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fish, shrimp, and crabs using a composite purification column-
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Abstract: China is the world’ s largest producer and consumer of aquatic products. Insecticides ,
as well as veterinary drugs, such as quinolones, macrolides, nitroimidazoles, sulfonamides, and
amphenicols, are widely used in aquaculture. These compounds play crucial roles in preventing,
controlling, and treating diseases in aquatic organisms, improving feed conversion rates, and
promoting the healthy growth of farmed species. However, the illegal use of veterinary drugs, their
overuse , and noncompliance with drug withdrawal periods by farmers can lead to aquatic products

containing veterinary drug residues. This study focused on fish, shrimp, and crabs with the aim
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of meeting the green-development needs of China’s aquaculture industry, strengthening risk
warnings and preventing veterinary drug residues in aquatic products, enhancing the quality and
competitiveness of farmed aquatic products, and promoting the sustainable development of the
aquaculture industry. Instrumental working conditions were optimized, and the extraction solvent,
extraction method, purification materials, and the redissolution solvent used in the sample-
pretreatment process were determined. These efforts led to the establishment of a protocol for the
detection of 50 veterinary drug residues, including quinolones, macrolides, nitroimidazoles,
sulfonamides, amphenicols, and insecticides, in fish, shrimp, and crabs, which involved one-
step pretreatment with a composite purification column in combination with ultra-performance
liquid chromatography-tandem mass spectrometry (UPLC-MS/MS). A 5-g sample was extracted
with a 1.0% acetic acid solution, dehydrated with anhydrous sodium sulfate, and purified using
a FAVEX purification column, after which the purified solution was nitrogen-blown to near dryness.
The residue was re-dissolved in 1.0 mL of 0.2% formic acid aqueous solution-methanol (9:1, v/v) ,
filtered, and then separated using a Waters ACQUITY UPLC® BEH C18 column (100 mm x 2.1
mm, 1.7 pm). Data were collected in positive- and negative-ion multiple reaction monitoring
modes, and quantified using isotopic internal and external standards. All target compounds ex-
hibited good linear relationships within their respective concentration ranges, with coefficients of
determination (R?) greater than 0.990 0. Average recovery rates of 60.1%—117.8% were determined
for the 50 veterinary drugs in the fish matrix, with RSDs of between 1.89% and 15.0%, while the
shrimp matrix delivered average recovery rates of 60.2%—119.7%, with RSDs of 1.11%-15.6%, and
the crab matrix exhibited average values of 60.7%—-119.7% and 2.94%—15.0%, respectively. The
developed method is advantageous owing to its simple pretreatment step, high throughput, low
organic-solvent consumption, good accuracy, high sensitivity, and cost-effectiveness. One hundred
and fifty batches of aquatic products, including 50 batches of fish, 50 batches of shrimp, and 50
batches of crab, were risk-screened for 50 veterinary drug residues using the established detection
method. Veterinary drug residues were detected at a rate of 47.3%, with an over-standard rate of
7.3%. Specifically, the fish samples exhibited a detection rate of 66.0%, with contamination
concentrations of 1.20-257.1 pg/kg. In contrast, the shrimp samples exhibited a detection rate of
18.0% , with contamination concentrations of 1.10-8.60 wg/kg, while values of 22.0% and 3.00—-7.30
prg/kg, respectively, were determined for the crab samples. This study identified a total of seven
veterinary drug residues, namely pefloxacin, norfloxacin, -ciprofloxacin, enrofloxacin, sara-
floxacin, sulfadimethoxine, and sulfamethoxazole, with detection rates of 0.67%, 5.3%, 12.7%,
20.7%, 4.6%, 2.00%, and 1.33%, respectively. The detection method established in this study
provides strong technical support for monitoring and assessing aquatic-product risks in a timely
manner, and is expected play an important role in ensuring food safety, protecting consumer
health, and promoting the healthy development of the aquatic-product industry.

Key words: aquatic products; veterinary drug residues; food safety; ultra-performance liquid

chromatography-tandem mass spectrometry (UPLC-MS/MS)
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Table 1 MS parameters of the 50 target compounds and the nine internal standard compounds

No. Compound CAS No. ly }i:zc(u;:/zs Proz(i:nc/tzi)ons DP/V  CEs/eV n]iiie
Quinolones
1 fleroxacin (% VDA ) 79660-72-3 4.44 370.4 326.47/269.4 80 30/40 +
2 ofloxacin CGH ) 82419-36-1 4.64 362.4 261.37/318.4 80 40/30 +
3 pefloxacin mesylate (55510 &) 70458-95-6 4.65 334.1 316.17290.2 80 27/25 +
4  enoxacin (K1 &) 74011-58-8 4.66 321.1 303.4/232.2 80 35/48 +
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Table 1 (Continued)

No. Compound CAS No. t f;ic(uyzs/; Pro?::/t;)ons DP/NV  CEs/eV rf:;e
5 norfloxacin (D A) 70458-96-7 4.80 320.4 233.2"/276.6 80 30/26 +
6  ciprofloxacin (¥ 70 &) 85721-33-1 4.91 332.4 288.3"/245.3 80 25/33 +
7  danofloxacin mesylate (GAFR P2 ) 119478-55-6  4.98 358.3 340.3°/283.4 80 40/40 +
8  enrofloxacin (B i#HV)A2) 93106-60-6 4.97 360.6 316.4/245.4 80 30/40 +
9  lomefloxacin hydrochloride (3% 370 A2) 98079-52-8 5.10 3523 265.4"/308.4 80 33/28 +
10 orbifloxacin (& H 7P AL) 113617-63-3  5.13 396.3 352.3"295.4 80 27/35 +
11 difloxacin hydrochloride (XU 7P &) 91296-86-5 5.16 400.4 356.2/299.3 80 28/42 +
12 sarafloxacin hydrochloride (b7 70 &) 91296-87-6 5.25 386.4 342.3/299.2 80 28/43 +
13 sparfloxacin (FI[1V>&) 110871-86-8  5.41 393.3 349.4/292.4 80 30/38 +
14  oxolinic acid (EMEJR ) 14698-29-4 5.77 262.3 244.27/216.3 80 30/42 +
15 nalidixic acid (ZEWERR ) 389-08-2 6.04 233.3 215.2/187.4 80 24/36 +
16  flumequine (i /%) 42835-25-6 6.09 262.3 244.3"/202.3 80 30/49 +

Macrolides
17 oleandomycin (/T HEE %) 3922-90-5 5.88 688.4 158.27/544.5 65 31/23 +
18 josamycin (ZZVEX) 16846-24-5 6.09 828.4 174.17/109.1 130 42/45 +
19  clindamycin (EARE E) 18323-44-9 5.85 425.5 126.0/377.0 90 31/25 +

20 clarithromycin (7 H7 55 %) 81103-11-9 6.12 748.5 158.2"/590.5 60 34/26 +

21  tilmicosin (K% &) 108050-54-0  5.68 435.5 695.67/340.3 60 22/22 +
Nitroimidazoles
22 metronidazole-hydroxy (%3 F 7wk ) 3812-40-2 2.46 188.0 123.0"/126.0 55 14/16 +
23 dimetridazole-2-hydroxy (% 5 Hb 35 A ek ) 936-05-0 2.91 157.8 140.2"/55.1 50 17/27 +
24  metronidazole ( F1 7wk ) 443-48-1 3.16 172.0 127.8"/81.7 59 20/34 +
25 ronidazole (3 filf ks ) 7681-76-7 3.24 201.1 139.7'/54.8 59 17/34 +
26 hydroxy ipronidazole (#3355 [N fiff ) 35175-14-5 5.32 186.0 168.07122.0 40 19/29 +
Sulfonamides
27  sulfacetamide (filf Ji% i it ) 144-80-9 2.67 215.0 156.0°/108.0 52 15/29 +
28  sulfadiazine (fiff il 1% i ) 68-35-9 3.23 251.1 156.0"/108.1 63 22/34 +
29  sulfathiazole (fitf Jiif We 1 ) 72-14-0 3.58 256.1 156.1/108.1 60 22/35 +
30 sulfapyridine (B it i ) 144-83-2 3.84 250.1 156.0°/184.1 65 23/23 +
31 sulfamerazine (fif ¢ F JE s g ) 127-79-7 4.07 265.1 156.17172.0 73 24/24 +
32 sulfamethizole (i i F igg — k) 144-82-1 4.63 271.0 156.17/108.0 65 21/36 +
33 sulfamethoxypyridazine (T iz B 48 k%% ) 80-35-3 4.89 281.0 156.07/126.1 75 25/27 +
34 sulfachloropyridazine (fif ik % 5k % ) 80-32-0 5.12 285.1 156.07108.1 65 22/37 +
35 sulfamethoxazole (fiffiJliz F W& WK ) 723-46-6 5.20 254.1 156.0°/108.0 70 23/32 +
36  sulfadoxine (fif il 45 — FF 4 1% b ) 2447-57-6 5.35 311.0 156.077108.0 80 26/37 +
37 sulfisoxazole (fif i — Ff S IEmE ) 127-69-5 5.34 268.1 156.07/113.1 82 21/23 +
38  sulfabenzamide (4 W EEAf ) 127-71-9 5.49 277.1 156.0"/108.1 60 19/32 +
39 sulfadimethoxine (fi# i [A] — 42 1% I ) 122-11-2 5.69 311.0 156.17/108.1 80 31/38 +

40  sulfaquinoxaline (/i Jfiz W I ok ) 59-40-5 5.76 301.1 156.1'7108.0 80 24/36 +

41  trimethoprim ( = H1 4" & W5 e ) 738-70-5 4.48 291.0 230.07/123.0 80 32/32 +
Benzimidazoles

42  albendazole-2-aminosulfone 80983-34-2 4.13 240.0 133.07/198.0 94 39/28 +
(BT 5% 3 M -2 -5 FE A )

43 albendazole sulfone ([ 3 5 e AR, ) 75184-71-3 5.74 298.0 266.0/224.0 112 28/37 +




- 772 - @ T H 43
®1 (&)
Table 1 (Continued)
No. Compound CAS No. ty Ii’;zc(uyzs/(zn; Prot(l;lnc/tzi)ons DP/V  CEs/eV Iff(lle
44 albendazole sulfoxide (B 4 3k W 7 K ) 54029-12-8 5.68 282.0 240.0/222.0 49 19/25 +
Other insecticides
45 adamantanamine (4 NI %% ) 768-94-5 5.35 152.0 135.0'/93.0 60 23/36 +
46 nicarbazin (Jg L% ) 330-95-0 6.40 301.0 137.07107.0 =23 —19/-47 -
47  trichlorfon (# i) 52-68-6 5.57 257.0 109.0/127.1 48 25/23 +
Amidols
48  chloramphenicol (A% %) 56-75-7 5.76 321.1 152.07257.2 -20 -22/-16 -
49  thiamphenicol (I %) 15318-45-3 4.45 354.1 185.17/290.2 -20 -28/-18 -
50 florfenicol (2 JE %) 73231-34-2 5.31 356.1 336.07185.0  -20  —14/-27 -
Internal standards
51 norfloxacin-d5 hydrochloride (i 57> & d5) 1015856-57-1  4.76 325.0 307.07/281.0 60 28/24 +
52 enrofloxacin-d5 (%&bt d5) 1173021-92-5  4.95 365.0 347.0° 150 27 +
53  ciprofloxacin-d8 hydrochloride (¥ 7> & d8) 1216659-54-9  4.89 340.0 322235 99 50/31 +
54 sulfadoxine-d3 (fiff i 48 — F (W% e d3) 1262770-70-6  5.32 314.0 156.0° 60 25 +
55 sulfadimethoxine-d6 (/i i [A] — F 4 e e d6) 73068-02-7 5.67 317.0 162.1° 85 31 +

* Quantitative ion; DP: decluster potential; CEs: collision energies.

2 HRER

2.1 LC-MS £##MURERMA
211 &E A FR L

WA T 5 AR SIARIR R 73518 2 mmol/L HI Rk
KW (F0.19% HRR )-HTEE .5 mmoVl/L H IR K I W
(& 0.1% HR)-HEE 5 mmol/L Z /KA (& 0.1%
PR )-HTEE 0.1% MR 7K %5 W - TP B RN 0.1% HH R K %5
W-2 Mo WRoR a5 3 FRM, 2 CWEAE Ui gl AH B, A
Ll F B TR M Pt 2 24 ) I AR R TN VD R A R
B4 H, AL R R . IEE TR, 0.1%
AR K I TV R T s AR, AT Rk B AR A W T
b e e T 1 R Bk i e 1S 5 2 Oy A7 B AR, TR
S L B AR . ik B E e R [
Kol 22 Fh 2 24 5k BR A 45 L AE R K TR A —
FE IR B 5 L TR B . BRI A SRR W, KA R 2
mmol/L H R & /K (& 0.1% H R ) i, 4 K £ 8K
2R RAF R VY R R . DRI s AR R
R 2 mmoVl/L HREKIFW (T 0.19% HR)-H B
212 FUELAHEWTAA

£ EST'st EST AL T , R BT 2L i A 50 F 1.0
pg/mL 1) 55 25 bR T W S R S A — 2 T %
FH, DU 2 B AR A W 09 BB 7 B L (m/z) o

SR 5B A A 2 Oy R R S A A A A Y
TR R B 05 T N SR R T TR O
T HBEESRRENTE TEIENE T &5
£ MRM #5384k 25 % W R Rl 428 B i, 3 T 3k
) g e ) ARG R RRE
2.1.3 EFEHE

BE T AL (ME ) H 5 28 5O xF H br ik & 4 1 i
BRI B , 52 w0 4 BT O 0 o P R R R
P SR TREON A 2 2 ME=(EEBbRif i 2Rt
RARFIBRME MR RIZ-1)x100%, 24IMEI<20% if 2630 K
S HE RN, 20%< IMEI<50% 26 Bk v 45 5 Rl
IMEI>50% Hif Fe B Ry L o g 2

ZAL RIS W 15 700 22 90 T A 5 A 35 T &R 90
TAE 3 W A5 A A B e T R (y) 5 A v
() AT A . PR LR an &l 1 BR
P BE T B AU B R Y i e | R B R R R
Je % ME ¥ KT 50%, 7 B 5 Jo oo ix 26 82 5 oA 5
FUBY 3 5R RN MR BT P A R 19 ME R
154.9% , & 50 % 5055 R H A 1 5 A0 5 B ) L 5T oA
78.0% 425 ME #R1E-20% L, 77 16 JE 54 i 21
G DRI AR SE 50 53 551 2R T PR A 0 R0 2 J5T 0 VR AP
T E AT RE S 50 FiE 2, DA T BR 3 5 Rk
KT H A5 Ab A A2 dk 43 AT Y 5



73 RRESE, AT A A - R OB €03 - I BT (R B £ M B v SO FP R sk - 773 -
150 » Fish e Shrimp Crab L]
100
£ 50
g . n : L - " e L [} - = -
= . e oo o WL PN
“q:: 0 ®gea. ° ea®. goo.ooo e . PPN ] L .
£ \J | ‘ : [
<
g -0 LI
-100
.150 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ! 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
SV YO CAROSIYLILLLEISHIPIELTISSIITESEFI P FEXLELERS
50 veterinary drug
E1 & fRMENHPSOFMEGNERYEN
Fig.1 Matrix effects of the 50 veterinary drugs in fish, shrimp and crab meat
2.2 ETAMERSMMRAL 222 ®BEIA

AT LL 6 2R E A NI e R
EL R A9 S 349 [ 0038 (n=6) Ry 48 b, 25 111655 10 PR Ry 9k
JAE L TE 5 pg/kg BIES K T AR AR T 4 s )
WO = A T R R
221 REEA

FE i R 2 kR P AR RO T R R R G
W BB R R BRI A PR 2
ERM TR TR . AR HEERTHE L.
0.5% LR NG 1% LR MG \1.5% £ 18 £ 16 1 L
RO . SEgm A R AR WY, R i B R i 4 O
R Z , T Bt G Wi s sUR 6 K82
S 47 [ R A AR, A7 38.0% Y £ 25 [mLICR AE 70% LA
T o LEXT 2R 2 R R U R R A R
P M HR] T U0 R AR BT [ ) AT R G DA K
f A AU BRI 2 B RR D0 RS R &
i Ry 4 B TR B, 50 R 25 g 52.0% 15257 2
W 2R 70% ~ 120%. AR 45 Fi5 01 SCHk , >4 206 dom
TR 1 3R B, AN B AT LA I 40 i 20 2R G 254, 1
H b5 53 7 ) e % AR 4 i 53 25 10 o, 6 AT DA el AR A
R ZR B pH, DI AR 5 25 76 K A - HILAE 2Z ] 9 43
B LY , 38 5 5 2 Bl S I SR BRI AR L AW E 4
RZRW L LD 1% SR CNEAE RS2 BRI, 50 - 25 1
Il 5 6 38 g 55 e A ISR R 1 2 1 68.0%,
BT 0.5% 2B N (62.0%) F1 1.5% & R 2
(66.0%) A4 W [T 48, Horpr Y IR MR i 57 | 25 £ 3
JNE] 1% B B AT A R ORJE B L
RO . I, 2R 1% SR MG 1E R UG
AN TR 4 S SR X 50 Fifr -8 24 [ i 58 K A o A 22 19 5
e I BfF Al S1(www.chrom-China.com) .

e 520 5% B o0 A RO R AL BB BE L B0 R A T
K H bR AR 5 R T R A B, R R
5 % 1 1 B B FLAR AR SR 5 i AR P A BUROR 1 56
B . KBRS B A T B AN B
TE L 7™ R AR AL A P 0 SR ISR . AR SR SR
2255 R E IR 9 75 FIURE 75 I T VR AR A B iR & A B
87 5 MR EO A, 20 5 o (A IREE 1 min, AR
(B)#E#E 5 min, AR ; (C)I$FE 10 min, AN ;
(D) ¥EHE 5 min, # 7 10 min; (E)JR#% 5 min, #75
20 min,

SFHT 3 AR FE IS E] (1.5, 10 min) XFEE §h 35 5
Gy IR AS I 5 e, S 50 45 AL R WY, R R T A
P 1 min B 0 B 5T ER 4 WO ATD A7 7 Bk 25 R AT
% PRFE 5 min F 10 min B, RE 5 2 5T ] 35 59 #b 4y
FOFE AR B R o 38 A X HE 50 F R 2 S 24 0 s ]
W AT LA Y, JREE 1 min I 6 e Y S ms g | =
AR E MR E 9% 5 Vb R N B VD R Y [ U R AL
54.4% ~ 69.2%, YR 3% 5 min A, |- iR 5424 [ )i R 42 5
F 65.2% ~ 114.1%, 74.0% -5 25 5 ¥ LR AE 70%
~ 120%, fl F % 0k J& £ 1 min (72.0%) Al 10 min
(66.0%) , 72.0% 1) 5 245 [ i % & & 4 (RSD) /h T
20.0%, 6 T B IR FE 1 min A HE 2 1 (58.0%) . HT
F i R 0T EORR RN RSO 25 B AR B O B AR R
PRELEFR] S 5 min.

e b 2 7 AT USRS W A T R 4
AR BB ] B ARSI AT AR AT ) A T X
Fe 7 S [ A B E] (10,20 min) X H 45 46 A 4 ik
R, LI 25 LB PR $E 5 min, # A 10 min,
86.0% 15424 [Al WL 2 Ky 70% ~ 120%., AH X T~ B 4=
$E 5 min $2HC, 0 A S AL PR 10 min f5 , 555 H A



- 774 - @ i %43 5
W ) RT3 53.3% $7 5 = 60.8%, 1 il Mk mE 1Y 1] M In R (8] i 2R 45 52, 0.2% HY R K 1 UK -

W N 57.6% H 55 Z 77.4% , K FR PN g 2K 20 (] ik
FAR B E 87.0% ~ 125.2%. {H 4 75 B ] 2 K F
20 min B, & BRIk eI L 4 I e A JE R
EL 15 1) S 2 [B]R AR T 70%, 77 78 B S 1 56 5 310 4l
WA P f R MR E R AT RN RN
121.2% ~ 149.2%, fA7E W R (1 JE R IR B 4 . &5 &
% B H AR T i iR S bR AR R 3R AR F
7% K A PEHE 5 min, #7510 min AU G . AH
P 1 G 75 B[R] X 50 4 24 [l i 2 F1 RSD #Y 5% 1
ULBHE 2.
223 &y

VST i g Sl o R B Nl s
HURE 7 55 T PR W ot , AN AN e 24 ) 1Y) 3 A A L
H2 4 5 (038 A% 09 5 JH 75 L B9 A & 4E Bl
AR KBS I8 T Oasis HLB #: (6 mL/200
mg) .Oasis PRIME HLB #f (6 mL/200 mg) .FAVEX-
NM-Aqu50 4 fil PEP-2 # (6 mL/200 mg) %5 4+ fk A
Xof fiE £ PR v 22 H AR LA Y A RSOR  O TR R
AREXT 50 Fofr 85 247 [0 Wi S5 R0 A o D 22 19 5% i) D1, B €1
S3. L 45 R KM, Oasis HLB A X KE 5 o 45 s
VA 2 T e SIS R e e I R 2 LA R A I
TR TC T PR B M 3 R e R R R e
e gl [l R AL N 1.5% ~ 42.3%. Oasis PRIME
HLB . FAVEX-NM-Aqu50 il PEP-2 4 ¥ 2y i y 7
23 4 T v AR A, T T I Ak Rk R A D R
ZEA MR 3 R b A, PEP-2 A Al FAVEX-NM-
Aqus50 HE LR A Y L 0 PEP-2 A X &L Er e AR
I WK e 215 #8203 B A R B 25, TR ER R ] R A e
B, W AL K 25.5% FI 19.4%. ffi il PEP-2 i
UE I A TR e WG T R B BT IR S A
SV NG B4 TR B RAOR 2% 0 BT HE R
0T Ve A 2R N A [0 0 8 1 5% e A 5, A BIF 5T
& 3%k & FAVEX-NM-Aqu50 4 16 A5 75 J ek 61 K,
76.0% HY-E- 257 24 1S3 2y 70% ~ 120%.
224 HEA

O ) 2 5 W) (0 T 43 5 A0SR R I S ) N AR
H b5 Ak A 1 P o A0 B BRUIS 1Y) 25 T 8 43, AT DAk
AN 2R BT K (L L, v, &
0.1% H R ) .0.2% H 1R /K i W -H B (92 1, v/v) R
K (1:1,v/v)3 PR FIIROCR . SEI 25 3R,
3FEER T ER LGSR A B 25, R
FH 3 R & w0 TR A BT 25 S (P>0.05) .

(9: 1, vV E %5, 82.0% [ H br ik A 4 s sl
W R 70% ~ 120%, U8 T EE-/K (101, v/v) % 0.1%
H R (64.0% ) A1 H i -7K (1:1,v/v) (60.0%) , 88.0% [
25 RSD /N T 20.0%, L T B EE-K (1: 1, viv, &%
0.1% W12 ) (80.0%) F FH - 7K (1: 1, v/v) (82.0%) -
AR B2 A% 50 24 i3 i RSD A 52 i 25 21
W 2 s . ARWFSEEFE 0.2% H R 7K ¥ W - WY i
(9:1,vW)TERE B .

60 60
REC<70% [ 70%<REC<120%
REC>120% —=— RSD<20%

50 -50

40 140

30

Drug number

20

Drugs number of RSD<20%

10 -

—
—1
—1
—1
—1
—1
—
—1
—1
—1
—1
—1
—
—1
—1
—1
—1
—
—1
—1
1
—1
—1
—
—]
B

0

A
B2 FESAFISOFMEL(S pg/kg) B ZEFNRSD KIS

Fig.2 Effect of different resolvents on the recoveries
(REC) and relative standard deviations of the 50
veterinary drugs (5 pg/kg)

A: MeOH-H,O (1:1, v/v; containing 0.1% formic acid) ; B:

0.2% formic acid aqueous solution-MeOH (9: 1, v/v); C: MeOH-

H,0 (1:1, v/v).
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Table 2 Limits of detection, limits of quantification, linear ranges, coefficients of determination (R?) and corresponding

internal standards of the 50 veterinary drugs in fish, shrimp and crab matrix

Compound Lon/ Loy Linear range/ i3 Corresponding internal standard
(pg/kg)  (ng/kg) (ng/L) Fish Shrimp Crab

Fleroxacin 0.3 1.0 2-100 0.9931 0.9947 0.9924 norfloxacin-d5 hydrochloride
Ofloxacin 0.3 1.0 2-100 0.9963 0.9948 0.9975 norfloxacin-d5 hydrochloride
Pefloxacin mesylate 0.3 1.0 2-100 0.9938 0.9968 0.9910 norfloxacin-d5 hydrochloride
Enoxacin 0.3 1.0 2-100 0.9938 0.9993 0.9931 norfloxacin-d5 hydrochloride
Norfloxacin 1.0 3.0 2-100 0.9989 0.9990 0.9939 norfloxacin-d5 hydrochloride
Ciprofloxacin 0.5 2.0 2-100 0.9947 0.9982 0.9950 ciprofloxacin-d8 hydrochloride
Danofloxacin mesylate 0.3 1.0 2-100 0.9930 0.9962 0.9927 norfloxacin-d5 hydrochloride
Enrofloxacin 0.3 1.0 2-100 0.9930 0.9957 0.9993 enrofloxacin-d5
Lomefloxacin hydrochloride 0.3 1.0 2-100 0.9940 0.9916 0.9944 ciprofloxacin-d8 hydrochloride
Orbifloxacin 0.3 1.0 2-100 0.9950 0.9931 0.9907 ciprofloxacin-d8 hydrochloride
Difloxacin hydrochloride 0.5 2.0 2-100 0.9986 0.9930 0.9968 ciprofloxacin-d8 hydrochloride
Sarafloxacin hydrochloride 0.5 2.0 2-100 0.9986 0.9969 0.9985 enrofloxacin-d5
Sparfloxacin 0.3 1.0 2-100 0.9937 0.9928 0.9933 enrofloxacin-d5
Oxolinic acid 0.3 1.0 2-100 0.9958 0.9904 0.9980 enrofloxacin-d5
Nalidixic acid 0.3 1.0 2-100 0.9920 0.9919 0.9932 enrofloxacin-d5
Flumequine 0.3 1.0 2-100 0.9964 0.9942 0.9981 enrofloxacin-d5
Oleandomycin 0.3 1.0 2-100 0.9993 0.9987 0.9988 -
Josamycin 0.3 1.0 2-100 0.9998 0.9980 0.9960 -
Clindamycin 0.5 2.0 2-100 0.9990 0.9984 0.9984 -
Clarithromycin 0.3 1.0 2-100 1.000 0.9932 0.9958 -
Tilmicosin 0.3 1.0 2-100 0.9997 0.9976 0.9922 -
Metronidazole-hydroxy 6.0 20.0 20-100 0.9988 0.9914 0.9936 -
Dimetridazole-2-hydroxy 3.0 10.0 10-100 0.9995 0.9963 0.9978 -
Metronidazole 0.3 1.0 1-100 0.9999 0.9996 0.9951 -
Ronidazole 0.3 1.0 1-100 0.9995 0.9982 0.9905 -
Hydroxy ipronidazole 0.5 2.0 5-100 0.9998 0.9999 0.9973 -
Sulfacetamide 0.5 2.0 2-100 0.9986 0.9977 0.9999 sulfadoxine-d3
Sulfadiazine 0.5 2.0 2-100 0.9978 0.9904 0.9997 sulfadoxine-d3
Sulfathiazole 1.0 3.0 5-100 0.9963 0.9926 0.9990 sulfadoxine-d3
Sulfapyridine 0.3 1.0 2-100 0.9942 0.9954 0.9985 sulfadoxine-d3
Sulfamerazine 1.5 5.0 5-100 0.9971 0.9985 0.9994 sulfadoxine-d3
Sulfamethizole 0.5 2.0 2-100 0.9970 0.9900 0.9987 sulfadoxine-d3
Sulfamethoxypyridazine 0.5 2.0 2-100 0.9913 0.9983 0.9917 sulfadoxine-d3
Sulfachloropyridazine 0.5 2.0 2-100 0.9983 0.9974 0.9998 sulfadoxine-d3
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Table 2 (Continued)
Compound Lob/ LOQ/ — Linear range/ i3 Corresponding internal standard
(pg/kg)  (pg/kg) (pg/L) Fish Shrimp Crab

Sulfamethoxazole 0.5 2.0 2-100 0.9962 0.9923 0.9995 sulfadoxine-d3
Sulfadoxine 0.2 0.5 2-100 0.9976 0.9976 0.9994 sulfadoxine-d3
Sulfisoxazole 0.3 1.0 2-100 0.9948 0.9994 0.9998 sulfadimethoxine-d6
Sulfabenzamide 0.3 1.0 2-100 0.9919 0.9968 0.9996 sulfadimethoxine-d6
Sulfadimethoxine 0.3 1.0 2-100 0.9969 0.9998 1.000 sulfadimethoxine-d6
Sulfaquinoxaline 0.5 2.0 2-100 0.9906 0.9979 0.9996 sulfadimethoxine-d6
Trimethoprim 0.2 0.5 2-100 0.9993 0.9943 0.9997 sulfadimethoxine-d6
Trichlorfon 0.5 2.0 1-100 0.9982 0.9998 0.9975 -
Albendazole-2-aminosulfone 0.5 2.0 2-100 1.000 0.9979 0.9986 -
Albendazole Sulfone 3.0 10.0 10-100 0.9955 0.9996 0.9980 -
Albendazole Sulfoxide 0.3 1.0 2-100 0.9997 0.9991 0.9996 -
Adamantanamine 1.0 3.0 5-100 0.9985 0.9943 0.9911 adamantanamine-d15
Nicarbazin 0.3 1.0 1-100 0.9953 0.9990 0.9946 -
Chloramphenicol 0.3 1.0 1-100 0.9987 0.9983 0.9977 chloramphenicol-d5
Thiamphenicol 0.3 1.0 1-100 0.9930 0.9942 0.9901 ent-thiamphenicol-d3
Florfenicol 0.3 1.0 1-100 0.9937 0.9957 0.9951 florfenicol-d3

-: quantified by external standard method.
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Table 3 Comparison of the analysis method established in this study and the analysis methods in literature for veterinary

drug residues in aquatic products

Number of . . Organic solvent
Sample type Extraction method Purification Ref.
drugs volume/mL
Shrimp 52 extract with acetonitrile (1% formic acid) for 30 min, = QuEChERS EMR- 14 [36]
1 time Lipid dSPE, 1 time
Fish and shrimp 27 extract with acetonitrile (0.1% formic acid) for 20 QuEChERS, 3 10 [37]
min, 2 times times
Fish 15 extract with acetonitrile for 30 min, 2 times LLE, 2 times 48 [38]
Fish, shrimp, 50 extract with acetonitrile (1% acetic acid) for 15 min, SPE, 1 time 10 this
and crab 1 time work
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(a) Detection levels and (b) detection rates of the veterinary drug residues in fish, shrimp and crab samples (n=3)
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