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ABSTRACT : Due to the low biodegradability of dyes, conventional biological wastewater treatment
systems are inefficient in treating textile wastewater. In this study, white rot fungus, Trametes versicolor
KCTC 16781, were investigated for the decolorization of Reactive black 5 solutions. This fungus was able to
degrade the dye solutions by the ligninolytic enzymes (laccase and MnP) produced. The enzyme activity
remained constant until the end of reaction. The combined process of biological treatment and ceramic
membrane showed better efficiency for decolorization and TOC removal than each single process.

Keywords: Textile wastewater, Dye, Trametes versicolor KCTC 16781, Ceramic membrane, Membrane
bioreactor (MBR)
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(basidiomycetes)ol| &3l WA F-24F (white
rot fungi; WRF)2 7} W34 EFS HISo|8 2
2 EHY F Ae 5o S AskE JeR B
=31 JUTH5, 6]. Phanerochete chrysosporium, Trametes
versicolor, Funalia trogii, Pleureous ostrea 5°l Wit A
T7F F2 olFoAa o, Zlad EIaiLT
(ligninolytic enzymes)®] Zh-gof st TheFst &
A =ES BT F e FoRE By HIUTH2,
7]. el#lgt ol EIEAZ= lignin peroxidase
(LiP; E.C111.1.14),
(MnP; E.C1.11.1.13), laccase (p-diphenol oxidase;
E.C1103) To] &#A ArHs].
g, B 342 SRS AT R ST
of wet H vhbs HaA A @ S8 I B
AF7F AT Yt TEAS 22 FH e /7]

Mn(II)-dependent peroxidase

rlo =2
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Avto g 7| F e HEA, Wstede A
gte] 2t 39H Fart w5k 22
oA FEe HIFS HfFetA 2 AR dddn =
gk Ak ehe] A S84 o
of thet FHHQ &5 AT Mo
3, 1980t 8 “dd o ZH(microfiltration, MF) &
AollA FE2 oz Aty Eejute] Akgo] £ 35ty

ATHIL. Alete] #8922 Alumina(Al203), Zirconia
(Zr02), Carbon, Silicone Carbide, Stainless steal 59
FIARE o838t Axd dad X2 o] FoA
Rnem, o] A F A e Al AN #Y
g Foz 748 Eg9olt10]. 4 nmG Gl A FH
15 pme] FJ7tA 9] 7FarE zte Eeue dA)
FaAH kA ATt Alete] #Eehe 22 e A
A Hasgketr]l Slstel AN FEAC GAH
(backflushing), 32 $A1% (highpressure pushing), 31
2bit (steam  sterilization), A& % 3}8tA| o] 2|3k A H

5 g A9 PHe Batel HESS FND
[e}

=

Ath= AHe Adu11].
AEst Aot Fev 3HS A% F™e o
Y ERHE- 7] (membrane  bioreactor, MBR)E ©]&%t
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=

e wedz, BEd wer) A5 Aol
3} 2

iind
b
e

[<) ha

SYENSIIE ol dtel AR 8 W M= L &
e AASE &A}a% w3, datasl ¥x,
24548 5ol sl mAE o

B Aol M= Trametes versicolor KCTC 167815 =
W7]#o 2 HE BEofutol ARESIALE TS 9
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3t Bl A2 PDA(potato dextrose agar)E ©|-&3}¢] 37
duieh AvjufeFate] WAddeiolA Baetdar, A
Hlgde AT A7|E Adsto] glycerol liquid
stock (15% glycerol)dll g o] -80°Coll A #7FstHTh A
g g =22 ofxA ¥E1]I Reactive black 5(RBS5)
£ AHEEF9 e, =9 100 mg/L-300 mg/Loll o

3 ddstie

22, AJH

k1 em’ A72 AF F 510705 QA A7} &7
HEZ ol HEstd 593F AR vtk wiA|
A2 FAE &5 dAE FAS A
PDB(potato dextrose broth)E %1 & 7](Nissei
AM-8 homogenizer, Japan)E ©]-83F 2500 rpmeil
A 3023t wAs}t A7l F, Ad3uA] PDBell 10%E A
Z3td 28T, 120 rpmoll A & i Fated FujgFd &
RS AT Al & AR AR Selsde
SL-AEREG7|(Zutold], k=)ol HEete] A=A A
o AT aLAES FRlstanh o x=
28°C, WRHEE 150 rpm, ¥ 7]H%2 1 vvm (volume
of air/volume of fluid/min)2.2 FX|3}Ht}. 181,
AES AA37] $38l PPG (polypropylene glycol
200005 AH&stATh AREE LA 242 2 g/L
glucose, 022 g/L ammonium tartrate, 0.2 g/L
KH,PO,, 0.05 ¢/L MgSO; - 7H;0, 0.01 g/L CaCly, 1
mg/L thiamine¥} 10 mL trace elements%-2. 7, #] =]
9] pH+ 2,2-dimethyl succinic acidE ©]€3}¢] 452
ZH39 . Trace elements®] &2 008 g/L
CuSO,, 0.05 g/L HMoO,, 0.07 g/L MnSO, - 4H,O,
0.043 g/L ZnSO, - 7H,0%} 0.05 g/L Fex(SO4)s A Tt}
w87 432 Membralox® XLAB3 pilot X

(Pall Co., PI=)E ol&3tth Al AH&E Azt
o BEeke Zo] 250 mm, W7 7 mm, FHFHF
50 cm’e] FB.F(US filter T1-70, W]FH)o2 7182
71 005 ymE AHESATh A2 55 9%
o] HX FHExelA Pzl o3 4 &

1M

I
&L o op

I

o vuge JEgAe FIHW A%y By
o ols) EHe) wAFE BAHT wjAsE oA

rlo
N

THER AcASES AT e o
]

BN
N
N

ol

4
AR FSE A AS ARy #eE )
=

of g A vt doB 2% oJFT T
E Qo] dwrdolt2]. BREE FLEUNNE ol
g3hel 20T FASAT

AZrel] 2 A5 MEAA B dFHF A s
& F3te E3FF=A(Bio-Tek Instrument, Milano,
Italy)E ©]&3}4] 2000141 800 nm B MM FFE=S
S8R, HAiubgel Mo FRE A e F 9
o A 2] F33H] & (ratio) o] A4S vludte] MEAAE
&< WA Laccase] /== Mellvaine (pH

6) A 25 mlet A8 05 mlE E3Hste] 40Tl A
587t A€ %, 447 mM syringaldazine 10 plE 3

B2 WHEAIZ|EA 525 nmoll A FHFE=L =
& &3 h(molar extinction coefficient= 36,000
M-lem-1). #5429 @4dd9= 9 1 umold
syrngaldazine2 At8}A7| = &40 S 1 unitZ A
3t TH13]. Mn(II)-dependent peroxidase®] &8/
T 50 mM Sodium lactate (pH 4.5)$+& %] 80 n
g/mL ABTS (2,2"-azinobis-(3-ethylbenzthia-zoline-6-
sulphonate), 0.2 mM MnSOs¢} Al85 &3 £ 0.1
mM H,0,5 H7Fste] 183F §ES-A171W A 415 nmol|
A F= HolE ZSA3ATHmolar extinction
coefficient = 65,000 M-lcm-1). &4-9] &A= &
T 1 umol®] ABTSE 2FehAl7]e 549 %S 1 unitZ
AotAtH14]. 227 4 A8 se FI S
o Ale & A8, TOC(FF71E)E TOC

analyzer (Multi N/C 3000, 5¥)& o]&3lod £43}

oot

HYJl= M10& HM3=
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Aot

3. 2% % ng

31. AEWS FA

TOC= #HFol EAste f71=de & 43t
= ARE AHEHI, o|2RH Hee {726l
A% 29 A=E MxHez A 5 QUoh A
' A dFReE WHE 4% /7189 T
e E2 TOCH dflez AAAN. 2719 H&
T wE9F A AR vEEL TOC AAeS #
2A7IEE H2Re JgRoeR AEAATL e
HeE AdAsy] A% A9

PEFEE 1 /LOHH 300 mg/L7HAl F7HAI A
< uj, TOC zﬂ AEL 47-15% ] AolE HAFQ
o, dFY gEoF &IAAH TOCE AT 2
Ho M= v=e g 1T & Utk WY, A8
EE 300 mg/Le A% FEEE 1 golA 5 g7tA
Z7MNZHS W TOC AAEES 31.9% 2o]S B
o T3 FxoA A fUES AASeH 28
& Hage BdEEe 2g/LE AREHASH, ol
°F 70%2] TOC AALEES HoFILh ZE Tk
Heell A APl A8 A5 &l el 90-97% <]
MEAAES JERNIL, glucoseE H718HA
A% oF 80%9] MTAAELES HAFAC

7

A7 ot BAARE 1#—01 A4 ghA

Lol &2 M

e tlo rlo rlo

Table 1. TOC removal in the biological treatment of RB
5 solutions by T. versicolor KCTC 16781 with
different concentration of glucose

TOC removal (%)
. (g/yf M/ 100 200 300
1 61.6 685 675
2 718 705 57.3
3 547 479 39
4 447 04 356
5 371 33.9 38.6
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B ApE AT AAEE] e RB 59 i)
TE 200 mg/L} 300 mg/LY HEE&HNS FHISHA
31, SL-AAEHRS- 7)o A T, versicolorE AFE3te] A&
9 TOCE AAS] 1 %S Fig 19 thehygich
RB 59 MEAAEEL B 2447kl 70-80% =
2oblar, i 96t = o 85%01/Fe] AM=Tt Al
A=At olet Z2 AFH}+E Young Yu To| T
versicolor$}  P.  chrysosporium®] ¥k RB  5(40-50
mg/L)e] MEA|AA HjF 9] <F 11. 3‘794 o
AAEE Bug Ao mle] FiAes w2 A%
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Fig. 1. Decolorization and TOC removal (a), and
activity of laccase and MnP (b) in the
decolorization of RB 5 solutions by T.
versicolor KCTC 16781. (@) 200 mg/L; (H)
300 mg/L.



43 - o)Wy 3E - H0AE 135

ol mA=ol At HE ol &l =
TS o83 Aog Addr. FErE S5}
of Fadshs Amsh dA9 FAES FAst] kst
= =S T AAY F AT madS W
Z719 MM Frkete] wjg 27)7HA l:%% aag

e FA3A . Laccased] A-$dlv dF3FT 200
mg/L} 300 mg/Loll thsf 7474 Hj 48/‘1 Zra} 724
Zroll ¢ 40 U/mLe HUALEAES HAFULL
MnPE 200 mg/Le 9FEEY 7% g7
A A&AHo R Frhgk ¥ 300 mg/Le] -l
48X 77 A ZrVelthrt EAEA o] vk E 771
stglo] FAEAT st A5 MA=AASL} &
o] HBALE 71EY ATl ov] Baud wt
[16].

~
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32 F% 3H

Agke) welet T €@ T EY2el waE
Fig. 20 YelAth Fid o= 200 mg/Le] Aw

= A8 HedA 27]dd w2 T3 ZH2E
2 F Wk ole & ?7}%%% dEol 9
3 et FHd Ro w27 AolaFo] FAHHEL
22X T3t Aol FiHos Sl V. &
27 ol 7 AR8Af A A= 80%0]1°¢]
AZAA7L o] F AR TOC AAEL HAZ3IATh
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Fig. 2. Effect of dye concentration on the permeate
flux. (@) 200 mg/L; (Il 300 mg/L.

3.3. A E49-3-7)|(MBR) A8 FH

GREAS TR A AEIHH Aelst Ay
g TP AT e R W ol

1=}
& Ae Aot @ Ate e g o 4
T % TOC AA &&S Hlste Fig. 3¢ YERA
o}
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#iZ BTk, Fig. 3()) 19 uhsh o] M=AA 4%
100 - ORO-C—OBO—O—OBO—O—OBO—O—OBO—0O—-OBO—0—-O
—~ 80
S5
c
§e]
E 60
N
=
o
3 40
3]
o
—=— 200ppm_membrane only
20 4| —e— 300ppm_membrane only
—O— 200ppm_MBR
—O— 300ppm_MBR
0 T T T T T T
0 30 60 90 120 150 180 210
Operation time (min)
@
100 4 —®&— 200ppm_membrane only
—e&@— 300ppm_membrane only
—0O— 200ppm_MBR
—O— 300ppm_MBR
—_ 80 -
g
— E}/D_D_D_D—D—D—D—D—D—D—D
g
o 60 4 0-0-0-0-0-0-0—C—0—0-0—-0-O-O-O-0—-0—0
£
o
O i
o) 40 /+-—Hw
'_
20 + M—’—o—.
0

0 30 60 90 120 150 180 210

Operation time (min)
(b)

Fig. 3. Comparison of decolorization (a) and TOC
removal (b) between ceramic membrane
filtration (filled symbols) and combined MBR
process (open symbols). (@, O) 200 mg/L;
(M, ) 300 mg/L.
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< 200 mg/L, 300 mg/Le] Z}Z+e] thE Fxol o
3 =2 AA A5S 48 F ANeH, Az £
o 2 Ao v ti = Ay &8 9S
T ATk Hgol EAEE fU1ERY HTOC)
e sAve AR BrEY A3E 4 (MBR)S
B97F 20-30% © E&FQ HHAFAE BAT ¢
S840 AETA Aot e ¥4 28n AF
FZMBR)2 AHZAHE vl A ste] Table 20

3 F71EHY AALE U5 300 mg/Le] ZH$-ol
BESA A (65%) S EET FAH23%)ANA e
whE, AT AoME oF 76%E WnE Ee AAL
&< Yehidlh o] Az AEAE F NF9 RO
oS o] &3 FAHAME AT 5= AATH17]

Table 2. TOC and dye removal efficiencies of
biological treatment, ceramic membrane
filtration, and MBR process

dBIOIOdgl? ! Ceramic
usir%ra ﬁ?nl olr:s membrane MBR
RB 5 8 & treatment

(mg/L) (at 96h)
TOC |Decolor | TOC | Decolor | TOC | Decolor
(%) (%) | (%) | (%) (%) (%)

200 48 92.0 41 924 61 100

300 65 93.5 23 91.6 76 100

4.4 =
Q) Aol ALgHE Al AR Fol 50% ol
& AARE okxA gEdAFe A 3 AL
Jolg-& AT YoM, A A Azt
= F F971E dF AT A=
FAME FG FEI GRS

2 54 e 9% AESH Azs Ao ¥

o
2
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