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Abstract

This study was performed to investigate the characteristics of nutrient removal of municipal wastewater in the submerged
membrane bioreactor by addition of alum directly into aerobic tank. Membrane bioreactor consists of three reactors such as
two intermittent anaerobic tanks and the aerobic tank with hollow fiber membrane. The removal efficiencies of CODc,, BOD,
SS, TN and TP on the membrane bioreactor were 94.0%, 99.1%, 99.9%, 66.9%, and 58.9%, respectively. In addition, The
removal efficiencies of COD¢;, BOD, SS, TN and TP on the membrane bioreactor with alum addition were 93.4%, 99.0%,
99.9%, 63.2%, and 96.8%, respectively. There was little difference between them on the nutrient removal efficiencies except
phophorus removal. The estimated sludge production, specific denitrification rate, specific nitrification rate and phosphorus
removal content on the membrane bioreactor were 1.76 kgTSS/d, 0.055 mgNO;-N/mgVSS-d, 0.031 mgNH4-N/mgVSS-d,
and 0.095 kgP/d, respectively. And The estimated sludge production, specific denitrification rate, specific nitrification rate and
phosphorus removal content on the membrane bioreactor with alum addition were 2.90 kgTSS/d, 0.049 mgNO;-N/mgVSS-d,
0.030 mgNH4-N/mgVSS-d, and 0.160 kgP/d, respectively. The alum content added was 1.7 molAl/molP on an average. The
increasing ratio of tran-membrane pressure on the membrane bioreactor was 0.0056 kgf/cmz-compared to 0.0033 kgf/cmz'd
on the membrane bioreactor with alum addition. There was a slightly reduction effect on membrane fouling by alum addition.
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Table 1. Operation conditions in this study

Alum addition
Fl + Clean
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Intemal retum of sludge, 1~2Q Waste

Fig. 1. Schematic diagram of the submerged membrane
bioreactor.
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BOD9 AAZEL FU4 BOD 69.6~188.7 (B 107.6)
mg/LlA 2% BOD 09~1.1 (87 09) mgLE B
AAEL 9.1%Re™ COD9 B¢ F+94 CODc 130.2
~350.0 (B 203.8) mgLolA $%F COD¢ 6.7~20.2

nEAY g

Item Case 1 Case 2
Membrane type Hollow fiber Hollow fiber
Nominal pore size (gm) 0.1 0.1
Flux (L/m’/hour) 20.7 LMH 20.7 LMH
Material Polyvinylidene fluoride (PVDF) Polyvinylidene fluoride (PVDF)

Filtration type

Cross-Flow (Out—In)

Cross-Flow (Out—In)

Operation mode

Filtration 10minute / Backwashing 30second

Filtration 10minute / Backwashing 30second

Net operation time 22.3 hr/day 22.3 hr/day
Operation pressure (kgf/em’) -0.1 ~-03 -0.1 ~-0.3
. . 2 ~ 3 times/day with 200 mg/L of NaOCl 2 ~ 3 times/day with 200 mg/L of NaOCI
Maintenance cleaning . .
for 2 minute for 2 minute

Recovery cleaning

1 time/year with 0.25% of NaOCI and 1% C,H,04

1 time/year with 0.25% of NaOCl and 1% C,H,O4

Chemical addition No

3.3 mgAl,Os/mgP
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Table 2. Nutrients removal on membrane bioreactors without and with chemical addition
¥ Without chemical addition With chemical addition
em Influent Effluent Influent Effluent
130.2 ~ 350.0 6.7~202 112.2~599.2 6.8 ~20.0
CODe; (mg/L) (203.8) (11.6) (199.7) (12.3)
69.6 ~ 188.7 0.9~1.1 60.7 ~372.3 09~12
BODs (mg/L) (107.6) (0.9) (104.8) (0.9)
33.4 ~200.0 0~0.1 40.0 ~ 515.0 0~0.1
$8 (mg/l) (111.6) 0.1) (89.6) .1)
20.8 ~39.4 57~153 21.0 ~45.6 6.7~15.0
TN (mg/L) (31.6) (10.4) (29.2) (10.5)
1.9~55 07~19 1.6~48 0.1~02
T-P (mg/L) (3.2) (13) (3.0) (0.1)
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Fig. 2. Variation of COD¢, removal efficiency on the membrane bioreactor with chemical addition.
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COD¢Y A9 494 CODe 1122~5992 (B 199.7) 66.9%92m AAPuS FAG FAS TN AAZES
mg/LAl A %4 CODe 6.8~20.0 (B 123) mg/LE 3 Y4 TN 21.0~45.6 (B 29.2) mgLlAx #35F T-N
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Fig. 3. Variation of SS removal efficiency on the membrane bioreactor with chemical addition.
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Fig. 4. Variation of T-N removal efficiency on the membrane bioreactor with chemical addition.
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THEN s=EEF R M3 A2S, 2011



SEIH2 70| M= Membrane bioreactor2] EX{2]

=8 97 239

10 100
Bl A 2 Aaaap
_\ F\‘x A A 4
T A
8 80
a p—. -
A : Chemica addition ~
% A A 2 &
E 6 . -4 60 2
g ° A a A 3
S A A : E
: [e] A H o o [
5 ° E
- 4 a 5 o+ H o2 40 g
o A [e5} : %o @
S ° o 00® b °°¢ & % N oS «
0° ° Doy o 9¢’
2 o ato0 ~ o 20
° ) S e 9 o
(] o o H
P14 L4 oo :
o»
0 - . . i apen® o & awmer. . |
0 30 60 90 120 150 180
Operation days

I Olnfluent of T-P

®Efiluent of T-P

ARemoval Efficiency I

Fig. 6. Variation of T-P removal efficiencies on the membrane bioreactor with chemical addition.
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