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Occurrence and risk assessment of antibiotics in typical chicken farms and surrounding soils

TU Qi', XU Yan"", LI Er—hu®, SHI Rong—guang"’, ZHENG Xiang—qun', GENG Yi-gong’

(1.Agro—Environmental Protection Institute, Ministry of Agriculture and Rural Affairs, Tianjin 300191, China; 2.Tianjin Agricultural Eco-
logical Environment Monitoring and Agricultural Product Quality Testing Center, Tianjin 300193, China)

Abstract: In order to understand the occurrence and ecological risks of antibiotics in livestock and poultry farms, five typical large—scale
chicken farms in Tianjin were selected to collect fresh chicken manure, nearby soil, and clean control soil away from the chicken farms.
The occurrence of five types of veterinary antibiotics[sulfonamides (SAs), tetracyclines(TCs), quinolones(QLs ), macrolides(MAs), and 8-
lactams (B—lactams ) | was detected and analyzed using the UPLC—-MS/MS method. The risk quotient(RQ) method was used to evaluate the
ecological risk of antibiotics pollution in the soil environment around the chicken farm, and countermeasures for reducing the typical veteri-
nary antibiotics were proposed. The results showed that the average values of Y SAs, ¥ TCs, X QLs, > MAs, and X, B—lactams in fresh
chicken manure samples of five typical chicken farms in Tianjin were 4.11, 143.34, 90.46, 258.14, and 4.06 pg- kg™, respectively. The de-

tected concentrations of Y SAs, > TCs, X QLs, > MAs, and Y B-lactams in soil samples surrounding the chicken farm and control soil
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samples far from the chicken farm were 3.15~8.51, 9.92~133.95, 2.48~13.72, 0.03~2.33, and 0.01~0.40 pg- kg™, respectively. The redun-

dancy analysis showed that TP, pH, and TN had a significant influence on the concentration of antibiotics in the soil samples, and account-

ed for 56.35% of the total explanatory variance of the antibiotic concentration differences. The results of the ecological risk assessment

showed that sulfadiazine and sulfamethoxazole had the highest ecological risks in the soil surrounding the chicken farm, all of which showed

high risk. In general, the RQ value of the soil surrounding the chicken farm was higher than that of the control soils far from the chicken

farm. The difference in the RQ showed that there were high ecological risks of the four types of antibiotics near the soil of chicken farms a

and b. Therefore, the antibiotics pollution in the farm and its surrounding soil should be controlled from the source, and key technologies for

antibiotics reduction should be determined in the process of livestock manure pollution to reduce the ecological risk of antibiotics.

Keywords: antibiotics; pollution characteristics; risk assessment; chicken farm
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Table 1 Predicts the unaffected concentration of target antibiotics in soil
[lass?] Hids e d KA IK TR S eI IC R AL - HETCRL MR
Compounds CAS ECso/mg- L PENCu/pg- 1! Ki/L kg PENC.i/pg kg
SD 68-35-9 0.11 0.11 1.4 0.15
SMX 723-46-6 0.039 5 0.039 5 1.15% 0.05
SM2 57-68-1 1.27 1.27 2.45% 3.05
SCP 80-32-0 32.25 32.25 0.9 29.03
T™MP 738-70-5 6.9 6.9 7.481 51.06
TC 64-75-5 0.09 0.09 1093 98.37
OTC 79-57-2 1.04 1.04 417 433.68
CTC 57-62-5 0.219 0.219 1280% 280.32
DOX 564-25-0 0.316 0.316 725" 229.10
CIP 85721-33-1 1.1 1.1 4179 458.70
ENR 93106-60-6 0.049 0.049 2608 12.74
OFL 82419-36-1 0.021 0.021 147157 30.89
ETM 114-07-8 0.022 0.022 130 2.86
TYL 1401-69-0 0.95 0.95 5.4 5.13

1 BARPiAE R ECso B0 U5 28 FEIA PR E 1Y EPA ECTOX i .

Note: The target antibiotic ECs, data are from the EPA ECTOX database of the US Environmental Protection Agency.

2 GRS

2.1 IR EED T IER A ZR TSRS

KT 5 A WA SRR I S 3 A e b 3 250
a9 5 KA 2 383 A 11 (R 2) , Hirp B sM2 .
ETM J FUR #b, 8 Ze 0 v ) R o A= 2 i ke Hh 52 1
ik 2 100%, A FEFH Y SAs . X TCs. X QLs. X MAs,
Y. B-lactams FII{E 4351 A 4.11 ,143.34 .90.46 . 258.14
pg ke F4.06 gk, 3 R RS H AR IKON - 4
FEAE S JR 030 AR>S X BRI A 5 A FE J8 1030 A A
HEZE 9 3R A v 5 RSP A A AR -
TCs>QLs>SAs>MAs> B —lactams , 4% -+ HE £ 5 v 2R
FE A& Y TCs, Y. QLs, X SAs, X MAs, X B-lactams [ £
vk BE Y FRL 4 1) M 9.92~133.95,2.48~13.72 ., 3.15~
8.51,0.03~2.33 wg - kg 1 0.01~0.40 pg- kg'. Wei
GOBESE T IR B A A S - 17 A2
PrAE Z B B Ol & B : TCs (82.75 pg - kg™') >QLs
(12.78 wg-kg')>MAs(12.24 pg-kg')>SAs(2.61 pg-
ke )>AMs(0.06 pg-kg™) , IzWFoE & KA 2
W B2 v T ARG T AR RS R ELAR g 3E R
PR Ve B, 3R WAt P T g Sk - s v nl B
bR .

AW U R 2B Hi A R (TCs) HA e ki
KRN W E . TC.OTC,CTC . DXC ¥J#% 100% £ H
(£2)o BREFbRAE S e T HALSU A R

DXC i 5 5 8, 2504 R BH U 0TC(50.07
pe - kg)>TC(22.00 wg-kg')>DXC(15.59 pg-kg')>
CTC(8.92 wg-kg") , AWFFR G5 R 5 YLEITCs W
K KOS — %, Hodh TCs B ZH R LA OTC Sl 3, W
OTC 1 5 65 286 2 2875 IR IX 38 5L AT 40 i O G ) ik
JEW, FERAEFRAG I 3 AR i (XS 28 Ol 4 R
X HRAE ) 4 B DU R PR R SR E (X TCs) 1
B3/ 1 543.34.54.76 .23.65 wg- kg, X TCs £ Fi
BT R R, H TCs 19 KA # S (W3R 1), 15
AR g b B SR AR AV RE , DTS ) L R AR )
PR AT AR, G2 A L AR BRI AN AT 2 A=
AIREE KB,

W i S 0 A R (QLs) B H 28 KRS H Ik AR
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Table 2 Total detection levels of five major classes of antibiotics in chicken farms and surrounding soil
IR ¥ LS A K
BER gk okl WM P Gk KM ROME P Rk Rkl WM P
Antibiotics  Occurrence  Maximum/ Minimum/ Average/ Occurrence Maximum/ Minimum/  Average/  Occurrence Maximum/  Minimum/  Average/
Rate/%  pgkg'  pgke” pg ke Rate/%  pgkg'  peke’  pgke! Rate/%  pgkg'  peckg’  peke”
SD 100 1.84 1.35 1.66+0.17 100 4.92 1.85 3.36+0.97 100 5.10 1.61 3.49+1.24
SMX 100 1.20 0.07 0.58+0.41 100 5.07 0.48 1.87£1.67 100 1.68 0.51 1.17+0.39
SM2 40 0.10 <LOD 0.060.04 80 0.12 <LOD 0.08+0.03 80 0.05 <LOD 0.04+0.02
SCp 100 0.95 0.36 0.61+0.21 60 0.14 <LOD 0.06+0.06 40 0.03 <LOD 0.03+0.01
T™P 100 251 0.05 1.24£0.82 20 0.80 <LOD 0.8+0 40 0.07 <LOD 0.05+0.02
2.SAs 4.93 3.09 4.110.67 8.51 3.43 6.17+1.68 100 6.48 3.15 4.77£1.29
TC 100 138.92 5.33 51.46+51.68 100 20.60 2.87 7.956.5 100 20.30 0.86 6.617.3
0TC 100 300.98 39.84 103.92+100.1 100 105.83 8.50  34.45+36.54 100 29.62 6.00 11.83+8.95
CTC 100 73.35 445 22.59+26.46 100 10.51 1.72 3.89+3.36 100 0.41 0.13 0.29+0.12
DXC 100 667724 743 136536£2656.18 100 18.23 3.32 8.47+5.38 100 12.08 1.75 4.93£3.72
Y TCs 100 673256  86.53 154334425975 100 133.95 2252 54.76x40.55 100 36.36 992 23.65£10.37
CIP 100 23.27 8.46 14.3+5.46 40 322 <LOD 2.31+0.92 0 <L.OD <LOD <L.OD
ENR 100 308.73 3.87 67.7+120.54 100 5.58 1.26 3.08+1.57 100 2.88 0.82 1.48+0.73
OFL 100 26.97 2.39 8.45+9.33 100 6.36 1.67 2.8+1.79 100 1.93 1.57 1.72+0.13
> QLs 100 337.04 18.74 90.46+123.53 13.72 3.40 6.8+3.77 4.69 248 3.2+0.8
ETM 0 <LOD <LOD <LOD 40 1.13 <LOD 0.67+0.46 0 <L.OD <LOD <LOD
ROX 100 0.52 0.05 0.2+0.17 100 0.31 0.05 0.180.11 100 0.20 0.03 0.14+0.06
TYL 100 1274.20 0.30 257.94+508.15 80 0.89 <LOD 0.42+0.32 60 1.29 <LOD 0.48+0.57
Y MAs 127431 0.51 258.14+508.11 233 0.20 0.79+0.8 1.39 0.03 0.42+0.49
AMP 100 7.67 0.79 2.44+2.63 20 0.06 <LOD 0.06+0 40 0.40 <LOD 0.21£0.2
CLX 100 1.28 0.94 1.12+0.13 0 <LOD <LOD <LOD 0 <LOD <LOD <LOD
FUR 40 1.67 <LOD 1.26+0.41 40 0.04 <LOD 0.03+0.02 0 <LOD <LOD <LOD
> B-lactams 10.28 1.93 4.06+3.14 0.07 <LOD 0.02+0.03 0.40 <LOD 0.08+0.16

1 :<LOD ML TR .

Note : <LOD indicates below detectable of limit.

e LR 0.07~5.07 g - kg™, o5 M Y 2.27%~
59.58% , Wi # 3 i VK B 1Y 33.63%~100.00% . A
FEHRS AR I AR A X BE A R SAs (R B R TS
Bl 73 51 7 3.09~4.93 . 3.43~8.51 pg- kg H13.15~6.48
peg kg, 3ZEEL TR Y SAs AR A B ET MR H X
FIAE 15 SAs KA P A i ELYE LA WA ) 5 P A 6 fie
FEARPUAE RN KAERAN(ER D LT TR RE
ek, FAE R A Z 22— SAs £
F AT P 0 3 A ORI 1) B - A TR RS S EUR
AR R AT R e B R T2
e T B AP FE 083 ¢ flle th X SAs B E Ay < X A
I8 HFES R IR FRES I ZERE X AT REH T c e 20935
B HEE - R 52 AN Y SAs TS5 YL

3PP R IR EESEHUAE 2 (MAs) K H 3 R A H v JiE
WA - TYL>ROX>ETM, TYL A 84 B il 1< 85 FH B

PRI 2 —  FERGZEAE R SR s ERG H %
4 80% , MAs " TYL AT MRS ZERE: [0] 3T -+ AR AL 1) a3
(1) ; TYLAE Fb RAE i AL HA W 1 274.20
pg kg™ HEM b 5 3G 37 16 R AE i O = A TYL,
FAR A K TNy A R M . ROX K i 28 5y ik
100% , 6 Hi e BE A B, HVk VG 0.03~0.52 pg -
kg (322) s ETM FEXSZEFE i IR T4 B, 2 W] ETM Jf:
KT Z W T ARG 5 A IR .

54N I I FLRA i - p- N ke R B AR R
(B-lactams ) {6 H 2R AR H 6 2K F TCs . QLs
SAs M MAs 42 3 Fh B-lactams HJ78 SR K6 H 2R F0
¥ M FE AR R - AMP>CLX>FUR (A& 1e) . B-lac-
tams £ EAAAE TXGEEME T, T 1A LF- Ak
(£2), LU BT, H, AMP CLX 7EXS 2%
FEH1 1009 £ H B H R EEAH I, AMP 7E 3 - A AT
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Figure 1 Concentration and distribution of antibiotics in the chicken farm and its surrounding soil
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Table 3 Physical and chemical properties of each sampling point in the chicken farm and its surrounding soils

ok — T fk % A B AL BELIR
Sampling point  Manure/Soil type ol Moisture Total nltrjgen/ Total phosg}mrus/ Total organic Total heavyil
content/% g kg g kg carbon/% metal/pg kg
Fa pLES 6.44+0.02 73.56+1.97 19.71+1.09 16.20+0.68 53.60+0.19 1 185.45+22.54
Fb pLES 5.58+0.01 66.84+1.10 50.69+1.24 9.86+0.92 38.84+0.11 885.94+23.11
Fe Pk 6.64+0.02 75.39+0.33 29.66+0.75 11.36+0.46 40.00+0.11 1492.59+81.04
Fd Pk 6.52+0.02 70.96+1.22 34.13+1.15 18.13+0.85 42.33+0.29 1976.53+43.17
Fe pEE 8.25+0.01 67.25+0.28 39.51+0.99 20.07+0.40 32.31+0.29 1725.74+86.50
F¥MH 6.68+0.87 70.80+3.37 34.74+2.18 15.13+3.17 41.42+6.94 1 453.25+385.53
Sa 4 8.22+0.22 10.45+0.09 0.84+0.01 0.48+0.03 0.90+0.00 685.87+25.03
Sh #+ 7.88+0.01 17.65+0.15 1.66+0.05 1.08+0.02 1.93+0.04 1384.77+32.69
Se WEUA 1 8.22+0.03 17.28+0.20 3.66+0.04 2.44+0.04 2.74+0.08 574.59+35.25
Sd i 7.63+0.00 22.41+0.18 2.49+0.01 2.35+0.06 2.31+0.03 830.08+12.76
Se M+ 8.00+0.01 17.47+0.11 1.05+0.04 0.39+0.03 1.08+0.03 527.30+21.04
SHMH 7.99+0.22 17.05+3.82 1.94+1.03 1.35+0.89 1.79+0.71 800.52+310.18
Ka WEUA 1 8.07+0.01 9.70+0.18 1.60+0.02 0.61+0.03 2.18+0.04 688.07+18.30
Kb Akt 8.23+0.03 9.41+0.16 1.26+0.05 0.75+0.02 1.27+0.03 581.57+32.36
Ke WEIR 8.19+0.03 5.33+0.19 0.61+0.00 0.38+0.01 0.47+0.03 475.78+28.60
Kd 1 8.18+0.01 11.90+0.58 0.61+0.05 0.46+0.02 0.78+0.05 477.68+19.45
Ke TEIR - 8.04+0.02 16.18+0.33 0.88+0.00 0.37+0.01 0.78+0.03 332.51+13.15
K ¥{E 8.14+0.07 10.50+3.54 0.99+0.39 0.51+0.15 1.10+0.60 511.12+118.78
20 Z BT A W 2 BT R, TCs . QLs . SAs \MAs F1 8-
Sél lactams 5 KEHT A R AOAH A KL BR TCs Ab, Higy
i Z oA e v H 2R 48 s TCs (OTC .CTC . TC
M DXC) W5 R B K AR M . IR 7 TP,
Ka pH TN SR8 4K, Xt b Az 28 Wk 3 25 SV 0 1 g
S W°h 29.27% . 15.08% F112.00%. FH:H, pH 5 SMX 1F
a FI , 15 CIP TMP TYL % 405 TP 55 SCP 1E M1,
% Mo .TOC 5 CTC iEAR Y , TN . Total 55 DXC . ENR 1F Af
Ko MU ANE BPTAE R S5 R 280 R— R EE R
T2 A B S R 3 37 A 5 (R Ak ) 22
TNEFZ R . HRIREE N 75 4 Rl s A &R
1E R I VR R NI s2 i HT A R AE -8 b
20 s . s . . . WV B GERSRE T AR RI0N R L R sl e
-1.5 2.5

RDA1(34.8%)

WO ARRYUER A af LRTRAEERE T Total 7R
RHESEE, Mo R FKE

Blue rays represent antibiotics , red rays represent environmental

factors ; Total represents total heavy metals,and Mo represents

moisture content
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Figure 2 Redundant analysis of five major classes of antibiotics

and environmental factors
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JRUE: B 1 Risk quotient value
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Table 4 Ecological risk difference of four major antibiotics in the

near—soils and control remote soils around the chicken farm

73937 Chicken farms RQssie  RQswee  RQsas  RQzua
a 16.02 0.22 0.36 0.03
b 83.92 0.08 0.02 0.10
¢ -19.90 0.17 -0.08 0.07
d -0.19 0.08 0.42 0.55
e -6.54 -0.06 0.08 -0.24

7 : 3 SAs 24 SD.SMX SM2 . SCP I TMP ) . ¥k J% ; 3 TCs 24 TC.,
OTC .CTC M DXC F BV ; ¥ QLs & CTP .ENR F OFL A9 ; X MAs
S ETM AT CLX [ e

Note: Y, SAs is the total concentration of SD, SMX, SM2, SCP and
TMP; X TCs is the total concentration of TC, OTC, CTC and DXCj; ¥ QLs
is the total concentration of CIP, ENR and OFL; X, MAs is ETM and CLX

the total concentration.

SR B E R . HR 4P, X SAsTEa.b
FEXG S v i A A RS e L ZE TR AR R XS Hh (1 RQ 2
E/NF 0, X ATREFH T ¢ . d Fil e FEAY 37 O X6} BR A2 + 37 A1
FBAY SAs 5 4. X TCs. X QLs I X MAs 3 KZEHL
AR RQZEKT 0.01 BUIIAT 413381, KW 3 K
Ky R — e RE AT 728 a b 4
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=D e 2
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Figure 3 Risk quotient of predominant antibiotics in the soil (S) near the chicken farm and in the remote control soil (K)
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