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Nitrification Performance and Microbial in Carbon

Membrane-Aerated Biofilm Reactor
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(School of Environmental and Biological Science and Technology, Dalian University of Technology, Dalian 116024, China)

Community Analysis

Abstract: A carbon membrane-aerated biofilm reactor was developed to treat nitrogenous inorganic wastewater. Influent NH," -N concentrations
and HRT were changed to investigate nitrification performance of reactor; oxygen utilization and NH; -N’s removal loading. Biofilm”s surface
characteristics and dominant bacteria of nitrifier were analyzed. The results show that under the conditions of intra-membrane pressure of 0.017
MPa, influent NH," -N of 50 mg/L and HRT of 8 h NH, -N removal efficiency reaches 96% and effluent average nitrite is 17 mg/L, which
benefits short-cut nitrification to a certain extent. The bacteria within biofilm consume all oxygen supplied through carbon membrane. The
maximum specific removal rate of NH; -N is 9.7 ¢/Cm’*d), which is limited by the amount of bacteria grown onto carbon membrane’ s
surface. Fluorescent in situ hybridization analysis indicates that within the biofilm Nitrosomonas and Nitrosospira are main ammonia-oxidizing
bacteria and occupy about 19% and 21% of the total bacteria number; respectively. The Nitrobacter are not observed and Nitrospira are
dominant nitrite-oxidizing bacteria, the fraction of which is 20 % of total bacteria.

Key words: carbon membrane-aerated biofilm reactor (CCMABRD; oxygen utilization; removal rate of NH," -N; fluorescent in situ hybridization
(FISH) ; community analysis
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Fig.1 Schematic diagram of carbon membrane-aerated biofilm reactor
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Table 1 165 rRNA-targeted oligonucleotide probes used in this study
TEF JFI(5"-3") o ol FEN /%  NaCP’/mmol* L~ =N
Nso190 CGATCCCCTGCTTTTCTCC -7 A% 2 g v AP i A 4 55 20 L11]
Nsml56 TATTAGCACATCTTTCGAT VA A B 5 640 L11]
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NIT3 CCTGTGCTCCATGCTCCG TEACA T 40 56 L12]
CNIT3Y CCTGTGCTCCAGGCTCCG 40 56 L12]
Nispa662 GGAATTCCGCGCTCCTCT T A WA T 35 80 L13]
CNispa662" CGCCTTCGCCACCGGTGTTCC 35 80 [13]
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Fig.2  Nitrification in CMARR under different intra-membrane pressure
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Table 2 Operating conditions under different NH;" -N loading rates

5192
TiH
1 2 3 4
t/d 1~11  11~21 21~39 39~57
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Fig.4 FISH micrographs of suspension samples of biofilm

I " k i gt
Reed o TSGR
£SO KERR00 X - 500 uma wg_lg—-r.:qsnna SEM SWP3283,.

Bs £¥EREIFEERRE
Fig.5 SEM photos of the surface of biofilm

WA 11 &5 R AE G ] B
3 it

(1) 7EEANAE 0.017 MPa F, CMABR " 44
JIE A P MR BT Ak 4 A 3 AR R IRIE R B R A R
F4) [R) I SR TR e S IR 2%, NO; -N RAE TR, —

SERERE LSO T AR AL .

(2) [ Vot e K B AR 2 0 2 B ey AT LIS
2 9.7 g/Cu® ), FAL A T _E A B A A2 4 58 LA
L ey I SR B R ) T S P
hew.

(3) FISH 73 H7 3 B A 40 5 oAy ke = 2 S A A T
(/YA 7 AiFS A4 B0 JH0 B B C Nitrosomonas ) A1 P A 44 18 147
HEC Nitrosospira ) » 73 ) v 48 B\ B ELT) 199% 1 21 % 5
A A TR A AR AR DB A Tl A A R
( Nitrospira )» 17 Jok B EUT 20% » A AU 20 i 46 FF 14
( Nitrobacter I AF1E .

SE -

L 1] Brindle K; Stephenson T> Semmens M J. Nitrification and oxygen
utilization in membrane aeration bioreactor [ J1. J Membr Sci,
1998, 144: 197 ~ 209.

[2] Terada A, Hibiya K, Nagai J, e al. Nitrogen removal
characteristics and biofilm analysis of a membrane aerated biofilm
reactor applicable to high strength nitrogenous wastewater treatment

[J]. J Biosci Bioeng, 2003, 95(2): 170 ~ 178.



2128 7N 58

B

[3]

[4]

[6]

[7]

[8]

[o]

L10]

Terada A> Yamamoto Y, Igarashi R, et al. Feasibility of a
membrane aerated biofilm reactor to achieve controllable nitrification
[1]. Biochem Eng J» 2006, 28(2): 123 ~ 130.

Semmens M J, Dahm K, Shanahan J, et al. COD and nitrogen
removal by biofilms growing on gas permeable membranes [ JJ.
Water Res, 2003, 37(18): 4343 ~ 4350.

Satoh H» Ono H» Rulin Bs et al. Macroscale and microscale
analyses of nitrification and denitrification in biofilms attached on
membrane aerated biofilm reactors [J]. Water Res, 2004, 38(6):
1633 ~ 1641.

Hibiya K, Terada A, Tsuneda S, et al. Simultaneous nitrification
and  denitrification by  controlling  vertical and  horizontal
microenvironment in a membrane-aerated biofilm reactor [ J1. J
Biotechnol, 2003, 100(1): 23 ~32.
VAL, b R, ST, 45 L R M A 0 B s I % Ak 2 2
TG AKIBATRHERTFEL Y] PR, 2007, 28(3):522 ~ 527,
Ismail A F> David L I B. A review on the latest development of
carbon membranes for gas separation [J1. J Membr Sci, 2001, 193
(D: 1~18.

TR, RS, TR . SR IR RIS 35 AR IR B 5T (1D
BHE O STEE AR SL A R P R i s [0, B4k, 1998, 21
(3): 73~76.

Manz W, Amann R

Ludwig W, et al. Phylogenetic

L11]

[12]

[13]

[14]

[15]

L16]

F 28 4
oligodeoxynucleotide ~ probes for the major subclasses of

proteobacteria: problems and solutions [ J1. Syst Appl Microibiol,
1992, 15(44): 593 ~ 600.

Mobarry B K, Wagner M> Urbain Vs et al. Phylogenetic probes for
analyzing abundance and spatial organization of nitrifying bacteria
[J]. Appl Environ Microbiol, 1996, 62(7): 2156 ~ 2162.
Wagner M> Rath G> Koops H P> et al. In situ analysis of nitrifying
bacteria in sewage treatment plants [J]. Water Sci Technol, 1996,
34(1/2): 237 ~244.

Daims H> Nielsen P H, Nielsen J L, et al. Novel Nitrospira-like
bacteria as dominant nitriteoxidizers in biofilms from wastewater
treatment plants: diversity and in situ physiology [J]. Water Sci
Technol, 2000, 41: 85 ~90.

Hanaki K, Wantawin C, Ohgaki S. Nitrification at low levels of
dissolved oxygen with and without organic loading in a suspended
growth reactor [J]. Water Res, 1990, 24(3): 279 ~ 302.
Laanbroek H J,» Gerards S. Competition for limiting amounts of
oxygen between Nitrosomonas europaea and Nitrobacter winogradskyi
grown in mixed continuous cultures [ J1. Arch Microbiol, 1993,
159: 453 ~459.

Anthonisen A C» Loehr R C; Prakasam T B S, et al. Inhibition of
nitrification by ammonia and nitrous acid [J]. J Water Pollut Control

Fed, 1976, 48: 35~52.





