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Relationship Between Sewage Treatment Efficiency and Bacterial Community

Diversity in an A/O MBR

KUANG Bin-yu', SHI Qing’, Montcho Leon Monthero', DING Man', WEN Dong-hui'
(1. College of Environmental Sciences and Engineering, Peking University, Beijing 100871, China; 2. School of Water Resource and
Environmental Science, China University of Geosciences ( Beijing) , Beijing 100083, China)

Abstract: An Anoxic/Oxic Membrane Bioreactor (A/O MBR) was used to treat sewage. Five different working conditions were run to
determine the optimal process parameters. Bacterial community structures in both anoxic and oxic tanks were analyzed using denaturing
gradient gel electrophoresis ( DGGE ). The relationship between effluent water quality and bacterial community diversity was
established. The experimental results indicated that, under the optimal parameters of hydraulic retention time ( HRT) 12 h, sludge
retention time (SRT) 10 d, reflux ratio of nitrified effluent 300% , and reflux ratio of sludge 100% , the A/O MBR removed COD,
NH, -N, and TN effectively and stably with the average removal rates of 96.4% , 99. 1% and 75.8% , respectively. The bacterial
communities varied markedly in both anoxic and oxic tanks during the sewage treatment experiment. Under a same working condition,
the communities in both tanks were often similar with a similarity of more than 50% . The community diversity of the anoxic tank
fluctuated depending on different working conditions, while the diversity of the oxic tank increased steadily along with the operation
time. A positive correlation between the bacterial community diversity of the anoxic tank and the denitrification efficiency of the A/O
MBR was established.
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AEFRRCAR. O TS R G A RFEEAE R A VEBE
Jis 456 3 EEL 3K ( denaturing gradient gel electrophoresis,
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A E ISR B MR ) 25T AR B
TERESE. A/O MBR X AR5 {5 /K Ak BRAS AR 15 1 22 b
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1 #RE5FE

1.1 s
ARG T8 2 A/ - AR A ) O o (A0
MBR) , 2 B UE 1 R, Hp e a suk i v, =

Il ¥
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Fig. 1 Diagram of the A/O MBR

3 L, 4% (MBR) A RUEFR v, =5 L.

MBR PRS2 {2 B 0 o U MBS 2 1 | o FLIR K
FEIF G, T3 i5 Y MK, BEZE B0 an 2 1
FI7R. R T ARSI RS G b B A SRk N T
BT 75— TOLIBAT 45 G , 4% 0L & AR
o PR A ™ EE WO R AT R 2 T Uk, iR R
1% W AR WOR I 24 b, PR B R/K T k.

F1 BAGRE

Table 1  Properties of the membrane

S A%
A/ mm 0.8
AME/mm 1.4
LK/ pm 0.02
B R G T 71
R/ m? 0.096 7
LYK/ em AR ! 30 ~32
JEE /L (m?+h) ! 12~15

1.2 Bf7 &M

TR K [ B 2% ok ity | 2 28 20 4 B Ak 21
Je WA TR V5K AL AR VR A TR DR R A T 7 AR Y
JEE K B K A A s b e I T T e e S AR
TR Y i S R A S P A TR R

RIS WIEIPEK pH h 7 ~ 8, A (DO) 3L 0
mg-L~" B FEK TR AN 2 R, #E 7KK i
FEARE B K. A3 B H 7K AT T B8 HE 2 A
13 YR A B R 3 380 4k T 95 7K 7 A R T 2
JKAKJBY (GB/T 18920-2002 ) K 38 i 775 7K P-4k 1] JH
B FHK KB (GB/T 18921-2002) i EEK . %
TAE: , B KB % AR R : COD<20 mg-L~",
NH/-N <5 mg-L™", IN <15 mg-L™", TP < 1
mg-L "

£2 HOKEIKEER /mg-L-!
Table 2 Water qualities of the influent/mg-L !

A FH1E PR I ON ;] fe/ME
CoD 293 145 702 100
NH, -N 76.9 10.5 109 56.3
TN 78.3 9.05 102 65.9
TP 7.25 3.77 25.2 3.38

TE A/0 MBR $ZF {5 e s 25808 5 , 77 R Bk
¥ RIS AR HRT SRT WAL PR L (r) FS
PRI (R) 5 F 2 TS BN HR I TARE L. L
3105 B TR EAT T2 S BIE. 7Fis
frad i i e DO #HI7E 4 ~6 mg L' Bl
FUMAY DO FEHIAE 0.5 mg- L' LU {4t MLSS
FE1.5 gL' L, pH 7E 7 ~8.



6 JRYLTAF: A7O MBR AL A6 15 K CR SRS TER G R 2063

BASTH BT 3 d, FER SRR E G, R
HKHRE AT K BT 5 TEREAS T OLB AT A R, R
PN TTIRREA  FEAT TR RESS 04, 255 LA
TR |, A T 00528 11— Beit i,
DL — 2D B iE AL BRUR.

&3 A/0 MBR HF &M TESHMRUIAE

Table 3 Optimization for the process parameters

of oxic tank in the A/O MBR

TH HRT/h SRT/d LI
/% R/ %
1 12 10 100 100
2 12 10 100 300
3 12 10 300 100
4 12 7 300 100
5 8 10 300 100

1.3 KL

HRAE SCHR 18 ] #E4 T /K A . COD 2 SR H #
BETREP I, NH, -NIU 52 SR K 47 -k R 46 06 %
2, TN 0 2R A B B 4k - 55 A0 O s, TP
W R R B0 43 6O BE 5. DO i FH A 485 20 4
X ( THERMO, 3 [& ) il & , pH i ] 4 #5 =X pH 3T
(METTLER, 1) I %E.
1.4 5 DNA #£H

KRS K717 #9 DNA $2BGR 7 & ( R
o, TED) X5 IR FEABEHUE DNA, =W H 1% Bihg
WA PR K R P AR i BB et ANl B2 . 2 Y DNA
FERTE = 20°C 540 N ARAE.
1.5 PCR

ffiH] 16S tDNA 9 V3 X549 ( B4 T,
), I EC DNA H 18 16S rDNA F Bt 51810 L iif
338f (5’ —3') ACTCCTACGGGAGGCAGCAG, | ii#
518r(5'—3") ATTACCGCGGCTGCTGG, MR m P14
JBTE DGGE iy o3 B AR 76 EUES 1Y 57 3 i
Il GC ¥ (5'—3") CGCCCGCCGCGCGCGGLGGGCE
GGGCGGGGGCACGGGGGG. B AT MIRA T ANTP
2 Tag HS M ( TaKaRa, H ). RH] 50 wL ¥ H4A
Z AU4E 25 pL AW, 22 wl ddH,0, [ FiFs|¥
21 pL, IS 1wl DNA 4. PCR W 54 R . 8
6 95°C HALYE 5 ming HJF 94°C 28 PE 40 s, 56°C il
K40 s, 72°C HEAH 40 s, Z B BEAE IR 30 K Wn
72°CHEAH 10 min. 25 3 1% Biis B I i
VKA PCR 34 85020 S g 75 52 75 4. PCR =Y #E
-20°C 251 T ARAF
1.6 DGGE

K H DCode %748 #5 M 2 4t ( Bio-Rad, 32 [& ) X}

PCR §" 3472 W 4T DGGE 434, 36 728 1 371 e 8 1
il h 35% ~55% 1) 10% TN K Bk e/ BTN s Bk 44
(37.5: 1) AR VEBERE. AEVEFI M 55% MY A PEIR W&
A ;25 mL 40% N4 B/ SUR s BEEER W L 2 mL 50
x TAE 22k, 22 mL HBERE | 23.1 ¢ JRE, Ik
fift 72 2% 2 100 mL. A5V BE 35% B AR PRI
£ :25 mL 40% PN K BERE /SO BR B 1AL 2 mL 50
x TAE ZZP . 14 mL HEERE . 14. 7 ¢ JRE, IIUKE
fEEZRZE 100 mL. LK MR 1 x TAE. AR IEAE
FE G FFERT loading buffer ¥ & 1 x 810 pL Y
PCR 7##)5 2 L 1 6 x loading buffer {E4 5 FEE.
FL KIS RS . JE7E 80 V 454 T HEIK 20 min, F-7E 100
VAR HIK 12 hy BUKEERSE 5 1.5 pl )
SYBR Gold(Invitrogen, %[ ) I A 15 mL Y 1 x TAE
HRERS] BITEE LB e 40 min; Hf R ITE £
HMBAGAL (UVP, ) 31 B8 A% s 550/ A Quantity
One B/ 3KE F1 4547 IR B DI 8, X DGGE &l 1% ik
1T A RESS H4 Z2 R R AL 1) 23 AT

P HE 2 RF 1 R A M-I 99 48 %X ( Shannon-
Wiener Index) TN ,ﬁ‘ﬁé\\ﬁﬂﬂm .

o3 (33

A n, I i A DNA Zai BYIESRE ;. N N TKIE N
JITH DNA 57 B Ui 2 2 F 5 S UKl I Y DNA
SR AR T8 B AE B R RE R B i %5
IS A E S [ AN IER S b ¥ 2= o i ke
TR

R 22 8] /9 AH L PR R BT &R %L ( Dice
Coefficient ) F7 HE AR,

28,
= S, +85, x 100%

X, S, MUKIE X BT ) DNA 5458, S, Mokl Y
S DNA S50 80 S, Ukl X F Y Jie & (9 407
FATFI Y DNA S5 8k S0 R80T LA i 2 S A
VEIARLYE , 4T DGGE 9 457 404, Bl Xt He A [
VKX AR A AR AR B

2 HRMITE

2.1 AFETH TN T ZBEF80R

& TR COD NH, -N TN (k7K F1 H 7K e Jiz
DL K F R AR ARG LA 2 FiR.

5 AT, T80 3(HRT 12 h,SRT 10 d, filfk
W EE r 8 300% , 15 R B R S 100% ) 1517
&I, H A% E4 €, COD (NH, -N Al TN Ay 14
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Fig. 2 COD, NH, -N and TN in influent and effluent and their removal rates under five working conditions

FBRF WM 96.4% . 99. 1% F1 75. 8% . [HILTE 5
AT RIS HRE , VAT B 3 1 R T e U5
COD \NH, -NFI TN fRH5FE KBk, 3 L BR300 5
M 97.0% . 98.4% F 75.6%. i 7K COD < 20
mg-L™" NH,-N<0.2 mg-L."",TN<15 mg-L~", H
FEANERRS A0 T2 RALBRR—
HAE A0 T2 B2 BUTE I S0 A e Ak oy i
O W (P bl 7 = S R e i L RS = R W
W A A [R) A AR F BT R BR AL, W A0 RGEXT R 25
B R n=r/(1 +r), 300 r WAL R L B
M1 =300% , 0 n =75% . IS5 R AT A FEE

R AR ERE, UL A/0 MBR T2 i858 70 )
Ft A 35 e (1 e

BT 003, Hw T A AR S AN D A
AT

T 1R A A6 1 A Ak R [0 35 EE (100% ), T
U, A ) SR AR AN F8. 40, e T B 25 Bk ( Bk
HAE66% ~93% P3N ) , [FIBT L EZ W T COD KR

T 2 AT PR FERAR Y 8 AT R B KI5 e i
137 LM 1009% $2: 15 28 300% , 30 B2 38 o 184 o dpfe 420 1tk
(75 et A Rl s U6 BT A B il PR £, LA s Ak ik 41



6 JRYKT4F: A/O MBR AbBE A= 3% 15 K ROR S TR 2 HEE R C AR 2065

A SLAF AL, 45 R 3R WX — S 500 As B 5% T 4R
AL RN, NH, -N 2B RAT R AR HFAE 99. 8% LA
-, fHJE COD I TN Ay BRI L T80 1 A BT F %,
FEAE K TN W IR F] 30 mg- L' L L.

O 4 FE 003 Al R e it i 10 d Jskss
R T d, I RHE R X 5 Gu kb FRASCR A RS, 4
LW COD Fl TN BRI A K 3, B
VB9 A 4 R AR A B 1 i A 200 14 32 31
ERTERNA IRTES A I NEIE-FE @S- TS 7
TE58% ~82% k3l) . C A WISt B 38 nJe i
RERSIRIIE COD U 2505 T YR i D (R s 23
wi e 8L, ) IR A T 2.5 d i R AR AR s A 15
ﬂ:[loj .

A5 FE T4 3 AL oK HRT 12 h 8/
F| 8 h, B E 4 A BB X 2R Ge kb FRAKCR G RE ) 2
W] COD NH, -NFI TN A9 & B R & K iE
Wl , KK B O AR T HL T e TR A
7 A P RS

L, 38 Bk 5 A TR AR, B T 3 1Y
T B8 A70 MBR S T 28 Ak, i T
AR IEVER, BT A T80T B T7 AR (SS)
P RBRFIRT 99% . fAZEA T O N K Sk
FEYIRF 1 mg- L', 10 HL i s K, ASRE T 12 22 H
JKFEOU K B E R 225K R, AZO MBR T. 253
ISR HEI I A GE A B RR R H AR, © A HT
FERRI, A/0 MBR BREECR A, T 2 L 07
PREE . B Y 25 R T R FH AL 2R (&
HRAAMBAH, LK TP<1 mg-L™").
2.2 AN[FETHUF W R RS 5 b

L DGGE RN} A/0 MBR i it 48 ol A1 - 480 1tk
N SR A TRIESY , RSN 00T, B4 P B
HEZREMERUAR U 9 AR £k, 81 0BT 3 Fp AR £k X5
Y L BRASCR Y 5L

HH & 15 TR REAS BB S DNA FBEZ9 4 23 kb,
PCR 7= Fr Be K 250 200 bp. #45FEA% PCR 7724
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Fig. 5 Relationship between TN in effluent and Shannon Index

of bacterial community in the anoxic tank
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