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Summary

A rapid and simultaneous method was developed for the analysis of 61 kinds of residual animal drugs
and synthetic antibacterials in livestock products and seafoods using liquid chromatography coupled with
tandem mass spectrometry (LC/MS/MS). Mass spectral acquisition was done by applying selected reaction
monitoring(SRM). The animal drugs and synthetic antibacterials were extracted with acetonitrile. The LC
separation was performed on a YMC-Pack Pro C18 column (2mm i.d.x 50mm ) with a gradient system
of 0.02% formic acid-acetonitrile as the mobile phase at a flow rate of 0.2mL/min. The recoveries of the
61 kinds of drugs were almost 40 120 % from livestock products and seafoods fortified at 100 ng/g.
The detection limits of those were 1  15ng/g(S/N=3). Ten milk, twenty-two meat and six seafood

samples were analysed by this method. No drugs were detected in any sample.
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Table 1. Retention time and compound-specific MS/MS parameters of animal drugs and synthetic antibacterials

SRM Declustering Collision
Compound R.T.(min.) Trace(m/z) Potential(V) Energy(V)
(positive ionization)

1. 5-propylsulfonyl-1H-benzimidazole-2-amine (ABZ-Met) 2.0 240.1 - 133.3 71 41

2. 5-hydroxythiabendazole (SHTBZ) 2.9 2179 - 1913 91 34

3. olaquindox (ODX) 35 263.9 - 1433 56 45

4. trimethoprim (TMP) 35 291.1 - 230.1 76 31

5. sulfisomidine (SID) 4.0 278.6 - 124.2 61 31

6. sulfadiazine (SDZ) 5.0 2509 - 156.2 51 21

7. tiabendazole (TBZ) 53 201.8 - 175.1 91 35

8. ormetoprim (OMP) 55 2749 - 259.4 86 35

9. clopidol (CLP) 6.0 1919 - 101.2 81 37
10. sulfathiazole (STZ) 8.4 255.6 - 92.3 46 45
11. morantel citrate (MOR) 9.1 221.0 - 111.2 81 35
12. sulfamerazine (SMR) 9.2 264.9 - 108.3 66 35
13. enoxacin (EX) 9.3 321.2 - 206.4 66 39
14. ofloxacin (OFX) 9.5 362.0 - 3183 71 29
15. nitrofurazone(NFX) 9.6 320.1 - 276.3 66 25
16. lomefloxacin (LFX) 9.8 352.1 - 2654 71 33
17. ciprofloxacin (CPFX) 9.8 332.0 - 288.3 76 25
18. danofloxacin (DFX) 10.0 358.0 - 340.1 56 31
19. enrofloxacin (EFX) 10.0 360.1 - 2454 71 37
20. neospiramycin (NSPM) 10.0 350.2 - 174.3 51 23
21. sarafloxacin (SFX) 10.3 386.0 - 299.3 81 37
22. spiramycin (SPM) 10.3 4223 - 1743 56 29
23. norfloxacin (NFZ) 10.5 198.9 - 542 61 45
24. isometamizium (IMD) 10.6 460.3 - 298.3 66 31
25. pyrimethamine (PYR) 10.6 2489 - 2333 96 39
26. sulfadimidin (SDD) 10.6 279.0 - 1243 56 33
27. carbadox (CDX) 10.8 262.9 - 231.1 61 19
28. sulfamethoxypyridaxzine (SMPD) 11.1 280.8 — 156.3 56 25
29. furazolidone (FZD) 11.2 2259 - 122.1 71 29
30. sulfamonomethoxine (SMMX) 11.7 280.4 - 108.3 56 39
31. difurazon (DFZ) 11.8 360.3 — 222.3 81 27
32. sulfachlorpyridazine (SCPD) 11.8 284.6 - 156.3 51 23
33. sulfamethoxazole (SMX) 12.2 253.8 - 156.2 66 23
34. oxolinic acid (OXA) 12.7 261.8 - 2443 56 25
35. ethopabate (ETB) 12.8 238.0 - 136.3 41 39
36. sulfadimethoxine (SDMX) 13.0 3109 - 156.3 71 29
37. sulfaquinoxaline (SQ) 13.1 300.8 - 156.2 51 23
38. albendazole (ABZ) 13.4 266.0 - 234.1 71 29
39. nalidixic acid (NA) 13.6 233.0 - 1874 46 35
40. flubendazole (FBZ) 13.9 314.1 - 282.0 81 31
41. B-trenbolone (B -TBL) 14.0 271.0 - 199.3 86 33
42. a-trenbolone (o -TBL) 14.2 271.1 - 253.1 86 31
43. piromidic acid (PMA) 14.4 289.0 - 243.4 51 41
44. nicarbazin (NCZ) 16.0 302.8 - 139.3 71 25
45. decoquinate (DEC) 18.3 4182 - 372.4 96 31

(negative ionization)

1. aminobenzylpenicillin (AMPI) 6.6 348.0 - 207.1 -50 - 16
2. thiamphenicol (TP) 10.7 355.7 - 119.2 - 65 - 44

3. 2-quinoxalinecarboxylic acid (Q2CA) 11.8 172.8 - 102.1 -40 -26
4. zoalene (ZOR) 11.9 223.8 — 181.1 - 50 - 16

5. chloramphenicol (CP) 12.8 322.8 - 151.9 - 60 -24

6. cefazolin (SEZ) 13.3 320.6 - 167.0 - 40 - 14

7. zeranol (ZER) 14.9 321.0 - 277.0 -85 -30

8. benzylpenicillin (PEN G) 15.5 332.8 - 1919 - 45 - 14

9. 6-chloro-(2,3-dichlorophenoxy)-benzimidazole-2-one (TCBZ-Met) 15.8 328.7 - 182.1 -90 -34
10. phenoxymethylpenicillin (PEN V) 16.3 348.8 - 208.2 - 45 - 14
11. oxacillin (OX) 16.5 400.0 - 258.8 - 55 - 16
12. phenethicillin (PHEN) 16.5 362.7 - 222.0 - 55 - 14
13. diclazuril (DCZ) 16.8 406.7 - 335.6 - 60 -26
14. triclabendazole (TCBZ) 17.2 358.9 - 3435 - 80 -32
15. cloxacillin (CLOX) 17.3 4339 - 2929 - 45 - 16
16. nafcillin (NAF) 18.2 413.0 - 272.0 - 55 - 14
17. dicloxacillin (DICLOX) 18.5 467.5 - 327.0 - 50 - 16
18. closantel (CST) 35.0 660.7 - 126.9 - 110 - 76

1) R.T. is retention time.



Table 2. Recoveries of animal drugs and synthetic antibacterials from milk, chicken , egg and prawn

Recovery(%) D.L. (ng/g)
Compound Milk Chicken Eggo Prawn
(positive ionization)

1. ABZ-Met 73.2(6.5) 75.0(5.8) 69.8(3.7) 62.0(2.1) 1
2. SHTBZ 91.8(4.4) 67.0(7.9) 75.0(7.0) 47.0(6.6) 3
3. ODX 7.5(66.7) 23(31.0) 3.7(33.9) 1.0(106.8) 15
4. TMP 96.7(3.9) 94.2(4.8) 99.7(9.4) 51.7(4.6) 2
5. SID 58.3(6.1) 80.5(5.0) 91.3(8.8) 67.0(2.6) 1
6. SDZ 60.7(6.9) 93.0(5.1) 85.2(8.9) 77.5(3.4) 1
7. TBZ 86.8(2.4) 79.7(1.9) 84.8(4.2) 66.3(1.6) 5

8. OMP 82.7(3.9) 77.5(3.9) 83.0(5.5) 57.7(3.5) 5
9. CLP 97.7(2.9) 88.3(2.9) 91.5(4.9) 70.3(7.3) 2
10. STZ 48.8(10.0) 78.8(4.5) 77.5(7.8) 74.3(2.5) 3
11. MOR 20.9(7.3) 20.8(8.3) 17.7(13.7) 19.6(11.6) 9
12. SMR 50.8(10.2) 75.0(4.8) 83.3(7.0) 71.8(4.0) 3
13. EX 119(5.7) 101(5.0) 59.7(10.9) 103(10.2) 3
14. OFX 91.8(4.1) 84.8(6.0) 79.8(6.6) 83.7(8.0) 2
15. NFX 122(6.0) 93.8(2.9) 61.5(0.8) 101(8.4) 6
16. LFX 78.2(9.1) 77.3(4.9) 37.6(5.8) 65.7(6.4) 5
17. CPFX 117.8(13.7) 83.5(5.7) 54.0(10.4) 90.5(12.1) 5
18. DFX 143(2.3) 142(9.3) 127(1.4) 99.7(7.3) 5
19. EFX 100(5.8) 101(8.9) 97.2(4.4) 94.7(10.3) 2
20. NSPM 67.5(5.2) 57.0(6.1) 79.7(10.8) 48.1(3.2) 6
21. SFX 89.3(5.9) 87.5(2.0) 58.0(8.3) 72.7(6.0) 2
22. SPM 68.7(2.3) 65.3(1.1) 75.0(8.0) 57.3(1.3) 2
23. NFZ 48.9(13.8) 52.5(1.6) 70.8(9.6) 39.8(4.5) 9
24. IMD 61.0(13.8) 113(19.2) 291(16.1) 54.9(19.4) 15
25. PYR 81.8(4.2) 75.3(5.0) 80.0(13.0) 58.2(2.5) 1
26. SDD 52.4(5.2) 84.5(4.3) 82.0(4.8) 80.3(2.4) 1
27. CDX 55.4(13.0) 43.8(15.1) 58.3(7.8) 48.1(6.1) 9
28. SMPD 52.1(4.7) 80.5(8.1) 82.5(7.3) 83.0(5.7) 2
29. FZD 70.0(4.3) 68.2(2.2) 35.4(4.3) 58.3(6.5) 6
30. SMMX 59.5(3.7) 83.8(5.6) 81.0(3.2) 93.5(3.9) 3
31. DFZ 46.5(6.2) 46.7(4.7) 66.0(5.3) 23.4(4.3) 5
32. SCPD 61.0(5.0) 80.2(5.4) 78.2(3.5) 87.7(3.4) 1
33. SMX 64.0(6.2) 77.8(5.2) 80.2(7.7) 82.0(4.6) 2
34. OXA 83.8(5.4) 68.5(8.9) 69.7(5.8) 79.0(1.1) 2
35. ETB 89.0(1.9) 87.2(4.6) 87.7(3.7) 85.3(6.0) 1
36. SDMX 71.8(1.6) 87.3(6.3) 86.0(6.5) 87.0(4.1) 1
37.SQ 72.7(12.5) 79.3(3.3) 79.5(9.7) 82.5(1.2) 1
38. ABZ 87.5(1.5) 80.3(2.0) 90.7(8.4) 65.8(0.9) 1
39. NA 83.8(3.9) 78.83(5.9) 53.1(8.3) 79.2(0.4) 2
40. FBZ 90.8(1.8) 82.5(1.6) 84.5(5.1) 78.0(2.3) 1
41. B -TBL 80.7(3.8) 82.0(1.6) 81.2(2.6) 70.3(3.4) 2
42. a -TBL 85.2(6.4) 82.2(3.5) 79.7(4.6) 70.3(4.7) 2
43. PMA 73.8(9.9) 74.7(5.7) 47.1(7.5) 72.5(4.5) 5
44, NCZ 73.5(1.4) 51.8(7.9) 75.2(10.5) 50.2(5.5) 1
45. DEC 13.1(23.3) 31.2(38.5) 86.8(7.8) 51.9(16.8) 6

(negative ionization)

1. AMPI 51.7(5.4) 19.3(4.3) 42.3(20.0) 43.2(6.4) 6
2. TP 89.3(9.1) 85.7(6.8) 85.0(14.8) 81.3(2.5) 3
3. Q2CA 65.5(2.0) 36.3(2.9) 53.1(5.7) 41.109.7) 2
4. ZOR 88.5(2.0) 87.5(1.1) 82.5(13.7) 49.8(6.8) 3

5. CP 96.7(0.8) 98.5(7.0) 96.5(1.8) 95.3(5.0) 1
6. SEZ 78.5(7.3) 60.3(1.9) 52.9(13.4) 60.7(2.4) 3
7. ZER 83.2(0.9) 77.0(2.8) 78.7(10.1) 69.5(5.0) 1

8. PEN G 73.2(3.9) 14.9(6.5) 50.3(19.6) 56.8(4.3) 3
9. TCBZ-Met 46.3(5.3) 30.6(19.5) 64.2(6.5) 36.4(16.0) 1
10. PEN V 84.2(1.8) 42.3(4.0) 58.1(21.0) 64.0(2.3) 2
11. OX 85.0(2.4) 63.7(5.7) 52.1(20.0) 67.7(4.8) 1
12. PHEN 85.5(1.5) 53.6(6.2) 52.8(19.0) 65.8(1.9) 1
13. DCZ 61.0(4.1) 34.8(17.8) 80.7(7.8) 39.0(12.0) 1
14. TCBZ 28.0(5.5) 26.7(18.4) 68.0(7.2) 26.3(15.9) 1
15. CLOX 76.0(7.3) 63.3(4.1) 36.1(19.3) 63.5(1.4) 3
16. NAF 78.3(5.2) 39.6(7.6) 52.9(9.4) 61.8(1.2) 1
17. DICLOX 74.0(4.4) 62.3(0.9) 35.9(16.6) 64.5(2.8) 3
18. CST 6.2(13.4) 40.7(0.8) 118(8.2) 46.5(2.8) 2

1) Values are mean(RSD). (n=3)

2) D.L. is detection limits.
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