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Determination of 32 Pesticide Residues in Milk by Gas Chromatography — Ion
Trap Tandem Mass Spectrometry

CHEN Meiu'>*  LIN Zhu-guang’
(1. Key Laboratory of High Performance Ceramic Fibers Ministry of Education College of Materials Xiamen
University Xiamen 361005 China; 2. Department of Chemistry College of Chemistry and Chemical
Engineering Xiamen University Xiamen 361005 China)

Abstract: A method was developed for the rapid determination of 32 pesticide residues including
organ ochlorine organophosphate and pyrethroid pesticides in milk based on gas chromatography —

ion trap tandem mass spectrometry. Electron impact ionization or chemical ionization were selected for
the analytes with different sensitivities. Experimental parameters influencing the behaviours of com—
pounds in the analysis of MS/MS were investigated and optimized. The mechanisms for the influen—
cing factors were also discussed. Under the optimal conditions the calibration curves for 32 pesti—
cides were linear in the ranges of 25( 10) —500( 200) pg/L with correlation coefficients more than
0.994. The method detection limits( MDL) for fention and chlorpyriphos were 1.7 pg/kg and 2.8
pg/kg respectively while those for the other pesticides were in the range of 0. 026 — 1.2 pg/kg.

The recoveries for 32 pesticides at two spiked levels of 50 and 200 pg/kg( organochlorine pesticides
were spiked at 20 and 100 pg/kg) ranged from 71.5% to 116% with relative standard deviations
(RSDs) of 1.9% —14% . The proposed method was applied in the detection for real samples and
could reduce the possibility of false positive results with strong anti-interference.
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1.1
Varian Saturn 2100T GC/MS/MS 3900 ElI (I ; KQ 3200E
( ); DK -S22 (
) .
N . ( Tedia ); (200 ~300 ). Na, SO, (
) . . . . . .
. . . . . N + a-BHC. B-BHC. y-BHC. §-BHC.
N N .p p -DDE.p p’ -DDD. p p’ -DDT. N
. . . \ . ( )
N PCB 103( Accu Standard Inc.)
1.2 GC-MS/MS
GC : HP-5 MS (30 mx0.25 mmid 0.25 pm); He ( >99.999%) ;
1. 00 mL/min; 1. 00 wlL( ) 260 C.
80 °C 25 °C/min 250 C 2 °C /min 260 C 15 mino
MS/MS : 200 °C; 40 C; 280 C; 1 550 V;
200 V; 70 eV; CI ;
1.3
: 13 10. 0 mg/L 11
.8 10. 0 mg/L 4 C
1
32 - (1:1 ) 32
25, 50, 100, 200. 500 pg/L
10, 20, 50, 100, 200 pg/L PCB 103 10 pg/Lo
1.4
3.0¢g 100 mL 3.0 g 200 ~300
o 15.0 mL 15 min :
10. 0 mL 10 min 2 50 °C
(1:1) 2.0 mL 0.4 mL 25 pg/L PCB 103( IS)
1.0 mL o
2
2.1
16
32 71.5%~116%
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. GC —MS/MS ( MRM)
5 MS/MS
o 32 1o
1 32 MS/MS
Table 1 GC —IT — MS/MS parameters for 32 pesticides and internal standard

) . Precursor Product Time partion ~ Peak Ionization CID

No. Compound tg( min) . . .

ion( m/z) ions( m/z) ( min) channel  mode  voltage/V
1 Etroprophos( ) 6. 735 243 215 201 6.6~6.95 1 CI 0.30
2 Phorate( ) 7.099 261 203 175" 157 6.95~7.18 1 El 0.85
3 yBHC 7.238 219 183" 181 7.18~17.30 1 EI 0. 48
4 B-BHC 7.537 219 183" 181 7.30~7.64 1 El 0.38
5 Diazinon( ) 7.554 305 277 249" 169 2 0.78
6 a-BHC 7. 604 219 183" 181 3 0.35
7 Disulfoton( ) 7.741 89 61" 55 7.64~7.83 1 CI 0.32
8 §-BHC 7.927 219 183" 181 7.83~7.99 1 EI 0.35
9 Methyl-chlorpyriphos( ) 8. 149 322 290" 79 7.99~8.19 1 CI 0.59
10 Methyl-parathion( ) 8.230 264 232 157" 138 8.19~8.29 1 cl 0.58
11 Fenchlorphos( ) 8.333 285 272 270" 8.29 ~8.39 1 EI 0. 65
12 Fenitrothion( ) 8.492 278 247 2327 153 8.39~8.54 1 CI 0.38
13 Chlorpyriphos( ) 8. 604 350 322 294" 8.54 ~8. 64 1 CI 0. 85
14 Fention( ) 8.673 279 247" 169 8.64~8.74 1 CI 0.40
15 Parathion( ) 8. 708 292 264 236" 156 2 0. 84
16 Aldrin( ) 8.764 293 255° 256" 257" 8.74~8.84 1 EI 0.78
258" 259"
17 Bromophos( ) 8. 908 331 329 316° 8.84~8.94 1 EI 0.85
PCB103 8.973 326 291" 289 8.94~9.04 1 EI 0. 81
18 Heptachlor epoxide( ) 9.276 353 289" 287 9.04 ~9.36 1 EI 0.62
19 p p -DDE 9.930 318 248" 246" 9.36 ~10.02 1 EI 0.64
20 Dieldrin( ) 10. 123 277 2417 239 10.0~10. 25 1 EI 0.36
21 Endrin( ) 10. 480 279 244 243" 10.2 ~10. 57 1 EI 0. 68
22 Ethion( ) 10. 498 199 171 157 143 2 0.34
23 p p -DDD 10. 652 235 200° 199" 165" 10.57~10.8 1 El 0. 82
24 p p DDT 11.334 235 200" 199" 165 10.8~11.46 1 El 0.72
25 Bifenthrin( ) 12.135 181 166" 165 11.46~12.3 1 EI 0.85
26 Cyhalothrin( ) 13. 600 197 161 1417 12.7~13.8 1 EI 0.90
27 Permethrin( ) 15.212  15.508 183 168" 165 153 13.8~16.7 1 El 0.95
28 Cyfluthrin( ) 16.930 17.071 226 206 199° 16.7~17.3 1 CI 0. 80
29 Cypermethrin ) 17.399 17.733 163 127" 91 17.3~20.4 1 EI 0.35
17.897 18.038
30 Fenvalerate( ) 20.491 21.367 167 125 77 20.4~22.0 1 EI 0.35
31 Fluvalinate( ) 21.021 21.350 250 214 200" 2 0.70
32 Deltamethrin( ) 24.017 253 174 1727 22.0~24.5 1 EI 0.70
* quantitation ion
2.3 MS/MS
MS/MS
MS/MS 32
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0.994.,
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MDL  0.026~1.2 pg/kg.

2 32

Table 2 Linear ranges

and RSDs for 32 pesticides and internal standard

~

correlation coefficients( r)

(r) - (MDL) .

method detection limits( MDL)  mean recoveries

No. Compound Linear range( pg/L) r MDL( pg/kg) Added( wg/kg) Mean recovery( %) RSD( %)
1 Etroprophos 25 ~500 0.999 3 0.25 50 200 87.6 92.5 5.7 3.8
2 Phorate 25 ~500 0.999 5 0.23 50 200 80.9 75.6 4.8 3.9
3 y-BHC 10 ~200 0.999 6 0. 092 20 100 95.3 89.9 8.9 4.8
4 B-BHC 10 ~200 0.996 7 0. 060 20 100 105 97.8 11 9.3
5 Diazinon 25 ~500 0.997 5 0.51 50 200 79.2 78.5 4.8 5.2
6 a-BHC 10 ~200 0.999 9 0. 081 20 100 73.0 78.3 6.7 4.9
7 Disulfoton 25 ~500 0.999 2 0.23 50 200 76.7 89.5 14 6.3
8 §-BHC 10 ~200 0.999 3 0. 095 20 100 87.2 76.0 5.6 9.7
9 Methyl-chlorpyriphos 25 ~500 0.998 6 0.98 50 200 103 106 5.7 8.9
10 Methyl-parathion 25 ~500 0.998 4 0.98 50 200 79.5 82.4 5.8 3.7
11 Fenchlorphos 25 ~500 0.999 7 0.11 50 200 89.9 92.4 8.5 4.3
12 Fenitrothion 25 ~500 0.994 9 0. 61 50 200 72.4 78.9 7.8 6.3
13 Chlorpyriphos 25 ~500 0.9953 2.8 50 200 84.5 89.3 9.1 10
14 Fention 25 ~500 0.999 1 1.7 50 200 114 116 8.2 6.7
15 Parathion 25 ~500 0.999 1 0.32 50 200 103 101 4.5 4.9
16 Aldrin 10 ~200 0.999 8 0. 062 20 100 84.3 92.1 8.5 3.5
17 Bromophos 25 ~500 0.999 2 0.29 50 200 80.3 78.5 4.8 3.7

PCB103 0.035
18 Heptachlor epoxide 10 ~200 0.999 1 0.32 20 100 78.6 81.3 9.2 6.5
19 p p  -DDE 10 ~200 0.998 9 0. 026 20 100 97.9 78.9 5.3 8.4

20 Dieldrin 10 ~200 0.999 2 0.16 20 100 77.8 85.3 6.7 6.2

21 Endrin 10 ~200 0.998 5 0.20 20 100 82.3 87.8 7.2 3.9

22 Ethion 25 ~500 0.997 9 1.1 50 200 87.9 92.4 5.2 6.1

23 p p  -DDD 10 ~200 0.999 9 0. 027 20 100 79.8 171.5 4.6 8.2
24 p p DDT 10 ~200 0.998 1 0. 14 20 100 101 91.3 3.8 4.6

25 Bifenthrin 25 ~500 0.998 6 0.17 50 200 86.2 79.2 4.2 6.4

26 Cyhalothrin 25 ~500 0.999 2 0.23 50 200 98.7 88.9 6.0 7.9

27 Permethrin 25 ~500 0.994 9 0.25 50 200 111 99.8 5.7 2.9
28 Cyfluthrin 25 ~500 0.999 6 0. 86 50 200 81.6 76.4 3.4 5.5

29 Cypermethrin 25 ~500 0.994 4 0. 88 50 200 104 89.2 2.9 7.8
30 Fenvalerate 25 ~500 0.996 8 1.2 50 200 78.9 87.1 7.3 6.6
31 Fluvalinate 25 ~500 0.996 3 0.93 50 200 85.3 72.4 8.8 8.3
32 Deltamethrin 25 ~500 0.997 7 0.92 50 200 83.5 77.5 1.9 6.9

2.5

3.0 ¢ (32 MDL) 50+ 200 pg/ke

3 ( 20, 100 pg/ks)

(n=5) ( RSD) 2.
71.5% ~116% RSD 1.9% ~ 14% »
2.6
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Fig. 4 MS/MS spectra of 100 pg/L chropyriphos standard( A) and milk spiked with 100 wg/L chropyriphos( B)
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