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Abstract

The main aim of this study was to analyze commercial fish in Seoul for veterinary
drug residues by using liquid chromatography-tandem mass spectrometry(LC-MS/MS). A
total of 102 samples of freshwater fish(loach, eel, and catfish) and 108 samples of
saltwater fish(flatfish, rockfish, sea bream, etc.) were evaluated. The coefficient of
determination for the veterinary drugs wasgreater than 0.99. The limit of detection ranged
from 0.0001 mg/kg to 0.0085 mg/kg, and the limit of quantification ranged from 0.0004
mg/kg to 0.0258 mg/kg. Recoveries of the detected veterinary drugs ranged from 50.1% to
107.5% in eel and 50.7% to 102.5% in rockfish, with the relative standard deviation of
triplicates lower than 15%. Veterinary drugs were detected in 21.5%(n=22) of the
freshwater fish and exceeded the maximum residue limit in two samples of loach. The
veterinary  drugs detected in freshwater fish were enrofloxacin, sulfadiazine,
oxytetracycline, and florfenicol amine. Veterinary drugs were detected in 13%(n=14) of
the saltwater fish. The veterinary drugs detected in saltwater fish were enrofloxacin,
sulfadiazine, florfenicol, oxytetracycline, flumequine, ormethoprim, trimethoprim, and

erythromycin.
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Table 1. The list of fish species collected from local markets from December 2015 to November

2016
Origins
Samples - Total
Korea China Others
Loach 15 20 35
i Eel 34 34
Freshwater fish ]
Catfish 33 33
Total 82 20 102
Flatfish 38 38
Rockfish 21 1 22
Saltwater fish Sea bream series 7 6 11 24
Others 9 12 3 24
Total 75 19 14 108
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Table 2. Analytical conditions of LC-MS/MS for veterinary drugs

Instrument

UPLC conditions
Column

Column temp.
Flow rate

Injection volume

Mobile phase

LC : Acquity UPLC(Waters, MA, USA)

MS/MS : (Waters, MA, USA)

ACQUITY UPLC®BEH Cis(1.7 gam, 2.1 x 100 mm)

40C
0.4 mL/min
5uL

A 0.1% formic acid in water

B 0.1% formic acid in acetonitrile

Time(min)

Mobile phase

A(%) B(%)
0 90 10
1 90 10
Gradient table 6 60 40
10 5 95
15 5 95
15.1 90 10
20 90 10
MS/MS conditions
Tonization mode ESI(electrospray ionization)
Capillary voltage 1.0kV
Source temp. 150C
Desolvation temp. 400C
Desolvation gas flow 650 L/hr
Cone gas flow 20 L/hr
Scan mode MRM (multiple reaction monitoring)
s AFAAE ol o 39 2o 3 n#
LOD(limit of detection):%" 1. Xy, ASe|, gEE % 8+
FEEE 47F EFES 0.0001~0.5mg/
LOQ (limit of quantiﬁcation)=T kg 352 GAE FAste] LC-MS/MSE =4 s}
o 7 AT 2 )
(0 : Standard deviation of the blank, o @2 A} dWATR )7}1 0.99 ] O%
— A TC
S © The slope of the calibration curve) CODEXO{W ek 0.95 oIl Ee, 7
A4 A4+ 0.0001~0.0085 mg/kg, A
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Table 3. MRM transitions for veterinary drugs

Veterinary drugs Tonization mode Precursor ion, m/z Product ion, m/z  Collision energy, eV
114* 20
Amoxicillin Positive 366 134 30
349 8
106 20
Ampicillin Positive 350 114 30
174 15
106 217
Cefalexin Positive 348 158 8
174 15
95 45
Ceftiofur Positive 524 126 40
241 17
121 35
Chloramphenicol Negative 321 152 15
257 12
98 40
Chlortetracycline Positive 479 444 20
462 17
231 36
Ciprofloxacin Positive 332 288 15
314 20
83 b5
Clindamycin Positive 425 126 27
377 20
126 30
Desfuroylceftiofur Positive 430 221 22
241 18
299 30
Difloxacin Positive 400 356 20
382 20
2617 35
Doxycycline Positive 445 321 30
428 20
245 25
Enrofloxacin Positive 360 316 20
342 22
83 42
Erythromycin Positive 734 116 44
158 28
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Table 3. (Continued)

Veterinary drugs Tonization mode Precursor ion, m/z Product ion, m/z  Collision energy, eV
119 32
Florfenicol Negative 356 185 22
338 8
91 45
Florfenicol amine Positive 248 130 25
230 12
126 46
Flumequine Positive 262 202 32
244 20
109 40
Josamycin Positive 828 174 32
229 30
83 45
Kitasamycin Positive 772 109 42
174 30
82 64
Lincomycin Positive 407 126 30
359 18
104 38
Nalidixic acid Positive 233 187 25
215 15
205 30
Norfloxacin Positive 320 233 25
276 15
261 25
Ofloxacin Positive 362 318 18
344 20
81 42
Ormethoprim Positive 275 123 24
259 217
160 36
Oxolinic acid Positive 262 216 28
244 20
201 44
Oxytetracycline Positive 461 337 30
426 18
233 25
Pefloxacin Positive 334 290 20
316 20
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Table 3. (Continued)

Veterinary drugs

lonization mode

Precursor ion, m/z

Product ion, m/z

Collision energy, eV

Praziquantel

Spiramycin

Sulfachlorpyrazine

Sulfachlorpyridazine

Sulfadiazine

Sulfadimethoxine

Sulfadoxine

Sulfaguanidine

Sulfamerazine

Sulfamethazine

Sulfamethoxazole

Sulfamethoxypyridazine

Sulfamonomethoxine

Positive

Positive

Positive

Positive

Positive

Positive

Positive

Positive

Positive

Positive

Positive

Positive

Positive

313

422

285

285

251

311

311

215

265

279

254

281

281

55
132
203

83

88
174

65

92
156

92
108
156

65

92
156

92
108
156

92
108
156

92
108
156
92
108
156

92
124
186
92
108
156

92
108
156

92
108
156

32
32
16
25
35
20
43
30
17
30
25
15
38
26
14
28
28
20
32
26
18
22
20
14
26
24
16
30
22
18
28
22
16
30
26
16
30
26
18
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Table 3. (Continued)

Veterinary drugs Tonization mode Precursor ion, m/z Product ion, m/z  Collision energy, eV
92 30
Sulfaquinoxaline Positive 301 108 26
156 16
92 25
Sulfathiazole Positive 256 108 25
156 15
92 28
Sulfisoxazole Positive 268 113 14
156 12
98 42
Tetracycline Positive 445 154 28
410 20
185 20
Thiamphenicol Pegative 354 221 14
292 10
73 53
Tiamulin Positive 494 119 34
192 19
126 24
Trimethoprim Positive 291 230 24
261 26

* The bold texts are quantification ions.

Table 4. Validation results of the analytical method for veterinary drugs

Veterinary drugs Coefficient of determination(R%® LOD(mg/kg)® LOQ(mg/kg)®

Amoxicillin 0.9992 0.0004 0.0013
Ampicillin 0.9999 0.0008 0.0023
Cefalexin 0.9999 0.0019 0.0058
Ceftiofur 0.9999 0.0004 0.0012
Chloramphenicol 0.9997 0.0002 0.0006
Chlortetracycline 0.9997 0.0016 0.0049
Ciprofloxacin 0.9999 0.0016 0.0047
Clindamycin 0.9987 0.0010 0.0029
Desfuroylceftiofur 0.9994 0.0007 0.0021
Difloxacin 0.9999 0.0004 0.0013
Doxycycline 0.9985 0.0085 0.0257
Enrofloxacin 0.9998 0.0021 0.0064
Erythromycin 0.9999 0.0019 0.0057
Florfenicol 0.9998 0.0054 0.0162

Florfenicol amine 0.9999 0.0007 0.0020
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Table 4. (Continued)

Veterinary drugs Coefficient of determination(R?)" LOD(mg/kg)” LOQ(mg/kg)”
Flumequine 0.9999 0.0019 0.0058
Josamycin 0.9999 0.0002 0.0007
Kitasamycin 0.9999 0.0016 0.0048
Lincomycin 0.9988 0.0017 0.0051

Nalidixic acid 0.9999 0.0030 0.0091
Norfloxacin 0.9993 0.0003 0.0009
Ofloxacin 0.9998 0.0006 0.0017
Ormethoprim 0.9999 0.0021 0.0063
Oxolinic acid 0.9998 0.0030 0.0090

Oxytetracycline 0.9995 0.0006 0.0018
Pefloxacin 0.9977 0.0022 0.0066
Praziquantel 0.9996 0.0037 0.0111
Spiramycin 0.9989 0.0004 0.0013

Sulfachlorpyrazine 0.9999 0.0010 0.0031
Sulfachlorpyridazine 0.9999 0.0006 0.0019
Sulfadiazine 0.9999 0.0013 0.0039

Sulfadimethoxine 0.9999 0.0010 0.0029
Sulfadoxine 0.9999 0.0058 0.0176

Sulfaguanidine 0.9999 0.0008 0.0025

Sulfamerazine 0.9998 0.0006 0.0017

Sulfamethazine 0.9998 0.0009 0.0027

Sulfamethoxazole 0.9999 0.0012 0.0036

Sulfamethoxypyridazine 0.9999 0.0014 0.0042
Sulfamonomethoxine 0.9999 0.0013 0.0039

Sulfaphenazole 0.9997 0.0014 0.0042

Sulfaquinoxaline 0.9999 0.0036 0.0108
Sulfathiazole 0.9999 0.0071 0.0216
Sulfisoxazole 0.9999 0.0025 0.0075
Tetracycline 0.9993 0.0001 0.0004

Thiamphenicol 0.9982 0.0085 0.0258

Tiamulin 0.9999 0.0013 0.0038
Trimethoprim 0.9999 0.0007 0.0022

a) Correlation coefficient

b) LOD : Limit of detection

¢) LOQ : Limit of quantification
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Table 5. Recovery rates of detected veterinary drugs in fish(n=3)

Eel Rockfish
. Spiked Conc.
Veterinary drugs Recovery(%) Recovery(%)
(mg/kg) . RSD(%)"” —— RSD(%)"
Mean + SD* Mean + SD*
0.5 MRL 100.6£9.3 9.3 88.9+3.7 4.2
Enrofloxacin
1 MRL 102.5+£5.6 5.5 86.6+4.8 5.5
0.5 MRL 79.5+4.8 6.1 74.4+5.9 7.9
Sulfadiazine
1 MRL 74.3+4.8 6.4 76.1+3.3 4.3
0.5 MRL 98.3+5.8 5.9 80.6+4.3 5.3
Oxytetracycline
1 MRL 88.9+4.9 5.5 89.8+8.1 9.0
0.5 MRL 87.3+6.2 7.1 88.4+2.7 3.1
Florfenicol
1 MRL 90.8+2.0 2.2 90.7+3.3 3.6
0.5 MRL 97.8+2.2 2.2 102.5+5.5 5.3
Florfenicol amine
1 MRL 85.1+1.9 2.3 92.7+2.6 2.8
0.5 MRL 50.1+2.4 4.8 50.7+5.1 10.0
Flumequine
1 MRL 56.5+1.3 2.3 57.8+2.1 3.6
0.5 MRL 100.7£4.2 4.1 80.0+7.2 9.0
Ormethoprim
1 MRL 89.9+10.8 12.1 80.2+4.8 6.0
0.5 MRL 107.56+£7.7 7.2 81.6+7.4 9.0
Trimethoprim
1 MRL 103.2£4.3 4.1 80.5+5.0 6.2
0.5 MRL 99.6+7.5 7.6 81.0+4.1 5.0
Erythromycin
1 MRL 83.1+3.4 4.0 90.7+3.3 3.6
a) Mean * standard deviation
b) Relative standard deviation
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Table 6. Incidence of veterinary drugs in freshwater and saltwater fish

Samples Analyzed Detected Kind of veterinary drugs
samples samples
Loach 35 15 Enrofloxacin
Sulfadiazine, Oxytetracycline,
Freshwater Fel 34 7 Florfenicol amine
fish
Catfish 33 0 -
Total 102 22
Flatfish 33 7 Sulfadlazme, Oxytetracyclme,
Florfenicol, Flumequine
. Enrofloxacin, Ormethoprim
Saltwater Rockfish 22 T Sulfadiazine, Erythromycin, Trimethoprim
fish Sea bream series 24 0 -
Others 24 0 -
Total 108 14

Table 7. Detected number, residue level and MRL of each veterinary drugs in freshwater fish

(unit : number)

Veterinary drugs Loach Eel Catfish Total  Ratio(%) Res(ir;hgl/ekg;vel (nﬁi&g)
Enrofloxacin 15 ND* ND* 15 68.2 0.02~0.38 0.1
Sulfadiazine ND* 5 ND* 5 22.8 0.01~0.04 0.1”

Oxytetracycline ND* 1 ND* 1 4.5 0.1 0.2"

Florfenicol amine ND* 1 ND* 1 4.5 0.01 0.2Y

Total 15 7 0 22 100.0 - -
Ratio(%) 68.2 31.8 0 100.0 - - -

ND*: Not Detected
a) sum of enrofloxacin and ciprofloxacin
b) sum of all sulfonamides

¢) sum of oxytetracycline, chlortetracycline and tetracycline

d) sum of florfenicol and florfenicol amine
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Table 8. Detected number, residue level and MRL of each veterinary drugs in saltwater fish

(unit : number)

Veterinary drugs  Flatfish ~ Rockfish Sez;e?ireesam Others  Total R(z;i)o ]evlzf(sxfgl}ig) (rrlt/g/{}%g)
Enrofloxacin ND* 1 ND* ND* 1 7.1 0.01 0.17
Sulfadiazine 1 1 ND* ND* 2 14.3 0.02~0.04 0.1”

Oxytetracycline 2 ND* ND* ND* 2 14.3 0.05~0.13 0.2"
Florfenicol 2 ND* ND* ND* 2 14.3 0.02~0.08 0.2Y
Flumequine 2 ND* ND* ND* 2 14.3 0.02~0.04 0.5

Ormethoprim ND* 2 ND* ND* 2 14.3 0.01~0.04 0.1

Trimethoprim ND* 2 ND* ND* 2 4.3 0.006~0.024  0.05

Erythromycin ND* 1 ND* ND* 1 7.1 0.03 0.2
Total 7 7 0 0 14 100.0 - -
Ratio(%) 50.0 50.0 0 0 100.0 - - -

ND*: Not Detected

a) sum of enrofloxacin and ciprofloxacin
b) sum of all sulfonamides
¢) sum of oxytetracycline, chlortetracycline and tetracycline
d) sum of florfenicol and florfenicol amine
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