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Residual analysis and dietary risk assessment of quinolone antibiotics in
aquaculture products from a city in East China, 2023—2025

HUANG Xue-Ling', ZHANG Yu-Ping, CHEN Lin

(Shanghai Fisheries Research Institute, Shanghai Fisheries Technical Extension Sation, Shanghai 200433, China)

ABSTRACT: Objective To investigate the residual levels of quinolone antibiotics in aquaculture products from a
city in East China and assess their health risks to residents via dietary intake. Methods From 2023 to 2025, a total
of 768 aquaculture products were randomly collected from aquaculture farms of the city. The residues of 6 kinds of
quinolone antibiotics, including enrofloxacin, ciprofloxacin and ofloxacin, etc, were determined by liquid
chromatography-tandem mass spectrometry. A point assessment model was employed to estimate the daily exposure
doses for different age groups, and the hazard quotient method was applied for dietary risks. Results The 3 kinds of

antibiotics were detected, including enrofloxacin, ciprofloxacin and ofloxacin, with an overall detection rate of
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20.44% and an exceedance rate of 1.69%. Enrofloxacin showed the highest rate (19.01%), with residue

concentrations ranging from 1.03 pg/kg to 1177.00 pg/kg. Dietary risk assessment indicated that under both average

and maximum residue concentration exposure scenarios, the hazard quotients for all age groups were below 1.

Conclusion The dietary health risks posed by quinolone antibiotic residues in aquaculture products from the city to

various age groups are low. However, continuous efforts should be made to strengthen the supervision of drug use

during aquaculture practices, so as to ensure that the dietary risks to residents remain at acceptable levels.
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2yl LU RE R . Atk B, SREIEA
A (7 o R N 3 R P 3 3 ) R 11 | AN
TR 2 A R AR, iR 2 . 2K
NG, FEYFEKTE SRR, R YL,
TR AN B % AR 2 s 4 | sl fges gt
DA RV A O B S R B A0 25 e XU 1 010 o 5 g D S
A B 2 3% B8 W, SRR ™ BBt 22 4> . BHLIBTX
W B AR A TS I 55— 1B B4R

FRIEZAK™ AR 7 RN 2R R, 2024 AEFRIE 7K™ B
JRaEIR 7357.6 Jim, LA FRGEKT LT R 6060 JT I, #5
2023 4EHEK: 6.59% . RS TR FEARV AR RS 2015 4E % 4i
T 2292 S0, BUETE S s L RS SE VD AL L B
PR AR EAFERDE 4 FidiFEEZhiE R, 2019
FlE T GB 31650—2019 (&M EEEFRbrdE &5
it KA R = ) AEsmibl bR e, (i FFRE B A H.
L EANGERE | RS FREE 2 A 2 R P 5 A R R S B
P Z 5% AR RS AR R A E R BRI K™ v
WA B A Ak B A 2 TP T R At g
FE AT 245 5% B W5 XU PEAG T AR B 2, FRAEIA
TP RIR A MR, eIk KR R BN, AT DA AR
RHIE SRR 2 . o S ST R 24 10 45 1 B A /K 7 i AT 45,
JEARP AR BB EBG LR . BT Uk, ARSI X AR
Hb X BE T FRIE IR AT K S RS2 W, A AT T M TR 28 BT
A R AL, VPG FLRE £ XURS, LA SR AH DG 1] il
SE FEFH IR T 2l PR | S 25 S Ak M A R R 2 ik Al

1 MR5RE

1.1 HRRESHIE

2023—2025 AEFAEA M X FE T 2550 X R
REALR AL TREE KT i 768 1, (L otilida | fifa | ffifa | Hifa
fifete | SO SFFRANIROK fARD, MDEFIXTER . BERIRER . it
ORERE SR DRSS . FEACRAERZI® GB/T 30891—2014
ORI ARG ) SRR, AL 25 HR % SC/T 3016—2004

ORI SRR ) B 5% C MERIFATH & .
1.2 E5RF

LC-40D R AR AN [ B A B B (P DA BRI );
Triple Quad 6500 Jii{X (3 E AB Sciex 24 H]); Centrifuge
5810R ¥ 4 & U HL(#E[E Eppendorf 22 #]); B-300 Base fig4%
& KA (B BUSHI /A 7]); N-EVAP 112 ZWAY (£ [
Organomation /A A ); IKA MS3 Basic HEiR iR &+ (15 FE IKA
/~l); Hypersil GOLDTM Cg#1:(100 mm»2.1 mm, 3 pm,
% [¥ Thermo Fisher Scientific /A ]); METTLER XS105 434
K-+ 422 —). METTLER PL202-L 4347 KFCks
B H 4 Z—) (3£ Mettler Toledo /A ]).

BB EL(LERE 99.24%) . RNV B (LEFE 99.28%) . %
LV R 99.12%) . BTV R G 92.19%) . AR A
(4liFE 96.02%) . HEFI> R (LLE 94.58%). Bk 2-D5l
B 96.97%) . IFINTD R -D8(4lE 88.82%) . Wi V> A-D5(4l
¥ 94.27%)(#% ¥ Dr. Ehrenstorfer GmbH A )); HEE . 2N .
ECke(ital, fiE Merck 2Aw]); HER(EEa, ik
LT HEACRIE A A BR A F); JOKBRREN (o Bral, 2
SR E2E A BRA R .
1.3 MG ERINEEFY

FEAN BT AL BEZ: IR AL TR 1077 S 45-1-2008 € K77 i
H17 RG2S K 15 Rl RSS20 YAk B A2 TR
k- B EE ) PEFT, BRI TS RE R (5.004£0.02) g,
JIA 0.05 ug AR 10 g JoKBREREN M 20 mL BRAL NG, &
TATIE BR P FRE L 0 A B TV T AR, FHINA 20 mL
RIS EE I —IK, &3 LIEW, 40 °CKIFIEZE 2T
T, F1 1.0 mL 20% M B i iR B W) JF A 2 mL iEC
fiE N8, 4000 r/min B0 5 min, BT 2GS 0.22 pm JEJE,
PERAR €03 - FR I TS0 A2 .

0,33 2514 Hypersil GOLDTM Cy #:(100 mmx2.1 mm,
3 pm); IR 40 °C, PEFERE 10 pL; EE 0.3 mL/min; i 3h
AHBEE VR Y. WshAl A W, HishA B 0 0.1% iR
KW B VEBRRF: 0.01 min, 95% B; 0.01~0.20 min,

95%~50% B; 0.20~4.00 min, 50% B; 4.00~4.50 min,
50%~95% B; 4.50~7.00 min, 95% B.

JRE Sk M W BE S OE B T R 85X (electrospray
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jonization, ESI"); HLMEZEHLE: 5500 V; B FIRIRIE: 500 °C;
A4S (ion source gas 1, GS1): 55.0 psi; 4By = (ion source

gas 2, GS2): 50 psi; AA7¥ < (curtain gas, CUR): 20 psi; 13
B R 2 SO M Bk SR S B ER 1,

®1 6 MEFIEMERNRESH

Table 1 Mass spectrometric parameters of the 6 kinds of quinolone antibiotics

i % {5 84 Bt 7] /min FE MBS T X (mV2) FE 1 B X (mV2) LR EV iR eV
587 g 2.69 360.1/245.0 360.1/316.1 87 38.0/27.0
WHY R 2.67 332.0/314.0 332.0/288.0 91 30.0/27.0
S UY 2.68 352.2/265.2 352.2/308.2 90 33.0/25.0
¥ R 2.67 334.1/316.3 334.1/290.2 70 28.0/24.0
AR 2.67 362.2/261.2 362.2/318.2 80 36.0/26.0
WD A 2.66 320.1/233.2 320.1/276.1 60 30.0/26.0

Bk R -D5 2.68 365.0/321.0 / 95 27.9
NV E-D8 2.66 340.0/296.0 / 83 30.2
Wi b B -D5 2.65 325.1/281.2 / 60 22.0

T /R TII

1.4 MR 755E
R 2 G EARARH LM R T ARG K
A B R AR RS RS A SR AN 3 ) FP A S A
e, AR R BT A K i R s T R S b A R AR B R R H
MR YU AE RS H RSN, 8- 2EREmA
K(DHFR:
EDI=—=XF (1)
BW x1000
Ao EDD g A AN AR B3 H 20K 7 S B A s i Ak
Z 1Y %5 (estimated daily intake), pg/(kg * bw * d); C 7K i
PRI AE AR S i, pg/kg; FOMKSEEL A H AR
AfE, g/d; BW g A3 (body weight), kg
FH f& 3 Jifi (hazard quotient, HQ)¥FEA & FH /K 7= il oo s
A2 R UG, HAE AR Q) B R:
EDI
HQ = ADL (2)
Arpr: ADI W 2EHiA: 3 8 H 1748 A & (acceptable
daily intake), pg/(kg * BW * d).
M HQ<I B, FRKB I H57, AFESLPREE AT =A%
FLABE, AaXHERBEEBN R, 2 HQ>1 R XUk
ARO[ BzZ, BRI 243, n] REAE ARG

HifE GB 31650—2019 #l GB 31650.1—2022 { £ 5%
SEZRE BT 41 A EARIIREIRE ) M, Bk
WECIRFED R SHREYEZ AN, ERDAE . wRY
MKV B ADIZM 518 6.2.5.14.25 pg/(kg « BW « d),
R R R, RN TIE .

1.5 HUBEAIE

XoFFAA B, A5 AR H B ) EL R T 60% 8T,
A B RS HHBRACRE, YRk BRI LN 60%
BF, A A B A 172 AR, St Hodis A
Excel 2016 #EA TG4 -

2 GER5HH

2.1 REEF

ARHFFER FH BRI T 0T o AR 2 1SR B 43 )
JIA 1. 10, 20 pg/kg FIMETRERZ W), 150 HA- R A
xR 2, S5 R E 6 Fidiid: Za kit X &
RF, AHERBILE 0.994 DL b, FHCRLE 76.5%~112.1%,
FHAT AR MR Z1E 0.2%~8.2%, &R 1077 54084
-1-2008 ) B3k, HARULZE 2. Bkt e, & 20 PRSI
—ANPATERE AR A R N IbR AR, DA
R DR b ARG (e S e o e

F2 6 MEEMAMERNEIFFE. MIREWER, ©HREERRN=6)
Table 2 Regression equations, spiked recovery rates, limits of detection and limits of quantitation of 6 kinds of quinolone
antibiotics (N=6)

bR EVEY:¥ MHERE()  FE% AR R 22/% KR/ (ugkeg) R/ (ng/kg)
Bk & Y=15.61448X—0.49435 0.99819 86.9~104.9 1.1~7.7 1.0 2.0
WY A Y=8.60219%-0.33033 0.99685 94.8~112.1 2.6~8.2 1.0 2.0
AT B Y=42.31197%-1.20558 0.99640 76.5~107.9 3.1~6.9 1.0 2.0
IR A Y=11.58368X-0.60831 0.99486 94.8~112.0 3.0~8.2 1.0 2.0
Kb & Y=20.17871X-0.65138 0.99464 87.6~97.2 1.4~8.1 1.0 2.0
KEDE Y=53.28395%—0.88815 0.99447 82.3~97.9 0.2~6.7 1.0 2.0
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22 EEIENER

T FRAI 5 %] 768 EFRFEERAT KT bR T
WERE DA RAR BB W, BT A . RN EMERTD
RE3FPARAARBENKGE . wRPE . RRPE
FE S VD RAE A R TR AR H

G BUF, AT 157 FRRE LA 2 /0 1 s v
KPR, MEHEN 2044%, HhBEIEDEE B RE,
A 146 A, KRR 19.01%, 5% 8k ELE A
1.03~1177.00 pg/kg, WEEFERTHR~10 pg/ke MFEMA 73
P, SR 50.0%. FRNVPEIRZ, IEH 47 (RREq
K, KRN 6.12%, 4% BWEVEEIY 1.24~57.90 pg/ke,
WIEAER HBR~10 ng/kg MIFESRA 39 1, AR50
82.98%. B A | R, KRN 0.13%, sREEN
4.27 pg/kg.

ARG DL, 768 FFFES PIEAT 13 fRRE S AR, K
HBERHRA 1.69%, Horp 12 08 BEY 2 5% B s R 4

FrvfE UL R v BRI V0 B AR B i 2 i), SR
IRl 1198.90 pg/ke, AR AVFREMER 12 5. 55A
1 RS B AR, BRI E AR, HE2E
23, SR

23 AEImMK~RmPEERLINE RKE T
TR

AN [ ot Tl 7 7 i e g s s A S B A K R A
B 3. SRER, 21 NMRFRA 14 SR R
iR o SR R R 5 (75.00%), FLUR R IS SR Ty il
(66.67%) FN BT F£4.(60.00%); HiAABEH | frifa | ke | Fidh
SMELLAAR T RA T 42.86%~50.00%; it 5 fa A f
G HRA T 28.57%~29.73%; B, FEIE I XTER AN S QIR
WRAS: H R, 510 5.26% ., 3.72%F1 2.38%; fiffa i
fo . WA, Fapfh . JrIRJEER | ZUECEIT o rh ARl
AR .

®3 TRIGMK~RPEETLREZREERL

Table 3 Detection of quinolone antibiotics in different varieties of aquaculture products

Ho B

K Pl (ne/kg) R

it Wi ER % WA FEpE REDRE | o R
it 111 33 29.73 1.66~372.00 2.02~21.70 ND 4 3.60
fify £21 88 38 43.18 2.47~114.00 1.82~7.44 ND 2 227
fiyi ff1 56 27 48.21 1.38~1177.00 2.51~57.90 ND 5 8.93
Tl 65 28 43.08 1.65~465.00 ND ND 1 1.54
fife £ 29 0 0.00 ND ND ND 0 0
fif £41 38 2 5.26 14.40 1.72 ND 0 0
Hil 14 4 28.57 3.55~12.60 ND ND 0 0
i) 9 0 0.00 ND ND ND 0 0
A 21 6] 7 3 42.86 4.17~9.11 ND ND 0 0
L fif 8 6 75.00 2.68~60.70 1.24~4.64 ND 0 0
I SR Tt 3 2 66.67 4.71~6.01 ND ND 0 0
pig ki 5 3 60.00 5.11~8.19 7.83 ND 0 0
et 1 0 0.00 ND ND ND 0 0
Pt 1 0 0.00 ND ND ND 0 0
fif £11 7 2 28.57 3.23 2.26~3.01 ND 0 0
SHARBEM 2 1 50.00 423 ND ND 0 0
ESROE 188 7 3.72 2.14~32.10 ND ND 0 0
EAEREEL 42 1 2.38 ND ND 4.27 1 2.38
T [ 5 6 0 0.00 ND ND ND 0 0
EARZ L0 1 0 0.00 ND ND ND 0 0
rhAR g T 87 0 0.00 ND ND ND 0 0

TE:ND FonARf . BRM, BRfh

WA | BB REUD, RIAERIUEBEES %,
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ANTRI AR 25 P A0 SR B AR 3R] BE R S BUPTAE AR K
P2 ERIRN . WA IR, SRS, Wi, B
SRS, TERYEEP TR AR, PUER DA
WEE, IF B BN TR, DR A . i
. G SFE R R A, T RYEIRZ, @i EEe
FRUTAEY), AN EHAEBA S R, 2K R b 25k iz
S, RN 25 BRI, SR AR ST i Rl
FEANTARRE, H 58 4 1Y A2 BEASEE 2 (2 E 25 B Y
BrECPEHE, DA AR AR . MIRIEECR, it
i, R A S R AR IR, R
B PR J RSB, FRAE T A AR T S A
W B AFHUAE R IEAT B FNG Y . MR SR A XIE . 2%
THUR AN AR SR S5 O™ dh 2 BE (i, AE SR AR
RS B 25 B P A, 25 B AR SR, DR A
AR

24 ARIZEHKGEPESIREINE ZKEBISE
vk

AN TR S50 K 7 il v ) s 5 R 2 e A 3G A O
22 4855 IR 768 AT i, £ 2K R IR 1R (33.56%),
W (3.38%) K2, BEIRM . UEHIAR R ZEBIK ™ i
25 2] I 2 E B BB X ), M s bR E
e A 0 2 SR A v R X B A 8

MAEBS I HT, 25K R 2024 4ETFFE(19.16%), 1HE%
B V-H{1 (24,38 pg/kg) B i RAB(1198.90 pg/kg) ik F (Y,
WIS R R, (R SR i 1 335 0 24 ) JAR Sk 2
o 2025 4F, BARHGHR X BIFHF 41.94%, {HER (A
(9.95 pg/kg) B KA (123.51 pg/ke) KBATZ(0.80%) 34 K
MR R, R a2 vh v R AR A ) A B — e ], LA

5 R KR AR B, KA 5 5 sk B K AR L
FIARTRIZE, AT REAELE D M A 1] B i ok P e AR iy R .
XA 2025 FLRAARATTRE XK S5 E N
FHZ5 (0] [ J L A HA T B B UIAE G o 78 H ™A% 1 M4
FENF, FRA BT, 20, MR
o e B D 245 % v o B B Mk B AR R AR 1 PR DL T i
FUOHZy . WR28K HE— A TR, 3 2025 A H B 1 4
MY AR B bR, BIWIRRIE SR8 Pz S 2 1
FHAR G F0 S B AR b, E S A B A T A
A PR
2.5 [EEETIE =R X IT

KGR, 4~6 2 K 20~79 H NFERRTE BRI T
B AR T Ry 2026 4 KA 35 7S U R R 5 W A 41z ),
7~19 SIREHIES| A BE T 2021 FAT0 0 CGB/NREE
A T S EERATAE SR Do K77 S A H T B B (R
B RIEETERI(2022 MR) ) PEIAFEA L

ARG 4357 2R FE P I ARE (5 7 s T 28 40 A R -1
B B Wl 5 R e KBk Bk B T A A Br AT Y EDIL A1 HQ,
SRR 5. SR NUR, TR BB R, £4F
A B ARERY HQ JEFEILE 0.0001~0.0039, 46K - XU B (.
1, RUIFE— M AT, 302 K 7= A s 5 i 2 4L
Az R A E B XU A 1K o 7 o KR P ik B R R A R e 1
T, SR EBAFER HQ JEHITE 0.0006~0.4147, BiHA%
AR B AR KT S A S S A 2 KU Ak T T
BZEEN, H 4~6 B L HEAM HQ i£F] 0.4147, HlE &
FH AR . RIS L AR Ry MU HE, TR E R,
FEAHIE 2 N AR E R IR AR, B AR
B AT A R AR AR B TR (R T

R4 REEANK=REEERLTE TR HER

Table 4 Detection of quinolone antibiotics in different categories of aquaculture products

Bitivh R+ R/ (ng/kg)

25 AEA Krmgos  Wddos K% TEE e AR AR/ %
2023 153 65 42.48 18.54 465.00 6 3.92
a2 2024 167 32 19.16 24.38 1198.90 5 2.99
2025 124 52 41.94 9.95 12351 1 0.80
&t 444 149 33.56 18.34 1198.90 12 2.70
2023 72 1 1.39 2.01 2.49 0 0
R 2024 72 4 5.56 2.45 32.1 0 0
2025 93 3 3.23 2.01 3.78 1% 1.08
&t 237 8 3.38 2.14 32.1 1 0.42
2023 35 0 0 / / 0 0
ek 2024 21 0 0 / / 0 0
2025 31 0 0 / / 0 0
A1t 87 0 0 / / 0 0

T AR RK T * RN BT R
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Table 5 Dietary risk assessment of quinolone antibiotics intake aquaculture products in different age groups
. Li %iq H i 2% EDI -¥{H EDI f KMH HQ “F-3¥1E HQ e KfE
A kg BAgd) EikvbR AEVE BIBDAE FERDE  BRvE EEDRE BiERE JRE
5 20.5 0.0223 0.0020 2.3431 0.0083 0.0036 0.0004 0.3779 0.0017
6 i 18.7 0 0.0245 0.0022 2.5714 0.0092 0.0039 0.0004 0.4147 0.0018
% 32.7 0.0140 0.0012 1.4659 0.0052 0.0023 0.0002 0.2364 0.0010
710 'S 30.7 0 0.0149 0.0013 1.5616 0.0056 0.0024 0.0003 0.2519 0.0011
5 48.8 0.0117 0.0010 1.2277 0.0044 0.0019 0.0002 0.1980 0.0009
H3 I 46.2 % 0.0123 0.0011 1.2969 0.0046 0.0020 0.0002 0.2092 0.0009
% 63.8 0.0134 0.0012 1.4100 0.0050 0.0022 0.0002 0.2274 0.0010
1 'S 54.2 7 0.0158 0.0014 1.6589 0.0059 0.0025 0.0003 0.2676 0.0012
5 73.4 0.0117 0.0010 1.2246 0.0044 0.0019 0.0002 0.1975 0.0009
20-99 I 59.6 7 0.0144 0.0013 1.5087 0.0054 0.0023 0.0003 0.2433 0.0011
% 67.6 0.0084 0.0007 0.8864 0.0032 0.0014 0.0001 0.1430 0.0006
007 'S 59.4 % 0.0096 0.0008 1.0092 0.0036 0.0015 0.0002 0.1628 0.0007

Zr ERTIR, ABESEN N TE 2 e R O A K
T R(EEA S N ol N 3 i 7 e o o] S 7 2 v 5 [ )
X AP L AR AT A g 22 i 5 LIS, G XU AP 560,
37 SR Fe B 2o AR A SO, e R R — e A R K
7, RS £ 4

3 THES4R

AWFFERET 2023—2025 HAEL X FTT IR
K= AL AL 768 £, X} 6 R EEIE BT A F AT AR 4
Br, AR R AR50 R 20.44%F1 1.69%. IR FA&
AR 0 1L 2R LT S R K AR G H SR (36%) AR AR
R (3.54%), K130 4 IE W I A M T IROK G
11 #8(59.4%) o NBLLE AN S04, BBV B AT 4 19.01%,
W EKHEE 6.12%, ARPEKREE 0.13%, HED
A BHED R ERAER S bR ER R
VW ESHHWE>AHY R, X5 NIRIIERT | Jpae 403
TR IE A K = i P v R R 2E B A 2 UK R SR DR S
KBNAHT, 2K %R 33.56%, MFREE 2.7%; R %
3.38%, HBIRF 0.42%; BAREAK . KT TR 500
Y 2023—2024 4 b TR A28 A ) (45.9%)
HBARE(7.5%)

AR5 308 220 Xt A A Ml DX T 7 B B YT K i v s i
A AR K0 b, TEAE T ORI B A1
BREBEAEERK, 4R ER, 7E 5% E T RER
T, FEBEB AR HQ EE Y 0.0001~0.0039; 7ELL
T KOBR POV OB HE A M uR g R N, HQ i Bl A
0.0006~0.4147, i HQ ¥MKT 1, FBHLZTT IR /K™
AT R AR R Y B — R AR KU A AIG, X — B A e
SERC MR A T RE TR/ IN, RO L S5 A TR 174 fede B XL

SRR OGTE . ARFFE P, EE RN 1 MR, BREK
-y 4.27 pelkg, FEALGURE U PGB HQ /T
1, JE Tl M. (HiZ B C RO R AR 2292
SO W AR I TR R S W, HAG A By RIVR i vk
ST o X TR R AE 259, S aliffos HQ 247 K
R PEAG A AE AN T X, IO e 2 S L 1 RS, IR A A
pa)as

ARWFFANAFAE—E W R BRE, BE R PRA R T
R R I H BB A AR B S R A T AT,
ARBE S WA )3 B > 51 A BARAE 1 22 5%, T RE B0
R R T D AR A A A A g AU AR A s i o L i
AP A A AR S PR R R R X
W pPA, T 98 PR R R I T 2 R Ak I B
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