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VAR s A B HA o, FAY Hyel Sk BAAL EALH 2R A 4 T

ojuf, 7] thad AAA(310)= 10m WA 5mme| &5 2t Ao whghA g, 10mm 72 A Ao A2

H|&o] F7}3} & ofye} 2& FFOo= Qlgte] B e o] &Y™ tmE 2 AF, 299 o7 g3t
nnlste] A 9=9] SS(Suspended Solids) &9 F71&E el =4 Uelva, frdg das L nAdEe] 4

=
7] BBy AAAL FE WMPEA Rshn, oiie] & I weh AU Wi tholuby] gt
B4 2 wEgol AstEs BAZ glo} 371 WS ol Wi Ale] M,
e
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o
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=
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of
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=

E, A7) WA (SI0NAE f1HF BEBY FYH ARAGE 5 WA 4092 AofshH, 4] 5
3k AFALAN vhol @ sbne] el AEA ol Fojxint,
7] o IEE(300)9] A7) thelubel ARUN(320) BIHE AeSE BYRU00)E ol FHM, npolestat B

glEo] 7] whol ek A (500) 2 o] & H .

T EA(S400) ol M= - (400) 1A 7] trelue] AEmts 3 AgaqE o|F ol nle|ertas st
, 7] mpol 7k arE EeE AeaE A ARFMEADR o R wjEsh At
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oluf, A7) E]%-(400)
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el
=

E

ki
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[0191]

[0193]

[0195]

[0196]

[0197]

[0198]
[0199]

[0201]

[0202]

[0204]

[0205]

[0206]

[0207]

[0208]

[0209]

[0210]
[0212]

[0213]

SES06 10-2274233

cm)o pl Z2B | SR FAHAY. thaAd AAAZE AF 4 cm, UH] 10em, o] Apol= 50mE 2t
Zjoll =y 237 vHdS AREESIT

CSTR®} DM(Dynamic Membrane) % &

A} FHALE PHjEte] frlHS BEES Ao S w 35+
1C, pH 7.0~8.05 FAATE. #gel®e 5.5 L, AT 10% w/vE FHstar, F7]=5384(0LR; Organic
Loading Rate)= 1 ~ 10 g COD/L/d= ZH3}it}.

Hlo] & 7l AMHS BUEHSY] fste] 7t xFVE SHEa, x79 JtaE Ve 4H 0T,
1 atm) .2 RAGSFTE. vlo] o7tz e E3E Wert~E A3 Y8te], wey o]iksieA
7} AZvtE 783 (SRI Instruments, SRI 310, USA)E o]-&3l3itt.

3A] X HPAH(VFA)S 300<7.8mm minex HPX- 87H (Bio-Rad, He cules, CA, USA)Z#< =F=kst HPLC(1525,
Waters, Milford, USA)® ®A&q o AWAake] peak: UV detectorE o]&3te] w3 210 nmollA] SA s}t
ol s AL tmie] kS o] &3St

I3, COD, FAA(MNY A2 APHA o 9]Aste] 453, SRT(solids retention time)& 3h712] 4 1
Kel

Mixed liguor S5
Effluent SS

SRT = HRT x

EPS(Extracellular polymeric substance): Zhen et al (2013)] 7]|&d dAxE wet =15 :
9] polysaccharide (PS), protein (PN) & 43t 2 54& £43h. PN Lowry’ WHE o] &3}
H9a, PSE Hm-gAH oz walA7l 3 490 nmoll A A FE Q.

DNA extractione MoBio PowerSoil DNA extraction kit (MoBio, Solana Beach, CA, USA)E o] &3le] F3% 3
=

dle|gol s ZE3lr] 93k Zelolm R 341F (5° -CCTACGGGNGGCWGCAG-3" )¢} 805R 5° -GACTACHVGGGTATCTAATCC-3
CHE A}%é}%ﬂz, mﬂ&% FZ317] 93 ZglolmEE 787F (5 -ATTAGATACCCSBGTAGTCC-3" )¢} 1059R (5-

ZZ¥ PR AFES  Illumina MiSeq platform 2 o]&3sfe] AHsPow,  Mothur  program
(http://www.mothur.org) & ©]&3te] 7IWlEtE AAS I, WEAEAE AHSUTE. vABE 739 542 ROP
Pipeline (http://pyro.cme.msu.edu)E o]&ste] A%},

ALY AA HEE =Asr] Yste], wrEEolet mATFel 16S rRNA §HAE SYBR Green detector
(AriaMX Real-Time PCR, Agilent Technologies, USA)7} F-H|E FHAXNZESNS AL&39 T},

e E]ol 16S rRNA 32k FHl A, gP(R €A &E& 50TollA] 23F, 95TalA 103+ EXg & %, 95T
oA 30%, 52°CoA 18, 72CAA 90%2R 403 wrEsta, upxjato g 72T A 587F0 2 AojE g},

IAMF 16S rRNA 32} & A, gPCR EH B &%&E 50ColA 2837, 95ToA 10#3F 37 g =, 95T
A 25%, 52Tl A 25%, 72CoA 2522 403] WEsta, wpxato =z 72C A 5E7Fe = Aojx ),

FAR copy iz 3719 4 200 o3 AkE eAn.

[+ 2]

Gene copies = DNA Conc. e X lg X 1 mol bp DNA
ul 1000° ng 660 g DNA

« 6.023 x 1023 bp « 1 copy
1 mol bp DNA genome or plasmid size [bp]

x (volume of template [ul])

2. A3 A5
sl719 & 2% SZAGRT, OLR, AgEE)d wre dek Y45 (HMadAdET, We-d4d948), SRI/HRT 2 DM

_13_



[0214]

[0215]

[0217]

[0219]

[0221]

[0223]

[0224]

[0226]

[0228]

[0230]

SES06l 10-2274233

ool FAE HoETt.

* 2

Observed
HRT | Wfluent | OLR Shear MPR | MRS | cRr/HRT | DM laver
(d) (g-COD/L) | (g/L/d) velocity(m/h) (L/L/d) CODadded) th}{;%?gs
40 50 1.25 0.011 0.41 £0.1 | 0.33 0.1 2.1 £0.0 2
25 50 2.00 0.017 0.69 £0.2 | 0.34 £0.2 3.1 £0.2 3
15 50 3.33 0.029 0:99 £0.2 | 030 £0.4 | 121225 10
12 50 417 0.036 0.98 £0.3 | 0.23 £0.1 7.4 £1.1 3
10 50 5.00 0.043 1.26 £0.2 | 0.22 0.1 6.1 £0.3 3
10 50 5.00 0.120 1.43 £0.1 | 0.29 0.1 1.9 £0.2 3
10 50 5.00 0.200 1.52 £0.0 | 0.30 +0.0 2.0 £0.3 3
10 50 5.00 0.340 1.58 £0.0 | 0.32 £0.1 2.0 0.1 2
10 50 5.00 0.440 1.56 +0.0 | 0.32 +0.1 1.9 0.1 2
10 50 5.00 0.880 1.54 £+0.0 | 0.31 +0.1 1.9 £0.2 2
10 50 5.00 1.740 1.21 0.1 | 0.24 0.0 | 1.6 +0.1 2
10 80 8.00 0.340 2.08 £0.1 | 0.26 £0.1 1.6 0.1 2
10 100 10.00 0.340 2.52 £0.1 | 0.24 0.1 1.6 0.1 2

T HRT, OLR B g d &) AaaAEs BolFs agteli, & 6 dddzd we daddss o
e S HolFs g et

wek A& (MPR)E OLRS] S7bell whel S7hskglel. Z7]el& 1.25 g COD/L/d OLReIA] 0.414 L/L/d¢] w2
MPRELS Holtrl Z7]o= 4™ F7138ke] 5.0 g COD/L/dS] OLRoA 1.1 L/L/de] MPRol Lg3atsitt. wekaiks=
&< 25 d9 HRTAIA] 0.344 L/g CODadded® 7}4 & Aoz Felxgir).

Ad A7, %9 OLRIIA A& % (shear velocity) S 0.88 m/h7FA] Z7HA 7S ol vlo] 9.7k~ AJALE = (MPR)H
st S7MeE FAE BRoy, du&EE 1.74 n/hell =E8S We] MPR2 1.212 #Hashe AS 9 § 9
Ak, I AYRA 2 dHdERR Qg nlo] ks ALl A AJHeA H&ERE 0. *
MPRO] 3 HE = AL st 4= Ao, o] w 10 g/L/d2] =2 OLRANA Hdl MPRS ¥& = ATt

TMP(Transmembrane pressure)= ©fw g Oﬁﬂlﬂ%xé%’i | AFEe H4E Fasdel® dA FAIZH(140 d)
10 kPa® v} 22 grs Yebligder. dwbao LR 2 VFA(Volatile Fatty Acid) b o4&

s avety, 2 2deAe dds iﬁﬁ ke Hastes Rld 4 A8l
ol EPHES dASHA DM 7lso]l A EAIES o] askee] frHGe] | astedl A8

>
2
_111
]
2
2 o
oot
]o

oM ox mm ok
ﬁ,

to O aZ oft R

i
P

ki

62 fFE=F(effluent)2] TSS(Total Suspended Solids)<} F7]#H4 & aE (mixed liquor)e] TSSE H]ug 7
oB7A, FEFY TSSE F7I¥HF FEEY TSS Bu}p ¥ 3He e,

EE, ¥ 204 KHo]FE upe} o], 15 d HRTAA] 12.19] =& SRI/HRT H|E Yehyglon | o, §&4
TSS7F 2800 mg/LOﬁ 7184 HaE] TSSE >45,000 mg/L o]@lgi =R}, o] EAute] FAo o3}
o o4& HEvs FTHAL F Agdl 7Idg o ATt

% 72 DM layeroll Al & VFAS} TSS9 Fa%sS HAAFET. 7|4 oA =2 TSS & VFA FE2& W vlo]27}
S
] |

Lo

WA Fuste], 53], @rlaslld Zzuede] HHe FUMFE ol§F volests A 2 A
ARel A 7195 Aok 2 vheleska AT Asksl wle] Yk,

A L2322 2.0 ¢ COD/L/d ©]7<] OLRAIA F2.3 atoz dugloy, &9 718

T VFA®} TSS7} 72~3kglom, VFASF TSSoll whisliAl Z}2h 82% 2} 87%2] & #47F AAT. ZE )
T EAeta, B A2RdAE =2 dadd 5 D] f71Hg Ade s HoFH, ol DN
AR PEE Aew AHEEATt. 53], 15 d HRTOlM DM 9o FA7F 7 FAA0H,
SRT/HRT HIE YERATHGE 261 EA]).

T 88 HRTO wh2 DNMute] EPSEAZAIE HolF= Ao & LB-EPS & HRTE WH3lo] ZA 943 wx e wb
W, TB-EPSE 40¥elA 1599 HRT ®isle]l wat F7ieithz 1099 HRIZBA A4 Asksich.
PS(polysaccharides)& %+ PN(protein)&X=(400~ 860 mg/L)o] Hl8] 7]|EAHo=Z A F%(20-30 mg/L)

==} ﬂo e
fo 10 e
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[0232]

[0234]

[0236]

[0237]

[0239]

[0240]

[0242]

[0244]

[0246]

SES06 10-2274233

=tk

T 9E SAE #4949 AnDMBR 29 Microbial analysisH|O|E|E HolFE= Ao RA, (A)E AT v o}
o] AtfAE H&S HolFw | (B) HRTH3lY wE E(0rder) FFolA nAwe X, (C) HRTWHE ] wlg &
(Species) oA Mt e] #32, (D) HRTHSE] wE & (Phylum) 5ol A BHe|gol X & HojFt),

T 9(A)AA RoFE ule} o], vte|go} 16 s rRNA S dxE A 16 s rRNA &2 1ok 1081~1008) ol
#AZE AT, 27] wregoeret AT FHA copy FE DM‘?} 7oA Huh f71E R a s A SHEAS
v, 15 d HRTelA DM-3-7] Wje] wute|glotel aAld &A= copy 5°7F 6.5% © =4 =AU, 15d ~ 10d
HRTOl A whelgjole}l uAld 25 74 om | OLRS 1.25g/L/d oA 5g/L/dZ2 Z7FEAck. nAdE F4x &
At 7b7E 1.5%10' copies/ L, 4.3<10° copies/ L2 WolATh. Aukd o DiutolA] ute|globel wAlT 3

ol ol AR, EREEE G/ATRELT FAST

= 9B (©°lAM BAFE wiel o], B SFoA Methanosarcinales, Methanomicrobiales 2
Methanobacteriales?} 73} ow, Z7]o] acetoclastic methanogen$! Methanosarcinales®] archaeal w3
ZollA 714 A3k th(relative abundance=33.9%).

% FFdAE acetoclastic  methanogen$l  Methanosaeta concili7} 7F&  $#Astdth(relative
abundance=29.4%). HRTS W 3}(40d~10d)°ll whe} $-HFelA F=a3k Bghyt ZAHAE=E, & 52 10d HRT
7] Methanomicrobiales ©] 42.9%7}%] <7} WHH | Methanosarcinales ¢} Methanobacteriales®] Ath¢-HE+
27y 15.3%, 1.9%= 7rAstdct. & $£59 10d HRTOHH Methanolinea tarda %°] 7} $-dsllth(relative
abundance=41.7%) .

= 9= F FFoAM 8F9 HEgel EFE HAFU: irmicutes,Bacteroidetes, Actinobacteria,
Chloroflexi, Thermotogae, Proteobacteria, Spirochaetes 2 Synergistestes. 9E|]o} 3, Firmicutes,
Bacteroidetes @ Chloroflexi ¥ A FolA W 60~70%= -3+ ).

%7] 40d ~15d HRTolA Firmicutes’} $-H3tRom, 12d, 1049 HRToﬂf\i Bacteroidetes?} $-H3At). oluf,
IR 0,194 0.9 g/L7HA] S71EQaL, pHe] 2 W3y gdelEgom (= 109 EA]), COD &S
68.6% 7FA #HA3kA k. Chloroflexi, Actinobacteria  Proteobacteria ¢ 2 Syntrophs= Atz W=7}

A HER T

A7) ATE Fa), ADMBR o) vl AgE AR Twe] xEvese] EAsh: BANAE F 48FS ¥
A% 5 dglom, WEel v sl Prigle] By AA Al BHH vheluy vl RAH o v 24
o que FAREE sol f71915e) DLt sbsetn, WEe] GATA] NRERIES Aojgoz
W dheluby) gEuie] fusts B4 Aojstel weloskx A EES JUs¥ 4+ Udee HAT
215}

o] ’g3} ol S wo] Sk 7]

400 @ BE¥HF-
500 @ wfe] o7} A g

600 @ HHHE
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=95
Shear velocity (m/h)
0.0410.12 023. 0.34 ;0.44 .ﬂB'S. 1.74 0.34
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EH9

A. Total microbial count

®Archaea ™ Bacteria

% 8.0
c 70
g 6.0
g 50
4.0
&
5 30
& 20
S 10
o
S oo
DM ML DM ML DM ML DM ML
| S— ] - J - J | )
40d 25d 15d 12d
B. Archaea (Order)
#Others (< 0.5%)

®Undassified

Relative abundance (%) "
gFEEEEEIEEE

40d 25d 15d 12d

C. Archaea (Species)
The

 Methanobadierium petrolearum

ermofium wonense
* Methanothermus fervidus. ® Methanolinea tarda

condli
' Methanosaeta themophila ® Methanomethylovorans thermophila
#Methanomassilicoccus uminyensis # Others (< 0.5%)

100%

Relative abundance (%)

40d 25d 15d 12d

D. Bacteria (Phylum)

‘= Undass = Actnobacteria = Bacteroidetes = Chioro

= Firmicutes = Others (< 0.5%)
100% —_— B — —
90%
80%
70%
60%
50%
40%
30%
20%
10%
0%

s|

Relative abundance (%)

HRT

10d

10d

—
5.9%
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VFA concentration (g/L)
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