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A method is developed for the determination of nine
organophosphorus pesticide residues in cereals and kidney beans
by capillary gas chromatography with flame-photometric
detection. In this method, dichloromethane is used for clean-up
after liquid-liquid extraction. It is shown that good separations are
obtained using a fused-silica capillary column (DB-1701) by the
optimized temperature program. In the spiked levels of 0.012-0.43
mg/kg, the recoveries are from 83.7% to 107 %, with the relative
standard deviation between 3.2% and 13% and limits of detection
from 8.2 to 15 pg/kg. The method is rapid, sensitive, and practical.

Introduction

Cereals and vegetables can be infested by a variety of insects
and other pests, which cause a reduction in the quality and
quantity of those products. Many of these are controlled by
organophosphorus pesticides (OPPs). However, it is known
that OPPs form residues in some foods, especially cereals and
vegetables (1). Methods for the determination of residues of
some OPPs can be found in Chinese national standards (2), and
publications are available for the determination of OPPs in
wines, medicinal plants, etc. (3-18).

Some new OPPs have been used in conjunction with devel-
opments in industry and agriculture. Ethoprop and isofenphos-
methyl have been permitted for use in cereals and vegetables in
China in recent years. However, the maximum residue limits
(MRLs) of the two OPPs have not yet been determined in some
countries, including China (19). Therefore, there is a need for
a rapid and reliable method to determine the residual levels in
cereals and vegetables. Some routine methods used in pesticide
residue analysis are often time- and solvent-consuming,
although modern trends in analytical chemistry have led to
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the simplification and increased automation of preliminary
analytical operations, particularly in extraction steps.

A rapid and reliable multiresidue method is described for
determining nine organophosphorus insecticides widely used
in cereals and vegetables by capillary chromatography,
including ethoprophos and isofenphos-methyl, which have not
appeared in recent reports. Dichloromethane was used for
clean-up after acetone—-water had been used for extraction.
Nine OPPs fortified in cereals and kidney beans were deter-
mined by capillary gas chromatography (cGC)-flame photo-
metric detection (FPD). The method was rapid, simple, and
reliable.

Experimental

Reagents and materials

All solvents were of pesticide-residue-analysis grade and
were obtained from various suppliers. Acetone and dichloro-
methane were supplied by Guangcheng Chemical Corp (Tian-
jing, China). Hexane, acetic ether, and sodium chloride were
purchased from Taixing Reagent Factory (Tianjing, China).
Analytical standards with certified purities ranging between
90.4% and 99.8% were purchased from the Institute for the
Control of Agrochemicals of the Agricultural Department (Bei-
jing, China). Standard solutions containing nine different
insecticides were prepared in acetone and stored at 4°C
(methamidophos, ethoprop, phorate, diazinon, chlorpyrifos,
parathion-methyl, malathion, parathion, and isofenphos-
methyl). Different working standard solutions (0.10-10.83
ng/mL) were prepared by dilution in the acetone. Their purities
and standard solutions are listed in Table I.

Anhydrous sodium sulfate dried at 400°C for 10 h was sup-
plied by Taixing Reagent Factory (Tianjin, China). Filter aid
(Celite 545) was supplied by Shanghai Chemical Corp., China
Medical Group (Shanghai, China).
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Figure 3. Chromatograms of the blank kidney bean sample (A) and nine
Figure 1. Chromatogram of nine OPPs in standard solution. OPPs spiked in kidney bean sample (B).
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and finally to 240°C (5°C/min) for 2 min. Nitrogen was used
as the carrier gas at a constant flow rate of 1.5 mL/min. The
make-up gas was also nitrogen at 30 mL/min. Hydrogen was
used as the burning gas at a constant flow rate of 90 mL/min.
The auxiliary burning gas was air at 60 mL/min.

Sample extraction

Cereals (25.000 g) or kidney beans (50.000 g) were homoge-
nized with 50 mL distilled water and 100 mL acetone for 2 min
using a Turrax macerator (IKA, Germany) at 10,000 rpm. The
homogenate was filtered through a layer of 10-g filter aid and

the filter cake was rinsed three times with 20 mL acetone. The
supernatant was decanted into a 500-mL separating funnel.

Clean-up

The mixtures were heavily shaken for 3 min after 15 g
sodium chloride and 50 mL dichloromethane were mixed with
the filtrate obtained. They were then kept still and the first
organic phase was obtained. Dichloromethane (50 mL) was
added into the water phase, and the mixtures were again
shaken for 2 min (the second eliminating water). The mix-
tures were then delaminated again. At this time, the organic
phase was lower. The first and second

Table I11. Linearity of Nine OPPs in 25.00 g of Cereals (n = 3) organic phase were, respectively, filtered
into the same funnel packed with a little
Concentration (mg/kg) Correlation degreased cotton and 30 g anhydrous
. coefficient sodium sulfate. The filter cake was rinsed
Pesticide 1 2 3 4 5 b 7 (o) for three times with 40 mL dichloro-
Methamidophos ~ 0.054 011 016 022 027 033 038 09979 methane, The combined filtrates were
Ethoprophos 0062 012 018 025 031 037 043 0995 rotaty evaporated (40°C) to a volume of
Phorate 0.024 0049 0073 0.097 0.2 015 017 0.9960 approximatley 1 mL, and the final
Diazinon 0059 012 018 024 029 035 041 0.9949 volume of the samples was adjusted in a
Chlorpyrifos 0050 010 0.5 020 025 030 035 0.9910 volumetric flask to 5.0 mL with
Parathion-methy! 0.053 0.11 016 021 027 032 037 0.9998 acetone.
Malathion 0.043 0086 0.3 017 021 026 030 0.9915
Parathion 0.045 0.089 0.13 0.18 022 027 031 0.9957 Quantitation and identification
Isofenphos-methyl 0.044 0.089 013 017 022 026 0.31 0.9983 Quantitation was carried out using cal-
ibration curves with seven levels, which
covered the appropriate concentration
Table IV. Linearity of Nine OPPs in 50.00 g of Kidney Beans (n = 3) range from 0.012 to 0.43 mg/kg. The for-
mula of the quantitation was:
Concentration (mg/kg) Sz(:;?ilgit;z? AcV
Pesticide 1 2 3 4 5 6 7 (p) = Im Eq.1
Methamidophos ~ 0.027 053 0.0 0.1 0.3 016 0.19 0.9977 . .
EthoprophoFs) 0031 0061 0092 012 015 018 021 0.9965 where c is the determined value of the
Phorate 0012 0024 0036 0049 0061 0073 0085 09960 pesticide residue in samples mg/kg; cs is
Diazinon 0029 0059 0088 0.2 015 018 021 0.9949 the concentration of the standard solu-
Chlorpyrifos 0025 0051 0076 010 013 015 0.18 0.9908 tions in pg/mL; V'is the last volume of
Parathion-methyl ~ 0.026 0.053 0.080 0.1 0.3 016 0.19 0.9978 the samples in mL; Ay and Ag are the peak
Malathion 0.021 0.043 0.064 008 0.11 013 0.15 0.9911 area of samples and standards in pA-s,
Parathion 0.022 0.045 0067 0089 0.11 013 0.15 0.9957 respectively; and m is the sample’s quan-
lsofenphos-methyl ~ 0.022  0.044 0.066 0.089 0.11 013 0.16 0.9986 tity in g.
Identification was based on the reten-
tion time of the nine OPP standards.
Table V. Recoveries of Nine OPPs Spiked in Cereals (n = 6)
Spiked level (mg/k Mean recovery (% RSD (% . .
Pesticide P 1, 2,; e 12,3 Y () 1, 2f3) Result and Discussion
Methamidophos 0.054, 0.27,0.38 89.8,92.1,92.4 8.2,6.1,5.8 Opﬁmization of extraction
Ethoprophos 0.062, 0.31,0.43 90.1,93.0,92.8 7.6,5.4,8.7 and clean-up
Phorate 0.024,0.12,0.17 92.3,95.2,95.3 11,45, 4.6 Acetone and water were used to extract
Diazinon 0.059, 0.29, 0.41 90.9,91.7,92.9 8.1,7.1,5.2 on the basis of the pesticides’ physical
Chlorpyrifos 0.050, 0.25, 0.35 87.6,90.0, 90.7 6.2,8.3,4.9 and chemical characteristics. and accord-
Parathion-methy 0.053,0.27,0.37 99.8,107, 103 10, 6.8, 2.0 ) ; 4 s
Malathion 0.043,0.21,0.30 97.9,101, 101 1,4.2,37 ing to the literature (2). In order to elim-
Parathion 0.045, 0.22, 0.31 96.5,97.2, 98.1 7.0,5.8, 3.2 inate the water in the extraction, the
Isofenphos-methyl 0.044,0.22, 031 87.4,90.1,90.3 9.0,5.6,3.7 samples were saturated with sodium
chloride and cleaned-up twice with di-
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Table VI. Recoveries of Nine OPPs Spiked in Kidney Beans (n = 6)

Conclusion

Spiked level (mg/kg) Mean recovery (%) RSD (%) A rapid, simple, cheap, and efficient

Pesticide 1,2,3 1,2,3 1,2,3 clean-up method has been developed for
the determination of OPP residues in

Methamidophos 0.027,0.13,0.19 88.7,90.1,91.0 10, 6.9, 6.1 cereals and kidney beans.
Ethoprophos 0.031,0.15,0.21 83.7,84.3,85.7 8.1,6.4,8.5
Phorate 0.012, 0.061, 0.085 91.5,92.0,91.8 9.6,5.3,5.9
Diazinon 0.029,0.15, 0.21 89.6, 89.9, 88.8 8.7,8.2,5.7
Chlorpyrifos 0.025,0.13,0.18 90.5,90.8, 90.9 7.8,8.6,6.9 Acknowledgments
Parathion-methyl 0.026,0.13,0.19 93.8,95.7, 95.6 12,7.2,4.1 _
Malathion 0.021,0.11,0.15 91.7,92.9,91.4 13,5.6,3.8 This work was supported by the Key
Parathion 0.022,0.11,0.15 92.8,94.1,94.3 7.5,6.4,3.7 Project of National Natural Science
Isofenphos-methyl 0.022,0.11,0.16 90.9,91.2,91.8 9.2,6.0, 4.2 Foundation of P.R. China (No.

Table VII. Retention Time and LOD of Nine OPPs

Retention time LOD (vg/ke
Pesticide (min) cereal  kidney bean
Methamidophos 8.96 8.2 1
Ethoprophos 12.72 14 9.7
Phorate 13.58 9.4 15
Diazinon 14.88 12 13
Chlorpyrifos 18.64 14 12
Parathion-methyl 18.82 15 10
Malathion 19.28 10 11
Parathion 20.25 13 9.6
Isofenphos-methyl 20.42 1 12

chloromethane. Recoveries obtained in different extractant
and eluent are listed in Table II.

Separation

The described method was carried out to determine the
residues of nine OPPs in cereals and kidney beans at the same
time. The chromatograms are shown in Figures 1-3, respec-
tively. The nine OPPs were separated thoroughly and the blank
samples had no interferences.

Linearity

Different concentrations of nine OPPs were spiked in 25.00 g
of cereals and 50.00 g of kidney beans in triplicate, respectively.
The correlation coefficients were obtained by peak areas and
pesticides’ concentrations. The data are shown in Tables III
and IV.

Method accuracy, precision, and limit of detection

The accuracy of the method was assessed by the determina-
tion of mean recoveries at different limits of quantitation, mid
range, and 80% of highest standard in triplicate.

The mean recoveries of nine OPPs spiked levels in samples
and relative standard deviations (RSDs) are shown in Table
V and VI, respectively. The retention times and limits of
detection (LOD) are shown in Table VII.
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20335030) and the Key Project of
Natural Science Foundation of Shan-
dong Province in China (No. Z2003B01).
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