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Antibiotics used in livestock and poultry breeding and its environmental and health risks in China: A review
CHENG Zhaokang', YANG Jinshan', LU Min?, LUO Xiaosan""

(1. School of Applied Meteorology, Nanjing University of Information Science and Technology, Nanjing 210044, China; 2. Yantai Institute
of Coastal Zone Research, Chinese Academy of Sciences, Yantai 264003, China)

Abstract: China has extensive livestock and poultry industries with substantial production and use of veterinary antibacterials. The long—
term and massive use of veterinary antibacterials causes environmental pollution, increases bacterial resistance, and elevates safety risks
for livestock, poultry, and agricultural products, further threatening human health. In this paper, we review the use of veterinary
antibacterials in livestock and poultry breeding from 2009 to 2019 in China. The characteristics of the usage of veterinary antibacterials
were analyzed. The findings show that the proportion of consumption of veterinary antibacterials in veterinary chemicals was 69.6%~74.1%.
The utilization of veterinary antibacterials reached a maximum in 2014, and then decreased yearly. The main types of veterinary
antibacterials are tetracycline, chlortetracycline, and oxytetracycline; chlortetracycline and oxytetracycline are mainly used to promote
growth. Furthermore, the analysis of the antibiotics residue in different foods showed that the detection rates of antibiotics in milk, cultured
fish, and vegetables were as high as 90.9%~100%. The average residue of quinolone in cultured fish was 725.13 pg-kg™', which exceeds
the national food safety limit standard (100 g+ kg™). Additionally, we summarize the situation of antibiotic residues in the environment
and the emergence and mechanism of bacterial resistance. The effects of the massive use of antibiotics on animal and human health are
discussed. Ultimately, management suggestions and strategies on the prevention of antibiotics pollution are proposed in terms of source,
use, emission, and remediation to help control antibiotic pollution.
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Figure 1 Veterinary antibacterial drug consumption(a) and its proportion(h) in veterinary chemicals in China from 2009 to 2019
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Table 1 Comparative analysis of veterinary antibacterial drug use and its change from 2009 to 2019

3 H Item 2000 2010 2011 2012 2014 2015 2016 2017 2018 2019
R 28341 31411 45161 48928 56151 69292 52119 44186 41967 29774 30904
B —AEAR /% = 10.83 43.77 8.34 23.40 -2478  -1522 -5.02 -29.05 3.80
B2009 4 MR/%  — 1083 5935  72.64 14449 8390 5591 4808 5.6 9.04
Pl I B RIS 2 (o T kB R A 220t T i P L 191 35000 [ (a) ()
KF,2009—20194F , B BT 25 F 5t B AR ~ 30000 f ‘
2 ity JH et 1 T 491 34 4 57 AR 3 19 35 L Y (69.6%~ £ 25000
74.1%) , Hor 2017 42 o He il i 55 (74.10%) , R854 g‘zoooo-
FBCEZG ML 1 2014 4P RILEIE TR S 150
He B AR 20 0 FU B RREAR . AH GBI B BR £ 10000 |
TR A 2 S 0 A AHE TR 25 AR AR T so00k
22l P ATEER o 1 3 et
2 124 2000—2019 4470 14 24 18 Y ik H 4 53 S

2010—2014 4F-5 FHHT I 25 19 F 24 2009 43 i34
AE BT TE 2014 AEE IRGR B B K, o 144.49% , AT
HEHEIT 2009 419 2.5 f% B B — ARG IRAE 2011 A0
K (43.77%) , IR JE 2014 42(23.40%) . 3 156 B 3k [
1 2009—2014 4% , # HI0 I 25 1Y FH 2 SRS I, 53248
b 1 K R AE X S AR (R A FLAR ST AR R B A .
2015—2018 45 BT B 24 19 Ao ] e S IR A T [
)k B, B b — AF B BE IR 7E 2018 4F Ik B i K
(29.05%) , % 2009 4F 3 iF 1 75 2018 4F f& &2 5 A%
(5.06%) o X ULHA AR FR H 2011 48 1% 2 8 4 It i
145 FHATE B 2 4 AR TG sh U T 38 38R . 2018
AL FRXS - = A AR — R ST A R
P 5 A S S i v 2 R IHTR T
PR AE 3 R A= KB 2y, 3F B[R4 A 8 T (8 L
PR 24 (8 FH sk it AR A7 8l T 5 %8 (2018—2021
AE)), S FPUAE R A P REAE 2018 4F KRR T B .

2018 A AL FB I3 JT B K 45 R e 11 24 i FH sk
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VU PR 3R 25> B— P Bt e B A1 il 70 24 > R A Y R 2 5 2019
AE DUIR 2R 28 LA 2018 4F A5 TR ARG , B— P Ik e B i
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Table 2 Antibiotic residues in different kinds of food

A FE R EL P RAEH for i 3 Bk FAYE S4B 37 £ E =BT
Kind of food ~ Number of sample ~ Antibiotics Positive sample/%  Residues extent/(pg-kg™) Average or median/(pug-kg™)  Reference
LR} 22 FELRTHTES 90.9 0.34~333 37.75* [21]
A4 199 PR S 472 0.33~23.25 8.52° [22]
T e ks 20.1 5.12~16.28 7.64"
A4 50 UEZSE S 16 3.78~6.29 4.03" [23]
T S 4 3.39~3.71 3.55
LW 14 5.12~8.92 5.99"
W AR 13 T Jie s 38.5 0.4~6.1 2.83" [24]
FUETAES 61.5 1.7~38.5 7.51°
PUERERZE 30.8 1.5~4.2 3.05*
FRAg 116 T TS 95.7 LOQ~47 108 725.13 [25]
FEGH 116 Tt g2k 77.6 LOQ~1 634.1 43 .45 [26]
X 30 FETATS 3.33 0.98 0.98° [27]
X 50 PUIR I 14 1.2~18.5 3.9 [28]
M 22 1.1~107.6 6.3"
T 4 1.4~14.4 6.0"
X TR 22 WA A2 13.6 0.18~30.3 11.72° [29]
PUERZS 9.09 1.12~1.12 1.12°
LA NRTIiE N 4 PUERZ 100 1.0~532 527 [30]
s K 100 0.1~1.0 0.37°
WS 2SS 100 0.5~3.6 1.05*
R VLA 68 SR I 2 100 2.0~658.3 4597 [31]
BRI it T
B S 15 PUFRFE 40 L0Q-~8.84 1.39° [32]
M A 73 LOQ~7.27 1.36*
A 51 T et 3.92 1.20~3.30 2.25" [27]
WA 17 PUPRE I 17.6 LOD~4.0 3.42 [33]
FERTHTES 11.8 LOD~27.0 14.52
XA 18 PUFRER A 1.1 LOD~16.9 9.45" [33]
X P 60 Uz 35.0 0.6~35.3 430" [28]
MEF 2 16.7 0.8~9.6 1.50"
T ek 2.5 1.8~2.6 2.20"

TE:LOQ: B HEFR s LOD AR s a - I m H ALK, T T

Note: LOQ : Limit of quantitation; LOD : Limit of detection;a: Average ;m: Median. The same below.

SR PUPRZE 2N T2 5 T PH 22 FON A SIS s 755 7K F
MZIREER . HIEASE A R SR LIUR R I h
T, LT R Al 5 e TR g 40 5 B KL 5]
4, CARLSON S5 Jinn 52 K i FH 25 1 70 A i T 246 A
fR A A e 0 38 42 R 28 % 1A I 754 pg ke
1705 pg-ke'o KAY S5 B2 [ A i A ZE A (1) 4% HH
TR E F R R RN 1691 pg-ke'. TKRER
SN Wi A b DXt P A 2 Y L R B UIR R
ik R N 800~6 006 wg-kg'o JTZEHIZE |
VBRI S 55 1A% H A 38 v & B0 3R R 2R A R A ok

http://'www.aed.org.cn

FATL N 4 540~24 660 pg-kg' . WAHBFIT R, 7EFk
B — e il X, -8 R R A & i S A 200 mg -
kg 150

bR T 8 KRS A R E LR Z —.
KGRI, I IR 5 KA B FAE KA A
SRR IR EE Hh R B 404 2 REBOUKIKR R A &R
o B FK T IR, LR IR BT R K AT
A GG KRS, BB IR K EEAEIR R 28 E
Ak &5 ARACHI Y B P AE R & B R T
K RS, CHANG 530 E 5 RIS KA H T
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Table 3 The concentration of typical antibiotics in some soils of

domestic and foreign

s popgmy KRR
Region Antibiotics Concemrallor}]extenl/ Reference
(pg-keg™")
it g AR N AL 270~400 [39]
R A 270~320
TEE AR UEZS ¥ 2.3~50.1 [40]
SHER 1.7~59.9
W BRZ R ANV R 3000;5 800 [41]
IR A 620059 800
P& REAE AR BIRM R 6.4~57.4 [42]
SN SN BRE 705~754 [43]
IRWR 1 142~1 408
el TR 1691 [44]
P WL TR 440~1232 [45]
BER 435~1 560
WL AR PUPR R LOD~242.6 [46]
Tl 33.3~321.4
SR T T2 27.8~1537.4
HhE WL PUFRFEH 800~6 006 [47]
W, Fi PUPR R 4 540~24 660 [48]
P R PP LOD~2 683 [30]
Tk ek LOD~9.1

I H ARG I 3 ik e S R M T R 2R BT AR R L & R
0.06~0.17 pg- L' H10.13~4.24 ug-L"'. ZHANG ZE54
AR I, R NI O T R A R T
0.30 pg- Lo HOU ZE AR il 2 ) i Bk v & 30
HREA S EIA334.3 we- L7 PR ol @ Y
J5 MK AR AL 20 - e RBE v 2 1 32 o R Bl
154,
(a)
AR I B

2.3.2 TR iR 24k A 7 A K HEAIL

B BR T R R P R BEAE X U 1 A e
PEIE T, 55 ARGs 172 A, AT BIFSEIE S #1358 vh
ARGs 198 2 5 % B B Bt A= 215 B BAT IR 47 i AH O
P LLSECTFE X b 5 37 48 3 I K Rt JH 4 2T 1
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