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Investigation of Residual Veterinary Drugs in Fishery Products Distributed
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Multi-Residues Screening Method

Su-Jeong Choi*, Hyo-Jeong Kang, Eon-Jin Yang, Da-Eun Jung, Hun-Ji Park, Ho-Chul Yang,
Mi Yeong Shin, Yang Jun An

Jeollanam-do Institute of Health and Environment, Muan, Korea

(Received July 19, 2024/Revised October 16, 2024/Accepted October 30, 2024)

ABSTRACT - In this study, veterinary drugs were monitored among fishery products distributed in Jeollanam-
do Province, South Korea, in 2023. Eleven major cultured fishery products with high violative frequencies were
selected, and 124 samples were collected. A total of 136 residual veterinary drugs were monitored in the 124 samples
using a simultaneous multiresidue screening method with liquid chromatography-tandem mass spectrometry (LC-
MS/MS). Veterinary drug residues were detected in 16 of the 124 samples (13%). Veterinary drugs were detected in
four types of fishery products: flatfish, rockfish, sea bream, and loach. Enrofloxacin, oxytetracycline, trimethoprim,
and amoxicillin were also detected as residual veterinary drugs. No fishery products exceeded the maximum residual
limit of veterinary drugs; however, monitoring should be strengthened for safe fishery products.
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Table 1. Fishery products samples per group tested for the veteri-
nary drugs

Groups Commodity No. of samples

Flat fish 40

Sea bass 4

Starry flounder 4
Marine fishes Sea breams 29
Mullet 1
Rock fish 16

File fish 1

Freshwater fishes Loach :
Eel 6
Shellfish Abalone 14
Crustace Shrimp 8

Table 2. Classification of 136 veterinary drugs

Materials and Methods
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Classification

Veterinary drug

Nafcillin, Nalidxic acid, Norfloxacin, Danofloxacin, Doxycycline, Dicloxacillin, Difloxacin,
Roxithromycin, Rifaximin, Lincomycin, Marbofloxacin, Benzylpenicillin, Sarafloxacin,
Sulfaguanidine, Sulfadoxine, Sulfadimethoxine, Sulfadiazine, Sulfamerazine, Sulfamethazine,
Sulfamethoxazole, Sulfamethoxypyridazine, Sulfamonomethoxine, Sulfaquinoxaline,
Sulfachlorpyrazine, Sulfacholrpyridazine, Sulfathiazole, Sulfaphenazole, Sulfisoxazole,

Antibacterial agents(74)

Cefadroxil, Cefalexin, Spiramycin, Ciprofloxacin, Amoxicillin, Ampicillin, Erythromycin,
Enrofloxacin, Ormethoprim, Orbifloxacin, Ofloxacin, Oxacillin, Oxolinic acid, Oxytetracycline,

Oleandomycin, Josamycin, Chloramphenicol, Chlortetracycline, Cloxacillin, Clindamycin,
Kitasamycin, Tylosin, Tetracycline, Trimethoprim, Tiamulin, Thiamphenicol, Tilmicosin,
Penicillin V, Pefloxacin, Flumequin, Novobiocin, Dapsone, Valnemulin, Virginiamycin,
Succinyl-sulfathiazole, Sulfamoxol, Sulfameter, Sulfameter, Sulfacetamide, Sulfapyridine,
Sulfisomidine, Cefazolin, Cefoperazone, Acriflavine, Olaquindox, Pirlimycin

Albendazole, Oxfendazole, Oxibendazole, Triclabendazole, Febantel, Fenbendazole,
Flubendazole, Mebendazole, Thiabendazole, Levamisole, Bithionol, Tetramisole, Praziquantel,

Anthelmintics(24)

Fenobucarb, Carbendazim, Clorsulon, Coumaphos, Derquantel, Fluazuron, Morantel,

Oxyclozanide, Propoxur, Pyrmethamine, Tetrachlorvinphos

Diaveridine, Ethodpabate, m-phenetidine, Fumagillin, Nicarbazin, Diclazuril, Robenidine,

Antiprotozoal agents(19)

Clopidol, Toltrazuril sulfone, Halofuginone, Emamectin benzoate, Dimetridazole, Ronidazole,

Metronidazole, Metronidazole-OH, Ipronidazole, Ipronidazole-OH, Tinidazole, Closantel

Nonsteroidal anti-inflammatory drug(7)

Acetanilide, Antipyrine, Ketoprofen, Phenacetin, Meloxicam, Flunixin, Sulpyrine

Antidiarrheals(2) Berberine, Loperamide
Sedatives(1) Carazolol
Histamine antagonist(1) Diphenhydramine
Growth hormones(1) Nandrolone

Etc.(7)

Colchicine, Dehydrocholic acid, Naloxone, Metoclopramide, Scopolamine,

DL-methylephedrine, Yohimbine
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Table 3. Analytical conditions of LC-MS/MS

Sample 2 g+10 mL of DW:ACN (1:4, v/v) (shake for 5 min) |

v

Centrifugate (4,800 xg, 4°C, 10 min) and taking supernatant

v

Cis 500 mgtacetonitrile saturated hexane 10 mL (shake for 1 min) |

v

Centrifuge (4,800 xg, 4°C, 5 min)

v

5mL of Separating acetonitrile layer

v

Evaporation at 40°C

v

Reconstitute with 1 mL of DW:MeOH (1:1, v/v)

v

Filter with PTFE 0.2 pm membrane filter in P.P Vial

v

Analysis by HPLC-MS/MS

Fig. 1. Sample preparation procedure of veterinary drugs.

Instrument

LC-MS/MS

Column
Ionization mode
Capillary voltage

Capillary temperature

Collision gas

C18 (Cadenza, 2.0 mmx150 mm, 3.5 pm), 40°C

ESI (positive, negative)

5.5 kV(positive), 4.5 kV(negative)

A: 0.1% Formic acid in water

600°C
N’l

Mobile phase B: 0.1% Formic acid in ACN
No Time (min) A (%) B (%)

1 0.0 95 5
2 0.5 95 5

Gradient of mobile phases 3 > 0 00
4 6.0 100
5 10.0 0 100
6 10.1 95 5
7 13.5 95 5

Injection volume SuL
Flow rate 0.3 mL/min
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Table 4. Multiple reaction monitoring (MRM) transitions for veterinary drugs

Veterinary drug

Ionization mode

Precursorion (m/z)

Production (m/z)

Collision energy (eV)

2-Amino albendazole sulfone

2-amino flubendazole

5-hydrdoxymebendazole

5-hydroxythiabendazole
Albendazole
Albendazole sulfone
Albendazole sulfoxide
Amoxicillin
Ampicillin
Benzylpenicillin
Cefadroxil
Cefalexin
Chlortetracycline
Ciprofloxacin
Clindamycin
Cloxacillin
Danofloxacin
Diaveridine
Dicloxacillin
Difloxacin
Doxycycline
Enrofloxacin
Erythromycin
Ethopabate
Febantel
Fenbendazole
Fenobucarb
Flubendazole
Flumequine
Flunixin
Fumagillin
Josamycin
Kitasamycin
Levamisole
Lincomycin
Marbofloxacin
Mebendazole
Mebendazole amine
Meloxicam
m-phenetidine
Nafcillin

Nalidixic_acid

Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive

Positive

240
256
298.1
218
266
298
282
366
350.1
335.1
364
348.1
479.1
332
425.1
436
358
261.1
469.8
400.1
445.1
360.1
734.4
238.1
447
300
208
314
262.1
297.1
459.1
828.5
772.5
205
407.2
363.2
296
238.1
352
138.1
415.1
233.1

133, 198, 105.1
95,75.1,133
265.9,79.1, 160
191, 147, 81
191, 159, 131.1
266, 159, 224
208, 240, 159
349, 113.8, 133.9
106, 113.9, 79
160, 176, 114
114, 208, 86
158, 174, 106
444, 154, 97.9
314.2, 231, 245.1
126.1,377.1,82.8
160, 114, 178.1
340.1, 314.1, 96
245, 123, 81
310.9, 160, 114
299,279.1,284.9
428,321.1, 1543
245.1, 286, 203
576.4, 158, 116
206, 135.9, 164
383, 415, 280
268, 131, 104.1
95,152.3, 77
282.2,123, 95
244,202, 126
264.1,236.1, 109.1
177.1,130.9, 103.2
174, 109, 83
174, 109, 83
178,91.3, 123
126.1,359.1, 389.2
345.2,320.2, 72.1
264,77, 105
105, 77.3, 132.9
115.1, 141.1, 73
110, 65.1, 93
199.2,171.2, 115.2
104, 159, 131

40
60
30
35
45
30
35
13
35
20
25
15
30
30
35
20
35
40
20
40
25
40
30
15
30
30
20
30
25
50
20
45
45
30
50
30
35
35
25
20
20
55
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Table 4. (Continued) MRM transitions for veterinary drugs

Veterinary drug Ionization mode Precursorion (m/z) Production (m/z) Collision energy (eV)
Norfloxacin Positive 320.1 233, 205, 256.1 35
Ofloxacin Positive 362.1 261,205, 218.9 40
Oleandomycin Positive 688.5 544.3,158.1, 116.1 25
Orbifloxacin Positive 396.1 352.1,295.1, 254 30
Ormethoprim Positive 275.2 259, 123, 81 35
Oxacillin Positive 402 243,160, 113.9 20
Oxfendazole Positive 316 159, 191, 284 50
Oxfendazole sulfone Positive 332 300, 159, 131.1 35
Oxolinic acid Positive 262 243.9,215.8, 160 25
Oxibendazole Positive 250 218.1,176.1, 148.1 30
Oxytetracycline Positive 461.1 426, 337, 201 30
Pefloxacin Positive 334.1 316, 290, 233.1 30
Praziquantel Positive 313.2 203, 174, 83 25
Rifaximin Positive 786.2 754.3,151.2,123.2 35
Roxithromycin Positive 837.4 679.4, 158.1, 116.1 30
Sarafloxacin Positive 386 299.1, 348.1, 322.1 40
Spiramycin Positive 843.2 173.9,101.2, 141.9 50
Sulfachlorpyrazine Positive 285.1 92,108, 130.1 45
Sulfachlorpyridazine Positive 285.2 156, 92, 108 20
Sulfadiazine Positive 251 156, 92.1, 108 20
Sulfadimethoxine Positive 311 156, 92, 108 25
Sulfadoxine Positive 311.1 156,92, 108 30
Sulfaguanidine Positive 215.1 156, 92, 60 20
Sulfamerazine Positive 265 156, 108, 92 25
Sulfamethazine Positive 279 186, 92, 124 25
Sulfamethoxazole Positive 254.1 156,92, 108 25
Sulfamethoxypyridazine Positive 281.1 156, 92, 108 25
Sulfamonomethoxine Positive 281.1 156,92, 108 25
Sulfaphenazole Positive 315.1 158, 131.1, 92 40
Sulfaquinoxaline Positive 301.1 156, 108, 208 25
Sulfathiazole Positive 256.1 156,92, 108 21
Sulfisoxazole Positive 268.1 156, 113, 92 20
Tetracycline Positive 445.1 410.1,427.2, 154 30
Tetramisole Positive 205 178,91.1, 123 30
Thiabendazole Positive 202 175, 131, 65 35
Tiamulin Positive 4942 192,119, 73 30
Tilmicosin Positive 869.4 696.4,174.1, 88.2 60
Triclabendazole Positive 359 344,274,171.1 30
Trimethoprim Positive 291.2 230.2,261.2, 123 35
Tylosin Positive 916.4 772.5,174.1, 101 45
Bithionol Negative 354.8 160.9, 163, 191.9 -15
Chloramphenicol Negative 321.1 152,257, 120.9 -25
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Table 4. (Continued) MRM transitions for veterinary drugs

Veterinary drug

Ionization mode

Precursorion (m/z)

Production (m/z)

Collision energy (eV)

Dehydrocholic acid
Keto Triclabendazole
Penicillin V
Thiamphenicol
Acetanilide
Acriflavine
Antipyrine
Berberine
Carazolol
Carbendazim
Cefazolin
Cefoperazone
Colchicine
Coumaphos
Dapsone
Derquantel
Dimetridazole
Diphenhydramine
DL-methylephedrine
Emamectin
Fluazuron
Halofuginone
HMMNI
Ipronidazole
Ipronidazole-OH
Ketoprofen
Loperamide
Metoclopramide
Metronidazole
Metronidazole-OH
Monoacetyl Dapsone
Morantel
Olaquindox(MQCA)
Naloxone
Nandrolone
Novobiocin
Phenacetin
Pirlimycin
Propoxur
Pyrmethamine
Robenidine

Ronidazole

Negative
Negative
Negative
Negative
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive

Positive

401.1
327
349.1
354
136
224.1
189
336
299.2
192
455
646.1
400.1
362.9
249
480
142.1
256.1
180.1
886.4
506
414
158
170.1
186.1
255.1
477
300.1
172
188.1
291
2212
189
328.1
275.1
613.1
179.9
411.1
210.1
249.1
3339
201

331.3,249.2,215.2
182.2, 146.1, 118
208.1,93.1, 114
185, 290, 240
77,51,43
209, 154.1, 164.9
56, 104.1, 58
278,262.8,303.7
116.1,222.1, 194.1
160, 132.1, 105
323, 156, 295
530.1, 143, 147.9
358.2,310.2, 326.2
227, 335, 306.9
156, 92, 108
462.2,405.3, 1483
96.1,95.1, 81.1
167, 152, 115
117.1,57, 146.9
157.9, 81.8, 125.9
349, 141, 158
100.1, 120.1, 138.1
140.1, 55.1, 42.1
109.1, 124.1, 123.1
1682, 121.1, 122.2
209.1,77.1, 105
266,210, 72
227.1,140.9, 183.9
82, 110.9, 98.1
123.1, 125.9, 67.9
155.9, 108.1, 92
123, 111.1, 164
145.1, 143, 101.9
212,253.1,268.3
109, 257.2, 239.1
189.1, 133.1, 218.1
110, 65.1, 93
112.1,363.1, 56.1
111, 168.1, 93
233.1,177, 198.1
111, 138, 155.1
140, 55.1, 110.1

-35
35
-15
-30
40
40
50
60
25
25
15
15
35
35
25
35
25
23
25
40
35
29
20
31
20
25
45
16
35
21
23
50
21
55
35
41
27
35
20
40
65
17
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Table 4. (Continued) MRM transitions for veterinary drugs

Veterinary drug Ionization mode Precursorion (m/z) Production (m/z) Collision energy (eV)
Scopolamine Positive 304.1 138.1, 156.1, 103 25
Succinyl sulfathiazole Positive 356 256.1,192.1, 108.1 22
Sulfabenzamide Positive 277.1 156,92.1, 108.1 20
Sulfacetamide Positive 215.1 156,92.1, 108.1 16
Sulfameter Positive 281.1 156,92.1, 108.1 25
Sulfamoxol Positive 268.1 156, 92.1, 108.1 20
Sulfapyridine Positive 250.1 156,92.1, 108.1 25
Sulfisomidine Positive 279.1 124.1, 186.1, 92.1 35
Sulpyrine Positive 218.1 56.1,97.1, 187.1 45
Tetrachlorvinphos Positive 367 127.1, 205.9, 240.9 26
Tinidazole Positive 248 121.1, 82.1, 128 21
Valnemulin Positive 565.2 263.2,147.1, 164.1 45
Virginiamycin M1 Positive 526.2 355.1,109.1, 133 27
Yohimbine Positive 355.2 144,212.1, 117 35
Clorsulon Negative 378 342.1,242.2,277.1 -17
Closantel Negative 660.8 315.1, 344.7, 126.9 -35
Diclazuril Negative 405 334, 335.1,299 -24
Nicarbazin Negative 301.1 107.1, 137.2, 46.1 -40
Oxyclozanide Negative 399.9 363.9, 202.1, 381.9 =22
Toltrazuril sulfone Negative 456 456,42.2,399.1 -5
Flat fish Rock fish Sea breams Loach
10(63%)
1
2
4(25%)
1 8
1(6%) 1(6%) 2
2 1 2
Flat fish Rock fish Sea breams Loach Amoxicillin Enrofloxacin Oxytetracycline Trimethoprim

Fig. 2. Detection of veterinary drugs by fish species.
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Fig. 3. Detection frequency of veterinary drugs in Fishery product
samples.
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Table 5. Monitoring on residues of veterinary drugs

No Compounds Commodity No. of samples ~ No. of detection (%)  Detection range (mg/kg) MRL" (mg/kg)
1 Amoxicillin Flat fish 40 2(5.0) 0.008-0.024 0.05
Flat fish 40 1(2.5) 0.045
2 Enrofloxacin Rock fish 16 2(12.5) 0.007-0.063 0.1
Loach 1 1(100.0) 0.007
Flat fish 40 8(20.0) 0.004-0.048
3 Oxytetracycline Sea breams 29 1(3.4) 0.008 0.2
Rock fish 16 2(12.5) 0.005-0.007
4 Trimethoprim Rock fish 16 3(18.8) 0.001-0.004 0.05
Y MRL: maximum residue limit.
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Table 6. Results of recovery, LOD, LOQ, Linearity of veterinary drugs in samples

No Compounds Recovery + RSD (%) LODV (mg/kg) LOQ? (mg/kg) Correlation coefficient (%)
1 Amoxicillin 75.44 +£3.75 0.0007 0.0022 0.9975
2 Enrofloxacin 92.42 +11.08 0.0025 0.0076 0.9994
3 Oxytetracycline 94.55 + 7.08 0.0031 0.0093 0.9989
4 Trimethoprim 82.92 +£7.11 0.0022 0.0066 0.9970
DLOD: limit of detection.
PLOQ: limit of quantification.
Table 7. Results of Matrix effect (%) of veterinary drugs in samples
Matrix effect (%)
No Compounds
Flat fish Rock fish Loach Sea breams
1 Amoxicillin -51.3 -53.4 -39.2 -43.8
2 Enrofloxacin -26.4 -47.7 -38.7 -31.8
3 Oxytetracycline -28.0 -14.4 -40.2 -18.9
4 Trimethoprim -24.0 -37.0 -19.4 -23.7
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