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Abstract. With the rapid expansion of fisheries, one of the most significant limitations to the

sustainable development of fisheries in China is the quality and safety of fishery products owing
to the abuse of fishery drugs and the use of illegal and/or restricted chemicals in fishery drugs.
A range of chemicals that are potential hazards to fishery drugs were selected for screening in
this study. A comprehensive analytical method was developed, based on ultra performance lig-
uid chromatography-quadrupole-time-of-flight mass spectrometry ( UPLC-Q-TOF-MS), for the
rapid screening of 86 types of illegally added chemicals in fishery drugs. The fishery drug sam-
ples were extracted with 80% (v/v) acetonitrile aqueous solution and diluted to reduce matrix
effects. The 86 target compounds were separated on an ACQUITY PREMIER HSS T3 column

(100 mmx2.1 mm, 1.8 wm), with methanol and 0. 1% formic acid as mobile phases, via
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gradient elution. The extract was directly analyzed by UPLC-Q-TOF-MS using electrospray ioni-
zation in the positive mode. The external standard method was used for quantification. In this
study, the extraction reagent and purification procedure were selected to develop a simple and
effective pre-treatment protocol. The effects of the chromatographic column, mobile phase,
and fragmentation voltage on the separation and sensitivity of the 86 substances were evaluated
to determine the optimum instrument conditions. An accurate mass database and fragment ion
library were created for the rapid qualitative and quantitative analysis of the 86 illegally added
chemicals in fishery drugs. The retention time, isotopic abundance and spacing, and precise
mass of the principal diagnostic ion for each analyte were used for identification. The informa-
tion on the fragment ions obtained from the target MS/MS profiles was compared with that from
a database to ensure the accuracy of the qualitative results. The chromatographic peak area of
each target analyte was used for quantification. The analytical detection was based on the reten-
tion time deviation of +0.35 min, accurate mass deviation of +10x10°, and major adduct
forms, including [ M+H]", [M+Na]", and [ M+NH, |*. To evaluate the matrix effects of the 86
target chemicals at varied dilution ratios, two types of antibiotics and four types of Chinese
herbal medicines were selected as typical samples. Considering the instrument tolerance as well
as sensitivity and accuracy of the procedure, the recommended dilution ratios for antibiotics
and Chinese herbal medicines were 50 times and 10 times, respectively. Two different types of
calibration curves were prepared; one was the solvent calibration curve for antibiotics and the
other was the matrix calibration curve for Chinese herbal medicines. For a given concentration,
the calibration curves of the 86 target chemicals were linear with correlation coefficients of at
least 0.99. The recoveries ranged from 76.8% to 112. 1% with relative standard deviations
(RSDs) (n=3) of less than 11. 7%. The limit of quantification (LOQ) ranges of the compounds
in Chinese herbal medicines and antibiotics were 1-15 mg/kg and 5-75 mg/kg, respectively. To
evaluate the screening detection limits ( SDLs) of each compound, a mixed standard solution
was added to a fishery drug sample at varied concentrations. The SDL ranges of the compounds
in Chinese herbal medicines and antibiotics were 1-15 and 5-50 mg/kg, respectively. This
approach resulted in SDLs that satisfy the actual screening requirements. Because of its rapid
nature, simplicity, accuracy, and sensitivity, the method may be used in the high-throughput
screening and identification of illegally added chemicals in many types of fishery drugs. This
method was applied to a monitoring project for the quality and safety of fishery inputs in Zhe-
jiang Province. Sixty fishery drug samples were evaluated, among which eight Chinese herbal
medicine samples were found to contain unspecified ingredients and one antibiotic sample was
found to be free of any active substances. Thus, an effective technical method to monitor the
quality and safety of fishery drugs was developed.

Key words: ultra performance liquid chromatography-quadrupole-time-of-flight mass spectrom-
etry (UPLC-Q-TOF/MS) ; illegally added chemicals; fishery drugs; rapid screening
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Table 1 Formulae, retention times, mass errors, automated retrieval scores, and other MS parameters of the 86 compounds

Mass
Compound Formula tR./ .Precursor Fragment ions (m/z) error/ Score
min ion (m/z) 6
10

Sulfonamides
Sulfadiazine ( fif 1 W1 ) C,H,,N,0,8 4.546  251.05949 156.01120, 108.04430, 92.04940 -1.28 97.26
Sulfathiazole ( fiff fiz M ) CyHyN; 0,8, 5.001 256.02121 156.01144, 108.04450, 92.04980 -0.73 97.21
Sulfapyridine (A [l nL e ) C,H,N;0,8 5.369 250.06441 184.08681, 92.04960, 65.03890 -0.91 97.12
Sulfamerazine ( fiffi i B 3L W5 IE ) C,H,N,0,8 5.814  265.07587 156.01125, 108.04459, 65.03888 -0.92 97.31
Sulfamethazine (i — F FmznE ) C,H,N,0,8 6.792  279.09201 186.03365, 124.08719, 92.04982 -0.56 98.76
Sulfamonomethoxine (A F & msnE) €, H|,N,0;8 7.337 281.07111 156.01157, 126.06642, 92.04983 -0.65 97.35
Sulfamethizole ( fifh I FF 1€ — k) CyH,,N,0,S, 6.636  271.03183  156.01128, 108.04436, 92.04963 -0.90 95.09
Sulfameter ( fif i %} F 42 5 ) C,H,N,0;8 6.558 281.07098 156.01170, 126.06651, 92.04993 -1.10 97.08
Sulfachloropyridazine ( i i% k1 ) C,,H,CIN,0,S 7.170  285.02069 156.01106, 92.04995, 65.03902 -0.93 98.85
Sulfamethoxypyridazine (fisffie FF4(ming)  Cy H|,N, 058 6.936  281.07011  92.04993, 156.01170 -0.93 98.35
Sulfadoxine ( fif Jz 405 — F (M5 0 ) C,H,N,0,S 7.603 311.08188 156.01164, 92.04980, 65.03902 -1.37 98.10
Sulfadimethoxine ( i [i1] — FF 42 W5 I ) C,H,N,0,S 8.426 311.08188 156.07678, 92.04969, 65.03891 -1.03 96.98
Sulfamethoxazole (it i B 3 S WM ) C,oH;;N;0,8 7.259  254.05981 156.01135, 108.04437, 92.04968 -1.07 98.41
Sulfisoxazole ( fiff[fi — H 5 IWEn: ) C,;H;N,0,S 7.592  268.07556  156.01135, 113.07117, 92.04985 -1.15 99.40
Sulfabenzamide ( 2 FH TRl 1% ) C;3H;,N,0,8 7.859  277.06448 156.01143, 92.04991, 65.03888 -—1.35 98.38
Sulfaquinoxaline ( fif i ¥4 b ) Cc,H,N,0,S 8.615 301.07587 108.04438, 92.04956, 65.03878 —1.02 97.12
Sulphacetamide (#[EZHES4F) CgH (N, 058 3.535  215.04842 156.01102, 108.04445, 92.04966 -0.92 98.69
Trimethoprim ( F 4% & I ) C,HN,O, 6.470  291.14603  123.06687, 81.04508, 68.03694 -0.49 81.21
Sulfaphenazole ( i & 42t 4 ) CsH,N,0,8 8.182  315.09167 160.08691, 92.04948, 65.03879 -0.79 98.67
Quinolones
Enrofloxacin ( B &) CoH,FN,0,4 7.259  360.16991 342.16180, 286.09937, 84.08111 -0.50 99.71
Norfloxacin (i# VA ) CsH;FN;0, 7.025 320.14069 303.12708, 234.10332, 70.06547 -1.30 97.22
Pefloxacin (9P A ) C,Hy,FN;0;, - CH,SO; 6.914 334.14886  316.14542, 232.05943, 70.06556 —0.79 99.38
Ciprofloxacin (FRHTPE) C;H;FN;0, 7.159  332.14063 316.14615, 231.05635 -0.49 90.10
Ofloxacin (I E) CgHy FN;0, 6.892  362.15140 344.14087, 261.10367, 58.06546 —0.99 98.35
Sarafloxacin (VPHivhaL) CyH,;F,N;0, 7.570  386.13168  368.12033, 299.09836, 270.09607 -0.5 99.42
Enoxacin ({Kiti¥ A ) CsH,;,FN,O, 6.936  321.13754  303.12589, 232.05235, 204.05697 -3.92 96.25
Lomefloxacin (%370 AL) C;;H,,F,N,0, 7.370  352.14673  334.13544, 308.15662, 265.11450 —1.11 98.25
Nalidixic acid ( Z50EHR) C,H,N,0, 9.538  233.09242 215.08206, 187.05052, 131.06062 -0.95 83.08
Oxolinic acid (EMER) C3H; NO; 8.771 262.07141 244.06110, 216.02902, 160.03928 —-1.11 84.53
Flumequin ( % 7 %) C,H,,FNO, 9.682 262.08786  244.07687, 202.03030, 174.03494 -0.78 88.35
Danofloxacin (iAFHIYE ) CyH, FN;0, 7.292  358.15692  340.14630, 255.05676, 82.06566 —0.65 88.45
Difloxacin ( MURIP &) Cy HyF,N;0; - HCl  7.448  400.14807  382.13608, 299.09827, 58.06530 -0.8 99.55
Orbifloxacin (B IL7P &) CyH, F3;N;04 7.459  396.15268  352.16428, 295.10602, 267.03815 —1.00 94.54
Sparfloxacin ( @fV>E ) C,H,,F,N,0, 7.993  393.17398  349.18417, 292.12643, 58.06548 -0.84 96.84
Fleroxacin (8% 7 /2) C,;H,4F;N;0, 6.659 370.13788  326.14777, 269.09048, 58.06532 -0.93 96.62
Cephalosporins
Cephalexin (k#f1%7) C, H;N;0,S 6.992  348.10022 140.01656, 106.06514, 68.05019 ~-1.06 89.72
Cephapirin (& fIVCAHKE) C,;H,4N;0,S,Na 5.585  424.06357 292.05737, 181.04324, 152.01637 -0.82 97.57
Cefaclor (kTE¥%) C,sH,,CIN;0,S 6.603  368.04694 174.54530, 106.06565 -0.07 96.51
Cefixime (3kf7El5) CsH;5N5;0,52 7.337  454.04984  285.02887, 210.02115, 126.01183 -0.97 97.63
Cephradine (k75 ) CcH,yN,0,S 7.381  350.18863  191.08199, 108.08082, 91.05441 -0.32 84.89
Cefquinome (k7M7) Cp,Hy, NgOsS, 6.347  529.13214  134.09663, 167.02542 0.31 99.49
Cefetamet pivoxyl (k7fbZEM5) C,H,5N50,8, 9.983  512.12869  398.05936, 241.03958, 57.07028 -0.36 99.58
Cefazolin ( 3kfEmentk) C,,H,,N;0,S, 7.415  455.03787  323.05524, 295.06052, 156.01146 -0.63 92.67
Desacetylcefotaxime (3-2%Z i3k H1EN5) C\,H,sNsOgS, 5.469 414.0545  156.02243, 126.01189, 60.04457 -0.42 99.60
Cefamandole lithium (k{E#%ZH) C H,;NOS,Li 8.059 463.08127 347.06961, 158.02698, 68.04770  0.78 94.31
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Table 1 (Continued)
Precursor Mass
Compound Formula tg/min Fragment ions (m/z) error/ Score
ion (m/z) 6
10

Cefminox sodium (kfKFEMIER) CsHyN;NaO,S;  4.635  520.07169  161.03818, 215.04808 0.68 97.37
Cefoperazone sodium ( 3k f1UR % ) C,sHyxNoNaOgS,  7.781  646.14758  530.13062, 290.11304, 143.08093  1.20  92.83
Cefadroxil (kfBREN) C,sH,;,N,05S 4.680  364.09638  208.02491, 114.00074, 68.04988 -0.63 84.34
Ceftiofur (kf1MENL ) CoH;N;0,8; 8.815  524.03809  241.03912, 210.02058, 126.01196 0.28  97.01
Cefotaxime (kfWENT) CsH,;N50,8, 7.203  456.06531  323.05579, 295.05969, 156.01146 -0.56 98.26
Ceftazidime (kAR ) C,,H,,N(0,8S, 5.747  547.10073  396.07877, 277.02289, 167.02718 0.87  97.25
Cephalonium (3L7i%T) CyH N, 058, 6.114  459.07953  337.03067, 152.01624, 123.05494  0.12  99.55
Cefpirome (kN5 ) Cy,H,,NO;S, 5.558  515.11633  396.04276, 324.05823, 120.08104 0.56  98.60
Hormones
Medroxyprogesterone 17-acetate C,,H;,0, 11.317 387.25415 285.22110, 123.08038, 97.06510 -1.18 98.99
(TR Y2 22 )
17-Methyltestosterone ( H! 5 52 ) CyH;3,0, 11.205  303.23282  227.17902, 109.06502, 97.06518 —1.10 98.12
Testosteronepropionate ( NRS2ALE) Cp,H;,0,4 11.572  345.23514  97.06500, 109.06480 -1.14 98.62
Norgestimate ( KeifA51E ) C,;H;,NO,4 11.417  370.2388  124.07552, 98.06010, 79.05455 ~-1.51 98.28
Norethindrone ($i%Hf ) C,0Hy0, 10.872  299.20129  231.17410, 109.06481, 83.04930 -0.65 97.44
Testosterone ( S2fifi) CyH,40, 11.072  289.21695  109.06510, 97.06523 -1.00 98.57
Nortestosterone (i# %) CsHy0, 10.883  275.20148  257.18985, 109.06498, 83.04929 -0.96 98.29
Trenbolone (#EEhE) CH,,0, 10.650  271.1701 199.11153, 107.04932, 83.04940 -4.29 97.20
D-(-)-Norgestrel ( ! FH ) G, Hy0, 11.150  313.21692  245.19000, 109.06498, 83.04930 -1.27 98.66
Megestrol ( 127 ) C,,H,,0, 11.228  343.22778  267.17401, 187.11162, 97.06499 -1.27 98.20
Hydrocortisone ( Z4L ] HIHL) C,, H,, 05 10.038  363.21699  327.19510, 121.06483, 97.06495 ~-1.09 98.59
Cortisone (AT AY#) C, HyO5 9.821  361.20181  163.11154, 121.06488, 93.07002 -1.13 98.94
Prednisone (i&J2#) C,, H,605 9.727  359.18607 265.15845, 171.08022, 147.08022 -0.96 98.79
Nitrofurans
Nitrofurazone ( B Pt Ak ) C.H(N,O, 6.465  199.04688  182.01959, 108.03228, 54.01043 -1.33 99.73
Furazolidone ("M ) CgH;N; O 6.558  226.04655 139.01385, 122.01112, 67.04184 -0.92 99.57
Nitrofurantoin ( "WKI§3%H ) CgH¢N,O; 6.476  239.04124  103.07568, 59.04915 0.50  99.43
Furaltadone ( kIR & il ) C3H,N, O 4.153  325.11456  252.09782, 128.10684, 100.07582 -0.93 93.61
Triphenylmethane
Leucomalachite green (L4 f14%) CypHyN, 11.222  331.21772  313.16995, 208.11189 -0.92 99.17
Malachite green (JG{ofL&Ef15%) CyHyN, 9.977  329.20185  313.16995, 208.11189 -0.52 83.43
Tetracyclines
Oxytetracycline ( TUF ) C,,H,, N, 04 7.081  461.14818  201.05482, 426.11868 0.49 98.75
Tetracycline ( +%5%) C,,H,,N, 0, 6.970  445.15327  154.04965, 410.12381 0.33  91.11
Chlortetracycline (4% %) C,,H,;CIN, O 8.059  479.11429  154.04990, 444.08395 0.52  95.27
Macrolides
Erythromycin (£175%) C;;,Hy; NO 4 9.749  734.46907 576.37170, 158.1160 -0.19 86.42
Roxithromycin ( %415 %) Cy HygN,Os 10.338  837. 5318  679.43780, 494.3355 -0.41 87.31
Lincomycin (#kA[E %) C,sHyN,0(S 6.281  407.2137  359.21640, 126.1274 -0.95 86.90
Clarithromycin ( 7EHi 55 2) Cy3HgNO 5 10.272  748.47689  407.22150, 126.1748 -0.66 89.30
Oleandomycin (BEBRTHEEE ) Cy5Hg, NO (P 9.249  688.41938  544.31530, 158.1753 -0.63 84.78
Clindamycin ( JEMEZ) C3H,;CIN,0,S 8.930  425.17987  350.22220, 174.1116 -0.89 80.87
Nitroimidazoles
Dimetriidazole ( 13 ) CsH,N,0, 4.414  142.05383  96.01963, 81.15461 -0.46  99.51
Dimetridazole-2-hydroxy (¥ H ZHfilfkm:) CsH,N;0, 3.599  158.04874  112.06292, 140.04510 -0.32 99.81
Hydroxymetronidazole ( 373k F Ak ) CeHyN;0, 2,995  188.05931  123.05501, 126.02953 -1.27 99.66
Metronidazole ( FI Ak ) CoHyN, 0, 4.054  172.06439  111.04098, 128.04526 -0.85 98.65
Benzodiazepines
Diazepam (b pG ) C,xH;;CIN, 0 10.855  285.07164  154.04146, 193.08847 -0.80 99.06
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Fig. 1 Extracted ion chromatograms of three sulfonamide isomers using different mobile phases
An ACQUITY PREMIER HSS T3 column (100 mmx2. 1 mm, 1.8 wm) was employed.
Peak identifications: 1. sulfameter; 2. sulfamethoxypyridazine; 3. sulfamonomethoxine.
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Fig. 2 Extracted ion chromatogram of the mixed standard solution of the 86 compounds (100 pg/L)
An ACQUITY PREMIER HSS T3 column (100 mmx2. 1 mm, 1.8 pwm) was employed, with methanol and 0. 1% formic acid as mobile

phases for gradient elution.
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Table 2 Positive screening results of Chinese herbal medicine samples

Sample Unlisted ingredient Contents/ (mg/kg) Mass errors/107° Scores (TOF/MS) Scores (TOF/MS/MS)
1 enrofloxacin 3515 -1.21 96 90
2 trimethoprim 1121 0.93 96 87
3 trimethoprim, enrofloxacin 452, 289 1.12, 0.84 92, 94 91, 89
4 ofloxacin, enrofloxacin 167, 243 0.77, 0.56 89, 91 84, 90
5 trimethoprim 2278 0.97 97 91
6 sulfamethoxazole 102 1.31 93 93
7 trimethoprim 512 0.56 95 86
8 enrofloxacin 23720 -0.54 95 91
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