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samples were randomly collected from the Suzhou market in 2025. The residue levels of 6 kinds of quinolone
antibiotics were determined by solid-phase extraction coupled with ultra performance liquid chromatography-tandem
mass spectrometry. The exposure risk of quinolone antibiotics in freshwater fish and shrimp was evaluated by the
index of food safety. Results The overall detection rate of quinolone antibiotics in the 97 samples was 54.6%
(53/97), and the exceedance rate was 2.06% (2/97). Enrofloxacin had the highest detection rate at 54.6% (53/97),
followed by ciprofloxacin with the exceedance rate of 14.4% (14/97). The content range of enrofloxacin was
0.5-175.8 ng/kg, and that of ciprofloxacin was 0.4—48.0 pg/kg. Ofloxacin, pefloxacin, norfloxacin and lomefloxacin
were not detected in any of the samples. The index of food safety for quinolone antibiotics ranged from 0.0023 to
0.0038, which was far below 1. Conclusion In this study, the quinolone antibiotics detected in freshwater fish and
shrimp sold in Suzhou Area were mainly enrofloxacin and ciprofloxacin. The health risk posed by the 6 kinds of
quinolone antibiotics to humans is at a safe level. However, the exposure risk for children and the elderly is higher

than that for adults, indicating that enhanced supervision is needed. This study also provides a data reference for

aquatic product quality assessment and the revision of food safety standards.
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1.1 MR5RF

AHEFEIR K R B 5 T AR SR T S R T, SR A
J1EZ% GB/T 30891—2014 (/K7 hhMEEMTE ) , ¥EMH
Ji B H BB AR B 1) 9 Rk fa (fif o fyfifh | Hifa
B Gfh P SRt SRl 7 )R 3 BNERRIE
FEFRIME . % ERHE) . A S IBOT 2 FHS A B 510K I 20 °C
RHARAE, 10 d PSS RG I

LR I ) G 7 s = = A I L1
RN hTal, 2GR R R A A, HEE. &
. WL (1%, £ Supelco 2AH]); MBI 6 Mk
IRFRISTG47026-100M, LOT No.S216029, Hr 4 mib &
WR R . ARV A, B A BRYE . WEDER
WK E SN 100 pg/mL) . HEEH R H YR -Ds R
(IST4107D5-100M, #t5: S203123). FEE 5 E I 2 -Ds
ER R R IR MR (IST5738ADS-100M, #t5: S196967)(K Ht ]
IRERHEA BRA A
1.2 (UFE5E&

AB 5500+ & T B¢ A AN [EC A B OWE S B TR
(electrospray ionization, ESI), 3¢ [E AB SCIEX 7 FAl];
HM100 JJ = BIF B A8 (A% B 4 & AU 2% 485 BR A &)
PYT-B520 B, FRKF-(HEF 0.01 g, B FRHHERRA D,
HP-M30 2 % 5 Jig ik &5 #iv (HF IR BRI A A BR 2 Al );
Vortex-2 e IR A # (M40 RHE A BRA Rl); HLB &4
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ZEHUFE(200 mg, 6 cc, 35[E Waters 23 #)); Multifuge X Pro
Series &L B H =10000 r/min, 35 EFEER K /RE
+ 24 F]); FE28-CN P2 & 1 (Im L M4 B FE 4 £ 23 |); AUTO
EVA80 4 H 3l V- 17 ik 4 AL (& FHX A A R 2 H ),
Visiprep ™24 [&HHZE BUX (3£ E Supelco A 7).

1.3 ARECH

H - ZU G VRS F B 40 mL H BT 100 mL B
M HE BRI BERR A AN (0.2 mol/L): FRHK
71.63 g +ZIUKEBEERE 4N, HKIEME, B4 ZE 1000 mL;
FrEERRVE (0.1 mol/L): FREL 21.01 g — /KGR, FH/K
R, ERE 1000 mL,

Mcllvaine ZE P #i: # 1000 mL 0.1 mol/L ¥R %
W5 625 mL 0.2 mol/L B A SR &, FFRMREA
AL pH % 4.0£0.05; £ % P Z F& (ethylene
diamine tetraacetic acid, EDTA)-Mcllvaine ZZ W4 7(0.1 mol/L):
FREL 60.5 g EDTA BT 1625 mL Mcllvaine 2% A i 1,
VAR

5% EOKETR: MERRE S mL FEET 100 mL A&
A, IKERZZIRE, 0.1%H B/KER: HEREE 500 uL
2T 500 mL Z5 b, IKER B2

TRAFRUES I AEFIE 6 Flgsin R IR S hRAEvA I,
BFFOERRS, AREGRE, E5, RS s ke
M5 ng/mL PRB IR ER R

PIARIR AR HET I (A5 PIAR TS I MR 24 5 pg/mL):
HERA I VD L -Ds . YD B -Ds FRIEVE S 0.5 mL 2
10 mL AR AT, AR RS e 5 20

PR PV MR IR R (85 N AR BT 1k FE 44 5 pug/mL)
WFRB GFRIERRIE 1| mL & 50 mL i@ aiid, W
R EZE, & NPT 100 pg/L.

FETTAE M2l I 6 Fhnds it IR A A5 VS 1)
mar, FF RN RN 10, 20, 50, 100, 200,
500, 1000 pg/L MVR-GHRUERE IR, FHAS 2T R B
JREHE N 1, 2. 5, 10, 20, 50, 100 pg/L AYR:E T AE
HZRiA I, HPE sV E-Ds FREEE R 10 pg/L. B
WV R-Ds BTN 10 pg/L.

14 HRAE

PRI Bt EE 2 g #H R 0.01 g), BT 50 mL B H
B, A NARA 100 uL, A 10 mL 0.1 mol/L
EDTA-Mcllvaine 2% Mri##, 1000 r/min JEIRIE S 1 min, #8
7 HEEL 10 min, 10000 r/min #.0> 5 min(JRE(ET 5 °C), 2
WK, GIF FiEWR, AT g, Rk

Hek: HLB [&#HZE LA (200 mg, 6 mL), 1 FHASE
6 mL HIEE . 6 mL /KiGfk o KR BUAM L 2~3 mL/min Y3
bR, FEUEW, F 2 mL 5% KR KGE, Fe
VW, B/ NEERR T, B 6 mL F SR R S VR . vk

BT AESMRT, A1 1 mL 0.1%P Bk, IRHER
4 1 min, 10000 r/min &.0> 10 min, AT EHLIE .
1.5 SLIFH
1.5.1 &ABEELMH

a1 Waters ACQUITY UPLC ®BEH Cig (50 mmx
2.1 mm, 1.7 um), HshHH: A R 0.1%F BRFE, B h 40%F
BE-CIEIR, RABREEVEDL, BREEVEIA R 1, Jak:
0.25 mL/min, #FAEE: 5 ul,

®1 BERRERF

Table 1 Gradient elution conditions

Aisf 18] /min A% B/%
0.0 90 10
1.0 90 10
2.5 10 90
3.5 10 90
3.8 0 100
45 0 100
5.0 90 10
6.0 90 10

152 JRikEH

BT RE R T, OSSN ERTEE, K
W77 Z RN, B ARG : 550 °C, W% HE:
5.5 KV, SAFSEST: 35 psi, FALSURA: 50 psi, HHBYSUR
3050 psi, kil U5 X £ BN MR W (multiple  reaction
monitoring, MRM)BEE . 6 i i 26 1 JF i R A S0 0L 2.

1.6 mERKEIR PRI E R IG5 E
AT 6 Tl T A R A XU Al K B dh
EAREOTH R AKX (D)~(2):

Fs— EPlex | "
SI; xbw
EDI=) (RxFixExP) @

R IFSe N B i @238 5 EDI N4 H AR AT YL ¢ ifh
B 15 (estimated daily intake, EDI,); SI 754 ¢ 114 4k
Afi(safe intake, SL), Zi¥)5R ¥ — MR AE H RVFHEAR
(acceptable daily intake, ADDZF/R; i WA E ML R
SR T AR ¢ BB B KT (ng/kg); B AL T
it FH S8 (g/ A\ ~d); B TR &N | AT RSN Py
AR A AR

IFSe PEANARAE: 24 IFS.«<1 A B &4 TE M, L
IFS.<0.01 ¥1; IFSc< 1 A {5 JeMais ok i £ il 2 4 KUK 7T
ez, X AMR A2 1 UG FE RN, IFS>1 FRoR ik
)5 G 5ok AT {3 ok ) 25 8 A 2 B SR ), H B
SRR R 1 A KU S FRR Y o
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Table 2 Mass spectrometry information of 6 kinds of antibiotics

HFR FEMEE T (m2) TE /TR (m/z) KiEH eV T fE /e V
v 362.2/318.3 93 25
SHR D A 362.2/318.3

362.2/261.2 93 35
e 320.3/302.3 90 25
WD 320.3/302.3

320.3/276.3 82 22

L 334.3/290.3 92 25

S5% TR 334.3/290.3
334.3/233.2 90 33
N 332.2/314.3 95 27
BZNISRU 332.2/314.3
332.2/288.3 86 25
" 360.3/316.4 95 25
Ritvh 2 360.3/316.4
360.3/342.3 95 27
) 352.3/265.2 9] 32
KRR 352.3/265.2
352.3/308.3 91 23
Wi b B -Ds 325.1/307.2 325.1/307.2 90 25
R vh AL -Ds 365.3/321.2 365.3/321.4 95 25

1.7 RN ERE

ARFGEAR IR GB 31650—2019 { & M2 E R hE &
sty PR 24 B R R B ) v R 1 L v SR VD R (DA SRS
YR MRV B Z M) B K5k FR A (100 pg/kg) X FE 5h
K25 BAEA TR . H IR GB 31650.1—2022 & k% 41
FARME (X5 41 P2 KR B A ) R 1 f
AR WD R . B R RE EV R R AR R
(2 pg/kg) SR S RGN 25 R UEA T AN
1.8 HIEAIE

K Analyst TAERRAERSEHATENE | & BT,
SCIEX OS 3.3.1 NEHEAFAHT A, - Excel 2007
PEATHCR A, @t Origin 2021 5224,

2 HERE5HR

2.1 REEH

RS R U R AE AR bR SE g e, [Tl
PG, DRI 0 SR D PR s s o A L 5 J 20 7 AR iy Ak P A o
FRYIR IR, ARV R BRI AR MR A KED
BRI T E R L IN=3 VR A R, LA
SIN=10 1Ry vk B, Al A b DA 10 AR SRS 1
ANBERRZS 1, AR A B Ak B 5 R b b LR R X4 i
W 25 A R o AR 5 W IR 2 B A 3 A0 PR S I
M5, LRI A TR EMNGS ngke) . (20 pg/kg) .
F(50 pgrkg) 3 AMINARASE, XF 6 Rl ElZSHi Al 2 agin
s ISR A 2 A AR, EEAAE 6 Wk, A AR
WOR R XS AR R 22 o 25 SRR WI (3R 3), 7E 1~100 pg/L [l
WEMEXRRBL, HRRBEEOKT 0999, &k RNy

0.04~0.25 pg/kg, &M H 0.13~0.76 ng/kg, MFRENE Y
69.3%~108.2%, FT A I b5 #F & AH X A5 A i 2% (relative
standard deviation, RSD)¥4ili i IR ZE5K o PRl iz 7 i e
5 R R SRR

22 FHMXHERXRKEIF 6 MEIEIRENE R
HERHER

WSE 1Y) 97 AR /K FaHRAE Sh rh 6 Rl 5l b A R v,
HRERBEWRMARN Y EERE, BAEH DA a5
BLOEEDR D BRI RBRK . 97 MRIRK IR S
IR PR E I BA B EON 54.6% (53/97), bR
H2.06% (2/97), b EIETS BR HREE, R 54.6%
(53/97); HKZEIRNW R, KA 14.4% (14/97). K th
S RUET B & Eh 0.5~175.8 pg/kg, ARV
BRI 0.4~48.0 png/kg. 63 1HIR K FAE N b s i
Ji i AR A R R 68.3%, Hirp BBV B K R A
68.3%, RHTD RS BV 0.5~175.8 pg/kg, i 8
PRt RE SR AT 2 PREERR, HLARIRK MRE O R T A
WIRMRR . 6 PERAFE AN 8 14 BB A RE A rh G R
WAL, KR 100.0%. AV BRI H RN 12.7%,
N TP BB AS HYE L  0.4~41.9 pg/kg, ¥R 7K 6 H 3 4T
AR HIRRER 3.2% TR K IR o wds 335 T 1Y) S AR R
29.4%, A BB BRI RN 29.4%, BiE B K
HYEE A 9.3~85.6 ng/kg, NP EKHEN 17.6%,
PR VD R BOAS T R 6.8~48.0 pg/kg, R KA Hb i i i
PUAE R AR o IRAKER rp U 5 [RMRAS: H s s il S bt
AR, RIS LR A H R R S B AR IR K fa R
WS TR T A ZAS: H )P ety i 0> 21 R £ > By >
> w > [ 0> T f>figta> il . 250 4.
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Table 3 Validation results of 6 kinds of methods for detecting residues of quinolone antibiotics

A R st R r TR RSDs BiR - ERR
5 ng/kg 20 pg/kg 50 pg/kg /(uglkg) H(ng/kg)
E= R Y=26787X+2820.4 0.9996  76.5(8.5) 82.6(7.5) 91.5(5.1) 0.08 0.24
R A Y=0.08571X-0.00959 0.9994  98.9(3.7) 95.6(4.5) 1028 (4.6) 0.04 0.13
S5% TR Y=14523X-122.4 0.9996  69.3(9.5) 79.9(8.9) 92.4(5.2) 0.22 0.66
TS A Y=42152X+2836.8 0.9997  712(8.7) 823(45)  91.5(4.7) 0.25 0.76
Ragvh 5 Y=0.1813X+0.02032 0.9995  92.8(54) 99.6(3.8) 108.2(2.7) 0.04 0.13
KRR Y=16509X-372.3 0.9993 73.4(9.8) 85.7(6.9) 932 (6.1) 0.09 0.27
F4 AMBRHERKEMNPEERLEIRERZREER
Table 4 Results of quinolone antibiotic residues in freshwater fish and shrimp sold in Suzhou Area
— o K H /% i B/ (ng/kg) SFEIE/ (ne/kg)
B A WNT R R A WNTD A B A WAL
i 40 8 37.5 / 0.5~4.3 / 1.0 /
fifi £ 12 83.3 16.7 1.8~64.4 0.4~6.3 8.8 0.6
it 6 100 / 0.8~22.2 / 6.1 /
Revie) 8 100 12.5 1.1~15.7 1.5 8.2 0.2
EEEeY 10 90 10 1.8~49.1 47.1 28.2 47
Hf 2 50 / 1.2 / 5.6 /
fi £ 8 50 50 75.9~175.8 2.5~41.9 59.4 10.8
B ) 1 6 16.7 / 3.1 / 0.5 /
Hfa 3 333 / 4.1 / 1.4 /
HHE 12 / / / / / /
SEBIAR 8 / / / / / /
% [GHF 14 71.4 42.8 9.3~85.6 6.8~48.0 36.8 6.0
B 97 54.6 14.4 15.2 2.3

MR IR A S S0k, o B o TR,
P R A T K B2, e R A LK
JZ, misth | skt L R SRR )Z
EEh R, AT, MHAFG R R B, hZ 6
1 RS SR AG A Ry, PP LA RGO 100%, A
ARG HH ALK B T 83.3%, 5P AT RE Ay B £ 1 g ) T AR
R, HHER R, dEA RN ST A 5 (e S I A]
NS 0 e, Tt 0 A R T AR R A AN o T B £ F) A
A, SRR, FREET O 1RSSR AN,
FRIH, J TR, AR A K. BT R A
2 D A R R g, (R R VD R Y
K th 353k 100%, 5t P AT R M AT 2 TR R IR 2 K,
VA S Ao it RN 5 & SR BLTS e, TR AR A A
NIAH T, HG R s R o B P Y
KA MR U B IR A, X5 2 RIFIE 1Y BE
5, ISR KR Z BT g, FITE SRS B b i 25 A
Ko BHKE, T RAKERIIETUERRRE & T B2
fi, SKIEI T PP R R, R LR R I A

JRIZREIE . YA K.

2.3 AMXTERKELF 6 MEIEIREINE S
= B XL

PG [ P& dh P L2 5 25 (Codex Alimentarius
Commission, CAC)XJ £ i H1 75 G XS BTk BIFis 58 1) E L
575 R RPEASRERK A H AR TR (v i i e 2
PG B R R GRARD), G RN E2RE, Dalfh
s IR 2O FL R — R BRI AR, MR 9 FhiRoK a2
3 B s R 2 2 ) 5% BR 1) 1 AU T LA VA . iR
Crpre Ja R BRI (2022 JiR) ) Hh 10 ARSI AR ALK 7
TH O EGR S)MEUEH#HATIFML . GB 31650—2022 HififE
B R ADIGIF AR BV EMANYEZ )R
6.2 ug/(kg * BW = d), ¥&EWER 25 pg/(kg » BW « d), i
RN 14 pg/(kg < BW « d), AFIPEN 5 pg/kg « BW « d),
H AR ARSI RV 2 A H VHEA R, RAS H IR
MRIBITRIEBRLL 1000 %2 4[R2 REFTBR LA 60 kg R H 5,
R R 2 H R A RN 6.6 ng/(kg » BW « d).
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Table 5 Risk assessment of quinolone antibiotic residues in freshwater fish and shrimp sold
SII5 . IR i B ADI
HEYATR i el R/ ? EDI IFS
R /(ug/ke) ¢ £ A(e/d) /[ug/(kg * BW * d)] Jhe c
e
2~7 17.9 21.8 0.3815 0.0034
%
5
8~12 33.1 37.3 0.6528 0.0032
7
5 56.4 54.1 0.9468 0.0027
13~19
BT R A ks 50.0 413 0.7228 0.0023
; 17.5 6.2
HHD A 5 63.0 69.3 1.2128 0.0031
20~50
kY 56.0 60.1 1.0518 0.0030
5 65.0 74.5 1.3038 0.0032
51~65
& 58.0 63.1 1.1043 0.0030
5 59.5 81.6 1.4280 0.0038
>65
k'S 52.0 61.0 1.0675 0.0033

M 5 Al LLEW, Minmm ek £ IFS: 7
0.0023~0.0038 ], /N F 1 (<0.01), FHIE LTI
M, JoiE AREAE AR, HRAT LG E A Xk,
JLE A NSRS Hi A 25 B8R KU & F AR

R AN [ P 25 1) MR 4G H S FEI A A 22 AR K, B AR
Hfn ke AR R AR 100%, (HAS H R TSR I S, T
B RERBER A 50%, HREGLE LT
75.9~175.8 ng/kg, X AN [a] IS fry £ R v v ) 22 i XURSz 3264 7

0.016 | 2745
C8~12%5%
0.014 | ] 13~19% 1
: C 20~50i’ 3%'
I 50~65%
0.012 | M %ﬁ%s%’%
0.010 | I _
‘g 0.008 | I
0.006 |
0.004 |
0.002 |-
o b ot 0 et .
@9@7 gf& @V& é%@ @V& 0@7 @V&% §V&%® %ﬁ%@% @55
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Fig.1
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AHIFEHT T 2025 AESFIN T 97 i /K ELEFAE )
HME IR B A RIS B, JFEEAT TG B 2R 8 KU A

IFS,

T, Z5RILE 1.

B T, TR IS R oK fa i v B v R AR A
FERIER R EAR LR, WK IR, B AR N B A ) R
WD RAR R IAE] 100%, FFARERIA R, (HEaH
fif £ 1 % w2 XU B 2 03 =5 B, IFS (il £ )> IFS( % K
WR>TFS (Blfh), SRR, JEEUF, fiffh . S, &Mh
ARG S A1, G rPoR ] 43 3% B B kR L 1k B RS R R 28 37K
fadRR P AR R e KA B 257,

274
0.014 | % 8~1f§ﬁﬁ
] 13~19% %
0.012} L1 2050474
: [ 50~65% %
COXTFe6s5s5 %
0.010
0.008 |-
0.006 -
0.004 |-
0.002 -
e L A
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Dietary risk assessment of quinolones in freshwater fish and shrimp

WETR ARG A R b, RO TS RRER N VD RS Hh R,
A 4 Rl ISP A H AR, 305 580 4 P2 i
FEHWIG o BIRT R (EVETY R FIER N T A B AT
i 2R S RS v T A 25, X 5 ROV IR N T A
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VENARSE AR 25 %, R R BAT RSP TE . 1R
Ltk T R PR R 250 DR, KT
FRIH VRN 0 T Biia tn, AEK )™ IR B A v ol 1
M, ABRGUAE RR Y TE IR b AU RN, TR B 7E K
TN

IR N R, MU AR 2P0 A 3 5 R B K 1R R
AR RURLYI W I, BETREAVE TR K RSB R il | fify
)R TR, 2 RIMER AR TEIR, HERTr
TR ATRMIRZ, X 5) 32 FITURUT R 1 v i
BAZEPiA: F s, Xl featita . B | %' IRIRFEA AT
FEHR R FREAR R A B R A GBI K . JRoK f MR s
VAR BT A 281 1 5 i Shy i £ > 551 ROMR > £ > 6 £ > JL £ >
> > >R > S, KRBT RASS BR
IR R
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