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Abstract: The typical low-C/N municipal wastewater (COD, ammonia, total nitrogen of 258.1, 30.5, 36.8mg/L) in South China was
treated by membrane aerated biofilm reactor (MABR) process. By means of synchronously reducing hydraulic retention time (HRT)
and increasing aeration pressure, the results showed that effluent COD met the discharge standard of level I class B, and effluent
ammonia and total nitrogen met the discharge standard of level I class A at the individual HRT and selected aeration pressure
combinations of 24h and 5kPa, 12h and 7kPa, 8h and 8kPa, 6h and 10kPa, 4h and 12kPa. The maximum surface and volume load
removal of COD, ammonia nitrogen, total nitrogen achieved 19.2, 2.26, 2.53g/(m>-d) and 1.6, 0.19, 0.21g/(L-d), respectively, which
showed significantly better performance of MABR than conventional biofilm and activated sludge processes. Oxygen transfer
characterization showed that biofilm significantly enhanced the oxygen transfer rate (19.5~40.6g0./(m>d)), oxygen transfer
efficiency (30.9%~59.8%) and aeration efficiency (34.2~48.3kgO,/kWh) of the investigated hollow fiber aeration membrane,
implying the autonomous respiration of biofilm (i.e., automatically withdrawing the oxygen demand via aeration membrane to match
the oxygen consumption caused by the influent load of ammonia nitrogen and COD). Thus, there is a significant potential for
reducing pollution, carbon emission, energy consumption and cost for municipal wastewater treatment via MABR coupling
intermittent aeration, synchronous coagulation, periodical detachment of excessive thick outer biofilm, adjustment of aeration flow
and inlet/outlet pressure of membrane module to match the pollutants load.

Key words: MABR; low-C/N municipal wastewater; simultaneous nitrification and denitrification; oxygen transfer rate; oxygen

transfer efficiency; aeration efficiency
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Fig.2 Variations of COD and ammonia concentrations with reaction time in MABR at different HRT and selected aeration pressure
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Fig.3 Removals of COD and nitrogen in continuous MABR

operation at different HRT and selected aeration pressure
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Fig.4 Load removals of COD, ammonia nitrogen and total nitrogen in continuous MABR operation at different HRT and selected

aeration pressure

a.COD; b. & &;c. BA

2.3 T YRR B AL JBURE I

HE S A0 B BT AEIE A SR 2 3
KOS O 10~15kPay HS R B #N
BRSNS Oy AT SV Wasty/)| ¥ I (o
B LIS IR RN R A P I e AR
A 40.6/16.420,/(m*d) )5 2 8.4/8.9kPa LA
PRI, SR W T ARG SR G 1 [ A R - — g T e
YUAERE 10 AUE ZE5N, E B /N DR T2 3
HH 10 R 8 R i 1, S P R A 8 PN P38 T K,
T 355 AL 238 2 1 52 1, PR PR /<O o K I %, 3t
T3 SR R T AR 50N o — 7 T A A ) <
JEZERR, F B TR RTS8 0k
PN (FE A 3 OkPa)it B fF, b I R 55 % PN 134 e
AR NN PS LA S i N R T8 N E = R Y
DA 455 B B T 25 e, B 1T e o A B R A /N B i
TR0 T A W I N e R AR Y R 25 I 1)
HE R B3 54 60/19mL/min A1 56/24mL/min. [X]

IE 6 FHREE MABRATAE SR IR A AR Y <
H 22 A4S R AL R B e

i 55 IS A AP 3 0 10 22 R 3 K R A
FURE R RORAE A T R4 T 1 BB/
S B PR IE 1 2 0N B PR s R R S
375 It BT I DR Bl ) K DR I AU B A
KA TTAEDESAT T s B RN 59.8%/
25.9%. 5 48U B 80 % AR, IR A 1) DR DR 5 B0 A i
SR R 2 IR K I B (1 T B R A
B ITCEDBE AT T 2 SN R a3 A TG AR ) s
FAF T B AR 48.3/19.7kgO,/kWh. 2555
AR SR BOR AR SBCR B RS2 A3t H
A 2 (AR AR B0, AR BTF 5 B FH v 22 21 4 gt /<
(1) fe Lt H 1< s 224 8kPa Ze 4.

RV 3 A Sk TGV B R AR A BT M e A
R SCHR P e 2 P Bl U R s AT Al G AR )
(D175 YO0 13 R AR AR 5 85 7% A L TG AR A0 8% 1) e



4292 A

45 %%

A A A I P R IR AR R T RS R
VBSR4 3 32 1 81.8%~201.8% + 130.6%~
225.3%K1 145.2%~217.7%,UF 2 LW A E S B
5 1R v W M P A A Bk R, LML A TR A
ML) 1) RS I A= 0 b B 4 2 8 e ok A 0 AR 1
I P T U FE A A, T SO ARUBER T AL T — R
VS AR SRR S RS DT B 0 43 7 480 AAIBE Js P )
P HCRSMU A= ) R HE B 0, e 5% b 2 i A AR A% T
R RE. AR WIS MR JEC ) A7 ey R YO0 ok g R 4
e 7 B 48, B 3 e LRI ST AR
M A AR 0 R S T BB K 4 E R I B AR

L2 T N 2 A e T e W 5 [ B
40.6g0,/(m*d). 59.8% 1 48.3kgO,/kWh, & - 4H 5%
MABR #3825 th Al £ 8 LA A 0 B <
PREOT AT I 22 K AL 0.5m, 3 ik T kA
PR 2~dm, — MBS 22 K P K A AR R PN 11
5% A ] b A I 3 o IS B R N A I DY 1)
St 22 DRI 8 Ak 5 1 P 4 A% TRk e AR T
AW ST TR A V5 K AR B T 3 B RE SR A
MABR  $145 1t 5 48 A Jo 30 B R R 3% 8 42 e AR 1 <
L S D RN i, N T B K A EE R
KL 1 RE R RETES ).

Y [oxETE a1 oxEmE B C
A s sk g -
% 10 [[OHED ° . g0 |[OBHEM Z 40 o0
= ™Y = & o
S 30 ° ® ¥oe o @ Q30
i ® ° " o0 =
® 10 lg Byl & W20 0
- o o 0° g S °e ¥ 2 © o0 oo
o o D o0
oo o ¥*2%9 o 0 00 o4 B
0 - - 0 — 0 NE—
6 7 8 9 10 6 7 8 9 10 6 7 8 9 10
JE4R #HBh O SR (kPa) JE4H fHh KO SR (kPa) JE4H fHBHB O SR (kPa)

5 A/ AAE R s 2T YRR U A AR U e
Fig.5 Oxygen transfer rate, oxygen transfer efficiency and aeration efficiency of hollow fiber aeration membrane with and without
biofilm
a. AR A, b, SMHBRCE, c B UAE ¢

3 HiRGEW

3.1 MABR &b P 52 bR % B BT B K AR
HRT(4~24h) AL B <k 7 (5~12kPa) 4544, Hi K
COD i /& —2% B bl R EFSAA 2% A b
#fE,COD MR A 2R T & — WM EH ) J12%,COD.
SR IR B i 2 B A T AN AR A7 43 i) ik 3
19.2,2.26, 2.53g/(m*d)#1 1.6, 0.19, 0.21g/(L-d).

3.2 AR TG 2 B, AT AR P L ) v A A g
FERRAL AR IR R 25 5.2~10kPa 451 R4
M AR R R R s B 19.5~
40.620,/(m*d). 30.9%~59.8%. 34.2~48.3kgO,/kWh,
AR EE TS 2E D s 43 ) 3 2 81.8%~201.8% 130.6%~
225.3%- 145.2%~217.7%,% & AA G W) G4 5200
(A P RSA R 8 2 i v T R B I A S .
3.3 W THEE MABR, B BR PGS G 7t AL 1
PR PF S R bk T R R T
COD 71 faf AR A i 48, USCH od M ) 3 7 vh 284

e g LA DR S s e i 2 MR R AU 1R
Je 87 i 24 3K, AR 5 o o ML A B i3
WA 9%, i UOH I S ik g 0

3.4 X MABR MEELIETEY) BRIEHCRAT IR R AL,
SRVSUR ] TV U om A A= Bl B0 SR 2 R e
BRI T B AR R R T, DSRS0 55 7
RG2S TE A X S s T B K A AE /D
SR X AR PR R B [ AT LA I i, 2 R [ 2 Vi
JREEDTE B JE T 2 R B IR LR

S X 3R

[1] Cao Y S, Tang J G, Henze M, et al. The leakage of sewer systems and
the impact on the 'black and odorous water bodies’ and WWTPs in
China [J]. Water Science and Technology, 2019,79:334-341.

[2] GB 18918-2002 LTS5 /KALFE) V5 YW HEHbRUE [s].
GB 18918-2002 Discharge standard of pollutants for municipal
wastewater treatment plant [S].

31 F BUAENELE AR E LK AAO V5 /K b B T (R IiE AT
[7]. HEFERE, 2022,42(11):5088-5099.
Zhou Z, Li H B, Wang Y, et al. Research on low—carbon operation



VL 22k,

MABR AbHMIK C/N 785 7K I BRI M A A AR A3 e

4293

[4]

[5]

(6]

(71

(8]

[l

[10]

(1]

[12]

[13]

[14]

[15]

mode in AAO-based wastewater treatment plants with low C/N
influent [J]. China Environmental Science, 2022,42(11):5088-5099.

Li J, Wang Z W, Wang Y Y. Integrating membrane aerated biofilm
reactors with biological nitrogen removal processes: A new paradigm
for achieving sustainable wastewater treatment plants [J]. Chemical
Engineering Journal, 2023,475:146025.

I B 98, 2 DR, 1 300 i 25 g A MR S 7 4 A B A 358 ¥ 7K FD
FPERERTFCHERE [J]. FREEE Y514, 2023,45(12):1716-1723.
Chen Y M, Qin Q D, Xie Y L, et al. Research progress of membrane
aerated biofilm reactor for nitrogen removal from domestic wastewater
[J]. Environmental Pollution & Control, 2023,45(12):1716-1723.

Li J G Feng M B, Zheng S K, et al. The membrane aerated biofilm
reactor for nitrogen removal of wastewater treatment: Principles,
performances, and nitrous oxide emissions [J]. Chemical Engineering
Journal, 2023,460:141693.

Houweling D, Daigger G T. Intensifying activated sludge using
media-supported biofilms [M]. New York: CRC Press, 2019.8
JEPEUR Y R SO AR AR A IR S NS AE VS KT s
R (7], TR E 2 KHEEK, 2020,36(17):1-5.

Long Z B, Luo M, Ma W C, et al. Application of membrane aerated
biofilm reactor in upgrading of wastewater treatment plant [J]. China
Water & Wastewater, 2020,36(17):1-5.

HOAH VPR HIE T MABR HOR KA Kb 1 3 bR s
PR 0] TolkaKARER, 2021,41(10):22-27.

Shi Y, Xu DY, Tang Y P, et al. Membrane—aerated biofilm reactor and
its application in upgrading of sewage treatment plant [J]. Industrial
Water Treatment, 2021,41(10):22-27.

Uri—Carreno N, Nielsen P H, Gernaey K V, et al. The effects of low
oxidation-reduction potential on the performance of full-scale hybrid
membrane—aerated biofilm reactors [J]. Chemical Engineering Journal,
2023,451:138917.

Lakshminarasimm N, Parker W. Long-term monitoring reveals
improvements in nitrogen removal and energy efficiency with MABR
upgrade at full scale [J]. Journal of Water Process Engineering, 2025,
70:106945.

Pellicer-Nache C, Domingo-Felez C, Lackner S, et al. Microbial
activity catalyzes oxygen transfer in membrane—aerated nitritating
biofilm reactors [J]. Journal of Membrane Science, 2013,446:465-471.
Zhang L Q, Jiang X, Rong H W, et al. Exploring carbon and nitrogen
removal capacity of membrane aerated biofilm reactor for low-
strength municipal wastewater treatment [J]. Environmental Science:
Water Research & Technology, 2022,8:280-289.

Teo C W. Unified theory and model for anaerobic hydrolysis in
municipal wastewater treatment: review of enzymological aspects and
hydrolysis assessments [J]. Journal of Environmental Engineering,
2016,142(10):04016041.

Wei C H, Zhai X Y, Jiang Y D, et al. Simultaneous carbon, nitrogen
and phosphorus removal in sequencing batch membrane aerated
biofilm reactor with biofilm thickness control via air scouring aided by

computational fluid dynamics [J]. Bioresource Technology, 2024,

[1e]

[17

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

EE R o

409:131267.

Zeng M, Yang J F, Wang H T, et al. Application of a composite
membrane aerated biofilm with controllable biofilm thickness in
nitrogen Journal of Chemical Technology and
Biotechnology, 2020,95(3):875-884.

TR0, A U, 00 22 DL, S D LR IR LR RIS IR (3],
FIFREIRI, 2024,44(7):3867-3878.

Zhai X Y, Wei C H, Guo Q Q, et al. Research progress on biofilm
aerated biofilm [J]. China
Environmental Science, 2024,44(7):3867-3878.

Siagian U W R, Friatnasary D L, Khoiruddin K, et al. Membrane-

removal [J].

thickness control in membrane

aerated biofilm reactor (MABR): recent advances and challenges [J].
Reviews in Chemical Engineering, 2024,40(1):93-122.

Agbewornu K C D, Adyel T M, Zhai J. Optimizing nitrogen removal
in a hybrid oxidation ditch [J]. Journal of Environmental Chemical
Engineering, 2021,9(4):105443.

HICIE, Y] B.A/O-MBBR T ZACFRAE 1G5 K ML g R R BESE ) [0].
rhE PR, 2022,42(5):2120-2128.

Lai Y H, Liu M. Performance and microbial community of anoxic/
oxic-moving bed biofilm reactor (A/O-MBBR) process treating
domestic sewage [J]. China Environmental Science, 2022,42(5):
2120-2128.

CHEN R F, Zhou Y. Measure microbial activity driven oxygen transfer
in membrane aerated biofilm reactor from side [J].

Environmental Research, 2021, 195:110845.

supply

Veleva I, Van Weert W, Van Belzen N, et al. Petrochemical condensate
treatment by membrane aerated biofilm reactors: A pilot study [J].
Chemical Engineering Journal, 2022,428:131013.

B, ESESF A L AE S MABR 21AE W) RRE A0 B T 05 7K 1)
MNAWFE [0]. T ESKHEK, 2022,38(11):74-78.

Chen J, Wang G P, Shi W, et al. Application of single stage MABR
pure biofilm for the treatment of municipal wastewater [J]. China
Water & Wastewater, 2022,38(11):74-78.

Wang L S, Zhang C C, Liu Y C, et al. Establishing mainstream partial
nitrification in the membrane aerated biofilm reactor by limiting the
oxygen concentration in the biofilm [J]. Water Research, 2024,261:
121984.

Campo G, Cerutti A, Zanetti M, et al. Membrane aerated biological
reactors (MABRs) to enhance the biological treatment process at a
WWTP [J]. Journal of Environmental Management, 2024,371:122921.
Adel M, Shaalan M R, Kamal R M, et al. A comparative study of
impeller aerators configurations [J]. Alexandria Engineering Journal,
2019,58(4):1431-1438.

Li E, Zeng X Y. Evaluating the performance of fine bubble diffused
aeration systems in cylindrical aeration tanks by fuzzy c-means

algorithm [J]. Water Science and Technology, 2021,84(2):404-419.

4(1996-), 5 -1 3 (X1 8 3 TR0, i =, 32 3 2

MABR V5 /KALFRRIF 9. K 18 5C 2 7.19727662519@163.com



