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Abstract: The large-scale equipment applied in membrane fouling in the membrane
bioreactor systems were discussed, which include fluorescence excitation-emission
matrix spectrophotometer, contact angle measurement instrument, atomic force
microscopy, Zeta potential analyzer, Fourier transform infrared spectrometer and
scanning electron microscope. The useful information is analyzed while the equipment
applied in membrane fouling.

Key words: Large-scale equipment; Membrane bioreactor systems; Membrane fouling

Received: 2019-07-22; Accepted: 2019-08-19; Published: 2019-09-03

V&SI Lo, R4S, BN, F REESEAEREMRNSESSLRAR CANA )] MESHER,
2019, 1 (1) : 1-10.
https://doi.org/10.35534/er.0101001


http://www.sciscanpub.com

REWYSBHEREY R NZSRTRIAR LHIN A

KIS FENE A ) I g i 5 34
WF5E L% i

ok AR BERr BKT PMR'T HRET B85

LR g RBERFF R, 7w
2. WRBAFHFERFHFFRRIURARAR, 8

VR

OE. AIRAT S RANBEERAYR B BT LR LA, Xk
BB O3 = KA. BARAM B, RT H DML, Zeta WAL, ML
ot SRR R R T AL, AT T 3B K B AT R S AT 3 89
ARS8

KR RAMNE; BAMREE; BT

Wk B . 2019-07-22; sEFHHES: 2019-08-19; & FEHI: 2019-09-03

Copyright © 2019 by author(s) and SciScan Publishing Limited.
This article is licensed under a Creative Commons Attribution-NonCommercial 4.0
International License.

https://creativecommons.org/licenses/by-nc/4.0/

https://doi.org/10.35534/er.0101001 www.sciscanpub.com/journals/er


https://creativecommons.org/licenses/by-nc/4.0/%20
https://creativecommons.org/licenses/by-nc/4.0/%20

REWYSBHEREY R NZSRTRIAR LHIN A

1 3§

H £ I A B IR B . K BRI 2 | LS ST 4 ) ™ F o 29 T 3R A
SV AT RS R . WK BT . KR AR M T 5 /KGR T IR B AL S, i
IR AR E, SCBUK AP BSOEIR R, BN AR BRESR TT B K 2 A i — Sk ik
1] AN #% MBR ( Membrane Bioreactor ) [HELA 2B f g5 . 77 U6
HARGEOLA, ORI R, W B2 K MR, B 5 K gt
ARG FARTZE (2] (3] 0 SR, MBR & 17 H BREL {4 ) ¥ Y ) 10y
BT RMAEHE R A BRI (4] (5] o AREES. BOBIEY, =5
MBR A& T FYE, X FE— 0 MBR T2 097 Akt fe, 223k [ H 25
il K BN FE AL B T E A IS

20 20 90 AR LK, B EDh TR A S rRHEAERE Sy, AR R
FRRM AR S AHAE, TR T B RN R E AR R
1%, JEHJE R RR A G TR B BB B . PRI, ZERM RIS sh
BRSO BB S W R 23 15 % ~ 40 %, E5i, ik U/R% T,
YIFAAL 1) 68.14 % . AL2E210 74.16 % AR #2421 90.10 % HITFRRER,
P i B 45 PO [ AR B2 A SRR RS L 1 o 811, = A 2 4] B R A4 X
FELR AT RKIEAT . H T WU o BRI B B 9 K BRI 5% B [ B
TRATH (6| .

ARSCNEF LA TAESRR, %t MBR 5 YR 78 7 2 18 FA I KA SR AT

2 SN

= AT — Fh i DG 58 B2 [ P B A A R R S AR A G 5
AR, AT =4EOE F AR Ao O RIFoR . SOEH N AR, SRRt
O R RSP, BIORC AR SHEAC R AN S AR, A5 R R
BT — AR = AP OERIE T, R A SR ISCR & S
FEREIEIEIX X — il X R A — A Y B A . X o — Rl A m]

www.sciscanpub.com/journals/er https://doi.org/10.35534/er.0101001



A REWYSBHEREY R NZSRTRIAR LHIN A

RERINAR R P G R oy, SF R AR B R B RN AE Rk P ) B, St
WP SRR ZES . BT 3D BRI Bk T KOs B[R] RO R AR
SHNCR AR O, DR RE S 03 Lo LS L1 A R] 20 50 1 B SE B AL
R [7

SRR [ 8 | M =4E0OUEER A A A it b 2 R Y (EPS) 1Y
REOT RN RI458, EPSE NS R FEY 2 —, BRSAEHR. 20
IR , AT AE—RE R B MU SRS AT RS AR A B e i 42,
DA E FIr e 42 05 52 AR T = HE9OWEE a0 B, M ek ik i
BT AN E = 4EPOC S R E BTG XA sy, 12 H T i i Al
EPS s, ik, @Hravaoseah AUV EPS YL Al .

3 EZMAMEM. FFHERE Zeta AN

A 0y B0 o P SR S P ) (SMP) S BB S Y ) — S B E
FIHT, EASM%T MBR H SMP s Y [a] 8 i I 5% i Ak T LA SE SR AR 1 9)
G B, FEAE ST SR R 30 A X B AT U Y A% 2 S I B AT 2R 4
Br, B PEHERSETS e AL, R SR T SR R AT . H T Bl D Bl e
TR UE S 3, TSR Ae A B id e, Rk, 38 A DGR
s LIS B I Ry BE il i3 TR IR 5 FUE AL~ 58 S XDLVO #ig, 48
5% MBR H' SMP 575 YL LB, A2 SMP f875 Y pLEE 09 AL BB IR IR &R, R
MBR H1 SMP 75 G BRGe i) — et AR, T H XDLVO BRI i 06 251 S0 £ 1>
Bhr: FEflAA A Zeta HLA

e fuh A7y SR HEAE— [ AR ACE 100 — R0, [ ARSR T A W K=
A G gk A SR A R R A P R SRR e A L e T A A Ak A
T Ak A U0 SIS o T A3 2 D SV R T A e Ay, D
TR B BRI M o 2SS BRI 12t 25 PR AT 25 Rl R 3 Ak £ o 35 =X
ARTHE . HERE S (R ) | Felgik . A A TR 62 1
Ak, EeMmilidiamEo < 0 < 180°

FECAA R ) ke £ S R AE IS T B /K M ) BE B, e e A 00 9 v e 1

4 O

https://doi.org/10.35534/er.0101001 www.sciscanpub.com/journals/er



REWYSBHEREY R NZSRTRIAR LHIN A s

Fez g KM SRR FHAE SMP TS e nd A v )2 S o 2 £ 0
FERFESL R0, R ORI AR AR ( MBR i FH I ok / BB AR ) 3%
TET 14) 5 ik A — P SO R AUE I PR AR M A5 Ay T o I T AEL RS 5 %o o o 0 1
S, e Gk /R R SO A [ (EL 3 TH - (4 BB 3 | AN R Ry
Wy, RSB ARG 0z o e 00 0 5 B fh A 1) S ) (2
AT T, ST RRE B S R A A DC R . RS AR ) WA (atomic
force microscope, AFM ) SCMFEHEYI LRSS, S HRE 7 KRS B2 S5 #5119
FIFRKZFR, T Wenzel Model Fl Cassie Model £ TEREAR B X2 il £ 02 ) 400,
B T A A AR

S KRS B TSI AFM 2 —Fh T HIHIE T A4 46 2% 7R P9 1) [ 4b R 2 i
SERG AT AR o 30 2o AR 5 282 1 AN T RURR T =2 i) %) D P A EL A P
TI KA 5 9 I P 2 T 235 K BT o 65— X B 55 3 i i A R ) A B — i i
IS T N ARBE R i, KB R S AR AR, VR R AR R R
AR AR SGE SRS R A AR . RS, AR AR A X e AR A, 5T Ak
HER MR R, NI LAGUR R R ARG R A5 . B R R R
MO | U B R IR B Wi S SR S R L (R AT A Y
JE PR TP EERAE . R MU R G A . MR B
] FH B T8 P ARSI A R A YR BSOS L . T IA SR R, Y
A5 R 5 78T B A B2 I AE AR A AR AR LT T, RN R T 3RAS R i R T
P BGIRGPEEIG . X T B R ARR AL AR EIR, AFM W2
HEFLIE ) =R EUG, [RIET, AFM RSN S0 LA TSR0 8, R T XA it (A ]
RRORAL B, 3BEO T AL B AE S Sl AN PTG 1 05 . R IR) LT A T A
SES FIBITIMRELR,, AFM 765 TR T 2 7R ARIE T H T DL R4 TAE.
TEFIIETT 2500, W LARDRIFSAED A, H B E A,

Zeta LA MM HLENHLNL ( ¢ - HL0E ) , ZAEBIVIIE (Shear Plane ) HLA,
SRR 2 o) A B HE R a5 | ) 5 B i B i, R R AE AR I R e M
LEAENR. T AR SR A far TR S | R R S5 B, X RS B 7 T
B A HCR S S A TR BN )2 . AREE Stern BUHL 2 HHE RDEE XL 22434

www.sciscanpub.com/journals/er https://doi.org/10.35534/er.0101001



. REWYSBHEREY R NZSRTRIAR LHIN A

PRy, B Stern EFYBUZ . MR TFESMGNERT, Stern E 59 8UZ
R A AR B B Ay T B T RO B U0 TE, AL HLSL BDREFR A Zeta HLf . Zeta
BLHT Zeta HOALACINAS o s T H 2 AT, SR ARp A ot R — o R A VA TR
B A R AREE T, B 1mol/L i NaOH =% HC1 [ 3, =X R pH
{H B Zeta HLA{E

LA, ENAMYRHIF A BT MBR H SMP 75 e B EAT T )32 i 52
WE, B — 2 RS AR T R E R R E R, M
SIRT TR, % SMP TS Yt B i B S YA K TR T . 20
FEgEERR (9] 1101 [11] [12] o @40t SMP 5 AR BRALPE T (i
Zeta BT AIBRKPE ) | AR RS Je it B i A8k, HED HE SMP 5 B8R L ]
MEZA B/ CAng ) MoK EAER ), JFRB TS pH EARTE N B
FXF SMP BRETSRIER [ 130 [14] [15] [16] [17],

EEMNIEIE R Amy E. Childress | 18 | HEZ AR E s 3 F XDLVO
HEWRE T AR RS Y G . BRINBHIF A 51 S. Rosenberger [ 19 | 45 A
MIWFFELE RN, MBR iy SMP 5 A4y BT HA AU IS etk BT, R AR
RIS YA TR, B, 1 XDLVO FISf#HT SMP f55 YL i 4 A — 2 i Al
fiiE. Liang #1 Zhang [ 20 | 22308 F XDLVO B Lm0 FH AL 62 o G
FEATT IS BEIR A RS LB, RS T W R B Bt R . SR B ESdlE W] XDLVO 3
WA LLG BRI S FE R 5 = SO 35 IR R HE] B AR LS, IR E S A BT Y1
Ty, I KM BRI B IR RS B R i E R

4 EILMETIM BN

21516 (Infrared Spectra ) JZ 872 73T 2B A T TR RAEARA
WL TS g s B P EATRAR, AT A E R Y AL A
SEELIAT, ANITHREMTZ AR R Z5HE . £LAMGIE DL s 8O M AR by . AR
BSHA B AR A B PR BT R AN A B BT A 281 ) S R £ A M 2 15 ) ORE LA R 3%
SEOEY/ NS ¥ 2 B7a) V-SSR N iR S o K £ EAR Y 2 1B i
Yy LL A1 A S0 F2 IR T 00 Jo At P A S L X ey o P R A P 21

-y}

¥

https://doi.org/10.35534/er.0101001 www.sciscanpub.com/journals/er



REWYSBHEREY R NZSRTRIAR LHIN A ;

HMIER AT 4O, WA RILLAMRISOGIE . R 1A B LA BURN S5 R TR E Y
WA WLLINOERS, BR—F k. s FIZMOEREE TR
BARLL M TG UE: DU 37 AR 46 0 FE R 1 . 2SR TR e ol 6 43
O, MR TR RIS EL, R P AR Sk DL (] 4 728 2 1 3 [ A8 46
RIS AR e TS R ST LD RS (FTIR ) A7 AR R — IR fiap e
KB, SEGREAELL, S LLAMETE R A P R R AR S PR
SERp . B E AR AR AR TR ER, Bl S B S B
FNLT MR o XS AR R KA 58 T 204N FHAUSR,, i A2 A R 4 % e
FEAET Y RER . SRR AR KOR I SE T 2L 1 g R 4

INEEE [ 21 | AF AR FTIR 347 DA 91 SOy s o BT e 25 rh S B B Ak
ZHEVERT, AR RS R — A 2 IR R AR AE R i . 3600—3100 em™ 4k
— TR, R O-H FZRHR SN, 2934 em™ A AGISCIE AR C—H 5 PR3,
1725 em™ BRI 32 202 C=0 S0P RIR S, 1638 em™ &bk —OH (145 il 4z )
WU, 1383 em™ AbAYIRIAIE ) C-N RN N-H R IRsI5 S, 1247 em™ 20 MHR
RO, 1051 em™ AbAYIRISIE N B BEA S AR B 5 S, 890 em™ AbJTHHIEML
Welde, RIS B - BURTSE, 530 em™ AYMRIIESE: CCO ARJEHRS), M 3422 em™ 4b
HH IR S e D 58 W 7 T G J2 R B A D Wl 43 Z TR U

5 PAHEBFERE

F TR (SEM) A 0 75 5 MG WA A R TR A,
YRRy el LA N B i = STV P O A A R BT R T <i0F 12 L (2R VA S i A
Fovp 2R RN A R TG, T A B AT ASRIBORE A A B Aoyt
BUEE, WES. Anl. SiRai . Braim MmN g simiin s, FR
ANTE R BRI 2, PRI AT LA SEE . AnXd R B AU R AR,
AR P BHOIE S5 s X < FERARAE , RIS R~ B A S

SEM A Sy — il il B F- B TS YT 5, 0 ISR 575 S i A RRAIE B
WAL . FNIEE [ 21 | S AJRAE W) SR v BT S J2 B DB B 5 YRR AR
FeMash B2l il € AERE AR 5 1, WIS, SR Quanta—200 140 HL B L H:

www.sciscanpub.com/journals/er https://doi.org/10.35534/er.0101001



REWYSBHEREY R NZSRTRIAR LHIN A

POMESH . 75 1200 150, 288007 BA IR s ity 220 Bk kiR,
AT A 2B, 731 B R E B R ] AN ) A 4 7 U AR ) — L
BOR L BRIREATAT 7 SR MIEEES G . S5 B LD TS R, ZEHREY
R EIBTBURER L (K Ryl e 2 e LT RS 7 N ERe ik e SN (S T e}
TG RE R 25 454, — BRI R AT, W o) O s e SR B A B, 8
TERER I BBEIR)Z , M TREAYERIZ IO R, X R i = AR RS

6 Zip

He RIS FH 2 MBR 75 405 AT 5 1, ek iR 75 R LAY TR AIAIR,
P e — 2D IR TS Y O, LAl AR TR TR U B 22 ek L RRE i,
MBR FOHE) PR R e AR, S = B 4 il ik SR pL

E&WmAE

W 448 A2 @ B B i 035 H (2019B24, 2013A04-04, 2017A04-03,
2018B26, 2018B44) .

&% 3Bk

[ 1] Ottenhall A E, HNlergard J, Ek M K. Water purification using functionalized
cellulosic fibers with non-leaching bacteria adsorbing properties [ J ] .
Environmental Science & Technology, 2017, 51 (13) : 7616-7623.
https://doi.org/10.1021/acs.est.7b01153

(2] BE4E, Mo S5 . BEAE ) RO g 7T KA B i F s S 0 [ M ] . dEst.
e Tl i AL, 2002.

[3] Maza—Marquez P, Vilchez—Vargas R, Gonzilez—Martinez A, et al. Assessing
the abundance of fungal populations in a full-scale membrane bioreactor ( MBR)
treating urban wastewater by using quantitative PCR ( qPCR) [ J ] . Journal of
Environmental Management, 2018, 223: 1-8.
https://doi.org/10.1016/j.jenvman.2018.05.093

https://doi.org/10.35534/er.0101001 www.sciscanpub.com/journals/er


https://doi.org/10.1021/acs.est.7b01153
https://doi.org/10.1016/j.jenvman.2018.05.093

REWYSBHEREY R NZSRTRIAR LHIN A

[ 4] lorhemen O T, Hamza R A, Tay J H. Membrane fouling control in membrane
bioreactors ( MBRs) using granular materials [ J ] . Bioresour Technol, 2017,
240: 9-24. https://doi.org/10.1016/j.biortech.2017.03.005
[5] Chen Z, Xiao T, Hu D, et al. The performance and membrane fouling rate
of a pilot—scale anaerobic membrane bioreactor for treating antibiotic solvent
wastewater under different cross flow velocity [ J ] . Water Research, 2018,
135: 288. https://doi.org/10.1016/j.watres.2018.02.027
[6] Bbeds, RESFIN . RBUR A AR Bt IR 5 O BRI SR X st se (U] .
PURIITE R 224 ( ASRRESERR ), 2009, 5: 191-194.
[ 7] Xue S, Zhao Q, WeilL, et al. Fluorescence spectroscopic studies of the effect of
granular activated carbon adsorption on structural properties of dissolved organic
matter fractions [ J ] . Frontiers of Environmental Science & Engineering,
2012, 6 (6) : 784-796. https://doi.org/10.1007/s11783-012-0436-5
[ 8] misml, SP@fk, MR, 55 . —ZE9O0tikss &b it m s 2 %
YIsEBOE (1] . BhsEflss, 2008, 27: 662-668.
[9 ] Kimura K, Yamato N, Yamamura H, et al. Membrane fouling in pilot—
scale membrane bioreactors ( MBRs) treating municipal wastewater [ J ] .
Environmental Science & Technology, 2005, 39: 6293-6299.
https://doi.org/10.1021/es0502425
[ 10 ] Jarusutthirak C, Amy G. Role of soluble microbial products ( SMP)
in membrane fouling and flux decline [ J ] . Environmental Science &
Technology, 2006, 40: 969-974. https://doi.org/10.1021/es050987a

(1] E55, ZE2ZM5, TR, %5 . AP-MBR ZbBRIAE K FRA8 R K P GE MBS e
(1] . ERERE, 2018, 38 (5) @ 162-168.

[12] Meng F, Zhang H, YangF, et al. Characterization of cake layer in submerged
membrane bioreactor [ J ] . Environmental Science & Technology, 2007,
41: 4065-4070. https://doi.org/10.1021/es062208b

[13] B30, KigF . AR SHE 7 RAEY) RO a2 mabt et [1] . 1k

www.sciscanpub.com/journals/er https://doi.org/10.35534/er.0101001


https://doi.org/10.1016/j.biortech.2017.03.005
https://doi.org/10.1016/j.watres.2018.02.027
https://doi.org/10.1007/s11783-012-0436-5
https://doi.org/10.1021/es0502425
https://doi.org/10.1021/es050987a
https://doi.org/10.1021/es062208b

0 REWYSBHEREY R NZSRTRIAR LHIN A

iR, 2017, 80 (4) : 356-360.

[14] Ng HY, Tan T W, Ong S L. Membrane fouling of submerged membrane
bioreactors: impact of mean cell residence time and the contributing factors [ J ] .
Environmental Science & Technology, 2006, 40: 2706-2713.
https://doi.org/10.1021/es0516155

[ 15 ] Liang S, Liu C, Song L. Soluble microbial products in membrane bioreactor
operation: behaviors, characteristics, and fouling potential [T]. Water
Research, 2007, 41: 95-101. https://doi.org/10.1016/j.watres.2006.10.008

[ 16 ] Lyko S, Al-Halbouni D, Wintgens T, et al. Polymeric compounds in activated
sludge supernatant characterisation and retention mechanisms at a full-scale
municipal membrane bioreactor [ J | . Water Research, 2007, 41: 3894-
3902. https://doi.org/10.1016/j.watres.2007.06.012

[17 ] Liang S, Zhao Y, Liu C, et al. Effect of solution chemistry on the fouling
potential of dissolved organic matter in membrane bioreactor systems [ J ] .
Journal of Membrane Science, 2008, 310: 503-511.
https://doi.org/10.1016/j.memsci.2007.11.026

[ 18 ] Brant J A, Childress A E. Assessing short-range membrane—colloid interactions
using surface energetics [ J ] . Journal of Membrane Science, 2003, 203:
257-273. https://doi.org/10.1016/S0376-7388(02)00014-5

[ 19 ] Rosenberger S, Laabs C, Lesjean B, et al. Impact of colloidal and soluble
organic material on membrane performance in membrane bioreactors for
municipal wastewater treatment [ J] . Water Research, 2006, 40: 710-720.
https://doi.org/10.1016/j.watres.2005.11.028

[ 20 | Liang S, Zhang J. Analysis of Humic Acid Fouling of Reverse Osmosis
Membranes Using Surface Energetics [ C ] . Beijing: 5th IWA Specialised
Membrane Technology Conference for Water and Wastewater Treatment, 2009.

[21 ] 9N R, 25505, 4, 55 . ARV AS 1S Yo )2 A 2 WM S 5
YRRAE [T] . BRBERI5H0R, 2008, 31: 99-102.

https://doi.org/10.35534/er.0101001 www.sciscanpub.com/journals/er


https://doi.org/10.1021/es0516155
https://doi.org/10.1016/j.watres.2006.10.008
https://doi.org/10.1016/j.watres.2007.06.012
https://doi.org/10.1016/j.memsci.2007.11.026
https://doi.org/10.1016/S0376-7388%2802%2900014-5
https://doi.org/10.1016/j.watres.2005.11.028

