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Diversity of Operation Performance and Microbial Community Structures in

MBRs and CAS Processes at Low Temperature
HUANG Fei, MEI Xiao-jie, WANG Zhi-wei, WU Zhi-chao

(State Key Laboratory of Pollution Control and Resource Reuse, School of Environmental Science and Engineering, Tongji University,
Shanghai 200092, China)

Abstract ; In this paper, the performance of membrane bioreactors (MBR) and conventional activated sludge ( CAS) processes at low
temperature was investigated by analyzing their effluent quality and microbial viability. 454 high-throughput pyrosequencing was also
applied to study the microbial community structures. The results of three systems (two MBRs: R, with high sludge concentration, R,
with low sludge concentration, and one CAS: R;) showed that the average removal rate of NH, -N was 99.7% , 99. 7% and 59. 7% ,
respectively, and the average removal rate of TN was 85.2% , 56.1% and 58.8% , respectively. R, showed the highest specific
ammonium uptake rate (SAUR), followed by R, and R, ; R, showed the highest specific nitrate uptake rate (SNUR) , followed by R,
and R;. It could be concluded that MBRs with high sludge concentration had a better performance of nitrogen removal under low
temperature operation. 454 high-throughput pyrosequencing analysis revealed that the microbial richness was R, > R; > R, and the
microbial diversity was R, >R, >R, at 97% sequence identity. The microbial structure and bacterial abundance were quite different
between MBR and CAS systems. The dominant nitrifier in this research was Nitrospira, and the total relative abundance of nitrifiers in
R,, R,, Ry was 1.22% , 1. 64% and 0. 15% , respectively. The Zoogloea, Thauera, Comamonadaceae and Comamonas might be the
dominant denitrifers in this study, and the total relative abundance of denitrifier in R, , R,, and R; was 5.8% , 4. 52% and 15.21%
respectively. MBR’s characteristics of long solid retention time, high sludge concentration and low total nitrogen loading well supported
the accumulation of nitrifiers and denitrifiers, and improved the performance of biological nitrogen removal at low temperature.

Key words: low temperature; membrane bioreactor; conventional activited sludge process; 454 high-throughput pyrosequencing;

microbial community structures; nitrogen removal
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(HRT) Fi5 e i (SRT) Y 58 443 85, Hoa K ny e
B ) T AR AR R A K B A R R A K R R
ASINTIREE:E SaE) I € SN A e s (1
KT % b, MBR T AR T %
ECL AR RS ERIRAIE T, MBR L CAS
A I A LY A L BR AR BeAh, iR A
SEUAERUE SR A P XFEE T MBR Fl CAS ¥5 8 1%
A RETE 45K, & P MBR 5 U8 B BE R 2 AR
Pmh=F B RN ¥ 5 BETE 5 AR B SERBE T RB U8 IR 4F
K IFa E PR, T I MBR T 2 f 3R 485  E 25 4k
AE ISR, A FANIR AT, MBR T2 i
A= WU BETE R AE B A8 A DA B B A= 0y it SE P BE 1 45
H/DAA .

ULAE R | R £ (1) 50 1 A2 4 T BEg v T
WF 575 7K Ak B A v B2 0 5 4 A e n AR
PERSEEBERHL UK (DGGE ) | SR SO | oy il it I 7
PR 454 R Rl B 9 R — L
DNA 38 i 7L B 28 G R 2 TR /N S i 18 Ay 3 ik 7
e B R R, HLA AT A SR, K

KRR Bl V2 I 15 7K b 3 5o B A
TR ZREE AT AT AK AR
AR G T AR T O R KK BT R
454 FEBEIR = i U X MBR R GE ML G i vk T
TR GBI R T S5 BEAT TR AT, I X R 48
H A W AR S B T R AR T T 22 5E

1 #B57EE

1.1 SE%EE

ARSZIGXT H T ARG T (2012-12-01 ~2013-
02-20, 7K :5.9C £2.7°C )3 EAEYTG KA HE
TZ(R, . R, Ry, HAP R, R, A/MRHUAELR) AO-
MBR T2, ¥zt —4F LU k. dF A Bt R
TR TR LIRS S FLAE N 0.2 wm, R, R LT
FoKFEALT R A2/0 T2, 3 BT LMKk
PR3 A 6 V5 K (REF Uit 7K ) | SE 34 3R K 7k
J A SF T U (463 £ 167 ) mg- L', FUE (47.05 +
11.62) mg-L™", & A (35.95 +9.21 )mg-L™". 3 &
TEMFEZEBITSEILE 1.

®1 EEBETSHR"
Table 1~ Operating conditions of R, ,R, ,R;

T35 R, R,
T2t AO-MBR AO-MBR AAO
HRT/h 21 12 ~13
SRT/d 30 8~10
SR AR (MLSS) /gL 7! 14. 89 +0. 64 7.18 +0. 30 3.08 +1.51
Y5 % 1 B P [E AR YR B (MILVSS) /g 1! 10.97 +0. 47 5.45 +0.27 2.34+1.16
75 PR A G fif (TN/VSS) /kg- (kg-d) ! 0. 009 +0. 002 0.012 +0. 002 0.041 £0.014

1) MLSS,MLVSS il & 4 n = 10

1.2 SWrets S ik
1.2.1 FMadmH
HRA T I H 2= T A R (COD) . BA
(TN) | A (NH, -N) | fffREHA (NO; -N) , WAHR
HAE(NO, -N) | BRI (MLSS) | 5K P BT
PR (MLVSS). BRIl & .
1.2.2  FORS PR SR S il f S5 e s 12
FUR LR (SAUR) AOIE  #T5 R ImAE 1 L
T FDfR T n AT 0 AL B TTR S W 46 NH, -N
WEE R 25 mg- L~ Ay, BENEE 25 B (A< 5256
NaHCO, ) #4745 pH 76 7 ~ 8. R LRI H1%
%A (DO) A5 ~6 mg-L~" AEFE 20 ~30 min )
SRR A WO 08, LR 3 h DL b e IR
INH, N EENH, NI 5 R VR B, ERAPRY
A HE RIZ 5 Je i RS AL s A (AUR). B 500 &
fil A MLVSS 9 FUAE B2 FERs L3R (SAUR).

Fb SR Ak 3% (SNUR) B0 2 < 8575 U i A %
W DAL R R, A T = P TR AN R (AR S 2
FRENFNASTRET ) | (HIR & WA 1% COD FINO; -NV
4353120 300 mg-L ™' F1 25 mg-L™' A A, SLIRTFIR
HFHZSRBE 5 min Z2BR/K TP A R 4R, SR 5 A
. BERE 20 ~30 min AR EUR AT 8,
HEHCFE 3 h DL b O 38 WA (NO, -N +
NO; -N) ¥ (NO; -N + NO; -N) 5[ {EEZ, &
LRPRILHES 2 LB ZE(NUR) . Z(H S
W 5E fF FH A9 MLVSS (9 L i B2 b S il Ak R
(SNUR).
1.2.3  GRUEYZFEMERIE

DNA 42805 PCR ¥4 . /2B R, |, R,. R,
U SA BETS YR TR A VR (HURE B 8] 5 HE A A 5 A L I
st R ARl E A, 1 A M A)). i E.Z.N.
A Soil DNA %7 & (24 E OMEGA Biotek 23 7)) i3



1004 2N 5%

B % 35 %

FEN4] DNA, DNA B 4l £2 005 8 00 %2 2 UL SCHR
[14]. $REUH I 41 DNA H 19% 3555 558 i i vk
AR, PCR 43§ X B0 41 TR 16S rRNA Y V-
V3 X, AU A “5'454A 0 B HSk-Re RS 37T
RS, Foh A S Sl IARAS: | B g | ]
. 45 16S rRNA BS54 FR K519 7 50 70 1) 2«
533R:5'-TTACCGCGGCTGCTGGCAC- 3" (I ¥ 3 ) ;
27F:5'-AGAGTTTGATCCTGGCTCAG-3". PCR X H
TransGen AP221- 02; TransStart FastPu DNA
Polymerase ( /[ TansGen 23 7] ) ,20 pL WK ;5
x FastPfu Buffer,4 pL; 2.5 mmol-L™" dNTPs,2 pL;
5 wmol-L™" 533R, 0.8 pL; 5 wmol-L™" 27F, 0.8
uL; FastPu Polymerase,0.4 pL; Az DNA, 10 ng.
H GeneAmp® 9700 %! ( 3£ [ ABI /A F]) PCR ¥ #54%
Y1 RN FRIT - 56 95°C FiEE 2 min; SRfEHEAT 25
AMIEFR(95°C AEPE 30 5,55°C H K 30 5,72°C FEAf
30 s) )5 72°C ZEfH 5 min. FH AxyPreDNA BEf% [F]
el & (£ AXYGEN A R) [l PCR /=¥, &
Tris-HCI Ve IS, FH 2% BRNEREEERE L vk sl AR 4
HLPKZE R B PCR 724 H QuantiFlourTM-ST % {71 %¢
HorE i ARG ( 3L Promega 2\ F]) AT E =, 7 A
AR St I P R AT AR L TR &

454 SCPEAE S I P - IO e B - 15 454
GS FLX Titaniu( 3¢ [ Roched54 /A ] ) X1 7= 4 itk
FrAEm iR . 0P 48 o e U P 3k S5 | 9
ZeBR, IEXF A HE B A RO 5 I AT B B K O A
Giit. a2 A YR B A R XA AL
Feo AT AL, 4 . O B R S 5 1 15 B R
Rty e Bep sl £ @ ZFRKERE T 150
bp, EABIGLEE (Ns) | SIS 2 DL B 4S
B, BpcEL AR 6 M.

AW Z REIE S 00 2 a0 - 1 P R B IR A
WERIARABLE U S #E 23 2R BT (OTU) . Ry 1 AR
OTU 557 BUBE A, H DL AL P 91 5 (RO JEE £ 150
bp) , 5 SILVA106 FE X % Pl #EfT 2R 26, OTU
FAHH MOTHUR 4K 1F (http : //www. mothur. org/
wiki/Main_Page) , RIEAHANE R 97% 5 95% . Xk
AP R FHBE LA AR 19 07 v, A B89 e 9040 S &
TP R4 OTU RY%L B A4 e 7 Btk th 2. A
MOTHUR #AFXHEEAS Chao 3 85X (http . // www.
mothur. org/wiki/Chao ), Shannon Z # P 8§ %k
(http ://www. mothur. org/wiki/Shannon ) & | J¥ I
48 B Good’s coverage ( http://www. mothur. org/
wiki/Coverage ) AT, FEHEAT /0282240,

TR R R [A]IRIE S 28 2R A BT Y R
AEPE, B UL AL 7 51 R EAT 400 bp A9 751, FEAR $%
SILVA106 i 22 7 5% OTU #E47 Rl R %5,
FoftJ LU XS 1 R A B BB K 80%

2 ZER5iTie

2.1 HAKOK BRI A Y P 5 A

TZ R, Ry, Ry TEAFARIR S T XA (TN,
NH, -N, NO, -N. NO; -N) (i KBRFCR WA 1 P,
MR R, . Ry, Ry T RS IK TN -3 22
4343911k 85.24% | 56.05% . 58.75% ,NH, -N¥)
R BRI 99. 7% . 99.7% . 59.7%. XTH
MBR T.Z(R,. R,) AUESG T. 2 (R,) AT Al (E 5T
PTG IeTk P AL RO B 2%, 7K TN 22 DINH, -N
I BB AL BLRE T T E RGN
B PR B X L A R BURR T #E MBR R G2 h, X HE R,
FI R, ,NH, -N¥JARLF B L BR, HKNH, -N# /N T
0.2 mg-L™", Al WL MBR T2 7E 4 Z:AIKE R RE AR HF
AR AR T R, AR, AU HK TN i B 3%
f22 5 FEIRBIAENO, -N |, T2 R, HIT5 IR 34
K, ARF AR A A K AN T Z R, 975
e A, (A5 TN f75 8 T B AE, i T4
FERAON , K TN AU LBk, 3 BT AT
RN, R T4 R, fEfe 88l —9 A HEbs
e, T L AEA IR AR T A IR RS IR
V5UERE | Y5 YT LR B0 i = v BE Y MBR 15
T B T PR E A ML L BRI, IR 456
A PTG M (f0 45 SAUR 1 SNUR ) FEE— 220 #r.

2 Al 3 BT AMRR A F R SAUR 4.
R, >R, > R,, X5 T2 HKKFERZE R EHY &
(1, B MBR T2 65 AL AR O AL G2 16 1 15 8 .

30

FZA Ry
EA Ra
E=H Rs

5
PG R e
KD X < i
20505 WSS

&

S
55
2505

0

1%

3%

s

77

-,

NH,4*-N
E1 IZR,.R, Ry HKKERIILL
Fig. 1 Effluent quality of R, ,R, ,R;
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MBR 1.2 78 & Z= i} S 25 0 1) LL A 1 33 5 0 il Ry
0.073 7 kg~ (kg-d) ™', 0.0715 kg-(kg-d) ", Al Il
MBR 75 6 75 4 ZE AR IR A58 T A7 B AR 4p 458 =5 i il 4k
R MTEARIR SR T A% G0 1k 15 U8 (0 i Ak 2
[0.0347 kg (kg-d) =" ] &N e AL F B 2= 19 i 1L ik
RI0.1110 kg- (kg-d) '], AT o0, (2 5206 415
VeI B A B 16 2 A2 T B s i 3, X S5 K 7
LIRS IR A B8 A%/0 it B S B RS 1Y
SERJE— S, R BE R 2] 13°C LR B fh 2k 2R
B AR 22, A, N LRI AL R B . R, > R, >
R,, X5 T2 MAKBIFAER, FEZH T3 ET

2 U A AT e R A A R BT B, A RS B 3
F T LB AL ER R, . R, R, 25%1°4:0.780 0,
0.2825,0.274 2 kg-(kg-d) ', X—ZER 5T 4 H
JKAKEW) A, AT UL MBR (RIS | 5 e ik B2 A &
TR P %) SR 28 0 e A A8 R T AE W A URCR. it
SR ETEZ TR R, EF3 ET2ZMW
SNUR 43 % M. 0.0625, 0.0588., 0.1225
ke- (kged) =, 5 AR AH L A 103 R I WA
WA Y 22 57, AT D, b s i 1k 3k 238 2 ik B R 2= 49 1 5%
M /I T AE A 75 e i | BRI Ve /LB A S 3 A
W) SR AR SSCR ) G

£2 IZR,.R, R, ZRGEhMEWMFEEST
Table 2 Microbial viability of R, ,R, ,R;

i i H R, R, R;
P SAUR(NH," -N/VSS) /kg- (kg-d) -1 0.0592 0.067 3 0.0347
SNUR(NO; -N/VSS)/kg-(kg-d)’l 0.0711 0.0518 0.1172
CES SAUR(NH," -N/VSS) /kg- (kg-d) -1 0.0737 0.0715 0.1110
SNUR(NO; -N/VSS) /kg- (kg-d) -1 0.0625 0.058 8 0.1225
ZEA R G0 KK B AR W 3 A 4 B il A4S 3000
A FRGEE AR T MBR EL A 1 T 14 55 17 2500 | g
EVREE IR LR H MBR B IR K | 15 ek i oo | T
PO RE TR AR A DAL I A I (IR PR 5 ol
JEAb MBR BERI0 TS IR AN TG AP R s )
PR T W, T ASE T H K A5 F M R 2.
2.2 BUEMZREERIN S S >
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