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Abstract

This study provides a review of methods used in the determination of organochlorine pesti-
cides (OCPs) in ginseng and compares the effectiveness of three extraction methods
(Quick, Easy, Cheap, Effective, Rugged, and Safe (QUEChERS), a modified QUEChERS
and a Fast Pesticide Extraction (FaPEXx)) in the analyses of 20 OCPs in ginseng root sam-
ples. For each method, sample mass, solvent volume and sorbent mass were varied to iden-
tify the optimum combination to effectively isolate analytes of interest from the complex
sample matrix. Extracts were analyzed using the gas chromatography-u-electron capture
detector (GC-py-ECD), and confirmatory analyses performed by gas chromatography-tan-
dem-mass spectrometry (GC-MS/MS). Eighteen out of 20 OCPs spiked onto in-house pre-
pared ginseng samples produced acceptable recoveries (51-156%) when extracted using
QUEChERS and FaPEx. All 20 analytes, including dichlorodiphenyldichloroethane (p, p’-
DDD) and dichlorodiphenyltrichloroethane (o, p’-DDT), produced acceptable recoveries
(51-129%) with the use of a modified QUEChERS method. The applicability of the modified
QUEChERS method was demonstrated through the analysis of ginseng samples grown in
endosulfan-treated soil. The samples were analyzed by both GC-u-ECD and GC-MS/MS
with no significant difference identified in the results of each analytical method. This study
highlights the applicability of the modified QUEChERS method, in combination with GC- p-
ECD, to determine organochlorine pesticides in ginseng. This may be especially useful for
laboratories in developing countries and less advanced institutions without access to MS/
MS instrumentation.

1.0 Introduction

Pesticides control pests and increase crop yields, but their use has resulted in human health
and environmental problems [1-3]. Pesticide exposure arises from direct routes such as occu-
pational, household and agricultural usage, and indirectly via dietary intake [4, 5].
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Globally, an estimated pesticide usage of approximately 6 billion pounds was observed in
2012 [6]. In most developing and emerging countries within Asia and the Americas, pesticide
usage has been steadily increasing within the agricultural sector [7]. From 2010 to 2016, China
(~14 kg/ha), Republic of Korea (~11 kg/ha) and Trinidad and Tobago (26 kg/ha) consumed
the most average pesticide per area of cropland, in comparison to the United States of America
(~3 kg/ha) [8]. Of the major classes of pesticides (insecticides, herbicides and fungicides),
some organochlorines are included in the Stockholm Convention list of banned persistent
organic pollutants (POPs). These chemicals are endocrine disruptors that negatively affect
human reproduction and development [9-12]. Thus, pesticides with mutagenic, carcinogenic,
reproductive toxicants and/or endocrine-disrupting potential are restricted, monitored, and/
or regulated by governing regulatory systems [3].

In South Korea, past trends in pesticide management/regulation included the replacement
of organochlorine pesticides- OCPs (1956-1980) with organophosphates, dithiocarbamates
and chloroacetanilides [7]. In addition to the Stockholm Convention (ratified in Korea in
2001), the Pesticide Management Act, Pesticide Control Act, AgroChemicals Control Act,
Toxic Chemicals Control Act and the POPs Control Act are utilized to set Korean national
strategies for the control and management of OCPs [13]. Of international and national signifi-
cance are the World Health Organization Maximum Residue Limit (MRL) and the Korean
Positive List System (PLS) set at the lowest limit of analytical determination of 0.01 mg/kg, in
an attempt to safeguard ingestion of pesticide residual contaminants from agricultural food
crops [3, 13]. The toxicity of pesticides is known to affect organism within the ecosystem
where it is applied; the degree of toxicity depends on the route of entry, dose and their proper-
ties [1]. Due to the toxic and carcinogenic nature of pesticides, their detection at trace levels in
water, soil and other biological samples is of great importance [2]. Pesticides mainly contami-
nate water bodies through leaching from the soil [3], soil erosion, runoff from agricultural
lands, amongst others [4]. DDD and DDT, two organochlorine pesticides known for their tox-
icity and persistence in the environment are of great concern to environmentalist as they have
a severe effect on both target and non-target organisms [1]. It is remarkably noted that bio-
transformation leads to the formation of hazardous by-products [5]. In some extreme cases,
the toxicity of pesticides has been correlated with incidences of nausea, abdominal pain and
methemoglobinemia which most often is as a result of the disturbance to the reproductive,
immune and the neurological systems of the human body [6].

Agricultural food crops, specifically root tubers, are cultivated in direct contact with the
soil. In South Korea, ginseng is a major root tuber cultivated in eight of the nine Korean prov-
inces; Korea is one of the world’s largest ginseng distributor [14]. Ginseng, a herbal medicinal
root tuber, contains pharmacologically active ingredients including ginsenosides for the treat-
ment of health-related diseases [15, 16]. Ginseng undergoes a long cultivation period (3-6
years). This increases the potential for uptake of toxic contaminants, such as OCPs, from soil
contaminated with current and historic pesticide use. This increased risk necessitates the
development of effective analytical methods for the quantitation of pesticides in agricultural
food crops. A major challenge in the analyses of pesticide residues in ginseng root is the high
complexity of the interfering matrix- consisting of saponins, polysaccharides, fatty acids and
flavonoids. These are co-extracted alongside the low concentrations of pesticides, making
accurate determination of OCPs difficult. To combat this, existing studies have combined
extraction techniques with sensitive and/or selective advanced analytical methods (Table 1).
Interfering ginseng matrix are often reduced with the use of isotopically labelled internal stan-
dards, matrix-matched calibration, clean-up steps, amongst other techniques (Table 1). How-
ever, disadvantages observed from the use of some of these techniques include false positive/
negative (high/low) recoveries of some OCPs.
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One of the most widely used methods for determining concentrations of organic pollutants
in crops is the Quick, Easy, Cheap, Effective, Rugged and Safe (QUEChERS) method. This
method has been used in combination with advanced analytical instrumentation such as gas
or liquid chromatography coupled to a quadrupole mass spectrometer (GC-qMS) or a highly
sensitive/selective mass spectrometer of high resolution, (e.g. GC-MS/MS, HPLC-MS/MS or
GC-HRMS). In developing countries, there is not as much access to such instrumentation;
thus, analyses by detectors such as Gas Chromatography-u-Electron Capture Detector (GC-p-
ECD) is widely used. As the ECD is non-selective, it can be prone to interferences, which
necessitates the use of thorough sample clean-up, such as a modified QuEChERS method for
the determination of pesticides in complex samples such as root tubers. Traditional methods
for multiclass extraction of pesticide residues in food include liquid-liquid extraction (LLE)
and soxhlet extraction. These methods are reliable but can be slow and tedious; they are there-
fore gradually been replaced by the QUEChERS method for many applications [17-19].
Recently, a new method, Fast Pesticides Extraction (FaPEx), was developed on the principle of
QuEChERS. It involves a microscale extraction with acetonitrile, and purification on a single-
use pre-filled sorbent cartridge. This differs from QUEChERS which utilizes dispersive solid-
phase extraction (dSPE) during the clean-up step [20]. With many different methods, it can
often be a challenge to identify which is the most effective for a given application.

This study aimed to identify the most effective extraction method for 20 OCPs in ginseng
and assess if this method could enable accurate quantitation by GC-p-ECD. This was achieved
through:

1. A review of publications on pesticide analyses in ginseng (analytical methods, instrumental
detection and quantitation)

2. An assessment of the effectiveness of extraction/clean-up methods using the original QuE-
ChERS method, a modified QuEChERS method, and a FaPEx method on the removal of
interfering compounds, and the effects on analyte recoveries on ginseng control samples.

3. Demonstrating the successful application of the preferred extraction method using GC-p-
ECD and GC-MS/MS to determine OCP concentrations in ginseng grown in endosulfan-
treated soil.

2.0 Materials and method

2.1 Materials, reagents and chemicals

®

Acetonitrile gradient grade for liquid chromatography LiChrosolv® Reag. Ph Eur. was
obtained from Merck, South Korea. SiliaPrep QuEChERS dispersive solid-phase extraction (d-
SPE) clean-up kit for pigmented matrices (P/N 15662, 15 mL, pigmented fruits and cereals)
and SiliaFast FaPEx pigmented (P/N FPX-PM-50, containing a dewating agent, C;4, diamine
and graphitized carbon black sorbents) were obtained from Silicycle KOREA LAB (Quebec,
Canada). QUEChERS EN extraction kit (Bond Elut P/N 5982-0650, containing 4 g MgSO,, 1 g
NaCl, 1 g Sodium Citrate Dihydrate, 0.5 g Sodium Hydrogencitrate Sesquihydrate) and QuE-
ChERS d-SPE kit for fruit and vegetables (Bond Elut P/N 5982-5056, 15 mL, containing 150
mg of primary and secondary amine (PSA) and 900 mg of anhydrous MgSO,) were obtained
from Agilent Technologies (Jeollabuk, South Korea). De-ionized water (18.2 MQ) was pro-
duced by a PURELAB Option 2 system (Millipore, USA). Fifty millilitres (50 mL volume) poly-
ethylene conical centrifuge tubes for initial extraction and 15 mL volume for d-SPE clean-up
were obtained from Neurex Life Science (South Korea). VM-10 vortex mixer (Dathan Scien-
tific), 514R Centrifuge (Hanil Science Industrial Combi), SPE extraction vacuum manifold
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(Supelco Visiprep), 1 and 10 mL Luer syringe (Henke Sass Wolf), and 13 mm 0.22 um nylon
syringe filter (RD Tech Research Development) were used in the sample extraction and clean-
up. Gas Chromatographic column: DB5-MS (5% diphenyl 95% dimethyl polysiloxane, 30 m x
0.25 mm ID x 0.25 pm film thickness) was used in analyte separation.

2.2 Analytical standards

The OCP standards and their properties are listed in S1 Table in S1 File. The standards were
obtained from Kemidas Chemicals as high purity analytical standards (> 95%) (South Korea).
A stock standard solution (a mixture of 20 OCPs) of 10 mg L' was prepared in acetone. Work-
ing solutions for matrix-matched calibration and recovery test standards were prepared to a
concentration range of 6.25 ug/L—2500 pg/L, and 1-10 mg/L, respectively. A native stock
standard solution was diluted to produce a calibration curve set with a concentration range
from 0.5 pug/L—500 pg/L. Pirimicarb-Dg PESTANAL®™, analytical standard (purity > 99.0%)
was obtained from Sigma Aldrich (South Korea). Internal standard solution, pirimicarb-Ds of
2 mg/L was prepared in acetone and stored at 4°C before use. Ginseng control test materials
were cultivated in pesticide-free soils in Rural Development Administration (RDA), Korea.

2.3 Sample preparation

In the absence of a National Institute of Standard Reference material for ginseng (fortified
with OCPs), this study used in-house ginseng reference material prepared by spiking a control
ginseng sample (5 g) with “low” (5 ng/g, 10 pL of 2.5 ng/uL spike), “medium” (50 ng/g, 10 uL
of 25 ng/uL spike) and “high” (250 ng/g, 10 pL of 125 ng/uL spike) mass OCPs. It also included
samples of ginseng grown in soil treated with commercial endosulfan thiolix dust (3%) (Low
concentration treated soil: 0.1 mg/kg, high concentration treated soil: 1 mg/kg) produced
under Rural Development Administration, Republic of Korea; project number: PJ013816.
Before extraction, all ginseng samples were thoroughly washed under running water to remove
soil, blended with dry ice and stored at -10°C.

2.3.1 Organochlorine pesticides extraction from ginseng. A schematic of the extraction
and clean-up procedures for QUEChERS, modified QUEChERS, and FaPEx are explained in
Fig 1 below. A detailed explanation of the method development for the extraction and clean-
up procedure to determine the extraction efficiency, matrix effects (ME) on analyte recovery,
and enable quantitation by matrix-matched calibration, is presented in Supplementary infor-
mation 1.0-1.3 in S1 File. The preparation of the matrix-matched calibration is detailed in
Supplementary information 1.4 in S1 File. In brief, 5 g (QUEChERS and modified QuEChERS)
and 1 g (FaPEx) ginseng control samples were spiked with 20 native OCP standards and Piri-
micarb-Dg; water was added, and samples were extracted using acetonitrile, and hexane/ace-
tone. For clean-up, the QuEChERS citrate buffering salt was used for both the QuEChERS and
modified QUEChERS methods; for FaPEx, a single-use pre-filled cartridge was used.

2.4 Instrumental analyses

Target pesticides were determined on a GC-u-ECD, with confirmatory analyses performed by
GC-EI-MS/MS. Method development was performed on a triple quadrupole mass spectrome-
ter operating in MRM mode. A 1 pL sample extract was injected and chromatographically sep-
arated on a DB5-MS (30 m x 0.25 mm x 0.25 pm) for both GC-p-ECD and GC-EI-MS/MS.
Instrumental parameters and operating conditions are presented in Supplementary informa-
tion 2.0 in S1 File.

2.4.1 Quality control/quality assurance. The three extraction methods (QuEChERS,
modified QUEChERS and FaPEx) were evaluated to determine their recoveries, linear ranges,
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Method 1

Method 2

Method 3

4 g anhydrous MgSO,
+ 1 g NaCl

+ 1 g Nazcit.2H,O

+ 0.5 g Na,cit.1.5H,0

+1 g N33Ch.2H20
+ 0.5 g Na,cit.1.5H,O
Centrifsge

2 mL supematant
15 pL conc.H.SO;

S5g ginseng 5g gmseng 1g ginseng
10 mL H,O 5 mL H,O
10 mL H,O Let it stand for 30min Let it stand for 30min
Letit standfor30min | 10 mL (hexane/acetone:3/1) ¢
Vortex SmlL ACN
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Shaking time: 2 min
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Fig 1. A schematic of the extraction and clean-up procedures for QuEChERS, modified QuEChERS and FaPEx methods used in ginseng analyses are
explained. Extraction Method 1: QUEChERS, Method 2: modified QuEChERS, and Method 3: FaPEx Shaking time: 1-2 min; Centrifugation: 4000 rpm for 5
min. In FaPEx extraction, ginseng extract was allowed to flow under gravity during clean-up on the single-use cartridge.

https://doi.org/10.1371/journal.pone.0246108.g001

and method detection limits (mDLs) on in-house prepared ginseng fortified with 20 OCP ana-
lytes. For linearity, matrix-matched calibration standards, prepared using blank extract sam-
ples, were fortified with calibration standards containing OCPs at a range of concentrations
(6.25-2500 pg/L) as described in supplementary information 1.4 in S1 File. Analyte identifica-
tion was based on the retention time for GC-u-ECD and on the retention time and presence of
two target ions in GC-MS/MS. A tolerance of + 0.2 min was allowed for retention times; the
allowed ratio of the MRM transition ions was set at a tolerance of + 20%. The Limits of Detec-
tion (LOD) and Limit of Quantitation (LOQ) were calculated from the matrix-matched cali-
bration curve, with 95% confidence, based on signal-to-noise ratio > 3 (LOD) and > 10
(LOQ), respectively for 20 OCP analytes.

The responses obtained, for the mean peak area of the 20 target analytes, relative to their
corresponding concentrations were linear for the range of matrix-matched calibration stan-
dards analyzed. Calculated coefficient of determination for OCP analytes in GC-yu-ECD using
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the modified QuUEChERS method was R? > 0.9995, with percent relative standard deviations
(RSDs) ranging between 2.3 and 12.4% (these are in agreement with the acceptable EPA value
of 15%).

3.0 Results and discussion
3.1 Review of existing methods utilized in ginseng analyses

A literature review was conducted using the following search terms; “ginseng”, “pesticides”,
“organochlorine pesticides”, “OCPs”, “GC-MS”, “GC-MS/MS”, “GC-u-ECD”, “sulphuric acid
clean-up”, and “analytical instrumentation” on the web of science and google scholar. In total,
11 relevant papers were identified which were included for review; these are summarized in
Table 1. A wide variety of sample preparation and clean-up methods have been used to deter-
mine trace contaminants of OCPs in agricultural products. Extraction techniques optimized in
ginseng sample preparation have been developed based on a match between the target analyte
solubility and solvent polarity, the ability of the solvent to limit extracting interfering co-
extractants, and sorbent selectivity for the target analyte and their effect on analyte recoveries.
From a comparison of extraction techniques in the analyses of pesticides in ginseng (Table 1),
the method most commonly used was a modification of QUEChERS (73% of studies) [21-28],
followed by QUEChERS (27% of studies) [22, 29, 30], and supercritical fluid with CO, (9% of
studies) [31]. Pesticides most commonly analyzed were OCPs (64% of studies), with organo-
phosphates and carbamates also investigated. Sample types included fresh ground, dried gin-
seng roots, and ginseng tea. Ginseng sample masses extracted in previous studies ranged from
2to 50 g. Some studies used sample pretreatment involving wetting the sample with water,
and equilibrating for > 30 min to improve recoveries [22, 26-29]. The nature and type of sol-
vent, and extraction technique, are factors that influence the release of the analyte from the
matrix and resultantly the analyte recovery. The choice of solvent used in the extraction of pes-
ticides from ginseng has included a wide polarity range. The recoveries of ginseng organic
extracts obtained from acetonitrile ranged from > 50 to 120%; recoveries obtained for a mix-
ture of solvents- acetone/cyclohexane/ethylacetate, and hexane/acetone ranged from 83 to
98%, and 65 to 109%, respectively. Percentage recoveries obtained using supercritical fluid
CO, ranged from 7 to 316% [21-31]. Clean-up sorbents used in the studies reviewed included
silica, florisil, C;g, aminopropyl silicate, primary secondary amine (PSA), graphitized carbon
black, and/or a mixture of some of these (Table 1). One of the studies reviewed utilized con-
centrated sulphuric acid (3-5 mL) in sample clean-up. In studies of Kim et al. (2008), ACN
and NaCl were used in ginseng extraction, and sulphuric acid clean-up was used for the deter-
mination of 6 OCPs; recoveries ranged from ~88 to 100%. In a second study by Quan et al.
(2004), DDTs and their metabolites could not be detected/quantified in ginseng with the use
of supercritical fluid CO,, silica/C;g/alumina and concentrated sulphuric acid clean-up [21,
31]. Analytical instruments used in the analyses of ginseng included GC-MS (21% of studies),
GC-p-ECD (21% of studies), GC-MS/MS (16% of studies), UPLC-MS/MS (11% of studies);
other lesser-used instrumentations included GC-NPD, GC-FPD, UPLC-Orbitrap MS,
UHPLC-MS/MS, GCxGC-TOF/MS, and the GC or HPLC-HRTOFMS (9% of studies). Pesti-
cide quantitation involved the use of external calibration (25% of studies), internal standard
(17% of studies) and matrix-matched calibration (58% of studies).

This review shows that a wide range of extraction and analytical methods have been used
for the determination of OCPs in ginseng. The QUEChERS-type extractions appeared to gen-
erate better quality data than supercritical fluid extraction, especially when combined with the
sulphuric acid cleanup. Therefore, the following three extraction methods (QuEChERS,
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modified QUEChERS and FaPEx) were investigated to establish the most effective method to
determine OCPs in ginseng using GC-pu-ECD and GC-MS/MS.

3.2 Method development and optimization

For each method investigated (QuEChERS, modified QuEChERS and FaPEx), the following
parameters were used in optimizing the sample preparation procedure- sample mass, solvent
type and volume, extraction time, type and mass of sorbent, and the volume of concentrated
sulphuric acid used for sample clean-up.

3.2.1 Sample mass. Three sample masses (1 g, 5 g and 10 g) were tested during method
development to observe the effect of the sample mass on matrix interferences and analyte
recoveries. For QUEChERS and modified QuEChERS, a 5 g sample mass was identified as the
optimum; however, with this mass, the majority of publications on OCPs and pesticides in
Korean ginseng samples reported non-detect (nd) concentrations. By increasing the sample
mass to 10 g, a reduction in response for some of the analytes of interest was identified in
spiked samples. To improve extraction efficiency based on the correlation between the sample
mass (1 g) and mass of extraction sorbent (~2.50 g) in the single-use extraction cartridge for
the FaPEx method, a 1 g sample mass was considered optimum to avoid sample breakthrough
in the cartridge. Therefore, for further method development work, 5 g sample mass was used
for QUEChERS and modified QUEChERS, and a 1 g sample used for FaPEx.

3.2.2 Sample pre-treatment. Wetting the sample with water (10 mL), and equilibrating
and/or shaking for > 30 min has been identified to improve the recoveries of moderately polar
analytes [32]. For 1 g and 5 g ginseng samples, trials involved- no addition of water, the addi-
tion of water (10 mL) with equilibration, and addition of water with no sample equilibration.
Vortexing of samples for 0 min, 2 min, 30 min, 1 hr, 5 hrs, and 24 hrs was also investigated.
Analyte recoveries were slightly higher (+5%) for ginseng samples that were wetted with water,
in comparison to those with no water addition. Sample pretreatment involving extensive vor-
texing (> 30 mins) after water addition did not significantly impact analyte recoveries. There-
fore, for further method development work, 10 mL of water was added to ginseng and
vortexed for 2 min, for QUEChERS and modified QuEChERS methods.

3.2.3 Choice of solvent and extraction method. The original QuEChERS method [17,
19] involves the partitioning of OCP analytes into acetonitrile- a universal, water-miscible sol-
vent (10 mL), and drying out using salts- MgSO,, NaCl, and citrate hydrates (Fig 1). Similarly,
for FaPEx, ginseng extraction involved the use of acetonitrile (5 mL extraction volume, 5 mL
elution) [20]. For the modified QuEChERS method, initial trials with n-hexane, a non-polar
solvent, provided acceptable recoveries (50-110%) for the majority of the OCPs; low recoveries
were obtained for some polar pesticides such as endosulfan sulfate, p, p’-DDT and heptachlor
(<£40%). Thus, acetone (a solvent suitable for both polar and non-polar pesticides) was mixed
with hexane in a bid to improve extraction. This resulted in improved recoveries (~51-129%)
for a combination of hexane: acetone (3:1 v/v); these results are in agreement with published
reports (although the ratio of hexane: acetone varied) [21, 25, 27, 33]. Therefore, for further
method development work, hexane: acetone (3:1 v/v) was used for the modified QuEChERS
method.

3.2.4 Sample extraction time—Vortexing and centrifugation. An optimum extraction
time allows for sufficient interaction and transport of the bound analyte from the matrix into
the extraction solvent. The following conditions were selected based on the review of the exist-
ing literature; vortex for 2 min, and centrifuge at 4000 rpm for 5 min. Although the effect of
sonication has been shown to improve recoveries slightly, it also adds time to the sample prep-
aration step, which was deemed unsuitable for the development of a rapid extraction method.
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Therefore, for further method development work, extracts from all three methods were vor-
texed for 2 min and centrifuged at 4000 rpm for 5 min.

3.2.5 Clean-up method optimization. Ginseng matrix, known to contain saponins, poly-
saccharides and fatty acids, make it difficult to quantify pesticide residues as some pesticides
are bound to the interfering matrix. Initial trials on the type of clean-up involved the use of
dSPE and SPE. Irrespective of the sorbent used, SPE extracts were identified to be much
cleaner than dSPE, although the disadvantage with SPE is that it takes longer due to column
conditioning and elution (gravity or under vacuum). The following clean-up methods were
investigated: graphitized carbon black (GCB), primary secondary amine (PSA), Cys, silica/flor-
isil, and sulphuric acid.

Graphitized carbon black is useful in the removal of pigments from extracts, although it can
reduce recoveries of the planar analyte- hexachlorobenzene (potentially as a result of its high
affinity towards GCB). GCB has been previously used in some studies determining OCPs in
ginseng; however, trials with GCB in this current study produced recovery of ~45% for HCB.
Hence, GCB was not used in further optimization.

Primary secondary amine is known to remove interfering fatty acids and has previously
been combined with C,g (non-polar sorbent removes non-polar interferences) in dispersive
solid-phase extraction (dSPE) [22, 26-29]. Various mass combinations of PSA and Cs (0, 50,
100, 150, 250 mg) were investigated. It was identified that a combination of PSA (100 mg) and
C15 (100 mg) was optimum at effectively removing interferences from ginseng extract for both
QuEChERS and modified QuEChERS methods. Trials with PSA and C,g masses greater than
100 mg had no additional effect on improving analyte recoveries.

Trials with silica and a combination of silica/florisil (100, 250 and 500 mg) proved ineffec-
tive at removing the matrix components in ginseng. The extraction recoveries observed at the
medium (50 ng) and high spike concentrations (250 ng) for QUEChERS and FaPEx ranged
between ~74-156% and 111-135%, respectively. At the low spike level (5 ng), all three methods
were inefficient at producing acceptable recoveries (> 50%) due to the complexity of the
matrix-bound effect on two target analytes- dichlorodiphenyldichloroethane (p,p’- DDD) and
dichlorodiphenyltrichloroethane (o, p’- DDT).

Several studies have shown that a combination of dSPE or SPE, and sulphuric acid (dSPE/
H,SO,, SPE/H,S0,), is useful for the removal of matrix components in complex samples for
pesticides including organochlorine pesticides [21, 31, 34]. Although sulphuric acid is known
to degrade OCPs such as aldrin, dieldrin, endrin, a-, B- endosulfan, and endosulfan sulfate
[35], it precipitates interfering matrices, results in lesser interferences and gives acceptable
recoveries (> 50%).

Dispersive SPE clean-up of QUEChERS and modified QuEChERS and SPE clean-up for
FaPEx produced interferences for two target analytes (p, p-DDD and o, p’- DDT). Therefore,
the addition of sulphuric acid to precipitate matrix components in ginseng was considered
necessary. Varying volumes of dilute sulphuric acid in combination with dSPE were tested to
identify the optimum volume for matrix precipitation. The use of concentrated sulphuric acid
(10-500 uL) was avoided as it was identified to degrade analytes; dieldrin, o, B- endosulfan,
and endosulfan sulfate. Differing volumes (0, 10, 15, 25, 50, 100, 250, 500, 1000 pL) of 50% sul-
phuric acid (in H,O) were added to 2 mL hexane extract to calculate the influence of sulphuric
acid in precipitating the matrix and improving the efficiency of the recovery. Fifteen microli-
tres of 50% sulphuric acid was identified as optimum, as volumes above 15 uL deteriorated
some OCPs (endrin, o, B- endosulfan, and endosulfan sulfate), which resulted in recoveries
below 50%. Therefore, a final clean up method of dSPE with 15 L of 50% sulphuric acid was
selected.
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3.3 Matrix effect

To reduce interfering matrix and ME, several techniques have been employed including sam-
ple dilution (signal suppression), the selectivity of the chromatographic separation (eliminates
issues of co-elution of the analyte of interest with the interfering matrix), the use of isotopically
labelled internal standard, or the use of a matrix-matched calibration [36-40]. The presence of
co-extractives, evidenced by differences in slopes of the calibration curve for the pure standard
in the solvent, and the standard in the matrix extract (matrix-matched calibration curve) for
each analyte, can be attributed to a systematic error caused by the matrix. Considering the
influence of signal suppression (slope in matrix-matched calibration is lower than in pure
standard = negative), signal enhancement (slope in matrix-matched calibration is higher than
in pure standard = positive), and 100% ME (slope in matrix-matched calibration = slope in
pure standard), the ME was evaluated by comparing the slope of the matrix-matched standard
(1-100 pg L") with the corresponding slope observed in the pure standard calibration curve
(1-100 pg L") in seven replicates. The ME was calculated as the average percent enhancement
or suppression in the slopes using the equation:

Slope of matrix — matched calibration curve
Slope of standard in solvent

% ME = x 100%

The % ME ranged from 68 to 155%, although four analytes exhibited matrix enhancements
(> 100%)—delta BHC, endrin, endosulfan sulfate, and p, p’- DDT; this indicates that at higher
concentrations (> 25 pg L"), the matrix effect is not quite significant. However, at lower con-
centrations (< 5 ug L"), a pronounced effect of the matrix is experienced in the analysis of
OCPs in ginseng, as two of the analytes (p, p- DDD and o, p>-DDT) co-elute with the interfer-
ing matrix at retention times 29.59 and 29.83 min (Fig 3), respectively. This presents a chal-
lenge for low-level analyses of OCPs in ginseng (and other root tubers) for both the GC--
ECD and GC-MS/MS.

3.4 Comparison of QuEChERS, modified QuEChERS and FaPEx methods

3.4.1 Quality assurance/quality control. The responses obtained, for the mean peak area
of the 20 target analytes, relative to their corresponding concentrations were linear for the
range of matrix-matched calibration standards analyzed. The calculated coefficient for deter-
mination of OCP analytes in GC-u-ECD using the modified QuEChERS method was R* >
0.9995, with percent relative standard deviations (RSDs) ranging between 2.3 and 12.4% (these
are in agreement with the acceptable EPA value of 15%). Recovery concentrations for blank
ginseng were fortified at three levels 5, 50 and 250 ng/g. These were quantified from the
matrix-matched calibration curve using the peak area of the analytes in the spiked blank sam-
ples. The recoveries of the analytes fortified at three levels ranged between 51-156% for QuE-
ChERS and FaPEx methods, except for 2 analytes (recoveries could not be obtained for 5ng/g
spike for p, p’- DDD and o, p’-DDT). Additionally, the calculated R* was > 0.9997, with RSDs
ranging between 1.8% and 12.6%. Results of recovery and limits of detection/quantitation are
tabulated in Table 2. Fig 2 shows the average recoveries (n = 3) for blank ginseng spiked at 5
ng/g, and analyzed using three extraction/clean-up methods: QUEChERS, modified QuE-
ChERS and FaPEx. The results of the LOD and LOQ for the target analytes, obtained for the
optimum method (modified QuEChERS), using the GC-u-ECD, are presented in Table 2. The
LOD ranged between 0.18 and 2 ng/g, and LOQ ranged between 0.55 and 6 ng/g.

The use of QUEChERS, FaPEx and modified QuEChERS methods generally provided effi-
cient recoveries (~51-156%) at medium and high spike concentrations (50 ng/g and 250 ng/
g). The need for efficient quantitation of DDTs and their metabolites, a-, B-endosulfan and
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Fig 2. Average recoveries (n = 3) for blank ginseng spiked at 5 ng/g, and analyzed using three extraction/clean-up methods: QuEChERS, modified
QuEChERS and FaPEx. ***- Matrix interference: The effect of the matrix is masked at higher concentrations (50 ng/g and 250 ng/g). At the lower concentration (5
ng/g), the intensity of the interfering matrix is pronounced, and analytes: p, p’-DDD, and o, p’-DDT cannot be accurately quantified with the use of QUEChERS
and FaPEx, thus the need for acid clean-up. Analyte quantitation was with GC-u-ECD.

https://doi.org/10.1371/journal.pone.0246108.9002

endosulfan sulfate in ginseng, stem from concerns of the possible presence from past OCP
usage (over four decades ago) in agricultural soil in South Korea. Thus, the optimum method,
identified to remove interfering complex matrix to allow for accurate determination of p, p’-
DDD and o, p’- DDT was the modified QUEChERS method in combination with sulphuric
acid clean-up.

The optimized modified QUEChERS method required a sample mass of 5 g, 10 mL water
for equilibration for > 30 min, 10 mL hexane: acetone (3:1 v/v), QUEChERS pouch salt, centri-
fugation at 4000 rpm for 5 min, and 15 pL of 50% sulphuric acid (in H,O).

Extracts were washed in 2% Na,SO, solution, centrifuged, and the supernatant filtered
before dSPE/C;g clean-up for modified QUEChERS. Fig 3 shows the chromatograms obtained
using the modified QUEChERS method comparing ginseng blank fortified at A: 50 ng/g spike,
B: 50 ng matrix-matched standard, and C: 50 ng/g OCP standard mix.

3.5 Application of the optimized method on cultivated ginseng samples

The modified QUEChERS method was identified as the preferred method for determining
OCPs in ginseng. Its applicability to determine OCP concentrations in ginseng samples was
demonstrated through analyses of ginseng grown in soil treated with o-, f-endosulfan, and
endosulfan sulfate. The effectiveness of the method was assessed by comparing the results
against extracts prepared using the traditionally accepted method QUEChERS with analysis by
GC-MS/MS. A total of 9 samples were prepared from ginseng grown in soil with no endosul-
fan (control, n = 3), “low” endosulfan-treated soil (0.1 mg/kg, n = 3), and “high” endosulfan-
treated soil (1 mg/kg, n = 3) 2 years.
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Fig 3. GC-u-ECD chromatograms of- A: 50 pg/Lfortified ginseng blank extract containing 20 organochlorine pesticide (OCP) mix; B: 50 ug/L matrix-matched
standard- ginseng blank was extracted, 10 pL of 1250 pg/L standard mix (20 OCP analytes) was added to 240 pL ginseng blank extract; C: 50 pg/L
organochlorine pesticide standard mix (20 compounds), using the modified QuEChERS method. List of OCP analytes- 1: a-HCH, 2: HCB, 3: B-HCH, 4: y-HCH, 5:
8-HCH, 6: Heptachlor, 7: Aldrin, 8: Cis-Heptachlor epoxide, 9: Trans-Heptachlor epoxide, 10: o, p’- DDE, 11: Alpha Endosulfan, 12: p, p’- DDE, 13: Dieldrin, 14: o, p’-
DDD, 15: Endrin, 16: B-Endosulfan, 17: p, p’- DDD, 18: o, p™- DDT, 19: Endosulfan sulfate, 20: p, p’- DDT.

https://doi.org/10.1371/journal.pone.0246108.g003

3.5.1 Endosulfan (a-, ) and endosulfan sulfate concentrations in ginseng. The mean
o-endosulfan concentrations for a low and high-concentration treated soil obtained using the
traditional QUEChERS method and GC-MS/MS were 0.011 + 0.002 mg/kg and 0.28 + 0.003
mg/kg, respectively. When compared to the modified QUEChERS method with analysis by
GC-p-ECD, concentrations were 0.023 + 0.001 mg/kg (low), and 0.230 + 0.003 mg/kg (high).
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From these results, there was no statistically significant difference between the two methods
(p-value = 0.007). Similar results were obtained for f-endosulfan and endosulfan sulfate; there
was no statistically significant difference for the two methods compared at low and high con-
centration treated soil. The results are detailed in S1 Fig in S1 File. For the control samples
(blank), OCPs were not present. These results indicate that it is possible to successfully deter-
mine OCPs in ginseng using GC-p-ECD. By using the modified QuEChERS method along
with a more extensive clean up involving sulphuric acid, it was possible to generate similar
data to that produced by the traditional method of QUEChERS and GC-MS/MS. This finding
may be especially useful for developing countries and institutions which do not have access to
advanced analytical instrumentation.

4.0 Conclusions

The motivation for this study was to establish if an optimized method could allow for accurate
determination of OCPs in a complex matrix (ginseng) using GC-p-ECD. Eleven papers were
reviewed to identify suitable candidate methods for analyses. Three extraction methods were
identified for further investigation: QuEChERS, modified QuEChERS and FaPEx. As ginseng
is a complex sample matrix, a variety of clean-up methods were also investigated- graphitized
carbon black (GCB), primary secondary amine (PSA) and C,s, silica/florisil, and sulphuric
acid.

Ginseng root tubers (control samples) were fortified with 5, 50 and 250 ng/g (20 OCP native
analytes) and used to investigate the effectiveness of each technique. From the results, we iden-
tified that QuEChERs and FaPEx methods were able to provide acceptable recoveries (> 50%)
for 18 of the 20 OCPs tested. The modified QuEChERS method was capable of providing
acceptable recovery rates for all 20 OCPs.

The effectiveness of the modified QuEChERS method was tested against the traditional
QuEChERS method with GC-MS/MS analysis. A total of 9 ginseng samples grown in
untreated, and endosulfan-treated soil (0.1 mg/kg and 1 mg/kg) were extracted and analyzed
by each method. The results showed no statistically significant difference between samples pre-
pared by QUEChERS with GC-MS/MS analysis and those prepared by modified QUEChERS
and GC-p-ECD analysis. This highlights the applicability of this modified QuEChERS method
to determine OCPs in crops and may benefit those in less well-funded institutions and devel-
oping countries who do not have access to advanced analytical instrumentation.
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