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B E AEEOKIE B A (hydraulic retention time, HRT) X B A= 4 [ I #% (membrane bioreactor, MBR) {4 2 [N 1Y
TRA R NS Je g, X 22 M AR 15 K AR B T AR B OK AT T R A P 2 47 4 MBR 313750508, 257
KW, EHRT H 6 hBWiFH = 2 12 h L B, HI4 R G4 (extracellular polymeric substances, EPS) H K 43 51 i
TOURL ) B O]V A R A W07 1) (soluble microbial products, SMP) i 5t 1 {5 Jé i) Zeta HL {3 73 A 45 28 i 19 K .
[ RS, EPS Z M &t V5 Yo 2 F0 4l B 1l 30 v IO (IR A R 5, 3k 2 IR 38 ] g o [ 4 S SO A 4 1 3 47 s i)
4i%g . IR E 22 (transmembrane pressure, TMP) AR IS A, B 2 B0 5 Je FEALAY N, 7€ HRT 4 6 h, Gl i 15
L-(m*h)™ . {5 U8 5T W BE 7 4 000 mg-L7' /9 551 F , 1 23 £F 4 30 MBR b 2 A Ak 2 7K T LSR5 45 4 19 TR 45 YRR 1k
FAb PR

KR KRR mrE; BEA Y NS s BETS O WYY AN RE Y

JI65 A 1) [ )V #% (membrane bioreactor, MBR) {24 — i 275 K A FREE R, MHBAL e iG PR I5 8: ,
MBR il 3o i % T o3 125, B IR A R A vk B e SN e 7 TR AR/ |3 08 7 e AT RN B g
IKAK BT AL (H S GeqTh /2 MBR i — 25 & Ji 10 1T A de R BELAT o BB 9 DA o T 4 75 R TR 5
JE N G B B R, e rh U AR Y, BB A 3RS W) (extracellular polymeric substances, EPS)
5y R 9 72 ) (soluble microbial products, SMP) J& MBR F %75 ¥ %, R #E LASPIDOU
4L —¥ie, EPS Fl SMP Z [BfF7E— & WAL R . AUF5RE KW, EPS & & nJ LIRS 505 G iy 48
B BBTISRREE A UL AN EAEN], 2450 RA RGN E T .

RS YA I RIS AR AR S 1L, AL O AR | DR AR AR R0 TN TR R R 1 A Y
AHOG B A 97 32 22 4R vh 7 O PR R BRI B ) B ek s R A R . (BN M Bk, fidk
BRVEAM OB AP £ . FHCITR AR 2, iR &E . /K J1{5 ¥ i) [A] (hydraulic retention
time, HRT), 55 B IS ] . A LGRS, Hrb, HRT #0A N 2 0L MBR 575 34 1 2 4R E 2
B, S EREA ROA T B DA NS R Y RS R], 5 B0% EPS Fl SMP SRR G R PE Y,
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[vi] Bt 5 W0 305 5 8 JIURER B | Zeta FEL(E 5 8 B AR IR A MR TE S B AR (LU, MBR T2 Ab H AT A= Ak
PER A 0I5 K B, 3K HRT(1.2 h) 22 MBR IR A Pk KL G0 AL R [k A AL 25 B oT ik
/N, ARl R4 TR VAR RN T s e A O Rl I, EEXTORRK BT, HRT 2400 s HCE
HZESE, FrLL, X MBR b LR K B HRT #94 Bk BT oE— 45 10353 .

Rk, 2T LRFFIRLs R, AR NERILBA T2 FRE Sy &, &1 X 22 N 3 AR V5 Kk Ak 2
I K K BT R AR TR) B, A EEAL B AE LR K MBR T2, ML R AR G SLIBEIY, MESAT S5
HRT SR & WA ES Bl M 6, UToRE B0 HRT, M52 B MBR I 75 54 Pl i TR R 4
1 #MRl5RE*%
11 XWEF

SEHG KR A 22 M TR AR I T K AL B SEBR I, T4 i DGR - AR A A M R R T
AR, AR OK E A A s SRR R N B R 1 e, /N R R A S
95 L(285 mmx*500 mmx670 mm), A A2 13 L(40 mmx500 mm*x670mm), 7= /K A 32 25 L
(75 mmx500 mmx670 mm), e, JERARLGE SR A B S0 P FLAR 0.05 um, R AR 1 m?,
1217 i = £ 77 0.03 MPa,
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Fig. 1 Flow diagram of experiment
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SRR ECR A Sh ], MBR A KA AR RN RS G247 10 min, 45 2 min) 77K, PPOK R
TAE 4 hJ5 AT LRIE Ko iE, SCVERTIR] S 3 min, JRGE & & 15 L-(m™h) o 5250 i 8 45 ) 8
(20£1) °C, pH N 7.0~7.5. N 7% %¢ HRT %} MBR & F N AYIR 5 MO PE o A A% 3R DL R i e 1) 3
M, ARG C AR SR AT SN, g YIRS WA RN AR TR AR, SB)E T 6. 81 12 h T H %
HRT X MBR (Y5200, R4z 47 o 2 v Je Jon v B A PR FRTE 4 000 mg L' A2 45
13 _5HhE%

LA (total nitrogen, TN) . LB (total phosphorus, TP), fb2: 7% % & (chemical oxygen demand, COD),
2 % (ammonia nitrogen, NH;-N) Fl B 55 5% F 7K 1R 7K W i 43 A7 7 i ) R B a8 B9 b o B e
EPS 3 49 ¥ 5l 25 1 i 4138 454 (loosely bound EPS, LB-EPS) il [# %5 1 ifd 41 £ B8 ¥ (tightly bound EPS,
TB-EPS), ¥R FIASRIBOE SR I, 2208 R YRR -4 R bE okl i, 25 1 R LOWRY 2, H
Ha 4366 BE T8 I JE AT UV-2800A 8 4h-11 W64 e e B3

EPS 731 it i R /N i 5 HE LC20 BEG 2 3 (3% #E A7 3R AL, ZLAPMG15 I & 8 J Niolet IS10 ff HL
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LT AR TEAY (S EJR & 2w/ Mg, ¥5 Pe ki A2 I 5 {4 ] Mastersizer 2000 3L B A3 (55 [F L5 7R SC
5 w)), Zeta BN AE i F Zetasizer Nano ZS90 {3 (32 [FI FE 8K A w]),  Zb B2 2 ff ] NDJ-1 e 5% 3 B2
T GRYNFE RS 2% =AU FRA ), TMP @ i 1128 RFRAE .
2 #HR518
2.1 HRT X7k 7k B

%4 T A HRT 04 F MBRIZATK AR fL, &5 2R3 1. W3k 134, B HRT 80,
COD. TP 5B it /K B E AR 3 5, (H TN B KRR EEE 6 h 5 8 h IFAR(EAS K. 2 HRT A 6 h
B, K COD. TP Al B (% %50 (8 e Ik, 431 o4 29.0 mg'L™'. 0.22 mg'L™" Al 0.9 NTU., i &
HRT ZEK:, K iis Ye iy o et vk B W A 18 55 o X T B2 TRl HRT W IE K, IR BT L2 K
F2 1 SMP &tk G IS K b oA LAY o v B LB 2 BT, b R T A 30 RT BE s e
A O, X 2 X RS Yl 2 B Al A s U0, R K K B SR ARSI R # — 2 A K JSHE AR I

%= 1 7[E HRT T MBR i# H 7k 7k R
Table 1 Water quality of inlet and outlet of MBR at different HRTs

HAbK BT R BT i i B/ (mg- L")

HRT/h HEK P EE/NTU Bk EE/NTU
#KCOD  {iKCOD  #EKTP HKTP HEKTN HIKTN
6 72.6£2.00  29.2+3.00  1333+0.22  0.2240.45 - 24.84+0.719  18.216+3.21 13.432+1.43 0.9+2.31
8 73354025 35.2+£3.00 1.373+0.12  0.404+0.44 = 25443141 24.178+3.22 13.432+1.32 1.242.34
12 73.120.50  40.8+4.40  1.405+0.14  0.438+£0.40  25.717+1.33  24.219+1.09 13.803+0.95 3.5+1.50

2.2 HRT M ERE =S 20950
HE 20, Y4 HRT A 6hi}, FEfrifalE, 7Eis17 27 d 555 0.03 MPa, Bfi HRT %) 7t

B Ras AT B ) R, 80 TMP PR 3 0.035

KL T DI T B T5 3 R B 3 A T 3 O
IR P R 5 Y R E A, ooas| S
B2 R e BL AR i 0> 7S EPS R < ool R ..
A8 et B e T S A - PR R, % 4 2 oors A
R 75 DR RE PR A Y, (R A = ol . ..

B T TS g ) AR R PR NS X gy, oons | A‘ i
TB-EPS Jfy % %5 Wt 5 7E 40 L BE i R R 59, . ____““::".",:

LB-EPS 2 L JB M s 5 0 0 10 25 40 I A7 76 T T e e
HEERSOEERE Y, I SMP 2 TEGUEY AT

o figp 5 SRR oA P i ot AR = AR . A 3 A E 2 7F[E HRT | TMP 254k
8 bR 2 5 i RS YL ) B R A . Fig.2 TMP changes at different HRTs

Rl , K&l T AS[E] HRT(6. 8 A1 12 h) T SMP., LB-EPS Fl TB-EPS % w [ A5 1k, 45 Rl 3 f1
4 . ®E 38 0L, SMP. LB-EPS 1 TB-EPS {45 1iF W Wi g i 28 fL AL, H HRT Mok, =
1) 45 AU A AT U 5 BE 8 1 . L TB-EPS 11 W AL U 5 BE K T SMIP (%) W ic e 5% 2 . 7E EPS 1Y FTIR Stk
3300~3 500 cm™ Zb B T 6N—H 5 O—H k8! "), [FAF7E 1 020~1 120 em™" &b 1 B 2 R BEHY
C—O—C R 4Rz 1416 cm™ BT H B CH, 4 PR3N, 1050~1 650 cm™ Ay 25 15 0K 8 X5 17 1)
IR shE, 7E 613.62 cm™ Ab () W IS UG 36 B A 2 DU s iR S fL S 1)

m & 4 AT LAE H, EPS W EZ N 2 b, [RIEF7E TB-EPS & A &#B4r & M, 1 SMP ) 2,
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Fig. 3 FTIR of microorganism metabolites at different HRTs

SrNZRE, EHEEWMA . BE 4 AT, SMP & & FiE HRT (UG T2 8- ETHE %, X 57 1t
FERURAR—EW, HRT 2 12 h B ) SMP 7 BE 21 6 h B35 it 78.29% A A o =N, FERIE—
SEHEKEFFYBHTER T, 4 HRT BT, 52N a5 RE 5 03 B A 8 T W) 50, AELTR] IR A ] A & A= 9 TR
PO 1M A A= SMP Y SR AL, SMP 24 5 i 52 1 THiE 3, HRT 4 12 h (5 1) SMP 24 5 i 22 1L 6 h i
FE R 80% Ay o X R T RN AR IEATIEA, A W BRI RE ) TR, IR K B IERE X
FERMMO T, SMP 2R AR R SMP HEH iE 2% EIHES, HRT 12 h itf SMP
HEABEEZEL 6 h i FEE i 502 mgg ' X2 PR GIEATER, 75 REAR 0 2 I A& il
AT, SECAIRFEMZ B, SMP HhiE A B REEVE MR E I IHAE, ik, A& EI .

FH 4] 4(b) FIE] 4(c) AT UL, LB-EPS o1 2 4 FAR 1 B4 &t bl HRT 34 0 &2 %6 LA T RE#a s, TB-
EPS " Z Wl & & Ffi 5 HRT BGRB8 & SRR ORI AN S o 3k g2l TR BE A S DA 1Y 12
1, WUV AW B AEACEIE R, ARSI NS £, AT R RIS SR KT R S ZOR EPS 2 A A
AR B IE AR IR A . 10 H, EPS 5 SMP Z (A7 7E M T A6 Ak . W BRES  me B f e R Y,
BHACTE NI N 20 . NSRS RS I, AL Je L EPS AR N AR W B FR R IR, IRt
SMP Jij Ay fc 322 1 T e R 2
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Fig. 4 Distributions of microorganism metabolites at different HRTs

2.3 HRT 3 K8 A= h Uk B0 2 F R E 57 Fo R =2 1l

Kz 7 AS[E] HRT ' SMP. LB-EPS 5 TB-EPS H UKL (14 3+ B 43 A o HH &l S AT, EPS
WKL) 2250 A 7E 2~30 kDa, X 5 LIN S (R 45 AR . 45 R ok, 7EA R HRT T, SMP,
LB-EPS 5 TB-EPS =3 i UKL Y (1) 43 o1 it 43 A1 22 BEAS [m] 1) 22 Ak ta 35, SMP H Ji0kE ) 1) 3+ o 1
I3 A% HRT WA 3%, 1 HRT %} LB-EPS 5 TB-EPS 1 ik: 4 14 43 1 i 40 i 5 Ak B B3
EH . X HRT ¥4 % 8 h, 4rFJiiit7E 6 kDa DL AR 5 LUBEAR, 2 F 0 i 7F 6~10 kDa 119 UKL YY)
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07 FL 298 20%, [FJ I TB-EPS 1 H 3 30% 22 47 () 43 F it &2 7E 10~30 kDa () kL4 ; 24 HRT By 12 h
i, 7 F i 7E 6~10 kDa (UK ) 4 HLIEAR R & A48k, 4> F BB 7E 6 kDa DL (1 JURE 9 o HL R
%2 30%, [FIE 20+ Bt 7E 10~30 kDa B0 (5 LU K 30% 247 . A RB, KoaFRaEy i
Xof RS Y i SR B Y, g A EaRSCIR R, BT LAEEY HRT #6178 8 h LAWY .
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Fig. 5 Distribution of macromolecular particulate matter of microbial metabolites at different HRTs
2.4 HRT XRE& KPS
1) HRT X ¥5 Je R0 42 A 5% 0 . /1 11 6 7 JAL 5 g
3 HRT 1247 T, 5 JRRAR 70 A0 1 2B R AL St

BT L 95 UK B A 4 0.4-200 . Bl B 1

HRT (MR, TR AP TS TR 1 5 B 7 e 116 S S0

R VIR N T 10 1 B0 B DA :

X BB e ) Fi 3 ORI 40 07, R R T e R f

PR, 5 VR IOR LR R R, YRR B g

FLBRERARBL 1A, Y544 K 4 HRT H 6 h ’ e o
8 hEf, 5K AR/ T 10 pm MY & L5351 A B/ um

14.46% F1 16.51%; T >4 HRT & 12 h i, 51 6 SRKESH

BLAZ/NTF 10 um 19 5 H Ol 48.7%., X & H T Fig. 6 Distribution of sludge particle size
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HAERY Zeta BALIEADCRY, {H 55 JERH 7 A7 AH S,

M IE 8 AT, HRT 6 hit, IBRAWMEE M, REFFE 6~6.5Pas; BE HRT WIEK, BE
W EEEEREAR, XS HRT O 12 h B, RGBT RAR, H 5~5.25Pass, XA HE/EH TIk HRT {2 22
REHK, NI SEFEREY, b EE 22 EME RS, Wl SEOR A WREER &,
PRI, 86 15 T DA T S5 BT 5 YK B T e 1) i R
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Effect of hydraulic retention time on MBR membrane fouling
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Abstract  In order to investigate the effects of hydraulic residence time (HRT) on the mixed liquid
characteristics and membrane fouling in a membrane bioreactor (MBR) system, an immersive hollow fiber MBR
was used to conduct field experiments treating the biochemical tail water from a wastewater treatment plant in
Lanzhou. The results showed that the proportion of macromolecular mass particulate matter in extracellular
polymeric substances (EPS), concentration of soluble microbial products(SMP) and Zeta potential distribution of
sludge increased gradually when HRT increased from 6 hours to 12 hours. At the same time, the decreasing
trends occurred for the concentration of EPS polysaccharide, sludge particle size and viscosity, and their
combined effects led to the reduction of the running time and the rapid increase of the transmembrane pressure
(TMP), finally the process of membrane fouling was accelerated.. Good mixed liquid characteristics and
treatment effect were obtained when the biochemical tail water was treated by hollow fiber MBR under the
conditions of HRT of 6 hours, membrane flux of 15 L:(m*-h)-' and sludge mass concentration of 4 000 mg-L™".

Keywords hydraulic retention time; membrane bioreactor; membrane fouling; soluble microbial products;

extracellular polymeric substance
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