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ABSTRACT: An analytical multi-residue method using gas chromatography coupled with electron capture and a nitrogen–
phosphorus detector was investigated for the simultaneous determination of 18 commonly used insecticides and fungicides
in Korean ginseng (Panax ginseng C. A. Meyer). Samples were previously extracted with an acetonitrile and cleaned up by
solid-phase extraction (SPE). The calibration curves were linear, with determination coefficients higher than 0.989. Recoveries
at concentrations between 0.01 and 14.9 ppm ranged from 72.3 to 117.2%, with precision, which was expressed as relative standard
deviation (RSD), at values lower than 5%. The proposed method was applied to the determination of pesticide levels from
12 ginseng samples, taken from four different agricultural areas of Jeonnam province, where several insecticides and fungicides
were applied. Except in one sample, tolclofos-m was the only pesticide contained at a level lower than the maximum residue limits
(MRL) authorized by the Korea Food and Drug Administration (KFDA) in real ginseng samples grown for 4, 5 and 6 years.
Copyright © 2006 John Wiley & Sons, Ltd.
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INTRODUCTION

The name ‘ginseng’ is often used to refer to members
of the family Araliaceae within the genera Panax
(Panax ginseng and Panax quinquefolius) and
Eleutherococcus (Eleutherococcus senticosus). Panax
ginseng C. A. Meyer is a perennial herb that is native
to Korea and China and has been used as an herbal
remedy in eastern Asia for thousands of years. Today,
this medicinal herb is listed in many pharmacopoeias
and is still an important, high-grade health supplement
used throughout the world. Ginseng medicines are nor-
mally made from the root and from the long root hairs.
Current commercial interest is based upon the pur-
ported benefits of ginseng for general health, including

positive effects on the endocrine, cardiovascular, im-
mune and central nervous systems (Attele et al., 1999;
Lee et al., 2000; Block and Mead, 2003); prevention of
fatigue, oxidative damage and mutagenicity, and stimu-
lation of male copulatory behavior in rats (Murphy
et al., 1998); prevention of cancer (Yun and Choi, 1998;
Moon et al., 2000), hypertension (Joen et al., 2000) and
diabetes (Ohnishi et al., 1996); and is also known to
possess antinociceptic (Suh et al., 1997) and antiemetic
properties (Kim et al., 2005), promote longevity (Kwon
and Jang, 2004), combat stress (Kitts and Hu, 2000),
and contribute to the maintenance of an optimal
oxidative status against certain chronic disease states
(Yokozawa et al., 2004). The various pharmacological
properties are generally attributed to the major active
ingredients, the saponins, which are composed of vari-
ous ginsenosides. To date, more than 30 ginsenosides
have been identified (Kitagawa et al., 1983; Liu and
Xiao, 1992; Tanaka, 1994; Shaw and But, 1995; Gillis,
1997; Sodati, 1999; Zhang et al., 2002; Bae et al., 2004).

Ginseng is cultivated under artificial shade or
simulated forest conditions to meet its requirements
of approximately 30% full sunlight (Proctor, 1980;
Proctor et al., 1988, 1990). Growth in artificial shade
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conditions is the more commonly used cultivation
method worldwide. Under these conditions, farmers
have to grow the plant for 4–6 years prior to harvest-
ing. In addition to its requirement of artificial shade,
ginseng is also highly susceptible to phytopathogens.
Ohh (1986) quantified losses of ginseng root crop from
diseases in the Republic of Korea as follows:
anthracnose (20–47%), damping-off (5–50%), root rot
(1–60%) and alternaria blight (10–20%). Compared
with diseases, insect problems play only a minor role
in ginseng. Thus, disease control remains the limiting
factor in ginseng production globally (Proctor, 1980)
because it reduces the stand of ginseng seedlings, the
productive life of the ginseng planting and the number,
size and quality of marketable roots.

Globally, the commercial cultivation of ginseng
requires the application of pesticides. The application
of pesticides has suddenly become indispensable, par-
ticular due to the growing demand for higher quantity
and quality herbs. Some herb cultivators may rely on
high levels of pesticides to minimize possible losses due
to uncontrollable pests over the years of cultivation.
Therefore, residuals of environmentally persistent pesti-
cides may be carried by the plants and land to varying
degrees. Several factors may influence contaminant
accumulation, including species, level and duration of
contaminant exposure, and topography. Exposure to
pesticide residues can result in many different adverse
health consequences, from acute problems such as skin
rashes and asthma attacks, to chronic problems such as
emphysema and cancer (Calvert et al., 2004).

In the Republic of Korea, 32 pesticides represented
by 52 commercial formulas are currently registered for
ginseng, and most growers are continually looking for
new strategies for pest control. For example, Yu and
Ohh (1995) reported that Korean ginseng growers use
soil amendments of antagonistic microbes plus organic
matter to reduce root rot. It is estimated that the
amount of land used for Korean ginseng growth has
risen steadily, from almost 12,900 ha in 2002 to
13,635 ha in 2005, with sales of the root earning almost
$70 million in 2003. Because of the wide range of
pesticides, their different characteristics complicate
trace-level determination of the entire range of these
compounds. As a result, techniques that combine a
short analysis time, sufficient selectivity and adequate
sensitivity have become necessary. In the Republic of
Korea, monitoring of the presence of pesticide residues
is very important to guarantee that ginseng is of high
quality and can be labeled a pesticide-free medicinal
herb. Therefore, the main objective of this work was
to investigate a simple and rapid analytical multi-
residue method for the analysis of 18 different pesticide
classes in ginseng, based on SPE and determination by
GC-ECD/NPD. A second method used for other com-
pounds will be presented later in another paper. This

method was applied to the determination of pesticide
levels in real samples collected from several agricultural
areas of Jeonnam province, Republic of Korea. To the
best of our knowledge, methods for multi-residue
analysis of pesticides in ginseng plants and extracts are
scarce in the scientific literature (Zhao et al., 1999;
Sohn et al., 2004). The pesticides tested in the present
study were different from those that have been re-
ported previously.

EXPERIMENTAL

Standards, solvents and materials. Pencycuron (98.5%),
cadusafos (96.0%), dazomet (94.5%), tebupirimfos (98.0%),
tolclofos-methyl (99.0), metalaxyl (99.5%), cyprodinil
(98.5%), tolyfluanid (97.5%), procymidone (98.0%),
thifluzamide (98.5%), flutolanil (97.5%), kresoxim-methyl
(99.5%), fenhaxamid (96.0%), trifloxystrobin (98.5%),
cyfluthrin (95.5%), cypermethrin (91.5%), difenoconazole
(99.5%) and azoxystrobin (99.5%), all guaranteed pure stand-
ard pesticides, were obtained from Dr Ehrenstorfer GmbH
(Augsburg, Germany). An LC-Florisil solid-phase extraction
(SPE) tube for pesticide purification, acetonitrile, acetone,
hexane and anhydrous sodium sulfate were purchased from
Merck KGaA (Darmstadt, Germany). Unless otherwise
stated, all other chemicals were of analytical grade.

Plant sampling. In our laboratory, Korean ginseng was rou-
tinely screened and monitored for the presence of pesticides,
and all samples used in recovery experiments had previously
been shown to contain none of the pesticides of interest in
this study. Twelve real samples (approximately 2 kg) of gin-
seng roots (4, 5 or 6 years old at the time of harvest) were
obtained from four different agricultural areas (Haenam,
Naju, Yeongam and Yeonggwang) of Jeonnam Province, a
new producer of ginseng in the southern region of the
Korean peninsula. Prior to analysis, the samples were blended
and divided into four parts. Twenty grams were randomly se-
lected and monitored in triplicate for pesticide residues using
GC-ECD/NPD.

Sample extraction. A representative portion of ginseng
(20 g) that had been chopped into smaller pieces was weighed
and placed in a 250 mL bottle, and 18 g sodium chloride and
100 mL acetonitrile were added. The mixture was blended at
3000 rpm for 5 min in a homogenizer (WiseMix™ HG15A,
Daihan Scientific, Seoul, Republic of Korea). After the ex-
traction procedure, the solution was transferred to a separa-
tion funnel and vigorously shaken for 3 min. The extract was
then centrifuged for 5 min at 3000 rpm and the recovered
organic layer was collected in a round-bottomed flask, and
concentrated to dryness in a rotary evaporator (Büchi
Rotavapor R-114, Germany) with a water bath maintained at
40°C (Büchi Waterbath B-480, Germany). The residue was
dissolved in 4 mL of n-hexane and then transferred to a 5 mL
vial, from which 1 µL of the extract was taken and injected
into the GC/NPD column by the autosampler. For GC/ECD,
1 mL of the extract was passed through activated LC-Florisil
SPE (with 6 mL n-hexane) and eluted with 15 mL n-hexane
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containing 20% acetone. The elutent was filtered through
sodium sulfate, evaporated at 40°C, and dissolved in an
adequate volume of acetone (1 mL). The extract was then
transferred to a 2 mL vial for chromatographic analysis.

GC separation. The GC-ECD/NPD consisted of a Hewlett-
Packard 6890 gas chromatograph (Agilent Technologies Inc.,
Palo Alto, CA, USA) equipped with 63Ni ECD and NPD
dual systems and a G 2614A autosampler. Injector and detec-
tor temperatures were set at 250 and 320°C, respectively.
N2 was the carrier gas, which was set at a flow-rate of 1 mL/
min for the ECD/NPD column. N2 was also the ECD
make-up gas at a split ratio of 30:1, and the NPD gas flows
consisted of hydrogen at 1 mL/min and air at 30 mL/min.
Separation was achieved by a 5% phenyl-methyl-siloxane
capillary column (HP-5, 30 m, i.d. 0.25 mm, film thickness
0.25 µm) for both GC methods. Operating conditions for the
oven in the GC-ECD/NPD methods were: the initial
temperature, 80°C (held for 2 min), was raised at 10°C/min
to 200°C (held for 5 min), then from 200 to 210°C at 1°C/min
(held for 4 min), and finally, from 210 to 300°C at 15°C/min
(held for 4 min). The injection volume was 1 µL and the total
run time was 43 min.

Calibrations for quantitative analysis. Individual stock
standard solutions of pesticides (1000 ppm) were prepared by
weighing an appropriate amounts and dissolving them in
acetone. These solutions were stored in a freezer maintained
at −20°C. Working standard solutions were prepared by
appropriate dilutions in acetone, and were then stored in a
refrigerator (4°C). Standard calibration curves were obtained
by plotting analyte concentrations against a peak. Correlation
coefficients were >0.989 in all cases for the GC-ECD and GC-
NPD, which indicates a good linearity of these methods in the
range studied for those pesticides and quantitated as shown in
Tables 2 and 3.

Spiking of ginseng. A 2 mL aliquot of the pesticide solution
at the desired concentration was added to each 20 g blank
ginseng sample. Fortification levels ranged from 0.01 to
14.9 ppm. The samples were allowed to settle for 30 min prior
to extraction. They were later processed according to the
above extraction procedure and analyzed by the two pro-
posed methods (n = 3). Recoveries of the pesticides from
spiked ginseng samples were measured using GC-ECD/NPD
by comparing peak areas with matrix-matched calibration
solutions. These calibration solutions were prepared by dilut-
ing the spiking solution into a nonfortified extract of the same
sample used for spiking.

RESULTS AND DISCUSSION

Gas chromatographic determination

The pesticides tested were selected by screening those
most widely applied in ginseng root cultivars in the
Republic of Korea. The pesticide extraction was per-
formed with acetonitrile and determined by GC-ECD/
NPD. Extracts analyzed by GC-NPD were largely free
of chromatographic interferences (Fig. 1). It was

observed that small peaks between retention times (Rt)
10–20 min and 28 min appeared in the GC-ECD
chromatogram of the blank matrix, spiked ginseng and
real samples but, after looking for each peak, it became
clear that these peaks belong to ginseng and did not
correspond to any of the pesticides that were being
tested (Fig. 2). It has been also observed that four
peaks for both cyfluthrin and cypermethrin and two
peaks for difenoconazole were separated on the
chromatogram obtained by GC-ECD. Good resolution
of the pesticide mixtures was achieved in approximately
43 min. Retention times are presented in Table 1 and
Figs 2 and 3.

Limits of detection (LOD) and quantitation (LOQ)

The limits of detection and quantification are the small-
est concentration from which it is possible to deduce
the presence and quantify the analyte with reasonable
statistical certainty, respectively. The LOD and LOQ
are equal to the mean of the measured content of rep-
resentative blank samples plus three times or 10 times
the standard deviation of the mean, respectively. The
calculated LOD and LOQ values are summarized in
Tables 2 and 3. The LOD values ranged from 0.001 to
0.05 ppm and the LOQ values ranged from 0.003 to
0.2 ppm. The LOQ levels obtained using any method
should not be higher than the MRL in the pesticide
residue analysis. As shown in the tables, the LOQs of
the tested compounds are generally lower than the
maximum residue limits (MRL) set by the Korea Food
and Drug Administration (2005), except for dazomet
and cyfluthrin. According to our findings, this method
is suitable for qualitative and quantitative analysis of
the tested pesticides.

Accuracy and precision

Recovery efficiency data were obtained by analyzing
uncontaminated ginseng samples (n = 3) at the desired
concentrations. Values between 72.3 and 117.2% were
obtained for all compounds (Tables 4 and 5). These
values indicated acceptable recovery for the assay
procedure. Our findings were supported by the inter-
national guidelines (SANCO, 2004), which indicated
that, for the validation of quantitative methods, mean
recovery should be within the range of 70–110%. The
obtained values for cypermethrin and tolclofos-methyl
were similar to the previously published validation
data by another author, who used soybean oil for the
analysis of pesticides residues in aqueous ginseng
extract (Sohn et al., 2004). We believe that the values
obtained were fit for our purpose. Precision values,
expressed as relative standard deviation (RSD), were
lower than 5% for all of the tested pesticides (Tables 4
and 5).
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Figure 1. GC-NPD chromatograms of standard mixture solution of pesticides dissolved in organic solvent (A),
and spiked to ginseng (B), and blank samples (C). See Table 1 for peak identification. This figure is available in
colour online at www.interscience.wiley.com/journal/bmc

may explain the different levels of pesticides encoun-
tered in the diverse ginseng production areas that we
have studied. Our finding was supported by the record-
ing of a total of 364 ginseng samples among 411
contaminated with tolclofos-m residues in ginseng after
4, 5 and 6 years of growth (data not shown). Therefore,
the government has begun to encourage ginseng grow-
ers to use other pesticides such as pencycuron, flutolanil
and thifluzamide to prevent pest problems and control
diseases. We expect that the levels of tolclofos-m
residues in ginseng will be much lower in the near
future.

Application of methods

The methodology used has been applied to the analysis
of ginseng root samples collected between April and
October 2004. As indicated previously, ginseng samples
of 4, 5 and 6 years came from four different agricultural
areas. Tolclofos-m was the only pesticide in any of the
samples (Fig. 3). Although the pesticide was detected,
the level was lower than the MRL established by
KFDA, except in the case of one sample. Contamina-
tion of the area and the use of pesticides for the treat-
ment of ginseng have had a marked influence on the
concentration of contaminants found in ginseng. This
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Figure 2. GC-ECD chromatograms of standard mixture solution of pesticides dissolved in organic solvent (A),
and spiked to ginseng (B) and blank samples (C). See Table 1 for peak identification. This figure is available in
colour online at www.interscience.wiley.com/journal/bmc

CONCLUSION

A multi-residue approach based on a rapid and non-
selective extraction with acetonitrile and using GC-
ECD and GC-NPD methods has been validated for the
determination of 18 compounds belonging to various

classes of pesticides in Panax ginseng samples. This
method showed satisfactory validation parameters, such
as accuracy, precision and lower limits of detection. For
all of the pesticides, the sensitivity of the method was
good enough to ensure reliable determination at levels
lower than the respective MRL.
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Table 1. Structures, action, uses and retention times of the tested pesticides in Ginseng panax (C. A. Meyer)

No. Compound Structure Action and uses Rt

1 pencycuron Fungicide for damping-off 14.31

2 cadusafos Insecticide for root-knot nematode 14.36

3 dazomet Fungicide for root rot 14.85

4 tebupirimfos Insecticide for white grub 16.44

5 tolclofos-methyl Fungicide for damping-off 17.59

6 metalaxyl Fungicide for late blight 17.88

7 cyprodinil Fungicide for alternaria blight 20.80
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Table 1. (Continued)

No. Compound Structure Action and uses Rt

8 tolyfluanid Fungicide for gray mold rot 21.08

9 procymidone Fungicide for gray mold rot 21.79

10 thifluzamide Fungicide for damping-off 23.08

11 flutolanil Fungicide for damping-off 24.01

12 kresoxim-methyl Fungicide for alternaria blight 25.90

13 fenhexamid Fungicide for gray mold rot 26.72
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Table 1. (Continued)

No. Compound Structure Action and uses Rt

14 trifloxystrobin Fungicide for anthracnose 32.22

15 cyfluthrin 1 Insecticide for white grub 39.06
cyfluthrin 2 39.16
cyfluthrin 3 39.24
cyfluthrin 4 39.28

16 cypermethrin 1 Insecticide for gold-bug 39.38
cypermethrin 2 39.49
cypermethrin 3 39.58
cypermethrin 4 39.61

17 difenoconazole 1 Fungicide for alternaria blight 40.97
difenoconazole 2 41.06

18 azoxystrobin Fungicide for alternaria blight 41.83

Rt, retention time.
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Table 2. Determination coefficient, limits of detection (LOD, ppm), limits of quantification (LOQ,
ppm), and maximum residue limits (MRL, ppm) of the pesticides with the GC-NPD method

Determination
Pesticide coefficient LOD (ppm) LOQ (ppm) MRLa (ppm)

pencycuron 0.9998 0.05 0.2 0.3
cadusafos 0.9999 0.004 0.01 0.01
dazomet 0.9997 0.01 0.04 0.03
tebupirimfos 0.9998 0.003 0.01 0.01
tolclofos-m 0.9996 0.005 0.02 0.25
metalaxyl 0.9999 0.03 0.1 0.25
cyprodinil 0.9999 0.02 0.1 0.75

a MRL values determined by KFDA (2005).

Table 3. Determination coefficient, limits of detection (LOD, ppm), limits of quantification (LOQ, ppm) and the
maximum residue limits (MRL, ppm) of the studied pesticides with the GC-ECD method

Pesticide Determination coefficient LOD (ppm) LOQ (ppm) MRLa (ppm)

tolyfluanid 0.9996 0.004 0.01 0.08
procymidone 0.9999 0.005 0.02 0.1
thifluzamide 0.998 0.001 0.003 0.1
flutolanil 0.995 0.04 0.13 1.0
kresoxim-methyl 0.999 0.006 0.02 0.08
fenhexamid 0.9999 0.003 0.01 0.13
trifloxystrobin 0.9997 0.005 0.02 0.5
cyfluthrin 0.999 0.005 0.02 0.01
cypermethrin 0.999 0.006 0.02 0.03
difenconazole 0.999 0.007 0.02 0.05
azoxystrobin 0.989 0.003 0.01 0.13

a MRL values determined by KFDA (2005).

Figure 3. Tolclofos-m residues in ginseng samples obtained from different agricultural
areas and analyzed using GC-ECD. This figure is available in colour online at
www.interscience.wiley.com/journal/bmc
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Table 4. Recoveries obtained for pesticides with GC-NPD

Fortification Recoveries
Compound level (ppm) (mean ± SD) RSD (%)

pencycuron 14.9 108.3 ± 0.75 0.7
3.7 113.3 ± 0.65 0.6

cadusafos 1.3 102.4 ± 1.47 1.4
0.3 109.8 ± 1.68 1.5

dazomet 3.8 72.3 ± 0.56 0.8
1.0 80.3 ± 0.46 0.6

tebupirimfos 1.0 102.7 ± 0.54 0.5
0.2 102.6 ± 0.66 0.6

tolclofos-m 1.7 112.3 ± 1.85 1.6
0.4 117.2 ± 1.30 1.1

metalaxyl 10.0 96.8 ± 1.39 1.4
2.5 99.3 ± 0.24 0.2

cyprodinil 7.2 101.8 ± 1.00 1.0
1.8 104.0 ± 0.60 0.6

Results are the mean of three replicates ± standard deviation.

Table 5. Recoveries obtained for pesticides with GC-ECD

Fortification Recoveries
Compound level (ppm) (mean ± RSD) RSD (%)

tolyfluanid 2.5 106.4 ± 3.05 2.9
0.3 99.6 ± 3.84 3.9

procymidone 3.2 96.7 ± 0.31 0.3
0.4 105.8 ± 0.92 0.9

thifluzamide 0.5 102.5 ± 1.24 1.2
0.01 101.1 ± 0.60 0.6

flutolanil 12.3 95.3 ± 0.74 0.8
1.5 115.6 ± 1.05 0.9

kresoxim-methyl 3.6 98.6 ± 0.84 0.9
0.4 101.8 ± 0.66 0.6

fenhexamid 1.8 99.0 ± 1.54 1.6
0.2 111.8 ± 0.60 0.5

trifloxystrobin 3.1 104.3 ± 0.80 0.8
0.4 100.6 ± 3.05 3.0

cyfluthrin 3.2 105.2 ± 0.63 0.6
0.4 100.0 ± 0.22 0.2

cypermethrin 3.6 105.4 ± 0.58 0.6
0.5 95.4 ± 0.36 0.4

difenconazole 4.8 95.0 ± 1.20 1.3
0.6 86.9 ± 3.85 4.4

azoxystrobin 1.7 98.3 ± 1.20 1.2
0.2 106.6 ± 3.85 3.6

Results are the mean of three replicates ± relative standard deviation.
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