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Performance of an Intermittent Aeration Membrane Bioreactor for Removal of

Veterinary Antibiotics from Piggery Wastewater

DING Jia-li'*, LIU Rui' ", ZHENG Wei', SONG Xiao-yan', YU Wei-juan’, YE Zhao-xia’, CHEN Lii-jun'" ,
ZHANG Yong-ming’

(1. Zhejiang Provincial Key Laboratory of Water Science and Technology, Department of Environment, Yangtze Delta Region Institute

of Tsinghua University in Zhejiang, Jiaxing 314006, China; 2. School of Environment, Tsinghua University, Beijing 100084, China;
3. Jiaxing Environmental Protection Monitoring Station, Jiaxing 314000, China; 4. College of Life and Environmental Science,
Shanghai Normal University, Shanghai 200234, China)

Abstract: The removal performance of 11 veterinary antibiotics in piggery wastewater and their accumulation in the activated sludge
were studied in an intermittent aeration membrane bioreactor (IAMBR) at different COD/TN ratios and organic loads. The results
showed that both antibiotics and chemical oxygen demand (COD) were efficiently removed at hydraulic retention time ( HRT) of no
less than five days and COD/TN ratio of 2. 1, the removal rate was (79.1 +0.7) % for total antibiotics and was (88.4 +1.4)% for
COD. As HRT was shortened to three days, the removal rate of COD was little changed but the removal rate of total antibiotics was
significantly decreased. As COD/TN decreased from 2. 1 to 0.7, the removal rate of total antibiotics was little changed, but the COD
removal rate was significantly decreased. Antibiotics of tetracycline and quinolone species kept accumulating in the sludge at long SRT,
and the accumulation amount was decreased with shorter SRT. The concentration and composition of antibiotic in the sludge were
influenced by the raw wastewater.

Key words : antibiotics ; membrane bioreactor; piggery wastewater; sludge adsorption; biodegradation
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SURIE | B T HIRENE | B R | LR AL
FHENERERDNEIL 9% . 70% . 68% . 61% F
86% , Ik CAS Wy R F R & T 15% ~ 42%.
Radjenovic %58 408 MBR XU VD & | sl e P e
ML RN LR R 555 R 60.5% . 67.5% Fl
94. 0% , MAHR Y CAS ZBRFAUN 23.8% | 55. 6%
F123.8%.

NN i R = W G Y/ A A
(intermittent aeration membrane bioreactor, IAMBR )
WPEFERE TR , L — ST R N A G ROA
BR i 22 SERE , 7 VL i P i BT i R 2L B 2R, I
M SE PR RE A S AE FO RS Ak, 51550 A0 T2
FHEE , 20 A 0025 A AL AN SRS A6 T AT 24 25% IS,
REAE A 40% A AT HILAR VR, H 35 29 K & 0 Tl
KU R, TAMBR X T % 55 T8 WA R A LA
RAWE = IR, AEG R A0 T2 B A& H
PE L ARSI AL ZE R COD AL R B 48 - I 4R
S RY v N - g N B AR el |
(HRT) . y5J2#% (SRT) FlgE/K COD/TN 4544 F /K AH
G U AT 11 A HBUE R0 &R, 3T Tk
W 3 ANEZR XS K AR R L BRACE TG e R
MIFZIR. BFRES R B TE N 254 48 MBR LBR$TE
RIHLE], BlF o0 BERE SR 2 R H BUK Bi5 4
MREA R bR b A: RIS Y B T2 A At
PSR AE.

1 #R5EFEE

1.1 JEsKoKE

TR R A TR G R K 2 IR R T I A B
ISR, R A& AR AR N IR B IR EEDTVE f5
g A VB Rt K. R [ MR 45 T K
FE S —KREBLZ T 1 ~80 d {1, # ALK RN T .
COD A7(1210 £391) mg-L™", 2 &~ (1022 +268)
mg-L~" B N (1529 £175) mg-L™' ,pH N 7.8 ~
8. 1,88 (L CaCO, 1) 44200 ~6 000 mg-L~". %
THEKEEBEIZ T 81 ~ 193 d i, HOHLK RN R,
COD K (1060 +278) mg-L~", A% M (977 +312)
mg-L~" B N (1336 £292) mg-L™' ,pH N 7.8 ~
8.3, HlE (L) CaCO; i) 45 600 ~6 500 mg-L~".
1.2 ke & faRA

RS TAMBR AN N B FEAR S5, @ 25 cm
X 40 em, HRAEMIS L. HE 1 FBERRIE
(PVDF) Pl 5 ( H A =32 i BH bk =X 24t A 2508 1fi
FLO. 1 m?  BEALAR 0.1 wm). R JH AT 4 #2328 45

a B K IR BER 2 s TT A,
B4R 12 h, BARE 78R, #EK 10
min —JCHES, 55 min —#ES 90 min —i##F/K 4 min —
TCHER 45 min —MES, 100 min —##F7K 4 min —>TCHE
K50 min —#EX 95 min —#F/K 2 min > JCHER 55
min —#E< 40 min —BES | B UE 1K 120 min. I
RGP A IB AT AR ST X COD R AU =5
R EBRTSH T REEXHUAE R LR Tk
PRUF. A A HGETR 1 B S 0 A SR A
TS AL S5 55 1, 7T fiE 23 Lh B4l ) 44
b PRI B  (bi A R B

i K 4 2 SR i 2 5 ( BT100- 2] % %5 I 3
B RE ZARE IR A BRA T 5 BB BRI
AWEN 0.5 ~2.0 mg-L™"; ANEES BB o4
Podk (JJ-1 M ks, L AeR SEIn 25 b A B
NE]) L HRH2 000 remin T ISR PR RR K IR R
29 ~32C.

FeR5Ue B A 5% 24T BRAT5 K M S MLSS
6300 mg-L~". 3547193 d, 50k 3 AT, 81T
kg 1 pros. T 1(1 ~62 d) ,HRT =7 d,SRT
=62 d, KRR TE W E K, K ki k COD/TN
B AR 0.7, B, COD | 2 A M S AL 2 FRL R
fir ¥ A%, 4 B A 015, 0.13 F1 0.21
kg+(m’-d) ", T 2(63 ~93 d),HRT =5 d,SRT
=93 d, fEHIK AN 4R, fHiEK COD/TN £ 5
F 2.1, Ik o T 00 1 Hp PRAs IS AN 20 5 30
TSR BRI 15 R AR IR R, A, COD 1Y
KRAam I @me T 1 4 f5E4, N 0.63
kge (m’-d) ~", T 2 AR R 25 B 4 0 ok
0.11 kg+(m’+d) ~', 0.28 kg-(m’-d) ~". T./% 3(94
~193 d) ,HRT 4 3 d,SRT 4 30 ~40 d, 7E#E/K 4k
SLRINCR4ME COD/TN Jy 2. 1. i}, COD (%
R | 2 R R0 25 R g A A (] i 1 3
K, 2054 1.07,0.19 F10. 44 kg+(m’-d) =", 351
TE5534 54, 62,70, 93, 176, 184 d BURENI K K
A5 A R
1.3 PiERSHHH Sk

HRAE RIS R ) e T 11 AR R
TERTFFR X, 4 A AH R (TC), &% &R
(CTC) . £FZE(OTC) | #SIF R (DC) | fif i H
W (SMX) | fisiffie —HIBEIE (SMD) | BRI TR (CIP) |
R AR (NOR) . BUEY B (ENR) . FBRKER
(TYL) . BLEE(RTM). I Hitk Zhnik i 4
H #%E Dr. Ehrenstorfer GmbH 2\ 7).
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Table 1~ Operational conditions
WiH T 1 T8 2 T4 3
BT REd 1~62 63 ~93 94 ~193
HRT/d 7 5 3
SRT/d 62 93 30 ~40
Kk COD/TN 0.7 2.1 2.1
K COD/mg-1L~! 1101 £216 3152 +159 3326 313
HEKE A/ mg- L~ 920 159 530 219 578 + 188
K A/ mg- 1! 1483 =114 1388 +194 1317 £308
COD #R A/ kg (m® -d) ! 0.15 0.63 1.07
HAABBNH kg (m? -d) ™! 0.13 0.11 0.19
BAEAB M kg (m? -d) 7! 0.21 0.28 0.44
Heve 1 AHEVe B AT R TSI RERR AR R SR TSI K [ BHEDE

PR e & B A Rk BE Iy 278 3
BRL 14, 15, Ao AT AR A% H- o AT €3 e K o i
7 (SPE-HPLC-MS/MS) . Ht 20 mL JE/K# B 10 1%,
HIA 0.2 g EDTA 44, fifi Ji] 10% HEh AR H 45 pH N
4.0. KHEHHUA R AT Oasis HLB £ (6 cc/200
mg , 5 [ Waters B A FD) &R, R 2 ~3
. ESE/KAE HLB HEE 25 T 10 min, f
JEH S mL BRI BEE. B 0.2 g VR T m9i5 e ke
ai, S 4 R AR EE I 1 mg- L AR AUAR TR
A W ( thiabendazole-d,
ciprofloxacin-dg , erythromycin-"C-d, , i1 5= K Toronto
Research Chemicals 23 7)) 200 pL. #SA5 mL $#£H
ZZPV(HBE, 0.1 M Y EDTA $9IR TR | AT g 2%
MR (pH =4) RFRLL 235000 3:1:2) il i i Bl
ﬁm(ﬁ[{%ﬁﬁ{ﬁi 1 min, #75 15 min, .0 5 min
(3500 r-min~") JUSCAE L0, A 3 K. AIFRY L
THWR B 22 200 mL, il A 0.2 g EDTA 4 J2 i J]
10% HIERIR AT pH S~ 4. 0. 2B 3 SAX-HLB
%Eﬂiﬁigf‘ﬁiﬁﬁ*ﬁ?ﬁﬁﬁ%‘? S, PR AP R
N2 ~3 mLemin". J:m:ﬂdi,ﬁl‘iﬁ SAX *5(3
mL/200 mg, % [E Thermo Fisher Scienticfic o]
HLB H: 45 T4 10 min 5, FH 5 mL H EEZ18 VeI
JEE K AT U8 Y A 28 B O AR 2 0. 1 mL A2
IR YY) Simatone ( 5€ B Accustandard 23 &) )
J5 B EE 2. BRI T 2 mL AR /)
i, 18 32 HPLC-MS/MS ( Waters 2695 4 ¥ 41 4 i
1')( Waters TQ Detector 7 53k = 8 PU 2% FT i 15 1%)
HEAT e PEAE 53 A, (3 A B3 19 20 B S E S IR
SCHR[ 15 ].
L4 HRUKBHE bRk
WHUK BE RS COD ., ZA .
Z: BRSCHR i s o D7 i 16].

mL+min -

sulfamethoxazole-d, |

+ B ) 53 B
MLSS W%EE L7l

FE. pH RHE#E pH 11 (HM-30P, H 4 DKK-TOC
3] 5 IR DO {ER FHE#52L DO { (DO-31P,
HZA DKK-TOC 2~#]). HEE, M5 A @ iEal, EDTA
AR . AR NI B Al TR AN R Ak
afi 8 KR Milli-Q 7K.

2 ZR5itie

2.1 IAMBR "5 e B A8 1k K Hooh i HLTs ey i

TH0 1 A2, T i5 A PL A s AR AL, Rt
RIS PR IR AR A, (H R S g i v ) ¥ e Wk BEATS SR AN
WK ISR E 3 T 5.8 ~8.0 g- L' 2Z[A]. T4 3
PR AL G 15 VR B A e, HEVRff SRT
Y% % 30 ~40 d,MLSS 4EFF7E(7.6 £2.1)g-L ™",

3 Fh TR IAMBR XF COD Y2 B 50R K 22
TR 1 s, T 1 B9 COD LR H AT
EL, (61,0 £20.3)% , T 2 B COD ERERRaE
7E(88.4+1.4)% ,Iiﬂ 3 ) COD LBpFEift—H I
FFE(91.7 £1.5)% . BAMBRMEBRFAETH
1 ﬁztbiﬁ?fﬁ&,%%ﬂ%(m.é +16.4)% F1(28.0
20.0)% ; T.002 BF B2 (87.7 £9.8) % F1(86.5
+8.6)% ; .00 3 BN R FEZ (57.9 +26. 2)% %u
(61.4+21.0)%. T.BL2 &MFFIE T X COD,

100 1.6 —

1.2

0.8

—— CODERE |,

—e— CODFBUALAF |

1 L 1 1 1 1 1 0

62 78 98 124 138 153 167 188
BT R M

LG ke (m-d)”

7 24 40

1 IAMBR # COD HEM AR ERE
Fig. 1 Volumetric loads and removal rates of COD in IAMBR
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RARAIX 3 Pl FK BTHE bR 4 [F] 25 = 8 25 B
2.2 KPR LR
2.2.1 PUERMERR

3 AL K A R A AR AL IRl 2 B
R, HR T 1 BRI 3 Wk, T 2 AT 3 4%
SRR PR, 80 d i o FH £ — Jtt YR 4 11 Ji
K, R34, 54,62, 70 d KIS B APl & R E
PEmHERANK, N 42.9 ~46.5 pg-L7'; 80 ~
184 d A L UCRAE R UK, Pk R B IE R
RHZENAK, H21.3~29.1 pg-L7". FrEHAEE
OO R A, G R DR 34% ~
75%. T 1 F1T80 2 #EKLL DC AT TC k3=, &Y
HEERE R 89% ~94% ; 1 T8 3 sk N LA
OTC F1 CTC &, H A RE LT EM 61% ~
62% . FEKHE R R PTA F A R AR TR £,
PLSMD hF, PR BB 17% ~33%. Wi
KPR A RHES = ENR, CIP, NOR (& %

50

VT BAAN A B HETE 1.0 ~4.3 pg-L7' 2. K
WERZE BT A4 B & B />, TYL K e i ARG, i
RTM 7E &AM rh B R4

TH 1 ~3 FIEW P A FR By R B 2 0
5.9~7.1,.8.9~10.9 f112.0 ~18.9 pg-L~"; it
W R IA S 7 5 = ol R 71 S \WERA G E 2
Iy HFES.1~9.0,4.9~9.3 F110.6 ~20.5 pg-L~"'
Z 1), JEA R VR X B AR 2 25 BR A DTmRAR /).

R LN TR N 71 2 b SR A B AR o N N €
6.3~7.8 mg-(m’-d) 'ZME. TH1FMIH?2 T
PUAERM LBRRE G, 30 (85.2 £4.0)% M
(79.1+0.7)% ; T 3 Pk R EBRFRRM, H
F(28.4+24.6)%. MMARUL, TR AR L
AR U RS A R, TO0 1 FTA 2
TARAR Y L BRACR AR E . A TR 2SR K N
BRASPUAE R T K & i B, BRI ot 25 I 38 R %t
BARH SR,

40 +

)
=
T

HelE/ugL™!

20 F

g
==

% B ¥
8 E =
54

K
thk

o il

® E
34

& 2

RTM TYL ONOR M CIP
HMENR HSMX ESMD [OCTC
OOTC MmTC W DC

FEEIEE B R I
HE Z|HE I(DNE F|NE =
4 i g 4
70 93 176 184

BT R

Bk, WA EERPRERNRE

Fig. 2 Variations of antibiotic concentrations in the influent, effluent and supernatant

2.2.2 PR ERIHE

e Tt 2 51003, T 3 A4/ /) HRT
) COD ZRFR M. I T 2 ~3 i COD
EBRAR BRI HJE T 00 3 Pk R LBRRE T
2 R R, X R HRT A (8 s b
TR LA R L BRSCR. AR A
L, 35 e AT LA AT S R AR A LA 1) 22 BR AR
McAdam 257 W5 Sz BRI 1 75 V8 9 b B e 3
ST Y st 5 v B8 BIL4 Ao S5 R R T
Y BE W K R 0 A28, Carranza-Diaz 5" BF9T & 90
N T b A PR T 95 7K B 458 8 B4 A BIL A 97 A 2
SRRV IR | A& 2% . 2584 WUy A 55 11 F
MEANIT P LR EAEYIEIRR N, 5
e Rz 5EE RN A= P I A R A R H A ML S R i

FEEA . AU R A A P — AT
IR ST VR W IS A R i B R A
L fr i i, e R 5 HA A LAY T REAE 7
SR Se g AR MR AR AT Oy, S2E R B AR R 2
Wit FE = A R FIS2 . Conkle 28122 BIF9Y % 0 )5 7K
TRy 3 BRI BUAE R (RNYD R | AR AR
WD B ) 78 N TS M A B b 7E A 3 W 3R AT
A Khanal 257 % BHMESBLER 0% BR300 ki LA, 5
HAbAG YL (TOC) KA T sa PR TA.

A T 1A T80 2, & 3K ik A L X COD
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