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Simultaneous determination of 33 quinolone and sulfonamide
residues in eels and shrimps by high performance liquid
chromatography-tandem mass spectrometry

WANG Zhijie LENG Kailiang® SUN Weihong NING Jinsong ZHAI Yuxiu
Yellow Sea Fisheries Research Institute Chinese Academy of Fishery Sciences Qingdao 266071 China

Abstract The method for the simultaneous determination of 33 quinolone QN and sulfona-
mide SA residues in eels and shrimps was developed by high performance liquid chromatog-
raphy-tandem mass spectrometry HPLC-MS/MS . The deuterium substituted reagents which
were used as internal standards were added to the sample before the extraction. The sample
was extracted with acidified acetonitrile cleaned-up by hexane and concentrated with a rotary
evaporator. The mass spectrometer was operated in the positive ion mode using selected reac-
tion monitoring for the qualitative and quantitative analysis of 33 SAs and QNs at the same time.
The limits of detection for 33 SAs and QNs were 1.0 ng/kg S/N =3  and the limits of quanti-
fication were 2.0 ng/kg S/N =10 . The correlation coefficients of linear calibration curves
were over 0. 99 in the concentration range of 10. 0 —-200. 0 ng/L. The average recoveries for 33
SAs and QNs were between 66% and 123%. The advantages of the method are simple operation
and low cost. The method realized fast routine analysis.

Key words high performance liquid chromatography-tandem mass spectrometry HPLC-MS/
MS deuterium substituted reagents internal standard method quinolones sulfonamides
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QNs  SAs ’ 1 33 QNs SAs
4-6 - HPLC- Table 1 Gradient elution program for the
MS 7-12 separation of 33 QN and SA drugs
Time/min o A /% ¢ B /% ¢ C /%
QNs  SAs 0 78 20 2
13 14 3.0 75 20 5
QNS SAs 6.0 70 20 10
8.0 40 20 40
SAs  QNs 13.0 40 20 40
13.1 78 20 2
QNS SAs 16.0 78 20 2
Mobile phases A 0.1% formic acid containing 5. 0 mmol/L
30 QNS SAs ammonium acetate B methanol C acetonitrile.
5
HPLC-MS/MS 33
QNs SAs 4500 V 12 L/min
2 L/min 350 C
6V SRM
2 Q1
0.7 Da Q3 0.7 Da
1 0.2 Pa 1.5 mTorr
1.1 2 33 QNs SAs

Table 2 ESI-MS/MS conditions for the determination

Thermo Finnigan TSQ Quantum Access .
of thirty three drugs of QNs and SAs

Parent Daughter Collision
Molecular

ESI Analyte ion ion energy/
formula /2 m/z eV
m.
QNs SAs
Sulfisoxazole C, H;N;058 268 108 22
99. 5% 156 * 13
0. 1% 5.0 Sulfisomidine C,H,N,0,8 279 186 17
mmol/L 0.2 um 1567 19
Sulfathiazole C,H,N,0,S, 256 108 2
99. 0 mL 1.0 mL 156+ 16
QNs SAs Sulfapyridine C, H,N;0,S 250 184 18
QNs 156 16
Sulfamonomethoxine  C,;H,;N,0,S 281 215 17
156 * 17
1.0 g/L -18 C Sulfamethoxypyridazine C;,H,,N,0;S 281 215 17
QNS SAs 156" 17
1.0 mg/L Sulfamethoxazole CpH;N;0,8 254 1(;?+ ?z
4 C Sulfamethizole C,H,N,0,S, 271 107 30
156 * 14
3 QNs Sulfamethazine C,H,N,0,S 279 ;iz * 1;
0.5 g/L -18 C Sulfameter C,H,N,0,S 28 215 17
156 " 17
Sulfamerazine C,,H,N, 0,8 265 172 17
1.0 mg/L R T I
156 *
4T Sulfaguanidine C,H,(N,0,S8 215 180 22
1.2 156 12
C18 MGTI 2.1 mm x Sulfadoxine C,H,N,0,S 311 108 29
156 * 19
150 mm 5 pm 10 pL Sulfadimethoxine C,H,N,0,S 311 108 29
A 0.1% 5.0 mmol/L 156 * 19
. iazi C,,H,,N,O,S
B C 200 p,L/mln Sulfadiazine 10H;oN,O, 251 108 25
156 * 16
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2 20 mL
Table 2 Continued 3 .
1 min 10 min
Molecular P.‘?\Ient Dal.lghter Collision 4000 r/mi 5 . 50 mL
Analyte formula ion ion energy/ r/min min m
m/z m/z eV
Sulfachloropyridazine C, H,CIN,O,S 285 108 24 40 C 1.0 mL )
156" 15
Sulfachinoxalin C,H,N,0,8 301 108 25 20: 80
156 17 2.0 mL 30 s 5 mL
Sulfaphenazole CsH,,0,N,S 315 160 24 4 000 r/min 5 min
156 * 24
Fleroxacin C,;H F;N;0, 370 269 26 0.2 pm HPLC-MS
326" 19
Ofloxacin C,sH, FN;0, 362 261 27 2
318" 18
Norfloxacin CsH;gFN; O, 320 233 24 2.1
276 * 16 2 . 1 . 1
Enoxacin CH,FN,0; 321 Py 3 4 _-12 QNs SAs
3037 2 c8 Cl8
Ciprofloxacin C,,H;sFN, 0, 332 245 22
w1 Eclips XDB-C18 Hypurity C18 MG I CI8
Enrofloxacin C,yH,, FN, O, 360 245 26 XDB-C18 Hypurity C18
3l6” ? SAs QNs
Lomefloxacin C,H,,F,N;0, 352 265 22
308 16
Danofloxacin CH,FN;0, 358 283 ” MG Il
340" 22 C18 QNs SAs
Orbifloxacin CoHyF;N;0, 396 295 24
352" 17
Difloxacin C, H,F,N;0; 400 299 28
356 " 19 QNs
Sarafloxacin CH;F,N; 0, 386 299 26
342 18
Sparfloxacin C, H,,F,N, O, 393 292 25
349" 19
Oxolinic acid C,;H;, NO; 262 216 29 MGI] C18
24 18 2.1.2
Flumequine C,,H,,FNO, 262 202 32
oad* 18 pH QNs SAs
Pefloxacin C,,Hy FN, 0, 334 290 18 - SAs
316" 20
Sulfadoxine-D3 C,H,N,O,S- 314 156 * 17
D3
D3 QNs
Sulfadimethoxine-D6  C,,H,N,O,S- 317 156 * 20 SAs
D6
-D6
Norfloxacin-D5 C¢HgFN;O,- 325 307 * 22
-D5 D5
Ciprofloxacin-D8 C,H;sFN;0;- 340 322" 21
D8 D8 0. 1% pH
Enrofloxacin-D5 CyH,,FN;0;- 365 321" 19
-D5 D5
* quantification ions.
1.3 0. 1% 5 mmol/L
50g 50 mL QNs
50 pL SAs 1
30 s 10 min 10.0 g QNs  SAs
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Fig. 1 Chromatograms of some difficult to separate SAs and QNs drugs
2.2 2.3.2
20 pL/min 2 mg/L QNs
SAs m/z 150 ~ 450 3
M+H °
QNs SAs 2.4
SAs m/z 156 m/z 108
QNs
M+ H -
H,O ° M+H-CO, ~ M+H- CHN-=
CH, °*
2
2.3
2.3.1
QNs SAs 10.0 ~200. 0 pg/L
33
QNs SAs 0.99
1.0 wg/’kg 33 QNs
QNs SAs SAs S/N
3 33 QNs SAs 1.0
1% ng/kg 2.0 pg/kg 33 QNs SAs
S/N 10
2.0 ng/kg
2.5
33
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3 33 QNs SAs n=6
Table 3 Recoveries of 33 QNs and SAs spiked in eel and shrimp samples n =6
Added level/ Eel Shrimp
Analyte
ng/kg recovery/% RSD/% recovery/% RSD/%
Sulfisoxazole 2.0 79.2 11.0 81.3 9.8
5.0 78.8 8.9 80.5 8.4
25.0 86.3 9.2 92.1 7.3
Sulfisomidine 2.0 114.2 10.5 117.7 9.6
5.0 110.7 8.2 119.4 8.0
25.0 102.1 7.8 97.3 4.8
Sulfathiazole 2.0 73.8 12.7 118.1 10.3
5.0 79.4 8.7 88.6 5.5
25.0 84.2 6.6 94.5 5.1
Sulfapyridine 2.0 115.4 10.3 82.2 8.9
5.0 95.4 6.8 89.4 4.9
25.0 90.5 4.4 93.8 5.6
Sulfamonomethoxine 2.0 119.3 12.8 78.6 10.3
5.0 118.7 10.7 103.0 11.2
25.0 96. 8 6.9 92.1 5.4
Sulfamethoxypyridazin 2.0 120.2 13.2 75.7 9.3
5.0 77.6 10.8 80.8 11.3
25.0 78.1 6.4 91.6 7.2
Sulfamethoxazole 2.0 116.3 7.8 114.4 8.9
5.0 110.3 8.6 107.6 7.8
25.0 105.7 7.1 95.3 5.9
Sulfamethizole 2.0 77.3 10.6 76.5 8.8
5.0 73.2 7.5 78.3 6.3
25.0 83.4 4.2 84.1 3.9
Sulfamethazine 2.0 117.3 12.3 119.4 10.8
5.0 114.9 9.5 89.6 8.9
25.0 111.4 5.8 91.5 6.1
Sulfameter 2.0 110.8 12.0 109.9 11.5
5.0 112.4 8.6 106. 1 7.6
25.0 96.6 4.8 92.3 3.5
Sulfamerazine 2.0 112.3 8.9 81.5 8.2
5.0 89.8 6.1 77.6 4.8
25.0 90.2 4.4 87.3 3.6
Sulfaguanidine 2.0 68. 1 14.5 73.3 12.4
5.0 71.3 14.1 72.5 11.7
25.0 73.7 9.1 70.9 6.5
Sulfadoxine 2.0 107.3 11.4 87.9 9.8
5.0 90.9 7.3 91.9 6.9
25.0 88.1 4.5 93.4 3.7
Sulfadimethoxine 2.0 74.6 10.0 78.1 10.4
5.0 86.7 7.4 87.5 8.3
25.0 84.5 6.1 89.2 5.7
Sulfadiazine 2.0 111.4 12.4 105.3 11.1
5.0 96.2 9.1 94.2 8.5
25.0 95.5 3.3 90.4 3.1
Sulfachloropyridazine 2.0 93.2 11.7 109.0 11.1
5.0 91.5 9.3 93.6 9.0
25.0 92.7 3.9 95.8 4.7
Sulfachinoxalin 2.0 78.5 14. 4 85.4 13.6
5.0 82.4 8.3 79.4 8.6
25.0 104.9 3.6 93.9 3.7
Sulfaphenazole 2.0 121.3 14.7 117.6 14.1
5.0 119.4 12.3 122.7 11.4
25.0 86.9 8.8 115.4 7.6
Fleroxacin 2.0 73.2 11.2 75.1 10.6
5.0 93.3 8.9 85.5 5.4
10.0 90.6 4.2 89.7 2.7
Ofloxacin 2.0 118.4 13.2 112.4 10.4
5.0 116.1 9.7 115.9 7.6
10.0 109.2 7.5 106. 1 6.5
Norfloxacin 2.0 77.8 9.9 75.4 8.2
5.0 90.3 9.4 82.2 5.6
10.0 86.4 5.5 9.6 4.6
Enoxacin 2.0 81.5 9.8 78.4 7.9
5.0 79.1 7.4 86.6 5.8
10.0 89.3 4.8 92.4 2.9
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Table 3 Continued
Added level/ Eel Shrimp
Analyte
ng/kg recovery/% RSD/% recovery/% RSD/%
Ciprofloxacin 2.0 80.0 9.6 78.3 8.7
5.0 88.9 7.1 86.9 5.3
10.0 94.2 3.8 96.5 2.3
Enrofloxacin 2.0 110.3 8.8 105.9 7.6
5.0 106.7 6.4 108.3 5.7
10.0 95.9 3.4 100.5 4.1
Lomefloxacin 2.0 72.7 14.3 76.9 11.4
5.0 76.5 10.9 81.8 8.4
10.0 83.8 7.8 89.7 4.9
Danofloxacin 2.0 120.6 13.3 109.5 12.4
5.0 116.5 10.7 107. 4 9.1
10.0 105.4 7.3 98.7 8.6
Orbifloxacin 2.0 68.5 14.8 69.1 12.4
5.0 71.9 11.7 79.2 9.3
10.0 75.3 8.7 78.6 7.9
Difloxacin 2.0 81.8 14.6 77.2 11.9
5.0 78.9 12.8 84.8 7.7
10.0 90.8 8.3 92.8 5.8
Sarafloxacin 2.0 66. 8 15.0 74.1 13.9
5.0 73.3 12.1 76.8 12.5
10.0 77. 1 9.4 75.2 8.7
Sparfloxacin 2.0 108.3 14.4 95.6 12.9
5.0 97.6 13.6 91.0 10.3
10.0 102.2 10.9 108. 1 6.7
Oxolinic acid 2.0 83.4 11.0 111.8 9.7
5.0 81.4 7.1 98.9 8.3
10.0 90.9 4.4 103.5 5.0
Flumequine 2.0 78. 1 9.8 75.5 8.8
5.0 74.2 3.4 80.6 7.6
10.0 84.9 4.2 82.7 3.9
Pefloxacin 2.0 70.8 9.1 112.4 8.9
5.0 86. 1 6.4 98.7 7.1
10.0 93.7 4.6 104.6 2.8
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