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Microbial Community Structure and Treatment Characteristics of

Domestic Wastewater in the Intermittently Aerated Membrane Bioreactor
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Abstract

The objective of this study was investigated for the microbial community structure and treatment perfor-
mance of domestic wastewater in lab-scale submerged membrane bioreactor operated with anoxic-oxic
cycles. Respiratory quinone profiles were applied as tools for identifying different bacterial populations. The
cycle time program of bioreactor was control under anoxic/oxic of 60/90 minutes with an hydraulic reten-
tion time of 8.4 hrs. The average COD,, removal efficiency of domestic wastewater was as high as 93%.
The results showed complete nitrification of NH;-N generated during oxic period and up to 50% of the total
nitrogen could be denitrified. The dominant quinone types of suspended microorganisms in bioreactor were
ubiquinone (UQ)8, -10, followed by menaquinone (MK)6, and MK-7 for anoxic period, but those for oxic
period were UQ-8, MK-8, followed by UQ-10 and MK-7. The microbial diversities of bioreactor at anoxic and
oxic periods, calculated based on the composition of all quinones were 10.4 and 12.2-11.8, respectively.
The experimental results showed that the microbial community structure in the submerged membrane
bioreactor treating domestic wastewater was slightly affected by intermittent aeration.

Key words: Domestic wastewater, Intermittent aeration, Microbial community structure, Quinone profile,
Microbial diversity, Treatment performance
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gAY S HRY YEHHs TN 224
29 AHAYe g FHANIADEA HH{Ade)E

FY37] AdME AYZIZA 2 ol ulyE
THe 727t exHel, pH W3, Falo Wz
¥71x9 DO w=ws}, Fate] #g 2 da3F
FHe Wg ol met oRA WA got
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28 x¥7] MBRFZ N A2 st-Aegded vdge] P72y

e Hol Fasith. v, AEAFAIZRA
28 g 279 AT, 94T E % FAFER
TAE AFH] S EAHAE P sl
ong st shtel nAES Fe, FH3R A
de Ae MY Brbsstd. H2, ARE A
31 Sle AEDE NE2A uHE T
o] &3l "ol FEEH3 ¢lth(Fang and Barcelona,
1997: White 5 1997). 1 o o4& ZFH
NAN AzpADe BAde HA=EAFE o83
€ HgEFHel FEHa dch(Fujie § 1998: Hu
% 1994, Hiraishi 1988: Hedrick and White 1986).
Ad 18 EE Addsta, TFHE ZAe WAHE
de 2 PR S/ FHA=UQFH AU
=(MK)ol EA3tx st ztze] +2& Fig 1(a)
ot (b)ell Jehiich A=e 19 248 4 ol
ZAZH e Holo| wet T2/t Eelv, nAY o
AZAZHE ZE A= 2 A= 44
UQ-n, MK-ne.z #dth E¥ $42¥8% x9] 2}
ofd| wa} UQm(Hx), MK-n(Hx)Z #71%9ch A
e 3E4 ¢ BHAAAEY FFgRol,
TEAY &Rz A EAE 3
on 19 FAHY Holo] wet Ffo AsEd
& yepdch. v g glolA oduA] o]
g7 g A=EAFs B4 dv 2 A
ERAES 2E WAEE EANEE, AE&F
FAe EAFoZRE R4 AHstn de vAdE
& 47 ERgte AL & & AW, 449 v
AEZ 19 $AA=ZHY] FA daiA o=
A% databaseE F2&3 Ut (Hess F 1979
Collins and Jones, 1981: World Data Center for
Microorganisms, 1995), Z2#|M, MZ & Algd]
Ao ogEFHe AolgtEA vAETHASY
FH FEF FRE d& Aol 7He3tt}. Hiraishi
Z(1991) & FAex23Yd L dissimilarity (V] HALE)

o} 0
CH3 o:q“')/ CH3 CHj
CH30 Y "h H
0 CHy n 0 CHy n
(a) Ubiquinone(UQ-n(Hx)) {b) Menaquinone(MK-n(Hx))

Fig. 1. The structures of ubiquinone and menagquinone.
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o o& FHFssa, wPEFe] HI}E FAF
v WEE Akt o H2, gAY v
AETHTZY WHE HMNe EHoz FAF
=Z2NYE 8T <7F Bol EudHan YA
(Lim ¥ 2002; Kunihiro % 2002: Kurisu & 2002),
sheA g g2l AEHn e FAY AEAZF
el MBR(Membrane Bio-Reactor) & o] A3}
2 e #FAd g FezRde]l BF Hid
= A9 gl

uety £ dPede A BE AeEdte T
A AXAE e @9eAF%4 (SMBR)W 9|
E¥7|/¥7) (anoxic/oxic) lcycled] A|Zb#Azte] wE
718 2 Ak MR vBEZHTEY A
Bl izt HEHAD.

2. HEEA % Uy

2.1, AEHEH

B Aol AHgE MBR wrg7)e olade A
e Mg Fig 29 2}, wegzel F §
EEAHE 8. 1Lo|H, H¥e A3 e A3t =
2g EZejojdd A L-type T3AME Fddn
o} (Mitsubishi Rayon Co., Japan) 2.2 wte] F74 &
0.4um, 2EY AL 0. 2mY/modulec Tt E
1 B7IWgo] WY TnF AGHA s
A8 ez ddd] 2#E AREAey, 3V
#%& 10L/min oo FF3AAUt. HEI|A
£ Impeller& o] 83l ¥Hg2U9 &8x9 AA
& WAEA v EIA fdHE fU1EE €3 1
Ago| FH3 o]8¥ F U=EF EFsHY. &
gte] 27] B3}EH2E OLMH(L/m? - h) 2 43
sgon, g qA sy 3t 8% F4 2%
A9 tg FY4er $AsAT, FA7IE
= EY9F gosrelease valveds FojFo] T YR
AL E G E vl Tl FA M &
Al ANAAE EA 9. MBREZAWY b
¥ 7| A5& Nah 5(2000)0] A¥E F3A &
718 2 ALAARE 7 A Jelgd HE
71/%7] F71& 60min/%0min A2 DHAIA £
Ao, fYdEe A7E FHAY SRR
ceRE HHsld EFAZA7L ANE Im’ FR
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AFz AFT F AF pumpE o] &35l Mgz
o FAstA, ¥E7Ivel AFAE 8.4A|7t0]
HEE vt vhe2ue vYEL ZREHEY
APor AL st e KAz goda 43
g HAE AFF AFssc. AVNFA 27
F71He] ATZR Y] M FFUT 2 WHg)
AFE& PLCE o] &3lo A&¢4 =AUt

2.2, 244y

SH7ILEL ALH0E fYF 2 Ml o
3t AgE AFstd £4E& PAAY. wegz
el BxE 0.45um filter paper2 A% 24819
o $AEMYZo2E COD (518, COD), SS,
&% (Turbidity), T-N, NH;-N, NO;-N, NO;-
N, T-P8} 21 & 2%, pH, DO & 15U 23
o]} &AF&HT}. A®S COD3#} T-P+ HACH
COD reactor(Loveland, Colorado)& o] &3}l whg
AlZ] ©& DR/3000 spectrophotometer®. 2 #4139
o}, §Sol B2 Standard Methods(APHA, 1992)9]
3l 239 en, €% HACH 2100ANE A}
839 tt. NH;-NE& Auto-Analyzer(Bran+Luebbe,
Germany) & °] 839 FF3sg o, NO, -9
NO;-N+ Ion-chromatography(DX-120, Dionex,
USA)E Abgsted 233

gagiAd nBEF =Y BAYYLe Hu §
(1999a)0] Add WHE ol8dd. A=EHL
MBRZHW] €A E ARE e F22¥
4 dee EHY21, wi)E FHrle A=
2% ths. Hexane® o] 83l 32 3iyr}.
223, Sep~Pak® Plus Silica cartridgesg  ©] -3}
#HFA=(UQ)FH wud=MK) & &3 g8

Table 1. Characteristics of the influent and effluent wastewater

HPLC(SPD-MI10A, Shimadzu Co., Japan), ODS #
& (Mightysil RP-18, 4 6(LD.) x250mm, Kanto
Chemical Co., Japan) & o] $-3te] M & 8315},
Zt Axd FFHEL fHFE 275mm, duHE
270nmeo. 2 AAE g oL WEg, ojix
28292, vw%)E T &7
L.0mL/mine 2 FF8Ac}. z2+Fe] w224
F&% UQ, MK T &ftdle] £2412t9 vlw
e Aol o8 A= EAFE 2FE + U &
Hl#=-103 ¥epR] K1 742 UQ9} MKE # g
sal7] ¢ FEEAR AHEEs

3. dEZEny % nF

3.1. MBREH S Rz} LHEH| HHME

2a9E &4eeA Zr)zd ARAAA 709 o
% 4% Z3E Tablelo] RoF8lATt. B QAT
AHEE frdese TCOD e 78.5-273mg/LE
FEHRAZL W2y 3A Jdehda dslen, 97
180mg/LolRltt. §249] TCOD(SCOD)E 12.8
(11.2)mg/L. o132 ¢ Aoz {AHUG
AAEEE AHED, Fske WsEe] Fdx
B7en oF B% o3& AAsE 43 7183
AAEHE B FA #ULF9 SSEEE 23-
174mg/LE FZAtol7l vlmd Ekout, &9
SSexE HEHA ¥%oH 100%e] AAZEE
YeEtdt #4949 g=(Turbidity)& H# 85
NTU, #&%E 0.02-0.8NTU o|3z A HZ
97 #4& A=z 493 FAHE Aoz ¥Hop &
A9 el A#glol mAE e} $45A F3)
HA5E ¢ 4 U}

ltems Influent Effluent Removal Eff. (%)
TCOD,, (mgh.) 78.5-283 (180) 3.0-32 (12.8) 87.6-98.1
T-N (mgL) 15.7-33.9 (23.9) 7.2-15.9 (12.1) 35-70
NH;-N (mg/) 10.3-18.9 (14.2) ND 100
NO;N (mg/L) 0-0.03 45-15.8(10.7) -
T-P (mglL) 1.94.127) 1.2-2.7 (1.95) 10-60
SS (mgl.) 23-174 (84.7) ND 100
Turbidity (NTU) 84 0.02-0.43 (0.12) 99.8

( ) Average, ND: not detected
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Fig. 2. Schematic diagram of the experimental apparatus.

T-N9 #d4 ¥E+ 15.7-33 9mg/LE B
23.9mg/Le F= & JYehliden, NO;-Ng
NO;-N& A9l A&HA ¢kn, NH-Ne 10.3-
18.9(H ¢ 14, 2)mg/Lelfict. WA, AHIFF9
T-N¢| ¥%& 7.2-15.9mg/L(¥F 12.1mg/L)2
NH;-N¢} NO;-N9| ¥x=¥& A9 AEHA 4o
B, A tjFEo] NO;-NE FAHgso] 4 .48-
15.76mg/Le} F=& JERiAth T-Noj AAEE
& B 0% AR, 1 F 50% B=7} v|EY
AEFAT g3 gt AAR Ao AR
g}, E3, T-PE 1,94 Img/L(H T 2.7mg/L)E
A Ea7t viad 3A Jeiden, §&49 T-
P& 1.95mg/L2A AARLEE 26.7%2 Jeht),

Fig. 3& B8 ¥7]|A] F27]-27] lcycled w87
e pH, DO¥%, SCOD ¥ TNz #H3e
Uehd Aolth. 1y waw SCODe F¥714
F43) grasityt LA de MM Fadte A
o2 Jeen DOF:e X7|AZEH J33
A F7tstden 27l 08AFH Fie o
6.8mg/Lel =@3tglen X7] 408 o|FFEHE A
N3 gide FHME BY. olv XVARE 4
B dmYole Fxrt A9 HAEHA &L A
o8 Hol REEe A4AE A o]&3HL
o, A& ert F3ge wet DO AB|F: 7
A€ Aoz AlmEY. =G FEVIAAE pHIL
o7t Fade AYgE BHIAom, IVANdE A
A3 F71g Aoz Jeikth. pHF 2 A
< BI¥7A] vl Eo] RI)EEE Rf7)4te] wiE

L
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Flg. 3. Variation of DO, pH, SCOD and TN with anoxic/oxic
periods.
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Fig. 4. Variation of ammonia, nitrite, nitrate with anoxic/oxic
periods.

7 W2 Aoz Alggdrt.

Fig. 4= F-3X7|/27|A3HE 60/%0min 2 33 A]
7l % 1 cycleg] AlZb#z}le] WE At HuEA
£ Jepd Rolh, F¥7] dHdAe €3 o3
NO;-N¢} NOj-Ne| $57} #asigen, 27|
NEAE ok 408 F NO;-N9| 5x& A9 A
€= gskten, 7¥7]F84 NO-N ¥:v
8.8mg/Lol A 5. 7mg/L A2 ZAHUG. o|g &
o] FX7|Alo] NO;-N#} NO;-No| FAle] &l
oo AL & £ ARG, E] AF F

™ RE
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NH;-N¢] 729 NO;-No| 37171 393 vepd
Aog Hol Aayt gdd Ao ¢ F AN
o, ¥7] 408233 F NH-N& ¢33 A4 g
new, 12087337 Fole NO-Nz ¢33 it
3 s AEHA 4ot 28y 27l F'AY
NO;-No| g2 ¥/ #4188 ¢ 4 99} 1
g FE71A] NO-Neol AAHA g olfe &
Ao f718 Faprt gol 2AA {78
Zo® Qg AR AlRE.

3.2, g2xUe| ojME e HS

(E¥7|2 A MBREFFUAA FX7]/%
7] lcycles] A|7Hste] whg v T3] W3t
& Table 2o Jehioicth, 7|9 ¥719] nprg}
87 tnyolrt A HEHA @td ¥
¥ 08T AFAM HA=Z2IIHE o] &3
4% AHRE molar¥|E 89kste] YRR
2x719 27PN AT A Ae /91F
= 37K types, & UQs-8, -99} -100] RE A&
AN HEEHALH, MKE 12-15typeso] F-FH o
de Aoz Jeygd, RFEIAC $HE AxF
T e dBEHA Ae EAEFL UQ-8(EAM):
37.5%)0l9ew, 1 tdgez UQ-10(12.6%),
MK-6(11.5%) a8l: MK-7(9.3%)¢l €2
Bhkou, A dE UQ-8 > MK-6 > UQ-10 >
MK-7¢] ¢o2 Jesrt, 53 UQ-83 -109]
moleEA¥| = X7] 60¥7AT F Fide YL
Holtdzl 150833 & o= oA F7ld A& &
4 ATt ol9k whiE MK-69] ZAule X7
Al 0.1150]0oy 27)7F EdXAAE 01212
F¥7)18g ozt F7kd A2 eyt ojRe
o wrgzue] #4E BEAAaAdA 3o
AAE AT BEZN FALAGEH ] vYES &
714 a2 HEgeA e AFdA UQ-8% UQ-
100] 2= Sl dF vAEEC] APEEHAY
F2o] dAlg Aoz AlRHTE EF FIXIIA9
' AE9A gty ¥zl H2d Axos
€ MKs-12, -12(H))¢t -12(Hpolch. F4tar]
Lol d $£4E& A sz Qe UQ-8% UQ-10& &
332 gler, @358 & 7Hn e deEe}

8 X Alcaligenes faecalis,  Chromobacterium3}
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Agrobacterium,  Paracoccus 52} 49 ¢ Ao
Atgdch 2@, oA AW upsh go] ¥7]
7oA UQ-83 MK-671 Z7lete AL AAkg
utelglol, = Nitrosomonas europaea$t Flavobacterium
5ol F71d g Agdd.

sl =3 MU =9 molar®& (UQ/MK) & 2
A}ste] Table 20 Vehfict. FX7]A] UQ/MKH|
€ 1.28019en, 7|3 dAMe UQ/MKH &
0.83-0.42 Z¥7|A Hroke @A delgo. o7]
A, FHA=UQ)# U =(MK)& 47 18
AT 2 TS vepdY, wabd RAAAGE
oA UQ/MKe| moler]7} 1 o]}olgle A& 2%
FTRGE 2gdTel $Hn USE ¢ F
U}, oJHE FIFE AN FAk FEE H3
A Atz de ol €A deglel ¢
#718%8 weelolzt 3 dGAY, odE F9
@435 vy Eo] AFIEL Fige] AMdA
g 397l W Eolatn ALRH,

L=}

Table 2. Composition of quinones in submerged membrane

bioreactor with anoxic/oxic periods
) Anoxic Oxic Oxic

Quinone types (60min)  (120min)  (150min)
Ubiquinones
uQ-8 0.375 0.304 0.327
uQ-9 0.061 0.050 0.052
UQ-10 0.126 0.102 0.107
Menaquinones
MK-6 0.115 0.115 0121
MK-7 0.093 0.097 0.097
MK-8 0.058 0.065 0.065
MK-9 0.002 0.003 0.002
MK-10 0.005 0.006 0.005
MK-11 0.002 0.004 0.003
MK-12 ND 0.003 0.003
MK-7(H2) 0.018 0.019 0.017
MK-8(H2) 0.038 0.046 0.044
MK-9(H2) 0.009 }.005 0.005
MK-12(H2) ND 0.003 0.003
MK-8(H4) 0.040 0.053 0.049
MK-9(h4) 0.018 0.025 0.021
MK-10(H4) 0.040 0.095 0.075
MK-12(H4) ND 0.007 0.004
UQMK 1.28 0.83 0.94

ND: not detected
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TEE7) MBREP M sl des ngEe PT84

AeTaidel HtE FFHor FAEY 4
¢ 2oz dissimilarity(W]§ALE), D7} o] &5 3
Atk A7) e 49 uAYEF, i 9} o HEZ
EZUZY HIRALE DG HE 9] 2oz Hold)
o Atk (Hiraishi  1991).

DG j)= (DLl £, @)

A7, fuh fyE i jERUA A=F ke
molarg&& Wehd Rolth. Dol 0.1 o8& 1t
Ble Re F Aggdd A o7t gle A&
HehRD, D7} 0.2 o] gold F Alge] mAEZ3
e njQEdel N2 dada ¥ 5 g, B¥
718t E71A0) ZAIE v Ee] HA=ZRAUE of
&3l D ALY 2t 0.252 Jebgon, oA
& wgrlel RARA(RIIERE, $A9 ¥gte)
of wet plgELHl A At UFE bl
At

3.2.2. njdE9 ci2y

$4 A 24 243 BT A
FE3l, A=z 2IUE AEE & P 7
WALl e velE AE, & ol4ET
23X & (Diversity index, DQ)E &3} o] Hojg
HoH(Hu 5, 1999b).

DQ:(é1 Ry )

@A, £ quinone ¥2hF ko EAB|(-)ZAM, n
< EAH7E 0.001 o]}e] HAx BaFe Folul,
DQ#E A= EAEY 47t B&SFE AA Hu,
Ao BaAFol HEA EAY W xR £
% FF3th. &, DQglo] ¥AFS 49 dlgsn
Ae RALZHE DQE o|&siM ABAoz tigk
g HNE £ Ao

BNY A& ol HAe FAHOBRYEH HuH
=, Muide a8z feiAed dud=g 2
& 3 Aed dIYAEE A43le] Table 30} 1+
BRI FaA duf=e ggde IAR
gx &L AE ¢ F Uuen, $ulFEe g
A& TR\ Er]7IZbe] §ANG Ao Jehgt

Table 3. Microbial diversity in submerged membrane bioreactor
with anoxic/oxic periods

Microbial diversity Anoxic Oxic Oxic
(60min) (120min) (150min)
DO, ) 4,03 579 5.34
DG, &) 1.48 1.19 1.27
DQ, ) 10.38 12.25 11.82

DQ DQ,, DQ,;: diversity of menaguinone, ubiquinone and total
quinone, respectively

o F Fee gdd ARE FEI) A 10.401g
ov ®rlME 11.8-12.22 Jeh}, B¥siud
¥7171b0] o] mlgEo] tgEA EAsle Aoz
FFEAY. a2ln, 27 08AI F AR
£ 12.30]924 7] 150843 o 11,82 <
T ALEAC. oA Zr\NRE7¢ Hrdw A
Bol ¥ EAZR oY 2473 ARLSFE B
7M. s Eete v YEFo] F7HE7) HEol
G Atrd,

4. Z4E

EXNEFE Adte EE7)4 MBREFFU
Mo FE7]/E7] lcyclee] Alzbdslel @ f718
R A2 AT vPETAY FHE HET 2
o, gy 22 A7E Ao

) fdsze] WEZo] Fox E78a COD.,
o] AAEL F 9B% ooz AFE /U1EA A
AedE BHo FAow, AHH+Fe NH;-Ng
NO;-N¢] soe A9 ASHA dka, A o
FEo] NO;-N2 HArs=qic,

2) FE7IA9 $3AE=E UQ-809len, the
o2 UQ-10, MK-6, MK-79] £o]g9out. A
d & UQ-8>MK-6>UQ-10>MK-7¢] &0 2 Vet
st

3) #HlAEY vy =(UQ/MK)9 moled] &
FEIIA 1.280102, 271 60RAH} FoE
0.83, ¥7] 1508 Fole 0.942 F¥7\Hc} 2
vebstth. oA REJGA ¥rlg HEsidr
ol =g vdEEe] 9% AMHEUAAY, 2
At elolst B0 A gde $Hol e Ao

684



qH @ - AtE

AOISE=YRYR| =2
16 6&, pp. 679-685, 2002

2 Alggd.

4) 2¥7A UQ-83% UQ-10& $¥A=FoZ
sk Alaligenes faecalis, Chromobacterium, Agrobacterium,
Paracoccus 0] BAZE] 718, EIA A&
UQ-83 MK-6& $dA=FL sl Nitrosomonas
europaeaSt Flavobacterium Eo] A3}ol| 71433 3l
e Aoz wadn

5) Awd FHTAHE vk R nAE A
BEE AR 43, fulFAse ggde & Aot
QAA T, v =] kg e FII7|L Boe
F7|Ale) ul 4 Eo] tFetA ZATE & 4 U

AFAL

B A7 34D 53724 (R03-2001-
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