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ABSTRACT: In this study, a multiresidue analytical method for the detection of 37 pesticides in a soil matrix was developed and
validated. The soil sample was fortified with a known quantity of pesticides at two different concentration levels (0.1 and
0.01 mg/g) and the analytes were extracted via a liquid–solid extraction method. The pesticides were separated on an HP5
capillary column and were analyzed with a gas chromatograph coupled to a nitrogen–phosphorous detector (GC-NPD).
Method validation was accomplished with good linearity (r2 = 0.994–0.999) within a considerable range of concentrations.
Satisfactory recoveries (70.5–110.4%) were obtained with 32 pesticides at both spiking concentration levels, whereas five
pesticides—dimepiperate, buprofezin, prometryn, pirimicarb, and fludioxonil—were recovered at relatively low levels (43.6–
61.8%). The applicability of the method was demonstrated by analyzing field samples collected from 24 different sites around
Yeongsan and Sumjin rivers in the Republic of Korea. No residues of the selected pesticides were detected in any of the
samples. The developed method could be employed as a simple and cost-effective method for the routine detection and
analysis of 37 pesticides in soil samples. Copyright © 2010 John Wiley & Sons, Ltd.
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Introduction

Multiresidue analytical methods have become widely accepted
and popular, as they allow for the analysis of a number of pesti-
cides in a single operation using a single sample. However, it
remains to be determined whether or not these methods can be
employed in laboratories in which the required instruments
(which are expensive and sophisticated) are unavailable. Several
methods for the simultaneous determination of multiclass pesti-
cides in different matrices such as water (Mamun et al., 2009;
Rodil et al., 2009), vegetables, fruit and soil (Motohashi et al.,
1996), olive oil (Amvrazi and Albanis, 2006), human biological
matrices (Lacassie et al., 2001) and many others have been previ-
ously reported. The determination of residual pesticides
becomes critical when the interaction of matrix components with
the targeted analytes is strengthened. Soil is one such matrix,
where these interactions are stronger than any other commodi-
ties, which leads to the possibility of bound pesticide residues in
soil (Gevao et al., 2000; Rissato et al., 2005). Increasing contami-
nation of soil, water and sediment due to the intensive use of
pesticides (Singh 2001; Ware and Whitacre, 2004) has led to the
development of a multiresidue method for the analysis of a
number of pesticides, using only common laboratory equipment
and inexpensive reagents and solvents. We have recently devel-
oped and validated a method for the simultaneous determina-
tion of 62 commonly employed pesticides in soil matrices using
GC-ECD (Park et al., 2010). Owing to differences in structures and
characteristics, not all of the pesticides respond similarly to all
types of detectors. Although a mass spectrometer can detect the

majority of these pesticides, such an expensive apparatus
remains out of reach for most medium-size analytical laborato-
ries. Hence, in our ongoing research work, we have selected 37
commonly used pesticides of different classes which do not
respond well to electron capture detection, and attempted to
analyze them simultaneously in a soil matrix using GC-NPD.
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Conventional analytical techniques for single or multiresidue
determinations of pesticides in soil have also been conducted
using sonication with organic solvents (Castro et al., 2001;
Brunete et al., 2003), as well as the Soxhlet extraction method
(Sanchez et al., 2004; Arora et al., 2008). Liquid-solid extraction by
means of shaking and filtration was conducted and described by
Boccelli et al. (1982) using a single pesticide, whereas some
modern methods including accelerated solvent extraction
(Conte et al., 1997; Gan et al., 1999) microwave-assisted extrac-
tion (Zuloaga et al., 2000), supercritical fluid extraction (Wuchner
et al., 1993; Khan, 1995; Sun and Lee, 2003), solid-phase microex-
traction (SPME; Bouaid et al., 2001), modified matrix solid-phase
dispersion (MMSPD; Shen et al., 2006), and others have also been
proposed as methods characterized by analytical speed and
lower per sample costs owing to reduced solvent consumption.
However, these techniques are still prohibitively expensive for
modest laboratories, particularly those in developing countries,
as they require expensive and sophisticated equipment that is
not always available. The current method, however, can be con-
ducted with the most commonly used and cost-effective appa-
ratus, reagents and instruments, and allows for the simultaneous
determination of 37 pesticides in soil samples via a single
operation.

Experimental

Chemicals and reagents

Reference standards of the targeted pesticide (analytical-grade) were
purchased from either Dr Ehrenstorfer GmbH (Augsburg, Germany) or
Sigma-Aldrich (MO, USA). Some of the pesticide standards were received
as a gift from the Korean Food and Drug Administration (Seoul, Republic
of Korea), National Agricultural Products Quality Management Service
(Gwangju, Republic of Korea) or Rural Development Administration
(Suwon, Republic of Korea). Ammonium chloride (98.5%) was obtained
from the Duksan Pure Chemical Co. Ltd (Kyungki Do, Republic of Korea),
sodium chloride from Merck (Darmstadt, Germany), and the anhydrous
sodium sulfate was obtained from Yakuri Pure Chemicals Co. Ltd (Kyoto,
Japan). The dichloromethane employed for extraction was of extra pure
grade and was purchased from DC Chemical Co. Ltd (Seoul, Republic of
Korea), whereas the acetone and ethyl acetate were of pesticide grade
and were obtained from Merck (Darmstadt, Germany).

Calibration curve and quantitative analysis

The pesticides were divided into three groups (groups 1–3, Table 1) based
on their retention times (RT) in the GC-column to avoid overlapping of
peaks for some pesticides due to the same/similar retention time in the
column. Calibration curves were separately prepared for each of the tar-
geted pesticides by injecting mixtures of standard working solutions at
seven different concentrations (0.5, 0.2, 0.1, 0.05, 0.02, 0.01 and 0.005 mg/
mL). The working standard solutions were obtained via serial dilution of
the medium stock solutions (4 mg/mL), which were prepared by diluting
the stock solution (100 mg/mL) of each separately prepared pesticide. All
of the standard solutions were maintained in amber bottles (100 mL) and
stored at -24°C.

Sample collection

Forty-eight soil samples (each about 1 kg) were collected separately in
labeled polyethylene bags from 24 different sites around Yeongsan and
Sumjin rivers of Republic of Korea and transported to the laboratory on
the same day of collection. The collected samples were air-dried in shade
and powdered by passing through a 2 mm sieve, mixed homogeneously
and stored at below 4°C until analysis.

Soil sample fortification

In order to obtain blank samples, separate soil samples were collected
from areas in which the possibility of any kind of pesticide use was zero.
Collected samples were pre-washed by soaking in a mixture of acetone–
water (1:1) for 3 days, with the solvent exchanged every day, followed by
an additional two days of soaking in acetone. The washed samples were
then completely dried at room temperature, and considered a blank
sample. Three replicate recovery analyses were conducted at two differ-
ent spiking concentrations (0.1 and 0.01 mg/g). Freshly fortified samples
were prepared via the addition of an appropriate volume of standard
working solution (groups 1–3) to 50 g of blank sample. The bulk of the
solvent was permitted to evaporate at room temperature and the mix-
tures were thoroughly mixed with a glass rod in order to generate a
homogeneous distribution of the analytes, and were allowed to stand for
30 min prior to extraction.

Extraction and clean-up of samples

Detailed extraction and clean-up procedures were described in our pre-
vious publication (Park et al., 2010). In brief, a fortified soil sample (50 g)
was mixed with 0.2 M ammonium chloride solution (30 mL) and was per-
mitted to stand for 10 min, followed by the addition of acetone (100 mL).
The mixture was shaken for 1 h at 200 rpm and 25°C using a mechanical
shaker (Woo Ju Scientific Co., Korea). The extract was filtered with a
Buchner funnel under suction, and the residue was washed with another
50 mL of fresh acetone; the combined filtrate was then placed into a
separatory funnel (1 L) to which 50 mL of saturated NaCl solution and
450 mL of distilled and deionized water were added. The mixture was
then partitioned twice with dichloromethane (50 mL) and the combined
organic layer was dried over 20 g of anhydrous NaSO4 followed by evapo-
ration to dryness under vacuum at 40°C. The extract was reconstituted in
5 mL of n-hexane and subjected to clean-up.

The sample extract in n-hexane (5 mL) was cleaned up by passing it
through Florisil gel (10 g, 60–100 mesh, Sigma-Aldrich, USA) in n-hexane
in an open preparative chromatographic column (1.5 cm diameter, 50 cm
length, Marienfeld, Germany) with a solvent reservoir of 100 mL
on top. Five grams of anhydrous sodium sulfate was added to
the top of the adsorbent. The column was pre-washed prior to the
introduction of the sample with 30 mL of n-hexane, and the
eluted fraction was discarded. The sample was eluted by successive elu-
tions with five eluting solvents (50 mL of each): (i) dichloromethane:
n-hexane (20:80); (ii) dichloromethane–n-hexane–acetonitrile
(50:49.65:0.35); (iii) dichloromethane–n-hexane–acetonitrile (50:48.5:1.5);
(iv) dichloromethane–n-hexane–acetonitrile (50:45:5); and (v)
dichloromethane–acetonitrile (50:50), and separately collected. The
eluate was separately evaporated at 40°C, reconstituted with 5 mL of
ethyl acetate and subjected to GC-NPD. Representative chromatograms
of group 1 standard and recovery fractions (1–5) after clean-up are shown
in Fig. 1.

GC-NPD and GC-MSD

An Agilent Technology 7890 A gas chromatograph (Agilent Technology,
Santa Clara, CA, USA) equipped with a nitrogen–phosphorous detector
and an Agilent Technology 7683 B auto injector were employed for the
determination of the pesticide residues in the soil samples. Separations
were conducted on an HP-5 column (30 m ¥ 0.25 mm i.d. ¥ 0.25 mm film
thickness, J&W Scientific Products, Santa Clara, CA, USA) under the fol-
lowing operating conditions: oven temperature at 60°C for 2 min,
increased to 120°C at 20°C/min, held for 5 min, increased to 270°C at
5°C/min, and maintained for 10 min. The temperatures in the injection
port and detector were 250 and 280°C, respectively. Nitrogen was used as
the carrier gas at a flow rate of 1 mL/min, and the injection volume was
2 mL with a 30:1 split ratio.

An Agilent Technology 6890 N gas chromatograph (USA) equipped
with an Agilent 5973 mass detector and a 9683 series auto injector was
employed to confirm detected pesticides in the real water samples. Sepa-
rations were conducted on an HP-5MS column (30 m ¥ 0.25 mm i.d. ¥
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0.25 mm film thickness, J&W Scientific Products, Santa Clara, CA, USA)
under the following operating conditions: oven temperature at 80°C for
2 min, increased to 200°C at 10°C/min, then up to 220°C at 2°C/min, held
for 4 min, and finally increased to 300°C at 4°C/min and held for 4 min.
Helium was employed as the carrier gas, at a flow rate of 1 mL/min, and a
2:1 split ratio. Tentative identifications of pesticides were based on match-
ing the mass spectra of unknowns with those in the Wiley 7N mass spec-
tral database (McLafferty and Stauffer, 1989).

Results and discussion
A cost-effective multiresidue analytical method for the determi-
nation of 62 pesticides in a soil matrix was developed using

GC-ECD and reported earlier by our group (Park et al., 2010). In
a continuation of that work, we are now reporting the valida-
tion of that method for the multiresidue analysis of 37 pesti-
cides via GC-NPD. The method included the extraction of
targeted analytes by acetone under shaking conditions fol-
lowed by partitioning with dichloromethane. Interfering
co-extracted matrices were removed by clean-up using florisil
with successive elutions of five eluting solvent mixtures of
dichloromethane, n-hexane and acetonitrile at varying ratios.
This method was designed for the extraction and analysis of a
number of pesticides with broadly varying physical/chemical
properties effectively from soil and sediment matrices within a
single sample.

Table 1. Retention time (RT), recoveries (%), correlation coefficient (r2), LODs, and LOQs of the targeted pesticides

No. Pesticides RT Percentage recovery (mean � RSD) r2 LOD (mg/L) LOQ (mg/L)
0.1 mg/g 0.01 mg/g

Group 1
1 Metolcarb 15.614 84.5 � 7.0 93.2 � 4.3 0.999(6)a 2 6.60
2 Fenobucarb 19.395 83.5 � 2.4 82.8 � 9.5 0.999(7) 1 3.30
3 Pencycuron 20.954 88.4 � 13.8 87.4 � 17.8 0.998(4) 10 33.00
4 Carbofuran 22.493 96.7 � 0.8 110.4 � 2.9 0.999(6) 2 6.60
5 Iprobenfos 24.524 85.2 � 8.5 84.6 � 9.5 0.999(7) 1 3.30
6 Simetryn 25.713 83.8 � 14.6 82.1 � 2.9 0.999(7) 1 3.30
7 Esprocarb 26.756 76.8 � 8.0 87.1 � 5.3 0.999(6) 2 6.60
8 Dimepiperate 29.05 85.7 � 2.8 56.3 � 14.1 0.998(7) 1 3.30
9 Napropamide 30.441 70.7 � 17.1 91.1 � 11.9 0.998(7) 1 3.30

10 Buprofezin 31.305 89.0 � 11.6 62.6 � 10.3 0.999(6) 2 6.60
11 Pyributicarb 35.13 93.2 � 7.4 88.1 � 6.0 0.998(5) 1 3.30
12 Fenoxycarb 35.561 90.9 � 2.8 82.4 � 8.0 0.998(4) 10 33.00
13 Tebufenpyrad 36.014 88.3 � 3.8 90.4 � 5.6 0.996(7) 1 3.30
14 Mefenacet 37.159 73.1 � 12.2 85.0 � 6.7 0.997(6) 2 6.60
Group 2
15 Molinate 17.477 76.0 � 1.0 75.8 � 9.9 0.999(5) 4 13.20
16 Prometryn 26.074 75.2 � 17.3 43.6 � 5.1 0.999(6) 2 6.60
17 Thiobencarb 27.015 82.7 � 14.4 79.2 � 7.6 0.999(5) 4 13.20
18 Penconazole 28.697 85.2 � 1.8 76.1 � 2.2 0.999(5) 4 13.20
19 Ferimzone 29.518 85.3 � 4.5 102.8 � 5.1 0.999(3) 20 66.00
20 Flusilazole 30.685 81.3 � 0.8 80.2 � 2.9 0.998(7) 1 3.30
21 Pyridiaphenthion 35.365 88.8 � 6.3 93.7 � 4.1 0.999(7) 1 3.30
22 Piperophos 35.743 76.3 � 3.8 83.2 � 4.5 0.998(7) 1 3.30
23 Furathiocarb 36.654 93.0 � 9.6 89.3 � 6.1 0.998(6) 2 6.60
24 Pyraclofos 38.224 91.2 � 4.5 102.0 � 2.1 0.999(7) 1 3.30
Group 3
25 Isoprocarb 17.677 77.3 � 9.4 93.9 � 1.0 0.997(6) 2 6.60
26 Ethoprophos 19.967 74.4 � 10.7 85.4 � 13.0 0.994(7) 1 3.30
27 Simazine 22.36 82.1 � 15.9 71.9 � 9.0 0.997(7) 1 3.30
28 Diazinon 23.773 80.5 � 5.2 86.7 � 5.2 0.995(7) 1 3.30
29 Pirimicarb 24.796 44.1 � 3.8 61.8 � 3.0 0.997(7) 1 3.30
30 Fenarimol 25.531 81.4 � 6.6 72.8 � 9.1 0.997(4) 10 33.00
31 Diethofencarb 27.321 70.5 � 8.8 78.0 � 8.8 0.997(4) 10 33.00
32 Fenothiocarb 29.833 72.6 � 7.6 74.7 � 13.5 0.998(6) 2 6.60
33 Fludioxonil 30.938 67.1 � 8.5 58.5 � 5.0 0.998(7) 1 3.30
34 Oxadixyl 32.584 78.5 � 0.3 77.3 � 12.1 0.998(5) 4 13.20
35 Tebuconazole 32.906 71.9 � 6.9 78.3 � 8.2 0.998(7) 1 3.30
36 Phosmet 34.176 97.1 � 12.8 79.2 � 9.3 0.996(7) 1 3.30
37 Azinphos-methyl 35.402 83.2 � 8.2 88.4 � 13.8 0.996(6) 2 6.60
a Numbers in parentheses indicate the number of concentration points from which the calibration curves were prepared.
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Figure 1. Typical chromatogram of recovery experiment with group 1. 1, Standard mixture; 2, fraction 1; 3, fraction 2; 4, fraction 3; 5, fraction 4;
and 6, fraction 5. See Table 1 for peak identification.
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Method validation

Linearity. It has been reported by many researchers that a
matrix effect improves the transfer of analytes from the injection
port to the column, and enhances the chromatographic response
of certain pesticides (Wong et al., 2003; Brunete et al., 2004). In
order to minimize the matrix effect, standard calibration curves
were prepared in the matrix separately with each of the tested
pesticides at seven different levels in a concentration range from
0.5 to 0.005 mg/mL. The detector responses were linear in the
investigated range of concentrations with very good correlation
coefficients of all pesticides, falling in a range between 0.994 and
0.999 (Table 1).

Limits of detection and quantification. The limit of detection
(LOD) is the smallest concentration from which it is possible to
deduce the presence of an analyte; the limit of quantification
(LOQ) is the smallest amount required to quantify the analyte
with a reasonable degree of statistical certainty (Shim et al.,
2007). The LODs were calculated considering a value 3 times the
background noise obtained for blank samples, whereas the LOQs
were determined considering a value 10 times the background
noise. These values are provided in Table 1.

Specificity. Pre-washed blank soil samples were extracted
according to the previously developed method, and analyzed
under the same conditions. No background peak above a signal-
to-noise ratio of 3 was noted at the retention times of the tar-
geted pesticides, which demonstrated that no interference
occurred.

Recovery. The extraction procedure was evaluated in terms of
recovery studies conducted by spiking pre-cleaned blank soil
samples with all three standard groups (groups 1–3) at two
spiking levels (0.1 and 0.01 mg/mL). The recoveries were calcu-
lated from the external standard prepared in acetone. Percent
recoveries were measured between 70.5 and 110.4% for 32 pes-
ticides, the values of which were similar to the recoveries
reported by other authors using SFE (Rissato et al., 2005),
sonication-assisted (Brunete et al., 2003) or microwave-assisted
(Smalling and Kuivila, 2008) analyses of pesticide residues in the
soil (Table 1). Five pesticides—namely, dimepiperate, buprofezin,
prometryn, pirimicarb and fludioxonil—were recovered at rela-
tively low levels (43.6–61.8%). This might be attributable to an
interaction of the pesticides with the soil matrix. The sorption
affinity of these compounds, which is governed by various inter-
molecular interactions such as van der Waals forces, hydrogen
bonding, charge transfer, ligand exchange, dipole–dipole inter-
action and chemisorption (Lehotay and Eller, 1995), might
provide a possible rationale for these low recoveries. The preci-
sion of the method was relatively good, as the relative standard
deviation (RSD) did not exceed 17.3% for all the pesticides at any
of the tested spiking levels, thus suggesting that the extraction
procedure might be fit for use in routine analyses of targeted
pesticide residues in the soil samples.

Analysis of field soil samples

The developed method was applied to analyze the targeted pes-
ticide residues in 48 field samples collected from 24 different sites
around Yeongsan and Sumjin rivers of Republic of Korea. None of
the sample found to contain any residue of the targeted pesti-
cides. This might be explained by the fact that the sample was

collected during the rainy season (April–August, 2008). Soil
around the Yeongsan and Sumjin rivers has much sandy loam
(content of loamy silt and clay, 15–35%; content of sand,
85–65%), more than organic matter or clay. Therefore, it may not
contain pesticide residues for a long period.

Conclusions
A simple and cost-effective multiresidue analytical method for 37
pesticides in soil samples using GC-NPD has been developed and
validated. This study was a continuation of our earlier work, in
which a multiresidue analytical method for 62 pesticides in soil
samples involving liquid–solid extractions and detection via
GC-ECD was developed and reported. This same method has now
been validated for 37 pesticides using GC-NPD, which does not
respond well to electron capture detectors. The average recover-
ies of triplicate analyses for 32 pesticides were found to be rela-
tively consistent with the values reported previously, whereas
five pesticides resulted in relatively lower levels of recovery. The
range of linearity was sufficient within the tested concentration
range with acceptable correlation coefficients. From these per-
spectives, it could be concluded that the method described
herein could be employed as a simple and cost-effective method
for the routine analysis of 37 pesticides in soil matrices.
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