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Analysis of membrane fouling and microbial commmmity structure in an MBR+worm reactor
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(1.State Key Laboratory of Urban Water Resource and Environment ( Harbin Institute of Technology) , Harbin 150090, China;
2.School of Municipal and Environmental Engineering, Harbin Institute of Technology, Harbin 150090, China)

Abstract; To study the effects of worm predation on membrane fouling in an MBR +worm reactor, an MBR +worm
reactor with worm (R1) and an MBR+worm reactor without worm ( R2) were operated in parallel. Variation of
transmembrane pressure (pqy,) and microbial metabolites were studied in the MBR (S—-MBR) of the R1 and the
MBR (C-MBR) of the R2. Denatured gradient gel electrophoresis (DGGE) was used for analyzing the composition
and distribution of microbial community in the S—MBR and the C—=MBR. The results showed that the membrane
fouling cycles of the S-MBR and the C—MBR were 90 d and 28-37 d, respectively. Worm predation decreased the
polysaccharide and proteins in the soluble microbial products (SMP) and extracellular polymeric substances ( EPS)
of the S=-MBR. Alphaproteobacterium , Betaproteobacterium , Deltaproteobacterium, Geobacter on the membrane wire
surface of the S—=MBR and Azorhizobium, Rhodobacter, Gammaproteobacterium, Flavobacteria on the membrane
wire surface of the C—MBR played an important role in the membrane fouling. Caldilinea was suggested to be
related to the membrane fouling alleviation of the S—MBR. Worm predation changed the microbial community
structure of the S-MBR,, resulting in membrane fouling alleviation.
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MBR R 5 I HL G IR R T5 K A B 350
M, HRE RN AR YIS, MLSS (RA AT FE )
JE AR FEFEHRIZE 9 000 ~10 000 mg - L. i iz iy 2%
EAI5Ue MBR 7= ARG TG e, 81Tt e
MLSS JE I HIE 3 000~4 000 mg - L7 #E/K R
NTH A1 T57K, COD A (337.9+17.2)mg - L',
NH,-N #(28.2+1.4)mg - L', TN( R &) N
(30.5+1.2) mg - L', pH & 7.5+0.2.
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Fig.1  MBR + worm reactor (R1) and MBR + worm reactor
without worms (R2)
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0.3 m*/h, F2E 5 min, FHA 129K - 47, VAFHTY

VEARAE(DO) F s vk B 5 AE 1.0~ 1.5 mg/L BB
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Tab.1 Parameters of reactors

SR A% SRT/d HRT/h  RE/C pH
S-MBR #1 C-MBR 30 7.1 23+2 7.240.3
LA R IA £ 1 232 7.1£0.2

1.4 s HhAE
L4 H A gy

K E ZbRE 2, &R 3 d il S-MBR il
C-MBR # 7K F1 i 7K () COD, NH, - N, NO, - N,
NO,-N. DO ,pH FRLEE , 535 #|  JCB-607 f# # X
B A PHSI - 3F S50 % pH i FE B2 110 2.
MBR iz 773 R, I AR 14 1 Y BL2S T ) 2l 58
Prw» FNERETG YRS
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SRR (26.5+5.4) F1(25.947.3)mg - L™, COD
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Tab.2  Performance of the S—-MBR and the C-MBR treating the

synthetic wastewater

S-MBR C-MBR
ol kT
— 1 WACFE, PR FE PRk
BV me * L
° (mg LY  #&F% (mg-L7") HE%
COD 347.2+17.4 26.5+5.4 92.4+1.4 25.9+7.3 92.6+x2.0
NH;-N 28.5+1.3 2.1+0.5 92.6+2.1 2.2+0.8 92.1+2.8
TN 29.5+3.2 23.5+1.4 20.3+3.1 23.2+2.1 21.4+2.3
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Fig.2 Changes of py, in the S-MBR and C-MBR
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Tab.3  Microbial metabolites of the S~MBR and the C~MBR

mg + L'
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);zm%g N N N N
W EOmEE OB mAFR
YERIA
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R TH
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7578
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Bacteria; C—MBR & 22 £ 10 09 F L= Y 4 Pro-
teobacteria (ZE FE W []) B Azorhizobium ( A= 22 1%
J&) .Rhodobacter ( ZLAN T J& ) . Gammaproteobacterium
(W R ) , Bacteroidetes (FAFTFH[]) 19 Flavobac-
teria( BEFFH &) , Firmicutes (JEBEE 7)) H) Thermo-
anaerobacteriales(FA R E AT H ) | Uncultured Firmi-
cutes bacterium F1 Bacteria. J:H, Proteobacteria ( 2%
JEHI]) A1 Bacteroidetes (#LFF B []) 2 £ B4 IB
IR SRR, [ B2 R 25 5 e A v et
JEIT, S=MBR I C-MBR 22 i A6 i Pro-
teobacteria( ZE 2 B4 1) 1 Bacteroidetes ( #AFT H [])
XS g O 55 G B B .

F4L, Proteobacteria (22 JE [ 1) BY Paracoccus
(RIBKE R ) A BA RO A E R R E , R n] =4
FWJZ, AT UMM R ZE, RIS YL & TTmk
BRI RN % b AE A ) D A RO Ak it
U TSR A I, S-MBR A5 IR
BW, EERVE M2 K B LT
Paracoccus ( BIERTA JE ) , AT MW T N w1 Y5
YetfE. 5 C-MBR AL, Chloroflexi (285BI ]) 1
Caldilinea (WE4E T & ) fE7E S-MBR M5 IR 1R 5
JIEE b 8 DF 2 FRE 22 T b A [6] Y A 2 A B
Chloroflexi (£x %51 []) 7] KA SMP H Y ER K AL 5 H)
KM BT, 98/ RS Je i), X MBR A 4
PR B A . BIHEWT, S-MBR
HAEAE Chloroflexi (£ B 1)) 1Y Caldilinea ( W 48 1
J& ) AT BES B e RS YL IR .

&4 16S rDNA FHILLIT4ER
Tab.4 Results of the 16S rDNA sequences

AT T BT HHABLEE/ % R Sl
1 Uncultured beta proteobacterium JF808902.1 99 Betaproteobacteria
2 Uncultured delta proteobacterium EU629077.1 89 Deltaproteobacteria
3 Uncultured bacterium JQ124797.1 97 Bacteria
4 Arenimonas subflava 16S ribosomal RNA NR_135888.1 99 Flavobacterium
5 Uncultured Geobacter sp LC001501.1 99 Geobacter
6 Uncultured bacterium clone GU501288.1 96 Bacteria
7 Rhodobacter sp. KF309179.1 99 Rhodobacter
8 Uncultured bacterium AB511012.1 94 Bacteria
9 Uncultured Firmicutes bacterium JQ433802.2 92 Firmicutes
10 Uncultured bacterium GU501288.1 96 Bacteria
11 Uncultured Firmicutes bacterium AMB888161.1 94 Firmicutes
12 Uncultured Azorhizobium sp. FJ175453.1 96 Azorhizobium
13 Uncultured Thermomonas sp. KT182582.1 99 Thermomonas
14 Uncultured Paracoccus sp KT367742.1 93 Paracoccus
15 Uncultured bacterium FN827274.1 99 Bacteria
16 Thermoanaerobacterales bacterium GU797851.1 92 Thermoanaerobacteriales
17 Uncultured Rhodobacter sp. HF912320.1 94 Rhodobacter
18 Uncultured Caldilinea sp. KJ611603.1 96 Caldilinea
19 Escherichia coli CP007391.1 99 Escherichia
20 Uncultured alpha proteobacterium LN875083.1 97 Alphaproteobacteria
21 Uncultured gamma proteobacterium KF956499.1 98 Gammaproteobacteria
22 Uncultured Azorhizobium sp. 1.C000980.1 95 Azorhizobium
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