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Abstract [ Objective ] Membrane fouling is an important limiting condition for the operation of membrane bio-reactor ( MBR)
systems, and membrane cleaning is the main means to suppress membrane fouling and improve water production capacity. This article
aims to improve the quality and operational stability of membrane tank cleaning, and reduce cleaning costs. [ Methods] This paper
took a large-scale fully underground MBR reclaimed wastewater treatment plant (WWTP) in Beijing as an example to analyze the main
factors leading to membrane module fouling and permeability decline in redaimed WWTP. In response to common fouling conditions
such as clogging of aeration pipes, membrane module compaction, inorganic fouling, and organic fouling, the original cleaning
parameters and procedures were optimized and improved. Additionally, a series of novel cleaning and maintenance techniques were
developed. [ Results] After conducting the self-cleaning operation of the aeration system the blockage of the aeration pipe was
significantly alleviated, and the daily decay rate decreased from 18.30 L/(m’+h-MPa) to 6.25 L/(m’-h-MPa) ,while both aeration
uniformity and anti-compaction performance were notably improved. After conducting online sludge removal cleaning, the compaction
situation of the membrane tank was significantly alleviated, and the average permeability rate could be restored to more than 20%. The
higher the water permeability rate before cleaning, the more obvious the recovery effect was. After optimizing the chlorine washing
program, based on ensuring the cleaning effect, sodium hypochlorite could be saved by more than 15%. Building a chemical

circulation system could achieve significant savings in cleaning agents. The establishment of a chemical circulation system not only
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enabled the recycling of cleaning agents and significantly reduces cleaning costs, but also effectively mitigated the impact of residual

chemicals on the biological treatment system. [ Conclusion ]

The membrane fouling control strategies and cleaning method proposed

in this study can effectively enhance the anti-fouling capacity and operational stability of the membrane tanks. These approaches provide

valuable references for similar reclaimed WWTPs to reduce membrane tank cleaning and maintenance costs, as well as improve the

refined management level of MBR systems.

Keywords membrane bioreactor( MBR)

AR N RN [ R 2 50 Fndt 2 % 5 1+
A FAEFRI A 2035 40 5 H AR AEL) (AR« DY
FHRI) ¥ EEG AT M R A A
INERALTT s AASE TR RS [ ) R R 7 I, 256 1A
KT BT AE DX A T ARt DX B RN R 7 oK T A
VKA IR FEAE K IR 3T v o i e A — R A
SR PRI Mt B N HEHEAK T B — R AT B
AkgE

T JUAE T b T ¥ 7K A 3T 5 AR e =AY
o AR i AH DGR A 4 5 W, 42 [ 50% DA b i b 3
5 KA R R A8/ /4R (AAO) sk
RTEENGKAHENEET B 25% 0
AT AR AT R A= 9 B g 2% (MBR) T. 22 4E
HRBEAN T2 LA AAO+MBR” iy 32 % b 3 T
G KA T B KK RS E | 7 Hb T R
AN Bohh fr fE S5 A S0 B R RS
(A TG 15 A2 3 i J2 b |- MBR ﬁﬁiﬂ(r,ﬂiﬁx
[ R — B2 Hoz A7 o B2 b 75 2T i 1Y 3 2 ]

3-5]
I

WL IR TS R R R L5 A P TS Je MC KL B

HE A 5k 32
SUTENE W)Yk

JEEA% A MBRQ}%{L@

ﬁ‘l"/""? ET!I |

membrane fouling chemical cleaning refined management chemicals cycle

T R PR 32 B 2 5 U8 TP i A HL R TS K R

Ca® Mg™ S5 TCHLY) J5 76 155 22 3 181 T 1 32 R 98 I
FLIT L BELL AR H DL TE Ve X AR Y
BRI EIE Y, Y EE U B AR R R
2R T vk ERE IS DR Ay X A e e
R P T e o P 1 247 30) B3R 2 T 8 L PN 114975
Yey S0 BT Uy AR T VA T VR
J R ANARE AR TR RS e 2 R Uk O U X AR
SR — ZR N AV AR T 7K T T R R A B 5 ok 20
AR T AR,

AHEE T o I MBR B K, s =X MBR F4=
IKT FHFAFAE PR 25 D] S 3 4R 10 1] FBL, b 3 XL
RGEOR TR, T5 BN i AR A T2 B b B i
R T MK A TAER R IR % ARG
SRR TE VAR A — R R

Jeatii 4 MBR FAEK) (LAUF AR 3
FRAEK ) 872 F 2016 4F, 4b BEHLAL N 6% 10°
m’/d, FRT 2R AAO+MBR” T2 (I 1) ,i%it
KK BT e OB Y K A 38 T K e ) HE TRObR
EY (DB11/890—2012) B FR1fE AR CELK

MBRH%{TL

=

o

‘(5

b

1 HEAOKTT TR
Fig. 1 Process Flow of a Reclaimed WWTP

M T45 R A=t R — 2, i F A4 K ) MBR
RGER B AR 5 FPAS[FIAEfy 2 B <O 20 i 4
A RIS T IS LA — 220, H A5 B
AR R GIEZE A WG Y ToHLTG Y5 2 Fh i At

— 132 —

O, AR ARy | s ol 3 32 1Y) JRE 2 2835 0k X
FEfEZE 5 MELLSEIIE T8 BRG Ai Ak, HB K F
T MBR FRAEZK) H TR0, T00 5 8 B i —
ARTE 5181748 BRAT Ol R PRI



weook HoR
WATER PURIFICATION TECHNOLOGY

Vol. 44 /No. 5,2025
May 25th, 2025

ARSCEAL MBR R G018 17 08/ B fe b 4 |
PERIE R BRSSO TR AR R
T4 N AEKT MBR RGEHUTG Y IR R 55
BRTAE, B0 T X B U A 2K 42 MR 4 IR
PETE TR (RC) BUAS 3 55— R 51 [n) 8 Ab BB, 7T A
[A25% MBR T 2345 2%

1 ARMERFAZE
1.1 HRIIFH

ARG I H A 60 77 m® 24N

MBR 34 7K) B9 MBR F5t, Bt (R A 4 i3 =X

W, W5 AN I B 5 9 5 AR 7 55, 4 A (B .C.,
D 4 RG], L RFIAN R 15 T m’/d, 22k
FHERAmF LM (PVDF ) A4 51 ) vh 25 £F 2 i, SF- 35 4L
%7 0.08 wm, MR FEER AR
RAEGE TS e A MR 28 LB S B0 1
T KA B | DU % St e 5 o ik v/ )
A B A W AR R I [R) A RS ik, AT B
o SRR JEE B TR IR, X 22 e T LB D) il L 2
R ARG R E BTl E, %K) MBR RAE I
SR 1 PR,

F&1 MBR ARG EZITSHL
Tab.1 Main Design Parameters of MBR System

iH Hitg/ B it B agas
JE 257 - 4 4 1577 (m* - 231) /d, &3 60 J7 m*/d
i3t 36.2 mx6. 1 mx4.0 m 20 Ji/ 25 80 FHEH 250~430 (m® - JEh) /h
HE 2 2% - 16 &/t 1280 & B IBATH N 24.8 m*/h
JIE2H SMM-1520 50 R/ B4l A% 64 000 F BTN 16.0 L/ (m? +h)

1.2 BMEREBEITIR
TR e K H o 4 o I R 3 % AR K
J 7 H s A7k P BT I s A IE U L dE Y R A

AR ME B BN B R A KT B ARG, %R
KT AR B BE AT R RV U AR, Rk R 2
Bz,

F2  BEHE RO
Tab.2 Cleaning Situation of Membrane Tank
g it v RV AR/
EEAGES S FBEALER M 2R A A TR ek 2 560 G /4F
AP vk (MC) 200~300 mg/T KABRHN,3 min JIZY,2 min #'E,5 min 558 fHEF 3 K 9 760 Y/ 4E
RC APk FAEEIRE R 1.000~3 000 me/ L F U SR AN 320 R/AF:
FRVE LM CR 1. 0% ~ 1. 5% WA RTR 160 IR/4F

DR, ] 2 Eas A T e Pk | AR GRS S et
3T MBR RGE AL g ia T AR L i,
2 #BREITR
2.1 BSEZEZEREMAR

HHT, VF 2 AR KT 5t e <R 40 R FH 28 LI
SEWA, B BEAE LSS S mm 471
RSN 22 ) S g <, e Ak B b e B, 4=
IKTHE 52 Brag 17 2k B v S 3045 58 4 1 R KK
MBR RS LW IER G IRIRERE F 8T, 59 Kk
A A TS TRl FERE RS BRI IE O, YRR IS %E
B, ASARTC IV AR 15 7 2% 1T, 3 SO Al 485 R
PR BB RN, R AR K s
i B 2k 2 R R A T R RS I 3, 12T TR AN
P R AN T AR IR I 2 gl ad i rp &

T O 22 W 5 | P E IS T S KK R

REAR H RIS AT B rp R A I FE AR S
PXS I FEME A W ALK, FE AR KT E A &
Gyt F T & R RS AR (AC) ThEE (K
2), B AEmE R R BARE N RS AL E Ik
RS OC PRI, 45 8% N TSR AR TN AETE
23R, T TR PR P A 3 T A A e
SR WA SRR, SN 5 K E ARSI EE
X AE K T e BT G AT R i 3T TR IS
0T, SRV 26 225 /< BT I A P A s 7K HE
W AN R R HEAT 10~ 20 YR, DT SE B S B
FENLE TR,

SRR AC B TR A M H H e
WRYBIG I RS LA 5~ 10 d #E4T 1 %6 AC TH Uk, B

— 133 —



ERR,H

LI S E
RIU 44T 20 MBR REUHUTS e b 107 SRR 5 90

Vol. 44, No. 5,2025

[

owps |l Wik |
=3 1744

st | e, |l s,
TEI I R sk

TR

t

B2 ACHF
Fig.2 AC Steps

SEHE NN A B2, K 3 R fE#E T AC
TH VR B M A B A W I s D, DAY R I Y
18 A 2o A7 W B 8B AR D 0 4b s 64T AC T
VEERAESS | Bithas 7 RSO M i 25 42 T, n &l 4 R,
H 0% R i 18.30 L/(m”-h - MPa) I />4 6. 25
L/(m’*+-h-MPa) ,

B3 AC iHUERTR BB AR
Fig. 3 Recovery Effect of Aeration Pipe before and after AC

5ok
2000} - Bk
[} [ ] "
T L L
) I n
: v " vt
S 1500} "
= d
o o I}
g . N,
= 1000} whm
£ B
<
8 500
O L
> > o 5 s o
Ca & g Na o o
o o o o e o
N » » » » »
(BF

B4 ACIEVERTE RS KR AL B
Fig.4 Change of Membrane Tank Permeability before
and after AC

2.2 WRABEBRAELRENERAR
M TS RSN R S W RA —E R, MBR
ARGt Tid B TS T e A R Z HT AR

— 134 —

Wt 1247 IR B8 e T et 4 1 Ol , = Eud ok
REJI R AESEA T A 240 el , % 5l AT
B R L RBR IR A R RIARZS Y5 e , LAPRIE R4
AL AR AR . (BB B 4 2 e AL i
IR T RAR B3, B A2 F e B it i el 2 i B
2L AR IR 22 M T A R KK B

A A X AN [ A 473 i 22 A6 0 kB, BB 3 3217 I 1]
AOAE R, 22 A ML 2 12 IO AF 1 [ 3, I 22 3k
T K PERERIZAE T RE (4 3) o MUBGR L T [ 3 2L
R 22 B 2k 1 B T e i i v S By R A i 2 W SR B
L FECUKEM BRI K TP TR, B, 7ECRIE
R R AT VEASCR Mt K BE D TR T, IR R —
AR 1 2k s 2 PN T e A, i 4 i 22 R
R,

R 3 A A B REAG I 45
Tab.3 Test Results of Membrane Performance in
Different Service Period

iz, i FH B/ 4R Wi J3/N FEfbfa/ ()
1 5L 1 6.74 76.9
2 5 2 6.65 77.6
3SR 3 6.26 79. 44
4 G 4 5.04 82.4

FR AR R R B R, FE B MC )
RESERN L FF &t 1 s 7 2 B3 6 2 3 1 A 2355 DR 1Y)
FB, BIZELRBRIBTE VR (DC) . Hoad B e 5538 )5
I S 6 2 6 b e 54 300 ~ 500 mgy/ LAY YR S R
BT A S22 PR A 245 700 DA PR 50 375 ok B 22 3% T £ L
SRMERE G (K S) . AR S ek
1175 U6 #2 il 5, T DA 3 R 75 U 2R T A R
i1t 24 ~72 h BES B T LA AR 45 75
TR T DA 22 3 10 B 7%, 38 BB 25 Bk B 22 3% T AR
2515 IR .

L — B [ s 1T 25, B 22 3% T Bt
G552 KR, HL B 32 17 s ) 2 AR 45 17
BN, 7E253d 24 h DC J, B 22 2% T AR 45 75 8
R BRI FEATS B LB



weook HoR
WATER PURIFICATION TECHNOLOGY

Vol. 44 /No. 5,2025
May 25th, 2025

E5 KRR i

Fig. 5 Water Production and Backwashing Process

FESEAT DC J5 |, Itz K SR A 550 B G i 42 7
R, W 6 FR, Sk BB T AR A KR 1
10 BERSE M5 G2, FE3ET DC Ja, Bt 735732 7K
ARSI 20% L I, FLIE VERTE KR w4
SHE . W VERTIB KR A 1000 L/ (m’ -h - MPa) 22
Y, 7EHEAT DC B UE S K S L 9 7E 30%
TR R AE R 22 AR 25003, T M TS R R TR 22 %
TR R B 2 AN RGP (EPS) (R H K5

T R iR 34 JE I 22 R AL, fE2E 4T DC
Je g K AT LIS BN W AR

1 800 - Wi
1600} | W R B KR

%

1

&

(=3

S
T

1200} S

N
N\
.
\
\
\
\
\
\
\
\

1000
800
600

BIKF/[L-(m*h-MPa)']

400
200

ANy
ALy

®
®)
*®
w
#*
S
£
w
3
oy
F
3
*
£
©
¥
S
£

[ Rt
B 6 DC HiJ A K3 E
Fig.6 Permeability Change before and after DC
2.3 RC 1
K7 MR K IR A AL R R
R T AT R TR A Bl B TS e e B Rk
WE S E] K BRI R

IEFR207K
[—1” }\ﬁ

[ K }——l eS| ]—-[flﬁ/x’zmin }—-Ié’]*’ﬁlSmin]—-l %{Zr"ﬁk]

AEFR207K:

B 7 JiRCIHESF
Fig.7 Original RC Steps

TESEPRTE Ve B v R B, W2 i JA S TR
VIR B A BRI , AN B2 TRIR 2  Ti HL 2
I B 370 8 oty B SR SRR, AR KT o S e
HIHE RS T I TR B 2557 pH 224, 5 RN 4
PR

F 4 RO U A 5 R
Tab. 4 Effect of Aeration on Sodium Hypochlorite

Shy sl G R R ) U SR TR B [R] B ORI R
UFRA ML TS G P T8 DR AR . 7E TR AT S Uk A RS
“AC+DC” VU , biid g U8 BT f DC 5 vk L bR
[ 22 S MR 2575 e , R S VE O & . IFH A Sk
A REHCR INZG SRS min, §HE 10 h” (K 8),
FEIEZS FNTR A B ST FTEE T, 46 6 1 R[],
TR B TR

PEBREVERT T K %4 800 L/ (m’ +h-MPa) 42
A BB A T X IR, Yk R B TR VR A 2 000
mg/ L VG VR R 10 he B BRSSOk A (K 9),

S JO7 B ]/ h HiHE R
0 pHfE=11.2 pH{=11.24
12 pH fE=10.75 pH 8 =9.74
AC+DC K IIES]

<5 min

K

%@Emh——{ iy ’

8 fifbs RC VLT
Fig. 8 Optimized RC Steps

SV T, Bt E Pk S5 F 4B K K 2 1570
L/(m®-h-MPa) , $&FHIE S 96% , AVEILALE , B
S B KRR E 2 1 790 L/ (m? +h-MPa) |
PEFFIEBEN 119% , EZIEH TG WA TV

LA U BRI BE (] 10) |, fAS I SR il B 22
MO T 22 T A LTS 9 S T is g

— 135 —



ERR,H

K44 R MBR 249175

LR COE
e B vk R R 5 ik

Vol. 44, No. 5,2025

1 g0 VA
AR B KR
T1600_77 77777
S 1400} 7
[=™
= 1200
=
£ 1000
= 800
T o0
% 400
200
O 2# 3% 4% Sh ofF TH 8k
[SliE R
(a) FBEALALAT

TPz K3

00 ‘Z%“Zﬁ’ﬁiﬁiﬁﬁ%’% 7
[ 77 77
— 1600f 2 7
§1400-
= 1200}
=
£ 1000f
= 800
*ij 600
% 400
200
OTN4 24 3% 4 # of TH 84
it 2
(b) uktib/m

9 LALHIG HUERCR

Fig. 9 Cleaning Effect before and after Optimization

2200
72000 —=— Ak
550 1 800 —— iR
EP( 1 600
£ 1400
I
§ 1200
§ 1000
® 800
X ool
400F
200 1 1 1 1 1 1
0 2 4 6 8 10
T BERTRI/h
10 V5V R v ik RN R B AR Ak

Fig. 10 Changes of Sodium Hypochlorite Concentration

during Cleaning Process

2.4 BRAFBEAREEEE
SEFAEIKTT MBR R 400 A i XA i B2 2
B2k 1280 &, KRZE B LG, TA RC B
REDR AT AT o 15 VEJE R e v P AT 8 ax— s R i
A2, A SR 2 oS U R RR A BR A% o et VA i
HK IR 2570 B A £l 7 B

400~ 600 mg/ L, FriE R iR AR I 704020 0 0. 4%,
FRAYZ 0 LB HE R 2 A i, s K 0 247003 9%
SEOH VAT R

ke 2R B BRI U RLAS , i A KR
FHPLSAE PR AT OE (18 11) , Bl or = B 1 &
T 1, 58 BH M S M E RS 3
B AT 6, FER IS 4 1k Bl 2 J5 BT g
VAT 46T 4 Fk [T 2 ] A 26 5 03
M JFEERE 2 BT S, 2505
773 AT RC JG TR A 52 R ahi| 2, 1k
2 AT 5, M T 4, TR B E T RC iH
VR T 6, 3 I A SR 24 R MO A I AS
B a3 2 T 3 1ERIE 2 FTF 5 S RA
B 2 HETREA T L B 3 T 6
HEATF —AN L, 52 0% 2 70 7 0 2 R T 552 1

2R IR ZR 40 it o JU , Sk a0 25 24 751 1)
TURRCR , B A K R E 4 88 A5 T R IR I, O R

¥ 4

[5] E 5%

11

Fig. 11

— 136 —

A R G

System of Chemicals Circulation



weook HoR
WATER PURIFICATION TECHNOLOGY

Vol. 44 /No. 5,2025
May 25th, 2025

RC TAE, Hr, 14 2485t R ] 1 500 mg/L KR
BI+1. 5% AR 1 7 ST RC, 34 44 553 1) 24
FITEER 2R G043 BT 14 245 Ve J0E 98 0 4b 72— 5
R B A R PEAT RC, MR LS R A&l 12
FiR o MRS SOk F 4 BRI TE RC £5 95,2
BEMKAE 2 1700 L/ (m*-h-MPa) DL [, 3# 4#/E
I 27 3 e M T B4 52 i) B Y U T T R Y 1
B, ZEAVEAG G BEAE T 0 AR N AR 28 45
T I AR IAS LY g 150 T30 , 70 A IETE e i B 1
AU R RS T M v kA

N\RER ;]
2000 A s
1800 |
— 1600} 7
S 1400}
=

s

.
§ §
B
12 WUERCRRT L
Fig. 12 Comparison of Cleaning Effects

3 it

(1) AR I “ AC+DC+RC” A4S & 15 Uk
ey TE—E B L T MBR RGtisfTil 2
e LR RS e nld 4 T st TRRsE e, AT AC
THUELLE BRI 2880 ] Wb | s AT AR
PE S ESRTE, H % 18,30 L/ (m® +h-MPa) I
/L34 6.25 L/ (m*+h-MPa) , 7E#AT DC J5, Bt P2
BIKERRESIRKE 20% I I, FLIE R RNE K R, Ik
RCRERI] i TEVERTIEZK % 1000 L/ (m®-h-MPa) /&
RIS, 7E AT DC G BRI RS HL 29k 30% o

(2) A AV FEAFAE 250 TR 2 00 s Sk
BB N2 SRR S min, HHE 10 h” | 7ELRIE
FNRE ST RTEE T, Ul D T BRI A 1 24 5
IRTE FEAZSFVIGE IR R S, e is 52 9 IR V5%
RPN PSR RS T VA

(3) BT PR3t T 5K ) B A8 B S 2 —
TR B H S AR B S A i Y
S A VAR, [RIR Al RFREE B Yt T MBR
RGBT A M F i, V57K) Is T HEA

4#

AN EE S A B SEPRE IS T O, A B X ] 2
HREE BEAE S bR | B I AR 5 T 00 AL 1A B s A S i
WS IR 53 DRIEIE# - BER IS DL T, [
B ATHES A IR AL A

&% 3k

(1] ok#, AT, E3, 45 Wi ™At Bl S R R

BT, SikHEK, 2023, 59(3) :39-46, 59.
ZHANG Y, FENG S, WANG Y, et al. Present status and
development trendency of underground water and wastewater
treatment plants[ J]. Water & Wastewater Engineering, 2023, 59
(3):39-46, 59.

[ 2] XIAO K, LIANG S, WANG X M, et al. Current state and
challenges of full-scale membrance bioreactor applications: A
critical review[ J]. Bioresource Technology, 2019, 271, 473 -
481. DOI; 10. 1016/j. biortech. 2018. 09. 061.

[3] BEL, WEL, KB, NRAY N A BLAR R A 16 15 7K
W[ J]. KARFHA, 2020, 46(8): 1-5.

YANG C X, SHI C H, ZHANG X L. Research progress of
membrane bioreactor in rural domestic sewage treatment [ J].
Technology of Water Treatment, 2020, 46(8) . 1-5.

[ 4] ZAHE B4R (MBR) JE MR T 5 B T5 4 9 L HI
LeBERIPFGEL D], 4t #RTLIBRRS:, 2022.

WU M F. Mechanism and control of membrane fouling in
membrane bioreactor under abnormal conditions [ D ]. Jinhua:
Zhejiang Normal University,2022.

[ 5] ASLM M, CHARFI A,LESAGE G, et al. Membrane bioreactors
for wastewater treatment: A review of mechanical cleaning by
scouring agents to control membrane fouling [ J]. Chemical
Engineering Journal, 2017, 307 897-913. DOI: 10. 1016/].
cej. 2016. 08. 14.

[ 6] XU, ¥, kiMieE, 5. MBR 5 REM S50 AR[T].
AR, 2021, 50(10) ; 2834-2839, 2846.

YUANY, LUO L, LU L X, et al. MBR membrane pollution
mitigation and treatment technology [ J]. Applied Chemical
Industry, 2021, 50(10) . 2834-2839, 2846.

[ 7] 844, 4REE, W, 5. REAY RN TR 5 TS
ekt cEERE (1], FREEMY:, 2020, 39(8) : 2154-2165.
DAIJ J, NIU C X, PAN Y, et al. Overview of anaerobic
membrane bioreactors sludge treatment and membrane fouling
control strategies[ J|. Environmental Chemistry, 2020, 39(8) ;
2154-2165.

[ 8] ik, Dbk, ik, 55 BEAEY) SR a% 5 Yo K Wy 5 75 B 0P 9T
PER[J]. BREE TR, 2020, 38(3): 69-75.

GAO F, MA L, HUO T, et al. Research progress on
characterization and control of fouling and in membrane bioreactors

[J]. Environmental Engineering, 2020, 38(3): 69-75.
(T#% 215 W)

— 137 —



weook HoR
WATER PURIFICATION TECHNOLOGY

Vol. 44 /No. 5,2025
May 25th, 2025

[29]

[30]

483.

YANG J H, ZHANG Y W, FU G H, et al. Study on influencing
factors of soil nutrientcontent by mehlich 3 leaching[ J]. Chinese
Journal of Inorganic Analytical Chemistry, 2023,13(5) . 475-
483.

SANTIAGO P, MORENO Y, FERRUS M A J H. Identification
of viable Helicobacter pylori in drinking water supplies by cultural
and molecular techniques [ J]. Helicobacter, 2015, 20 (4):
252-259.

ZERRIR, ARLANI, BS54, 4F. PMA-qPCR J7 v PR RS Il 3 1k
E. coli 0157 . H7 [J]. iRk, 2012, 33(22) ; 217-220.
LICC, YUY G, QIUY, et al. Rapid detection of live E. coli
0157:H7 by PMA-qPCR method[ J]. Food Science, 2012, 33
(22) :217-220.

[31]

[33]

HOLM W V, GHESQUIERE J, BOON N, et al. A viability
quantitative PCR dilemma: Are longer amplicons better? [ J].
Applied and Environmental Microbiology, 2021, 87 (5):
€0265320. DOI; 10. 1128/aem. 02653-20.

CODONY F, DINH-THANH M, AGUSTI G. Key factors for
removing bias in viability PCR-based methods: A review [J].
Current Microbiology, 2020, 77(4) . 682-687.

LI H, XIN H, LI S F. Multiplex PMA-qPCR assay with internal

amplification control for simultaneous detection of Viable
Legionella  pneumophila,  Salmonella  typhimurium,  and
Staphylococcus  aureus  in  environmental — waters [ J].

Environmental Science & Technology, 2015, 49(24) . 14249-
14256.

(EEH 137 W)

(9]

[10]

QILIN L, MENACHEM E. Organic fouling and chemical

cleaning of nanofiltration membranes; Measurements and
mechanisms[ J |. Environmental Science & Technoligy, 2004,
38(17) : 4683-4693.

INGITE. A Wy B g 2 3 T Y5 7K AL B T2 AAIE AT 5 R
FEBFSE[D]. dEat: WK, 2016.

SUN J Y. Energy saving and operation optimization of membrane
bioreactors for municipal wastewater treatment [ D ]. Beijing:

Tsinghua University, 2016.

[11]

[12]

WANG Z W, MA J X, TANG C Y, et al. Membrane cleaning in
membrane bioreactors: A review [ J ]. Journal of Membrane
Science, 2014, 468 276-307.

T, A/0/A-MBR T ZAEBK C/N V57K 5 1875 Y 41 2L 1o
FE[D]. MR W/REE Tl R, 2021.

MA X J. The Preliminary study on low C/N wastewater treatment
and membrane fouling of A/O/A-MBR process [ D]. Harbin;

Harbin Institute of Technology, 2021.

— 215 —



