80 3 88 1 75 2 72 2 81 3 87 3

vinclozolin ND 102 4 ND 85 8 93 4 96 6 ND 91 5 93 2 87 2 86 3 87 4

aND = not detected. NA = not analyzed.
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both solvent extraction procedures. This indicates a significant
difference between the two instruments independent of the two
extraction solvent procedures. At higher fortification concentration
(100 μg/kg) the 2:1:1 acetone/cyclohexane/ethyl acetate extraction
resulted in the detection and identification of a few more pesticides
(151 pesticides) than the acetonitrile extraction procedure (137
pesticides) by GC-MS/SIM, but the same number of pesticides
(153) by both extraction procedures was detected by GC-MS/MS.
Both solvent extraction and instrumental procedures were found to
be equivalent at the highest fortification level of 500 μg/kg.

Pesticides that were difficult (recoveries <70% or >120%) to
analyze across the fortification concentrations, different solvent
extraction, and either GC-MS/SIM or GC-MS/MS analysis were
captan, captafol, chlorothalonil, dichlofluanid, folpet, fluridone,
and endrin aldehyde. These particular pesticides have been found to
be thermally labile and unstable or difficult to analyze by GC-MS
procedures because of pH, thermal lability, poor ionization, or
fragmentation. Chlorothalonil has been shown to adsorb onto the
PSA sorbent (40). Captan, captafol, dichlofluanid, folpet, and
tolylfluanid have been shown to be better stabilized in an acidic
solvent, but we did not pursue this because the presence of the acid
in acetonitrile will protonate the amine groups and possibly
diminish the activity of the PSA sorbent. The pyrethroids, cyperme-
thrin, cyfluthrin, and resmethrin, were difficult to analyze by both
GC-MS and GC-MS/MS due to interferences in the SIM analysis
and the difficulty in finding stable transitions in the MS/MS mode.

Incurred Residues in Ginseng. Table 3 of the Supporting
Information provides the results for triplicate determination of
12 commercial ginseng products. The ginseng extracts were

prepared by both acetonitrile and acetone/cyclohexane/
ethyl acetate extraction procedures, cleaned up by C-8 dispersive
and GCB/PSA SPE, and measured by GC-MS/SIM and GC-
MS/MS. Typical GC-MS/SIM andGC-MS/MS chromatograms
of a P. quinquefolius sample, ginseng sample 2, are shown in
Figures 4 and 5. Figure 4 shows GC-MS/SIM and GC-MS/
MS chromatograms of the R-, β-, γ-, and δ-forms of BHC. The
use of m/z 181, 183, 217, and 219 as target and qualifier ions for
the GC-MS/SIM chromatograms clearly indicates that compo-
nents from the ginseng matrix interfere with the identification of
β- and γ-BHC. GC-MS/MS shows separation of all forms of
BHC as well as a fifth peak consisting of the 181 f 146 and
219f183 transitions, corresponding to the nonconfirmed presence
of the ε-BHC isomer. Figure 4 also lists the similar values of the
transition ion ratios between the primary (181f146) and second-
ary (219 f183) transitions of the two extraction solvents, aceto-
nitrile (ACN) and 2:1:1 acetone/cyclohexane/ethyl acetate (ACE).

In addition to the recovery results, particularly at the 25 μg/kg
fortification level presented inTable 1, the separation of the BHC
isomers illustrated in the chromatograms in Figure 4 indicates the
difference in specificity of MS/MS over SIM in ginseng matrices.
The concentrations of the BHC isomers ranged from82( 9 μg/kg
(R-BHC by GC-MS/SIM) to 567( 5 μg/kg (δ-BHC byGC-MS/
MS). Other pesticides found in the ginseng samples were quin-
tozene and its metabolites, pentachloroaniline, pentachloro-
benzene, and pentachlorothioanisole and other contaminants
found in technical-grade quintozene, such as hexachlorobenzene,
tecnazene, and 2,3,5,6-tetrachloroaniline. The presence of p,p0-
DDE in the ginseng sample is most likely due to the persistence

Figure 4. Presence of incurred BHC residues in dried ginseng powder (Panax quinquefolius) determined by the two extraction (acetonitrile, ACN, and 2:1:1
acetone/cyclohexane/ethyl acetate, ACE)methods andGC-MS/MS (A) or GC-MS/SIM (B). (A)GC-MS/MS shows the presence and separation ofR-,β-,γ-,
δ-, ε-BHC isomers by the two transitions, 181f 146 (primary, quantitation) and 219f 183 (secondary, qualifier). Transition ratios 181f 146/219f 183 of
the two extraction procedures showed that the two procedures are similar. (B) GC-MS/SIM indicates interferences in the screening and identification of the
β- andγ-BHC isomers usingm/z 181, 183, 217, 219. Concentrations (μg/kg) of BHC isomers are listed inTable 3 of the Supporting Information. Values of 181
f 146/219f 183 are provided to show that the ratios of the four isomers resulting from the two extraction solvents are similar.
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and breakdown of p,p0-DDT in the environment. All of these
compounds extracted from both the acetonitrile and acetone/
cyclohexane/ethyl acetate methods can be detected by GC-MS/
MS and GC-MS/SIM as shown in Figures 5 and 6, respectively.
Concentrations range from 42 ( 4 μg/kg p,p0-DDE (as deter-
mined by acetone/cyclohexane/ethyl acetate extraction and GC-
MS/SIM) to 1689 ( 60 μg/kg quintozene (as determined by
acetonitrile extraction and GC-MS/SIM). The pesticide values
obtained from both extraction methods using either the acetoni-
trile or the 2:1:1 acetone/cyclohexane/ethyl acetate solvents, and
MS techniques were shown to be consistent and similar.

Other ginseng samples were analyzed, and the results are listed
in Table 3 of the Supporting Information. Many of these samples
contained organochlorine fungicides and insecticides, such as quin-
tozene and its metabolites and contaminants, DDT and its meta-
bolites, and the various isomers of BHC, chlordane, procymidone,
iprodione, chlorothalonil, and dacthal. In addition, two organopho-
sphorus insecticides, chlorpyrifos and diazinon, were present in the
same ginseng sample. The concentrations of these compounds range
from low microgram per kilogram concentrations (<1 μg/kg hexa-
chlorobenzene, pentachlorobenzonitrile, chlordane) to concentra-
tions as high as >4000 μg/kg quintozene. Both GC-MS/SIM and
GC-MS/MSwere able to detect, quantitate, and identify all of these

compounds. The comparable results in Table 3 of the Supporting
Information also reveal that both acetonitrile and 2:1:1 acetone/
cyclohexane/ethyl acetate were suitable for the salt-out solvent
extraction of the pesticides from the ginseng matrix. The values
are consistent with other studies that have shown the presence and
levels of these same pesticides listed in Table 3 of the Supporting
Information (1-4). The presence of banned organochlorine insecti-
cides, such as p,p0-DDT and its metabolites and BHC isomers, is
probably due to the persistence of these pesticides in the environ-
ment that these ginseng roots were cultivated in. The presence of
procymidone, iprodione, quintozene, and quintozene byproducts
indicates the effectiveness, popularity, and technical quality of these
fungicides in controlling mold growth of these valued roots.

GC-MS/SIM versus GC-MS/MS. One advantage of GC-MS/
MS over GC-MS/SIM is instrument specificity and sensitivity.
Lower LOQswere achieved byGC-MS/MS, and this can have an
effect in sample preparation. Although extensive SPE cleanup
procedures were used, the ginseng matrix was so complex and
concentrated thatmanyof the pesticides, particularly organopho-
sphorus pesticides and early eluting pesticides, were still very
difficult to detect and identify by GC-MS/SIM. Matrix interfer-
ences can contribute to the pesticide target and qualifier ion
abundances that affected the qualifier-to-target percentage ratios

Figure 5. Presence of seven incurred pesticides and metabolites in the same dried ginseng powder (Panax quinquefolius) as in Figure 4, extracted by
acetonitrile (ACN,A, left) and 2:1:1 acetone/cyclohexane/ethyl acetate (ACE,B, right) and analyzed byGC-MS/MS. Incurred pesticides present in the ginseng
sample are hexachlorobenzene (284f 144, 284f 179), p,p0-DDT (318f 177, 246f 177), quintozene (237f 141, 237f 167), pentachloroaniline
(265f 192, 265f 107), pentachlorothioanisole (296f 263, 246f 103), pentachlorobenzene (250f 143, 250f 145), and tecnazene (261f 203,
261f 143). Concentrations (μg/kg) of all compounds are listed in Table 3 of the Supporting Information.
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used for identification in GC-MS/SIM. Previous work required
the use of additional cleanup using gel permeation chromato-
graphy, which was found to be necessary for better detection by
GC-MS/SIM (6). The specificity of GC-MS/MS, on the other
hand, provided transition ions that were only specific to the
pesticide even in the presence of the complex ginseng matrix. The
specificity of MS/MS results in an improvement of the signal-to-
noise, allowing for improved sensitivity over MS/SIM and
resulting in higher numbers of pesticides detected and identified
at the 25 μg/kg fortification concentration for both extraction
solvent methods. With the exception of β- and γ-BHC, most of
the pesticides listed inTable 3 of the Supporting Information that
were found in the ginseng samples could easily be identified and
quantitated by both GC-MS/SIM and GC-MS/MS methods.
These pesticides tend to be persistent organochlorine pesticides,
such as DDT, hexachlorobenzene, endosulfan, and endrin. The
results show that GC-MS/SIM can be used in screening for a
limited number of pesticides, many of which happened to be
present in the ginseng roots. Further confirmation of the pesti-
cides present in the sample by GC-MS/SIM could come from
other element-selective GC detectors, such as flame photometric
or electrolytic conductivity detectors for screening organopho-
sphorus and organochlorine pesticides, respectively (4, 5). How-
ever, GC-MS/MS requires only one injection, rather than
multiple injections for multiple instruments, for the screening,

identification, and quantitation of pesticides in the sample. Due
to the improved sensitivity ofGC-MS/MS, extracts can be further
diluted to allow for a smaller sample size to be introduced into the
GC system. This extends the use of the GC liner and column and
requires less instrument maintenance, which will be effective for
high-throughput screening.

In conclusion, a method was developed for the multiresidue
analysis of pesticides in dried, powdered ginseng. Using 168
pesticides, the method was evaluated and validated using two
extraction solvents and two different instruments, GC-MS/SIM
and GC-MS/MS. Although a triple-quadrupole mass spectro-
meter is generally more expensive than a single quadrupole, its
specificity and sensitivity make it one of the more reliable
instruments for pesticide identification and measurements in
ginseng and for future applications to the multiresidue analysis
of other plant-based supplements.
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Figure 6. Presence of seven incurred pesticides and metabolites in the same dried ginseng powder (Panax quinquefolius) as in Figure 4, extracted by
acetonitrile (ACN, A, left) and 2:1:1 acetone/cyclohexane/ethyl acetate (ACE, B, right) and analyzed by GC-MS/SIM. Incurred pesticides present in the
ginseng sample are hexachlorobenzene (m/z 284, 282, 286, 288), p,p0-DDE (m/z 246, 248, 316, 318), quintozene (m/z 295, 265, 237, 249),
pentachloroaniline (m/z 265, 267, 263, 269), pentachlorothioanisole (m/z 296, 263, 246, 298), pentachlorobenzene (m/z 250, 252, 248, 254), and
tecnazene (m/z 203, 261, 215, 217). Concentrations (μg/kg) of all compounds are listed in Table 3 of the Supporting Information.
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