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Fig.1 Principal component scatter diagram based on the Hhal-di-
gested T-RF profiles of the MBR and the conventional
activated sludge (CAS) process. The number near the
plot is the sampling date. Vectors of the correlation
coefficients between the operational indicators and principal
component scores are also shown.
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REZEE, 79 v 27 A, EWESOILEDEDOES
# % Table 2 I2/R 9, it AKIZ L, BAEHKD
025~050mg/L & ENTHB Y, /R ICIZERL
HEEGD E BN DEFRFEOEYEITR S iz &
WIESEHT, BRIV Y T A EOmEIE 4 < &
ATHEDY, SMP b %072, 8z 701 H H® MU-1
& MD-11%, MAKDHEAIZE > TE 75 v 7 A&
Elp o2l ETT 7 ) v THBEE AT L 7IRRED
HEY SRR TH 5, MU-2, MU-3, MU-4, MU-5
EHEO7 7o) Y 7IREDLDOTHY, MD-2 &
MD-3 1 ZHEED 7 7 7 1) ¥ ZIREED W RHAR T 5,
No.5-1 % MBR Ok TH 5 MU-2 & MU-4 Oy#
fLEigEo =L, 18O 7 7o) ¥ 7 OH#ET %,
MU-5 OfgiEIx, HPE» S 7THERO 7770 Y 7D
FETZ L T2,

T-RF OMR&EE, ZOTOT7 74 NVET TAY —
fEdT L 7245 R % Fig. 2 127837, iz 192~701 H B IZ
A EE TR X 7z 406~409 bp @ T-RF 1, 701~
1080 H HIZ G HHER P TELE L Tz, BER
7 7o)y SO EYBEOMBEE L, HEERO L O
CHEMLTBY, 7RI —RITICL T V—T1
FIH L 720 25 OFEHE 406~409 bp 1200 2,
1085~1087 bp @ T-RF % 33l L CT&H A, AS-2 %
WT 560~565bp D T-RF &£ H 72, 72, 201 bp
?D T-RF 34 %h o7z

Table 1 Abbreviations of samples of biofilm on the membranes
and activated sludge

Abbreviations of the samples from

Days from

MED 7 7)) v QRSN SV —T11
R L7z TS OME#HEIZIE, 201 bp @ T-RF
ML L, ZIv—TTIZEL L Twiz 406~409 bp
T-RF 234 7% h o720 F72, MU-2 & MU-3 (21% 203
bp & 341~343 bp A%, MU-3 & MU-4 |21 58~59 bp
® T-RF 3%\ 2 RN TH - 726

TNV—TF1E V=TI ORDE 1L, 560~
565 bp & 1085~1087 bp @ T-RF % & A T\ 7275,
FNorgEhwEklL, EE50 7V =TI )E S
otz WER T 7o) ¥ ZEEOEYRSE MU-1
1212 370 bp, & 512 MD-11212375bp & 675 bp @
T-RF I E TN TV, MU-1 37 v —711
[Zdk@ L CBH &7z 201 bp @ T-RF %, MU-2 &
MU-3 (28 & 72 58~59 bp @ T-RF b & A TV 72,
EHEHIE AS-1 & AS-5121, 7V — 7 T I8 7%
406~409 bp ® T-RF & & A TW /2,

T-RF 70 7 7 £ VO ERG 5T O#ER% Fig. 3 12
R 851 BRSO AR RO EITK X v T-RF
1, 201 bp (+0.42), 1085~1087 bp (—0.77), 406~
409bp (—023) THoleo TDD, ZV—TF1ID
1 ERSESREEERY, V=T IR T S
WED 7 7o) v TEEOEYEE MU-1, 5607
V=720 B S WEREHIEE 1 F 8 S IEE &
otz 52 ERG OB EDOMITEIK E Vv T-RF
1&, 1045 bp (+0.40), 406~409 bp (+0.33), 560~
565 bp (—0.50), 201 bp (—0.40), 1085~1087 bp
(—026) ThHolo ZD0, 7 )V—T1 OFEZ
B2 FR D AE & T o 72, WL & oM
BIRRAT OSSR, TR ZE & B O g L Sk & f &
i, B 1 ERGLIEOMBEEZR L. Thbh, £
A2 3BT 201 bp @ T-RF Z 3 OME 2% S L,
1085~1087 bp & 406~409 bp @ T-RF % FrO Ml »*
FEEELTLE, 777 IPETLTCNLE I EE

the start-up MBR upstream  downstream  activated RLTW5H,
pornepowsmesue SAFT 7)Y T ORTEFNITE,
701 No3  MU-1 MD-1 AS-1 L S
1055 No.52  MU-3 MD-3 AS-3 bl ENTW5D, JeliffiiL EPS % SMP % 4 L,
1072 No51 MU Notcolected  AS4  SEEBAOMEMIE, MBOXRIHECHKYE, B
1 No. 5-1 MU- Ni 11 AS- NP . . NPV
% Tob O Norodected AS% BREDBEL TS, &5 IBOMIRTEL % S AAT
Table 2 Characteristics of the membranes and the biofilm samples in the MBRs
Sampl bD?S af}tf.}; Average TMP Flux Fe Ca Al Protein Humus
ampie acxwasiung [kPa] [m/d] [mg/m*membrane]
[days]
MU-1 28 154 0.57 62 23 13 9 13
MD-1 28 9.9 0.57 2 2 2 10
MU-2 13 2.3 0.36 20 10 9 19
MD-2 13 1.2 0.36 2 3 3 2 1
MU-3 35 2.2 0.37 <1 <1 <1 3 1
MD-3 10 1.1 0.37 <1 <1 <1 <1 <1
MU-4 31 39 0.47 33 14 12 9 14
MU-5 7 25 0.46 14 5 5 5 2
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Fig. 2 Dendrogram showing clustering of the Hhal-digested T-RF profiles of biofilm on the membranes and activated sludge
in the MBRs. The ratio of the major T-RF's with dominance>0.05 in each T-RF profile are also shown. The figures in
the bar graphs mean length of the T-RF's, whereas commonly dominant T-RFs are shown as the patterns of the bars.
Correlation with PC1 BERL A2 L IZ S WHEEED D LItZe v 406~409 bp
I I s ko O T-RF % oML, EWBEAHET 2 & 851
LiZ< vy od, 201 bp, 58~89 bp, 203 bp, 341~
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® Asi 05 F A TH LU EEN D S B, WAKDFEA
~
o e s A MD1 - ®IZ7 7 7)) ¥ 7SR AT L 7 IREE O A IS,
- & . — N pee ) % % -
s o oo s neitle, 575y 7 ATEER Ko CHEE, MR E & bIC,
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Fig.3 Principal component scatter diagram based on the Hhal-di- RED (ﬁ lﬁ(ﬁ e %75 MBR Liﬂ‘/ﬂz < ﬂ' 7 %EH%

gested T-RF profiles of biofilm on the membranes and
activated sludge in the MBRs. Vectors of the correlation
coefficients between the fouling indicators and principal
component scores are also shown.
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