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2.1.1. MBR A|&®1¢] W

g AE ®w-27] (membrane bioreactor, MBR) = 1960 Wt & 7 Dorr—

M

Oliver o o3& A< 7=t MBR & stjojuuty) dEZAQ A &e)x 24
(conventional activated sludge, CAS) 9 AsS F3) AlFHATY & 5+ Qo

(Hardt et al. 1970). Dorr—Oliver ° 2]3t MBR A AES HAEZ <l A LA

A7 ® w2 s AdsE 4= 5 A Ald@ A€, deAd 24

(Hardt et al. 1970). o] AA®E 57% Fg9 A= WHE7] (side stream
MBR)Z 7|Hle 2 A&d ol A= ey 2t (Figure 1 (a)).

1980 ddeflAd 1990 @) %7] M= Yamamoto, Hiasa, Mahmood &
Matsuo 9] A& Ao 7[xato] AF FAZ & Aol§ 2ol AZEHITH
(Yamamoto et al. 1989). o] F A4 MBR (submerged MBR, sMBR) ¥}
shelol wuhs Astst Jeje] MBR & 7BEsidlon (Figure 1 (b)), T3 S

B (flat sheet) oj3uto] Aed F#2 MBR & 7H2eFdt.



(a

Recirculated stream

Membrane
Air ————————[———
Bioreactor
Sludge Out
(b) > Out
In Y VAN Ve FaWAWAVAN
Air > — 1
Bioreactor
Sludge

Figure 1 Configuration of (a) side stream MBR and (b) submerged MBR system.



2.1.2. MBR A&

ol
%0

Mo

oot

243}

&7

Al =24

A
=17

=
=

)

toAsEs 4

MBR %=

(clarifier), 9o (weir), W% 3

43171

ATt

B

M

1

SRR

©
=

(mixed liquid suspended solid, MLSS)

o4 12,000 ppm O

MBR #7442 MLSS %+ 8,000 ppm (mg/ L)

3 HjA 6wl

H] 3l

sHel

57217 (solid

retention time, SRT)

FHME 1359

e A

o
T

Jt. weba o) g}

3l
A

(>50 mm) 7} F&3] Ao

o] A7

L=
=

(6]

A= a1

SGE

S

o
=

71 884 AFAZE (hydraulic retention time, HRT)

=
A

ol



s A AV7E Aol sk A FE sfoR vk T1#u MBR

AN E QAR 277 Belnhel B3 Ape]=urt 274 s

rﬁ.‘;
i)
I
o
it
o

- A AT 5 ok
MBR AH#l+E wl$ 32 AESH A4 Q4% (biological oxygen demand,

BOD)& 744wl 5@ $4e glol A Agol ZF5ekAL RO ¢ AAel R AL

i

i

7Vestth. 71 9] & MBR 9 FH2 v Ert
e SRT Y Z7t& 9o &A=

. wed A ABIE £A

. i A" FY A ks

=
o8]
=

f

2,
o
1o
fo
N
flo
o
s
ftlo
N
N
X
&
39
rlr
[-‘11',

W AEAe

-

e
N

4 &£9A T4l
Hla U A Au7r Ave EAES 7FA A ek 1000 L9 #HkE Agsie
289 e A= AE2Q #A £9A ¥R 4 0.3 kWh <1 H ®Esf, MBR
FgeM= °F 3 ~ 5.5 kWh 2 BE1¥1 3t} (Yamamoto et al. 1989). sh#I%t
MBR #74& FAo] &2&¥eE vl&o] dokrmz HAZ] B]E WA=

2pol S Holx o= Aow wWyEy Tl W EHgw BE

rlo
'y
rlo

ek

Ystn gl welme WAL A wo@ wgol HolsbA @k e



15}

o Ui Ao =

#olot

#HLoll+=

ﬂ

o ot}

=

Ao o] AAE

B
o

ar

g}

MBR Al 2Bl o] A]

o
=

Al MBR ©] 7}Al= 7V & A

feid
=

o] 9}

pig

ﬁo

ol
&

o

A TolM 7P 2

=
RL

um A8 A

ar
pig

o

bol Mgy

)

ZHAZ S ZA MBR Al

S =
= [€)

18

H

E

[
RN

ojn

&l MBR #42 t}

Tl

<A

=24

R

=719 ool &

10



2.1.3. MBR 37439 A3}
QoMo Hze MBR 7|9 At 1990 o] o]FojHid F=
ATPRe 9%AE W Aol &I AgduEs HormEE  A=E ety svitie)
oq

Tl F2 AEse JE=5 de A Aol Bt
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(debris) 7} fl= sl 24 Soldnt &3 AEAl aAla 34 s 1

Byow AASA o F e
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E

rr

Ho F%F §%°] = 2 ML/day (mega
liter per day, MLD)Z A2l MBR 7]&9% WdS HoyFe gzl ot g
T Atk
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Table 1 MBR Membrane Module Products, Bulk Municipal Market

Installation Supplier Date PDF ADF
Brightwater, WA, USA GE 2011 170 117
Qinghe, China OW/MRC 2011 150 150
North Las Vegas, NV, USA GE 2011 133 95
Yellow River, GA, USA GE 2011 111 69
Shiyan Shendinghe, China OW/MRC 2009 110 110
Aquaviva, Cannes, France GE 2012 106 59
Bus an City, Korea GE 2012 100 100
Guangzhou, China Memstar 2010 100 -
Wenyuhe, Beijing, China OW/Asahi Kasei 2007 100 100
Johns Creek, GA, USA GE 2009 94 42
Awaza, Turkmenistan GE 2011 87 69
Jordan Basin WRF, UT, GE 2012 79 53
USA
Beixiaohe, China Siemens 2008 78 —
Al Ansab, Muscat, Oman Kubota 2010 77 55
Cleveland Bay, Australia GE 2009 75 29
Broad Run WRF, VA, USA GE 2008 71 38
Christies Beach, Australia GE 2011 68 27
Incheon, Korea Econity 2012 65 -
Lusail, Oatar GE 2011 61 61
Ecosama, Sao Paulo, Brazil Koch 2012 61 57

(Judd, S., the MBR site, http://www.thembrsite.com/features.php)

(MRC—Mitsubishi Rayon Corporation, OW—Origin Water, PDF —peak daily flow, ADF—
average daily flow)
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(Phattaranawik et al. 2007)2 7] =7] ¥W3} (bubble—size transforming,
BST) el W& FAe e Ast= AMEZR AVHS AA Y. v BE5
Yol Al v =) &Y A f-5 uE =848 A adE FAAT]V]

3t wreko g A3yt AP AT; (Hai et al. 2008, Yeon et al. 2005).

A e BYH AP A Agel mEHop wEd Py wW
BB e e AAT 5 ok PPy 0@ dosi Fo BASS A

ZZol= (colloid) ZA7 AIER (biopolymer)Solgt &## ¢l=d], o]z st

spstokES A ste] Al Ag

A% 2 MBR #3olM AFgdhs MF 7 2899 33 27 ek 0.04 oA
0.4 pm FEE, FEo= g8 A7t 359 A7IEY &S A g e
TS v Aol W AEl, B4 AdS F7A 71

shakek 2 u)E  (aluminum sulphate, alum)& MBR ¢ A&£39S u o=k 0.1

o
olo
)
>
)
2
to
51
o

ol 0.2 ym 9 FAVE A= DL FFolm AxtE
oA gt (Lee et al. 2001). H=3F 3kAo]d (ferric sulfate) %= H3tEFrlH

(aluminum chloride) 9} #Z2 SHAE Hr7ishd Fw W] A (gel) &
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FAsE =4S AAT F dor, Hed 3 245 FEY xWo RN
HFYAA Fods AAAIE A7 RaH Tt (Wu et al. 2006).

wee eele mAAES] A AHrt Festth= AR (Chang and Lee
1998)0] dTd o]F=E+= mAEo] Aitste AL 54 (extracellular

polymeric substance, EPS)oly #&4 118 =% (soluble micro products,

Edo M FURX (pilot) U tE&F R ZUE JFHoz LA AMH R
a# 2 2t} (Yoon and Collins 2006).

th2 Aldl2 Koseoglu (Koseoglu et al. 2008)+ 232 +52 MBR oA

7 7HA F7e FErekEe] ik vluw AYS Y =d, ol BT e
2AE AAISAAE 1 T ol AIAF TP gaFoR TR FUME
7t &tta Ko gt
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5714 MBR oA 4d F4EE YERY AT Yu (Yu et al. 2007)+
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BIO-CEL®
Membrane Module

Aeration

Figure 2 Mechanical cleaning process (MCP) with granulates.
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Table 2 BIO—CEL®—MCP in large scale applications

Location Size of plant Type of waste water

Date of start up

200 m? Industrial
Canada
(2.73 m®/h ~ 14 LMH) (food industry)
200 m?
Germany Municipal
(6 m*/h ~ 30 LMH)
300 m? Municipal
Greece
(6 m®/h ~ 20 LMH) (shopping center)
4000 m?in 2 trains Industrial
Mexico
(46 m®/h ~ 12 LMH) (fish processing)

4800 m?in 3 trains
Germany Municipal
(108 m®/h ~ 40 LMH)

2009

2010

2011

2012

200 7%
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Waters and Bassler 2005,

1994,

N

(conjugation),

qe

(biofilm formation),

374

=S =4 (virulence), BET

e,

ol

BV

o

2+ &4 (sporulation) 59 A

Ay
-

Vibrio fischeri 2]

T8 e T AT

A

A 7bg ol

AA e

PN
T

M

J_,NO

(bio—luminescence) ©] t}.

-
[¢)

(6]

A=

of

™
(]

(il

O

E317]9

o

CRe

71202 V. fischeri %}
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Fol WAl HH, 1 7122 F&A 7R Juxl AZLABAD) 2k Juxk

[¢]

M=

X
=]

N—acyl homoserine lactone

=

—

i
mu

%9

olt}, AHL o] 8= o2 V. fischeri +

S|
S

P} %

}1\1_

(AHL) 9]

7H A

2 M 7R E

TEHY (Figure 3).

A+t LuxI/LuxR type QS

©
=]

A=

7t modified oligopeptide mediated QS

11.

Al—2 for the interspecies communication

iii.
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Oligopeptide for
gram positive bacteria

N-—acyl homoserine lactone (AHL) for
gram negative bacteria

0 X T r"PhE‘He
¥
O fﬁer‘gyé Mlet
N Tyf  Thr \5_43’
W\
O Q
/\A)OJ\ b
N

Pseudomonas aeruginosa

Staphylococcus aureus

Autoinducer—2 (AI-2) for
interspecies communication

HQ o OH
“or HO CHs
Q0 HOw-Y—sOH
Ho-----t(----'cHa [ 5
O HO'
HO'
Vivrio harveyi Salmonella

enterica serovar
Typhimurium

Figure 3 Representative signal molecules involved in bacterial QS.
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2.3.2 1% SA ¢ LuxI/LuxR type QS

% ST ST A 71#e A= N—acyl homoserine lactone (AHL)©]
A7V EEA R AFEET AHL 2 homoserine lactone ring 2] Al WA gkiof
AL (fatty acid)o]l A&EI3l= FH=E, Figure 4 ¢ o] APite] &4
Aol whet o8] 71x] Fejz= A3 Lux—1 fAF @9 de 543 AHL A%
BEAE A sl=d), o] wwAS S—adenosylmethionine (SAM) ¥ acyl—acyl
LHF iz (acyl-ACP) 9 acyl 7] 7+9] o}mto]=A3%t (amide linkage) <
A AlskaL, TS % methylthioadenosine ©] #oisk 2E3} (lactonization) ©]

dojupH A AHL o] g4 " ), o] ¥H-8-2 Figure 5 9 #o] dojwtr}. (Miller and

rlo

Bassler 2001). 2% S92 ddbAdel Luxl/LuxR +39 AH5 74A 717

Figure 6 9+ #t} (Fuqua and Greenberg 2002).
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o,

°©

e

A7A e
919

AF7FQ1Ak 8}

Ay
-

Al

=

=

L

el (Miller and

(H)

[e)

-1 =

Z}
o] H .

histidine 7]

T

Xt} Fo}A ™, histidine sensor kinase

= =
= o

t}. Sensor kinase

d

A

I8

=

=]
a7 AelA FEE AS AgA f4A

o

LN

cassette, ABC)
Bassler 2001).
aspartate 7| (D)

EICE I

S

A

ojm

1))
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o
/\)j\ Q  cansL
N
0
Q o
/\A)L C6-HSL
N
0

O
/\/\A)J\ oS
N

o)
0O 0 /b)
/\M 3-0x0-C6-HSL
N
o)
o 0 /b)
\/\)u\ 3-ox0-C7-HSL
N
o)
0O 0 /b)
\/\/\)J\)L 3-0x0-C12-HSL
N

Figure 4 Molecular structure of each AHL autoinducer.
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acyl-ACP
o o

AHL autoinducer

Figure 5 LuxI—directed biosynthesis of acyl homoserine lactone autoinducers

(Miller and Bassler 2001).
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Acyl-HSL

(o1 o)

I-HSL interaction
ith LuxR-type proteins

I LuxR-type
proteins

Lactonization

and release Acyl-HSL

bound Multimer

O = —
© °3
Substrate binding MTA release /

-ACP 5-MTA
8y S Acyl-HSL
synthesis

1y

Acyl-ACP K
SAM ' EMA (A r}Target gene(s)

]

fux-type box

| Cell wall and membrane

OS20

Figure 6 Model of acyl—-homoserine—lactone mediated QS in a single generalized

bacterial cell (Fuqua and Greenberg 2002).
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oo
M Y
:
1@

@ Response Regulator

I

peptide signal target gene(s)
precursor locus

Sensor Kinase

Figure 7 A general model for QS in Gram—positive bacteria (Miller and Bassler

2001).
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2.3.4 AI-2 for the interspecies communication

Vibrio harveyi 9 A%4 A 7|Fol= a9 Y I3 A

71%o] BT #ojstt), ARbAQl 18k ST v A E, V. harveyl & AHL &

AAYELL oo WRE-BFU}, R V. harveyi + 1% 9FA O]

SRR oAl AAE e wud AAHE olgate] P4

V. harveyi © oA A7 A5 Fx2 o]Qo® Al-2 = A FAE

F7FA o2 Y3l Q4 (Bassler et al. 1993, Bassler et al. 1994), o] A&

wAS o2 S A% RAAF g 2% $YT

A=y

[e]

Fd vtoll

ZA3% = o] g3 H ol (Surette and Bassler 1998, Surette et al. 1999).

Al=2 = skellM Ak diumdQl 7 74X g AA oA
AAANA F= 95 vt B 5 vk T V. harveyr & Al-2 A& B3}

71E9 & AVt EEA A= Ao 9lE furanosyl borate diester & &
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2.3.5 A& oA QS 9

e ot mAEES] ey dAA (homogeneity),
ALl uFEA =& (extracellular polymeric substance, EPS) AAF 1831
Z 29 = (rhamnolipid) A AETFO] X0 98-S vt} (Hentzer et al.
2001)

Labbate (Labbate et al. 2004)¢] W= A7MFEE2< AHL & 7|Wto =

~

= A5 AA 712e] a5 SATR) Serratia liquefaciens 2] =1 EAd o

o

e

ottt FF¢ AR 7NFL S, liquefaciens 9 F¥ % (swarming

2
3
IS
~
Q
S
Q
S
S
=
%
1o
)
S
é{
=)
c
=1
e8]
=
<z
=2
>
1o
N
<
W
Au)
o
1o
o,
AN
¥
o
>
)
B
k
&L

TZ+  WHolA  (mutant strain) @ ©E S YERdT AR5
3
oA o] AlFZuef s &5 ARAA Btk (Wen and Burne 2004).
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AN

e AFEel W@ Fo maze ARY Fyel AF5F @A /4o

o= Z1S B Uit olE 59 Pseudomonas aeruginosa (Parsek and

“foqa

Greenberg 2000) (Figure 8), Burkholderia cepacia, Aeromonas hydrophila <

ofo
ro

U 2ol &4 A

o

AEES F4% w AHL o] A" 355 244 N17E A
olth (Davies et al. 1998, Lynch et al. 2002). wz}tr HA=4 7 712

Az glol WS wWEA ss ey F s

o

RGN R B

tlo

35



Figure 8 Diagram of the P. aeruginosa biofilm—maturation pathway.
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2.3.6 QS A A=

A= =

]_

ol
oy
ol

7o AHL & 7|Hto=
z449 4 Ak Figure 9). K5 A 718 249 2HL2 ofgfe} L},

vkl A (signal generator, LuxI homologue)

>
ol

24 (signal receptor, Lux R homologue)

>
ol

F2} (signal molecule ,AHL)

>
ol

1ii.

a8 R AHL A5F 2A A4 A2k Al 7HA 2 Y| o] ),
I. AHL s <A (blockage of AHL synthesis)
[I. A% 484 & (interference with signal receptor)

[II. AHL ##}9] 8843} (inactivation of AHL molecules)
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& high density of AHL
./VV\
o o
o« e
*
transcription

Figure 9 Three strategies to control AHL —type QS system of gram—negative

bacteria (Boyen et al. 2009).
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I. AHL 34 94 (blockage of AHL synthesis)

N

A5 A7 71Ae ek O Qo HE =l ol&E= WWlel AHL

d

FA3& AAIsk= Aolth Figure 5 oA ®%o] Luxl @¥d2 AHL & 337
$13t 7]4d 2 S-—adenosyl-L—methionine (SAM)¥} 573 acyl—acyl &4

Gz (acyl-ACP)E ARE3tth Luxl ©@9&& SAM ¥ acyl-ACP A}o] 9

ol

olulol &= ATS FAFEE AAF o]F <3| methylthioadenosine ©]

WZEHA A4 9 F Jactonization ©] dojdt), wpebA o] 3} S F3] AHL o]

Parsek (Parsek et al. 1999) 9] Aol ostd A& AollA (n vitro) L/D—
S—adenosylhomocysteine, sinefungin 1¥]3l butylryl—S—adenosylmethionine
(butylryl=SAM) & AHL A4tS oAttt Ty ol 5 o= A% A elA
(in vivo) AHL = Alst=7tel disid = HAESA kvt w3 7571l

(curcumin) 9A] PAOLI ®HYA A& wWalstz AHL A4S Walste] AEH

N

%

12
2
o

o deA Qo ey AsNe Agd AHL 94 oA

[e)
4=

HAY S 818 #|#] ¢4k tt (Rudrappa and Bais 2008).
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II. A% 84 & (interference with signal receptor)

x5 24 dAAE AATT F87 T Fa 2

tlo

+ gk

AA=ZHE AL QS AAJMA

Az oE AN Zst 50 7VAE Penicillium 2 AAY APS 3,

{t

X

66%7F 455 AAE dAse e Bdvs Jlo] WY, o] & F 7HA

&

=42 &Y (patulin) ¥ HYAAA (penicilic acid)® ¥R ow, 2z}
Penicillium radicicola @+ Penicillium coprobium ©.Z %€ 2AtE Zlo|t},

Diketopiperazines (DKPs)< Afo]Z% TlHE = (cyclin dipeptide) 9] 3%+
THEZ VAES Wdsils W ASRoEFYH EEEHe =4dolth olysl
n| ;=0 FFEE Pseudomonas aeruginoas, Proteus mirabilis, Cotrobactor
freundii 71811 Enterobacter agglomerans 7} th. DKPs & LuxR 7]4Fe]
A5 A 71FelA AHL o] AdA 3s dorA A5 &4 FdE

JHA = W] mAE £58 24E 4 9ltl (Holden et al. 1999).

457 A4 71AS 2dske WY F O AHL 249 FARA (analogue) S

Agohs A2 7P wol dE WY T shuolth AHL 248 #FAR= AHL =



A E AAbES A #ate] LuxR F&A F5sHA JshAl vk Zlolvh. 18y
o] gt F}FEL YFEE ZLEA (agonist) @ sk Wty wjEo] GAMA
AAE AEZF A AL 7]5S AEEA ¥t (Schaefer et al. 1996).

AEE ABE R oldeln 1Y AAE TE weTEE ADSHE Yol

At & 5o 2—amino—3—oxo—Cl12—+ Lasl AHL &4 &4° LasR 9&%

HAE AAF O RN LasR 71HHe] HH 44| 7] 2he| o AALE AFE-E U

III. AHL #x}9] H|&A3} (inactivation of AHL signal molecules)

3lstA B3l Lactonolysis

AHL Alsizs n@dAsA 7] tast W 5 shus AHL 9 1dE
WHFste] (lactonolysis) pH & 7.0 o]0 &2 o] Zlojt} (Yates et al. 2002).

A AA vdEe] Al u@dsty] fle B2 AAES o AHE AR

PN
T |

N

A &0 Erwinia carotovora ©l 7

(Gl

NERAL vBYRE Qs 24 RF 4B YATES opIstd pH 7t FkeHA

-

fot

HAr} (Byers et al. 2002).
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4T ol 8% B3 A5 A YA (quorum quenching, QQ)

W u]yES ‘lactonase’  TE ‘acylase’

188 oA~H (cyclic ester) T+

AERAAA VAR ] AtaEE B

-

i

garetze, ol

AHL ¢

linkage) &

Figure 10

lactonase @} acylase Z}7te] A= A 9A (quorum quenching, QQ) HZE

HolEth o ¥ A4 Fo AEE A o

A=), o= AL 725 WgAPOR

42
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] A 24s debdoh

oxidoreductase 7}



Lactonase O H oH
—_—

/\)J\ O +H,0 @)

R N

{ acyl-homoserine
O
O
AHL /\)J\ + HN O
\ —)
R oH
Acylase O
fatty acid homoserine
lactone

Figure 10 Enzymatic disruption of AHL autoinducers by quorum quenching

enzymes.
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2.3.7 A& 4A 9A (quorum quenching, QQ)

AHI —lactonase °] 23 QQ

AHL °] lactonolysis & &A&E o|&3sto] dojdth. Bacillus % (genus) el
%£38}= Bacillus cereus, Bacillus mycoides “1¥]13. Bacillus thuringiensis

f

ol

AHL & #

s
A
N

4 =

P>
)
>
=
1
oz
2ef
ok
T
o,
fol
b~
e
L]
k)
)
o
5,
=]
"

tlo
Jpu

opening) Wh& XA SAE A= AHL A5 829 okS vhat)
Erwinia carotovora strain SCG1 o Bacillus sp. 240B1 9] aiA S3AE

st

3

rlr

Az Ao kol dAASHA fHast=tl (Dong et al. 2000),

i

o= afiA A AHEO] E.carotovora | ' EE AAgH= 2l ou|d
Y3t AHL-lactonase & Wdste A&Eo] AT A Azdds JAsH
E.carotovora 7rgel sl ddst A4S HeErES Wit (Dong et al
2001). BEsH4 - a4F ol&st] AHL & 2alsks 22 g #-83hv
AHL-lactonase & teFst 9] njAdEoA] s ot

Lactonolysis & Fd2 AHd x7°] pH oA 719RbeS doiitt= ol

HHo] Qltt (Camara et al. 2002).
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AHL —acylase °] 23 QQ

AHL A& #A= acylase 2 Fu] #&of o3| ofi—olufo]= (acyl—amide)

L
10,
(i
e
o
g
:‘]}L_‘,
oot

to X AAAE 4 ot Ralstonia &+ Variocorax & 33$Fgt
gefst v AE FAAA 55 A A acylase & AT BaE wF Qi
Xu (Xu et al. 2003) ¢ AT+ =2 =] A A FE3F acylase [ = N—

acyl homocerine lactone & #&l3t1 +=

ot

r

T3l Yeon (Yeon et al. 2009b) 2 magnetic enzyme carrier (MEC) ] acylase &

14 3kete] o] MBR 34l gttt
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2.4 "ABE 13}

b= 71

g3t 7= Al

B

uff of =

42

] A Zokel A

o wWo] o]&%oj¢k3l (Nunez and Lema

1987), Tt ofmAl, {714,

71 &= ALxo] gkt (Kawamoto et al. 1991).

Nfo

o]

5
R

T7F

B

o
15

oh &l

B

—_—

o|J

B

o 5

1
T

2 PR HAY

o o 74 o

Zk

ot vgE ¥

ks

11

J_,NO

H

Ay
il

(covalent bonding), Al

(adsorption), ¥ ZAg

zk

54 ¥

(flocculation),

ol

7re] wxl A (cross—linking), L&A A Aol M3} (encapsulation)

Attt (Figure 11).
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1. Flocculation 2 . Adsorption to surfaces 3. Covalent bonding to carrier

0oy

o R EKE
by 28
oo
4. Cross-linking of cells 5. Encapsulation in 6. Entrapment In matrix

polymer-gel

Figure 11 Methods for immobilization of viable microbial cells (Lehmann et al.

2011).
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2.4.2 SAMO|EE o]&F A= 13}

dopdle mAES nAstsy] 99 WRoR IAUC]E  (alginate) UH-ol

3 9t} (Smidsrod and Skjakbraek

=)
o
it
o
=
o2l
j&{r
=
s

us
i)
rE

i}
AL
o

1990). &AHo|Ex= A AFA (biocompatibility) ©] ot Zs o] &

2 7Fe] ol A A3} (gelation) ¥ P2 m A= g 3ste] @ol] o]g¥ i 3

oA Y|o]Ex= AWM Al (micropropagation) S 3 A& A8 AA (protoplast)

1Y

—4
==

kd

143, wAd=ZE3A (monodonal antidodies) AL g3k EAx

okl

71 oA s 9% = AEY A3t sor ¢

AC)

(hybridoma) ¢] 143}, <1

2~olar gt

o

mepA 2 Aol S A oA mAdEE EAYelEe] astste] 1

€ FiL <4 ¥4 MBR ol #-&3tazt gt

ojr
tlo

Al

oo
ol

2.4.3 EAMIC|EY £

ARl E= TS "= odF  (polysaccharide) 24 ZZF  (brown

rlr

algae) oA AHgow FEHgoH, v o A dxFo AxHS oF

FQ T4 AEolt} (Davis et al. 2003, Romera et al. 2006). LA Ho]|Ex oy
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o AxREHFH FF2T F glon AYdFor AAHE EAMEE
Laminaria hyperborean, Macrocystis pyrifera, Ascophyllum nodosum %2
Zo| A FE FE3} (Smidsrod and Skjakbraek 1990).

A Y|o] E= B —D-mannuronic acid (M) 2} @ —L—guluronic acid (G) 9] 1,4

-

Ao 7 o]Fojx Aol ZZ3A (copolymer) TFE 7FA T Yrf FE3

‘

Fo ek M #F G residue & HlEo] debxm 1] wE B A AJHd HEst
2kt (Davis et al. 2003, Romera et al. 2006, Smidsrod and Skjakbraek

1990). &31AF (alginic acid) ¥ UFo G 9o $F=o] =555 &£ ¢ =2

Folxo g ZlwEol Q= FF HE3k WE (swelling) 5 (degradation) ©]

A4 okal o] FHE A%t (DeVos et al. 1996). o]ef whalf &711ke)

Hh&-ste] V2] 7S 7HAE egg—box BHQ 3 Ao AT 2E FA Tl
e} dojupi= dAloltt (Grant et al. 1973). M ¥ G residue & 72} block =
g7dskol M block 3 G block & ] F7] ¥+t 1 Jei= MM block, MG block,
GG block ¢ @ ElE 712t} (Grasdalen et al. 1981, Haug et al. 1974). Figure

12 &= dAYo|E 2} x5 e Aolt}h (Fijan et al. 2007).
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Figure 12 Structure of sodium alginate.
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2.4.4 ERY|o|ES] EA

)

1

S

o] Ca®"ol ¢

AU E] Fiel Wt 1 % 80 A% 10 cps °lA 2000

#e won,

<

)

W

Pt 5
HuA G

Ho7E 4~10
>

Atolel

pH

sho] =% 4]7]

S

Hsk7E glov pH 7F 3.0 ©]

=€

7h= %) 7 9}
51

S
7

T

°
=4

Wt 2.5 %9
ottt

Sl
o]

).

1
=

%
o]-&3}

]

s
=

7}

=

-

=

[e)
A~
e

e free acid

C

=

-

1

3ke] ]l

dl

]

1
=

(alginic acid) 2]

A A Y|ol E
alginate)

%]



(cross—linking)

Eis

o]

sk,

A

3

€]

=
=

(Ca—alginate)

E

A ] o]

Na, K, NH;

-

/\6] o)

Eis

b1 9

S

JZ=S 143}

7}Al  (Stephen,

=]
™

HelM el AsHA,

AR gy o]

olo

o] FEHE olgH L 3lon,

L=
[€)

Phillips et al. 2006)

SE=

EHGA] A" (George and Abraham 2007),

el A 3L St

1

go] &

)

oo ofel 4 9

L=
[€)

(Freitas et al. 2010)

|

2.4.5 Zg LAYOE ¥

=
T

7Z]1®A o7 B-D mannuronate (M)o]z}

ATl

2] ol A

E X
—_—

A d| o]

o)
=

% 74

T
T

EA3} @ —L guluronate redidues (G)z}
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AR YolE HE (bead)E A3t} (Bajpai and Sharma 2004, Blandino et al.
2000, Simpson et al. 2004). ©] FoA ZHF o|2S H7IsH ZF LAY|o]E vl &=
(Ca—alginate bead)& #|&et7] §olsta A /o] ¢atv thF7] v

TS AL 9lol EAMClE HEES wEEH M @ol ARgEd. Ze

aA717F AAE B3-S HE (swelling) o)zl s, FHolx= HAHS  Ha
(degradation)o]gtal $tt}f, ddtx o7 AAYo]E H|E=9 A7V]|= ARS AHA

ol el ol=A "t

2.4.6 Zg EAMo|E vlES FA AAYUSE

Aol £t Figure 13 3 22 Ago] Wagws 3349 15728 7

%31 (Darget, Smindsred et al. 2005), wW&hx FE&AA YEF LA UoE

rlr

g o]l &3 &3] whgske] 28449 Za dAMCIESE AT

Ca®", Ba®t, Mg®*, Fe?', Sr**s Azlgaoz A3 £ 9&=d 1 5 Ca®’

tlo

o3 AzgAor W HETE Z XA dEI FAC FEHL A7]|E

Agste] b gl AREE L vk (3, A 2002).
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23!

of meh JAE, dAR A E

)

dl, ¥l

L

RN

2, sl 244 wet A4

)

-
jis

o

el

)

5171

°©

o] Figure

KeX
=

il

kel
%

=

s

B3 $° 5802 AREET| AF

Fopo A &85 9t (Kim et al. 1998).
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ot

1 SEM (Scanning Electronic Microscopy) &%
%t (Wang et al. 2009).
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Figure 13 Mechanism of formation of alginate bead.
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Figure 14 SEM image of alginate bead.
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[}

=

(vapor

&7 ol

NIPs),
i

o (asymmetric membrane)
=71

]

&

TIPs),
& (immersion precipitation, IP),

H]

o

T

[ ARS
™

o
o] 2t} (Mulder et al., 1996).

L=
o

(non—solvent phase separation,
induced phase separation,

2.5.1 FAol¥

o] (phase inversion process)

s

A
induced phase separation, VIPs),

+&7] %% (air—casting)

(thermally

Toll

ol
JJo

ol

Ton

o)
ol
ol
B
o

Nfo

A7F 2 Grfel dA

o] eyttt

i
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o}

]
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AR}

o

e

(non—solvent phase separation, NIPs)
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2003).

T3 vF 9ttt (Matsuyama et al.

Ry

o

stk

-

[e)
¥ (immersion precipitation, IP)

=

S =
A

]

A
=

gleh Alz=7E 7F

on

=]
25

LN

o

g

B 2

(film)

Rl

o elojups] Hr}.

=
=

L.

Zo]¥ (vapor induced phase inversion, VIPs) oA+ €9 149

719l F3} (penetration) & <13}

=

) 3

Q

o

|

Suj7h v g2 wEEHA A
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=

u g} 7ol

ofo

i

7] FF9 (air—casting) oA = 1 EA}
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3.1 #3848 A9 Ax

3.1.1 QQ bacteria strains & A& Z7A

A5 74A 9A (quorum quenching, QQ) "l =©°] 1 ste ZgF dA|UolE

HE=E w57l f8 A55 #4A A4 w|AEJA Rhodococcus sp. BH4A =

Y

Ak k] MBR Z®ECA A4sta 3le B vdE & 55 AA A

o

o 9

Zrort), w4 e de] MBR ZHEA AFH3 SejA=

1o

rlr
ftlo

v g &

m (

ZwufeF  (enrichment culture)dte] Ap7FFEE2<Q AHL & AH|8H:=E ASS

N

2] 3

™)

%, ol59 ddFZY (single colony)E #g|3}¢]

M

A A e
Rhodococcus sp. BH4 & ZropbIgltt (Oh et al. 2012). 127 slel] ARg-3t7] 9]t
Rhodococcus sp. BH4 = Miller AFell 4] 913+ Luria—Bertani broth ol &3 7
3| A2 QffH|olE (shaking incubator) WollA 30T &%, 200 rpm 9 &0

S0l 24 AZF F<k wiFET (Kim et al. 2013).
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3.1.2 A5 A JA "AEo] 2A3E ZY-LA|olE

H[ =9 Ax

ool AgE %A SAY ZP-AUeIE wEe Az e

BAo]E HEe] Axs) WECZ AAUIE W FWE 1A fUow

ol

= o w AA F AR e

LAYo|E H| =9 A|Z

o

Z5 712 QA wAES uFsE] Y3 ARE nAEY =AS vAX

il

ol H yEAR YEEF UAYo|E (sodium alginate) S AFE3on o=

Junsei AF2Y-E FAsAct. JEH AxolES 7tuAIS dAAs] 9%

;sz
o
i
o
2
N,
i)
o

m

AshzsE (CaCly) > w7EAZ Junsei AFEHH T3t

HEE AZstes d o] YEF IAYolES dstda EF ST 59
ARSI o YER AXYOEE 9 FEE 2% (w/v), 93252 4% (w/v) 2
TS

Luria—Bertani broth oA #jeF® 54 A A v W= Rhodococcus sp.
BH4 + 12000g ¢ &%= 15 & & ¢4 939y, AS5dE AAS F

10ml ¢ Z%FFo] APE (resuspension) A ZAth AHAEE BH4 LA <lo=

6 2



Iml ¢ F5 & 30mg ° BH4 7} £} I3tk 10ml ¢ BH4 &4
40ml o] UYEF SAUIE S ddsAl A HTHom 2909 TEE

A% BHA-SAYOIE §918 BE9T, ot $AUolE &9 1ml ¥ BH4 2

200 rpm ¢ AT HER wWHIL 9= 4% (w/v) 9 GEEE &l dE
H>  (peristaltic pump)E AFE3Y] 1.2 ml/min ¢ 4AS £EZF 3 mm 9
Ass 7He &5 T3 "ojmzlng, Astds T899 AN FAE
A Yol E B == 10 AIZF &<k A3} A7 (hardening time) & AX ¥ SHTE
T+ W AFsE T (Simpson et al. 2004).

A E AR Yol E Hl=9] HHF ARl AFS 3.5 mm, HEi+ 1.5 g/ml o]gloH,

o,
fo
UNY
Mo
o
o
Mo
=8
N
1o
N
ul il
b
rlr
re
offt
o
I

o £EE 2EHIL golsnz

thokst g7)9 UEE VMR = =S AFZe =tk (Kim et al. 2013).
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II.

B dAFoE FEHE IEAE Solvay ZHE Y3 polysulfone =
ApEERlom, ol EEE AEE gy 2ol Aot I"YS
polysulfone £ FTEE= 10% (w/v)E ZFEgow Evj£E=  Sigma-—
Aldrich  AFellAd Y3 N-Methyl—2—pyrrolidone (NMP)E A3}t

Polysulfone €42 24 AlZF 5o 60TC2e %4 400 rpm & A £E=2

=
g
By
i
K
o,

o
o
fu
x
S
R
=
o

m
=
[
1o
=3

el P AYEAd

ofj

(microporous

T3 polysulfone €9 ¢ F7]8u] Alo]e Adol7l dojuyAl =4, o]=

!

Q13 polysulfone ©] &€X|Yo|E H|E x| A= (precipitation) ¥t} (Figure

16 ¢] 1° phase inversion).
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H|=Z polysulfone

E

39t (Figure 16 9

o0 A

AAGEI Al

o]+ polysulfone €4S

2" phase inversion).

Fol Aot o= i vAG

4743

R

o

il 24 AJ3F o) TR<rol By § MBR

171 %18

S

A
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.
—

2% (wiv)
BH4-alginate solution

Figure 15 Schematic diagram of preparing alginate beads.

Peristaltic Pump
(Speed: 1.2 mL/ min)

4% (wiv)

CaCl, solution

N

Alginate bead

6 6

(Outlet diameter : 3 mm)

A& st



Alginate bead

Polymer
solution

1st phase Inner
inversion micro-porous layer

2nd phase L outer
inversion . micro-porous layer

Figure 16 Schematic diagram of preparing polysulfone coating—alginate bead.
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3.2 AHL &3l &84 digt A& A7X

3.2.1 ¥33=47] (Luminometer)

2P A E H=] 3

N

T A oA 2 b= AHL 9 @ F7l

=A%tk C8—HSL © #HZ=Azge MBR ZW:HEO|A 713 o] ZAjs=

ANTE2 = shtoln, Ado] AFE3 C8—HSL & Sigma—Aldrich AFZ5-E]

= Beta—Glo #t+= %S U= 714E o83 HE

O
oo
|
T
2
-
1o
gh
%
o
Frt

ARSI AZsg 4 gdorm  (Kawaguchi et al.  2008),

)
Ir

Promega AFZ5-H ¢33t

N
N

ol

Beta=Glo & °]&% A= #d2 F4staxt sk AHL A9k 2|2y

|
N

>
R
ol
L
)

J% @mE FRE

rlr

gy HEE4r)7 Zesith C8-HSL & A
Agrobacterium tumetaciens A136(Ti ) (pCF218) (pCF372) & AFE-3}3it}. o]
5+ Luria—Bertani broth 914 0.25% (v/v) ¥ streptomycin 3 0.05% (v/v) 2]
tetracycline ¥ &7 3 A2 <lFFH|o]E (shaking incubator) WelA 30CY &%,
200 rpm 9] F&of B 24 AJRF Fb vi kI

Well—plate © 95 ul & ®i%E A. tumefaciens A136 ¢ H]|E AHL A& 5
nl = FUT v5 90 & &k 30T AFtHolE el Byttt 90 & B F
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ol El oA AWl Well-plate © 30 ul ¢ Beta—Glo & FY3t F AP0 A
40 ¥ 7+ WA AY. A tumefaciens A136 ZHE HWEIFE beta-—

galactosidase & 9F2 oxyluciferin 9 33 ZE9} vldstEZ, AHL A& U9

nt

C8—HSL o] ¥& ¥ FEz2FE 38 F 3

(luminometer) =

s
(3
o
[
o
N

Hk&o] Ed 3 well-plate & 3 Zx
ol galo] =4 F} (Synergy 2, Bio—Tek, USA) z+zte] A8 £ E3Eo]gl=

AHL ¢ <& 33 7Fe9 C8—HSL o ¥+ =% 7+e] A=A (calibration

3.2.2 TR -YA|o|E H|ES] AHL #3 &4
FY-LAVOIE =Y AHL ¥a &4 C8-HSL 9 #3 F%g &9

%*7] C8-HSL €9 %+ 200nM = 939lon fuje= FRSE
AHESEGITE. AHL 23l &4 54 A8 IR -UAUo]E H|E=+= 50 7o
o]F 20 ml ¢ %7] C8—HSL &0 ¥ H 3d24 Aiulolg oA 30T <]
2%, 200 rpm 9] &kof gEo] HESAIH U TR -LAA| o) E H|=7F 971 C8-

HSL €92 6 3o dx Ao (0, 30, 60, 90, 120, 180 #) Eaxx
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e
_5.3
el

o 294 A= 53

—gAY|o]E H|E=

3.3 7¥

oAt wehn Alwe

Al A o]

RLELS

LA o] E7}

_Zr!

otk (CT3 4500, Brookfield, USA).

s

=
=

(texture analyzer)®

o}
H

HEf e 50%7HA

ot

7F3it.

o] o=

1l
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2
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o
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LRSI e

i 7hA]
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7} 50%7FA ¢F=

=

A o] E 1]

70



w
>
o
i
of
M
Ac)
2
s
eh)
X
p?
5
1o
Mo
)
A

B odroAs Bud Bevel dAw Au4 ire F e MBR £

ofFAE A slekAl 9k FP-IAUY|E HIEE gt I a¥E

MBR del A" A SdA= A7E &A AE st A el
AFsER o A T HAFE 6 JNE o Ve s dAE AA
A AHel EdsiA & dAarE Fdsd. 34 #Hee 2AEL TS
ATFAEo] AFE3 A Y Tdshy 3 2t} Glucose 0.4 g/l., Yeast extract
0.014 g/L, Bactopeptone 0.115 g/L, (NH,) SO, 0.104 g/L, KoH,PO, 0.021 g/L,
MgSO,7H.O 0.032 g/L, FeCly6H,O 0.0001 g/L, CaCly:2H.O 0.003 g/L,

MnS0O4-5H;0 0.003 g/L, NaHCO3 0.256 g/L.

oﬁ
oﬁL
M

22 e Pure—Envitech (FFol-<lH[eg)ALe] ENVIS REd2

>,
nQL

TES MBR o 3o £ Aze3 o™ o] chlorinated polyvinyl
chloride (C—PVC) AA=Z &= A7]+= 0.4 ym oy, dHo=z FAH Byt

g 2 \x2 1775 cm® & EE & ) F 2 WA 355 cm® o|H

=

TE9
slike] MBR w4ef olgdt RES F /A HEsdornzg v F Hye

710 cm? 2 &A=}
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T 719 MBR &% B2%+ Figure 17 3 Zow FE-AAYolE H]= Y9
A5 A QA vid = 143 o tgE ¥ ARV w9 Ee 24 2dE

SdtA AT ZF MBR of &% I®H-<AHo|E BHE=E& 500 7HGIoH
ol FEZFTH (moisture weight) 02 Atsld ¥ke7] & 3o 0.5%°l
et Folth vkg718 39 Z42F 5L o FelgA AlF Azt (hydraulic
retention time, HRT)S &4 #FE A4 FHFOZ AHHOE Fusho
8 Alzto®2 FAEIA Y. 118 E AF AlZE (solid retention time, SRT)2 30 Y=
LAt A &ejA e = HE 13HE (mixed liquor suspended solid
MLSS) 9] §%% 9800 ~ 10200 mg/L & FA5t3itt.

2w o AxE Yehes 9 2 42 (transmembrane pressure,
TMP)2 30 & HAC=Z Feu Rae dde dA TMP A°lA (gauge) &

3 SAsISATE oF 50 9§ MBR & dskglom Hib apgto]l 50kPa 7HA

ded wrtd 2 2ES MBR oA Ado] 3t AE siF30aL B ol &
MBR o AARgsh= 2oz Aol s vt welete] shehA Mg

ARSI T o] 8] ARAISE & 272 Table 3 ol #|A| 313t
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Filtration pump

TMP Q
gauge ‘®_
@
P4
Synthetic
wastewater

_ gty
L e |
»
% P N
L '] L
. .
ML 'l‘.'.'.
ey »
e

Blower

MBR w/ vacant MBR w/

coating-alginate coating-alginate
beads beads

Figure 17 Schematic diagram of continuous MBRs.

73

TRalh e AT



Table 3 Conditions of experimental MBRs

Working volume S5L
SRT 30 days
HRT 8 hrs
Membrane C-PVC, ENVIS
Membrane area 710 cm?
Flux 30 L/m?/h
Aeration rate 2 L/min

COD removal

Broth: 96~97 %

efficiency Permeate: 96.4~97.7%
MLSS 10000 (*+200) mg/L
F/M ratio 0.15~0.16
Feed COD 520 (=20) mg/L
Seed sludge Si-Hwa
% Volume of bead / 0.5%

Working volume
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A -LAYO|E nlES] A AW S= #FES] ffste] FARAAERA

ofo

(scanning electron microscope, SEM)<S o]&33tt (JSM—-6701F, JEOL,
Japan). FAPAAER AR #Fsty] flal ZPE-LAVCIE HE=E W
(cross—section) &2 A& t, WFE LAUC|E HE=E AAS F n&EA
A" T& €& 25 (ethanol dehydration) A|Z vk EAIZ] Wb LA}
Y T5 GAMCIE BlEg std= yRe a9A 2 FE #Eer] @l
Pk-E (mount) 9ol 27 WjF-eof &JF7F S8 FeleF FRIT. S aEAt

AHe] Fdw AA FES dFEE] S GAYlE nMEE AR WY

M
ol
o
dlo
h=)
Mo
[
2
i
)
3%
oo 2
B}
Mo
[
2
4
By
it
n)v
|
rlo
td
r
1=
aj
kU
o,
s
o,
o

@57l sk WHoeRE FxF delA dvd  (confocal laser scanning

microscope, CLSM)<S AF&33ltt (C1 plus, Nikon, Japan). &3tz b

N

<l
flo
i
rlo

MZ 2 Tnvitrogen AFZFE 938 SYTO 9 of 9laf] &3 A on o] &

u] A E o] Ay} Adlsle] 3 il EA13F do]E+= IMARIS T2 1S

o] g-3to] ofm x| 55t}
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MBR 24 7]zt Bt AHHow N dE 3YPE (mixed liquor
suspended solid, MLSS) ¥} 3}std A4 @78 (chemical oxygen demand,
COD)S 43t +4Y Az @fo]l dAsA FAHEA Ao,

FESEV R SAA. A Ak . 7HE 8E U= s55 yEh

o= Z=AEZAE Ak (COD digestion reagent set, HACH, USA) S A}8-3}9i )

MRS TAFAZFE Aok ¥ 2 ARF T AFEHA

o

F Agor Wzt
+37] (spectrometer, DR4000, HACH, USA)E ©]&3to] 430nm 2| 3}7of A
FAEE ST e 8 g s 542 Wels 045 mm =9
e (GF/C, Whatman, UK) & AF&3F3it}.

oy #ZHe] A4dE Aesud SRl EEdel &ds] FVIA @ v=

0.45 pm 2] &=<& 7IA = 1A ¥ (poylestersulfone, Supord50, PALL) &
d9d H 30 # T 100Ce edolA dxd vs TFS SAste] TAB
(total attached biomass) @<= AUtk 22d A= &9 ALJuta =4
(extracellular polymeric substance, EPS)el 3% @Ay} gpslEo] o
Z}7F Lowry method (Schroer and Augsten 1978) 2} phenol—sulfuric method

(Dubois et al. 1956) & E3f 5433}
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]_oﬂ

(shaking incubator) ujolA

9tk (RQ flex 10, MERCK, Germany).
ol 5o

<]

3

=

ul o
T

SAMCHUN A}ellA +-4]

o

50 7

1000 mg/L X F8&A 7]E2] dA|Uo]E H]
T+

1

¥

o
24

AR

Els

o 24 A F

=
T

ol Bt

9

, 200 rpm

2z

30C<9

stelom (0, 3, 6,9, 24 AIZH AR AE2 10 M=

S

FEa= 5 3o A4 HA

B
—_
file)

J_.NO

_Zr!
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11 TP-FAo|E H=9 57

2 oATelqE Rew AzAA 99 AgEn Qe wew KR ey

e Azl olgsYh BAVCIE MEL FRW F FEE FHx
gloms 4io] Weed MLl water bath 7 B2 oM LA E HE

kA 7} water bath 9J8-& &} th

FAFA S 1] 7 (scanning electron microscope, SEM) 0.2 FE -AXY|o|E

o

MEe Y FE BAW A F e A% 2F oANEY ol I4HNASS

d
i

ofj
rlo

golgdl 1 Figure 18 o AASFAT. IA|Yo|E wH|=9} uldk= FE i

gt

e SEY o xdd 75 IAYeSi=dl °l= water bath E 0§
dA o] E HI=9l polysulfone §949 {71 &ul Atole] me&EmrE =7
(delayed demixing) W&ot} & w3Er=w Q3] FE =S finger—like
TEE F4sH ole JdH omAE Tl &t A¥ S FA= 60 ~
100 ym Atelz SAHCH A FAR 1=2A FAHAE &sTh o=

Aol E v =7} H st e 7 obd FFol7] witel polysulfone £}

me

BE EHA FA BESHE 2

N
o
2
ﬂa
N
)
i
o
k)
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Inner surface

Outer surface

3 p - -
10.0kV X1500 WD 7.8mm 10um

Figure 18 Scanning electron microscope image of polymer coating layer.
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e

A1eA I8 F9 7F

N

71E£9 dAYo|E H|E= ko] 1 7} o]& (monovalent ion) = Ca?’

>

ZA# o] EA (Ca’" chelating agent) 7} £A8td €A #3531 (Gombotz and Wee

1998), Alzte]l AdeE xe= ARl Qv webd A F3Fe 4 Tt
AEHoR FuEe AVIZFY] A& ¥ MBR o 55 A oA v Eo]
agstd SAMOIE HI=S AES A5 Axols EF ol uidel agshd
g Eo] AP dAS Adt

AU E H|E=of] nEAE o] §st Y Fo FAsHARE AlRto] AuH
W0 AAYO|E v == ppRZA R oAl "k shAIRE mAEo] g she
FAH-LAYO|E BES] A LAHIE HEVL Holk vAES I® T&

%29 EDTA (ethylenediaminetetraacetic acid), 25 mM FE2 A|EZAF

UYEF (sodium citrate) 783 200 mM %9 AHEHF (NaCh<s FTHTel

Ll 100 ml o Y1 AL&ox 200 rpm & £EF wWHMIA|Z|HA LA Yo E T}
ol o= 7S 60 ¥ 7 #AFL 10 1407 g9 AR oY AAH

golo BT (spectrometer, DR4000, HACH, USA)Z o]£3to] 600 nm 2
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=2—QQ alginate beads

=0—-QQ coating-alginate beads
Control alginate beads
Contol coating-alginate beads

250

N

o

o
d

150

100

Concentration of C8-HSL (nM)

a1
o

0 20 40 60 80 100 120 140 160 180
Time (min)

Figure 19 Quantitative quorum quenching activity of coating—alginate beads and

alginate beads.
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Figure 20 Confocal laser scanning microscope image of polymer coating layer

part of coating—alginate bead. The cells were stained with SYTO9 (cell; green).

Magnification 100 x.
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L

=—QQ alginate beads

=0—-QQ coating-alginate beads
Control alginate beads
Control coating-alginate beads

~ 120 -

N

£

~ 100 *
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= 80 -

(o)]

©

.5 60 -
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40 -
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O 20 -

0

0
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Time (hrs)

Figure 21 Glucose transfer efficiency of coating—alginate beads and alginate

beads.
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Figure 22 Mechanical strength of coating—alginate beads and alginate beads.
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=—QQ alginate beads
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Figure 23 Cell entrapping capacity of coating—alginate beads and alginate beads.
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Figure 24 Quorum quenching stability of coating—alginate beads (degradation

rate of C8—HSL was determined at 90 minutes).
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Figure 26 TMP profile of continuous MBR: MBR w/o beads vs w/ control—

coating alginate beads.

97

S

[,

- 1_'.]'| 'aﬂr

TU



o MBR w/ Control coating-alginate beads

o MBR w/ QQ coating-alginate beads

60 -

T T T

o o o

< o o~
(edy) @2inssaad sueiquiawisuel]

938

50

Time (days)

Figure 27 TMP

profile of

continuous

MBR: MBR w/

control coating-

alginate beads

vs w/ QQ

coating-alginate

beads.



60
(a) o MBR w/ Contol coating-alginate beads

u
o

o MBR w/ QQ coating-alginate beads

B
=]

N
o

Transmembrane pressure (kPa)
w
o

=
o

(b) Time (days)

R

i\

' TMP:.26.7 kPa . TMP: 54.2 kPa

Figure 28 Comparison of biofilm formation on the membrane surface (a) TMP
profile of continuous MBR and (b) CLSM images of biofilm. The cells were

stained with SYTO9 (cell; green). Magnification 100 x.
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Abstract

Membrane bioreactor (MBR) have become increasingly popular in water
reuse due to their advantages like high quality effluent, but the membrane
biofouling, the main drawback of MBR, still limit their widespread application in
water reuse. It is known that quorum sensing (QS) by signal molecules, N—
acyl homoserine lactone (AHL), plays an important role in the formation of
biofilm on the membrane surface in MBR. In detail, it was proven that bacterial
quorum quenching (QQ) of signal molecules of gram—negative bacteria could
effectively alleviate membrane biofouling.

Recent study has been reported that calcium alginate beads were adopted as
immobilization matrix of quorum quenching bacteria, taking into account their
high biocompatibility and easy preparation. Alginate microbial beads
demonstrated effective biofouling control in lab—scale MBR with synthetic
wastewater, however, they have alginate decomposition problem due to
hydrogel properties. Alginate beads need a technical improvement in terms of
QQ activity and stability under harsh conditions and long term operation

periods in a real MBR plant.
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In this study, coating of alginate bead by a membrane—like layer was
proposed to promote more stable immobilization of QQ bacteria. Such
membrane coated alginate beads were prepared by phase inversion method
outside the alginate bead entrapping QQ bacteria. The thickness of polymer
coating ranges from 60 to 100 gm. The polymeric coating maintained the
nutrient transfer efficiency, also enhanced both mechanical strength and
chemical stability to a large extent. A successful anti—biofouling performance
of membrane coated alginate beads was confirmed in the continuous operation

of MBRs during 50 days.

Keywords: Membrane bioreactor (MBR), Quorum sensing, Quorum quenching

bacteria, Biofouling, Cell immobilization, Wastewater treatment
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