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common freshwater fish and shrimp sold in Beijing. Methods The 90 freshwater fish and shrimp products from 40
supermarkets and farmers’ markets in 9 districts and counties of Beijing were randomly sampled for the
determination of 6 kinds of quinolone antibiotics in fish and shrimp meat by liquid chromatography-tandem mass
spectrometry. The exposure risk of quinolone antibiotic residues in fish and shrimp to residents of 10 gender/age
groups was assessed by the index of food safety (IFS). Results The 4 kinds of quinolone antibiotics were detected
in 90 fish and shrimp samples. The detection rate for pefloxacin, ofloxacin, enrofloxacin and ciprofloxacin were
1.11% (1/90), 1.11% (1/90), 26.67% (24/90) and 6.67% (6/90). There were excessive samples of pefloxacin,
ofloxacin and enrofloxacin detected, with an exceedance rate of 1.11% (1/90), 1.11% (1/90) and 5.56% (5/90)
respectively. Norfloxacin and lomefloxacin were not detected in all samples. The IFS of quinolone antibiotics ranged
from 0.040-0.067 in the general-case scenario and from 0.170-0.283 in the worst-case scenario, which was much less
than 1. Conclusion The detection of quinolone in freshwater fish and shrimp sold in Beijing is dominated by
enrofloxacin and ciprofloxacin, and the health risk of 6 kinds of quinolone antibiotics to human beings is at a safe

level in this study, which provides regional data support for the assessment of the quality of aquatic products and the

revision of food safety standards.

KEY WORDS: quinolone antibiotics; freshwater aquatic products; index of food safety; risk assessment
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Table 1 Random sampling information table of fish and
shrimp sold in Beijing
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TE: VR ORIE; -FR R R
1.2 FE5RF

Triple Quad 4500 Y& AR {7,115 = PUAR AT 53 156 5T 15 16
{X(3E AB SCIEX /A Fl); Waters ACQUITY UPLC® BEH
Cig 3%+ (2.1 mmx100 mm, 1.7 pum). Waters Oasis
PRiIME-HLB [ #HZ5 HUFE (200 mg/6 mL)(3E [E Waters 23 #]);
BCE423i-1CCN B RKF- [RGB 1 mg, FEZRIMRLA AU
AL EO)AFRZ F]; N-EVAP 112 BIE I (35E Organomation
25 D), QL-901 FYJE iR i (V1 i HLAR DL IR A il A P
2y, 2-16KL B 3 VR 2O HL(TEE SIGMA 24 H));
Milli—Q B F /K & A= # (3£ [E Millipore 23 w]).

ARUE . WRVDAE . RV AE. B E . vRY
B IR ETS BARE S (A >98%, 4 [E Dr.Ehrenstorfer 2\ #]);
Rl 2. FIR(EIEA, EZER CHREHAR); &
THEV R AN PR . UK A BB A (i al,
o = 2 4 AT BR A FD
1.3 HmALE

A ) R 22 4 IRV DA rhc il 1) € 2024 IR
TG Y RIA DR 2 KR W T AETFE ) P AR AR R R
&, 454 GB 31658.17—2021 { &b E4aFFbruE shiht
A P U R Z S TR e 28 A A 2K 2 ) % R 1 U
WO 3 - BRI T vk ), MERRARBBUY FRIAAE 2 eCRE i %)
0.01 )& T 50 mL R ELEH, A 10 mL 0.1 mol/L
Z VU Z R -Mcllvaine 2% WP K, W HEYRY 10 min,
10000 r/min {KIR(4 °C)E.L> 5 min, R FEERBUPIX,

A FiEW . BETH R E Waters Oasis@PRiIME-HLB [#
AHAEBRE BRSS9 EIE T 40 CKIBIRE F AR
T, 1 mL 0.1%FMKERER, WERS 1 min, #F
EHLE . FEHIETAT. 2 E . bR R

1.4 ARECH

FRUERE (1000 mg/L): S BIFREL 0.01 g i fh B T
10.0 mL BRI A, F 0.1%H 8L FE it e s 2%
1, FREAE AR TR HE 1000 mg/L, —20 °C kAR FPRAE,
BRI 3AA .

REFRMETER A0 mg/L): 43 BB A HE 1% 45 TR
(1000 mg/L) 100 uL % 10.0 mL FEHHP, HFEEEE
ZIBE, WCRIRAPRIER . S4B E R 10 mg/L,
4 °CURAE, AIIRAE3 N .

FETT TAERR R R 22 R IR TR A An v TAE RS
Fh 10, 100, 1000 pg/L RS ARAES R . A/ NEE
SEONE X BRI AR 25 SR A S, SR FH B RO 1 ) £ PR
P e 3 B AR AR B A B, MR 1.0 2.5, 5.0,
10.0, 20.0. 50.0. 100.0 pg/L HYIEF TAEMIZRAW

1.5 SLIG&H
1.5.1 &ABEELMH

WA AER:: Waters ACQUITY UPLC® BEH Cigkk
(2.1 mmx100 mm, 1.7 um); #:3 40 °C; #EkEG 5 uL; Wik
0.2 mL/min; WahH A N 0.1%FRKIEW; s B
40% - ISV BREVEIRFR)F: 0~0.01 min, 90% A;
0.01~6.00 min, 90%~70% A; 6.00~9.00 min, 70%~50% A;
9.00~10.50 min, 50%~0% A; 10.50~12.00 min, 0% A;
12.00~13.00 min, 0%~90% A; 13.00~15.00 min, 90% A,

152 it
B P HLBE 2% H B (electrospray ionization, ESI),
ESI(HRBE SR 208 1 SO I R ARt g5
HUE: 5.5 kV; B FURIRJE: 550 °C; “AFUE ST 2.5%10° Pa;
FAET): 5.5%10° Pa; HHEYIIHES): 5.5%10° Pa. 6
Tl AR A RIEABUE S HOLR 2.
Fz2 6 TIEBEIAHE R MRM 2%

Table 2 MRM parameters of 6 kinds of quinolone antibiotics
MRS REET T AHEfERE RFAE REE

ETNACEN /Da /Da eV A% /min
Bsib R 3339 g;g'g* %z 90 5.51
*
ARVE 3620 géff(l) ig 90 5.46
s 316.2% 26
EJ‘ L I\/E .
R 3601 5,00 30 90 6.32
. 314.3% 27
o v B
R A 3321 288.0 25 80 5.69
o e 265.2% 23
3 syl L
WRVE 3523 3082 %0 90 6.12
*
WRIWE 3202 ggé'? %2 80 5.44

T A E R T
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2595 PR & dh 3% & 51 4 (Codex  Alimentarius
Commission, CAC)EF X8 i 15 4Ly KU PEA BT is 5 1Y 78
XELBRIFRE., AREITAP R ITAS SR LS
R, ViR s IS hU A RO L — R iR AR, X
TEE UL 9 FhIRIK B AN 4 FPiRoK I o s i S 25 W ok B
(2 A PE T AR, BARTFE AR WA )M

CxF 3

FS=——"——x10 (1)
BW x ADI

i CRETFYYFALRK = b R BE IR E, ng/kg; F
AR BV H AR, g/d, %4 5 b ELERE S
G210 APEGIAEES LK 5 HAF 253 3); BW PR
# (body weight)(.3 3)!'8), kg; ADI N5 Je¥45 H R 1%
Atz (allowable daily intake), pg/(kg* BW *d), 24 IFS=1
I, FORMATERE, 24 IFS<1 I, FRTCRG; H IFS Hifl
HRB R IE
%3 85 RPERBATR 10 MR EREK T RHBE

Table 3 Aquatic products consumption of 10 age/sex groups in
the S5th China total diet study

DML, gL I RENEEEE Y W H VT
AR, RS HIEREAGAITRIBRLL 1000 24 K%
FEBRLL 60 kg ME T, MR HERY RN H RIFE
AR 6.6 ug/(kg « BW « )29,

1.7 HIEAE

K FH Analyst TAESE X SRR IEATEPE . & AT,
MultiQuant 2.1 R %cdi Zb A Hr 4k 14, P48 Excel 2019 i
B @ Origin 2021 524 E .

2 HER5HH

21 REEH

PAARE 6 Fiwds i i 28 B A= 09 25 11 3L 0ok X 42,
7 18 2 13K 36 45 18 BEE K (0.5 ng/kg) . (5.0 pg/kg) .
1#(25.0 pg/kg) 3 NIRRT, X6 Fi s R 2 P A &£
F AR (a0 5% 550RS 8 B R AT R, 3 N UK TR
AYHINAE 6 YK, THEEIAR TR RAR X AR o i 25 . AR RS
B 3 AN AR R AR [ % 7E 65.4%~108.6%, AH
X bR 22 ZUE /N T 15%(FEA T n=6), KAMEILH . &

i P %j{j:@ ke /;/‘ﬁ‘fﬁ BRI BB L 4, FLG LSRR
\ [ 17 )is 22 THE&IRF 6 MEEIAERNEZEFKREER
; TN E SRR A AL SCT B 0 A MK 40 AT
8-12 ﬁ 331 373 oA ST S S 9 B L PR A 13 Rk e
5 — oy SEAFUE AT TR, 4 RO iR R
13~19 T 0o e o, AR | R . ST R IR
7 630 93 BRI 90 FFRES T, FEH 24 FFRE S A AT AR
20-30 % 560 601 R, BRI 26.67%. FA RS R A R R R
S1es [ 65.0 745 IR 1, R 1.11%, SHFK 98.89%, HIrE N
ES 58.0 63.1 1.11% (1/90), #R K 5.69 pg/kg; IR B 15 K%
ST 65 i 53(5) 22 RIS 1, KR 1.11%, 4K 98.80%, MR
52. .

HiiE GB 31650—2019, GB 31650.1—2022, Bi#EvbAAEH 1
VHRARCGT ARG REAE R Z AN 62 pg/lke « BW « d),
KEVEEH ARVHEATEN 25 ng/kg « BW « d), i8I 5
HARHBEARN 14 ng/(kg « BW « d), AR R4 H 248
A®H S pg/(kg « BW « d), HETTEEZRWRHE. H<E RS

F N 1.11% (1/90), 3B &M 200.39 pg/kg; BikTP R H
PEECR 24 1, K3 26.67%, SFHN 94.44%, bR
N 5.56% (5/90), Zi¥5kE RG] 2.34~875.00 pgkg; AN
O R 6 1, KR 6.67%, ZhHsk i R 1.62~
149.68 pg/kg, 90 {HF AL HIAAK Hiv FE VD AR 2 2t
R, SR EILERE 6 FhsEEZE R Ss

R4 KFERT 6 ARSI BB R

Table 4 Verification results of detection methods for 6 kinds of quinolone antibiotics residues in aquatic products

e L Y D o SERLS il

L5 ik = /(ng/kg) /(ng/kg)
Kb 2 1~100 0.9983 92.4+8.7 101.4+4.8 108.6+9.9 0.1 0.3
AR R 1~100 0.9992 65.4+8.8 74.3+8.8 71.243.3 0.1 0.3
Basb 2 1~100 0.9988 76.7+14.4 74.243.0 77.745.6 0.1 0.3
WHYE 1~100 0.9994 98.4+9.4 96.1+9.0 101.0+4.5 0.1 0.3
KRR 1~100 0.9992 71.2413.0 77.749.8 71.546.2 0.1 0.3
WD AL 1~100 0.9999 92.149.6 95.249.5 101.1+7.8 0.1 0.3




14 B dn 2 4 R R I A 4R

%16 &

HREEM, ARG S B AR IR T, BNk B R R T >
RV SG>T4 3 Fhdsidiiihil R . Hrp R
B, WAV AE . FHRVPENK RSN 41.90%. 8.75%.

1.25%, Kzt Rik 43.10%, 52 A1 EL, ARIEE TR Sk
Db S BB RBR A AS H RAXTBAIR, 3X — IR P RE A
BREASILEL . FRIEIA T FHZGHORE R . Al S RIS A0 LA
oy AR Re S 2 N R IL RIS a5 Ak
FREEaR AL £ AR ™ i T 2 A R TR T80, ARG
R RBTE—E FREE b e b W A R A A Ak

2.3 TMEG&MITAERAE 6 FEEIHLEINERKE
HIER

JITH: 9 Rt S R th IR VD AL, 4 RIS H R YD
A, R B A, 1R AR R, Hp S R e
2 PR DL b i A AR B AR S R A
Trfn, @ifn . FAFMBAT, 6 MRS (d SRR
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Table 5 Detection situations and exceeding situations of quinolone
antibiotics in different species of fish and shrimp sold in Beijing

Ful RIEE KR fpeR PRk E AR AREE

% % Apg/ke) Apg/ke)
BT 3500 833 83.39 2.34~875.00
WHVPAE 1000 AR 11.78 0.96~149.68
% ———
ARVE 167 1.67 200.39 200.39
RERPE 167 1.67 5.69 5.69
R E 1000 AKilBbr 5.26 3.12~9.03
. WNTP A / / / /
B ——
AR / / / /
Kb / / / /
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Fig.1 IFS of quinolones for 10 age/gender residents under the general-case (A) and the worst-case scenarios (B)
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B ZSHUAE A R R PN, BRI,
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