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Antibiotic residues and human exposure evaluation in freshwater aquaculture products from Yangtze River
Delta, China

JIA Bin', YU Yang', MA Haichuan®, CHEN Yiqin'", LI Juanying'

(1. College of Marine Ecology and Environment, Shanghai Ocean University, Shanghai 201306, China; 2. East Shanghai High School,
Shanghai 201306, China)

Abstract: This study aimed to investigate antibiotic contamination in freshwater cultured products in the Yangtze River Delta region and
the risk of antibiotic exposure through consumption. Three types of products (fish, shrimp, and crab) from freshwater aquaculture ponds in
five regions of China(Shanghai, Zhejiang, Jiangsu, Anhui, and Fujian) were collected from July to October 2019. High—performance liquid
chromatography—tandem mass spectrometry (LC-MS/MS) was used to detect nine types of antibiotics in the samples. The human
acceptable daily intake (ADI) and the contribution of cultured aquatic product consumption to antibiotic exposure contribution ratio (CR)
were used to evaluate the exposure risk. All nine antibiotics were detected and the detection frequency ranged from 38.1% to 90.5%, and
the antibiotics concentrations ranged from nd~25.25 ng-g™'. The estimated daily intake (EDI) was far below the ADI, and the contribution
rate of antibiotics ranged from <0.01% to 29.77%. These results suggest that the intake of aquatic products does not pose an antibiotic
exposure risk to human health, but attention is needed for those under treatment with quinolones and macrolide antibiotics while consuming
aquatic products.
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K). SMRYEH SDZ.SMZ . SMX FI TMP i) bR , CFX~
Dy 1 NFX , CFX . OFX #l EFX 4 N ¥k , ETM-"C~D;
Y& ) RTM N AR, HPLC 2y B L 205 . F e

LTREE N H Sigma—Aldrich(3E[E) . £ M 4R M
grpral, i A AR AR R D o AR AT
R BN R 3 A4, W B BTRE T 35004 BRZA 7], Oasis HLB
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AR TR B WL LR R AR
54 i DX (P 1) ¥R 7K 37 5 i vh iy LAY 3 263k 21 4y
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lus) 8% 6 ( Hypophthalmichthys molitrix ) 5% B ff.(Meg-
alobrama amblycephala) .54 (Lateolabrax japonicus) |
il t6 (Aristichthys nobilis) | % . (Ophiocephalus argus
Cantor) 451 ( Cyprinus carpio) ; B 2340 H5 rh A8 o4 B &
(Eriocheir sinensis) ; WFZRAFEF IR R (Macrobrachium
rosenbergii) o AWIFESLFEAAG B LR 1o RAEH M
B0 B BTk e AR FHER T AR A B S IR
sk =% VR R TRIFE T 20 CORFEIRAY.
1.3 TEmATAL I K 4

I 2 g TSGR VR T BT B2 2 07 140 2B P LA
T30 mL BB B0 R 1) B AR PP RUCIA 10 mL
PP BR A 2% WPV T 10 mL 2 A1 10 L A9 3 Fh P
i o MUKHR 10 min B 15 min, 2.0 15 min(3 000
remin”) . FEAE 3WRIFUEE LG 2 200 mL AR ICHE
o B B FERAE 50 °C A I8 i #4b b iE15 2%
S, FF A 4l K B B¢ 22 200 mL A A5 15 P 1 A LT
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Figure 1 The sampling sites of this study
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Table 1 Basic information of marine organisms

KAf 15, Sampling site H WS Biological species

B Number A KB BE Growth stage A1 Body length/em 45t it Body weight/g

L Hi4A Ctenopharyngodon idellus 2
i £ Aristichthys nobilis 1

WL 5 # Megalobrama amblycephala 1
i€ Lateolabrax japonicus 1

St Ophiocephalus argus Cantor 1

Ficka 5% t81 Hypophthalmichthys molitrix 3
T 4 Cyprinus carpio 1
it B IR EF Macrobrachium rosenbergii 7
TG EEE Eriocheir sinensis 4

e 16.6~19.2 100.3~142.2
e 27.9 580.3
e 23.4 184.2
I 23.0 344.8
e 32.3 544.1
At 21.3~31.7 205.7~546.5
RN 24.7 455.9
AR 11.9~22.5 14.1~23.1
A 5.7~6.3 80.9~116.8

e
K FH LC-MS/MS (Agilent ¥ AH {4,3}% 1200 £ 41 LC
ZA G H Agilent 6460 TSQ Quantum LC-MS, & [# ) 17
3T . A3 551« Agilent Plus—C18 Y AH 433 41 (100
mmx2.1 mm, 1.8 pum) , 3 40 °C; JshAH A 4 0.2% H
212 mmol - L' ZPREIK WL, B Ry LGV I
0.3 mL - min™. J5 i S5 0F . B F R A R S 55 H
(ESI+) ; BN HL R 3.5 kV 5 B IR 120 °C; <4k
TR 325 C, ik 6 L-min™'; B4 25 K 71 310 kPa; 4
FLATEHE 11 Lemin™ s KB MRM
1.4 R ITMA
A R RS 3 AR LA KT b AR
H $it 4 Z # A i (Estimated daily intake , EDI) i) 11
Cx IR
1000 (1)

K EDI ANRPUE R HEEA R, pg-kg'-d'5CH
K E RS, g (M EIKEN
709" MR H 809%™ W B2 Sk 759%") 5 IR 7K 7™
BIRE HAEEAR g kg d ' K7 ShAOAE H I 2% B0
FEFCHR[14], BARTF L A IR BEK™ ShERA
51 0.71.,0.13.0.59 g- kg™ - d™"; A £ B K
e AR5 1.20,0.22,1.00 g- kg - d, A2 4
fh R EEK T A & 4301 O 1.07.0.20.0.89 ¢ -
kg '-ds

MR8 PRI H AR L T AR 2R vk, A (2) 1
SRE AL T A AT R I AR B AR AR AN TR R R H R
A& (Daily exposure dose, DED )™’

CxV
. (2)

A DED PR H B, ng-kg'-d™ C IR
AR AR, we e mL ! BRI Sy BB K b i 435

1% WHART]

EDI =

DED =

% 3~18 Z (@R L FEE AT X 854 45 16~42 % 11y
e REZR U0 | T 822 44 20~75 % it B AR AR TRHT
AERBAER 3 C A BT VO A H R i 24
mL - kg™ - d", 2 4 H R & 21 mL - kg
d 0 R AR R AR B (R A S A A B
FERZS G, £ 2) o IRIPUA RALT A Hh BR A, ¢
HEAG HH R (LOD) By 1/2 (B335 DED

AR B PTA R B B STk (CR) "R AN A 5K
(3R :

_ EDI
CR = DED (3)

1.5 BREEHSRIE

A W RE S R [T R K 68%~105% , FH Ko i 22
INT15% , K6 R4 0.015~0.016 ng- g (T B ) , 7]
B 225 FIAE R 2 P4 T

R2 AUEMEFHRBRBESHANRKRRKRS
9Fh I REHEM R (%)
Table 2 Excretion proportions of 9 antibiotics in urine as

unchanged and glucuronide—conjugated species (% )

. JRIEHE R Excretion rate via urine
i

Antibiotic Ji A R R ASCR
Unchanged Glucuronide Adopted
B M 65.9(41.7~77.5) — 65.9
T M 15.2(9.7~20.0)  12.3(9.7~15.0) 27.5
ELE  52.3(30.0~78.0) — 523
AR 60.5(40.0~80.0) — 60.5
Bavh & 21.0 — 21.0
W R 61.5 — 61.5
£z R 75.8(70~82) 24.2 100.0
WNTh A 53.8(29.5~83.7) — 53.8
BARE 66.7(57.0~74.5) — 66.7

T A% 5 R o/ ME~ R KA.

Note: Data in the brackets indicate minimum ~ maximum.
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2.1 K= BRI R BYFE

AWEFE 9 BARdi A IR (R 3) Kl
A 38.1% (i Jlig g W ) ~90.5% (i v 5L ) 2 [a] .
PUA ZEAETK T il v RS- 349 e R DG S it e Y S e >
LV VI B > ik g g W > s R VD L > SRR VD B > AR
W > B 21 55 25 > 0t i F s e S IR v AL o HL v il i
I (RS R R, M 25.25 g g (DL TR,
HREBIE R, }17.65 ng- g (VA TR, I
ARG 2] (T A R R 2~4 MR R, X RE S A
() 5 Bt P FH () 02 R AR AR AN A G BR
B R R WA I KGR B B A AL, AR 8 Pl A= R (1)
H HAE I T (IO b /K ™ i o Y 2 5% B3 B )
(NY 5070—2002) FI{ £ i 2 4 [ G2 hn i £ 5 b 24
Joe KRB B R 5D (GB 31650—2019) H 1) 5 R 3% B4 PR
(MRL)

RT3 RKFEAKFRBPMEZWREFRRHZER(=21)
Table 3 Concentration and detection rate of antibiotics in

freshwater aquaculture products(n=21)

ik /ZEJE?@EI R b 22 ﬁLH::—
Antibiotic Concentratm’rll AveragefSD/ Detection
range/(ng-g™) (ng-g™) rate/%

i i P g nd~0.22 0.06+0.06 66.7
i i ST e nd~25.25 1.64+5.60 524
ik g e nd~1.72 0.19+0.47 38.1
AU nd~0.50 0.07+0.14 57.1
o8 U nd~17.65 1.37+4.03 90.5
IR A nd~1.30 0.15+0.37 47.6
AT R nd~0.56 0.09+0.13 66.7
HRNTH A nd~0.30 0.05+0.08 52.4
BURR nd~0.73 0.07+0.14 47.6

T nd ZoRARATH L HHSEF M 172 LOD AU
Note: nd means not detected, calculate the average using 1/2 LOD
instead.

fh RFVEE 3 FhoK ™ ST A 2 S E R 40 500
4.27.4.56 ng-g ' F10.56 ng-g ' (] 2) , fAE FEF AR N
Pk RIR R R, AT RS TR A A KA
ST A FNURIE AN 5y RGP | S5 3 A p it
A R RPN, AN R R IR 2 B £
At R 22 B 52 P g v 1) AR B B DA ARDEHIT
A RIS 25 055 XA R ifE— koY . LA
b BRI e PR ST 2 0 IS 1 R BB AE R % St
e R R R TR A3 90 K 63.6% F1 20.7% 5 Ttk i P S e

JEMRZRAG Y A 3R BT R A ST
79.7%; R Uh R BRI AG Y T2 BB AR 3R 0 B
A RS B DT 32.6% . £ bRk, R B AN
iz PG IR R A I ST K™ il A HH A R B AR R X AT fE
SN ZFEA T IZ BT RETE , — B TR IR R
Mg 7KL T 5 S ) £ I ) A T PR L O L
HA RAF ISR R 1 AL AR e v, A 5y e A
fige NI B2 E— 250 Ar AN ] e Ao #8196 22 8] (9 B
A FOP R R 22 5 (1 3) R AT U B £ 26
P BUAE R W R TR e . (Hh T4
WFFEREA R D | 5 S REA SR 1 — 5T
I T EMZES . O T ORI I ER K i AR
B A B K WO 2K 0 A R A B i S
MR WA TS BT (3R 4) , B SRR WK™ i Y
PR AR St 5 0 A 3 0 A B I 35 A ek (P>
0.05) . ZMRTIZMITMTI N, IriG 2R 2 Z Fl
DU A, AN GRDEE | (e 7K™ il HERESS | IX Sy
T Jm Gtk — LW Hr

O S BE TMP
................ O B 215 % RTM
U RV AL CFX
AT OFX

X

s

X

N
s

li’s

HEQOEX
BEREEN

BRI

Antibiotic concentration/(ng-g™)

S oo o
OSCRNRER AN = O W A W
— T T — T

i i3

JK 77 il Aquatic product
B2 Ki=m(& i B) R ERHNKBRE
Figure 2 Concentration of antibiotics in three aquatic products of

fish, shrimp and crab
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HARTH T SRR FRBE T b A R TR R OO R
AR EEE 52 2% SR IR ETROK IR TE K SR
S AP S A R AT T R B (]
4), CHEN ZE>IEXT ) MR K F2 8 X A58 v & B
Tk i PP SO s AR B D /0 B )R, 0 % e e, TR 31 48%
RV Rk B i ey, i BT AR R 2B,
25702200 ng - YU SEIXF KL T ligfa 8P A R
B BRI 9 R B, M SR R Bl LI B AR R
Ko HEIRT A 23.7 %% 5 For H ¥ JE S g 11 i g T vk 2y
1261.01 ng-g"'c ZHOU S5 75 XJ K I 3 DX 7K 7 i Y
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Figure 3 Concentration of antibiotics in different fishes

R4 KFRMERKBSEERNERENEXE
Table 4 Correlation between antibiotic residues in aquatic

products and body length and weight
A5 5 Body weight

$i4: 2 Antibiotic &K Body length

T g FH i e -0.253 -0.179

T g F ST -0.155 -0.227
T i W -0.163 -0.250
L=y 0.223 0.151
BakTh & 0.085 -0.102
W R -0.019 -0.124
k= Ry -0.234 -0.307
EINTRU -0.104 -0.199
BOATR 0.039 -0.206

ng-g s CHEN S50 1 5 163 B2 & Ji] [ 1 7K 97 BH 37K
7 iy BRI 5 R B i T i W A ok R e i O 2.3
ngrg o SMVRTTE AT BT AR 2 R i A 2
HALHEFE KA Y o

2.3 K=k B E A R U T
2.3.1 JK7= S A 2 4k

B S AR R AN 23 i 2 R A K ™ i B AR 2R
P P AR e AR RS 455 il SR, 43 3] 4 P £ R
3 oK i R A AR T AR 2 e ARG I v R AR K
a1 DI, APEAS “ B IR 1 50 7%, 9 Rl A= 3R 19 EDI
T 7.7%107°~6.5%107 pg-kg'-d' (%5). ¥ EDI
5T B2 195 H A B (ADD O EF T He A, I
KT S AR RBS o 4h5 SRRBH K ™ S AR 2 W EDI
(B /NF ADIE , ¥I{% 2~5 N ECR 2 i K =
1 b DX K 7 S ASAEALE R RRE RURS o
2.3.2 IR ST B AP AE B8R 1 sk o b

R i PRV B A 28k BB 1) S A R o v LA B
DED , 33 52 24 X (3)AG 5 1 K™ i i 2 & 4 =
FAHLIX 3 28 AHEOJLEE  BUARIZE 1) AR 52 5 1) di
RN i DTHRR (CR) L 25 R L3R 6. Z5 3R], 240
A 25 1 TR R B <0.019%~29.77%., Horh S fif iz

= 2A
5

10000 1 i i i i i
= 1000t i S ; g g
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Figure 4 Comparisons between the concentration of antibiotics in aquatic products (median and range) in this study and other studies
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F5 RAKFRETHRERNEBENE(ED) RIBXEH
HHAESFEBANEUDD (pg-kg'-d")

Table 5 Estimated daily intake (EDI) of antibiotics from aquatic

products and related acceptable daily intake (ADI) (pg-kg™-d™)

AR EDI

o ADI
Antibiotic  JL# Child A A Adult 221 Pregnant woman
fist e e 7.7x107° 1.2x10™ 1.1x10™ 1.6
T e 3.0x10°  4.3%x107° 3.8x10° 130
T 4.9x107 7.0x107* 6.3x10 20
FASIE  1.8x10™ 2.0x10™ 1.8x10™ 42
BIgTh R 6.1x107 6.5x10° 5.8x107 6.2
WP R 4.3%x10* 5.0x10* 4.5x10™ 14
HEUE  1.3x10 1.8x107* 1.6x10™ 32
WAVAE  1L1x10™ 1.3x10™ 1.2x10™ 0.15
BoHER  2.5x10° 2.6x10™ 2.3x10™ 0.4

it 1.1x107 1.3x10 1.2x10

2 BTk N <0.019%~7.56% , 3 W 4 Bl 2 o7 ik 2R Hy
<0.01%~20.93%, X K ¥ N fig 25 51 ik % 4 <0.01%~
29.77% , Ji W AT B8 W DR o B e S e A X
NMHTAE FR R 6E TR AR, A A K™ bl A
VR B A (£23) o X AT BB BN A 9 T i $E 1Y
e bR oML e B P A R L AR e eb s i 5
FHF AR sh P b K e , BfE b2 ek g
TBIT Nl 2 e A 3R AR U T A AT ey S A
A B AR S S BN, 2015 4R X T RE N AR R
5% BR OBIF I R, B RO e R B Ol 194.8 ng -7,
A BIF 5 S Rk B VA B 2 S B, M R 25 4
A R RAF K= i BB R R 2 — X AR R

P DMK AR AL R o X AT B DR D W VR R 2 BT A K LA
UG HURE S5 2 At AR R 22 R A
AIRAFARIE , DR B T #0220 T P B Bl 3, (EL
R AR R P (4 5% B XU P DT AN TR
AR Z2 WU R0 A 2K L 72 W U 1 U0 12 i sh 0 A
R EE 25 o AT P £ (0 R N R 2 i
HERFUABERAMENEMPUER, A 2R FR I
AR R 2y, HoAe HE IR T A A 3 1~7 B
G, U DED 7KV RATG A8 RIS K 7 b A v 22 51
AR, AT B HO A REL R A BTk o e Ah X T
ATRHE, 3 EPULE XA 1A B 5 Tk o X
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Table 6 Contribution rate of freshwater aquaculture product consumption to antibiotic exposure in three groups (CR, %)

JLFE Child M Adult 71 Pregnant woman
Ptk % Antibiotic
AR Maximum — F5/ME Minimum K {8 Maximum—— #5/)ME Minimum 5K fH Maximum — #5/ME Minimum
i i Y s e 9.17 0.01 13.00 0.01 13.26 10.83
T g H e 14.42 — 18.90 0.29 19.36 0.91
T s e 1.16 0.02 0.12 1.57 0.09
AR 6.91 — 0.02 7.22 —
S 5.67 — 0.13 7.56 0.07
Risib R 24.16 0.55 23.76 0.07 24.21 2.00
W R 47.87 0.03 51.42 — 52.52 0.04
E= R 23.68 0.01 30.16 — 30.80 —
I NIRU 1.81 0.01 — 2.05 0.01
SRS 20.61 0.14 20.54 — 20.93 0.02
BAORE 29.62 29.62 — 29.77 0.19
S RINRZE 29.62 29.62 — 29.77 0.20
T :—FR LT 0.01%.
Note :— means less than 0.01%.
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