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LA -7 180 * MCMFB £ 4k (T4 T 144531 > #FMRE # &
Wi mPELETaFE e R L FpH E 43 85~9 2 F >
MCMFB 2z #%5E ma 2t TMP 22 Flux 2 7 > B3R £ :F 150 * 2
Zp® 5 Flux ¢ 11 L/m*hr 4% 8 T 18 L/m’-hr > fpt 5§ 8P B 500
RifFiEP F e ik o e d TMP R a5 & 2+ 1kPa 2 F >

k57 MCMFB 280l 5 3 chioff Fo i o

-

& il e CaCly 2. 5 W B E AT it (= MCMFB 2 %
L FH g ? o ¥ MCMFB kU & 52475 {2 & > Ry
298 W » B 2. external membrane system > 22 6§ 122 HREH 2 &

—422_ internal membrane System » #& {7 ¥ L E% 0 Ca 3p+ K& 4
3+ 50-350 mg/L 2. ¥ 1 jE kT2 pH B 4 20 8.2~8.5 > £iE 70 /| pF
Z_# &% I > internal membrane system & 32 i@ (7 5 0 2 TMP d
7 kPa %M # 4 5 20 kPa; Flux ¢ 14 L/m’-hr & * 11 L/m*hr ;
@ {8 &2 TMP s Bt 1 50 kPas ¥ Flux 7| & & 558 1 4
L/m’-hr » TMP 2_ 4oyt i » 5 8 F 5] E g b Siarrg £
4P e 3 1¥ 0% 2 T > external membrane system & 52 TMP S p A 3 4o
H TMP i» adF 48 2 > i Flux 3 #ctg'# X2 484" - internal membrane
system & Wb 2 B3P o 5 Xeray $EEF 5 ALL4T 0 MCMFB a2
G2 TR e AT T EP > § BOKE G SR B MCMFB i
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Institute of Environmental Engineering

National Chiao Tung University

Abstract

Membrane bio-reactor_ (MBR)...combining ‘biological treatment with
membrane separation, has recently become an innovative biochemical
technology for wastewater treatment. ~MBR can be grouped. into
anacrobic and aerobic MBR depending upon the type of the bacteria.
Many successful applications of aerobic MBR have been documented.
Anaerobic MBR, on the other hand, has rarely been mentioned in the
literature. The most limiting“factor in operating aerobic MBR is the
membrane fouling, which reduces the membrane flux and increases the
TMP Tesulting in increased operation Cost.and shortened membrane life.
As for anaerobic MBR,'scaling is one additional problem besides fouling
due to the formation of CO, which forms the scales.of metal carbonates
on the membtane surface. This is the main reason that anaerobic MBR
is seldom practiced.

Anaerobic biological treatment requires less space because of the high
volumetric treatment capacity and low in energy consumption. However,
because the production of anaerobic biomass is substantially slow, the
granule is difficult to form resulting in biomass loss. The MBR
technology can effectively retain the biomass in the reactor and greatly
enhance the biological treatment. The only problems left are the fouling
and the scaling.

In this study, the Membrane-Coupled Methanogenic and Facultative
Biosystem (MCMFB) was invented, in which both anaerobic and
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facultative microorganisms were used. In this system, only one
membrane module was utilized to serve both the anaerobic and aerobic
bioreactors.  The effects of environmental parameters on microbial
activities and the stability of long-term operation due to potential fouling
and scaling were evaluated. The feasibility of the system was evaluated
by applying on the wastewater from a polarizer plant.

After 180 days of operation, the system appeared stable and the activities
of the microorganisms remained unaffected although they were alternated
between anaerobic and aerobic conditions: The flux rose from 11 to 18
L/m*-hr and the TMP'remained 2 + 1 kPa, indicating that the MCMFB
was highly resistant to fouling.

Calcium chloride was added in the substrate to test the response of
MCMEB to scaling. Both external and internal membrane systems were
tested. It was discovered that by using the external membrane system
the inorganic scaling on membrane surface was_reduced substantially.
X-ray diffraction (XRD) identified calcium carbonate as the scale on the
membrane of the internal membrane system.r Therefore, the aeration
tank and the membrane tank of the MCMEB system must be separated if
the wastewater 1s of risk of scaling.

The wastewater from polarizer process contains low concentrations of
calcium and magnesium. _After-140-days-of-operation, the MCMFB
systefn remained stable, of which the Volumetric removal capacity of the
anaerobic tank was maintained around 5.0 kg COD/m’-day which was
four to five times that of aerobic biological treatment. = The flux was
between 1 t0 5.0 L/m’-hr and the TMP was between 15 and 20 kPa. The
result proved that the MCMFB could effectively prevent membrane
fouling.
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Bt P B PpES L B £ 2 F 4 $ F & % (membrane
bioreactor, MBR) » & @4 it 1 feen- BRAAIE > -k 2F

R dRAE 5 > MBRAZ B A & 47 (aerobic MBR ) ¥ k¥ MBR

( anaerobic MBR ) ## hlos B ow A%, 49

¥ Yang et al (20C e g D0/ 4% 3 MBR 3%
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MBR#£ ik ¥ MBR2Z_#7 7 > %I e pF42 4 3+ 1970# % ( Stephenson et al.,
2000) - fe fiEIT30E AL RS 0 BB Y AR 2 T RURS
MBRF % #r24-% 3 *T (Stephenson et al., 2000) ; H i & i F] &3 R
¥ MBR; 7 T R ¥4 ¥ (organic fouling) AP AZ*H > B3 Ewi
SR E R a\iﬁﬁ‘i# inorg ' scaling ) %' %& ( Choo and Lee

1996a; Choo et 3 R3 MBR & 2

B =

3

MBR » %7 - £

2% BieF 2 mILH ~
FrH @R E > PE T K &S (particle free ) 20 33 M 4Bl

Heoom " Mw 2 Wt FI AR A RS RJZEEZ B 0 &

hv 2 Pt h et FrenlRRELA 2 - AT RF 2 K



4 P B RJE ks (membrane-coupled methanogenic and facultative
biosystem, MCMFB) » }* k¥ 27§ % fic2 B s SR — 28w
P PE 4 E R MBR 4+ § MBRz # it » ¢ H iicd ke 8 fhig * 45

Ll

FMBR- &> PR e 2 Bl g fafficifiidics FE

FEENRE B F A FER T TR o



R B /RE R

10 A A B '
g s EHRT HALF ML P E

AR kK2 TR A A

FARRE 2 A A
FedR % Bufi h Tk R OB K 2 e




Fok CRTMEZ hsudif
2.1 Ead foedR s s

AR Y- ST R I e A C I P AR N S A

T R R ARA R B R F A~ A

SRS ¥ Eend $ia R o B ERTIRS g 385 8w

( bulking

6. FE2 AT

7. FeiviaE L 4K

8. p# it iR 3

’,$ prz otk s MBR7™ it 3% B % § 2 A {4 (nitrification) i¥* (Fanetal.

1996; Kishino et al. 1996; Nah et al. 2000) » * MBRit = > # § #c4 %



b AEJTE P 5 ] MBRA $£ & {45 A2 kok i (Cote et al., 1998,
Jefferson et al., 2000 ) » ¥ ¥ 3% ¥ & 2. SRT (sludge retention times ) >
AOF Bk ROT R RS A o T R A R R 2 e
P Flok 4 ) (washout) @ &R & BH, » ¥ MBR i ®2 HRT™ >

fe AR L IR WA W2 4 r2 2 (Mulleretal., 1995) - MBR

% sk X [S TS R I 1 < 5 = s F
PRI ﬁ l,i‘i ’1=Ll 3 N » =~ ﬁi-&»

§ D

Xlecline) ARSI ESEER YRS 0 @

W] A s o R R

TR MBRz 7 7 32 % & &
& A ¥5 ey 41 2 (Chang and Lee 1998; Tardieu et al. 1998;

Wisniewsky and Grasmick 1998; Defrance and Jaffrin 1999 ) -



22 EWAFF LN

B ENCA Pk R R 2 R B R e A2 B R 5 1 (Sutton,
2003) » MBR & & }fg"}{] bh" 5 RIS ﬁo ’q' ‘\4 A N %@ ’ ﬁf?‘f‘"

%% ;“MBR (submerged MBR) - %% *t 5 Y > uPpE 7 > 50

d1-k (Chiemchaisriet al,

6; Trouve et
i ok H U MBR
FARFREZUET B (%3535

m/sec ) &2 g ol (TR 4 (L 4] 5 280-400 kPa) » 4p 43 ¢H # ;X MBR

=t

T o AR S MBRZ 3 fER 4 M g2 R B 0 A2 5 MBRY
A2 e TR A 5 28-56 kPa (Sutton, 2003 ) - “F# AMBRW ik jn &

T M R A AR e BT B AR



AE LG AL g ?f?,—;ifné] » 3% ¢ B P12 4 A 4 (Choo and Lee,
1998 ) © 4% i 1 /g ( cross-flow filtration ) ¥ >3 ji & jF $% 8 §* 4 (shear
force) » BRA YR PEFE B A2 ] BHEEwe > 7 AN RB 2

& J >t 4 % (Wisniewski and Grasmick, 1998; Kim et al., 2001 ) -

1295 Wisniewski et al. (2000) 57 5 &g 770 ¥ 33 BLER(S #7735 = 2 3k
HaBpEA % o] 41 320~40

umaz_ fF > =< 1997 )-Chang

et al “‘ 2 F A ¢ I > 2 ¢ ‘1 J‘!‘: 7}{ \:I

(Kishino et al., 1996) 4 [B SR BT B EEME R E

b AMBRA 2 0 20~50 Qg2 Fs4 v F o HAepr ik

M AAESMBR Y o XA R F T o

-~

F¥ MBR% & '@ pe2 Ri 24~ B > R¥ MBR2 iB2L &3 %

Y W"‘iisb/]fl"%"{f’?/ﬁg" °*€K¢R§MBR}§3%§\“%$\;



MBR> i & g * > % )k A& 2 1 ¥ -k (Nagano et al. 1992; Anderson et
al. 1996; Choo and Lee 1998; Fakhrularzi and Noor 1999; Ince et al.
2000; Lee et al. 2001 ) » 4eiFp# Z 4 1 % A -k (Choo and Lee, 1996 )

28 jFp -k (Strohwald et al., 1992) - Seung and Krishna (2003) 1
* MF (microfiltration) k& = tr¢h # N 4% § MBR2? jx ¥ MBR » 14 ik
BeoRA= A d 2. MG R AN SR B PR RS E T S A
o4 iTif it 2 92§24 COD2 4 GRal I ek 45 % MBRz_ & %4

# e R 3 (solid deposition rate ) % *:/iR¥ MBR -

F] SURF e P ZRTET AT § S 0 BIPURE kLR iR -
gk 2 SRT > % KRR E ficd 47 2 B i s 78 ¢ (Lettinga, 1995 ) >
FlRERicd 5 B F R e O AURE S L R 2 BLA 0 @
W oo T el o R BB RS ATk k2 74 i (Anderson et al.,
1986b;Nagano et al.; 1992 )1 5 & 2SR F Hc2 322 ¥ Aot e 5ok 24
( diffusible and filamentous nature ) ( Elmaleh’and ‘Abdelmoummi
1998) » F]pt k¥ MBR 4+ § MBRY it B IR & " m2 B2 -
Fuchsetal. (2003) 45 &1 ¥] 5 Jk ¥ MBR¥Hic 2 2. 2438 F ek > R
RIEBER A2 et HF7 R 2EFIRE AP 2 et 53 ZIR
i @RE MBRE M G5k Sz A B pE R R B BT JiRE MBR

¥ 3 BCOD2 £ Kf;é feo TR ek B L o T ARE

o



MBRAZ f 72 {6 » 7 rpeiE P qh 48 0w i o Fuchs etal. (2003) ¢
ip R E MBRiGE * *t g2 3 5 8 2 5 4 R R B BUPRER 2 AT R
7]{ o

pass

we

PSR M REA 0 R S B S L ¥ RT MBRE A b e

o+

i &k ¥]2_ - (Imasaka.et ] ¢ k¥ MBR x 5t¥ "‘f’ﬁ#ﬁi

Ak et 2 o BT hopp deds

( struvite; M

: t B Lo

TRTSES : ﬁ«@imw;migﬁ ad Lee1996a)

F ok 2 deive BAS IR 2 2 P
R AT A T ZAERCKPE o RF b
5N R ARAE LR B AR R A G o { e 1 A P R AT
AR 2R 0 L RE R AL ARE RREA 0 kY R
0.5-10 pmz B Hg it 4 F IR f2 4 5 45 {5 2 A, e e

(cake layer resistance ) ( Choo and Lee, 1996a,b )
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AWM 2 o R MBR& L & 2 #3554 7 > Choo et al.
(2000) i * F »F F #5521 30 & %R E MBR > 4534 ¢ fadr 41
B Ieen™ 2 0 W PR RS RET 0 MR ACOKF @50 F
o NIV E RSSO VIR AL > AR

7 (dialysis/zeolite ) % & thd 4=

VORI A 4 > ok

L oA 158

PAC\» A ¥ pks 1 - ; SE I’T) ;ﬁc il‘;(‘_

2.3 A

Bowen et al. (1995) & %4t iz » i o BHE: (1) )3
PR 0 (2) AIVER A A BE 0 (3) ISR (4) HK
A& o @ MBRY EHfiel R FF ML PRI RAG 2 R
RIF o AP RERe AT L o~ e~ mre it (cell

debris) ~ #2 F X #4~ (microbial metabolites ) 4-EPS » 2 8 &
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R MR R Bk ok A i 22 MBRAE iFiE 2 8258 (Changetal., 2002) -

R PR EREN o Fd AP FMARE LG S5 K

Im

(cake layer) » m i 2 £ R > d WA T & 5§ 2 TRk
(sparging) » T ¥ d & WL & H Fo R 5 7 i ¥ (reversible
fouling) > ¥ #b » F 8 Fors kg 38 S JF 4051422 p $R4E 55 (internal
fouling ) v F [2%& (pore blocking) * — 2 =@ R 7 7 % # % >
PIFL = A7 #fade (irreversibleDy 2™ i ffd5 L JF b iV & % o i
# “/T‘ (Chang et al., 2002 ) o ¥ 5=J& B 55 2. R Fl3d F & G580k 1 %
Jk B4k it (concentration polarization) ¥ 44 k& 47 2 (cake formation )
= # (Bai and Leow, 2002a; Bai and Leow, 2002b) > ¥¥MFm & si7)H
IV E SR, 2o e B iEIM 2R T 14 £ g (Bai and Leow, 2002a ) -

Lim and Bai (2003) :& A MF#7 %= 2 MBRFS % 7> B e i

SUEE s (NS ip s IE-N R PR

FOBE AR P RRARE AR R ¢ — BT Rle R B e P B R R
=% 4 $# 4 (biomass characteristics ) ~ & %44 ( membrane
characteristics )& 4% i¥ if i+ c§2 2 operating conditions ) (Chang et al.,
2002) 5 # ¢ fed dr it e FEMLSS ~EPS~ 3% 33 4 (Floc structure )
33 %] (Floc size) 2% f21- 3 #+ (Dissloved matter) ; &%

M 32354 (Configuration) -~ Fr-kt+ (Hydrophobicity ) ~ ' &

12



(Porosity ) #2534 ~ /|- (Poresize) ; # (Fif 2 & 24 17> ;4 Fin

@R SR F <] s HRT/SRTZ &% B+ (TMP) -

231 k2 FERE

Bai and Leow (2001, 2002a ) 45 J1 Rfak s o) € B2 8% 94k

B AT M AR g=i L Ak R T

151 A

Yamamoto et al. " MBR 2. MLSS ik & 42 i
40000 mg/L 5 > L & € £ T *# ; @ Lubbecke etal. (1995) 7
%857 0 MLSS jE & & 30,000 mg/L 2T » & 007 7 35 4 b i
BE2 B 4RRE 0o @ B ARR (viscosity) 2273 f2lt T 5 A re2 F

FoMF -

13



Ped gz gFpp e 4 BB Mo 22 SRT LE> %
RA e B RPEFEALENKE P 5 k2 # 5 (Urbain et al.
1998; Bouhabila et al. 2001 ) - SRT =z % & P? &g 2_ 828 4 3 MLSS
JE B > Xing et al. (2000) #F 2% » % SRT &5 %< 3 30 < »

Al MLSS ¢ 2.5 g/L # 4 ¥k ? £ SRT ¢ &g

"% 1< EPS ik -394 % (Huang,

v MLSS /ﬁ)i

MLSS ;&

(2000 ) #ju 4 Nt %8 (colloids )
25 T 4 (solutes) LN S = o
ZHE T EERET M REANS W EA L B
fhies TR A 65 65130 % 5% # Bouhabila etal. (2001) i
FAPR (59312 48 A B AR TR RBP4 B 5 2550 % 26

9 > Wisniewski and Grasmick (1998) #-E /5 R &% A ¥ 4
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37 4(>100 pm )~ # ¥ A 3(0.05-100 pm ) £33 24 F(<0.05
um) o Mgt = fER TR TR BEFIR 52 %2 red ko3
24 7 - Changetal. (1999) 45 B4 o 4 B 24 2 3 & §2 585
F ez Ak A BRIV AR R e

.4 75 & (bulking sludge ). & 3% iz m;3 /& (pinpoint sludge) % **

i g 1o 4 4 e

Sponza, 2002 )

PR IR 0 A A e AL 2 EPS ARG flicd
Fod Y g £ % &4 (Geesayetal., 1992) » 1T &k
3% MBR 247§ © g3k EPS £k S fise2 bo£ & 2 4 55

FEIFALEH A R AR EBERE R wiRlE EPS Kk

15



B £ BRI EPS kR & F gt re2 B (% (Nagaoka, et al., 1996,
1998; Chang and Lee, 1998 ) > Chang and Lee (1998) 4 IR & "4
v

basr EPS B R % G UL o A0 A AR A B S

e AT E A e o @ (SR E A 4 % ) Ridgeway and

Flemming (1996 ) 325 » %= 14 MF #£= 2. MBR @ 3 » ¥ i

2
P 1+

8 5 -

Noguera et al. (1994) ¢ Barker and Stuckey (2001) 2 # 7 45

Do R AP TR D AT AT W R 2 2@
2 € A 43 A mr 2% (soluble microbial products, SMP) - 4t
FZz. SMP & % ;3 3%-k ¢ 2. EPS » Aquino and Stuckey (2004 ) z_#=

16



140 SMP 2 e & 3¢ 0 Fod TR EEATRE K0T 50 96 0 feF
= & 1% #X A 7 - Namkung and Rittmann (1986) #- SMP iz 2 #& 4
SN A s - LB AT RS M2 A F (utilization

associated products, UAP ) % ¥ — g &8 ‘w2 Bl 25 M 2. &2 F
p f

( biomass associated products, i P )2 Callander and Barford (1983)

AETSET

= (;sulthydrals,

OD # 4% = UAP>
0 and Parkin (1996) 2z
F7kdpd o R k%Y SMP A3+ £ <% 10,000 & SMP jk &

“iffSRTi"g’ﬁrTwigfﬁ °

17



2.4 EWARIF2 IOk P

defe ok AR - B AR B P B E B BT LR E A SR

TSR

1. 3% @@ 4 5 3 4 5aA (shear stress) ™" MFW 4 & 2 k4

E B (Ganderetal.,

;¢ d-k (Yeom et al., 1999
etal.,2002)
6. ez § 37% 3% (Baiand Leow, 2001,2002a)

7. x4k > 2 (Yamamoto et al.,, 1989; Chiemchaisri et al.,

1992) ;

8. % & J %> 3 (Ma et al, 2000; Parameshwaran et al.,

18



2001)

9. % £ % 2 ¥v¢ (Chiemchaisrietal., 1992) -

& "oF % (Membrane cleaning) ¢ 7 B &S ik (¥ 4% F P

fF i v e ER SE i 4L IE (diffusion

5,

cesay et al.,
1992) 3} 4 #|( Chara # #[( Lim and Bai, 2003 )
CARH NG AREN S AP EN S JLEFR AR RS
E oA A F R E R Y > NERF ERE 2w F

( Chiemchaisri et al. 1992; Scott et al. 1998; Choo and Stensel 2000 ) -

Kang et al. (2002) % 41* 3 # &% (hydrophobic polypropylene



membrane - 3“JF %/ 5 02 um) £ & %% (zirconia # 1t 4 > 3t
ol A 140 um) A2 ik MBRo R F L B B E A
= ~ k% (backflushing » & * =x % 2 (pH2) - 2hr/90sec) -~ %% F
4 (permeate backfeeding > 2hr/1-2 min ) ¥+ gtz B 58 - & P en

PR R A G R R L S B R

a3 vl et e dfge 2 BA R 0 2

O TR AR L

g
W
i
N
=
47—-
¥
R
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25 REBALFHMEFE T 1 0

g Xavier (2003 ) hdF 4 » p & f F 2 EMBREREFE £ 3
Dow/Filmtec ~ Enviroquip/Kubota - Hydranautics ~ Osmonics -

Tonics/Mitsubishi ~ Koch ~ Pall ~ Trisep ~ US Filter#2 Zenon& = & » 12

MBR z_ % & F @ TF AT e AR

%1970 % ( Steg TR s

T F 2 S REA §
TP SRE A s fREA R g A2 CO Bk B EAS
P (CHy) 42 1V F Ba 3 455 AR - 5 Basixs
Mo A F R EF R BTN F e 2 ApiTin e CO;

SR DR 0.03 06 5 @ RE - RGP AR L F TR

21



5 30~50 AT KEE (- & F B4 30~50 DA oKEE) 0 F]p
FRE R TEINZ F e & CO, (1 30~409%) % CH, (i 60~70
9 ) 5 2 od 3 CO, ks 57 22 4B 5 0.3-0.4 % 7 /&> # 4 CO,
AfEE 0 CO, & Hy, €4A11% & 2 7 =EAI* A5

CH, > e = 380 3 ek R SEIFRE A 47 2 pH E2

O, &2 73 f2#7 A

=1
iy

10 (hetergeneous) s ¢ et al’, 1999; Lee and Lee,

2000) ;AT AR S A BB RS AokAn Y F 2§ R

. v B B
VREHti PRSP EHTIELEEEL

k=K
gsz
|
~=h
\
H\

Fidg o RSP F A fg (precipitation) *TE R G o B (S B

FEW A SRR V- AT AR AE L F 2
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FoREAE > BRAEELG AP BAES o T

PRI E A G BT RBA AT - A MBS ER
FORRES BT L AERE 0 V- BRENINERL SN

PR G 2 2 R 0 T g AD S S PR A

g AR TE A G

SRR RAZ RN R I E% > RE N
R EHRF 80 F] COy 2 & 1F* (stripping) > § 3% B kP 2
pH & > F]pt-k® 2 & B 4odl ~ £ V41 % b BRI & o
VARBEEREST AR BRIER TR BER

2 Ay E 0 B R R B E RS R PR E L G 2

i



)|

FA GRG0 TT LI RIBFEH LA o

pai)

CpRemBAFASL A EPS A R EALR L S
8 (polysaccharides ) ~ 3= & ~ %5 & (lipids ) £ +% & (nucleic acids )
(Frelund et al., 1996; Bura et al. 1998; Mikkelsen and Keiding, 2002;

Sponza, 2002 )» H & A2 # A e i v 5 L (amines )

( Callander, and

AR RERA R S 53 g R TR
T* fiL i 4 % iv* (bioflocculation ) (Eriksson and Alm,

1991) -

24
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4

N

ErE A AR ERRIEZ G T AT HIRE L

-~

Lofl? Faier g gk pHo UM & B H 1% 0
MoK A R

2. U ed 47 4o 2 EPS 2 f R H B HS A S A AR

e B =% ikoked

o RiERE

FARRE MBREZ VAR * F o A £ gAagf» Flpt izl
NP H N2 RE MBREF 42 > 2 24 5 7 * £ - Stahl et al.

(2004) % 3 ¥ 24, (UASB) % £ 47 % MBR 2 A2 42 5 >

3

Y

RILALR L RE MUK 8B4 F MBR otk Bez 32



B RS B RS B E A FRE R R

ZARAAEES Y @ik RE MBR 2 iREZLE & 242 s PR T

= »

oo
.
o

FENN S A BELRF S F AP AN R Y

1 iEd 30 & KRR¥ MB

&
FOLF AR
- % % (. Membrane anogenic and Facultative
Biosystem, MCMFB ) - FkF £ 0 % fic2 4 &% % 32 AR 4 4r
Bl 2297 L Ed ZBE AL RAEIRIN - LFAFF R
(TR F ) EEEs  kF ZRY AP F R
% Yo% 3k & (upflow anaerobic sludge bed, UASB) Ei2
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o RF M R AR ERY kAT PR R RS
2 s UASB a2 » e pHiFe et Flf R tpA 3 E -
¥ Rk COD B & F% (4 COD % * 2,000 mg/L) - k5%
Z Ap A HE ik UASB AJZit 2. 20~309% » i % & &k COD k&

4%t 2,000 mg/L F¥ > = 48~ #LE ik UASB /a2 4 2. 40~6095 - i@

7 UASB Az R

/////
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Biogas -——

Raw wastewater =

‘—>Effluent
i

|

Waste sludge

-

W 2-2 RF&EHF ik P ENR LA el
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31 A

g ks enon 2> & B3 2 W

1. TMP

L i+ 5 p B 6 i3 Hch)

2 Tia s FAF p 2 TETMP > ¥ 202 kPa 4 7 -

2. Flux 2. & /]
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PP~ 6 Bi#cdpz T2E > § 5 P 2T Flux» 8 =12 L/m2-hr

%\'/‘ °

3. @A g Bred a4t
B A G RIS RPIEAESHAERET R o470 BF

S ¥ WH R W oG 3

scanning ive spectrometry

- : L %iﬁf»ﬂlj J‘/l

o ;,", "

i e 2o

il K P 4T 2242k R 1 atomic abse 1 Spectrometry

( Varian, SpectrAA-2

32 RIF{FMAFER 3T 32

321 RIFAFMIFEL R XEA

FRF B F A P A e R 3-197 7 0k
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Hy»eff 5 10 o2 SR g 3 et 5 15 o2 FuH 3 2%

N

Mg sad  Fuilex XA @iz SEeniREH -
Hup ik 25 30 AF %" £ 8 54k UASB # 7 2 k¥ 3

B iCE R A AT R At R AR R TR

B RE 2T a2

BaF

500 mg/L » 4 ¥ # # DO
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322 RFHAF M P ECARL FYRBHLLE A

N RRE b"iaLg e b *f.‘_"‘;fﬁi}’\?,%%ﬁ}; » BRI A
2 A PG o FUPTRF Y SRS - B R AR £t

B Y N RE R 0 I R R MRS R

ﬁg&%%ﬁ_ ; -:_'&%gﬁé,ug

CRF B2 A
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biogas

TMP meter
5%

ba]%ance

computer

CaCl, P¥it, Ak prit R H,

g5 1856

L F B EW N B BEE A
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33 RBEIEPAERPLER

331 RISH{IIFPEEL AP ISEHRELET A

REVALFHMAFEE AP IcRH et 4o F 3-397

AR ML SRR R & > kF d1ik-k2 COD

B b & A

membra syste » external
membrane sys WA A 8L

internal membrane system (8 %84 5 28 L ® B 27 3 (cell) »
FRewHAE 5200 F%% ¥ % 5 8L H = < £ external membrane
system 2_ JE % = 24 F > 2 Veraetal (2000) 2773 &% >

Sparging gas it & # * 1 m/sec & W3k (T8 B & back-feeding 7%
BT 2P F REFZIRFELREE SRR
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% % MBR 2 F 5% #53% B0 grd] B > & Bl4rd MBR 2 #
REHROMBR 2 EWERE - SFSREEN K AT 2
MBR # B 25h 4+ 5 (F S RAME AL L) i &

F AR A 'R X W02 permeate R Af TR

B RF X T
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biogas

A

,,,,,

Substrate A

Oanacrobic reactor @mixing tank Ointernal membrane system @external membrane

system @level controller @balance @ TMP meter @ computer

Wl 3-3 RIL{AIMEFEL R HEFERELE R
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332 $Ii-BFERR

R TG N N (530 5 back-feeding ik s 10 F 2k R

¥z flux R B 70% 001 0 PRk - B (run) o
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|me .

O physica nical cleaning reactor @ balance ©® TMP computer

W 3-4 EwpEargieeiia
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A< Jg* Zenon 2 7 2. ZW-1 H& » #%% # 5 0.046 m” -
A k£ 9 0.01~0.02L/min > F] ZW-1 i * pFficd 4 5 4030905 2

B o i SRR o T ZW-1 SR 7 > Ao 3-547 7 0 A8

¥t 2 K€ 0.01 L/min) »

m>-hr » ZW-1
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34 kT HAARKRE FNSFAERT FHAT 2

AR EPNF LR RRERD L WA d AR B ER
WAR Ak A 5ok Ak E ARk A % > ok 9 Ak CODK & 4 %

10,000~31,000 mg/L2_ & » 4 #1 g -k CODk & 4 *+2,000~4,000 mg/L

2R Bk P & 0 mg Ca/L¥r10~20 mg

% # 5 0.1 m? i § ped 8y ; G- =d
254k ho 8] 3-6477T o UK ASB2_ fF SEAt 5 R
L F R P RE ISR SRS F 2 ERASTE 0 AL
FHAP ARSI BF AR LAY TR R AP RY 2

EEXREREZ SES R AR TRER R e A F s

AR BEAN R s RS R R E R RE R o
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Computer

=]
"

Anti-foaming

B

Electric

balance

agent storage

biogas

B 3-6 RE-1FF FW4 A s () EAmm (™) Fimice
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% 31 HEEAERERRRRTEHFL

COD (mg/L) L

BOD5

Parameters Glue wastewater Dye wastewater
pH 5.7-6.2 5.2-5.6
1 ) ' f § 2,000-4,000




35 24 4 n2 ¥ KR

Med A Rog 0 FRR 0 W R F R BHR BB

W
|
1%
;}‘
Il
hl
e

(micro element) » 4rds ~ 44 ~ 4% > YA B F E ¢ B BF Rk F 2
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FRF BEHF AR 2 B E Ao 314977 0 RE G AKER

ZApA R FINRE A P g UK O (carry over )i RF T

©omd A 2 PIFELHEER T =R

e

Lo G )

7

GRS i bRk b2 5 ‘ﬁiﬁiiﬁi
PR ERT 2
LRy B 415 R M2 udlRF & BFns E-k?O

LA, 4Bl 4-1977 0 RRE 5L 2 4 450RP 5 -320 mV > fds )
B4 T ORPLIOA 4N Ak + 2 2-60mV - B~ + 304 R i3k e

2B RS F o f B AL F 2§ 3 (stripping) 2 kAL ERER
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ZORPie A2 B FiopeipdlRF2ixE2 % LFFRFO) P
Y 2ZORPHE FH T -30mV B msa 4R Prig 2§ ba 4 B
FHcAPF AL 2B Rt AT § B wdRF e BR

5 BILIEHE Y 2 ORP 1.5/ pFp Eig d -30 mVT * 5 RRF it b

Rt 2 RHE-320mV o d L F % § A b B4 PR R
F i 25

it 7R

E: e i
v g 2L
L z2_24
2= fs i
iz 75~73 ~
72 mL > B2 7% B X
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ORP (mV)

50
-100
-150 R
Q@F i 3 ‘Fx%
Orihm 3§ x% (F/M:04)
-200
-250
0000
-350 : : : : : : : : : :

0 20 40 60 80 100 120 140 160 180 200 220 240

F P R (min)

Bl 4-1 RF A2 PEF AR ERY ORP 2 1
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100

@ Blank, [ll 0.5 hr, O 1.0hr, [ | 2.0hr, ¢3.0hr

Bz E MR P (hr)

50



42 RRE EHF A $EE L S R AR R

WB R RUASBATA IR 7370 (RIZ & Sk) » g% 7 84 o)
ERNUIESER SIS S L S SRS R PSS U

EE6B P 22 PR IHR > T HRDTHEERT H Ik S RE

IR S 2§75 CODA 47 (k¥ H

&~ 0 R AR ¢ F b I AR
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@ Ein -k ORE Mok mEEAN K

20000 500C
S .‘ 1 400¢
ED 16000 ® °
= | e 0,0 © 0’,.
o 12000 | ® () 1 300¢
S ]
= 1 O
¥3 8000 | o 1 200c
&) 1 O o O
Lot |
& 4000 g)® 8 © © 1 100C

O
o o
0 4-%__—__!4_—_—7 0

6/28/03 8/7/03 9/16/03  10/26/03  12/5/03  1/14/04

#Fiep 2y

Bl 43 RESA TS 5 E 5 s E ACOD
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Rk TP 2 g

-k COD (mg/L)

1

1

REF &g



BOADRACE B RE M8 ALE I AL R B SRS ) K

% 2. pHZORP > §L§ # 4 ¢ 2 pH » DO ORPi& {7 i 7 {2 E ip » 2.

it

% o] 44977 0 d B 4-4(a)BE T RF W 2 pHAE T s £.73~7.62
B > ORPR) 4% £.-220 ~ -320 mV2 [ - 52 AORP s § %8 > it

mHEHRE EE L E A4 2] 2~4mg/L2 B > B+ s &

Hig % 1

i FURE M TRINEAS : 2w FELY o TFher i
EAFUHERF  FRIRA 483 B R T 2 AKCOD (125A%
BER) " FEEFABEEKR GETLINY 2 AP DL F RS
Tkt g o HAUF Y BB 3L LT B o m F ALY o T4 2

iﬂﬁﬁf&ﬁ—g’?fﬁ v R AT LB P 15 A Fg4e ~ 1 N2 NaOH Yz &
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PR AT ARG T RFER RSB 4597 0 RY WS
Koo kA R4 (Bo1PE) CODER 23374 mg/l > B F 7 s
26 ¥t > COD™ f% % 1,693 mg/L > R  46-] P {s > 75 4COD" 1 995
mg/L; f ¥ 5 FRF 7 %E%HA44COD 5 2,260 mg/L > * R22] PF 2.

A 2212 mL > F 63 /) Pk &k > & # £ 5670 mL > 3 5 =&

5 s
ViieaE 2 5 ¢ A
u
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ORP (mV'

ORP (mV

O ORP HpH
0 10
-50 | (a) BREE
: 1o
-100
150 | 1
200 | gl mEE T
|®%c ™ " NER g _ EgEm 5
-250 | O 0000 17
f O
O
-300 | O
| 0O © © 16
-350 | Q
-400 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ 5
8127 0/1 9/6 9/11 9/16 9/21
p p
O ORP ¢ DO M pH
0 14
00 | 00 (b) FiZp 1
7 50 12
-40 + O O + 10
| mB O
0 - EEEEg SEmg EnEEE &
O | 8
1 o
80 | @ 16
1 *
-100 + O ’ . ’ + 4
| L 2 ® o
¢ B ¢ O O
120 | o * 2 1 2
] °
-140 0
8/27 0/1 9/6 9/11 9/16 9/21
p $y

B 4-4 JR§ 24§ s $Eu % 5L pH/ORP/DO gk (TP P 2 % v

(@mF 1, (b) L5 #
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4000 800

3500 | 1 700
3000 | 600
S
g? 2500 | 1 s00
N—
A 2000 } 1 400
8 #7 45 COD: 2260 mg/L
35 1500 4 { 300
{é\?
1000 } 1 200
500 | 1 100
0 ‘ ‘ ‘ ‘ ‘ ‘ ‘ 0
0 10 20 30 40 50 60 70 80
F R (hr)

Bl 45 REFBEALATRFLIRBERBXLCHCODALR " A E2 B
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43 RF S F M FEN R PR R

SHAMA P LKA SR S R a0 %R 3-1
SRF BT A A n R e E ek R A

et B H 2R BRI B o H K - ECaClte

3 LiF R (4
B 4-677% KE e
Bl 3- bo B 4-6
(= &
= ok
% B
12,0

B RS v i MR K : 1)

200 mg /L2 CO;-particle) ; ¥
AF Y 2SS AR article) + 2 0.1N2 NaOH £
HCI A % 2 pHiE > 7 RpHE T Rl 2R ¥ 42 A T =

(zeta potential, ZP) > H % % 4@ 4-7977 > 3R 2 pHE /i *v6~10

=t

2. B pF > CaCOs-particle) = i+ & > % 77 CaCOs) % o & T J7 >

bio-particle X I f & » & T2 FIpf L G F T @ B AR
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-\

ZP B 3a4EpH B 2 B 4e @ "% (X 4 7 CaCOs 3kt o #7722 I T 7L
pH}t 2 s 3ppdm T 222 TR P ABF e Jied 34 o 4
foRAFEpHE 2 o Ak G ot 2 f R A e o d B 44 (b) BT
5 H2pHFIR 7 2 5 #&iv* > L5 #2pHt 2 18.6~892 F » 7]

Bk 2 gTAS § ) S R EATAT 4-T7 SR BT RT L R

o oom et e

fofe® » doph i
LAl

A 0 B B L5796 0 4t Y

2 e AT XA A AR A B (7 A
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—— =

Bl 4-6 RFHR? 23RN FR (2) B4R IELLFE (b)) RF 38 X (22 3Rt 5k
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ZP (mV)

30

20

10

@ bio-particle
B CaCOs-particle

60
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(o)

2

oA 5
AW

100
Efp

oo
o
|
!

11/20/03

D
o
|
!

~
o
|
1

11/11/03

10/20/03 11/3/03

20 1

10/13/03

0
10/6/03 10/16/03 10/26/03 11/5/03 11/15/03 11/25/03

Feivp

W48 LI R HELFAN A FHRTHFFTEPARIE2 R
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44 RESLTHA P I AREYHEFET TMP 2 Flux 2 % 1t

Fod B H F A PRk R B3 T 2 TMP 2 Flux 2 8 1t 4c B
4-99757 > A A FPEFEET 0 ¥ - PFE 2 Flux % %% 11 L/m*hr>

$ - P2 Flux 2 3 3

SRR AT R

o i 1503 | kPaz ¥ » &

2 EPS: 35 %
Z M E A 2522 EPS 7 B (Nagaoka, et al., 1996, 1998; Chang and
Lee, 1998; Chang et al., 1998 ) - Chang and Lee (1998 ) % 3 EPS

Ak ye2 1R F kg JEPS A- B R 4+ RE b

A
B ¢ 7 % pEtE (polysaccharides) ~ F-v B ~ #3 F (lipids) £
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Flux (L/m hr)

—@— Flux(L/m2hr) —m— TMP(kPa)

30 20

25 | | 2

20 .
12 §

15 | 521
8

10 =

5

0

1 10 23 32 41 50 59 78 135 151
Operation Time(days)

B 49 RE&H3k2PER R HEITT TMP & Flux 2 % i
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¥ (Frelund et al., 1996; Bura et al. 1998) - @ Kuo et al.

(1996) z. 7= 5 33 > JRF A3z EPS A4 £ Mt 43§ 3, =

§Agperd 42 EPS Flamw RE 0 4 F 7 i ARE RE T

A,\ﬁg’:fj;gﬁ‘j—, ﬂtbj\%ﬁ’ BE 5 »‘ . Aol 4, ‘.Fn,'gg:/:%‘gsb, —,El.’ﬁ T‘ﬁ EPS

_ij}';";:riy ? ¢ A A ‘\‘ 7 g £ ﬁﬁ%i{;_i

LD P i 4¢3 4 (collision
adsorption ) 2 347 (diffusion adsorption) % 4] > @ & 3|3 ",$ 'k
¢ W3k 2 7 50 (Levine et al., 1985; Kaminski et al., 1997; Landa
etal., 1997 ) ; Mahmoud et al. (2003) Tl AP RSARY P BER

BE g b g AURT AT A L 2 RE 2 bR
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Bt 5 F R AR F BE S Y L Ak B e

FRE AP F K SERE R BB FTE T 5 SN

Y 2 AR o ERRE A F A Ik 2 e

BRE EUF A PR kY 2 JUF H e Eac o d 2t CO,
2 FHIE* Rk 2 pH EHRE D 8~9 2 B (4B 4-4(b)*77 )

0t A PRI A om gk Rkt W 2 pH v - ke



fed § MBR 2 e 7 pH & 2 i 8 &= %5 g & fk o2 EPS #17 2
A F R EMmAT TR AY {52 f 747 (Callander and

Barford, 1983 ) o 3% #7ik (B 4-7) Fei ¥ H § s $ @ k&

C

2 A4 43k ZP e (B$E) > WEpH B2 M bedm B e 0 BT &

% pH & 4 4 3ip EPS F 4 A B2 f v o Apkcno 35 5 4

-~

D ER R e Sl g 4 PR -

chaep and

(w

L

i



X3

Pood WRE B 5 A PRk St 1

ﬂ1\

s
==
&
=
[Gig
pac)
ik

<

EPS~ M/ i 2 FpHERE ™ » R R 24§ s F 5w ks
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W ¥4 # ¥5 (membrane organic fouling) ¥ #&i £ % (flux

—_

decline) @ BB H »xd » FH 4 iFRMF L HFER* F & H e

1998; Defrance ai : Ki . > Fpt & IR AT %

MBRz # 3 2% £ &8 %A ; 3 v d

Z_Fh g 0 1B

KAy ey BRSNS

= K - B AF R chfz

o

(hydrodynamic transport) & BIL % » @ Ei L 6 2 BESP ¢ F AR

% 234 % (homogeneous crystallization) £2 /&34 & 2 B 4p %%
o (heterogeneous crystallization ) # @+ (Pervov, 1991; Lee et al.,

1999; Lee and Lee, 2000 ) o ]t fR ¥ & 5% % sz oI % o ",f B E R
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PR - AR e s

erged membrane

FATD F +10,000-12,000

mg/Lz B » ki 500K ,500 mg/L2_ & » pHA *t
6.8~722 F > 4 & 41 *71,500~2,000 mg/L as CaCO; > 4 ¥ F B E 2

MLSS &3 8,000 + 500 mg/L -
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5.1 EuFRE S S HP L B2 B

@ 4% § MBR & Stdedp2 i 8 393% %% 14 L/m®-hr » COD 4 1500~

2500 mg/Lz B » pH/A *v6.8~T722 F > f 5 & fﬂ“,%—i CO,» wm 2

MBRz pHiE 352 3 1 8.2-8.5 > # B # 42 = 2 MBRZ /& Wi i % 2

CODE & ‘a4 1 )( 0-] s > F'“izp,»‘]‘ 4y
CaCly> % figfiCak S iR 2 Calk 5-1#75% >
LA ¢ : 1% W8 ICak B
Calk &

7
2

Flux »
e T A=A
T oo E

(a) » internal

il o g o § kA 4

membrane system
CaClyz. % » HFlux®2 TMP a5 f£ % > fe 4 » CaClyz {8 » %2 i
FRERAES B2 % > d B 5-2)% 1 > 3% CaClyse » 15 » H
TMP4E ¥ d 7 kPaf¥ 454 H 3 4 5 20 kPa » @ Fluxp|d 14 L/m’-hri &

T 511 L/m%-hr; @ {8 @52 TMP A& P p s = % 50 kPa > Flux P &
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# SR 14 L/m’-hr » i% % 70-] B 2. 3 %48 Jp 43 1 TMP2. 33 4rpt 1

o BEENL G AZ R S HI % o B 5-2 (b) 5 external

-\J"n

membrane system Z_ & B TMPREPF I 2 8214 235 > § & Ko

ﬂ

CaClyz %5 > H TMP 4% 48 € @ Fluxj #&ctg*s <2 4% - d ** internal

membrane systemz_ & 55-id m>-hr™ %% 3 4 L/m*hr > #9550 §
*RAZETO0

< }'}FJ%?E‘_ 3 ov, 1991;
Lee et £ CO, >
L F
# ' ( A o

/ -r‘ =1 - ¢
AR [F % dom B

FATHE SRR 0 B0

CO;” 22 Ca Ridk 2 FLAE 4% € > ¥ — f&5°% M CaCO3 % s 1% 87 /8 W4

g
v

b

Rl

B2 RR S § 0 T 2CaCOs % & POELAL 002 6 2 W i A

Moo i@ H 2 g‘?’tﬁ*“ ST A1
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% 8% 2 Ca(Il)jk B (mg/L)

90
80
70
60
50
40
30
20

10

—e— internal system
—i— cxternal system

50 100 150 200 250 300 350

Influent Ca '~ (mg/L)

B 51 2kl CajkR T EWi3:ER2 Ca kR B

72

400



30 100
- (@) .
—~ 25 Adding CaCl, 1 80
=
=
= =
% =)
= &
-
=
[P
~
Operation time (hrs)
30 100
| © Adding CaCl, |,
)
N% 20 | Y =
- 160 &
% )
P =
Q
k5 140
:
[a
s 420
0 0

Operation time (hrs)

W 52 SfAMBR $%ED FHFREFFTELTLEL TMP 221 (a)
internal membrane system, (b) external membrane system
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A —

% internal membrane system® - F B H 2 EEEE F Ak - B

P @ MK R R 2 Sparging gasz. R F B RE B B EF TE
2 g § % & > F]¥t hinternal membrane system® ;= 55 542 fFIR K

oo 3R CaCO g Hhtrw AR 282 F R AL g o AR e A

A p s g2 W Tk A B ; b Rt A e - 1

f& o trexternal 5 - e

u 5] s
7 s

g % A 47 o 3 1) 2 -

2 #p 5 0 ¥ i % & v internal membrane systemz & A & £ %5 S
$ » d SEM —EDSA +7.% % % 3 (4B 5-3(a-2)) ° SEM — EDSE|#%
7 — P &2 Ca &' > &7 internal membrane systemz- J& %% &
4T 2_ % 8 F > external membrane systemz_ & & @ * - g

2 4p % 0 deBl 5-3(b-1)E A & kiF 0 B 5-3 (b-2)2 SEM — EDS ¥
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R I F L 2E o P external membrane systemz_ JE WA 6 A A 4

&3 2 M % - internal membrane system?Z_ AT 3+ ]t B R % 5L

T
N

-~

WA G 2 B4k 5 BPLAT 0 B 5-3 % internal membrane
systemz_ i& %% & 2 x-ray Diffractions 17 B3 » #F # 2 Ll

ﬁ,ﬂ;o
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Full Scele 4958 otz Cuesog: 0U000 Je W

W 53 7k MBRz FWiests Al

(a) internal membrane system, (a-1) - #&4p (a-ZS SEM-EDS
(b)external membrane system;(b-1) - #&k4p &, (b-2) SEM-EDS
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Calcium Carbonate

Lin (Counts)

2-Theta - Scale

W 5-4 Internal membrane system j& %-# @ 2 Xx-ray Diffraction 4 +7 )
3 (A 4545 1 1 20: 10-80°, step scan: 0.06 ° /step, step time: 2 second, 40 kv,
40 mA)
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5.3 I B ki

¥ 5 #7 1 ¥ M resistance-in-series model  § # iR 7 5 0 # K
sludge sample~ &t = suspended solids, colloids and solutes » 1} | £F 3¢ /&

5~ 2_ cake resistance ¥7 fouling resistance ( Defrance, et al., 2000;

Bouhabila, et al.

/J‘EE?E*E'&;:" ll2()00mg/LaSNaOC1,§‘,m ’ I,(NaOCl/F /7&7 5"6] EE ,
E2 TMPS ™ %% > FluxP| 7 SR w2 > 538 = B amis » &

S E 2 @ B R4 5 132 Lim*hro 244l £ 14 Lim*-hr 3+ 8 5 ik
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2"_—“
]
el
)
H
>
T
c
»
Z
fob)
o
a
N
%
K
|
~=h

”

d Bl S-SR 8 kB AEFlux2 8 157 0 R 0 R e
2 AR HT BV FLFRE > FREZ R 519 0 &

internal membrane system ® o & 4 ¥ AR 2 BN R S

77.8% > % 78 TR I

3 8.1%4 membrane

systet H
d [
12.6
gy 52_ ¥y
LR b E *Tinternal

membrane sys & B 2_ external

membrane system > ¥ 3 ? Z &y 1% EDTApe &
NaOCl i § i » 7 § 2k B4 o 2 B850 2§ A0

% o
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30 T . ; , 100
I a | {90
z z : |
1L ' > ' |
N% 20 T ! 70 —
= ; 160 §
o 1 ;
= T - bl
= 15 | 150
o S
g 10 | | © "
E T 130
& 20
5]
110
0 - 0
0 4 8 12 16 20 24 28
Operation time (hrs)

W 5-5 Internal membrane system 2 ;&332 i & -2 FF TMP £
Flux z_ % v 35 (airflushing: 2 m/sec, EDTA cleaning: 2,000 mg/L,
NaOCI cleaning: 2,000 mg/L as NaOCI )
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(%) Inorganic scaling

Internal membrani 77.8 (11.8-4.1)

=N N EmE

External men

*:8%

negligible
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AR RTEAERRRT B FAET TRAY

#20060F ARG VAR 5 IR LA EWT L ES E (TFT-LCD)
2% - AR P FTFT-LCDE it 2. % 3 > B ¥ 8 & £ 5)d4oih b

s (Polarizer) 7t #-E 3B B o kiR T* A3 Bp R P

Bt ke i 2 L : e A 4o A g H
‘ f 7

f£% @ 2

L3 0 7 - MO P Ao £ i

% **50 mg/L > | %77

RY

RIS TR 3 SRR g ]

3-6%F7 3 RF WAL~ % 3 FRUASBZ A5 ik > H#-t UASBAE A
CEEMEABEAL A F AR G E e

ok BApk o L F HF RS2 pHIsadr 58.0~852 FF o
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6.1 HhERERRKRE A fREFHETR

N CE R RNy SO S P T N QRS R ) S ) S
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