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Start-Up of Carbon Tube Membrane-aerated Biofilm Reactor for Completely

Autotrophic Nitrogen Removal
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Abstract: A laboratory-scale membrane-aerated biofilm bioreactor (MABR) equipped with nonwoven fabrics support around the gas-permeable
carbon tube was developed for single-stage autotrophic nitrogen removal based on partial nitrification and anaerobic ammonium oxidization.
Initially, the reactor was inoculated with nitrifying biomass. By decreasing the air pressure in the lumen of carbon tube step by step, We can
obtain stable nitrite accumulation. Subsequently, the reactor was reinoculated with Anammox biomass to construct a quite stable biofilm system
for completely autotrophic N removal. After 120 d of operations 88.7% of NH, -N removal rate, 48.65 mg/L of average TN in the effluent,
83.77% of maximal TN removal efficiency was achieved under the following conditions: air pressure of 0.015 MPa, HRT of 6 h, and influent
NHy -N of 200 mg/L + 10 mg/L.
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Fig.1 Schematic diagram of carbon tube membrane-

aerated biofilm reactor
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Table 1  16S rRNA-targeted oligonucleotide probes
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Fig.5 SEM photos of the biofilm cultured on the nonwoven fabrics



5 3] H S R ) RS PR A MR B 2 S A e E IR I A 1225

200.00pm

- 200.00um
.

>

6 EBESEYE FISHRE
Fig.6  FISH micrographs of biofilm samples obtained from MABR

B GO 32, 100 H 2 RN B N 22y )2
SERIHES X BB MABR 7E5 43 d FRIREEA IR A
AT IR G, TR R AN B I YA LB R T Uf
AR A TE 5 IR A R A BRI I g < 2B
IR s R <, A4 40 B ) B A7 A B 4 2 R A 4 ik
AT G F DR AR 2 AR ) WS/ A A8 FE T D 3 — ¢
PEE2 AT LUHE T, 4 S 2 S T AR N 2% 2 ) A A
SEAT T ) T A ST IR 4 AU S B TR
NH, -N %8468 NO, -N, 1M PRAA 28 A B A SE T AF
VRS AR AT S 1T ) IR AU, A A A e A TR T A
] NO, -N FI3 7l 42 1) NH, -N &4 PR A 2 S8 A
IV, AT A MABR S 3L 556 1~ 0 P i A R IR A 2 A AL
) CANON . 2.

3 g

(1)MABR 1247 i #2 H n] LI i i 55 B <O
PR AL R SRIE A N, th TS
A4 TR0 A7 PR AR 1Y) 5 4 0 T 0 A R AR 4 B, A8 S
TR B2 3 B A A, AT A A S 445t R AE
WAL B, NO; -N KA TRUR, — @ R bsEan
TR

(2O 7) FH B M 2 ) BB R 18 e S 2 R R L2
JLAF 1) 43 )2 G 4, T A 2 D0 W0 A 1R AR A
MABR 2 4t 1 H Ff JR A 28 S8 A v Ve ] AT B 40 2
A 20 R AN PR AR S SR B A T R AN AR R
gg, R I T A RS A R R R A 1 A R B g
i 2

(R TL YA 1 2 ALK & o BRI
IR A5 A 0 I 2 3% (MABRD)» 7] LU 2% A 38 s

IVE 0 R IR R R g A AR GRS 1) IR AR A AL
A B 73 21 R E A, AT ORAIE CANON T 2 148 e
IEAT

(4D JBE g A A4 40 Sk 4 0 M v 1D ) P 288, A
MABR F 40 H A 5 I H 7R IR RE T, 7E N s )
°0.015 MPa, 7K J1 5 B IR 6 h, 7K NH, -N 4 200
mg/L+ 10 mg/LAMF T, NH, -N # AL R L 5 88.7%
H K BT 34 48.65 me/Ls i &L 25 B K G4 F
83.77% .

EEpdE

L 1] Nielsen M, Bollmann A, Slickers O, et al. Kinetics, diffusional
limitation and microscale distribution of chemistry and organisms in a
CANON reactor [J]. FEMS Microb Ecol, 2005, 51(2): 247-256.

[2] Third K A, Sliekers A O» Kuenen J G, et al. The CANON system
( completely autotrophic nitrogen-removal over nitrite ) under
ammonium limitation: Interaction and competition between three
groups of bacteria [ J1. Syst Appl Microbiol. 2001, 24(4): 588-
596.

[ 3] Hao X, Heijnen J J» Van Loosdrecht M C. Sensitivity analysis of a
biofilm model describing a one-stage completely autotrophic nitrogen
removal (CANON) process [J]. Biotechnol Bioeng, 2002, 77(3):
266-277.

[ 4] FEgli K, Bosshard F, Werlen C, er al. Microbial composition and
structure of a rotating biological contactor biofilm treating ammonium-
rich wastewater without organic carbon [J]1. Microb Ecol, 2003, 45
(4): 419-432.

[ 5] Strous M, Van Gerven E, Kuenen J G, et al. Effects of Aerobic
and Microaerobic Conditions on Anaerobic Ammonium-Oxidizing
(Anammox) Sludge [J1. Appl Environ Microbiol, 1997, 63(6):
2446-2448 .

[ 61 Sliekers A O, Third K As Abma W et al. CANON and Anammox
in a gas-lift reactor [ J]. FEMS Microbiol Letts 2003, 218(2):
339-344.



1226 7N 58

B

% 29 &

[7]

[8]

[o]

L10]

[11]

[12]

[13]

[14]

Casey E, Glennon B, Hamer G. Review of membrane aerated
biofilm reactors [ J1. Resources, Conservation and Recycling,
1999, 27(1-2): 203-215.

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

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.
Terada A, Lackner S, Tsuneda S, et al. Redox-stratification
controlled biofilm ( ReSCoBi) for completely autotrophic nitrogen
removal: The effect of coversus counter-diffusion on reactor
performance [ J]. Biotechnol Bioeng, 2006, 97(1):40-51.

Zhang H M, Xiao J] N» Cheng Y J, et al. Comparison between a
sequencing batch membrane bioreactor and a conventional membrane
bioreactor [J]. Process Biochem, 2006, 41(1): 87-95.

Furukawa K> Rouse J D> Bhatti Z I, et al. Anaerobic ammonium
oxidation (anammox) in continuous flow treatment with non-woven
biomass carrier. In: Proceedings of the ISEB Fifth International
Symposium on Environmental Biotechnology, Kyotos Japan. The
International Society for Environmental Biotechnology, Waterloos
ON, Canada> 2000.

Biesterfeld S; Figueroa L, Hernandez M, et al. Quantification of
nitrifying bacterial populations in a full-scale nitrifying trickling filter
using fluorescent in situ hybridization [ J]. Water Environ Res,
2001, 73(3): 329-338.

Kim D J, Seo D. Selective enrichment and granulation of ammonia

oxidizers in a sequencing batch airlift reactor [J]. Process Biochem,

[15]

L16]

[17]

18]

L19]

[20]

[21]

[22]

2006, 41(5): 1055-1062.

Kim D J, Kim T K, Choi E J, et al. Fluorescence in situ
hybridization analysis of nitrifiers in piggery wastewater treatment
reactors [ J]. Water Sci Technol, 2004, 49(5-6): 333-340.

Neef A» Amann R, Schlesner H» et al. Monitoring a widespread
bacterial group: In situ detection of planctomycetes with 16S rRNA-
targeted probes [J1. Microbiology, 1998, 144(12): 3257-3266.
Schmid M C; Maas B> Dapena As et al. Biomarkers for in situ
detection of anaerobic ammonium-oxidizing ( Anammox ) bacteria
[J]. Appl Environ Microbiol, 2005, 71(4): 1677-1684.
Christensen H, Hansen M, Sensen J. Counting and size
classification of active soil bacteria by fluorescence in situ
hybridization with an rRNA oligonucleotide probe [ J1. Appl Environ
Microbiol, 1999, 65(4): 1753-1761.

Hao X, Heijnen J J» Van Loosdrecht M C M. Sensitivity analysis of
a biofilm model describing a one-stage completely autotrophic
nitrogen removal (CANON) process [ J1. Biotechnol Bioeng, 2002,
77(3): 266-277.

Park H D> Noguera D R. Evaluating the effect of dissolved oxygen
on ammonia-oxidizing bacterial communities in activated sludge [ JJ.
Water Res> 2004, 38(14-15): 3275-3286.

Zhang D> Xu H, Li X, e al. Oxygen-limited autotrophic
nitrification and denitrification-A novel technology for biological
nitrogen removal [J]. Chinese Journal of Applied Ecology, 2003,
14(12): 2333-2336.
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.





