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Abstract: A novel method was developed for the rapid determination of 22 representative pesticide resi—
dues in vegetables and fruits based on accelerated solvent extraction ( ASE) coupled with online gel per—
meation chromatography-gas chromatography-mass spectrometry ( GPC-GC-MS) . The sample was extrac—
ted by accelerated solvent extraction with dichloromethane-acetone (1:1 v/v) and purified with a car—
bon/NH, column evaporated to dryness by nitrogen then dissolved in cyclohexane-acetone (7:3 v/
v) and finally identified and quantified by GPC-GC-MS system in selected ion monitoring ( SIM) mode.

The results showed that the linearities of the 22 pesticides were good in their linear ranges. The limits of
detection ( S/N =3) were 0.3 — 1.8 pg/kg. The limits of quantification ( S/N =10) ranged from 1 —6
wg/kg. The recoveries for all at three spiked levels in Chinese cabbages and apples ranged from 70. 5%

to 107. 5% with the relative standard deviations ( RSDs) of 2. 1% —8. 7%. The proposed method is accu—
rate sensitive and highly efficient in the extraction and can be used for the quick determination of the
pesticide multiresidues in vegetables and fruits.

Key words: accelerated solvent extraction ( ASE) ; gel permeation chromatography ( GPC) ; gas chroma—

tography-mass spectrometry ( GC-MS) ; pesticide multiresidues; vegetables; fruits
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o 110 nLo
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GPC 82 C Smin 8 C/min
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( >99. 999 %)
1.75 mL/min. . PTV ;
( PTV) 120 C 5 min 100 °C /min
20 pL GPC-GC-MS 250 °C 31.70 min 38
GC-MS min.
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GPC-GC- El 70 eV; 0.75
MS N 22 N kV; 200 C; 250 C;
9.5 min, 10 min 38 min,;
. . ( SIM) o N
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Table 1 Retention times quantitative ions and qualitative ions of 22 pesticides

No. Pesticide Retention time/min Quantitative ion ( m/z) Qualitative ion ( m/z)
1 methamidophos ( ) 11.08 141 94 95
2 dichlorvos ( 11.31 185 109 79
3 acephate ( ) 14.34 136 94 183
4 methomyl ( 16.32 105 88 58
5 omethoat ( ) 16.72 156 110 126
6 propoxour ( 17.00 110 152 111
7 phorate ( ) 18.17 260 231 121
8 carbofuran ( 18.93 221 164 149
9 disulfoton ( 19.80 274 186 153
10 phosphamidon ( ) 20.75 264 127 193
11 parathion-methyl ( ) 20.98 263 246 125
12 fenitrothion ( ) 21.70 277 260 125
13 chlorpyrifos ( ) 22.23 314 258 316
14 parathion ( 22.26 291 186 235
15 isocarbophos ( ) 22.44 289 230 136
16 triazophos ( 26.08 257 285 172
17 bifenthrin ( ) 27.76 181 166 165
18 fenpropathrin ( ) 27.94 265 181 97
19 cyhalothrin ( ) 29.06 208 197 181
20 cypermethrin I ( 1) 31.17 181 163 165
21 cypermethrin II ( 11) 31.29 181 163 165
22 cypermethrin III ( 111) 31.40 181 163 165
23 cypermethrin IV ( V) 31.44 181 163 165
24 fenvalerate I ( 1) 32.37 419 225 167
25 fenvalerate IT ( 1) 32.63 419 225 167
26 deltamethrin ( ) 33.34 253 181 251
1.3
1.3.1 N
10 g 5¢g % .
34 mL - (1: 0.2 mg/kg N
1 v/v) o - (2:1 v/v) . - (1:1 v/v)
100 °C; 10. 3 MPa( 1 500 psi) ; - (151 v 4
5 min; 5 min, N N
60%; 120 5; 2 . - (151 W)
40 C 1 o
mL o 2.2
1.3.2 (SPE) ** .
Envi-carb NH,H.C - .
o 10 mL o SPE
- (1:1 v/v) SPE -
SPE ;
10 mL N N N
40 C - (7 ;
3 vlv) I mL  0.45 pm GPC- -
GC-MS o . -
2
2.3
2.1 22
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Fig. 1 SIM chromatogram of 22 pesticide residues at 2. 0 mg/L for pyrethroid pesticides and 1. 0 mg/L for other pesticides
For peak identifications see Table 1.
2.4 . 0. 998 . (S/N) 3
(LOD)  S/N=10 ( LOQ)
x( mg/L) . LOD  LOQ 0.3~1.8 wg/’kg 1~6 pg/kg
2 (2 .
2 22 N N .
Table 2 Linear equations linear ranges correlation coefficients () limits of detection ( LODs)
and limits of quantification ( LOQs) of 22 pesticides
Pesticide Linear equation Linear range/ , LOD (S/N=3)/ LOQ (S/N=10) /
(mg/L) (ng/ky) (pg/kg)
Methamidophos y=67913.9x -1535.3 0.04 -8.0 0.9994 0.3 1
Dichlorvos y =57123.4x -4490.4 0.08 -8.0 0.9990 0.6 2
Acephate y =203519.7x -4382. 1 0.04-8.0 0.9986 1.2 4
Methomyl y =76922.4x +20415.0 0.04-8.0 0.9985 1.5 5
Omethoat y =120250. 6x —2375.3 0.04-8.0 0.9992 1.5 5
Propoxour y =487740.0x +10447.6 0.04 -8.0 0.9999 1.5 5
Phorate y =77996.4x +5215.4 0.04-8.0 0.9995 0.6 2
Carbofuran y =316912. 8x +52809. 2 0.04-8.0 0.9997 1.8 6
Disulfoton y =31340. 8x +2743.7 0.06-8.0 0.9993 1.5 5
Phosphamidon y =87539.0x —3583.2 0.04-8.0 0.9996 0.6 2
Parathion-methyl y =126837.3x +59119.6 0.04-8.0 0.9992 1.5 5
Fenitrothion y =142765. 6x +5339.5 0.04-8.0 0.9991 0.6 2
Chlorpyrifos y =124992.2x - 1525.7 0.04 -8.0 0.9999 0.6 2
Parathion y =106831. 7x — 1457. 8 0.04-8.0 0.9988 0.3 1
Isocarbophos y =43850.4x +2731.0 0.04-8.0 0.9992 1.5 5
Triazophos y =83460. 8x + 1868. 8 0.08 -8.0 0.9993 0.3 1
Bifenthrin y =674898. 0x +105249. 8 0.08 -12.0 0.9981 0.6 2
Fenpropathrin y=113761.3x -5171.2 0.08 -12.0 0.9989 0.8 3
Cyhalothrin y =134857. 1x —7298.0 0.08 -12.0 0.9987 1.2 4
Cypermethrin y =21603.2x -4128. 1 0.08 -12.0 0.9994 0.8 3
Fenvalerate y =179185.7x —6305.2 0.08 -12.0 0.9999 0.6 2
Deltamethrin y =126551.2x +14310. 8 0.08 -12.0 0.9998 0.6 2

y. peak area; x: mass concentration of pesticide mg/L.
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Table 3 Recoveries and their relative standard deviations ( RSDs) of 22 pesticides spiked in
Chinese cabbage and apple samples (n =6)
. Spiked / Found/ Recovery/ RSD/ . Spiked/ Found/ Recovery/ RSD/
Pesticide Pesticide
(mg/kg) (mg/kg) % % (mg/kg) (mg/kg) % %
Methamidophos 0.02 0.0149 74.5 6.5 Fenitrothion 0.02 0.0202 101 6.3
0.05 0.0438 87.6 3.3 0.05 0.0408 81.6 8.2
0.4 0.362 90.5 7.1 0.4 0.378 94.5 3.5
Dichlorvos 0.02 0.0183 91.5 7.2 Chlorpyrifos 0.02 0.0215 107.5 6.8
0.05 0.0508 101.6 3.9 0.05 0.0473 94.6 5.5
0.4 0.375 93.8 4.3 0.4 0.394 98.5 2.3
Acephate 0.02 0.0165 82.5 4.2 Parathion 0.02 0.0183 91.5 6
0.05 0.0384 76.8 5.3 0.05 0.0512 102.4 7.5
0.4 0.372 93 6.6 0.4 0.395 98.8 5.3
Methomyl 0.02 0.0181 90.5 6.1 Isocarbophos 0.02 0.0173 86.5 8.7
0.05 0.0432 86.4 7.9 0.05 0.0452 90.4 4.3
0.4 0.185 92.5 4.6 0.4 0.417 104.3 6.1
Omethoat 0.02 0.0171 85.5 8.1 Triazophos 0.02 0.0205 102.5 3.1
0.05 0.0449 89.8 3.7 0.05 0.0478 95.6 5.5
0.4 0.365 91.3 5.3 0.4 0.373 93.3 6.2
Propoxour 0.02 0.0153 76.5 8.2 Bifenthrin 0.04 0.0345 86.3 4.8
0.05 0.0427 85.4 5.1 0.1 0.0932 93.2 7.5
0.4 0.313 78.3 6.6 0.8 0.785 98.1 3.2
Phorate 0.02 0.0193 96.5 7.4 Fenpropathrin 0.04 0.0318 79.5 7.1
0.05 0.0443 88.6 8.7 0.1 0.0913 91.3 4.5
0.4 0.413 103.3 5.3 0.8 0.718 89.8 3.6
Carbofuran 0.02 0.0141 70.5 8.6 Cyhalothrin 0.04 0.0423 105.8 2.6
0.05 0.0391 78.2 4.7 0.1 0.103 103 5.8
0.4 0.335 83.8 6.1 0.8 0.756 94.5 4.2
Disulfoton 0.02 0.0181 90.5 6.9 Cypermethrin 0.04 0.0418 104.5 6.7
0.05 0.0506 101.2 4.3 0.1 0.0926 92.6 4.3
0.4 0.368 92 5.7 0.8 0.773 96.6 3.2
Phosphamidon 0.02 0.0159 79.5 7.1 Fenvalerate 0.04 0.0357 89.3 7.3
0.05 0.0412 82.4 4.6 0.1 0.0906 90.6 5.1
0.4 0.365 91.3 8.6 0.8 0.813 101.6 3.3
Parathion-methyl 0.02 0.0184 92 5.7 Deltamethrin 0.04 0.0405 101.3 6.5
0.05 0.0456 91.2 6.5 0.1 0.0967 96.7 4.3
0.4 0.391 97.8 2.9 0.8 0.764 95.5 2.1
2.6 o
3
40 N N
. . . N 4 N GPC-GC-MS
. N N . N 2 N N
0. 045 . ( ASE)
mg/kg; 1 1 N N : GPC-GC-MS
0.037.0.018 mg/kg; 1 ASE
0.073 mg/kg: 1 GPC

0. 124 mg/kg; GC-MS
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