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Pollution characteristics and ecological risk assessment of antibiotics in wastewater from a large—scale piggery
LI Meng—jun, SHEN Jian, YAO Jian—wu, NING Jian—feng, WANG Rong—hui, ZHOU Kai—jun, AT Shao—ying"

(Institute of Agricultural Resources and Environment, Guangdong Academy of Agricultural Sciences / Key Laboratory of Plant Nutrition
and Fertilizer in South Region, Ministry of Agriculture and Rural Affairs/Guangdong Key Laboratory of Nutrient Cycling and Farmland
Conservation/ Guangdong Engineering Research Center for Monitoring and Prevention of Agricultural Non—point Source Pollution,
Guangzhou 510640, China)

Abstract: To understand the characteristics and ecological risk of wastewater produced by a large—scale piggery in Guangdong Province,
19 antibiotics of the macrolides (MAs), quinolones (QLs), sulfonamides (SAs), tetracyclines (TCs) from pig feeds, untreated wastewater,
treated wastewater, and associated fishpond water were detected using ultra—performance liquid chromatography—tandem mass
spectrometry over two years. The efficiencies of wastewater treatment facilities were compared as well. The ecological risk of treated

wastewater usage and associated fishpond water was assessed following the risk quotient (RQ) method. The results indicated that only four
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kinds of TCs were detected in pig feeds. The total concentration of TCs in feeds was approximately 1 867~181 050 g - kg™, and

oxytetracycline (OTC) and chlortetracycline (CTC) were dominant. Besides TCs, QLs and SAs were also detected in untreated wastewater,
with average concentrations of 42 393.81, 1 791.41 pg-L™, and 4 144.28 pg- L™, respectively. Among these antibiotics, OTC and TC were
dominant (19 555.70 g+ L and 18 654.86 pg - L™'). MAs, QLs, SAs, and TCs were detected in treated wastewater with mean
concentrations of 0.01, 0.10, 21.24 wg - L', and 388.02 wg + L', respectively. Among these antibiotics, OTC recorded the highest
concentration (381.56 g+ L™"). Additionally, our results also showed that both aerobic and anaerobic treatments could effectively degrade
the QLs, SAs, and TCs residuals in wastewater. Compared with untreated wastewater, 99.9%, 85.5%, and 98.9% of QLs, SAs, and TCs were
degraded by the aeration tank, whereas the biogas tank removed 91.9%, 96.5%, and 18.8% of QLs, SAs, and TCs, respectively. After
treatment, the total amount of antibiotic residuals discharged was 910.29 pg-d™+pig™', and TCs responded to 94.24% of the total residuals.
RQ analysis showed that enrofloxacin, sulfadimidine, OTC, and TC were the primary high—risk pollutants in treated wastewater from the

large—scale piggery, and sulfadiazine was the high—risk pollutant in fishpond water, suggesting that treated wastewater and fish pond water

pose high ecological risks.

Keywords : large—scale piggery; antibiotics; pollution characteristics; treatment effect; risk assessment
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Figure 1 Wastewater treatment processes and sampling points setting in the piggery
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i RQ S XU B R s MEC S #i 42 25 09 I 2 ok B
PNEC 2y 50 (1) TG 3306 FE 5 LCso by S AR AR W BEE , ECso
R 500V B BB P 3E 5 EPA ECTOX 4 15
B ARAT s AR S PEAL DR, B (AR Al IR W B R
T3 (TCD) W A= Wy 5 PR R 1% DL B B, 2Pk R PESL
i AF BUE 1000, 12 P 5 P B 5 2 — S8 IR Ut
AF B 100, 12 1 5 M 5080 15 1 P AS 5 IR Gt AF He
50, M2 EE BRI L 3 B IR AR 10, 255
J&JE AFEUE 1 000,

4 B8 Hernando S5 H /) RQ 4028 5 i b A4
AR A5G, H 53 R 34 BRI XU 45 9% : 0.01<RQ<0.1
I, AR EREE KU 5 0.1<RQ<1 I, Sy Fp 25 3R 55 XU
RQ=>1 B, hy i PRI JXURS:

2 HR5NE

2.1 fARRMEEHMERESE
FEEB U H CTC . DOX .OTC HITC 4R 22,
BN TCs A2 WM 1 867~181 050 wg-kg ' (£ 1),

F1 ARPREREE(png-kg)
Table 1 Antibiotics content in pig feed (g -kg™)

R 20174EE 20184E K 2018 FF4%
Antibiotics ~ Summer of 2017 Summer of 2018 Winter of 2018
CTC 55 1590 126 000
DOX ND 330 53 100

OTC 1710 22 100 ND
TC 102 108 1950
> TCs 1867 24128 181 050

FE:NDFRAK . T
Note: ND indicates that the detection result is less than the detection
limit. The same below.
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i TR A HE o M0 A [ A R TR TS e 2R R R
A P22 5, Hoh 2017 48 5 R 2018 4F 52 4R i
BILLOTC R 3, i B AE R 19 91.6%, 2018 4 4 )
I CTC 5 HE BT, M 69.6% . OTC Fll CTC 2 5% il Rl
W REIINPUE R, S X R BT R A
(P

2.2 BIKFFIERRERSE

19 F P AE R of  FERE S K TR R b HEK
11 3 K T Y A K HY TYL . NFX ., SCP . SDM ., SGN .
SMD I ST 45 7 F, & H (4 12 Fpe A= 218 O L 35 2.
MAs ¥ FE RIS BEAIG, 7R J5UK Hr A TR TR IR Tt HE
JK B MR LE 0.01~0.02 wg- L' 2] . QLs . SAs Hl
TCs W& B F/IMIK IR 35 Ry S K > T > W A=t HE K > £

R2 BIHKREP RHFAERHRERGHE

Table 2 Concentrations of 12 selected antibio

tics in the large—scale piggery wastewater and slurry

J5ZK Raw wastewater

VR Biogas slurry

Hir % Ko T/ NI S NTI3) S IR Ko T/ NR I i NTI3) S R
Antibiotics Dl[l Il Minimum Maximum Average Dill It Minimum Maximum Average
faf/ol/‘: " concentration/ concentration/ concentration/ :a(:z /;;n concentration/  concentration/  concentration/
’ (pg-L™) (pg-L) (pg-L) (pg-L) (pg L) (pg-L™)
MAs ETM 0 ND ND ND 50 ND 0.03 0.02
QLs CIpP 50 ND 1 200.00 300.46 50 ND 0.31 0.13
ENR 75 ND 5960.00 1490.77 75 ND 575.00 143.96
OFX 50 ND 0.45 0.18 25 ND 0.55 0.14
Y 0QLs 0.25 7 160.00 1791.41 0.77 575.00 144.23
SAs SDZ 50 ND 1.30 0.36 75 ND 5.23 1.64
SM2 100 0.28 674.00 168.77 100 11.60 214.00 72.65
SMM 50 ND 15 900.00 3975.15 75 ND 282.00 71.83
SMZ 0 ND ND ND 25 ND 0.13 0.03
> SAs 0.28 16 574.00 4144.28 12.84 496.00 146.16
TCs CTC 100 4.41 15 900.00 3983.42 50 ND 811.00 202.84
DOX 75 ND 595.00 199.83 75 ND 1 030.00 266.35
OTC 100 10.8 78 100.00 19 555.70 100 22.20 98 400.00 24 634.03
TC 100 1.45 74 600.00 18 654.86 100 3.85 37 300.00 9 328.09
> TCs 60.29 169 195.00 42 393.81 26.49 137 541.00 34 .431.30
Rt HE/K Aeration tank drainage fa YK Fish pond water
Pk % i /MR JE T KRS R Wi /MR JE T KR SRR
Biotice PR Minimum Maximum Average P T Minimum Maximum Average
Antibiotics Detection & Detection &
l;a{(;/% concentration/ concentration/ concentration/ 1:3{(;/% concentration/  concentration/  concentration/
(pg-L™") (pg-L™") (pg-L™") (pg-L™") (gL (pg L)
MAs ETM 50 ND 0.02 0.01 50 ND 0.02 0.01
QLs CIP 25 ND 0.08 0.02 0 ND ND ND
ENR 50 ND 0.20 0.08 0 ND ND ND
OFX 0 ND ND ND 0 ND ND ND
> 0QLs ND 0.28 0.10 ND ND ND
SAs SDZ 25 ND 0.20 0.05 100 0.09 0.38 0.24
SM2 75 ND 41.60 16.59 100 0.34 1.05 0.70
SMM 25 ND 18.40 4.60 100 0.33 3.38 1.86
SMZ 0 ND ND ND 0 ND ND ND
> SAs 0.24 43.10 21.24 1.05 4.52 2.79
TCs CTC 0 ND ND ND 0 ND ND ND
DOX 50 ND 0.71 0.27 50 ND 0.21 0.11
OTC 100 1.40 1520.00 381.56 50 ND 0.90 0.45
TC 75 ND 24.20 6.19 50 ND 0.06 0.03
> TCs 2.21 1544.20 388.02 0.27 0.90 0.59
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K IR TR ORI HE K QL YR FE 43 51 Ky
1791.41,144.23 pg- L' F10.10 wg- L', SAs Ay ¥ 43
Sk 4 144.28 1146.16 pg- L' F121.24 wg L™, TCs R
JE 4353 Sk 42 393.81.34 431.30 wg- L7 A1 388.02 pg -
L' TCs 7EJF/K A AR St HE /K A 43 51 o5 A 4t
He Z 11 87.7% .99.2% F194.8% , F B1i% 3244 37 K v
HRPUAE RIS Y LI TCs o X 5 BRok S wF
FEAER— 3, FERF AR A RIS e SR
25 F ) 3 2R 2N % SR A DR v RS
OTC FI CTC, H AP A= 2 60%~90% i 18 J5i 25 T2
A, K SAsVRE R 2.79 peg- L7, 5 EIM
LT £ 3 K P SAs(2.82 g L) I I 45 SR SL A A
M, HPEKP TCs W BE M 0.59 pg- L', QLs ARk .

ETM 72 K A Y, 7E TR TR e it HE /K £
BEoK ks 2 R 509, ~F- 34 Uk FE 4393 0.02.,0.01
pg L A10.01 pg- L7, X AT fig 2 I /K & ETM AR
PR AR Ak PR AR AR G 1k FLR AR
AR, 23R AE R K R ETM 3 o oK g 4%
HEA

J K CIP A1 OFX A H 288 50% , ENR At 28
75% , ENR Fl CIP i 1 WLiF 25 A e A K . 42
b A it VA A+ ) J5 19 27K v CIP A H 25
} 25% , ENR K H 8 50% , OFX A A 5 4 3% /K o
CIP . OFX #l ENR ¥R ) . ENR 7E J5UK VH 1 A1
A HEAK TR B R R, 430 7 QLs 1 83.2% .99.8% Fil
80.0% . CIP 7E J5i 7K | V8 e FT <t HE 7K Ak B 53 5]
49300.46 .0.13 pg-L"F10.02 wg-L".

JE 7K Hr SDZ A SMM £ 5% 509% , SM2 £ H %
h 100% , He 35938 3 LE 2 3 AR HE 2E A FUK . 20t
b VL it (VA 0+ 0 J5 82 7K SDZ Fl SMM
HR N 25% , SM2 K HE %k 75% 5 fa 3 7K H SDZ . SM2
FISMM 5 HH 25558 100%. J5KH SMM 413 975.15
w7, i SAs Ul 5 ik 95.9% , 5 kKK A4 4
I 5 S B 58 25 SR AH AL 5 a3l K SMIM vk FE Dy
1.86 wg- L™, 5 SAs 4 66.6% 1H I F 5t HE K h
DL SM2 ¥ JiZ fe &, 43 i 5 SAs (1 49.7% Fl 78.1%.
SMZ AUAETR W A K Kt 2385k 25% , e B 0.03
peg L7 AT RE R R JROK Rz A R ERAL, oA
H s 2 AR, 8 2 DA B I 2 A R o e
bRy FLREARR AT R Ay HH A G

J5 K 1 DOX # H #%K 75% , CTC . OTC F1 TC #6:
KR 100%., 2017 4E4, DOX 18 1 R K i A2 7k AR
7K, B 7K H DOX & TCs 19 0.3% 52018 A-4%, OTC i 1

PoKig e AJFIK, JEK H OTC (7 TCs 1) 4.5% 5 HoAth
WA st B 5K H CTC .DOX . OTC F1 TC 38 3 4R RS Tin
AR AR HE A UK GR35 % K CTC . DOX . OTC
FITC I FEZRIE . Ll Ab PRt (3t + W< )
J5 % K H CTC ARAE Y, DOX ,OTC F1 TC 6 H 343 51
50% . 100% F1 75% ; fa.3E 7K 1 CTC KA i, DOX , OTC
FITCH 44 50% ., OTC Fl DOX He & 14 78 >
JirK > g S L HEZK >t 5K T8 W H OTC A DOX e B
i T IR K] e 2 R K 5 A H AR AR 2R 4G
FEW) e P A L R AR W A O HAR R A A
YIRS L X 54 1) PR Gobel 28201 53 25 A0
Lo CTC 1 TC A Mk FE 345 Dt 7K > VH > W <t HE
IK=FYE K, CTC 78 W A3 HE K R 38 K o R A
TCs H OTCHE /K JHW I~ HE K A EAIEK &
K 46.1% .71.5% .98.3% F199.8% , 1£ 355 33 I K il
FIEIK TCs I LL OTC 1) e fi i, 35 i 1L 46
XIS S, BRI SR VL 95 AL ) S R Wz
S RS AL W 2 37 1 I K Fp T A B TS YL RRIE )
WFoE 245 R —3. X AT AES OTC Ml CTC &% 4% i K
WIS T F A K

23 REMFELEMMESHEBRIR

TH A5 3 2 /K A P ) i e AR DR AR Ak B
Bt , 3 A FH DR S A DR A A e DA R
XK A DL A 7 2R AR R 5 MR 2 S R K
Ab B R v g (A G AR A PR, R R A A
FNHEAE DA A T A A5 B Ak AR R K i
AHLIG Y o 258 S IR At R b X 55 5 A K rh
e R LR ILE 2,

WE AV W ETM 2B 8 33.33% . TRt X
JiL K o CIP  ENR I OFX 1% 25 BR 2R 43 3 A 99.96% .
90.34% F121.43% , X} QLs 1) V- 34 2 B %8 91.95%
B <3 X6 VA R CIP  ENR # OFX A9 25 B 53 3 hy
84.62% . 99.94% F1 100%, XF QLs [ F ¥ £ B E Ny
99.93% ., BESHMIXTIAEWE T QLs M KBRFEm THA
T X6T T K ) Ak RS 3k 5 ] i S S A AL Y
BXT QLs 2% B 28 T IR A A BRI B i 45 2R — 3.
T8 A XT 5 7K B SDZ . SM2 T SMM FY 25 5 2 43 1)
}-359.44% .56.95% F198.19% , XiF SAs {15 F= B
$1996.47% . BT SDZ #FBRF R UE, 54
SRR AR I 6 SDZ 2 B Hh B0 07 A A I 4 1 biF 5
g5 IR —30, X AT B L SDZ 1 WAL AR e A i Ak 3
I B R A A W A G A R RS VR R R
SDZ . SM2 ., SMM Fl SMZ #1425 Bk 2 43 51 5 96.96% .
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Figure 2 Removal rate of antibiotics from wasterwater by biogas tank and aeration tank in the piggery

77.17% .93.6% F1100% , X {H I H SAs 1 F- 3 KB
1 85.47%. TRIMBXT SAs (I F B m TRt , X Al
fiE 5 42K SAs DL SMM 5 L &, H SMM 4345 44 v
FEAERR T R R T, IR E A T 5 T fd A
K22 yE A % K H CTC . DOX . OTC HI TC Ay 2=
[ %43 51 K 94.91% . —33.29% . —25.97% F1 50.00% ,
XTI K 1 TCs -3 L BR 2 H 18.78% ., Rt XS 48
VR A AL F Y K K Hh CTC . DOX ., OTC F1 TC 4 % %
FA 90K 100% .99.90% .98.45% F199.93% , % A Wi h
TCs 1 V-1 2 453 4 98.87%., VH S M%) TCs 19 £ K
RALF IR, 54 PR BEXT TCs 1 LB 8 IR
S BRI B, 33 5 i U S VR T 41 A SS9 45 R
— 3. — B R AW R TR T I AEAE,
Wt A B K L R, T AR R, PR T
fie & ALK A DGR AN W B A S — ki 3 22 P i
F

15 5 K A 3 2R g (IR At + I A<t ) X T K
CIP .ENR F1 OFX 1 2 B 243 51120 99.99% . 99.99% F
100% , % J5 7K 7 QLs 9 73 5 BR 28 99.99% . 1HS,
b+ BRI X UK P SDZ  SM2 T SMM 25 [4: % 43 51y
86.01% .90.17% H199.88% , % JFL 7K H SAs AU F-14 2 4
K 99.49% . T+ g UK o CTC L DOX
OTC F1 TC 1 2 B3 %5351 24 100% .99.86% ,98.05% FI
99.97% , % I 7K H TCs 1734 LB %8 99.08%

25 BT AT QLs . SAs Fl TCs FF- 1 22 55
Ty 510 91.95% ,96.47% 1 18.78% , M 1th 1) - 15
FeBR RN 43591 K 99.93% . 85.47% F198.87%., 1M1 17 <.

1% WHART]

b+ Bt 4 A6 JEUK R QLs \SAs FlTCs 1 F- 35 25 Bk
Ky 9K %) 99.99% . 99.49% F1 99.08% , = [ R 14
T PRI AR PRt . P o] L, DR AR Ak B AT
AR ARG AE AR TS T AR (%) SRR 2
i FH RS HETHE K th i R AR5 2SR AR,
24 MEZRHNE

22 W3 A B 1) 7 K 3 7K 5 B AN AR FH
WEE A K AN 3R BT X i A8 v i i . 1
Yy o W O HE K HE T AR R LR 3.

J# 38 2o 28 Ak 3 192 7K 1) AR AR A SR ) B

R3 EHEDEKRMIHBIAERTNE
Table 3 Amount of antibiotics discharged into the environment by

piggery wastewater

HHECRE Daily emissions/(mg-d™) a3l 1 B HE

Ai’;iis FUME B Sofi | Pl Daily emissions per
Min Max Mean  Ppig/(pg-d™-pig™)
MAs ETM 0 1.12 0.53 0.03
QLs  CIP 0 3.99 1.00 0.05
ENR 0 9.98 4.17 0.20
> QLs 0 13.97 5.17 0.25
SAs  SDZ 0 9.98 2.50 0.12
SM2 0 1963.52 836.56 39.84
SMM 0 102856  257.14 12.24
> SAs 0 2409.29 1096.20 52.20
TCs DOX 0 35.43 14.17 0.67
OTC  69.86  70528.00 1771230 843.44
TC 0 112288  287.79 13.70
STCs 10431  71650.90 18014.25 857.82
3 Antibiotics 14821 71650.90 19 116.15 910.29
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BT Z P 1E 0.53~17 71230 mg-d ™ Z 8], Hi A= &
SHERCR A 19 116,15 mg - d™, H3k i i AE R B HEK
91029 pg-d ' -pig'. LM ARIIAERHY
HE & R /N YR TCs. SAs. QLs Fl MAs, 43 51 Ky
857.82.52.20.0.25 pg-d " - pig" #10.03 pg-d™'-pig’s
TG K m R HEBO BT A 2R DL TCs Jiok, B2k
R LULOTCHE K, di s kb A = S AR 19 92.7%,
X5 B A AR A A 5T 2 A — B PR R AHEL
F 5 IR R 57 07 2 oA Al O AR 3T
RORA o DR SRS FR R S A5 R K e
AR ) F BRI
2.5 BRitHEK R B EK G E R R XU IR
S K B BRSO PR &
AH Ve B BT AE 2R 5 B B AR 2 A A I Rk
7SR S AR, AT HE R EE A 8 A 1 385
TWETER S E o KU R RV 3 25 10 10 A 28 XU T
B A SCHIE DA 48 7 M Ot HE K R e K b bt 2k
FONT IREE Y A AR XU o T A HE K N 0 K e g% R
PiAEZR W PENC HITECso W% 4, JRUSS: 7 (. L 1] 3 FIET 4,
160 SOt HE K B CTP A RQ AL FR XU , ETM
SDZ.SMM F1 DOX 4k F H1 48 XU , ENR .SM2, OTC Fil
TC &b F & XU, Horp OTC FTTC 19 RQ 4351 55 3% 366.9
F168.8 , BB M 17 I 7K 28 PR AR - R it b B 1) P2
IR LA BRI A B A AU o 31X 5 BRRE
LGRS 5 RIS - 37 1 Ak PR K A A e A 2 XU 1)
ZEIS R — 3, i YEK A ETM . SM2 ., SMM . DOX .
OTC Al TC &b F H 45 XU , SDZ A F i35 KUK o B it
HEAKH T4 M 2 R BT A R KRR, 5
TIEHUA R TG e, FE M A AE Y R AR R, AR BT
Az 25 1 AU (R 7K i AR ™ FR B, 23 X% I BE KoK AR
IR 7 B R eV E MER a2 STRUN=X 7/kii3-A 1PN
Ffde e . ABFFREE R RM TR LA %K T
TR RN A B S A B AR R A S KU, (EX T %k
B LA IXUSS: P DA I A 1 T ik — 2 B ST

3 #ie

(1)MAs 7E JF K H oA |, 7S [ A BB B P-4
W EAE 0.01~0.02 pg- L' Z 0] . QLs.SAs I TCs ¥ J&
PR K S TR R WS b HE K > fIEK . JEK TR R
B HE K PP A R LLTCs I, i b Ry
87.7%~99.2% , fa 7K th SAs 1 oI5 55 4 70.4% .

(2) B M xF Ik o QLs Tl SAs F 2= B %5 T 1
MBI R, % TCs 122 5 A1 T IR0t

x4 BRRMHKFIEEK PR BERE R F B R EN

o R K BE

Table 4 Half effect concentration and ineffective concentration

of 12 antibiotics

AR Hids A RBRE oS
Antibiotics CAS ECso/(mg-L™") PENCKpg L)
MAs  ETM 114-07-8 0.022 0.022
QLs  CIP  85721-33-1 1.1 1.1

ENR  93106-60-6 0.049 0.049
OFX  82419-36-1 0.021 0.021
SAs  SDZ 68-35-9 0.11 0.11
SM2 57-68-1 1.27 1.27
SMM  1220-83-3 5.9% 5.9
SMZ 723-46-6 0.039 5 0.039 5
TCs  CTC 57-62-5 0.219 0.219
DOX 564-25-0 0.316 0.316
OTC 79-57-2 1.04 1.04
TC 60-54-8 0.09 0.09

1 ECso B8 3 T EPA ECTOX K4 % 5 * 2% ] Huang %2 %1

.

Note: Data of ECsy are from database of EPA ECTOX. * The data are

from Huang”"\
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Figure 3 RQ of the antibiotic residues in the effluent of aeration
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Figure 4 RQ of the antibiotic residues in fish pond water
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()i AL T8 il o K HE R P AR R ol
910.29 pwg-d ™' -pig”, 4 KPR H BHHE R K/IMKIK
7 TCs ,SAs . QLs Fl MAs, B A4 A5 K HEjil & 7F 0.03~
843.44 pg-d ' - pig! Z A, HEBCE R B/MK IR R
OTC .SM2,TC .SMM ,DOX ,ENR .SDZ . CIP fil ETM , H
HOTC A 2= BRI 19 92.7%

(4)ENR . SM2.,0TC F1 TC Jy B < HE K o 1 55
KU 75 YL, ETM . SDZ . SMM Fi1 DOX Hy o 45 XU
CIP IRV 75 Ye 0 o $2 0 2 Ak 1L %) 3508 4 K ) £
oK o SDZ Ay i AU V5 4L, ETM .SM2 .SMM . DOX
OTC FITC A& R T5 4 . R TR i e ab 31
Ji AR RGN o 1 K ) fa 38 K e AR 28 X R B ATS
A A S XU
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