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Abstract A gas chromatography-mass spectrometric GC-MS method has been established

for the simultaneous determination of 103 pesticide residues in cabbages and apples using pro-
grammable temperature vaporizer-based large volume injection PTV-LVI and negative chemi-
cal ionization NCI . It was found that much lower detection limits for the investigated pesti-
cides can be obtained. Prior to GC-NCI/MS analysis the optimized parameters of PTV-LVI
were as follows inlet temperature was set at 45 C  split vent flow rate was 20 mL/min evapo-
ration time was 1 min and evaporation temperature was set at 60 C. The volume of injection
was 10 pL. Co-extractives were removed from the acetonitrile extracts using solid phase ex-
traction with octadecyl 200 mg and primary secondary amine 100 mg sorbents. Matrix
matched calibration solutions were used for all the analyses. To evaluate performance of the
method validation experiments were carried out in cabbages and apples at two spiking levels

5 and 10 pg/kg . The average recoveries ranged from 58.5% to 113.2% and the relative
standard deviations RSDs 7 =6 were in the range of 3. 3% — 14. 5%. The limits of detection

S/N =3 were less than 5 pg/kg for all the pesticides. The results show that this method is
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simple rapid sensitive and specific. It is appropriate for the simultaneous identification and

quantification of the multi-residues in cabbages and apples.
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3 min 1 mL 0.45 pm C 0.5 min 10 C/s
10 pL cleaning temp. 290 C 10 min
1.4 GC-MS = 99.999% 1.0
1.4.1 GC mL/min
Rtx-5MS 30 m x0.25 mm 1.4.2 MS
x0.25 pm 50 C 200 C 250 C
2 min 10 C/min 180 C 1 12.3 min NCI =
min 3 T/min 250 € 1 min 2 99.999% 2.0 mL/min
C/min 270 C 15 min PTV 1~2
PTV 45 C NCI
1 min 20 mL/min 5C/s GC-
60 C 1 min 10 NCI/MS m/z
C/s PTV transfer temp. 270 1
1 103
Table 1 Retention times t¢; and characteristic ions and linear relationships of 103 pesticides
No. Pesticide tp/min Quantitative ion m/z Qualitative ion m/z
1 dichlorvos 13.11 125 35 134
2 ethoprophos 18.25 199 201
3 cadusaphos 19.07 213 215
4 oa-BHC « - 19.41 71 35 255
5 thiometon 19.56 157 159
6 dimethipin 20.19 128 64 210
7 B-BHC B - 20.31 71 35 255
3 y-BHC 1y - 20.52 71 35 255
9 diazinon 21.07 169 170 171
10 8-BHC § - 21.39 71 255
11 tefluthrin 21.46 241 205 243
12 tolclofos-methyl 23.12 250 141 35
13 fenitrothion 24.12 168 277 141
14 malathion 24.60 157 172 159
15 Z -dimethylvinphos Z- 25.00 125 126
16 chlorpyrifos 25.06 313 214
17 parathion 25.06 154 291
18 pendimethalin 26.58 281 251 219
19 Z -pyrifenox Z- 26.78 226 35 228
20 Z -chlorfenvinphos Z- 27.02 153 35
21 captan 27.02 150 35
22 phenthoate 27.18 157 159
23 quinalphos 27.18 169 298
24 chinomethionat 27.60 206 207 208
25 E -pyrifenox E- 28.04 226 35 261
26 flutolanil 29.16 322 39
27 prothiofos 29.23 237 301
28 pp'-DDE  pp'- 29.59 35 37
29 pp’-DDD  pp’- 31.76 35 37
30 edifenphos 33.34 201 109 233
31 propiconazole 33.91 256 35 218
32 iprodione 36. 14 301 329 331
33 acetamiprid 36.26 96 97 222
34 EPN 36.58 138 323 154
35 phosalone 38.51 185 187
36 cyhalothrin-1 -1 39.41 241 205 243
37 cyhalothrin-2 2 40. 00 241 205
38 fenarimol 40.00 276 278
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Table 1 Continued

No. Pesticide tp/min Quantitative ion m/z Qualitative ion m/z
39 acrinathirn 40.73 333 167

40 pyridaben 42.39 217 219

41 cyfluthrin-1 -1 44.31 207 171 209
42 cyfluthrin-2 -2 44.67 207 171 209
43 cyfluthrin-3 3 44.93 207 171 209
44 cyfluthrin-4 -4 45.10 207 171 209
45 cypermethrin-1 -1 45.39 207 171

46 halfenprox 45.43 79 81

47 cypermethrin-2 -2 45.78 207 171

48 cypermethrin-3 4 3 4 46.04 207 171

49 flucythrinate-1 46.22 243 199

50 flucythrinate-2 46.99 243 199 244
51 fenvalerate-1 -1 48.74 211 213 167
52 fenvalerate-2 2 49.65 211 213

53 fluvalinate-1 -1 49.65 294 258

54 fluvalinate-2 -2 49.97 294 296 258
55 difenoconazole-1 -1 50.26 310 126 312
56 difenoconaxole-2 2 50.54 348 312 310
57 deltamethrin 51.74 79 297 137
58 imibenconazole 55.09 285 287

59 tecnazene 17.90 215 231 217
60 benfluralin 18.94 335 305 336
61 dicloran 19.78 206 208 210
62 quintozene 20. 65 249 251

63 cyanophos 20. 65 134 141

64 propyzamide 20.74 255 257

65 triallate 21.57 160 161 162
66 benoxacor 22.05 205 35 148
67 propanil 22.52 217 35 219
68 bromobutide 22.64 79 81

69 chlorpyriphos-methyl 22.92 141 212

70 vinclozolin 22.92 241 243

71 quinoclamine 24.36 207 209

72 triadimefon 25.20 127 166

73 chlorthal-dimethyl 25.28 332 35

74 nitrothal-isopropyl 25.47 295 296

75 fthalide 25.75 272 228

76 bromophos 25.85 257 141

77 allethrin-1 2 -1 2 26. 86 167 168

78 allethrin-3 4 34 27.05 167 168

79 methidathion 27.80 157 159

80 tetrachlorvinphos 28.26 242 406

81 alpha-endosulfan «- 28.35 125 126

82 imazamethabenzmethyl 28.64 256 257

83 isoprothiolane 29.35 262 263

84 profenofos 29.35 267 79

85 tribufos 29.56 257 259

86 oxadiazon 29.90 267 35 42
87 flamprop-methyl - 30.12 248 250

88 oxyfluorfen 30.23 296 361

89 bupirimate 30. 40 208 124 209
90 isoxathion 30. 64 169 170 145
91 beta-endosulfan g- 31.16 242 240 336
92 ethion 32.07 185 187

93 fluacrypyrim 33.06 221 222
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Table 1 Continued
No. Pesticide tp/min Quantitative ion m/z Qualitative ion m/z
94 carfentrazone-ethyl 33.47 375 288 277
95 norflurazon 33.64 267 268
96 trifloxystrobin 34.08 190 202 174
97 diclofop-methyl 34.76 217 219 35
98 phosmet 36.33 161 207 157
99 piperophos 36.88 213 215
100 tetradifon 37.99 318 245 320
101 pyrazophos 40.59 169 236 373
102 flumioxazin 48.94 354 355
103 flumiclorac-pentyl 52.40 423 424 425
2
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5 ng’kg 10 ug/kg
5 ng/kg 6
103
S/N RSD 2
103 5 ng/kg 5 wg/’kg 10 ng/kg 103
2.4 58.5% ~113.2% RSD  3.3%
~14.5%
2 103 RSD n=6
Table 2 Recoveries and RSDs of 103 pesticides spiked in a cabbage sample n =6
No Pesticide Linear equation ¥ Linear range/ > perke 10 nesks
wng/L Recovery/% RSD/% Recovery/% RSD/%

1 dichlorvos Y= -1089.18 +780.298X 0.9963 0.5-50 113.2 10.6 105.5 8.4

2 ethoprophos Y= -1438.81 +1105. 66X 0.9951 0.5-50 87.1 11.6 99.4 10.0

3 cadusaphos Y= -1721.98 +1009. 02X 0.9920 0.5-50 83.0 11.4 90.7 12.6

4 o-BHC Y =14144.7 +17642.9X 0.9962 0.5-10 88.8 10.6 102.9 10.8

5  thiometon Y = -440.897 +683.019X 0.9957 0.5-20 80.5 9.4 108.7 7.3

6  dimethipin Y= -29424.2 +37813.4X 0.9985 0.5 -200 106.9 8.3 112.7 9.3

7 B-BHC Y = -5488.52 +43032.7X 0.9977 0.5-20 84.3 11.7 105. 1 11.5

8 y-BHC Y =9252.97 +11676.2X 0.9963 0.5-20 90.2 8.3 97.7 7.1

9 diazinon Y = -55.1295 +247.049X 0.9970 0.5-20 85.9 8.3 101.3 13.0
10 §-BHC Y= -1280.9 +34944X 1.0000 0.5-20 94.9 10.2 102.2 10.5
11 tefluthrin Y =42043.9 +38297X 0.9976 0.5-50 96. 1 .6 105.0 9.5
12 tolclofos-methyl Y = -2894.65 +5456.7X 0.9952 0.5-20 88.4 .8 99.8 10.6
13 fenitrothion Y= -10947.9 +2945.77X 0.9962 0.5 -200 73.1 13.9 82.9 12.4
14 malathion Y= -2766.51 +1952.07X 0.9962 0.5-50 75.4 9.6 102.3 13.2
15 Z -dimethylvinphos Y= -24912.2 +15152.4X 0.9948 0.5-50 76.6 11.0 98.6 9.8
16  chlorpyrifos Y= -12568.1 +8757.22X 0.9961 0.5-50 80.4 .7 91.6 10.5
17 parathion Y= -40.4733 +1963. 11X 0.9997 0.5 -200 84.3 14.5 74.8 7.6
18  pendimethalin Y= -10325.2 +2984.33X 0.9963 0.5 -200 83.6 .4 68.3 10.2
19 Z -pyrifenox Y = -2655.28 +2030. 59X 0.9956 0.5-50 66.4 8.3 89.9 8.6
20 Z -chlorfenvinphos Y= -29616.4 +21028.9X 0.9959 0.5-50 77.5 .3 94.4 10.6
21  captan Y= -19834.5 +5242. 05X 0.9960 0.5 -200 104.0 9.6 95.5 8.0
22 phenthoate Y= -1127.04 +3286.87X 0.9964 0.5-10 64.0 11.6 90.6 10.4
23 quinalphos Y=-1132.07 +317. 122X 0.9954 2 -50 68.5 10.7 72.9 9.5
24 chinomethionat Y = -275778 +204450X 0.9965 0.5 -200 58.5 11.0 71.7 10.7
25 E -pyrifenox Y = -3323.22 +3815.56X 0.9979 0.5-50 60. 8 9.7 81.1 6.4
26  flutolanil Y= -171.352 +30.7696X 0.9961 0.5 -200 86.2 11.8 83.7 8.7
27  prothiofos Y = -2070.36 +4700. 29X 0.9964 0.5-20 82.3 5.6 90.9 9.6
28 pp'-DDE Y =7127.52 +6267.1X 0.9957 0.5-50 96.4 6.8 77.9 13.9
29 pp’-DDD Y= -8181.28 +1888.59X 0.9960 0.5 -200 93.6 10.2 83.3 11.9
30 edifenphos Y= -512.791 +226. 866X 0.9963 0.5-50 78.8 11.9 82.5 8.8
31  propiconazole Y= -1232.09 +942.996X 0.9956 0.5-50 63.7 12.0 80.8 3.3
32 iprodione Y= -13.6541 +186.523X 0.9979 0.5-20 89.6 10. 1 87.5 5.2
33 acetamiprid Y= -31729.7 +23832.1X 0.9971 0.5-50 83.6 9.4 84.2 9.0
34 EPN Y= -12378.9 +5582.99X 0.9986 0.5 -200 93.5 8.6 73.8 9.2
35  phosalone Y= -66680.7 +17631.7X 0.9950 0.5 -200 67.6 11.0 80.2 6.7
36  cyhalothrin-1 Y= -26794.5 +7115.06X 0.9962 0.5 -200 81.8 8.1 83.0 12.7
37 cyhalothrin-2 Y=-11778.3 +4269.71X 0.9975 0.5 -200 80.7 9.2 82.1 12.2
38  fenarimol Y= -877.96 +14542.6X 0.9997 0.5 -200 65.1 11.0 74.8 6.3
39  acrinathirn Y= -9583.25 +4012.72X 0.9980 0.5 -200 79.3 8.6 80.8 10.4
40  pyridaben Y= -13739.1 +3254.61X 0.9943 0.5 -200 78.7 9.8 74.5 7.1
41  cyfluthrin-1 Y = -3282.45 +1220. 85X 0.9978 0.5 -200 62.8 13.4 63.0 8.0
42 cyfluthrin-2 Y= -4661.99 +2030.75X 0.9988 0.5 -200 76.2 11.7 74.5 7.7
43 cyfluthrin-3 Y= -1294.71 +881.852X 0.9994 0.5 -200 77.5 10.6 74.3 8.0
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Table 2 Continued
No. Pesticide Linear equation * 7 Linear range/ > pelke 10 pe/ke
wng/L Recovery/% RSD/% Recovery/% RSD/%

44 cyfluthrin-4 Y = -2070.32 +749. 682X 0.9966 0.5 -200 83.9 10. 1 73.4 6.8
45  cypermethrin-1 Y= -1796.72 +664.923X 0.9977 0.5 -200 81.4 12.7 67.2 8.5
46  halfenprox Y= -1082.27 +206.351X 0.9962 0.5 -200 85.5 11.5 66.8 10.2
47  cypermethrin-2 Y=-5191.18 +1713. 12X 0.9973 0.5 -200 79.8 11.9 75.0 7.6
48 cypermethrin-3 4 Y= -1581.95 +624.83X 0.9981 0.5 -200 83.2 12.0 70. 1 7.7
49  flucythrinate-1 Y = -29358 +9252.21X 0.9970 0.5 -200 79.1 11.4 81.6 12.8
50 flucythrinate-2 Y = -18075.6 +5660.35X 0.9961 0.5 -200 84.2 9.4 91.1 9.3
51 fenvalerate-1 Y = -20510 +5863.65X 0.9956 0.5 -200 77.6 9.3 83.0 11.6
52 fenvalerate-2 Y = -8130.25 +2504.32X 0.9971 0.5 -200 80.5 11.4 78.3 7.2
53 fluvalinate-1 Y= -17604.7 +8215.22X 0.9980 0.5 -200 85.9 .6 80.5 10.8
54 fluvalinate-2 Y= -16805.8 +7838.09X 0.9979 0.5 -200 95.5 7.0 83.8 9.1
55 difenoconazole-1 Y =72.7963 +100. 892X 0.9978 0.5 -200 88.4 10.8 79.8 12.7
56 difenoconaxole-2 Y =206.562 +88.6219X 0.9971 0.5 -200 83.4 8.5 73.9 8.5
57 deltamethrin Y= -5894.14 +1320.21X 0.9960 0.5 -200 89.9 11.6 86.0 11.1
58 imibenconazole Y = -6449.85 +6937.8X 0.9998 0.5 -200 111.9 8.4 100.3 7.0
59 tecnazene Y =764.015 +27706X 0.9989 0.5-5 72.9 9.1 80.2 9.8
60  benfluralin Y =7517.99 +8656. 54X 0.9951 0.5-50 70.0 8.2 83.2 11.3
61 dicloran Y =17278.4 + 14446X 0.9980 0.5 -200 83.9 7.9 88.2 10.6
62 quintozene Y =437.106 +32403X 0.9994 0.5-5 73.2 10. 4 88.1 10.2
63 cyanophos Y = -220760 +135767X 0.9996 0.5 -200 102.0 9.3 93.8 8.2
64 propyzamide Y= -18503.7 +8018.71X 0.9957 0.5 -100 97.3 6.9 92.6 10.2
65 triallate Y =187637 +150813X 0.9955 0.5 -100 84.2 10.8 85.9 8.5
66 benoxacor Y = -2476.45 +1083.79X 0.9977 0.5 -200 83.7 12.3 78.1 12.1
67 propanil Y= -10743.4 +5334.77X 0.9972 0.5 -100 100.2 11.4 97.6 9.8
68 bromobutide Y= -1894.47 +747.274X 0.9951 0.5 -100 85.1 7.5 82.8 12.3
69 chlorpyriphos-methyl Y= -51560.3 +24195X 0.9964 0.5 -200 84.8 11.2 84.7 10.6
70  vinclozolin Y =685436 +418097X 0.9960 0.5-50 93.9 9.9 91.8 8.1
71 quinoclamine Y = -93265.9 +30248X 0.9959 0.5 -200 72.1 11.8 85.4 11.3
72 triadimefon Y= -23185.7 +11790.7X 0.9973 0.5 -100 90.9 6.7 97.6 7.9
73  chlorthal-dimethyl Y =157772 +228684X 0.9955 0.5-20 94.2 12.1 89.2 10.5
74  nitrothal-isopropyl Y = -4446.46 +3870.78X 0.9972 0.5 -200 78. 1 9.5 81.1 8.9
75  fthalide Y =290379 +224286X 0.9978 0.5-50 91.3 12.1 90. 1 9.7
76  bromophos Y = -162209 +50539.6X 0.9968 0.5 -200 82.4 10.6 94.0 8.3
77  allethrin-1 2 Y= -2663.63 +2250.2X 0.9960 0.5 -100 86.1 9.8 88.5 10.5
78 allethrin-3 4 Y = -56094.3 +24659.2X 0.9958 0.5 -100 85.4 9.4 86.1 8.6
79 methidathion Y= -12533.3 +6571.94X 0.9959 0.5 -100 71.1 7.3 81.4 10.2
80 tetrachlorvinphos Y= -36258.5 +19134.7X 0.9978 0.5 -100 71.4 7.5 80.5 10.9
81 alpha-endosulfan Y =10998 +44437.7X 0.9973 0.5-20 84.4 11.0 84.2 .1
82 imazamethabenzmethyl Y = -16778.8 +12695.2X 0.9967 0.5 -200 99.2 7.2 101.0 .9
83 isoprothiolane Y= -20992.3 +18768X 0.9965 0.5-50 91.6 7.0 95.5 .3
84  profenofos Y= -2210.33 +1613.57X 0.9955 0.5-50 72.6 11.7 81.4 10. 1
85 tribufos Y = -27866 +25358.1X 0.9955 0.5-50 72.5 10.2 74.9 7.6
86 oxadiazon Y= -31685.4 +13069. 8X 0.9992 0.5 -200 84.0 7.3 92.1 7.9
87  flamprop-methyl Y =154.814 +3638.94X 0.9953 0.5-10 91.0 8.0 92.6 6.7
88  oxyfluorfen Y =1983.61 +15813.9X 0.9988 0.5 -200 87.0 8.7 83.9 10.3
89  bupirimate Y = -7208.77 +5507.91X 0.9956 0.5 -50 84.9 9.3 91.6 8.6
90 isoxathion Y= -3414.26 +3309.76X 0.9979 0.5-50 75.0 14.5 68.2 13.4
91 beta-endosulfan Y =21154.3 +14423.5X 0.9953 0.5 -200 91.4 11.3 98.4 8.7
92  ethion Y= -22319.2 +17536.5X 0.9957 0.5-50 78.5 10.8 76.9 13.2
93 fluacrypyrim Y = -43920.5 +33299.5X 0.9986 0.5 -100 86.1 .3 85.4 7.6
94  carfentrazone-ethyl Y= -3739.83 +2257.53X 0.9978 0.5 -100 72.2 .8 66.8 10.3
95 norflurazon Y = -94493.8 +40984.4X 0.9962 0.5 -100 92.4 11.6 84.2 9.3
96 trifloxystrobin Y= -5911.29 +6496.03X 0.9995 0.5 -100 70. 1 7.4 74.6 9.6
97  diclofop-methyl Y = -230.739 +1484.32X 0.9972 0.5-20 81.7 12. 1 79.2 11.4
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Table 2 Continued
. Linear range/ 5 ng/kg 10 pg/kg
No. Pesticide Linear equation * 7 & = £
wng/L Recovery/% RSD/% Recovery/% RSD/%
98 phosmet Y = -7356.27 +33453.6X 0.9995 0.5 -200 75.9 14.5 80.9 12.4
99 piperophos Y= -807.119 +1064. 03X 0.9998 0.5 -100 73.8 8.7 73.5 13.2
100 tetradifon Y =181340 +154373X 0.9970 0.5-50 88.7 9.7 82.8 7.1
101 pyrazophos Y= -1193.25 +747.625X 0.9984 0.5 -100 75.0 8.3 76.8 12.2
102 flumioxazin Y = -8958.38 +4008. 13 0.9959 0.5 -200 78.2 9.6 81.3 12.4
103 flumiclorac-pentyl Y= -8705.98 +5193.77X 0.9953 0.5 -200 74.2 9.2 84.8 10.2
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Fig. 5 Total ion current chromatograms of blank cabbage spiked with 103 pesticides at 10 pg/kg by GC-NCI/MS

For peak identifications see Table 1.
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