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The removal effect of three classes of antibiotics in two typical swine wastewater treatment systems

ZHOU Jing'?, ZHI Su-1i*, GONG Xiang—jing’, YANG Feng—xia’, GU Yan-ru'?, DING Fei—fei’, ZHANG Ke-qiang"*'

(1.College of Resources and Environment, Northeast Agricultural University, Harbin 150030, China; 2. Agro—Environmental Protection In-
stitute, Ministry of Agriculture and Rural Affairs, Tianjin 300191, China; 3. Jinghai Animal Disease Prevention and Control Center, Tianjin
301600, China)

Abstract: To understand the antibiotic removal effect in the wastewater treatment process of large—scale swine farms, three kinds of typical
veterinary antibiotics[sulfonamides (SAs), quinolones(FQs), and tetracyclines (TCs)] in the effluent of each processing unit from two typi-
cal large—scale swine farms in Tianjin, China were analyzed. The distribution and total mass loading of these antibiotics were also investi-
gated in the two selected farms. The results showed that the residual concentrations of the antibiotics were different in the various treatment
units. Ten kinds of antibiotics were detected in the F1 swine farm. The highest concentration of sulfadimidine (SMN) was 45.78 wg-L™" and

the total aqueous removal rates of antibiotics varied from —53.32% to 99.33%. The aqueous removal rates of SAs and TCs were highest in
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the Up—flow Anaerobic Sludge Bed(UASB), and the aqueous removal rates of FQs were highest in the O pool. The aqueous mass loading of

influent and effluent in F1 was 9 854.43 mg+-d™ and 1 214.49 mg-d™, respectively. Five kinds of antibiotics were detected in the F2 swine

farm. The highest concentration of enrofloxacin (ENR ) was 8.86 pg+ L™ and the total aqueous removal rates of antibiotics varied from

—=6.95% to 78.80%. The aqueous removal rates of SAs and FQs were highest in the tertiary sedimentation pool, and the aqueous removal

rates of TCs were highest in the plant pond. The aqueous mass loading of influent and effluent in F2 was 2 014.90 mg-d™" and 1 527.96 mg-

d™, respectively. The F1 process could clearly remove antibiotics, and antibiotics in F1 and F2 were effectively removed in the anaerobic

and oxic phases. Therefore, the alternate treatment of anaerobic and aerobic processes is recommended as the most effective way to remove

antibiotics in the aqueous phase.

Keywords: antibiotics; swine farm; wastewater treatment; aqueous removal rates; aqueous mass loading
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Figure 1 Wastewater treatment process and sampling sites in

F1 swine farm
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Figure 2 Wastewater treatment process and sampling sites in

F2 swine farm
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Table 1 Water quality parameters of F1 and F2 swine farms

S 5 HiE HLFR AR CoD P BA B
Unit I}')I A Electrical conductivity/ Total suspended solids/ ~ Chemical oxygen NH*—N;( - Total nitrogen/  Total phosphorus/

" pHvatue pS-em™ mg-L™! demand/mg- L' mme mg- L mg- L

F1-#k 7.40 6548 1345.81 500.20 1948.44 706.58 143.91

F1-tK 7.82 3748 1508.99 746.20 1033.90 541.22 174.19

F2-i7K 7.57 4113 1461.35 565.80 1286.19 626.26 113.63

F2-iHk 9.50 1137 49.85 336.20 245.50 78.20 17.75
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Figure 3 Types and levels of antibiotics in the influent and effluent from different treatment processes
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Figure 4 Concentration of antibiotics in the aqueous phase of different treatment units
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EERFI KT 60%, MHt A 2= 7E F2 R 2502 K
FeB Rt 2B, FRA AT REJE F1 T2 JRK hhi A &
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Table 2 Aqueous removal rate of the antibiotics in each treatment unit of F1 swine farm (%)
N R T
Amibiogics Temporary  Solid~liquid  CSTR  UASB  Primary seutling  Anacrobic (o Second senting BT
pool separation pool pool pool effluent
SMN 76.87 -1.53 =796.10 >99.99 <LOD 10.51 59.15 89.54 99.33
SMZ 10.53 13.84 -183.13 59.29 36.79 88.26 -462.91 -146.87 8.36
SMX 7.80 1.57 -138.09 96.75 -176.68 -1.39 80.68 57.45 98.38
2. SAs 53.06 0.63 -355.26 98.77 -602.37 6.74 67.18 78.47 98.79
NOR 2.90 40.21 -53.29 >99.99 <LOD -59.78 -23.44 15.47 -53.32
CIP 51.55 33.18 -614.48 78.54 -83.69 -54.00 36.73 -47.08 -30.64
OFX 8.77 -8.62 61.45 -23.56 -255.18 3.31 61.89 -45.64 10.01
ENR 52.81 21.38 —-142.36 78.66 -106.67 —-49.12 26.47 -53.08 33.45
> FQs 15.22 -5.14 44.74 13.01 -246.20 0.24 58.29 -43.59 11.37
TC 82.35 -35.78 38.45 74.03 -346.05 20.12 73.15 -88.71 93.09
oTC 78.99 -38.66 -375.86 98.27 -2 358.62 42.15 92.45 -1121.15 68.61
CTC 88.59 -103.02 88.90 79.38 -962.34 28.03 82.40 -129.23 98.36
> TCs 83.53 -59.06 -172.16 97.77 -1958.72 40.59 90.97 -853.41 83.23
TE: <LOD AMETHLH R . T,
Note: < LOD:below detectable of limit. The same below.
R3 NRHEEHELEATHRAERIKBERE(%)
Table 3 Aqueous removal rate of the antibiotics in each treatment unit of F2 swine farm (%)
hiAR SRDUEN [ B 05 ik L] I K BERRE
Antibiotics ~ Tertiary sedimentation pool ~ Solid-liquid separation ~ Folded anaerobic pool ~ Aeration pool ~ Plant pool effluent The total removal rate
SMN 82.12 -1.66 -2.50 -8.67 -4.70 78.80
SMZ 34.58 -2.86 -12.50 -15.19 -8.25 5.61
SMX <LOD <LOD <LOD <LOD <LOD < LOD
2 SAs 80.74 -1.78 -3.49 -9.37 =5.11 76.68
NOR <LOD <LOD <LOD <LOD <LOD <LOD
CIP 71.79 -383.65 -55.89 -49.46 66.36 -6.95
OFX < LOD <LOD <LOD <LOD <LOD <LOD
ENR 76.22 -387.33 -55.58 -50.21 65.12 5.53
Y FQs 75.87 -386.99 -55.61 -50.14 65.23 4.55
TC < LOD <LOD <LOD <LOD <LOD <LOD
OTC <LOD <LOD <LOD <LOD <LOD <LOD
CTC -16.09 2.61 -11.89 -40.98 32.04 -21.21
2 TCs -16.09 2.61 -11.89 -40.98 32.04 -21.21

WRE L F2 T2 5K oA R e &, Hol gt bi A=
R EBRACR I T, F1 T 200 A H A 0 Y 15 B 4K F2
PV L NTRE i Lo S

23 HHAKREMEZHWHEES

F1.F2 A5 F 50 ikt K i &5 A 300 H R 3
AR 4R Pk KP4 R EVRE R 9 854.43
mg-d" I 1 214.49 mg-d™', F2 HE KB4 &R Bk
2 014.90 mg-d' Hl 1527.96 mg-d'. A F1FIF2 5%

AN [A], F 1R H K B 0 B A R B R R
985.44 wg-d L HI121.45 pg-d 3k F2 R K R
BB A R BRI N 143.92 pg - d - SKTUA
109.14 pg-d' =3k F1 stk HARA 2 SR &
B & T F2 K P AR R BUREG, X T RE 555
L R 2 oA R A SR K Y
P R BRE R P F2AE, X AT AE 5 #5355 K K Ak
T ZERRA X,
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Table 4 Mass loadings of antibiotics in the influent and effluent of F1 and F2 swine farms
- H 7R # i /mg-d P R g d R
Antibiotics F1-#E7K F1-tK F2-ikk F2-HiK F1-ikKk F1-HiK F2-ikk F2-HiK
Fl-influent Fl-effluent F2—influent F2—effluent Fl-influent Fl-effluent F2—influent F2—effluent
SMN 3021.81 20.35 538.56 114.18 302.18 2.04 38.47 8.16
SMZ 10.66 9.77 16.05 15.15 1.066 0.98 1.15 1.08
SMX 1579.93 25.56 <LOD <LOD 157.99 2.56 < LOD < LOD
NOR 6.02 9.23 <LOD <LOD 0.60 0.92 <LOD < LOD
CIP 7.03 9.18 112.81 120.65 0.70 0.92 8.06 8.62
OFX 32543 292.85 <LOD <LOD 32.54 29.29 <LOD < LOD
ENR 51.08 34.00 1328.85 1 255.40 5.11 3.40 94.92 89.67
TC 186.48 12.89 <LOD <LOD 18.65 1.29 <LOD <LOD
OTC 2434.28 764.17 <LOD <LOD 243.43 76.42 <LOD <LOD
CTC 2231.70 36.49 18.63 22.58 223.17 3.65 1.33 1.61
SHUAEREKEA 9854.43 1214.49 2014.90 1527.96 985.44 121.45 143.92 109.14
[3] Sarmah A K, Meyer M T, Boxall A B. A global perspective on the use,
3 &g

(DTEMAFEG T K h IR B 10 Fphi 2 Horp
SMN .SMZ .CIP .ENR il CTC 7£ i ™5 3 H A KB
TE F1 3256 3 5K R A i SMN . SMZ . SMX . NOR .
CIP .OFX ,ENR.TC.OTC #1 CTC, F2 3 4% 3% )5 K h 6
I Hy SMN ,SMZ . CIP .ENR il CTC, EL#E#J5 H /K H AT
REATIN H XS 3K 5 I R 25 > 0 T
A IR DA R Bk Rl 14 = G

(2)F1 1 UASB % SAs £l TCs 2= BRI 454, 0 3
X FQs 25 (R0 R 800 5 F2 0 = 2 T TE Wb % SAs Fl
FQs Ab PR R AT, FE P JE XS TCs ZBRACR AT . R
Z P TR FH AR LR A R, B F1LA
F2 M S h i A R B R AR IR AR AP A B R T A
R B, N HAERE R K T2 R IR BRI R T 288
Ab PR R BRBUAE AR

(3)F1EH K P PL A R R R 9 854.43 mg -
d A1 214.49 mg-d™', F2 i K iR AE R BOREER
2014.90 mg-d"'Fl11527.96 mg-d™'. HitHE BREE
() R I 5 SR I R ) 5 0 =X AR 2R 5 A
JEAKAL BT 25 R BRACR A 5%

Sk

[1] Zhang Q Q, Ying G G, Pan C G, et al. Comprehensive evaluation of an-
tibiotics emission and fate in the river basins of China: Source analysis,
multimedia modeling, and linkage to bacterial resistance[J]. Environ-
mental Science & Technology, 2015, 49(11):6772-6782.

[2] Kiimmerer K. Antibiotics in the aquatic environment: A review—part Il

[J]. Chemosphere, 2009, 75(4) :417-434.

sales, exposure pathways, occurrence, fate and effects of veterinary an-
tibiotics (VAs) in the environment[J]. Chemosphere, 2006, 65(5) : 725-
759.

[4] Huang X, Zheng J, Liu C, et al. Removal of antibiotics and resistance
genes from swine wastewater using vertical flow constructed wetlands :
Effect of hydraulic flow direction and substrate type[J]. Chemical Engi-
neering Journal, 2017, 308 :692-699.

[S] Zhao L, Dong Y H, Wang H. Residues of veterinary antibiotics in ma-
nures from feedlot livestock in eight provinces of Chinal]]. Science of
the Total Environment, 2010, 408(5) : 1069-1075.

[6] Giobel A, Thomsen A, Mcardell C S, et al. Occurrence and sorption be-
havior of sulfonamides, macrolides, and trimethoprim in activated
sludge treatment[J]. Environmental Science & Technology, 2005, 39
(11):3981-3989.

(71 B Fh T Mg X B S SRS A T ROK ST A F
FEI1. FREIREE, 2014, 35(7) :2650-2657 .

WEI Dan, WAN Mei, LIU Rui, et al. Study on the quality of digested
swinegery wastewater in large—scale farms in Jiaxing[J]. Environmental
Science, 2014, 35(7) :2650-2657.

[8] Luo Y, Xu L, Rysa M, et al. Occurrence and transport of tetracycline,
sulfonamide, quinolone, and macrolide antibiotics in the Haihe River
basin, China[]]. Environmental Science & Technology, 2011, 45(5) :
1827-1833.

(9] 1) S, AR TLIH, 22, 55 G4l oK op TP A R TS Y
ARTALE)]. FREERFE, 2013, 34(9) :3368-3373.

LU Xing, YU Wei—juan, LAN Ya—qiong, et al. A study on the veteri-
nary antibiotics contamination in groundwater of Jiaxing[J]. Environ-
mental Science, 2013, 34(9) :3368-3373.

[10] Kim S-C, Caelson K. Temporal and spatial trends in the occurrence
of human and veterinary antibiotics in aqueous and river sediment ma-
trices[J]. Environmental Science & Technology, 2007, 41(1) : 50-57.

(0] T, X0 BE, K8 b, 55 R BOK AT R 1L R ST &



438

URIEIRCX ity S 385528

B[] I 3B 5 AR R FCAE A Wy e i o A B 13 [0, PREE R, 2015,
36(10):3918-3925.

DING Jia—li, LIU Rui, ZHENG Wei, et al. Method for simultaneous
determination of 11 veterinary antibiotics in swine gery wastewater
and sludge and its application in biological treatment[J]. Environmen-
tal Science, 2015,36(10) :3918-3925.

[12] S KW, W5, sk EF5, 55 . FEA MK o 24 R AL 2R (Rl NHAG: 5

AR FREE A2, 2017, 36(10) :2147-2154.
CHAI Yu—feng, FENG Yu—qi, ZHANG Yu~—xiu, et al. Optimization of
an analytical method for the simultaneous determinationof 24 antibiot-
ics in swine wastewater|J]. Environmental Chemistry, 2017, 36(10) :
2147-2154.

[13] Wr£0Mf, BLLHE, 450CRE, 45 . MBI 19 02 /K Ab BT 7 T DU 3R R

R S HTAE 2R W MR (D). 2R A8 S AR BRI 41, 2016, 32
(6):978-985.
JIN Hong-mei, HUANG Hong-ying, GUAN Yong-xiang, et al. Char-
acteristics of degradation tetracyclines and sulfonamides during waste-
water treating process in an intensive swine farm[J]. Journal of Ecolo-
gy and Rural Environment, 2016, 32(6) :978-985.

[14] Zhang M, Liu Y S, Zhao J L, et al. Occurrence, fate and mass loadings
of antibiotics in two swine wastewater treatment systems|J|. Science of
the Total Environment, 2018, 639:1421-1431.

(1512 . BB, 8. KU = A X SR g oK Rk R i)
AT BB, 2008, 27(3) :371-374.

JIANG Lei, CHEN Shu-yi, YANG Rong, et al. Occurrence of antibiot-
ics in the aquatic environment of the Changjiang delta, China[J]. Envi-
ronmental Chemistry, 2008, 27(3):371-374.

[16] BRFEmA, & W, Bk B, 45 TLUNE B B SR K IR h T ER
PUERTGRIITE]. 4O IRETR72441, 2010, 29(6) : 1205-1210.
WEI Rui-cheng, GE Feng, CHEN Ming, et al. Pollution of tetracy-
clines from livestock and poultry farms in aquatic environment in Ji-
angsu Province, Chinall]. Journal of Agro — Environment Science,
2010, 29(6) : 1205-1210.

[17] Ben W, Qiang Z, Adams C, et al. Simultaneous determination of sul-
fonamides, tetracyclines and tiamulin in swine wastewater by solid—
phase extraction and liquid chromatography—mass spectrometry[J].
Journal of Chromatography A, 2008, 1202(2) : 173-180.

(18] Bk 2L, BRALKE, B PR, 45 . X SAHRIL Y v T v B RN ER N 70 B

B HPLC 0 J5 32 A9 4 57 (0] b 16 8 B AL, 2005, 35(12)
1004-1007.
CHEN Hong, CHEN Zhang-liu, ZENG Zhen-ling, et al. Development
of HPLC method for determination of enrofloxacin and ciprofloxacin
levels in excrements of chicken and swine[J]. Chinese Journal of Veter-
inary Science and Technology, 2005, 35(12) : 1004-1007.

[19] 7% E. PUPRRISPUER (TCs) FETG P I3 TR AL B R G h i) L BR AT
FWEFED]. 7R AR, 2013,

LI Hui. The study of removal of tetracycline antibiotics (TCs) in the
activated sludge treatment system[D]. Shandong: Shandong Agricultur-
al University, 2013.

[20] Kay P, Blackwell P A, Boxall A. A lysimeter experiment to investigate
the leaching of veterinary antibiotics through a clay soil and comparison
with field data[J]. Environmental Pollution, 2005, 134(2):333-341.

[21]% L, IR, FIRAE, 55 s Kb B PRl e AR R Y
AL B AR, 2008, 53(2) 1 159-164.

CHANG Hong, HU Jian—ying, WANG Le—-zheng, et al. Investigation
and study on sulfonylamine antibiotics in urban sewage treatment
plant[J]. Chinese Science Bulletin, 2008, 53(2) : 159-164.

[22] Gobel A, Mcardell C S, Joss A, et al. Fate of sulfonamides, macro-
lides, and trimethoprim in different wastewater treatment technologies
[J]. Science of the Total Environment, 2007, 372(2/3) :361-371.

[23] Jia A, Wan Y, Xiao Y, et al. Occurrence and fate of quinolone and flu-
oroquinolone antibiotics in a municipal sewage treatment plant[J]. Wa-
ter Research, 2012, 46(2) :387-394.

[24] Okuda T, Yamashita N, Tanaka H, et al. Development of extraction
method of pharmaceuticals and their occurrences found in Japanese
wastewater treatment plants|J]. Environment International, 2009, 35
(5):815-820.

[25] Li B, Zhang T. Biodegradation and adsorption of antibiotics in the ac-
tivated sludge process|J|. Environmental Science & Technology, 2010,
44(9):3468-3473.

[26] 5T MBI OK AL T 2 h i R E S TR ik i

ASMBED]. b3 AR ARIE R, 2016.
LEI Hui-ning. Occurrence, fate and environmental risk assessment of
veterinary antibiotics and heavy metals in typical swine wastewater
treatment processes, China[D]. Shanghai : East China Normal Universi-
ty, 2016.

[27] ZEUH . BB X TR FR 3 MK e A= R 15 YA ik KA AL R R
FE[D]. B B E LA K, 2012,

JIANG Ling - xiao. Pollution characteristics of typical antibiotics in
livestock wastewater from Poyang Lake district and its photocatalytic
degradation[D]. Nanchang: Nanchang Hangkong University, 2012.

[28] HlE—1u1. J5 7K Ak B i Az 3R A3 A B S RV B YD), AR AE <
el K2, 2013.

SHAO Yi-ru. The distribution of antibiotics in wastewater treatment
plant and their effects to biological treatment process[D]. Baoding: Ag-
ricultural University of Hebei, 2013.

[29] 5% %, SR, 6 S5 G K R T 2R B R 2
RO L BRI ST (D). FREETS S 5 B7ia, 2016, 38(2) :75-80.
GUO Jun, ZHANG Ya-lei, ZHOU Xue—fei, et al. Occurrence and re-
moval of fluoroquinolones in municipal sewage: A review[J]. Environ-

mental Pollution & Control, 2016, 38(2) :75-80.



