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Abstract

Objective: To investigate the residual characteristics of enrofloxacin in aquatic products sold in a
city, and to evaluate the dietary exposure risk of enrofloxacin in different gender and age groups.
Methods: From May 2021 to April 2022, on-site random sampling was conducted in some aquatic
products selling places in a city in southeastern China, and the residual content of enrofloxacin in
aquatic products was determined by HPLC/tandem mass spectrometry. Monte Carlo method based
on Crystal Ball software and risk entropy method were used to assess the dietary exposure risk of
enrofloxacin in different types of aquatic products for different genders and age groups. Results:
2825 samples were detected. Enrofloxacin is found in higher average concentrations in fish and
shellfish. The overall exceedance rate of enrofloxacin was 1.42%, and there was statistical signifi-
cance in the exceedance rate of enrofloxacin among the four types of aquatic products (P < 0.01).
The results of risk assessment showed that the risk entropy of enrofloxacin exposure in several
types of aquatic products was far less than 1. Regarding gender and age differences, females in the
3~11 years group had higher risk quotients than males in the same group, whereas males aged 12
years and above had higher risk quotients than females. The risk entropy of 3 to 5-year-olds was
the highest, and that of 12 to 17-year-olds was the lowest. Conclusion: The dietary exposure risk of
enrofloxacin residues in different kinds of aquatic products is within the acceptable range for all
genders and age groups, and the risk is low.
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BB AT R R R RREE K, AITEORBORTE R & AR REATE IR 7K™ b DR o
e B EE YR A NTE DR, HH BB ET & TR, JUERPY 2N T R[],
Hrp BED B EPURE . RERCRR2] [3], —ME—RELEK ™ IR AR PR A A e i R LA R
K= A R VD B R AR YA b B 2 e RE S, R IKFIEBA AL IHsE
Rt R GUREIR AT B S8 4% B B [4] [5], AT fa 35 AR f Rk -

F R 2505 B RO 0K 22 A 5 B kst AR DU AT T 7 R O JT A [6]-[10]« %) 245k B ) XL
PPAFIRS B, HAE ] RVEAE, T TURS Gt 32 A AR R 20 Fh TR A i o BORE A B /N B R 25 0 B
B [11]-[15]0 M VPl BAR TR B 50 AT, (2 R R 3 T B AR BEAT DR 7 A T, JF AN RE SR AL B e B mT EVE Lo
[l P oo A A S B ME R B BRI, 0 AN & R PUE 254 RIS K i E R
e AT HLIEAR 245 55 i B B e dE AT UL VP, AT SR VR AR B REAL I REAE i R R & 22 5k B0 A
THOL[16]-[19], (HiZJ59: F T 7K™ dh b 25405 B IO T S 34 b AL/ DL o
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WHEESH, Mz, iF. B DTSR dh b B B 25 W5 B AT IR fr 2 i U VP A, AT
H BT R R M, oK™ it v 2B B e XS TP PRI L3R BT AT 1 R B

2. MR 55%
21 H@RR&E

FEACRAEH 2021 4 5 F & 2022 4 4 F, SRAE X3 E 7R B VR SR8 T Y I K B SR Gl T . A%
GuEE R 9 BN S ALK P i 2. AR B . PR HEREE, SR ABENLER 3 =
4 RYENAMAREH: BHMBFEAR) 10~13 43, MRS HFRNE 3~4 4. rAtEmEwms 5
BT LHRER, KRAEIFE R, MEERT-20°CA G NI N TRas RStk MORAE
B 76 BT I 1 AT R AR AR I ZE 72 /NI DL o &S SRREAR R 0 0 . 036 1828 1 MR2E 242 . BEE
251 fy. DI 504 11, Kt 2825 17

2.2. FENHEERF

221 EEWUHF
AB Sciex 5500 — = UK AFF % {; Transcend TLX 7E£k %4t & 4t(Thermo Fisher); Q-Exactive yiAH 4
T w5 43 FE T S B FH A (Thermo Fisher); & LIS FIFFT 1% 53 BT /R 45 (32 [E Thermo Fisher).

2.2.2. FERF
By . WY RS AES, WE B EHERFEE TR At R bt & DL .

2.3 BEmAEMFNLERAE

PR (P N RIERTE RO A 55 1077 5 [20] ) v 0o €l — B 6 R Xt /K 7 o o BB 7
ERAE YD R ATRE AT AR E A BRI, A HIRE N 2.0 pgkg. (B EEFRER M E AR K
FRERE) (GB 31650-2019) [21]#LE /K=, B BB bR &8 B 25 KRR 2
A, HE RAR B IR EAE 9 100 pg/kg. BRIV BB E B9, Bl e Bk ha ., Hibnd
FIE JA R VPG I U5 8 2 B v Bk AT /e . iRV 24 H R vr N E ADI N 6.2 pg/kg [21].

24. GHESWNAE

F AR Excel 2010 7 EG0H8 2, Al 25 B T4 B (Limit of detection, LOD) 4 i, 4 H 57
PAHLHERE KB, HGWR S8 1/2 LOD A, NH SPSS 23.0 B AF#k AT iR /04, (EAHT
R FH I BRI BR A 22 K 7Rk it 25 0 B T e & B A A 1 DL, R Pearson 2 £ 56 8Y Fisher
VIR LU & 25 5 B (B AR 2R AE DU K 7= i R BAREZE 7, P < 0.05 B [N ZE F B A Giit 5 3o

25 BERRBERBITMEE

25.1. MEMBNTE
1) BEEREENITE
S 2 2 (1) 4550 R 25 5% B (1 1 ¥ 1% £ % 7% & (Estimated Daily Intake, EDI), 62300

CxDFI

EDI= 1)

K. EDI ALK B H PR RER, ngkg: CRNKMMH MR E &5, ngkg: DFI K
FF%E[T%)\%} kg, BW%SFi/EI{A:}ﬁ%y kgo
2) KU 5
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K ARSI AT xRS PG PP 28 H A0
EDI

HQ= m (2

A HQ AN ADI AEEH LN E, ngkg.
M HQ < 1B, XY NBERIRE BB BN, Mz, 2 HQ > LI, NRAAIXZ
VIBR BT NTERIRE & B8 M AT 852, B HQ Bk, 18 Rl i £ B2 58 XUk K [22]

25.2. FEMR, Fid ABEREFERENK=RHABDBEAE

WA b R RO IR S8R IR LR 5 (2020 4F)) K (R EE 7R 5 {8 BEIR G R 5(1982~2017)) H R
X ABEGE T BERI23] [24], H S MEI5[25] 5 538 % TR il SR &M FU R, s N Bk
AEATR Sy, HA e 78.7%. HFE N 6.9%. DIRSERE N 5.1% (CHEA 5T %1 2.55%), H
A 9.3% I Jm AR i,  FHEHESH SRS - PR A P R ORI A H R R .

253, ETFRFEBREMNERRE XK (RER - ERTE)

1) BiE A IR S 2k B & R R A& o A

B WA AE SR B AR DL B 7K P2 il SR SR RIS BEATLASTADL g v 0] 3 R Vb B 5 B s ik AT it
I AAE, FFiEH Anderson-Darling. Kolmogorov-Smirnov Kz 18 75 = Rk 56 v D52 — 56 1iF 815 1% 70 A7 3
BCE, AT B G 8RS B AR ) 40 A7 R 2

B IOKPE R AR B B AR, WA G SR AT UUE H, A, TR REY B R
TRAFAMNEUES S, INRE D RIS =2 B

2) IR £ 2 FE KU PP

BERIEDESERBMAIG, SEK=mBE BN Y RTER . XU EAE R XU 1P A5 15
B EFRASTEIVE R AR 2B, A 00 T 2K BE VD B R B B R T A G R AR I R i
R PEAN . FEVPATE AR, 5B Crystal Ball -1 &, iz S A RIS R 3T K =R RIZH .
BB AR FEEAT 10,000 YRIEAR
3. &5
3.1. FREFMAEK=SRPEEVENZREER

VUK = FEAR A 25 S o, SRV VD AL IR AR BH VA HE LR 18.53%, AR B IE RS FER R, MG
L e EFIE(E 10510.50 pg/kg AN, “FE95% B KN 14.34 nglkg, 18 1 BR AR UEAORE S 5 EE N 1.42%.

F KT b B EAARTR B A AR TE L2 Lo BT VUSSR i Re ks I B 2454, b DL ARE A I 81 1) A
AR B JE T B R N BT, KR, IR, DRSS, & Fisher KEHMEZ I
B, AR B B bR 2 2 e B G (P < 0.01).

W

Table 1. Residual concentrations of enrofloxacin in four categories of aquatic products

1 M3k mp iR ERNREER

AL ES n Tl (ng/ke) X+s (ngkg)  EARHK HEFR (%) P
(S 1828 ND~2528.00 13.68 +93.25 35 1.91
IS 242 ND~200.10 5.61 + 20.36 3 1.24
e 251 ND~22.70 2.37+2.15 0 0.00 <001
JIES 504 ND~10510.50 23.61 + 468.13 2 0.40
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3.2. BREEK™SEERBNEIEDE KR

321 NEFRBAHRERBATRMOKTREETENAREEME

WRAERIEE R, e, MRS VIR rp ) R VD B B KAl 2 bR IR, 7 PR Al I ke
BOX = AT RGN BRI . 72 2~4 Pral 8RRy, prattn S&E AR, £@hal
ERIKE A R R R R, AR M A 6.2 pgkg M H RVFRARE . EXFERET, 3~5 % JLEME
TRERTE, W 12~17 2 5 LR R S 8 0 A T fe oK S o
Table 2. Estimated daily intake (EDI) of enrofloxacin via fish consumption among residents, stratified by sex and age group

(x107° pg/kg)
2. FEMH. FiEERBAGLEFEIEDERN EDI 57 (x107° pg/ke)

7 EDI

F () el FHME Pso Ps Pgo Pos Po7s Poo
5 4.12 231 4.81 8.88 13.15 18.23 27.86
¥ & 4.24 241 4.99 9.41 13.75 19.30 28.23
5 3.76 2.16 4.42 8.43 12.21 17.39 25.30
o 7 4.03 2.33 4.71 8.94 13.15 17.80 25.96
5 2.56 1.44 2.96 5.66 8.60 12.01 17.55
e 5 2.38 1.36 2.73 5.15 7.71 10.89 16.54
5 3.22 1.86 3.80 7.19 10.49 14.74 20.81
16759 i@ 3.10 1.75 3.64 6.81 9.82 13.95 20.45
5 3.15 1.81 3.64 6.89 9.82 14.40 20.92

60 K ULk

i@ 291 1.66 3.38 6.49 9.54 13.36 20.19

Table 3. Estimated daily intake (EDI) of enrofloxacin via shrimp consumption among residents, stratified by sex and age group
(x107* pg/kg)
3. AEMH . FREERBANNEHRIEDER EDI 57(x10* pg/ke)

F#(F) 4 51 FIIME Pso Ps Pgo Pos Po7s Poo
3B 1.52 1.51 4,72 8.00 10.29 12.39 15.06
3~5
@ 1.54 1.59 4.92 8.11 10.35 12.33 14.69
5 0.14 1.41 4.40 7.35 9.24 11.26 13.93
6~11
@ 1.51 1.53 4,77 8.05 10.18 12.23 14.70
5 0.99 0.98 2.98 5.03 6.40 7.63 9.28
12~17
© 0.87 0.85 2.72 452 5.77 6.97 8.70
! 1.24 1.23 3.79 6.32 8.13 9.90 11.79
18~59
© 1.25 1.25 3.70 6.02 7.77 9.41 11.30
LS 1.22 1.23 3.74 6.22 8.03 9.81 11.95
60 ULk
& 1.10 1.07 3.35 5.75 7.35 8.78 10.44
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Table 4. Estimated daily intake (EDI) of enrofloxacin via shellfish consumption among residents, stratified by sex and age group
(x107° pg/kg)
= 4. TEMEAFHRERRBANLHERIEDER EDI 577 (x107° pg/kg)

| EDI
R (%) 4] FEIE Pso P75 Pgo Pos Po75 Pgo
5 5.72 4.94 7.15 9.88 11.95 14.08 16.95
3 gy 5.85 5.07 7.24 9.97 12.22 14.81 17.77
5 5.31 4.62 6.61 9.10 11.17 13.10 15.91
o % 5.79 5.01 7.23 9.88 12.00 14.18 17.92
% 3.58 3.09 4.42 6.05 7.35 8.84 10.92
e S 3.31 2.86 4.10 5.70 6.91 7.98 9.92
% 4.54 3.96 5.64 7.79 9.44 11.18 13.17
18759 £/8 432 3.74 5.40 7.32 8.94 10.64 12.97
5 4.48 3.86 5.59 7.72 9.23 10.98 13.44
60 J2LL L

g’y 413 3.58 5.10 7.16 8.63 10.24 12.48

3.2.2. NEIFHBEANERRBATRFAK~REEDENREFRITME

1ERERW], iR SFERAG T, Edaifa., SETESBANERDE, HHQ 1Y

B A T AL R R T I FHE Lo mbRE R A R BUM 5 5 3~5 B 4hFEIK HQ Dy, 1 12~17
TR HQ JJE R fIk.

KT MPERIZE, MHEFRIWT: 1E3~5 XM 6~11 ZPHT, LW HQ (S HME LA | 7
B ) T S HAE 12~17 %, 18~59 % K 60 £ UL B =20, 138 HQ HI&Idatrh Skl &
.

URZE I UMK S T AR : 3~5 &2, {UEE 97.5 A1 99 H /rAr s bS5V T 4tk, HARE 0
LBHAYIN IS 6~11 SHPTA IR Bon itk bt 12~17 ZAN RO BT R, 18~59 S 4H
DAESMEANES 50 P B ot T 500k, T HAREGS A AL a Bk Sl 60 % L 2R KA 48 b 3L
09 A
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Figure 1. Hazard quotients (HQs) of enrofloxacin from the consumption of fish, shrimp, and shellfish among residents,
stratified by sex and age group
E 1 FEMANFREARRBAGL, GREMNLHREDER HQ

4. WHig

AHIF T K= i ) B VD B A 3R N 18.53%, iX 5 Song 5 A [26] IR 7T 45 AL, BEID R
BARHFRZE N 1.42%, W& =T [0 ZR 10 [X B VR VD B FR 2 1) 0.61% [27] - 1505 #28 L R 28 Je DU =oK™ i,
B B IR S8 e A RIS, Hoh DU SR el i s X — i dA 55800 H &2
[10] [28] [29] 0T #AHRIE (45 18 B — 80t OB Z 251 (0 2 R S AU m AT o B4 R L, B
REYD B A Ay 28K 2P 5% BR ) B S I

DAAERIE Fe o i VA s, B Bl R P M8 . AR B P e KR B 25 AR B, W 2B
R EBCPAE, 0 PEA ANBEARE 1 2 20— O O AR B NS B 0 AE 0 AT AR RAE — o0k
fitli b, 32— 2D 52 VP Ak N2 P ol 40 B8 240 () 4 8 195 P K1) 23l 10 ANTEZH, 08 FH SR R I BEAUL SR 25 T 44
IS K" SR AR TN EVE VD BRI 2 R 70 MR L R KRS 2 A, 3R R G LA RIK P R 2R . AR 2
VB R AE S 2E IR () AR 22 5, DABR T VP Al 45 SRS A o BT I 2H 1) AR g 3 (L 3 AR et 1, R %
JE RZE K= A NAXZ Y P35 ) 2 b T P s2 Ya [l VSR 99 H AL RS Bl A e b, (BT
REMT 2 2BEE 1, FoREME T ail s A, HREACT AR W BRI E . X—8 RSP ERE
VPR S 1 X AR 1 USRS /N T L (R XU B AR A 45 1 A ELEDIE[30] [31] - MhAF IS A RN &, 3~11 %
R EAE N R0 v T 18 % LA ERRAE N, {H 12~17 B 4EEY 2 B RS R AR K T dE A, b 3~5 %
SRS A N s PERIZE R RN : 7 3~5 B A1 6~11 & P AMIRES B b, ot RS 22
THM, WfE 12~17 &, 18~59 & J 60 % LA b =/Mgmb Berb, YRR R A s T LotE . Rk
PEAl R 8 FK P i B BUR i v B R R A, (B 3~5 B JLEEAE N E s X %, nas 2
VB BH 2 B R IR R

A PAk SR FH AR B 5 3 o RS T (b [ RS 7R 58 MR AR 25 (2020 4)) I {2015—2017
SRR RS 7R 5 R R IR U0 M IR 5 D [32] » 1o 25 2R S b X AN [ 1 31 L AR 2N B PR SR P RN &
FEEE X 2R XN BERHAE AT 7 ARSHE, R B A — @ BARRE . (A2 LEFTIR, REEFRIEIT R H br
W R R RN SR S TR AT, RIHE S 45 SR T e 5 2 i Y 0 SE PR A B 3 ST 2K PARTE S 22
A Ja B 70 B I I3 B TR A SR B 7 AR S, RN N KRS E AR
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