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Sep-Pak Vac - 3:1 v/v 0.5 mL
- 3:2 v/v MRM
68.1% ~ 132.6% 70% ~ 120%
94. 4% RSD 0.4% ~25.0% S/N =3 S/N =10
0.01 ~70.45 png/L  0.04 ~234.84 pg/L
215
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Abstract A multiresidue analytical method was developed for the determination of 215 pesti-

cides in ginger using liquid chromatography coupled with electrospray ionization tandem mass
spectrometry LC-ESI-MS/MS . The pesticide residues were extracted from ginger by acetoni-
trile containing 1% v/v acetic acid cleaned-up by a Sep-Pak Vac cartridge eluted with ace-
tonitrile-toluene 3: 1 v/v . The eluate was concentrated to about 0.5 mL with a rotary
evaporator dried with nitrogen at room temperature. The sample was redissolved in an aceto-
nitrile-water mixture 3:2 v/v  then analyzed using LC-MS/MS in multiple reaction monito-
ring MRM mode via positive electrospray ionization. The recovery test was conducted at
spiked level of limit of quantification LOQ . The validation results were as follows the overall
recoveries were from 68. 1% to 132.6% of which 94.4% of the recoveries were from 70% to
120% with the relative standard deviations of 0. 4% —25. 0%. The limits of detection S/N =3
and the limits of quantification S/N =10 were 0.01 —-70.45 png/L and 0. 04 —234. 84 ng/L re-
spectively. The results demonstrated that this method is simple and with acceptable sensitivity
and accuracy to meet the requirements of the multiple pesticide residue analysis. This method
is applicable to determine 215 pesticide residues in ginger.
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1 215 r S/N =3 S/N =10 RSDs
Table 1 Retention times ¢, optimized MS/MS analysis conditions linear ranges correlation coefficients r limits of detection LODs S/N =3 limits of quantification
LOQs S/N =10 recoveries and their relative standard deviations RSDs spiked at the LOQ level of 215 pesticides in ginger

No. Pesticide tg/ Characteristic ion Fragmentor/  Collision Linear , LOD/ LOQ/ Recovery/%  RSD/%
min pairs m/z \Y energies/V range/ png/L ng/L ng/L n=>5 n=>5
Group A

1 nitenpyram 3.87  271.1/224.1" 271.1/237.1 100 15 15 0.1712 -17.1200 0.9949 2.55 8.51 104.1 12.3
2 pirimicarb 4.20  239.2/72.0% 239.2/182.2 120 20 15 0.0150 —1.5140 0.9998 0.03 0.09 68.5 11.2
3 ethidimuron 4.62  265.1/208.1" 265.1/162.1 80 10 25 0.0150 - 1.5000 0.9952 0.44 1.46 108.9 9.3
4 imidacloprid 4.73 256.1/209.1" 256.1/175.1 80 10 10 0.2200 -22.0000 0.9957 3.28 10.92 103.9 9.4
5 secbumeton 5.56  226.2/170.1" 226.2/142.1 120 20 25 0.0700 -7.2400 0.9998 0.03 0.11 103.0 3.5
6 imazethapyr 5.60  290.2/177.1% 290.2/245.2 120 25 20 0.0113 —1.1260 0.9966 0.17 0.57 71.2 6.2
7 thiacloprid 5.65 253.1/126.1" 253.1/186.1 120 20 10 0.0370 -3.7000 0.9999 0.41 1.37 106. 8 4.2
8 carbetamide 5.80  237.1/192.1" 237.1/118.1 80 5 10 0.0364 - 3. 6400 0.9975 0.59 1.96 103.7 4.2
9 paraoxon methyl 6.20  248.0/202.1" 248.0/90.0 120 20 30 0.0760 —7.6200 1.0000 0.50 1.67 70.7 13.7
10 cyanazine 6.38  241.1/214.1° 241.1/174.0 120 15 15 0.0160 —1.6380 0.9998 0.18 0.59 110.4 3.5
11 methoprotryne 6.47 272.2/198.2" 272.2/170.1 140 25 30 0.0240 —2.4200 0.9999 0.04 0.13 114.0 5.6
12 triasulfuron 7.27  402.1/167.1" 402.1/141.1 120 15 20 0.0161 —1.6089 0.9999 0.24 0.81 73.2 17.0
13 carbaryl 7.45  202.1/145.1" 202.1/127.1 80 10 5 0.1032 -10. 3200 0.9937 1.56 5.19 89.2 3.4
14 3 4 5-trimethacarb 3 4 5- 8.38 194.2/137.2" 194.2/122.2 80 5 20 0.0340 - 3. 4400 0.9988 0.05 0.18 104. 4 4.2
15 isoprocarb 8.38 194.1/95.0" 194.1/137.1 80 20 5 0.0230 -2.3000 0.9988 0.34 1.15 103.0 4.0
16 propachlor 8.75 212.1/170.17 212.1/94.1 100 10 30 0.0270 -2.7400 0.9998 0.04 0.13 113.2 8.5
17 propham 8.80 180.1/138.0" 180.1/120.0 80 5 15 1.1000 - 110. 000 0.9974 16.51 55.05 116.4 3.1
18 cyprodinil 9.24  226.0/93.0" 226.0/108.0 120 40 30 0.0740 —7.3940 0.9997 0.60 2.02 104.9 3.5
19 clomazone 9.36  240.1/125.0" 240.1/89.1 100 20 50 0.0420 -4.2200 0.9961 0.28 0.94 105. 4 5.3
20 buturon 9.38 237.1/84.1" 237.1/126.1 120 30 15 0.0896 —8.9600 0.9913 1.35 4.51 115.6 4.7
21 benodanil 9.80  324.1/203.0" 324.1/231.0 120 25 40 0.0348 —3.4800 0.9998 0.53 1.77 108. 4 6.4
22 triadimenol 10.15  296.1/70.0" 296.1/99.1 80 10 10 0. 1055 -10.5536 0.9997 1.58 5.27 87.2 1.3
23 paclobutrazol 10.32  294.2/70.0° 294.2/125.0 100 15 25 0.0570 —5.7400 0.9999 0.38 1.28 118. 1 3.7
24 etaconazole 11.75 328.1/159.1" 328.1/205.1 80 25 20 0.0178 —1.7820 0.9996 0.27 0.88 109.8 3.9
25 iprovalicarb 12.00  321.1/119.0" 321.1/203.2 100 25 5 0.0232 -2.3200 1.0000 0.35 1.17 103.2 6.1
26 isoxaflutole 12.00  360.0/251.1" 360.0/220.1 120 10 45 0.0390 -3.9000 0.9975 0.58 1.93 112.5 11.8
27 myclobutanil 12.10  289.1/125.0° 289.1/70.0 120 20 15 0.0100 -0.9960 0.9991 0.15 0.50 96. 1 4.2
28 diclobutrazole 12.20  328.0/159.0"° 328.0/70.0 120 35 30 0.0470 - 4. 6800 0.9996 0.07 0.23 109.8 3.9
29 fenarimol 12.20  331.0/268.1° 331.0/81.0 120 25 30 0.0610 -6.0780 0.9997 0.43 1.42 99.6 5.9
30 tepraloxydim 12.73 342.2/250.2" 342.2/166.1 120 10 25 0.1220 -12.2000 0.9978 1.84 6.12 91.6 4.8
31 flusilazole 13.60  316.1/247.1" 316.1/165.1 120 15 20 0.0580 -5.8140 0.9999 0.09 0.29 100.5 5.1
32 penconazole 13.70  284.1/70.0" 284.1/159.0 120 15 20 0.0200 -2.0000 0.9996 0.30 1.00 103.9 3.9
33 bitertanol 13.90  338.2/70.0" 338.2/269.2 60 51 0.3340 -33. 4000 0.9948 5.02 16.73 100.0 3.0
34 azinphos ethyl 14.00  346.0/233.0" 346.0/261.1 120 10 5 1.0893 - 108.9280 0.9925 16.28 54.28 108.2 3.1
35 dichlofluanid 15.16  333.0/123.0" 333.0/224.0 80 20 10 0.0260 —2.5999 0.9912 0.39 1.29 88.3 9.9




Table 1 Continued
. tg/ Characteristic ion Fragmentor/  Collision Linear LOD/ LOQ/ Recovery/%  RSD/%

No. Pesticide i i r

min pairs m/z v energies/V range/ png/L ng/L ng/L n=5 n=>5
36 benalyxyl 15.19  326.2/148.1" 326.2/294.0 120 15 0.0124 - 1.2426 0.9997 0.18 0.62 99.8 7.7
37 triflumuron 15.59  359.0/156.1° 359.0/139.0 120 15 30 0.0392 -3.9200 0.9999 0.60 1.99 98.6 8.6
38 diazinon 15.95  305.0/169.1" 305.0/153.2 160 20 20 0.0710 -7.1280 1.0000 0.10 0.35 104.4 6.1
39 clodinafop propargyl 16.09  350.1/266.1" 350.1/238.1 120 15 20 0.0244 -2.4400 0.9949 0.06 0.22 84.7 14.7
40 bensulide 16.18  398.0/158.1" 398.0/314.0 80 20 5 0.3420 -34.2000 0.9903 5.13 17.10 113.6 7.0
41 pyrazophos 16.20  374.0/222.0" 374.0/194.0 120 20 30 0.0162 - 1. 6240 0.9991 0.24 0.82 107.8 6.2
42 tolclofos methyl 16.60 301.2/269.0" 301.2/125.2 120 15 20 0. 6656 - 66.5600 0.9947 9.95 33.15 101.8 4.6
43 chlorpyrifos methyl 16.72  322.0/125.0" 322.0/290.0 80 15 15 0. 1600 - 16. 0000 0.9949 2.40 7.99 84.0 12.7
44 emamectin benzoate 17.00  886.7/158.2" 886.7/126.1 150 40 40 0.0320 -3.2000 0.9957 9.41 31.36 128.2 11.9
45 haloxyfop-methyl 17.11  376.0/316.0" 376.0/288.0 120 15 20 0.0264 -2. 6400 0.9998 0.39 1.30 112.6 8.3
46 cloquintocet mexyl 17.36  336.1/238.1" 336.1/192.1 120 15 20 0.0188 —1.8840 0.9986 0.03 0.08 89.4 2.5
47 cis trans diallate 17.40  270.0/86.0" 270.0/109.0 100 15 35 0. 8920 -89.2000 0.9952 0.94 3.12 105.0 10. 1
48 quizalofop-ethyl 17.40  373.0/299.1" 373.0/91.0 140 15 30 0.0680 - 6. 8200 1.0000 0.08 0.26 116.6 5.2
49 tetramethirn 17.85 332.2/164.1" 332.2/135.1 100 15 15 0.0182 —1.8200 0.9947 0.35 1.15 86.3 6.0
50 allethrin 18.10  303.2/135.1"° 303.2/123.2 60 10 20 0. 6040 - 60. 4000 0.9941 9.07 30.23 111.8 .4
51 fluazifop butyl 18.24  384.1/282.1" 384.1/328.1 120 20 15 0.0260 -2.6320 1.0000 15.60 52.00 105.2 12.8
52 flufenoxuron 18.30  489.0/158.1" 489.0/141.1 80 10 15 0.0317 -3.1680 0.9978 0.44 1.46 111.8 11.3

Group B

53 ethylene thiourea 0.74  103.0/60.0° 103.0/86.0 100 35 10 0.5220 -52.2000 0.9904 7.81 26.04 109.5 12.3
54 thiofanox 1.00  241.0/184.0" 241.0/57.1 120 15 5 1.5700 - 157.0000 0.9958 23.63 78.78 110.2 0.6
55 dazomet 3.80 163.1/120.0" 163.1/77.0 80 10 35 1.2700 - 127.0000 0.9834 19.17 63.91 118.2 .3
56 difenzoquat-methyl sulfate 5.51  249.1/130.0" 249.1/193.1 140 40 30 0.0810 - 8. 1200 0.9747 1.20 4.01 116.0 5.3
57 TEPP 5.64  291.1/179.0" 291.1/99.0 100 20 35 0. 1040 - 10. 4000 0.9999 7.95 26.50 103.1 25.0
58 phosphamidon 5.77  300.1/174.1" 300.1/127.0 120 10 20 0.0388 —3.8800 0.9986 0.58 1.94 112.1 3.2
59 mephosfolan 5.97 270.1/140.1" 270.1/168.1 100 25 15 0.0232 -2.3200 0.9981 0.35 1.16 100.9 5.7
60 isouron 6.11 212.2/167.1" 212.2/72.0 120 15 25 0.0410 —4.0800 0.9983 0.28 0.94 119.4 4.3
61 cythioate 6.59 298.0/217.1" 298.0/125.0 100 15 25 0. 8000 - 80. 0000 0.9970 36.00 120. 00 118.8 11.4
62 propoxur 6.79 210.1/111.0" 210.1/168.1 80 10 5 0.2440 -24. 4000 0.9925 3.65 12.17 111.1 6.2
63 bendiocarb 6.87 224.1/109.0" 224.1/167.1 80 5 10 0.0318 - 3. 1800 0.9801 0.48 1.59 114.7 6.8
64 chlorsulfuron 6.96 358.0/141.1" 358.0/167.0 120 15 15 0.0274 -2.7400 0.9966 0.41 1.37 91.9 9.3
65 chlorotoluron 7.23  213.1/72.0" 213.1/140.1 80 25 25 0.0620 - 6.2400 0.9988 0.45 1.49 113.3 6.5
66 flutriafol 7.55 302.1/70.0" 302.1/123.0 120 15 20 0.0858 —8.5800 0.9983 1.28 4.28 122.6 8.0
67 carboxin 7.67 236.1/143.1"° 236.1/87.0 120 15 20 0.0560 -5.5600 0.9919 0.39 1.30 89.6 8.6
68 diuron 7.82  233.1/72.0"° 233.1/160.1 120 20 20 0.0156 - 1.5600 0.9919 1.02 3.42 102.5 8.6
69 mefenoxam 7.92  280.1/192.1" 280.1/220.0 100 15 10 0.0154 —1.5380 0.9955 0.23 0.77 118.0 6.9
70 methobromuron 8.25 259.0/170.1" 259/148.0 80 15 15 0. 1684 - 16. 8400 0.9938 2.53 8.44 100.0 12.5




Table 1 Continued
. tg/ Characteristic ion Fragmentor/  Collision Linear LOD/ LOQ/ Recovery/%  RSD/%

No. Pesticide i i r

min pairs m/z v energies/V range/ png/L ng/L ng/L n=5 n=>5
71 dimethachloro 8.96 256.1/224.2" 256.1/148.2 120 10 20 0.0190 - 1.9020 0.9950 0.28 0.95 117.2 2.6
72 propazine 9.37 229.9/146.1" 229.9/188.1 120 20 15 0.0320 -3.2000 0.9998 0.18 0.61 108.8 11.6
73 disulfoton sulfone 9.79 307.0/97.0" 307.0/125.0 100 30 10 0.0246 -2.4600 0.9978 0.37 1.23 112.7 6.6
74 terbuthylazine 10.15 230.1/174.1" 230.1/132.0 120 15 20 0.0470 - 4. 6800 0.9999 0.31 1.02 119.7 6.4
75 cyproconazole 10.59 292.1/70.0" 292.1/125.0 120 15 15 0.0730 -7.3200 0.9995 0.49 1.65 113.5 6.9
76 phenmedipham 10. 69 301.1/168.1" 301.1/136.0 80 5 20 0.0448 —4.4800 0.9949 4.43 14.76 110.7 14.6
77 furalaxyl 10.77 302.2/242.2" 302.2/270.2 100 15 5 0.0770 —7.7000 0.9936 0.12 0.39 118.1 6.7
78 fenhexamid 12.33 302.0/97.1° 302.0/55.0 80 30 25 0.0950 -9. 4600 0.9694 1.24 4.12 103.8 10.2
79 bromuconazole 12.70 376.0/159.0" 376/70.0 80 20 20 0.0314 -3. 1400 0.9936 2.24 7.47 93.5 12.4
80 ethofume sate 12.86 287.0/121.0" 287.0/161.0 80 10 20 3.7200 -372.0000 0.9969 31.20 104.00 103.2 8.6
81 flamprop methyl 13.20 336.1/105.1" 336.1/304.0 80 20 5 0.2020 -20.2000 0.9919 3.03 10. 10 100.9 12.0
82 isoxaben 13.21 333.1/165.0" 333.1/150.1 120 15 50 0.0190 - 1. 8600 0.9969 0.16 0.53 105.8 15.7
83 iprobenfos 13.50 289.1/91.0"° 289.1/205.1 80 25 5 0.0828 —8.2800 0.9947 1.26 4.21 109. 1 8.5
84 metconazole 13.77 320.2/70.0" 320.2/125.0 140 35 55 0.0132 -1.3180 0.9996 0.20 0.67 102.6 13.8
85 pirimiphos methyl 15.50 306.2/164.0" 306.2/108. 1 120 20 30 0.0200 -2. 0200 0.9999 0.03 0.09 69.9 14.5
86 flamprop isopropyl 16.00 364.1/105.1" 364.1/304.1 80 20 5 0.0430 —4.3400 0.9999 0.07 0.22 107.7 14.3
87 cyanofenphos 16.44 304.0/157.0" 304.0/276.0 100 20 10 0.2080 —-20. 8000 0.9941 3.14 10. 46 104.9 14.1
88 hexaflumuron 16.90 461.0/141.1" 461.0/158.1 120 35 35 0.2520 -25.2000 0.9975 3.78 12.61 102.5 6.1
89 cycloxydim 17.00 326.2/280.2" 326.2/180.2 120 10 15 0.0254 -2.5400 0.9999 0.38 1.28 105.1 6.4
90 novaluron 17.39 493.0/158.0" 493/141.1 80 15 55 0.0804 - 8. 0400 0.9904 1.21 4.03 106. 1 12. 1
91 trifloxystrobin 17.44 409.3/186.1" 409.3/206.2 120 15 10 0.0200 -2.0000 0.9991 1.78 5.94 105.0 19.8
92 clethodim 17.60 360.1/164.1" 360.1/268.0 120 20 10 0.0208 —2.0800 0.9970 0.31 1.04 132.6 8.5
93 fluchloralin 17.68 356.0/186.0" 356.0/63.0 80 15 30 4.8800 —488.0000 0.9922 41.40 138.00 78.2 23.5
94 picolinafen 17.74 377.0/238.0" 377.0/359.0 120 20 20 0.0730 - 7.2600 0.9901 0.11 0.36 116.9 3.8
95 bioallethrin 18.00 303.1/135.1" 303.1/107.0 80 10 20 1.9800 - 198. 0000 0.9652 29.73 99.11 111.4 14.2
96 pyriproxyfen 18.00 322.1/96.0° 322.1/227.1 120 15 10 0.0430 —4.3000 0.9904 0.07 0.22 95.2 21.1
97 fluazuron 18.10 506.0/158.1" 506.0/141.1 120 15 50 0.2680 —26.8000 0.9977 4.04 13.47 89.1 16.9
98 chlorpyrifos 18.29 350.0/198.0" 350.0/79.0 100 20 35 0.5380 -53.8000 0.9792 8.11 27.03 96.0 5.4
99 propargite 18.77 368.1/231.0" 368.1/175.1 100 5 15 0. 6860 - 68. 6000 0.9909 10. 26 34.19 120.5 4.9
100 fenazaquin 18.80 307.2/57.1° 307.2/161.2 120 20 15 0.0320 -3.2400 0.9909 0.05 0.17 109.9 17.4
101 bioresmethrin 19.39 339.2/171.1" 339.2/143.1 100 15 25 0.0742 -17.4200 0.9950 1.13 3.75 91.6 19.5

Group C

102 dicrotophos 3.97 238.1/112.1" 238.1/193.0 80 10 5 0.0114 - 1. 1440 0.9985 0.17 0.58 88.4 5.4
103 trichlorphon 4.21 257.0/221.0" 257.0/109.0 120 10 20 0.1120 —11.2240 0.9716 0.84 2.80 91.8 14.6
104 ethirimol 4.29 210.2/140.1" 210.2/98.0 120 25 30 0.0560 - 5. 6000 0.9962 0.83 2.75 104.5 0.4
105 brompyrazon 4.69 266.0/92.0° 266.0/104.0 120 30 30 0.0360 - 3. 6000 0.9936 0.53 1.78 112.3 14.8
106 acetamiprid 4.86 223.2/126.0" 223.2/56.0 120 15 15 0.0144 - 1.4400 0.9969 0.22 0.72 102.3 12.6




Table 1 Continued
. tg/ Characteristic ion Fragmentor/  Collision Linear LOD/ LOQ/ Recovery/%  RSD/%

No. Pesticide i i r

min pairs m/z v energies/V range/ png/L ng/L ng/L n=5 n=>5
107 dimethoate 4.88 230.0/199.0" 230.0/171.0 80 5 10 0.0760 —7.6000 0.9868 0.16 0.54 108.8 0.4
108 imazamethabenz-methyl 5.33 289.1/229.0" 289.1/86.0 120 15 25 0.0160 —1.6380 0.9986 0.02 0.08 103.3 2.7
109 oxycarboxin 5.38 268.0/175.0" 268.0/147.1 100 10 20 0.0900 - 8.9600 0.9905 0.67 2.24 106.9 2.9
110 prometon 5.40 226.2/142.0" 226.2/184.1 120 20 20 0.0130 -1.3100 0.9996 0.22 0.74 93.9 5.6
111 metoxuron 5.59 229.1/72.0" 229.1/156.1 120 20 20 0.0640 -6.3720 0.9964 0.48 1.62 110.2 3.3
112 bromacil 5.78 261.0/205.0" 261.0/188.0 80 10 20 0.2360 -23. 6000 0.9989 3.55 11.83 105.4 0.4
113 monuron 5.94 199.0/72.0" 199.0/126.0 120 15 15 0.3474 -34.7360 0.9902 5.20 17.33 106. 8 1.1
114 quinoclamine 6.09 208.1/105.0" 208.1/154.1 120 30 20 0.0792 -7.9200 0.9997 1.20 3.99 114.4 13.5
115 imazaquin 6.27 312.2/199.1" 312.2/267.0 160 25 20 0.0289 —2.8880 0.9998 0.43 1.43 86.8 1.6
116 thifensulfuron-methyl 6.40 388.1/167.0" 388.1/141.1 120 10 10 0.2140 -21.4000 0.9999 3.21 10.70 91.5 5.7
117 fenamiphos sulfone 6.63 336.1/188.2" 336.1/266.2 120 30 20 0.0450 —4.4520 0.9921 0.07 0.23 108.5 5.9
118 pyrimethanil 6.70 200.2/107.0* 200.2/183.1 120 25 25 0.0680 - 6. 8000 1.0000 10.47 34.91 107.2 1.2
119 carbofuran 6.81 222.3/165.1" 222.3/123.1 120 5 20 0. 1306 - 13. 0600 0.9949 1.97 6.57 107.7 0.5
120 imazalil 6.86 297.0/159.0" 297.0/255.0 120 20 20 0. 0200 -2.0000 0.9994 0.30 1.00 107.5 0.5
121 fluometuron 7.27 233.1/72.0"° 233.1/160.0 120 20 20 0.0920 -9.2000 0.9922 0.70 2.33 114.1 0.7
122 fenfuram 7.48 202.1/109.0" 202.1/83.0 120 20 20 0.0780 - 7. 8000 0.9982 0.60 2.02 111.7 5.7
123 ofurace 7.65 282.1/160.2" 282.1/254.2 120 20 10 0.0100 - 1. 0000 0.9933 0.15 0.50 91.5 14.5
124 diethyltoluamide 7.70 192.2/119.0" 192.2/91.0 100 15 30 0.0550 -5.5000 0.9998 0.08 0.28 105.1 1.2
125 metalaxyl 7.75 280.1/192.2" 280.1/220.2 120 15 20 0. 0500 -5.0000 0.9986 0.74 2.46 102.8 1.2
126 dodemorph 8.45 282.3/116.1" 282.3/98.1 120 20 30 0. 0400 —4.0000 0.9989 0.06 0.20 96.9 7.1
127 diphenamid 9.00 240.1/134.1" 240.1/167.1 120 20 25 0.0140 —1.4140 0.9999 0.10 0.33 99.6 12. 1
128 fenobucarb 9.92 208.2/95.0" 208.2/152.1 80 10 5 0.0590 -5.9000 0.9984 0.89 2.98 111.5 .0
129 fluridone 10.30 330.1/309.1" 330.1/259.2 160 40 55 0.0180 - 1. 8000 0.9995 0.03 0.09 102.0 9.7
130 methfuroxam 10.42 230.2/137.1" 230.2/111.1 120 20 15 0.0270 -2.7040 0.9997 0.21 0.68 102.8 .4
131 benoxacor 10.83 260.0/149.2" 260.0/134.1 120 15 20 0.0690 - 6.9000 0.9997 1.03 3.45 104.3 0.4
132 prochloraz 11.79 376.1/308.0" 376.1/266.0 80 10 10 0.0207 -2.0698 0.9998 0.31 1.03 109.0 0.4
133 mepronil 13.15 270.2/119.1" 270.2/228.2 100 30 15 0.0380 —-3.7800 0.9981 0.06 0.19 95.8 12.5
134 isoprothiolane 13.17 291.1/189.1" 291.1/231.1 80 20 5 0.0185 —1.8480 0.9967 0.28 0.93 97.5 6.2
135 fenbuconazole 13.40 337.1/70.0" 337.1/125.0 120 20 20 0.0165 - 1. 6490 0.9998 0.25 0.83 82.4 1.7
136 methoxyfenozide 13.41 313.0/149.0" 313.0/91.0 100 10 35 0.0370 -3.7000 0.9979 0.55 1.83 110.0 2.1
137 ditalimfos 13.53 300.0/148.1" 300.0/244.0 80 15 10 0.6721 -67.2100 0.9981 10. 08 33.61 124.5 5.7
138 fluorochloridone 13.80 312.1/292.17 312.1/89.0 100 25 25 0.1378 - 13.7800 0.9965 2.07 6.89 104.9 8.4
139 EPTC 14.00 190.2/86.0" 190.2/128.1 100 10 10 0.3734 -37.3380 0.9990 5.60 18.67 91.6 14.1
140 flufenacet 14.00 364.0/194.0" 364.0/152.0 80 5 10 0.0530 -5.3000 0.9996 0.79 2.65 89.6 9.9
141 furmecyclox 14.00 252.2/170.1" 252.2/110.1 100 10 25 0.0830 - 8.3200 0.9998 0.12 0.41 119.3 7.7
142 pyrimitate 14.00 306.1/170.2" 306.1/154.2 120 20 20 0.0170 - 1. 7400 0.9999 0.03 0.09 106. 4 10.7
143 spinosad 14.30 732.4/142.27 732.4/98.1 180 30 75 0.0570 - 5. 6840 1.0000 43.56 145.19 114.2 1.0




Table 1 Continued

No. Pesticide lg/ Characteristic ion Fragmentor/  Collision Linear , LOD/ LOQ/ Recovery/% RSD/%
min pairs m/z v energies/V range/ png/L ng/L ng/L n=5 n=>5
144 monalide 14.50  240.1/85.1" 240.1/57.0 120 15 35 0.0120 - 1.2000 0.9992 0.91 3.04 106. 6 0.4
145 quinalphos 14.80  299.1/147.1" 299.1/163.1 120 20 20 0.0200 -1.9980 0.9976 0.30 1.01 101.3 1.7
146 butafenacil 15.00 492.0/180.0" 492.0/331.0 120 35 25 0.0950 -9.5000 0.9976 1.43 4.75 120.0 13.4
147 kresoxim-methyl 15.20  314.1/267.0° 314.1/206.0 80 55 1.0058 - 100. 5800 0.9850 15.09 50.29 111.0 4.7
148 fenthion 15.54  279.0/169.1" 279.0/247.0 120 15 10 0.5200 -52.0000 0.9952 7.80 26.00 112.1 2.7
149 fonofos 16.10  247.1/109.0" 247.1/137.1 80 15 5 0.0746 —7.4580 0.9976 1.12 3.72 110.2 3.0
150 phosalone 16.79 368.1/182.0" 368.1/322.0 80 10 5 0.4804 —48.0408 0.9946 7.18 23.94 115.6 0.5
151 disulfoton 16.80 275.0/89.0" 275.0/61.0 80 5 20 4.6970 —469. 6960 0.9934 70.45 234.84 99.3 9.9
152 phoxim 16.80  299.0/77.0" 299.0/129.0 80 20 10 0. 8280 —82.8000 0.9935 12.42 41.40 106. 4 4.5
153 piperophos 17.00  354.1/171.0" 354.1/143.0 100 20 30 0.0924 -9.2400 0.9952 1.39 4.62 106. 4 2.3
154 chlorphoxim 17.15  333.0/125.0" 333.0/163.1 80 55 0.7757 -77.5740 0.9916 11.65 38.83 104.5 9.3
155 etridiazol 17.20  247.1/183.1" 247.1/132.0 120 15 15 1.0042 -100.4210 0.9958 23.70 79.00 107.6 8.8
156 isofenphos 17.25  346.1/217.0" 346.1/245.0 80 20 10 2.1867 -218.6720 0.9659 32.83 109. 44 122.6 18.9
157 piperonyl butoxide 17.75  356.2/177.1" 356.2/119.0 100 10 35 0.0113 -1.1316 0.9952 1.67 5.56 131.1 3.6
158 dithiopyr 17.81  402.0/354.0" 402.0/272.0 120 20 30 0. 1040 - 10. 4000 0.9917 1.56 5.20 81.7 10.0
159 butachlor 18.00 312.2/238.1" 312.2/162.0 80 10 20 0.2007 -20. 0660 0.9937 3.01 10.03 113.6 4.2
160 oxyflurofen 18.00  362.0/316.1" 362/237.1 120 10 25 0.5855 - 58.5480 0.9883 8.78 29.27 120.3 3.4
161 temephos 18.30  467.0/125.0" 467.0/155.0 100 30 30 0.0122 -1.2150 0.9996 0.18 0.61 68.1 12.4
162 fenpyroximate 18.66  422.2/366.2" 422.2/135.0 120 10 35 0.0136 - 1.3600 0.9991 0.20 0.68 71.3 1.6
163 epoxiconazole 18.81  330.1/141.1" 330.1/121.1 120 20 20 0.0406 —4.0560 0.9925 3.04 10. 14 105.4 1.8
164 fenoxanil 18.81  329.1/302.0" 329.1/189.1 80 5 30 0.3940 -39. 4000 0.9942 5.90 19.67 111.0 0.8
165 aspon 19.22 379.1/115.0" 379.1/210.0 80 30 15 0.0173 -1.7300 0.9908 1.31 4.37 113.9 5.8
166 spirodiclofen 19.28  411.1/71.0" 411.1/313.1 100 10 5 0.0991 -9.9060 0.9952 1.49 4.95 115.6 10.4
Group D
167 thiabendazole 3.32 202.1/175.1" 202.1/131.1 120 30 30 0.0490 - 4. 8800 0.9971 0.07 0.25 102.2 7.2
168 thiofanox-sulfoxide 4.08 235.1/104.0" 235.1/57.0 60 5 20 0.0829 -8.2940 0.9970 12.38 41.27 105.4 8.2
169 metamitron 4.18  203.1/175.1" 203.1/104.0 120 15 20 0.0636 —6.3600 0.9993 0.95 3.16 116.8 2.7
170 chloridazon 4.35  222.1/104.0° 222.1/92.0 120 25 35 0.0233 -2.3280 0.9989 0.35 1.17 109.6 8.0
171 atratone 4.46  212.2/170.2" 212.2/100.1 120 15 30 0.0180 - 1.8320 0.9999 0.03 0.09 106.6 9.0
172 tricyclazole 5.06  190.1/136.1" 190.1/163.1 120 30 25 0. 1248 - 12.4800 0.9966 18.86 62.85 105.3 7.4
173 cinosulfuron 6.53  414.1/183.1" 414.1/157.1 120 10 20 0.0112 - 1.1240 1.0000 0.17 0.56 102.8 9.3
174 DMST 7.06  215.3/106.1" 215.3/151.2 80 10 5 0.4000 -40. 0000 0.9920 6.00 20.00 111.7 9.2
175 atrazine 7.20  216.0/174.2" 216.0/132.0 120 15 20 0.0360 - 3. 6040 0.9987 0.05 0.18 105.3 5.1
176 isoproturon 7.44  207.2/72.0° 207.2/165.1 120 15 15 0.0140 - 1.3560 0.9999 0.02 0.07 94.5 7.5
177 terbutryn 7.44  242.2/186.1" 242.2/71.0 120 15 20 0.0200 -2.0000 0.9999 0.05 0.16 110.2 6.8
178 metosulam 7.60  418.0/175.1" 418.0/354.0 120 25 20 0.0440 —-4.4000 0.9999 0.66 2.19 104.5 6.9
179 heptanophos 7.85 251.0/127.0" 251.0/109.0 80 10 30 0.0584 - 5. 8400 0.9971 0.87 2.91 98.7 17.5




Table 1 Continued

No. Pesticide lg/ Characteristic ion Fragmentor/  Collision Linear , LOD/ LOQ/ Recovery/% RSD/%
min pairs m/z v energies/V range/ png/L ng/L ng/L n=5 n=>5
180 metazachlor 8.36 278.1/134.1" 278.1/210.1 80 20 5 0.0980 -9. 8000 0.9994 0.15 0.49 109.3 11.2
181 dipropetryn 8.58 256.1/144.1" 256.1/214.0 140 30 20 0.0270 -2.7000 1.0000 0.04 0.13 108.9 6.9
182 fenamiphos 8.97 304.0/216.9" 304.0/202.0 100 20 35 0.0210 -2.0680 0.9785 3.07 10. 25 114.4 5.5
183 fenpropimorph 9.10 304.0/147.2" 304.0/130.0 120 30 30 0.0180 - 1. 8400 1.0000 0.13 0.44 100.9 6.2
184 linuron 9.84 249.0/160.1" 249.0/182.1 100 15 15 0.1163 —11.6340 0.9999 1.76 5.85 108.5 6.5
185 methacrifos 10.03 241.0/209.0" 241.0/125.0 60 5 20 24.2370 -2423. 6960 0.9936 45.75 152.50 110.1 8.7
186 diethofencarb 10.40 268.1/226.2" 268.1/152.1 80 5 20 0.0200 -2.0000 0.9995 1.49 4.95 106.5 6.6
187 azinphos-methyl 10. 45 318.1/125.0" 318.1/160.0 80 15 10 11.0433 - 1104. 3340 0.9969 29.40 98.00 109.5 6.7
188 simeconazole 11.00 294.2/70.1" 294.2/135.1 120 15 15 0.0294 -2.9400 0.9998 0.44 1.48 98.3 10.5
189 mefenacet 11.60 299.1/148.1" 299.1/120.1 100 15 25 0.0221 -2.2080 0.9998 0.33 1.11 112.8 7.3
190 triadimefon 11.88 294.2/69.0° 294.2/197.1 100 20 15 0.0788 —7.8800 0.9998 1.18 3.93 101.6 7.4
191 trietazine 12.00 230.1/202.0" 230.1/132.1 160 20 20 0.0600 - 6. 0400 0.9998 0.09 0.30 105.5 6.9
192 pyridaphenthion 12.32 341.1/189.2" 341.1/205.2 120 20 20 0.0870 - 8. 7200 0.9998 0.13 0.44 109.9 5.0
193 propetamphos 13.60 282.1/138.0" 282.1/156.1 80 15 10 0.5400 —-54.0000 0.9997 8.10 27.00 97.8 13.4
194 mecarbam 14. 46 330.0/227.0" 330.0/199.0 80 5 10 0. 1960 - 19. 6000 0.9934 2.94 9.80 111.2 10.4
195 dibutyl succinate 14.80 231.1/101.0" 231.1/157.1 60 1 10 2.2240 -222.4000 0.9933 33.30 111.00 104.9 8.8
196 sulfallate 15.25 224.1/116.1" 224.1/88.2 100 10 20 2.0720 -207.2000 0.9962 31.09 103. 62 102.6 10.3
197 cadusafos 15.27 271.1/159.1" 271.1/131.0 80 10 20 0.0115 -1.1520 0.9971 0.17 0.58 102.1 8.9
198 pyraclofos 15.34 361.1/257.0" 361.1/138.0 120 25 35 0.0100 - 1.0040 0.9996 0.15 0.50 109.8 23.2
199 picoxystrobin 15.40 368.1/145.0" 368.1/205.0 80 20 5 0.0844 - 8. 4400 0.9936 1.27 4.24 104.5 11.2
200 thiobencarb 15.80 258.1/125.0" 258.1/89.0 80 20 55 0.0330 -3.3000 0.9971 0.50 1.66 103.4 12.2
201 cycloate 15.95 216.2/83.0"° 216.2/154.1 120 15 10 0.0444 —4.4400 0.9971 0.67 2.22 103.2 15.2
202 pyraclostrobin 16. 04 388.0/163.0" 388.0/194.0 120 20 10 0.0510 -5.0510 0.9993 0.08 0.25 96.6 12.7
203 thiazopyr 16.15 397.1/377.0" 397.1/335.1 140 20 30 0.0196 - 1.9600 0.9981 0.30 0.98 108.1 11.8
204 pencycuron 16.33 329.2/125.0" 329.2/218.1 120 20 15 0.0270 -2.7320 0.9995 0.20 0.66 105.8 7.2
205 sulfotep 16.35 323.0/171.1" 323.0/143.0 120 10 20 0.0260 —-2. 6000 0.9945 0.39 1.30 114.9 20.8
206 profenefos 16.74 373.0/302.9" 373.0/345.0 120 15 10 0.0202 -2.0160 0.9990 0.30 1.02 119.9 8.4
207 mefenpyr-diethyl 16. 80 373.0/327.0" 373.0/160.0 80 15 35 0. 1256 - 12.5600 0.9918 1.88 6.28 117.8 7.5
208 EPN 17.10 324.0/296.0" 324.0/157.1 120 10 20 0.3300 -33.0000 0.9947 4.95 16.50 99.9 8.8
209 prosulfocarb 17.10 252.1/91.0° 252.1/128.1 120 15 10 0.0370 - 3. 6680 0.9997 0.54 1.80 122.2 7.6
210 butylate 17.20 218.1/57.0" 218.1/156.2 80 10 5 3.0200 -302. 0000 0.9927 45.15 150.51 101.2 6.3
211 pyrazosulfuron-ethyl 17.20 415.1/182.1" 415.1/369.1 120 15 10 0.0684 —6. 8400 0.9999 1.03 3.43 107.8 4.4
212 pirimiphos-ethyl 17.75 334.2/198.2" 334.2/182.2 120 20 25 0.0476 —4.7600 0.9982 0.01 0.04 118.6 9.4
213 sulprofos 18.40 323.0/219.1" 323.0/247.0 120 15 10 0.0584 - 5. 8400 0.9976 0.89 2.97 106.2 8.5
214 chlorfluazuron 18.53 540.0/383.0" 540.0/158.2 120 15 15 0.0868 —8. 6800 0.9958 1.31 4.37 107.7 15.9
215 isopropalin 19.05 310.2/225.7" 310.2/207.7 120 15 20 0.3000 -30.0000 0.9906 4.50 15.00 103.3 20.9

* Quantitative ion pair.
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Table 2 Statistics of spiked recoveries of 52 pesticides g
indifferenteXtraCtionso}vents n=3 07 A T T S N o I S N Moo mry
Numbers of pesticides in different extraction solvent 6 2 4 6 8 10 12 14 16 18 20 22
Recovery ¢/ min
Acetonitrile containing ... Acetone-hexane
range . . Acetonitrile 1
1% acetic acid 1:2 v/v
<70% 8 16 9 . .
70% — 120% 3 12 43 Fig. 1 Tota.l ion current chro.matogl"ams
of ginger extracts using micro-
>120% 1 4 0

wave heating at different times
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Table 3 Statistics of spiked recoveries of 52 pesticides

using microwave heating or not using n =3

Recovery Numbers of pesticides at different heating times
range 30 s 40 s 50 s Not heating
<70% 6 12 6 8

70% - 120% 42 40 41 43
>120% 4 0 5 1
3
40s 50s
30 s
2.1.2
_ 49
GPC -1

SPE 57 11-14 19 21 -24

GPC 4 SPE

Sep-Pak Vac PSA Florisil Sep-Pak
Vac + PSA
GPC 2 X
5 mL - 111 v/v
10 mL 5 mL -
10 mL
0.45 pm 10 mL
- 1:1 vw/v 5
mL/min 5 mL GPC 21
~40 min o GPC 40 C
0.5 mL
1 mL - 352 /v
0.2 pm SPE
1.4 4
4 52
n=3

Table 4 Statistics of spiked recoveries of 52 pesticides in
ginger using different clean-up methods n =3

Numbers of pesticides with different clean-up methods

Recovery
Sep-Pak  PSA Florisil Sep-Pak
range GPC
Vac SPE  SPE SPE  Vac + PSA SPE
<70% 3 8 1 3 3
70% -120% 22 43 47 48 34
>120% 27 1 4 1 15

4 GPC 30
57. 7% 42.3%
70% ~ 120% GPC
SPE Sep-
Pak Vac 43 70% ~
120% 82.7% PSA Florisil
47 48 70% ~ 120%
90.4% 92.3% PSA + Sep-Pak Vac
34 70% ~ 120% 65. 4%
PSA Florisil
PSA Florisil Sep-
Pak Vac
Sep-Pak Vac
2.2 -
Q1
Frag-
mentor CE
1
LC-MS/MS
0.1%
0.1%
0.1%
0.1%
1.2
2.3
LC-MS/MS

Y x 215
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