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Membrane aeration enhances the performance and
stability of the bacterial-algae biofilm reactor
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CHEN Rui', LI Guibai', LIANG Heng'

(1. State Key Laboratory of Urban Water Resources and Environment, Harbin Institute of Technology, Harbin 150090,
P. R. China; 2. School of Engineering, Northeast Agricultural University, Harbin 150038, P. R. China)

Abstract: The pollutant removal efficiencies of the bacterial-algae symbiotic system supported by head
aeration and membrane aeration under different operating conditions were compared to explore the removal
mechanism. Results showed that, in the MABAR (based on membrane aeration), the removal rate of
NH; -N, total nitrogen (TN), PO} -P, and COD were soared by 1. 44, 21. 22,3. 08,52. 09 kg/m*/m®,
respectively, compared to HABAR (based on aeration head aeration). In terms of algae accumulation, the
algae accumulation concentration of MABAR in 5 stages are higher than that of HABAR, with a highest
increased concentration by 15. 17 mg/cm’. These phenomena not only due to no-stripping and high

carbonization ability of membrane aeration to provide sufficient inorganic carbon for autotrophic algae, but
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membrane aeration also provides a good living environment for the bacteria which has the function to

stimulate algae growth, such as Acidovorax, Rhodobacter and Acinetobacter. In summary, MABAR can

not only promote the removal efficiency, but also help the photobioreactor to resist shock and maintain

stability. This new reactor provides a new operating mode for the practical application of the

photobioreactor in the future,

Keywords: algae-bacteria symbiosis ( ABS); membrane aeration; nitrogen and phosphorus removal;

biofilm reactor
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Fig. 1 The configuration of the reactor
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Table 1 Membrane module parameters
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Table 2 The influent quality

BTBrBr RRgERE/d JA/ (mg e LD

R/ (mg+ LD

WElREh/(mg « L) COD/(mg+ L1

S1 45 53.3%2.10 53.3%2.10
S2 45 51.4+1.82 51.4+1.82
S3 45 54.1+0. 82 54.140. 82
S4 45 106. 32+2. 19 106. 32+2. 19
S5 45 103.16+3. 51 103.16+3. 51

5.10£0. 07 107.5+1.91
5.33+0. 28 267.443.09
5.0740. 19 425.946. 29
5.13740. 53 259. 3444. 11
10.13+0. 21 823.94+3.83
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Fig. 2 Effluent concentration of COD and IC with two
aeration modes in different stages
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Table 3 The DO and pH in five stages of two system

DO/(mg+ LD pH 14
¥ Bt
MABAR HABAR MABAR HABAR

Sl 2.3440.11 8.2340.82 7.5440.04 6.8140. 01
S2 1.134+0.02 5.34+1.10 7.8340.05 7.32+0.03
S3 0.4240.01 1.01£0.03 8.11£0.01  7.830. 02
St 0.8840.10 2.3440.31 7.6820.09 7.3840.06
S5 0.13+0.00 0.2340.03 8.4240.03 8.33+0. 04

S1 J& FAA MLaR By Bt . B 28 bz 2% i) COD
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& v TEAILRR LA — S AR T AN T . F S 3
IR, 15 K TE AL BE AR T 50 mg/L B, B2k
R 2z 2 BR . Pk, HABAR BT RI4x 1)
THUBRARE L HFBER M KRR,
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Fig. 3 Effluent concentration of NH; -N, TN, and PO~ -P

with two aeration modes in different stages
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Fig. 4 Algae accumulation concentration related to biomass

in two reactors at different stages
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AR TR O ALY R E R IR IR T E 2
FIE] T IE H Ak R, oK 2 R G R A
48.13 mg/L, Ti%T MABAR i3 . i 16 /E A9k
e AHAVE I B ARG BL I BE N A S R LBt
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BT 3 25 10 TR Ak o K e B8 4E 5 7E 33, 73 mg/
Lo 3X— it o] LB R £6 5 1 A . A iE KB
FRER e FE C 48383 10 mg/L 47 .4 MABAR ik
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SR BN B B A P B 2 A R R R PP A e 2
AR EEIE bR, S5 FER, RATE 5T AT
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RE 4, S1H, T HABAR JoiE A2 44t 2
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BHB: MABAR (19 1/5. 1T HLAR R AL, 5 5%
H ERIH i, Chl-a/Biomass BY{EAE B Rl S WV 45
WAL FHACIR A, 40 54 0. 77 (MABAR) £ 0. 57
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B R BEAMRIRERE L TL FEA B Bl R i e
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JETF IR T RE. X AT REE K HABAR ASRE P
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SR LR S 2505 97 B DR B L A A
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0.79, 4 S4 L T AR, B T & AW
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R A Heg S2 A1 S4 W BT AR H L X A By
BEAA WL M — B0, T S4 R AR E 2 S2 1Y
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WA 5y B3 . AV RGN 5 R ik
BET R R R, A P AR R RS R T N
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BRI AR SAE VLY B & IR BB B A
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R TR RN A U RIS B 2R TRA
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JE TR e, i e aE, O TR T AT DLAE R A0
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FORF B DA £ TR 1 1 AR A . 5 A B B PN A
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18.17%.33.49% .34. 90 % 1 20. 46 %, 1 HABAR
T T TAE YT T MABAR 23U & &, &
U ) B, A4 e a2 R T AR B M Y O T
(Cyanobacteria) J* = KFEFER R . 7EHT 4 BB
HABAR [t MABAR 7E#5 3R 1 B2 1. 90% .,
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F HABAR i i 1 T 3271, 5 386 1T 32 24 il
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Fig. 5 The proportion of microorganisms in different levels under two aeration modes
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