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Abstract A new method of determination and conformation for 20 carbamate pesticide resi-
dues in food by high performance liquid chromatography-tandem mass sp}@@t HPLC-

MS/MS was developed. The residual carbamate pesticides in food were e

‘ted with aceto-
nitrile cleaned up with C,; solid phase extraction column or C lid phase extraction
column and the targets were detected and confirmed using external standard
d levels from 0.005 to 0.025

mg/kg ranged from 51.2% to 125.0% with the ive standard deviations RSDs from

method. The recoveries of the 20 carbamate pestici

1.4% to 19.8% the concentration range inearity was 0.005 - 0.1 mg/kg the correlation
coefficients were 0.991 7 - 0. 999 @ od is fast easy sensitive and reliable. It also
e

demonstrates that this metho et the requirements for the simultaneous determination of
20 carbamate pesticide residu food.
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310.26 kPa 344.74 kPa CE
kPa 68.95 kPa 48. 26 DP 1
1 20 HPLC-MS/MS
Table 1 HPLC-MS/MS parameters for 20 carbamate pesticides
Pesticide Molecular formula M, Confirmation ion m/z DP' /V CE? /eV  Retention time/min
Aminocarb C,,HO,N, 208.3 209.2/152.1°* 60 16 5.78
209.2/137 30
Aldicarb-sulfoxide C,H,N,0,S 206.3 207/89 66 16 5.89
207/132* 9
Aldicarb-sulfon C,H,N,0,S 222.3 223/86.1°* 72 21 7.33
223/148 13
Methomyl C;H,,N,0,S 162.2 163/88 * 30 8 7.86
163/106 15
Thiofanox-sulfoxide CyH4N,0;8 234.3 235/104 * 30 8 8.06
235/57 18
Thiofaox CyH,N,0,S 218.3 251/76* 65 12 9.92
251/57 20
Dioxacarb C, H;NO, 223.3 224/167 * 60 8 10.01
224/123 17
Aldicarb C,H,,N,0,S 190. 3 208.1/116 " 50 11 11.06
208.1/88.9 20
Pirimicarb C, H ¢ N,O, 238.3 239.2/182.2 64 25 11.09
239/72.1° 30
Carbofuran C,,H,sNO, 221.3 222/123 * 66 21 11.96
222/165 15
Bendiocarb C, H,;NO, 223.2 224.2/167.3 70 13 11.9
224.2/109.4* 25
Propoxur C, H,NO, 209.2 210.1/111 56 19 11.91
210/168.1 * 11
Carbaryl C,,H,,NO, 201.2 202/145.2* 62 13 12,22
202/117 34
Ethiofencarb C, H;sNO,S 225.3 226.3/107.3 ¢ 66 19 12.43
226.3/164.4 13
XMC C,,H,,NO, 179.2 180.2/123 * 60 I5 13. 34
180/95 30
Isoprocarb C, H;;NO, 193. 4 194/95 * 38 30 12.71
1947137 15
Trimethacarb C,H,,0 136.2 194/137 * 68 11 12.77
1947122 25
Fenobucarb C,,H;NO, 207.3 208.1/95* 65 13 13.32
208/152 9
Methiocarb C,,H;sNO;S 225.3 226/121. 1 64 27 13.33
226/169.2 " 13
Promecarb C,H;;NO 207.3 208.2/109.2 * 66 21 13.55
208/151 12

2.1

1 DP declustering potential. 2 'CE collision energy. # quantitative ion.

2.2
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2 20 r’ LOQ
Table 2 Linear equations correlation coefficients r’> and limits of quantification LOQ of 20 target analytes
Pesticide Regression equation 7 LOQ/ pg/kg
Aminocarb Y=3.19x107X +2.13 x 10’ 0.9985 4.5
Aldicarb-sulfoxide Y=5.03 x10°X +3.37 x10* 0.9973 2
Aldicarb-sulfon Y=4.74 x10°X +1.3 x 10" 0.9958 4.5
Methomyl Y=1.74 x10°X +7.69 x 10* 0.9987 5
Thiofanox-sulfoxide Y=1.91x10"X +8.67 x 10* 0.9979 2
Thiofaox Y=6.27 x10°X +3.25 x10* 0.9982 5
Dioxacarb Y=1.18 x10"X +8.91 x 10* 0.9958 3
Aldicarb Y'=6.93 x10°X +4.83 x 10’ 0.9986 5
Pirimicarb Y=8.4x10"X +1.06 x10° 0.9950 2
Carbofuran Y=9.71 x10°X +1. 86 x 10* 0.9958 2
Bendiocarb Y=1.4x10"X +1.06 x 10* 0.9920 5
Propoxur Y =2.294 x 107X +2.53 x10° 0.9930 2
Carbaryl Y=5.87 x10°X -4.07 x10° 0.9988 2
Ethiofencarb Y=8.43x10"X +1.38 x 10* 0.9917 5
XMC Y=4.81 x10°X +5.54 x 10* 0.9983 4
Isoprocarb Y=6.31x10°X-7.0 x10° 0.9985 2
Trimethacarb Y=2.23 x10°X -1.28 x10* 0.9960 2
Fenobucarb Y=5.07 x10°X +3.53 x 10* 0.9951 5
Methiocarb Y=4.09 x10°X -4.39 x 10’ 0.9950 5
Promecarb Y=8.77 x 10°X - 783 0.9996 2
Y peak area X content mg/kg.
2.6
RSD 3 4 3
20 20 51.2% ~ 125. 0%
5 10 25 RSD 1.4% ~19. 8%
png/kg 6 20
3 20 n=6
Table 3 Recoveries and precisions of 20 carbamates in rice spinach and orange samples at three spiked levels n =6
Rice Spinach Orange
. Spiked/
Pesticide Found/ RSD/  Recovery/ Found/ RSD/  Recovery/ Found/ RSD/ Recovery/
ne/ke ng/kg % % ng/kg % % pg/kg % %
Aminocarb 5 3.99 4.7 75.4 ~84.4 3.99 12:2° 1 67.0 -91.2 4.04 7.0 72.4 -88.0
10 8.26 5.2 77.6 -90.5 7.80 4.2 1 75:3-83.5 7.69 12.1 62.9 -87.6
25 22.1 6.6 80.2-94.4 20.4 4.2 77.8-87.4 21.9 9.1 79.0-95.6
Aldicarb- 5 4.66 14.1 82.2-116.0 3.52 8.5 61.4-80.2 3.89 6.6 72.4 -84.8
sulfoxide 10 9.31 3.5 90.5 -98.0 7.94 6.7 75.1-89.5 7.02 7.8 61.4-74.8
25 21.6 3.6 84,2-92.0 22.8 5.2 86.6-96.6 22.0 10.2 79.6 -100.8
Aldicarbsulfon 5 3.52 8.4 65.0-77.8 4.11 7.2 74.6 -92.2 4.40 15.3 70.4 -111.4
10 8.80 7.6 81.6-100.0 7.89 10.0  71.5-90.7 9.18 7.9 81.0-103.0
25 23.1 5.0 85.0-98.8 22.8 3.9 88.6-97.8 23.8 3.8 91.9 -101.6
Methomyl 5 4.48 15.6 69.0-110.0 3.54 7.5 61.0-76.0 4.09 17.1 65.6 -105.6
10 10.4 7.5 97.5-116.0 8.26 4.3 79.3-89.0 7.88 10.0 68.0-89.3
25 25.5 4.7 96.6 -110.0 19.6 1.9 75.8-80.0 18.7 3.3 72.2-78.8
Thiofanox- 5 4.31 14.2 72.6 -103.0 4.46 8.4 78.6-98.0 4.09 19.8 62.2 -106.0
sulfoxide 10 8.36 10.2 75.0-98.5 8.13 3.4 78.6-86.0 8.37 12.7 71.3-94.8
25 19.8 5.7 74.4 -83.6 22.3 6.4 82.2-94.2 24.6 4.4 94.6 - 106.4
Thiofaox 5 4.94 3.3 85.0-93.4 4.14 15.3  67.2-95.4 4.40 8.3 81.0-99.4
10 9.15 .5 88.0-94.5 7.66 3.1 74.0-80.5 9.25 8.4 80.4 -100.1
25 23.0 .5 84.0-95.4 23.5 3.0 89.4-96.6 24.4 8.9 90.4 -114.4
Dioxacarb 5 4.58 11.0 80.4 -105.0 3.81 9.3 62.4 -82.6 4.43 3.5 82.8-91.2
10 8.66 9.5 75.2-96.0 7.65 5.6 70.4-81.5 8.66 7.2 78.8 -96.3
25 21.2 3.9 80.4 -88.2 20.0 5.5 75.4 -86.4 24.7 2.1 95.8 -101.2
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Table 3 Continued
Rice Spinach Orange
. Spiked/
Pesticide Found/ RSD/ Recovery/ Found/ RSD/ Recovery/ Found/ RSD/ Recovery/
ne/ke ng/kg % % ng/kg % % pg/ke % %
Aldicarb 5 4.25 1.7 82.2-86.0 3.62 9.2 65.4-83.6 4.54 8.7 64.0-82.8
10 8.34 7.4 72.5-89.0 7.60 6.0 69.2 -82.0 9.07 2.5 79.1-93.6
25 23.3 1.7 91.2-95.6 20.0 5.0 75.1-85.8 24.2 1.7 84.0-96.0
Pirimicarb 5 4.38 15.1 67.0-99.0 4.49 9.5 75.6 -100.2 3.99 7.0 74.6 -87.4
10 9.40 6.0 87.7-102.0 8.55 4.2 78.4 -88.2 8.26 3.5 79.4 -87.4
25 23.0 6.5 80.4 -96.8 22.5 2.8 86.7 -93.5 23.1 6.3 85.6 -100.8
Carbofuran 5 4.31 7.4 81.0-98.0 4.18 5.2 79.6 -90.0 4.11 11.4 74.4 -99.6
10 8.77 3.8 83.5-90.7 7.92 3.9 74.5 -83.0 7.83 3.2 74.4 -81.5
25 19.0 2.6 73.4-79.4 23.6 3.8 91.6 -99.6 22.6 2.6 86.4-93.3
Bendiocarb 5 4.50 7.1 82.4-96.4 3.42 7.5 62.0-75.0 4.01 12.0 66.0-94.0
10 8.18 3.0 79.5 -84.5 6.82 7.1 63.5-74.5 8.56 7.2 76.4 -90.2
25 19.0 3.3 72.1-79.0 18.8 3.9 70.2 -79.2 21.6 6.7 79.0-92.0
Propoxur 5 4.47 7.0 81.4-97.8 4.47 8.5 80.0 -99.2 4.69 5.6 88.0 -100.4
10 8.50 6.9 77.5 -94.0 7.95 7.3 72.4 -87.5 8.34 3.4 78.8 —86.2
25 19.8 2.5 90.0-96.6 23.1 1.8 90.2 -94.8 23.4 2.5 90.0-96.0
Carbaryl 5 4.51 8.7 85.0 -106.0 4.07 2.5 77.8 -83.6 3.81 1.9 73.6 -77.6
10 8.07 3.2 77.0-83.4 8.01 7.9 72.5-89.4 8.02 5.9 73.2-86.4
25 19.2 3.5 72.4-79.5 22.3 2.8 85.4-91.6 22.2 6.9 79.0-96.0
Ethiofencarb 5 3.62 8.7 65.6-82.0 4.15 4.8 77.2 -88.2 4.49 7.0 82.0-99.8
10 7.28 2.5 70.5-75.0 7.51 4.5 71.8 -80.5 8.97 2.3 86.2-92.2
25 21.8 1.4 85.4 -88.5 19.1 4.7 71.8 -81.2 22.0 4.8 82.5-94.0
XMC 5 3.88 10.1 66.6 -88.2 3.68 8.8 66.0 -83.0 4.11 6.5 75.6 -88.0
10 8.07 3.0 76.5 -84.0 7.13 10.5 62.6 -84.5 8.12 3.3 78.0-84.9
25 21.8 2.6 84.8-90.4 23.0 2.3 89.4-95.2 21.0 5.9 77.1-90.9
Isoprocarb 5 3.89 11.3 64.4-89.0 3.95 11.2 67.0-92.0 3.66 9.5 64.2 -85.2
10 7.55 4.1 71.0-79.0 7.92 .3 72.0-83.1 8.26 4.5 78.9 -88.0
25 17.8 2.7 67.4-73.0 22.9 2.0 89.4 -94.7 22.6 3.9 86.4 -96.8
Trimethacarb 5 3.59 6.6 64.4 -79.2 3.71 13.5 64.2 -93.4 4.39 5.4 80.2-92.2
10 7.35 2.3 71.1-75.5 7.95 13.2 70.0 -95.5 8.98 2.5 86.0-92.8
25 21.7 1.6 85.0-388.2 22.1 5.0 81.3-92.8 23.3 5.6 87.2-99.5
Fenobucarb 5 4.20 2.2 82.0-87.0 3.55 7.7 64.4-79.0 3.72 9.1 82.2 -104.4
10 7.56 5.8 70.5 -81.8 8.03 .6 73.0 <87.1 8.33 6.3 86.9 -92.8
25 18.5 1.7 72.6 -75.8 18.5 9.2 64.6.~83.2 23.2 4.9 95.1-98.5
Methiocarb 5 3.54 7.2 64.4 -76.8 3.68 10.7 64.0-=86.0 4.44 6.6 80.8 -95.6
10 7.39 7.5 66.0 -81.4 7.53 8.0 68.9 -85.6 9.45 4.2 89.9 -100.2
25 18.7 2.1 72.0-76.4 22.3 5.7 80.1-93.8 24.1 3.1 91.4-99.2
Promecarb 5 3.77 7.6 64.2-79.8 4.01 7.4 73.0-89.2 3.81 6.4 68.4 -81.6
10 7.46 4.7 69.5 -78.9 7.63 7.4 71.5-86.5 8.14 4.8 76.1 -88.0
25 19.8 5.0 73.2 -83.6 21.5 3.5 81.7-90.2 22.5 8.1 79.8 -98.4
4 20 n=6
Table 4 Recoveries and precisions of 20 carbamates in pig liver chestnut and milk samples at three spiked levels n =6
Pig liver Chestnut Milk
. Spiked/
Pesticide Found/ RSD/ Recovery/ Found/ RSD/ Recovery/ Found/ RSD/ Recovery/
he/ke ng/kg % % ng/kg % % pe/kg % %
Aminocarb 5 4.44 10.0  79.6 -100.2 4.33 11.7  67.6-97.2 3.47 8.5 61.0-76.4
10 9.51 12.3 83.7-113.0 9.21 13.1 78.0-112.5 7.91 7.1 73.5 -88.0
25 21.9 10.6 79.6 -100.0 22.4 5.0 83.0-95.8 21.2 7.6 77.0 -94.4
Aldicarb- 5 3.54 11.0 60.2-80.4 4.24 15.9 65.8-95.4 3.37 7.7 62.0-75.4
sulfoxide 10 7.39 6.9 67.7-82.3 9.57 11.8 83.5-117.0 8.45 6.7 77.1-89.9
25 17.9 4.3 67.2-75.2 21.7 2.9 84.4 -90.2 21.7 3.2 83.2-90.4
Aldicarb- 5 4.10 15.4 68.8 -100.2 4.80 9.4 83.4-106.6 3.56 6.9 63.0-78.2
sulfon 10 8.26 10.6 71.6-97.0 9.28 12.4  80.0-110.5 8.20 7.0 72.6 -90.0
25 18.7 8.2 64.2-81.2 22.0 4.2 82.8-94.1 20.7 2.0 81.3-85.0
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Table 4 Continued
Pig liver Chestnut Milk

Pesticide Spiked/ Found/ RSD/ Recovery/ Found/ RSD/ Recovery/ Found/ RSD/ Recovery/

ne/ke ng/kg % % ng/kg % % pg/ke % %
Methomyl 5 4.40 5.0 80.6-93.2 4.90 9.0 88.2-112.0 3.97 11.7 71.2-97.0
10 9.08 6.8 82.3-98.9 10.1 11.4  85.6-112.0 8.83 14.8 74.5 -106.5
25 24.1 4.3 90.6 -100.2 25.0 1.8  97.3-102.8 20.6 8.1 75.8 -90.6
Thiofanox- 5 4.27 6.7 80.0-95.0 4.49 8.4 78.6-98.4 3.54 6.1 63.8-76.0
sulfoxide 10 8.38 4.7 76.6 -88.0 8.88 5.4 82.6-94.0 8.50 7.1 74.6 -91.4
25 21.8 6.0 83.9-97.8 24.2 2.9 94.2 -102.2 22.3 5.2 82.4-94.0
Thiofaox 5 4.65 3.8 89.6 -97.2 4.43 6.3  83.0-98.0 3.76 6.1 71.4 -83.2
10 10. 1 4.1 97.0 - 107.0 9.55 13.2  86.6 -120.5 9.21 4.8 85.2-97.0
25 23.1 9.1 76.8 =100.6 25.3 5.5 1 93.8-108.8 23.5 7.1 84.0-100.0
Dioxacarb 5 3.91 4.7 74.4 -82.6 4.34 3.4 .83.6-92.0 3.50 8.6 60.4 -77.6
10 7.29 11.3 62.1-82.1 9.05 19.5 77.6 -125.0 8.29 8.5 74.0 -89.0
25 20.0 9.6 69.0 -88.6 23.1 6.8 80.5-98.8 20.7 6.5 74.2 -87.2
Aldicarb 5 3.29 6.1 60.2 -70.6 3.57 10.6 63.8-81.8 3.71 5.9 69.6 -80.0
10 7.48 5.7 67.5-78.9 8.37 12.8 71.0-101.5 8.30 7.3 76.6 -92.5
25 18.1 3.6 68.9 -77.0 21.0 7.9 79.6-96.4 21.1 9.5 75.9 -94.4
Pirimicarb 5 4.24 3.9 79.5 -88.6 4.44 7.8 79.2-97.4 3.50 9.3 63.2-81.6
10 9.07 7.5 81.5-102.0 8.17 8.0 72.5-90.1 8.90 4.0 84.5-94.5
25 20.2 11.3 63.6 -88.2 18.9 2.5 72.2-77.8 22.0 4.6 83.2-92.8
Carbofuran 5 3.71 14.4 57.4-90.0 4.49 6.5 80.6-96.4 3.70 5.2 69.0-78.0
10 7.42 6.8 66.0 -81.2 9.46 12.7 82.0-112.5 7.82 2.0 76.0 -80.6
25 17.0 5.8 60.6-72.0 24.8 10.3 82.9-114.4 22.0 8.0 76.0 -93.8
Bendiocarb 5 3.11 4.5 57.8 -74.8 3.50 6.8 66.4-79.4 3.90 12.2 70.0 -92.0
10 7.57 2.5 74.0-78.3 8.98 7.8 82.6-101.5 7.67 7.7 70.4 -84.5
25 19.3 2.8 74.3-79.0 20.6 7.2 77.4-90.9 19.0 5.2 70.2 -80.3
Propoxur 5 4.28 8.9 76.8 -98.0 4.27 8.7 73.2-94.4 3.83 9.6 65.2 -88.2
10 8.67 8.9 80.0 -101.0 7.90 7.2 74.1-88.5 8.19 5.2 76.5-89.2
25 20.8 8.2 74.6 -91.6 23.0 9.0 80.8-106.0 21.4 10.0 76.9 -97.6
Carbaryl 5 3.29 11.5 60.4 -79.8 3.76 6.7 66.4-79.8 3.64 7.5 62.6-77.4
10 7.14 5.7 67.9-78.0 8.12 10.0  73.0-96.0 7.57 5.3 70.5-81.0
25 17.7 7.2 65.4-79.0 19.8 5.3, 74.2-85.8 21.2 4.2 77.8 -87.6
Ethiofencarb 5 3.47 9.1 61.0-77.2 3.79 16.0" \/61.8 =97.0 4.18 7.4 76.4 -93.8
10 7.32 6.3 68.1-78.7 7.98 16.6 70.0-106.0 7.95 2.9 76.4 -83.0
25 18.3 3.5 69.6 -76.1 20.8 3.27 80.6-87.2 20.4 2.7 77.9 -84.0
XMC 5 3.62 14.4 60.6 -83.0 3.63 7.1 67.0-79.2 3.82 13.2 65.2-92.4
10 7.88 4.6 74.5 -84.0 8.71 6.3 81.3-96.0 7.31 8.2 65.5-79.0
25 17.6 3.4 671 -73.8 21.8 8.3 78.8-96.8 20.6 7.1 77.3 -90.4
Isoprocarb 5 3.48 11.2 60.2-82.4 4.61 7.8 82.4-100.4 3.59 7.4 62.4-78.4
10 7.22 7.4 673 -82.0 8.67 16.1 70.0 -102.5 7.67 6.4 69.2 -83.0
25 17.5 9.6 61.5-81.8 21.3 7.9  75.6-92.2 17.9 8.3 64.5-80.9
Trimethacarb 5 3.52 14.6 59.2 -86.8 3.57 8.0 64.4-79.6 3.72 8.1 67.6 -84.2
10 7.41 3.8 70.0 -77.8 8.30 15.2  75.5-108.5 7.92 9.8 71.2-90.0
25 19.7 3.9 75.4 -83.0 21.8 1.4 85.7-89.2 20.1 5.6 71.1-82.6
Fenobucarb 5 3.33 16.4 51.2-79.8 4.16 13.3  61.8-91.4 3.97 15.9 63.8-94.4
10 7.21 9.8 61.0-81.4 7.09 8.1 61.5-76.8 8.50 11.8 71.0-98.6
25 17.8 3.3 68.4 -74.4 17.0 5.9 62.9 -75.1 21.9 9.8 72.3 -94.2
Methiocarb 5 3.85 6.4 69.0-82.6 3.28 16.1 54.4-79.4 3.61 10.2 62.8 -85.0
10 7.39 5.0 69.3 -78.7 7.81 15.6  65.0-100.5 8.07 6.6 73.4 -89.3
25 17.7 8.8 62.7-77.8 19.3 8.1 71.4 -85.4 18.7 3.9 71.0-79.4
Promecarb 5 3.07 9.2 55.4-70.4 3.84 16.2  66.8-99.4 3.96 10.9 72.4-94.6
10 7.11 4.3 65.6 -74.5 7.46 10.0  63.8 -81.5 7.97 5.3 72.5-84.2
25 17.0 1.8 66.9 -70.2 20.3 6.9 72.4-89.0 19.6 6.9 69.8 —-85.4
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