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Abstract: An analytical method was established for the simultaneous determination of 42 pesti—
cides and veterinary drugs in milk by ultra performance liquid chromatography coupled with
quadrupole-time of flight mass spectrometry ( UPLC-Q-TOF-MS) . The target compounds are
the commonly used drugs including 13 pesticides and 29 veterinary drugs. The QuEChERS
( Quick Easy Cheap Effective Rugged and Safe) method was used for sample preparation.
The analytes in milk samples were extracted with acetonitrile containing 1.0% ( v/v) formic
acid and were salted out by adding anhydrous sodium sulfate and potassium chloride. After
that the extract solution was purified by dispersive solid phase extraction with C18 sorbent. In
the chromatographic analysis of 42 target compounds were separated on an ACQUITY UPLC™
BEH C18 column with the gradient elution using the mobile phases of acetonitrile and water
containing 0. 1% formic acid. MS"( where E represents collision energy) acquisition under posi-
tive ion mode was performed to obtain accurate relative molecular masses and fragment ions.
As a result the limits of quantification (LOQ S/N =10) of the target compounds were from 1
pg/kg to 100 wg/kg in milk. The average recoveries of the 42 analytes spiked at three concen-
tration levels were ranged from 68.2% to 129. 1% with the relative standard deviations of 2. 8%
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—30. 8%. This method can be applied to the analysis of the 42 pesticides and veterinary drugs in

milk due to its fastness

simplicity and relatively high sensitivity.

Key words: ultra performance liquid chromatography coupled with quadrupolesime of flight—

mass spectrometry ( UPLCQ-TOF-MS); QuEChERS; pesticide residues; veterinary drug
residues; milk
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Fig. 1 Total ion current ( TIC) chromatogram of the 42 pesticide and veterinary drug standards
in milk matrix at the low collision energy
1. sulfamerazine; 2. diaveridine; 3. trimethoprim; 4. ofloxacin; 5. oxytetracycline; 6. sulfadimidine; 7. danofloxacin; 8. ciproflox—
acin; 9. sulfamethoxypyridazine; 10. tetracycline; 11. enrofloxacin; 12. chlordimeform; 13. dapsone; 14. clenbuterol; 15. sarafloxa—
cin; 16. sulfamethoxazole; 17. chlorotetracycline; 18. carazolol; 19. oxolinic acid; 20. sulfadimethoxine; 21. sulfaquinoxaline; 22.
erythromycin; 23. nalidixic acid; 24. flumequine; 25. carbofuran; 26. trenbolone; 27. prometryn; 28. cefpodoxime proxetil; 29. mala-
chite green; 30. propazine; 31. fenamidone; 32. napropamide; 33. mepronil; 34. novobiocin; 35. chlormadinone acetate; 36. pyrazo—

phos; 37. piperophos; 38. dimepiperate; 39. pyriproxyfen; 40. spirodiclofen; 41. bioresmethrin; 42. ivermectin.
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Fig. 2 (al a2) Extracted ion chromatograms and ( bl b2) their mass spectra of prometryn in two functions
1
Table 1 Retention times and MS parameters for the analysis of target compounds
Compound Retention time /min Parent ion ( m /z) Fragment ion (m /z)
Novobiocin ( ) 9.87 613.2401 189.0927 218.1037 133.0310
Cefpodoxime proxetil ( ) 7.79 558.1328 410.0579 241.0406
Oxytetracycline ( ) 4.68 461.1517 426.1161 337.0714 201.0555
Chlorotetracycline ( ) 5.65 479.1143 444.0862 462.0970 154.0552
Tetracycline ( ) 6.57 445. 1595 410. 1259 392.1150
Erythromycin ( ) 6.68 734.4720 567.3740 158.1194 558.3651
Ivermectin ( ) 13.56 897.4976" 307.2298 551.3371
Sulfamerazine ( ) 4.27 265.0785 172.0190 108. 0467
Sulfadimidine ( ) 4.77 279.0883 186.0347 124.0881 156.0142
Sulfamethoxypyridazine ( ) 4.90 281.0690 126.0680 108.0458
Sulfamethoxazole ( ) 5.59 254.0601 108.0462 92.0508
Sulfadimethoxine ( ) 6.31 311.0812 156.0780 108.0458 92.0507
Sulfaquinoxaline ( ) 6.39 301.0760 108. 0457
Trimethoprim ( ) 4.56 291. 1463 230.1173 261.1005 275.1160
Dapsone ( ) 5.16 249.0699 108.0412 156.0109
Ofloxacin ( ) 4.65 362. 1478 318.1605 261.1045 344.1418
Danofloxacin ( ) 4.81 358. 1552 340. 1468 314.1681 283.1277
Ciprofloxacin ( ) 4.70 332.1418 314.1280 288.1499
Enrofloxacin ( ) 4.92 360. 1715 342.1613 316.1809 245.1096




© 564 ¢ 30
()
Table 1 ( Continued)
Compound Retention time /min Parent ion ( m /z) Fragment ion (m /z)
Sarafloxacin ( ) 5.23 386. 1300 299.0999 342.1416
Oxolinic acid ( ) 5.96 262.0721 244.0620 216.0305
Nalidixic acid ( ) 6.85 233.0930 187.0514 215.0816 159.0567
Flumequine ( ) 7.08 262.0887 244.0772 202.0309
Clenbuterol ( ) 5.22 277.0879 132.0699 203.0143 168.0468
Carazolol ( ) 5.82 299. 1764 222.0929 194.0986 116.1086
Diaveridine ( ) 4.30 261. 1357 245.1040 123.0685 217.1094
Malachite green ( ) 8.23 329.2005 313.1588 208.1099
Trenbolone ( ) 7.38 271.1715 253.1599 199.1139 227.1447
Chlormadinone acetate ( ) 9.88 405.1823 309.1860 267.1770 301.1387
Chlordimeform ( ) 4.93 197. 0864 117.0587 84.9555
Carbofuran ( ) 7.21 222.1132 123.0424 165.0891 244.0961
Prometryn ( ) 7.52 242.1438 158.0572 200. 1001
Propazine ( ) 8.38 230. 1181 146.0238 188.0654 104.0019
Fenamidone ( ) 9.03 312.1171 236.1147 134.0724
Napropamide ( ) 9.28 272.1656 171.0792 128.0629 153.0705
Mepronil ( ) 9.41 270. 1503 119.0496 91.0546 228.0987
Pyrazophos ( ) 10.33 374.0937 222.0871 194.0571 238.0641
Piperophos ( ) 10. 80 354.1323 142.9394 196.0768 170.9322
Dimepiperate ( ) 10.90 286. 1245 184.0114 146.0643
Pyriproxyfen ( ) 11.44 322.1445 185.0597 129.0710 119.0504
Spirodiclofen ( ) 12.47 433.0949 295.0292
Bioresmethrin ( ) 12. 60 339.1953 128.0642 143.0881 171.0825
* The parent ion of ivermectin is M + Na and the others are M +H *.
2.2 N
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Table 2 Maximum residue limits (MRL) limits of quantification (LOQ) linear ranges and
correlation coefficients () of the 42 analytes in milk
Compound MRL" /( pg/kg) LOQ/( pg/kg) Linear range/( wg/kg) r
Novobiocin ( ) 100 20 20 -500 0.9973
Cefpodoxime proxetil ( ) - 10 10 -200 0.9959
Oxytetracycline ( ) 100 100 100 -2000 0.9926
Chlorotetracycline ( ) 100 50 50 - 1000 0.9990
Tetracycline ( ) 100 100 100 -2000 0.9979
Erythromycin ( ) 40 20 50 - 1000 0.9948
Ivermectin ( ) 10 50 50 - 1000 0.9947
Sulfamerazine ( ) 100 20 20 -500 0.9965
Sulfadimidine ( ) 100 50 50 - 1000 0.9997
Sulfamethoxypyridazine ( ) 100 50 50 - 1000 0.9995
Sulfamethoxazole ( ) 100 50 50 - 1000 0.9991
Sulfadimethoxine ( ) 100 10 10 —200 0.9997
Sulfaquinoxaline ( ) 100 20 20 -500 0.9997
Trimethoprim ( ) 0 5 5-150 0.9986
Dapsone ( ) 0 50 50 - 1000 0.9937
Ofloxacin ( ) - 10 10 -200 0.9966
Danofloxacin ( ) 30 20 50 - 1000 0.9984
Ciprofloxacin ( ) 100 2 2 -1000 0.9938
Enrofloxacin ( ) 100 5 5-150 0.9943
Sarafloxacin ( ) - 10 10 -200 0.9991
Oxolinic acid ( ) - 10 10 -200 0.9990
Nalidixic acid ( ) - 50 50 - 1000 0.9986
Flumequine ( ) 50 10 10 -200 0.9986
Clenbuterol ( ) 0 10 10 -200 0.9939
Carazolol ( ) - 5 10 -200 0.9979
Diaveridine ( ) - 5 5 - 1000 0.9901
Malachite green ( ) 5 5-150 0.9974
Trenbolone ( ) 10 10 -200 0.9983
Chlormadinone acetate ( ) - 10 10 -200 0.9974
Chlordimeform ( ) 0 5 5-150 0.9995
Carbofuran ( ) 0 10 10 -200 0.9959
Prometryn ( ) - 1 1 -100 0.9998
Propazine ( ) - 5 5-150 0.9996
Fenamidone ( ) - 5 5-150 0.9987
Napropamide ( ) - 1 1-100 0.9982
Mepronil ( ) - 1 1 -100 0.9985
Pyrazophos ( ) - 5 5-150 0.9991
Piperophos ( ) - 1 1 -100 0.9994
Dimepiperate ( ) - 20 20 -500 0.9925
Pyriproxyfen ( ) - 5 5-150 0.9991
Spirodiclofen ( ) . 50 50 - 1000 0.9988
Bioresmethrin ( ) - 20 20 -500 0.9973

*

maximum residue limit ( MRL) of China.
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Table 3 Recoveries and relative standard deviations ( RSDs) of the 42 target compounds in milk (r =6)
Compound Spiked/ Recovery/ RSD /% Compound Spiked/ Recovery/ RSD /%
(pg/kg) % (pg’kg) %
Novobiocin 20 84.0 17.8 Danofloxacin 20 89.2 15.4
( ) 40 83.2 19.3 ( ) 40 97.6 11.6
100 112.0 14.0 100 106.6 12.1
Cefpodoxime proxetil 10 54.9 25.8 Ciprofloxacin 2 90.5 6.0
( ) 20 90.7 16.5 ( ) 4 94.6 17.2
50 107.2 6.4 10 102.6 5.0
Oxytetracycline 100 91.2 14.2 Enrofloxacin 5 74.3 21.1
( ) 200 88.8 13.0 ( ) 10 111.4 18.5
500 87.1 12.7 25 103.7 10.8
Chlorotetracycline 50 78.5 17.1 Sarafloxacin 10 58.0 33.8
( ) 100 90.7 15.0 ( ) 20 101.7 14.1
250 81.3 14.1 50 104.1 16.1
Tetracycline 100 91.4 14.5 Oxolinic acid 10 75.7 26.8
( ) 200 97.7 12.2 ( ) 20 97.2 5.3
500 92.7 11.2 50 111.4 8.0
Erythromycin 20 102.4 20.3 Nalidixic acid 50 99.8 9.2
( ) 40 90.7 20.6 ( ) 100 106.5 14.9
100 84.9 14.2 250 99.7 8.4
Ivermectin 50 68.2 30.8 Flumequine 10 76.8 13.3
( ) 100 101.8 11.6 ( ) 20 103.7 13.7
250 90.4 10.4 50 104.0 13.6
Sulfamerazine 20 93.7 8.9 Clenbuterol 10 100.5 22.9
( ) 40 103.6 8.4 ( ) 20 88.5 13.3
100 99.1 12.6 50 102.6 14.1
Sulfadimidine 50 101.0 8.7 Carazolol 5 88.6 20.5
( ) 100 98.4 3.9 ( ) 10 91.1 4.3
250 101.2 9.2 25 101.0 6.9
Sulfamethoxypyridazine 50 97.3 17.2 Diaveridine 5 83.7 20.3
( ) 100 98.5 12.9 ( ) 10 86.4 6.2
250 102.8 10.4 25 95.9 9.9
Sulfamethoxazole 50 89.8 17.2 Malachite green 5 75.1 10.9
( ) 100 94.8 7.2 ( ) 10 90.0 9.3
250 106.8 6.3 25 101.7 .1
Sulfadimethoxine 10 82.8 20.9 Trenbolone 10 83.8 19.5
( ) 20 94.5 11.4 ( ) 20 102.8 7.5
50 98.3 13.0 50 97.3 9.3
Sulfaquinoxaline 20 98.3 19.7 Chlormadinone acetate 10 103.4 23.3
( ) 40 95.6 16.4 ( ) 20 95.6 17.1
100 110.6 11.7 50 101.4 12.4
Trimethoprim 5 76.3 19.5 Chlordimeform 5 99.4 26.9
( ) 10 89.4 7.3 ( ) 10 94.9 7.1
25 98.3 .1 25 102.7 8.3
Dapsone 50 92.1 13.7 Carbofuran 10 84.6 19.9
( ) 100 90.6 .7 ( ) 20 103.4 17.5
250 91.0 .6 50 111.2 15.2
Ofloxacin 10 95.2 14.9 Prometryn 1 96.2 7.8
( ) 20 89.0 10.0 ( ) 2 103.9 5.6
50 101.5 13.9 5 106.9 8.5
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Table 3 ( Continued)
Compound Spiked/ Recovery/ RSD /% Compound Spiked/ Recovery/ RSD /%
(pg’ke) % (pg’ke) %
Propazine 5 77.9 3.6 Piperophos 1 94.3 17.0
( ) 10 98.8 .4 ( ) 2 105.9 6.7
25 94.5 .9 5 129.1 9.3
Fenamidone 5 80.7 21.0 Dimepiperate 20 77.5 11.8
( ) 10 99.9 11.4 ( ) 40 88.2 13.7
25 102.0 7.8 100 79.4 13.7
Napropamide 1 87.6 26.9 Pyriproxyfen 5 83.3 10.0
( ) 2 93.1 12.9 ( ) 10 101.4 .8
5 111.6 7.5 25 99.2 .1
Mepronil 1 104.4 9.3 Spirodiclofen 50 95.1 19.6
( ) 2 95.4 18.6 ( ) 100 100. 4 32.2
5 103.4 19.3 250 103.9 14.3
Pyrazophos 5 93.4 12.7 Bioresmethrin 20 87.6 10.4
( ) 10 103.5 12.6 ( ) 40 95.8 7.9
25 110.8 10.7 100 98.9 10.3
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