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Hybrid of microbial enhancement technique and membrane
bioreactor process for micro polluted water treatment
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(a. Key Laboratory of Yangtze River Water Environment, Ministry of Education; b. State Key
Laboratory of Pollution Control and Resources Reuse, Tongji University, Shanghai 200092, P. R. China)

Abstract: Comparison of treatment effect is investigated using individual membrane and membrane

bioreactor (MBR) for micro polluted water. Hybrid of enhancement technique and MBR is also studied

through ammonia chloride, glucose and powdered activated carbon(PAC) added. The results illustrate that

the chemical oxygen demand (CODy,) and ammonia-N removal efficiency of individual membrane is 16 %

and 5% respectively. But the CODy,and ammonia-N removal efficiency of MBR reaches 35. 3% and 44. 5%

respectively. Hybrid of microbial enhancement technique and MBR cannot obtain high removal efficiency

for CODy,and ammonia-N by increasing the organic carbon and ammonia-N levels of raw water. 10% PAC

renewed raises the CODy,removal efficiency from 35.3% to 50%.

Key words: MBR; enhancement; ammonia; COD,,; PAC

FRAE ) I 2% (MBR) 120 A8 7K b 3450 358 J5 . [ A — R AL Y AR AR BT Y, R A R
W UG KA B P e A T AP S Sy MBR LR KR 3 b 3 15 3 T B AL

PR AW AL BETE — E PR BE LA DL s B R BT KT A A MBR X G5 Y K AT T
AREA B EBRAK P ALY Bt JRA L BRBCRARE WS ARG T B i A BACR

Wi B 2011-06-02
EETE:HEKAARE LGB H (50878164) 5 /K (475 Y42 il 5 A BLAL £ 5 K % B (2008ZX07422-005) 5 K VL. 7K ¥ 553
HEWESALRE H FRE R (YRWEY100D
EE B RIEE (1986-) . 55, [FIVF K= 090 4E |, 32 %8 SR AR T K R B A B 5%
Rk H BER N B L ET KRR 2082 £ 8 N F R A AR E A PR 5E , (E-mail) zhangyongji@ tongji. edu. cn,



% 11 whttp://gks.cou.edUsER 1, % .2 % XA BB B AL T35 e K 8) L% 3810 129

E AW EW] L/ MBR L2, 2E W 4 3138 43
UL 1 B UK Ak B A5 A Y Y e AR ) R Al L
AR FAE T 15 K i 2R W A G R hT L AR
TR A B AK S L S T VR M R A T R e AR ',
B T 005 G S K A B & BEAIR MBR P A A4
KT B E SR i 43 MBR o (1) A ) 5 2 0
B0 15 K Kb B 5 . R T AR A A AR A )
2%, NS MBR T2 b BEAOR, X% T2
(R B8R P R AT 0 B iR Ak 2 2 R MBR A B (1Y)
— PR TR

AR SR R 18 2 A ) B iz 4%+ 3l 3 4
SRR 0 R A T e e A L Rl 5 R it o
2 I i PR AE 0 A A PR B o 2R 0 1 T L R
PP JLFP R AL J7 22 %5 MBR T2 4 3148075 G J5 7K 5
Rsgmt,

1 KEMBEFE

1.1 AWEEMETSH

e Oy — R R B MBR S %, %6
WL Fiv 7R o U I ZH R v B ST T A AR AR Y
thes 28 4 PVC B IE M B uE ARy 0.1 m*, IR AL
0 0.01 pm, JBATI, R % 220 AL E Sk K
[B) 8 7K B9 7 =, 7K 10 min, £ 1F 1 min, MBR
R A AER R 4 Lokt 1 L/h,K
fE R I E] A 4 b R ) # I AE 0. 04 MPa, R0 i
T iZ 2 B O R E B T 6 N H W E %A s
R Ol PE R EE N 0.5 g/L) 16 M i F 2 W b4
A, FUR B A AE R T A i R B AR K

AV
= B
[=2 0% ¥ ]
AV
= PVC
':P
zs
pa Hk
4k
» JiE
| |
AR =

B1 BEYRERFEEER

1.2 Rk
ARG F /K Sk B B TR B K 2 = 435 189 5 150 56 1

&) J5E 7K B BB 43 /K B a2 1 BT R, @ T R ) 1k
15 gL JEK .

R 1 RXEHEEKKRESR

7K B 46 A 1 [ - 18
HA/(mg+- LY 0.390~0. 830 0.550
CODy,/(mg + L") 3.930~5. 670 4.560
NO, /(mg -+ L") 0.014~0.104 0. 052
UV, /cm ! 0.049~0. 076 0.068

1.3 #wNA*E

AR (NH; -N) 2R H 48 1K 57 06 B kil &
CODw, 2R R 1= 4 TR 4 74 0 7 5 43 6ot B3t o 1
TR S B F AL T AR TR R 752N B AR 0T UL 436 %
Zit.

2 EBHRSITE

2.1 BMENRBTEEKNLERRE

& 2 JE B T2 %5 K i CODy, 1Y 2 BRACR
W LLEH,#E K CODy W E H 4. 05~4. 97 mg/L, &
i AL RS . 7K CODy, e B2 3. 41~4. 60 mg/L,
B 28 0o AR BT CODyy, YSF 2 L BRF N 1620 42
Ao ) U BRI b 3 ERCK AT DL CODy, 1 BE AR
AHLBRSCRRAL. BT RS IEE T —FHL A
FH AL 32 224 W B L BH ZE FAL BB 3 AP VE T
PRI T X S0 ) 2L A U 1 2 B A8 i % K v — 2
Vs AP I /Ny T B 2 BR AR I

6.00 100
S‘OO—M-SO
7. 4.00
5 W-m§
< 3.001 ——ikior | ¥
5200 —a— KR _40'\44
3 Fpx
1.00 F20
0.00+——m— T 7T T 0
12345678 9101112131415161718
K¥ud

B2 BMES CODy, BEBRBE

P 3 2 BB AR B K s R B BRACR . i
Bl 3 AR, BEK 8 MK 0. 40~0. 93 mg/L, V- I9{H
7 0. 60 mg/L, 1 28 Ak B 5 H K & R W E N
0.30~0. 85 mg/L, ¥ {H K 0. 55 mg/L, Bl i 4b
FEXT R 2 PR AE 5. 100 2 A7 o B IS b PR B
AR R RAE



1.000 12
——FEKWEE ) o
_0.8001  —m—HisKHkHE #
5L a— RBRER 'Yl .
& 0.600 A &
A
= " 6 M
= ﬁqr‘ % &
0.400
= A A Alg +
® LA~k
® 0.200 A =
A A
A
o000 ———+— —+— ¢ — 0
12345678 9101112131415161718

K¥ud
3 BMBENMEANERAR

2.2 BREYMRNEBNRBFREEKGLERE
ML EWEFE AT LA, B B 4k 380k 28 A 1 2
R FARMK X CODy, AR — 2 1 LR AE T . (H 2
S et 7K AT AN i 38 3 1) 58 AR 1% AR T /K T AR A 1 )
(GB5749—2006) iy B3k . PR b R AR 0 B I 4%
LZRAE m X CODy, I F Y 2 BRGOR W E 4, 5
Fizn. Al LA 56 5 ) MBR #F 7K B9 CODy, %
B 3.93~4. 97 mg/L,% MBR A3 J5 H CODyy, #k
JERER 2. 73~3.17 mg/L, ZEXF CODy, I £ B %
P E 35. 3% A4y, 4ad MBR AL & A K E
kMg 0. 40 ~0. 66 mg/L &A% & 0. 21 ~
0.35 mg/L, MBR X} 2 & 1735 R bR % H 44. 5%,

6.00| -
R 5.00 e
= 4.00 )
£ 60 &
< 3.00 #
g 40 %
A L
S 2.00 AAAAAAAAAAAAAAAAAAAAAAAA
——SEKWIE |0
1.00; —=— HK R
a— KRR
0.00+———————— s 0
1 5 9 13 17 21 25 29

K¥ud
B 4 MBR & R 88X CODy, B X R R

A ) B oy g X A ALY R BR AR R R R T S
HEGT A BILIR 43 0 o 1) B8 4 FH =2 40 g i v A
YIRE R AE X CODy, FIE A L FR 2 8 T — &
MR . 05 Bk TS A B ZE W VR X CODy,
MR EBRR RS T 19% M 39.4% ., H T
Sy AR R AT LK K b i S A P BRI R TR
oL 25 PR W B AR T B AR e A LA A
REST. HF M4 B AR F AT LK K b i iR R
BT R A R A P B T 4R S T A P R
BB RERRRE ST . AR B S s 3 B2 1 R U I

1 3 5 7 9 1113 1517 19 21 23 25 27 29
KHud

B5 MBRRM=ZMNEAHNEBRYER

o7 25 VA 1 2 A A AR I AR R A R T Ak R R
REAR A7 0 147 . 0 RE X 20 A R A I 5 BR AR
BORE (A MBR &b B T FE 1 19 7K XF CODyy, F12
R EBRFRI B R 4076 95% . AR EXT =K
JE 7K JE 7K CODw, 12 1Y 22 B 2 4300 2y 60240 il
6226 . AR v & A A CODy, 157 24 25 B % 43
BIh 44, 5% M1 35. 300, 5 H AW 58 & 1 45 R A L
CODw, RV A 2 BR R EREA Ay b XoF 5 W S5 o 4
TR W 2 K ) — B R R AT TOE S DL R R
X HCTS Y JE K A Ak BRSO
23 REEKBENYWREI MBR L EBEHEH
A

Ji 7K 7 3% R X A /b BT RE 4 R T A A P 1Y
S . O G, 3 22 B R ) K R Bon G A B, Al
CODy, I & BEQRFFTE 20 mg/L A4y . % 5838 I J oK
T BL YRR A B TR W X B Y A e
J1. 6 BN A S MBR R #8 %F CODy, f
BB . BRI DUE H R #E7K CODy, W i
ik 20 mg/ L, H 2 H 7K i ik B AR SR AR, V-3 R
2.53 mg/L, KFRFEFE 90 %0 . % 1R E) H B b & 5
TR A YRR A AL SRR L BR AR IR A X
L. HBEK B RCA 9 CODy, Al H 7K CODy, ¥R
FE AL B A 4585 7 d J5 MBR %F CODy, 1 Z5BR %
R 36,100 BT B I A AR & T L AN E 4y
S DRI 8 o 2 X A R A R SCR AT BR
2.3 EEEFEK NH; -N iREX A ER R

Hy T K rb B R RE AR AR, AS R T i Ak 4 A
J N g TR A Ay A e A A R BRAICR | 1 2 ) i
K AR T Y Ak B o A T K R 2 R vk B R R AR
1.5~2.0 mg/L, %5 5 S AUk B2 32 & N % B bz 4 2
PR AR . B 7 il DUE 2 80m & AW
Y3 d B HKEAMWKERER M 0.3~
0.4 mg/L. 3 d VLG /KRN ERALE 0. 14~
0.30 mg/L, Fhn g & 1 Fewl JLK H K 28 Bk B 5



% 11 whttp://gks.cou.edUsER 1, % .2 % XA BB B AL T35 e K 8) L% 3810 131

25.00 100.00
A A A - 'S
20.001 / \/——0/ +80.00
7, 15.004 160.00
e ¥
s —o— PEKHRBE &
8 10.00+ —a— kR +40.00 4
) o FERE
5.00] 120.00
g, = 5 =
0.00 . . . . . . 0.00
1 2 3 4 5 6 7
K/d

Bl 6 H{MAEEHEI CODy, BRI

o o DR R G SRR R R S i R R L R R
RS A /0 o TR % G g 25 I 380 3 AR 5 T i 3
T 9 32 o il e 0 B 0 kR S AR A D SR
FUBCFE RE ) 55 T A 20 R A 0 L o R
frRE g AR K BRI E R B FEAR. R 5 AR
AR KR B R U A AR AT L S AL
B Xt MBR 2 BR 2 A 10 3 AL ROCR A R

2.50 100

2.00 - 80
E S
& 1.50- F60 &
< =
= N &
v 1.00 —— KRS 40
= —— kK

h— LR A

) . k-\\/._.*._.—./.\.+. N

0.00 0

1 23 456 7 8 9 1011 1213 14
KEd

B7 ®MEEX MBR ERERABR

2.4 EHmAREERITLCEZIRNI N

BT RN 2SR AT 9 0.5 g/ L 96 Mk O &0k
BiH 0 A AS B LA B TS e 8 0 U S i A W B Y
A . TR AR P LA A v 1 b 2 T AR AR 5 1Y
W B R 7 A R e A A R B AR S, — K
PN S P9 A T T MR R Y 10 V0 R AT 4,
SIS AT e et i AL AR RO R R . p [ 8
AT A 10 %6/ PAC J& » Hi 7K CODyy, 1F- 35 ¢ i
H R 2. 95 me/L F&E 2. 51 mg/L, £ BRBERH
35.3% 2@ F 50% ., Al WL PAC pg# g st 7 MBR
SN AR COD, 1 R Ak 25 B o 3K A2 PR Sk 8 11
7 W B 8 g 5 ik L AT R B 2 B K R CODw, s T LA
Xt CODy, Z5 B RARE . 1T B8 & Kk 36 P J% 1 17
FEGIHR T M5 U6 4 RS T T A AR Ak (A TS R 2

{AXS CODwy, By W BEF 06 % A I 38 58 . LR b 2%

BR AL BRE 7 5 28 AR 2 AT IR AT

6.00 100
5.00 ”‘/‘V\’”\ g0
= 4.00 1
& L60 &
A
) A A ¥
= 3007 & , pA = o p | ®
g ./!_\./' '\./.———h\.__- | 40
T 2.00
—— FEKHSE 2
1.00 —a— KRB
a— KERER
0.00 : : : 0

KH/d
8 MR FEERIT CODM I EBRIR

P O S B 4B A 3 P ek R B BRBOR . &
G RT3 0 4000, 5 AR Bk R I M e 2%
BR AL 44 00 HA AT B0y 2RI M e X A A 25
BRASCRFE AR /N o 302 P AR 5 i T K T AR
PEBR 1 1k o o 2 000 W B A P — MBE e s . ()t
AL I B S 1Y 10 06 39 P i AR o S N s 1 i b
A I BRI R I R BB R S A
A N A R 4 — 2

1.00 100
=080 180
)
£ 0.60- L60
= :
&
§ 0.40 L40
i
0.20 20
0.00 — 0
1 2 3 4 5 6 1 8 9
KHud
B9 HmMAFRERMNBAHNERIE

3.5

08 3 X A S 7 i Ak B TS e UK B 5 A T
AR TR AR LT 2508

1) B s Ak H36 CODy, 120 R 25 B 236 35 85
I, L BR 50k 16 0 F1 1026 LAF

2) WA= Wy B2 0L 7 4F CODwy, 12 L T35 25 BR
R0 35. 3% Ml 44. 5%, H L BRECR W W T8
2 5 Arb 3

3B JEL K AT AL vk B RN VR BB A S e X
CODy, P A 2 PR BRI S B AT R .

4) 4 A AR T M Ik BB R KRR B 42 B MBR X



132 http://gks.cqu.edu.cn

TR K FFR % 34 A

CODu, 9 25 BRACR  fH X 28 I LR AR A K.

S E k-

(1]

L2]

[4]

L5]

L6]

L7]

[8]

CHU L B,LI S P. Filtration capability and operational
characteristics of dynamic membrane bioreactor for
municipal wastewater treatment [ J ]. MEMBR.
Technol,2006,51:173-179.

CORNEL P, KRAUS S. Membrane bioreactors in
industrial wastewater treatment — European experiences,
examples and trends[ J]. Water Science Technology .2006,
53(3) :37-44.

CHUNG J. NERENBERG G. RITTMAMN B E.
Evaluation for biological reduction of nitrate and
perchlorate in brine water using the hydrogen based
membrane  biofilm reactor [ J ].  Environmental
Engineering, 2007,133(2) :157-164.

MCADAM E ], JUDD S J. Immersed membrane
bioreactors for nitrate removal from drinking water:
Cost and feasibility[ J]. Desalination, 2008,231:52-60.
W72 B M A W I I A Ak HE AR TS e b 2R K 9 3 5 T
FD] Kt KK, 2006,

FET . BIAR M, ok WO AL M SRR R IR AR ek Ak A B
AE S OR LI WOl 3 o5 5 o A= &, 2007,
20(6): 39-40.

CUI LI, HU XIAO-MIN, ZHANG XIAN-GUANG, et
al. Bioaugmentation treatment of domestic sewage by
bioflocculant-producing microbes[J]. Urban Environment
&. Urban Ecology,2007,20(6) ;39-40.

HUANG Y T,ZACHOPOULUS S A, HORSFALL F
L. Effect of bioaugmentation process on sludge
production in activated sludge reactors for municipal
wastewater treatment[ C]// Western Canada Water and
Wastewater Assoc. Proceeding, 39th Ann Conference,
September 10, 1987, Saskatoon, Canada. Saskatoon:
Saskatchewan,1987.63-74.

TIAN JIA-YU, LIANG HENG., YANG YAN-LING,
et al. Membrane adsorption bioreactor ( MABR) for
treating slightly polluted surface water supplies: As

compared to membrane bioreactor(MBR) []]. Journal

of Membrane Science 2008,325(1) :262-270.

[ 9] HUANG Y T, HORSFALL F L, WONG J M, et al.
Bio-conversion of accumulated sludge with bacterial
augmentation process in aerated lagoons for municipal
wastewater treatment [ J |. Intern J Environmental
Studies, 1986,28-41.

[10] SAGBO O, SUN Y X, HAO A L, et al. Effect of PAC
addition on MBR process for drinking water
treatment[ J |. Purif. Technol,2008,58:320-327.

[11] CAI X J,KIM H S. The role of powdered activated
carbon in enhancing the performance of membrane
systems for water treatment[ ] ]. Desalination, 2008,
225:288-300.

L12] sR3CWF, A5 BELL 8. 0TS G K IR K A 9 T4 31 34 A

FeBREZ R LT ] i 45 HE K, 2002, 28 (11D
1-3.
ZHANG WEN-YAN, ZHU LIANG, XUE HONG-
QIN. Influencing factors on ammonia removal in
biological pre-treatment of slightly polluted raw
water[J]. Water & Wastewater Engineering, 2002,
28(11):1-3.

(130 R0, X Bl Br B 22, 55, AR W SoOn & Ak B 00s g

AR K W58 5 B BRI ], SR 8595 Y 5 B iR 2009,
31(4):66-70.
CHENG JIA-DI, LIU RUI, CHEN LV-JUN, et al.
Application of membrane bioreactor in treatment of
micro-polluted source water [ ] ]. Environmental
Pollution & Control,2009,31(4) :66-70.

[14] Brok¥. MBR K H 414G T2 A BT Y b 3R K i U3
WFFELD]. K KHEK . 2006.

L1657t E &), i BT AR E %, 45, BOB R ¢ MBR Ab B35

e JFOK B FELT ] oh B 2 7K k7K 2005, 21(9) 1 43-45.
XU GUO-XUN, PAN SHENG-KAI, XU GUO-
RONG.et al. PAC-Membrane bioreactor for treatment
of micro-polluted raw water [ J]. China Water &
Wastewater,2005,21(9) :43-45,

(R A &)



