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Determination of 53 pesticide residues in soybeans by gas chromatography-
tandem mass spectrometry with ASE-gel permeation chromatography
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ABSTRACT: Objective To develop a gas chromatography-tandem mass spectrometry method for the si-
multaneous determination of 53 organophosphate, organochlorine and pyrethroids pesticide residues in soy-
beans. Methods Homogenized samples were extracted with accelerated solvent extractor (ASE), purified by
primary secondary amine (PSA) and C18 powder, and determined by on-line gel permeation chromatogra-
phy-tandem gas chromatograph-mass spectrometer (GPC-GC/MS) system. Results The calibration curves of
53 pesticide residues were linear in the range of 0.01~0.50 mg/L with a good correlation, with coefficients more
than 0.990. The recoveries of the method ranged from 60% to 120%. And the relative standard deviations were
2%~15%. The limits of quantification were 0.01 mg/kg. Conclusion This method is sensitive, accurate, and
reliable, which is suitable for the determination and confirmation of 53 organophosphate, organochlorine and

pyrethroids pesticide residues in soybeans.
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mm, 5 pm); : / (30:70, v:v); A (100 ‘C/min) —250 ‘C (31.7 min); :82°C (5
B : 0.1 mL/min; (PDA)  min) —» (8 C/min) — 300 C (7.75 min) ; : He;
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. 1230 C; (ED) 170 eV,
: : (0.53 mm i.d. x5 )
m) + DB-5 ms (0.25 mm i.d. X30 m, thickness 0.25 pum); + 9.7 min; + SIM 53
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Table 1 Mass parameters of 53 pesticides

(min) (m/z) (min) (m/z)
0,p'-DDT 26.13 235*237,165 23.81 151%,136,123
p,p'-DDD 26.09 235* 237,199 19.14 87%,93,125
p,p'-DDE 25.02 235%* 237,246 28.13 205*,241,387
p.p'-DDT 27.01 318%,316,246 1 20.00 127%,72,264
a-666 18.65 219%,183,221 2 21.03 127%,72,264
a- 24.48 241%,265,339 18.71 284*,286,282
S-666 19.47 219%,217,181 1 30.48 183*,163,165
p- 25.98 241*265,339 2 30.64 183*,163,165
7-666 19.59 183%,219,254 1 31.61 181%,180,152
9-666 20.44 219%,217,181 2 31.74 181%,180,152
22.50 263%,265,293 3 31.82 181%*,180,152
20.84 170*,224,257 4 31.87 181%*,180,152
21.82 132*,130,83 22.30 173*,143,158
20.07 266*,264,268 21.55 272%*,237,337
22.57 278*,169,153 1 32.81 125%,167,225
24.67 303*,154,288 2 33.09 125%,167,225
23.73 274%* 246,320 1 29.18 181%,197,208
25.17 345%277,263 2 29.43 181%,197,208
11.35 109*,185,220 26.73 157*,342,199
19.83 246*,137,174 22.86 139*,215,251
22.43 197*,314,97 28.89 229%*,159,175
22.68 291%*,186,235 26.48 161%,172,257
19.93 304%*,127,129 22.06 277%,209,125
1 31.18 173*,171,209 24.12 145*,157,302
2 31.32 173*,171,209 22.82 136*,230,289
3 31.39 173*,171,209 19.43 237%,214,142
4 31.45 173*,171,209 33.93 181*,77,253
23.63 353%,263,237 17.04 156*,79,110
11.22 94* 95,142 20.20 88%,246,125
18.53 260*,121,231 14.70 136*,42,94
21.18 286*,125,288 23.28 193*,195,263
21.38 263*,233,246 20.64 204*246,288
21.97 290%*,276,305 25.69 345%263,281
28.40 97*,181,265 18.23 322%*202,238

18.62 127*,67,97
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Table 2 Linear equations and the correlation coefficients (r?) of the 53 pesticides
0,p'-DDT Y=1.71X+37.61 0.992 Y=9.11X +23.74 0.993
p,p'-DDD Y=10.93X+71.61 0.999 Y=1.38X-2.75 0.9985
p,p'-DDE Y =1.24X+54.72 0.996 Y=2.73X-23.37 0.999
p,p'-DDT Y =0.84X +16.92 0.994 1 Y=134X+12.7 0.998
a-666 Y =40.80X +0.94 0.997 2 Y =4.56X -3.06 0.995
a- Y =13.85X-0.084 0.999 Y=2.17X +32.92 0.998
f-666 Y=118.49X +1.25 0.996 1 Y =7.26X +18.54 0.993
B- Y =5.89X +36.05 0.998 2 Y =7.36X +31.48 0.99
7-666 ¥ =0.33X+0.22 0.998 1 Y=1.35X+13.48 0.993
3-666 Y =0.98X +13.30 0.997 2 Y =2.48X +0.020 0.994
Y =2.38X +30.19 0.999 3 Y=2.09X-3.12 0.995
Y =0.73X +13.86 0.999 4 Y =2.45X+0.0194 0.994
Y =0.75X +32.80 0.999 Y=32.11X+0.15 0.999
Y =0.64X +1.38 0.998 Y =3.24X+1.41 0.999
Y=0.64X -1.38 0.998 1 Y =23.66X -0.47 0.997
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Y =8.18X+0.588 0.999 Y=3.16X+10.56 0.999
Y =38.01X+0.44 0.999 Y=0.083X+0.18 0.999
Y =13.85X-0.084 0.999 Y =0.48X+6.63 0.996
Y =0.89X-1.85 0.999 Y=0.13X+3.01 0.998
Y=1.04X+2.82 0.998 Y=0.32X+2.11 0.998
Y=22.26X+8.93 0.998 Y=1.47X-8.70 0.996
Y=15.05X-0.029 0.999 Y=2.10X+19.58 0.997
Y=7.09X-0.18 0.999 Y=1.48X+8.83 0.998
1 Y=2.19X+5.96 0.999 Y3.27X-3.44 0.999
2 Y=1.04X+-6.23 0.997 Y=29.26X+1.04 0.999
3 Y=0.88X-9.84 0.998 Y=191X+9.28 0.998
4 Y=1.03X+4.59 0.999 Y=1.34X+4.51 0.999
Y=3.22X-0.75 0.997 Y=1.66X+11.21 0.999
Y=2.85X+2.03 0.999 Y=1.67X+13.68 0.998
Y=2.01X+5.29 0.999 Y=1.20X+24.87 0.992
Y=047X+2.87 0.999 Y=597X+56.60 0.997
Y=0.59X-5.15 0.995 Y=1.74X+43.42 0.993
Y =3.09X+12.65 0.999 Y=2.36X+41.52 0.995
Y=0.23X+0.76 0.999 Y=26.40X+1.38 0.999

Y =7.12X-0.50 0.9911
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Fig. 1 TIC of GC-MS for the standard solution spiked into blank sample (at a spike level of 0.01 mg/kg)
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Table 3 Recoveries and relative standard deviations of 53 pesticides (n=6)

RSD RSD

(ng/kg) (ng/kg) (%) (%) (nerkg) (ng/kg) (%) (%)
10 8.3 83.1 7.1 10 6.8 68.2 43
50 40 80.1 2 50 35 70.1 3.3
100 80.3 80.3 48 100 81.3 81.3 6.2
10 7.9 78.6 9.7 10 7.4 73.6 14.3
50 38.7 77.4 6.8 50 37.5 75.1 8.1
100 77.5 77.5 5.2 100 76.6 76.6 6.2
10 7.2 71.7 9 10 7.6 76.1 14.9
50 44.1 88.1 7.2 50 37.5 75.1 132
100 74.4 74.4 9.8 100 77.5 77.5 8.6
10 7.8 77.9 11.4 10 8.1 80.9 9.8
50 39.8 79.5 6.7 50 38.6 77.3 13.8
100 80.4 80.4 3.7 100 77.4 77.4 11.6
10 8.2 81.6 9.3 10 73 73.2 1
50 38.6 77.3 102 50 36.3 72.6 5.2
100 81.8 81.8 6.5 100 67.8 67.8 8.4
10 7.6 76 10.3 10 6.5 65.4 1
50 37.7 75.5 5 50 41 82 14
100 78.9 78.9 5.9 100 72 72 12.8
10 7 70.3 8.3 10 7.2 72.4 8.4
50 36.3 72.7 7.1 50 39.7 79.5 5.4
100 84.8 84.8 7.2 100 72.4 72.4 6.2
10 7.2 71.7 11.8 10 7.5 75.1 14.9
50 36.7 73.4 6.3 50 39.1 78.1 14.3
100 80.8 80.8 7.3 100 74 74 12.2
10 8.3 82.6 6.9 10 7.5 74.6 7.8
50 38.2 76.4 10 50 37.9 75.7 9.6
100 78.9 78.9 5.1 100 74.9 74.9 11.9
10 8.3 83.3 2.4 10 8.6 86 10.7
50 412 82.5 11.3 50 38.1 76.2 10.7
100 82.7 82.7 5.4 100 73.8 73.8 6.5
10 8 79.7 6.3 10 7.3 73.1 13.2
50 37.1 742 7.9 50 33.6 672 12.1
100 66.9 66.9 7.3 100 68.4 68.4 8.5
10 6.5 65.5 9 10 7.4 74.3 9.4
50 422 84.4 12.1 50 414 82.7 10.6
100 78.9 78.9 6.3 100 72.4 72.4 10.4
10 7.6 75.6 7.9 10 6.7 67.5 7.9
50 422 84.4 12.1 50 35.3 70.5 10.3

100 73.5 73.5 6.5 100 70 70 9.7
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%3
RSD RSD
(ng/kg) (ng/kg) (%) (%) (ngrkg) (ng/kg) (%) (%)
10 8 79.6 8.2 10 7.7 77.4 7.3
50 42.9 85.8 13.5 50 40.9 81.8 14.9
100 78.2 782 10.3 100 79.6 79.6 9.6
10 7.5 74.9 7.9 10 7 70.1 9.3
50 40.6 81.3 12 50 36.4 72.8 10.9
100 75.6 75.6 112 100 76.6 76.6 8
10 9.4 943 103 10 7.4 73.8 11.2
50 38.8 777 5.9 50 37.5 74.9 12.3
100 78.4 78.4 8 100 74.8 74.8 11.7
10 7.9 79.3 7.5 10 7.2 72.1 1.2
50 37.8 75.7 10.5 50 37.1 742 103
100 72.9 72.9 103 100 75.4 75.4 11.7
10 7.8 78.3 5.8 10 6.9 69.3 9.7
50 41.6 83.1 9.5 50 37.3 74.6 14
100 74.4 74.4 9.6 100 74.2 742 14.5
10 6.7 67.2 6.9 10 7.4 73.5 8.3
50 35.4 70.8 8.6 50 37.3 74.6 122
100 69.6 69.6 8.9 100 74.2 74.2 6.6
10 7.4 74 5.7 10 73 73.4 10.5
50 433 86.6 5.1 50 34.7 69.3 122
100 85.8 85.8 6.6 100 74.3 74.3 14.1
10 6.8 67.9 5.4 10 7.4 74 9.4
50 38.4 76.8 7.8 50 37.3 745 8.3
100 80.3 80.3 8 100 75.8 75.8 12.7
10 7.9 79.2 12.9 10 6.9 69.5 10.8
50 38.2 76.5 10.2 50 33.5 67 9.4
100 77.2 772 6.8 100 76 76 113
10 7.2 71.7 8.8 10 7.8 78 13.7
50 33.8 67.5 48 50 39.5 79 9.2
100 76.6 76.6 43 100 74 74 9.2
10 6.8 68.5 13.1 10 7.2 71.9 15.0
50 56.7 1123 13.6 50 35.8 717 9.4
100 73.4 734 7.9 100 71.1 71.1 9.1
10 7.2 72.8 11.5 10 7 70.2 16.2
50 38.4 76.8 112 50 37.7 75.3 14.1
100 78.8 78.8 5.8 100 70.9 70.9 14.3
10 7.7 77.4 11.8 10 6.9 69.4 15.0
50 37 74.1 8.5 50 345 68.9 124
100 77.3 773 7.9 100 72.9 72.9 3.9
10 7.2 72.1 7.4
50 38 76 46

100 85.6 85.6 9.8
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