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SUMMARY

This research was purposed for finding out the environmental purification
capability of forest resources, and reducing the water pollution caused by
heavy metals and recalcitrants by forest resources. Several groups including
Universities of Kangwon, Korea, and Chungbuk were co-operated with
researchers of Forest Research Institute since 1995. This High Technology
Development Project was funded by Ministry of Agriculture and Forestry. The
followings were the detailed data and results obtained from each group.

Some wood rot fungi were screened and developed for removal of heavy
metals such as chromium, arsenate, copper and cadmium, and degrading
pentachlorophenol (PCP) and trichloroguaiacol (TCG). And these fungi and
treatment technology were now proceeding for patent. '

Inonotus cuticularis had an ability for reducing toxic hexavalent chromium to
non-toxic trivalent chromium, and approximately 60% of chromium in the
concentration of 2,000mg/L could be removed by this fungi. In addition, this
fungi could also transform inorganic arsenate to organic arsenate with 100%
transformation rate in the concentration of 500 mg/L.

Tyromyces palustris was specified for adsorbing cadmium in its mycelia, and
could uptake 70% of cadmium in the concentration of 200mg/L, and this
treatment technology by using this fungi was now proceeding for patent
(Patent Proceeding No. 98-39518). This fungi could also secrete oxalic acid
during metabolism, the secreted oxalic acid was reacted with copper, forming
copper oxalate. The removal rate of copper in the culture system was
approximately 98% in the concentration of 2,000mg/L, -and this treatment
technics for removing copper in waste water was now proceeding for patent
(Patent Proceeding No. 98-29156).

Phanerochaete chrysosporium had an ability for degradaing PCP in the
concentration of less than 500mg/L. At initial stage, 6 to 10% of PCP was
physically adsorbed in mycelia, and finally degraded- completely during
metabolism with 100% removal rate within 21 ‘days incubation (Patent
Proceeding No. 98-39517). In addition, TCG was produced during bleaching
process in pulping of wood, and considered as toxic and mutagenic



compounds. TCG could be degraded by Trametes versicolor with 90%
removal rate in the concentration of 100mg/L (Patent Proceeding No.
98-29158). Another fungi which could degrade PCP and trichlorophenol (T'CP)
were CB-20, and Rhizoctonia praticalor with 87% of PCP removal rate, 70%
of TCP removal rate, and 70% of decolorizing rate, respectively.

Adsorption of hexavalent chromium was carried completely out by using
madienhair tree leaves (Patent Proceeding No. 98-54824), and the maximum
chromiun adsorption capacity was 30mg chromium per gram leaves.
Additionally the mixture of sodium alginate 1% with madienhair tree leaves
10mg/L could remove 94% of chromium in the airlift reactor during 450min.
contact time.

Waste solid medium of Pleurotus ostreatus also had a specific adsorption
capability of cadmium with maximum capacity of 45mg per gram waste solid
medium, and waste cotton medium also similar capability of cadmium
adsorption.

Barks of pine species were able to adsorb copper, zinc, and lead with
maximum capacities of 50mg/g, 41lmg/g, and 45mg/g, respectively. With the
addition of light metals such as calcium and magnesium, the adsorption of
heavy metals was gradually increased by 20% in copper and cadmium, by
10% in zinc, and by 95% in lead. And, the stabilizing technics with phosphate
treatment of pine barks made an improvement with 80% increase of
adsorption in copper and zinc. In addition when pine barks were activated at
900°C, the adsorption of cadmium and copper was significantly increased with
maximum removal rate 100% in the concentration of 150mg/IL.. The addition of
sulfur to these activated pine barks caused an increase of adsorption by 100%.
This treatment technics which showed a high adsorption capacity of heavy
metals' had a potential for applying in high water purification system in the
future.

In order to use these developed technics directly in situ, the Maze tank
system which was considered as the most suitable one for in situ, was made
and applied for removing zinc effluents from the mineral dreg sedimentary
waste water at Hwasung, Kyunggido. The filled-up materials in Maze tank
system were waste medium, barks, and activated carbons, that were
preliminary approved in lab scale system. This system showed that the zinc
was completely removed during 24 hours with the satisfaction of Pure Area



Effluent Limit Standard for Zinc (bmg/L). This system which did not need
electricity, and was appropriately able to be controlled in total capacity had
several advantages or merits for using in situ. However, there was a
disadvantage such as BOD increase in treated effluents due to the use of
forest bio-materials containing a lot of organics. This could be solved by
lengthening the flow period and contacting time of system and effluents.

For the purpose of heavy metals treatment from industrial waste effluents, the
plating effluents from Incheon Namdong area were used for applying the
developed technics in the airlift reactor with immobilized beads of Inonotus
cuticularis. And the waste effluent containing 444mg/L of chromium, 5.2mg/L
of cadmium and 17.2mg/L of lead could be purified to 50mg/L, 0, and O after
150 hours treatment, respectively. Currently, the cost for treating heavy metals
in waste water was 14,000won per ton, but if this developed system was
adapted, the treatment cost would be 10,400won per ton.

In another treatment experiment of industrial waste effluents, the copper
containing effluents were treated in the airlift reactor by immobilized beads
and sawdust of Tyromyces palustris. After 100 hours contact time, the copper
concentration was reduced from 78mg/L to 0.5mg/L, the manganese from
77mg/L. to 0, and the aluminium from 2.1mg/L to 0. The current cost by
chemical treatment for removing heavy metals was 4,000won per ton, but this
cost could be reduced to 1,000won per ton by using immobilized beads. These
technics using bio-materials had an ability for treating heavy metals, of which
the concentration range was under chemical reaction limit, and there was no
more pollution in the environment after treatment. However, this developed
technics needed longer contacting time, larger treatment area, and more excess
production of sludge.

Therefore, the future research should be followed for developing the
continuous lab scale system to pilot scale one, and safe re-treatment or
re-utilization of heavy metals adsorbed sludge. Additionally, the field
application experiment has to be performed in the nearest future with
co-operation between researchers and corporation.
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B AR Ko AAMel EE&HQ FAo] #Y Ast S Yol Rasa vk 2
g2 ZFE o]8Y AFAA, nAES Al 18T FF% AA WH, FIL peat T
& o]eY 285 AA 5& 5 4 orh ofF YGFAUEL F¥E BN oF 10~
2058 Xx3l7] WEe] o] AWLY 4 Jrid 1 AAH AXE wlg Ak ¥ 4+ 9
th 2Eu A4y ARAE TE 324 FaAe vy o 2 2&o S ol gd 3
& o 10~20mg FEE TASH: o2 e Mo &Ytk uletM $38 FFEl HT
B2 28-S wol7] FHAE Bd 3 Mg B¢ APl 23 vk

E dRoE BARE Bg(activation) A7l HE F 3% 5 ind FHE 4
Qe g7 AREE BT Az e JA FAEY dFd Syl HEAA R
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T+ 4 opES R FES| AL 50T ZSIHA 16hr. F-¢F ARA) At e A
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EeT w5t Pinus densiflora(Cu™)
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.1a

A
-Heavy mital concentrationippm)
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%] 2-3. Heavy metal adsorption by waste-wood material of

Pinus densiflora (In"")
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50 100,
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18 2-4, Heavy metal adsorption by waste-wood material of

Pinus densiflora(Pb™)
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S

L
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o

2+ s

2 RA cu'Y A &
o

+ 325 =8 g

10ppmofl 4] 100ppm
SRR PA AL |

w2t A FY

o -

L 67-11%, F3 ‘ Heavy metal coricentration(pprm)

g 43 12 2-5 Heavy metal adsorption by waste-wood material of
92-54%, HCHOA 2| Quercus acutissima(Zn’)

23 91-54%, ¢l | DHCHO-bark  Eberk - BP-bark BP-sawdust @ sawdust |
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g EweN §
67-11%, T g

3] 92-54%,

: 50 100
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FE&o] Fad
th cd*s FEA el StolA 50-94%, 2] $¥|olA] 55-43%, QAtE} Az 4u]e} Sl
A 91-96%71 FAHCE PbE oW FPolE FHgo] &l BAE FulolA 89-508 F
A el 32} HCHOA 2] 3= 96-99%, EFF QAE3} $:3] 9} BrlolA: 90-95%2] F2H8-& U
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3% 2-6. Heavy metal adsorption by waste-wood material of

Quercus acutissima(Pb™)
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e
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= gy 3 2R

(Ginkgo biloba)teo] % —m— Larix teat —ye— Larix litter” -~ GINkoleat’ I
“tho.
cdgxee oy 2-73% 2 a0 % = .
| E}’ . ———

_ o e e -
GJgs Age o EAge L Ak

Adsorption ratio(%)

Cd*%%  10-100ppm'd ¢ ol A 50 |
2 ws) glol 66-73%, dde g ©
QT e 84-9E Ushl a0
29k 2YUR Age
2-63¢) FHEE RolZ gl " wm  m T w w

N G
E}-, %5.] % -)-,‘—Si]L]- ‘l—pg"\‘_ﬂt‘oﬂ cd** concentraion{ppm)

Hisle) 2L A2 FFF 2% 2-7. Cadimium ions adsorption by leaves,
& &ollA FEgo]l IA

A3 = Zo] FA Aol

th 43el gl 2YEel AU B4 BY
AR, Ygg, U FEE $r 2R HRH alkali lignino] Klason lignin

B} cu?e} Zn?e] FAgol om Pbii uit] @4E Uehidrl. JU o]58 FAe
apoli= 5w mholr},

$%3t2] ApolE w31 Klason ligning 34% 33| cu?, zn” W Pbe] 7 7o) F%
&ol Hsateth. 2t alkali lignink Y% F3olAE s} ImtEago] thE 4
%2 43 2RE alkali lignin®r} 6~15% Woith, T Pb?e) FHL2 S350 Aol
Y ool dutHoR. FAE 2ade Fade] FF} 419 $5 2 Ao
ghol of 40~50%2] FF&EE 3 AAAZICL

NazS03 F&Eo] 23 $24 2L u? n? % Pb”® BFE U$ $uloM o
3 thg AR uel

23] £O 7,‘:}_&_?3‘]-911:]-‘, 224 e Larix loal-Hol water - -- Larlx leaf-Na2503

. ) i Lt ljtar-Hat watar k- Larix liter-NaBSo3
- FEEL] Aole FEEG o F "z‘;
Foll BAYe] 5% ngtolc}, g o P i S
L _ L S == gy
F AN BB Fw) F ol e -
e - kS
e e 4y Tl $FHc} 2% =
2 Te—
AEd8E & quercetin, ¥ '
20
taxifolin, W lignan’dHo] W io
© o] s)¥Tka AtEHt T E o w T w

- Cd* epncantiationppm)

3§ 2-8.2 s 2R

1% 2-8. Cadium ions adsorption by extractives.
Qo] 24 W NSl FHEBe F T ption by
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% FHE Ushiz drh 9gSs FEE(0.5m)ol ol CEAFE 24FEEC
NazSO; FEHEHRTE &3 Y F&E0] APYF-EERT Ul 53] YIFEES $FS5FE
(10-100ppm) ol whe} F3& 47l A2 gl BAPYFEES TS v TR FHE0
F43] 4k

gl E§ FAe sy F245 £

570 FA+FY & 1:18 v|2 23l FFE FHsE ST

10ppm Cu®e] 7§ AU, 3R 9 Jdg$e] 3 74 2 Tt AR FF
& Fago] R4FA Ystvk. v HUFEF sue Y4 M E Y Brele
% Zhzte) vHE FEA] Hrl F3go| 7~8% ZAAF gtk 50pme] CutAAME 43 Ege
2 EHELS ©E 43 A8Y AR} 6~15% ST Zn”e] -9 10ppn EAojME 3
VR g AR B FEEol 2~6% FUIBIA ofE IR oAM= 5~8% 4S9l
th 22Ut S0ppm Znol N & zZb Zte] 3 RO T 2~10% Frpst= wb) FES Liehy
sitt, Pool N 10ppn} 50ppm T3] 43 ZPYLE 2~3% FE FAr&o] olAHT)

gtz oz ¥ Aye] o|8H YNES YUl AHEY AP FF% FHEl 74 79
43 THEAA] Hr} dolAls ol olyt AaL cu?e} PblA Fasth EE
Zne] 79 4% uivhe] AYE UEltor} o)L AP EAY $E gria AlEd
=3

2. £y g HES AY A=A

1) 2= 4% 1 FFE &2 2§ 10ToN 55TTHA wolAAM FAE
Fuo] g FF4 FAES vy vt ', Zn”, W PbPEAY 28It kol ulel &
A&o] F3] nnlstA F71ste B BE el
L

'2) pHoll A%t FF : FFH £ pir} A F Yol FHLE HolFol wet F

B4 Tl B7EIUCE pH 6~7o04 Hr) Fao] ol Folxn] 1 olge] W Jeol
A& 343 FHgel stestart,

3) YA G 47 Yxt F4F FFG FHELS slohAch olAY WY
£ AL YAY4S wAFo] Ans FIEI AUY $7 YolHA Bl B

& &
UR 3 5EC} v o] e bR 38 F9 F3ge) W) o 2o o)AL ¥F
2 43U4E gy 2AY mHFo] Ay wiojc),

C4) $yEe] 9% gl FUkehd Zn? FARE ZUlATL AUR 43k
0.5g% Z713bol el n? HHSE o 8-9x¥ AEA Zrlsiech ALeuR $ys
el 0.5-1.0g014 of 58% M=ol Zn“E FHsiglonm, ©A 1.5zl FH8) Filse
75.5%8 LENISL it @Akl Fr1del] ulel F4LE vlgFoE FUAE et

d
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224 FHEL £99 moral FES] WA don, F2% £ pon oo utel 2

$-Hrh

U 234 3o mAE 325 9%

234 godo] A2 Cae} Hg?E 10-25ppn A7Iste] $¥o] FHAIHTE AHA
3} 234 goo] AFEL AINIE Sulo] % $34 Fo| FrrEcCh 2t 10-25
ppn BENAE Ca?st Mg? T AT FFHol d¥E WA Yt AUF FYdMe B
& Hrl2A ? AALol o 13.8-16.6% FriEden,  AFeuF SydAE
29.4-31.651} o Z7lEglch ¥ PE AEE AR F3FE AAZ] 13U F7HHA
100 ppn 234 2] F$ A2 t5Ee Pb's} $uo] X)L Fgeuhy 99 3
ou Azs Asle] BAYC] PbEE o 977k AIANCL IY o' Faol Az}
o AZEL WY F wA gy ozt glch

oh 3 $3470] ¥R

cu?, Pber? @ Zn? & 2, 3, 4 RYLE EYPSL FEE AAEE € HEY
2 WasEA 3] FFAZh FRAAAAN P e F&R $AFe2 FY
Hrd, Pb2e} Cue] Fajo] ol FolT Fol e Fito| ARl E cu’et PbY FH
Aol olEd BAZ} glch. T 224 e FHARL $HHLE FFS BF 44
o] 2% B2 WIS xlolo] 7B HE ©@A FRo| welME Ale|st dth. &
A BUAE ZolA olH o]&g BFItA A FFAIE AS o] FEFol FH FAdx
el |

2l 4w A4 Y5

2348 BT AUTY A4 S8 0.1 N HIZ $348 thl 232 ¥
478 38 AARE ST, Pols ARl A4l UR 43 B 33 AAgE F3S
E3go] 96,249 97. 242 13] AFgAI2} Aol7l flth A Zn? FAAE 387A 4]
2 AT 23RS FHRL 354 sl Polth FRG0] FAY WAE 324 5
=7} wow 33 o4l AARE FHssitia ARHT)

3. ¥% 4% % duAd

7t Aol ool T FaE% FH
1) 449 A% Aol WE F24 FRAYL v 15g(AAAR)E HZ 2.5cm
Hi Zdol Y3 Z2F42 PP T2 FFE 5= 100pme) § 3£ & Snt/ming}
10n/min® 2 E3Fo] 224E FHAATH AAAS 500w 2 X3l FIEHE £
qstedt). HE ZUW olztejos w2shH 5nt/min FolA 10ne/nin B} o W Zn”

o
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7t &= gich,
Foormdde 4.2%
2 vy 4
& 17.657 o A
CEaEg. oyl
frgo] =Y4E 23
& FAEo| &l

2) BF2 AL

ESR

FE 2T 39
B ZYE AHFo]
2.5-3.5cm  HY o A=
R wE F2F5

F4we Aok ¢
th 4wl &g z?
Fiso] 24458 %
CQsith deu g4
R sudds ¥
470 2 A% F34
F3gol BTt AU
2 23 24 2H
H7o] 2.5cmol M 3
B4 B 276l
WARA A s
A ge Auz F35
A5t 27 3 5cme] 2
Holde 27lol ol
F4En A2 FYe
o] wolxl= o)},
ey AR 4
Molde zd 7ol
21 2 5ol N EHE
o .

. | I s M l ...................................

28

2

5 _ — Rt Ry X
E KR wsioe o o g v e 2R M
218 w2 SRR e

‘ ?,( //

g — -

4 z -;/

0 P / . . . . . .

2000 4000 6000 000 10000 12000  Cf400C 16000
“Flustmi)

3% 2-9., The metal ion concentration of single cation
solution according to flux after filteration
by pinus bark,

fnrnmnamnan saanear e ranenn] | ii—r ZR s .v:'.Mn l_ ................................
26,
24 T $o g LI 2 2

1 g miRTE B A

o2 g

E & S

g"lé ¥ o sonill et

312 + /

g
1og /
4 ‘L 7
g b i . ; . 4 . :
2000 4000 6000 :B00C 1 0000 12000 ‘]'4C!DU 15000
Fluxtmi)
% 2-10, The metal ion concentration of double cation

solution according to flux after filteration

by pinus bark,

3) AEEbgwlg 2ol MY ¢ ARERYY] Filw4l ouAP A} e e 3
CAdEe] glomg B AHNME Zn'? 30ppm, Mn' 30ppm % Zn'? 30/ Mn? 30ppme] 32 E
4 89 At ZH(IA 3.5cm, &) 60cu) Aol 25ml/minG 28 Ee|HA AUE

su]o] F3A|Zch
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3 29,04 HE vie} o] mPgeg WFoR AUR Slof FHAY B 2.84
(112 nin )7HAE= 3
F&ol  100s5F =™
a2 ¥ FHeol &4
o] ulopAA 6.7
(252 min, )ollA= 65%
= FHErh 4.04
ojdo M= FEEo]
augt Ao A
& Hasim, A= 15
Lolde FEEOl

45%7}2] ZiFicl
' Mn=  1.0£(20
min, )7}A] B8] 2% 2-11.The Zn* concentration according to time after

Zn®*canc.{ppm)

—e— Pinus densifiora

- - Quarcus koukisima

100 150 200 250 300, 30
“Tite. thi X

100%0L} L & A filtration by pinus and Quercus bark in half month,

3] Zhadlo] 44 0]
o= $stAl Lk
slo] 15204 o}
30%2] FAEE et
et AUF #3e
n? & Mn"Rc} B
2 A|Zide] o gel
F3gct 5

%9} a8 7zt

‘zn¥*conc.(ppm)

e Piritss ensifoes

o3y~ . Quercys aculisima

0 4 w1 W %KW ® 40 s 5

30ppms] E3YIF Fig. et

1404 Zn7} 1.0 -

£ (40min, ) 7HA| = %l 2-12.The Zn” concentration according to time after
100% Ex®ch, 54 filtration by pinus and Quercus bark in 48hour

(200 min, )oll M 50% FAES Vel 2 F 154701 AEsh ok g Mn?& 0.5 4
(20 min. JollAlE 100% FXEL 2 F 24 71x] FHo] FAJ] LSt 37w FHES U
ERR itk I % 150 7kX] 3] QukstA RaEel % 16%2] FH&E vehdch

Ll Oritol-s9} $¥]of & 3<% F3
3% AZAE ddEololA del AH8EIL e ARt oritol-so] B 7HA] 4
& A% ZAlolr}, 50~100ppme] Cd'28<9) 100mlo] oritol-s 1.5mlo]Atg H71E #H$
 99%o]ide] cd?y} FAEQTh EFE 200~1,000ppn E-oJME 200m18] oritol-s FIIZ
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99% o] 4ke] cd?zt A

Ax At et 80

© 10ppme] 2§ 1.0~ '
1.5l FEUslo= =~
qAge 83 oy &
2 27EA gk 5
%, oritol-s= A% E 2 —— Pinus Yensifiora
zoldE B ¥ | o Quereis agubiina |
ong Awe &
2% §9& 1x3 L ’ 0 B0, fob 15l0 200 25 agﬁ 350
2 oritol-s¥ XA Time (he)

AlZl &= b

12 ¥ AsE 33 228 2-13.The Mn® concentration according to time after
L 1o x ‘

& URY A9 filtration by pinus and Quercus bark in half month.
2x1dos £ulo F

#AA UmA B2

80
48 AAY Best
aict,
50ppme] Cdige] E
Py
100m1-E oritol-sE g .
o
1dezs  FAAN ¢
3 o 23 £§° et Pisiss donsifora
T.ﬂ S s CIBICUS ACUINM &
F3lo] FHAA ul, ‘ :
ftol- 2 ) 0 ’ - : ' - : '
Imé oritol-s® 0 5 9. 15 28 % 3P & 10 45 50
Al AL cd? o A Time (hr.)

A& 86.0% glom
2214 o8 fyd
AR A 7H 97, 6%
Eargo] 97.697A] Z71E Il Oritol-s 2ml o)AHE Wm AARXZ] F £3=2 Az}
FHEL2 1006712 F7HE 0] FFSo] $#A3] AAHCL

8 2-14.The Mn® concentration accbrding to time after

filtration by pinus and Quercus bark in 48 month,

i }m >

c}h AMRERY w4 AFAE
At sl gAR-S 1998, 8. 314 1998 9. 14U71A] Eg @A oA HAISHA
th &UF o) AR $u(Z 6kg)S 2%k ZY( AZ 45em, o] 50cm)e] A9l
FAS4E 14/min §508 B F QAANOT AL sl A& In9)
Mn'?erg Bekstgitt, 1 Azbe 1% 2-11, 2-12, 2-13, 2-148F Zr}
a7 2-118 AUR 4319} A4 $3o) w4 F 89 n" (Y4 42. 1ppn)
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& 1597 F2Alget Axtoln, Fig 12& 27] 48hr. ] A& Yoy Relcth

a3 2-113} 2-12604 R ule} o] Ins AUE $eujo] 10hr, 7HAE 62671 FEH
m 24hr, ol AlE 50% Ll gk 1Uo] A FE FAS| A IPYEE FAo] A2
th 3 % 1547 ol AwtsiA FAgo) A& Padith TH ALV 436 24hr.
7] 71.5%8] FHEE Urhin 1 ¥ 378 Bdste] LR 37} AY uikd BYL
vehia gt &7|o] abgeubie] Fahgo] AuUF4y R &2 A& A F¢ ¢
2}7b #7) ol EY $AA o] YAA R Fife] golxled ol M Fol #7]
E o] golxlul 7T

3 2-133} 2-140)4 2} Zol S¥o] 3t M (94153, 1ppm) o] F2&E A=zsich £
B EFo] @Al 10hr, 7A] 21-27%BES] F2&E Uehin 1 o|Fell 20% mRte R
2 wgglo] 15-20%¢] F2&g AL Utk MPFHAAE nFo] Rof M Zn™Y
222 FHgolE Werla ALEHTh

M3g A &

L.

wAlA e 234 T £F2o] BAQel QAR > sy > FAsy =
HCHO/HpSOsM 2] 1] > B g5 ¢olth AiziNe| A F34 F3&o] BA3]
Z7 s §uel B9 AR ‘

oA $1(1g)8] 224 F5S 3342 R #AQ] LG dE=de
VAU AR 430408 Yozt P njAe 439 /7Y 335 &
E(10-100ppm, 100me)o] BAGle] 90%olde] Fis-g vehdch e 34 BE
7} EolA4E Falo| A&ZAs In*E= SopmolFolle AR +E2 FAE
& AL B 224 o el 24 A yolAlu FAFe Ao
F&ekpx] Al F71%ch ‘

nlx e E343(1g)8) A% cu?et In(100-200ppm) FHe2 Yo 8 WE 43|
B2 Expe] Bgx ®e IRTE 5-8%uith PbE FAES Sy EY ] o) 2-3
o}zl

al(1g)ol &%t cd*FHEE £E23 ARG, U)ol ulet zlo]7t it Y]
0~100ppm(100méc) ‘HejolME F3&e] wsrt gvh. HHE $d(90%) > %
B (70%) > 2BEF(60%) Tolct.

F9€ 8929(100mg) 5L B FFet £uje] FFol BAGC] oF 40-50%8] F
24 (25ppm, 100m¢)EX5-& UEbAT], NaS0sF&-E(0.5mg)ol ¥t F3% F3e2
cu? 7n? g Pb? BT U4 SueM o I the AR, FHUF 49 F
Z2ESOT Ay}, Jgdd 22E(0.5m)0) 9 cdFHYL 24+3F2E(0.5mg)
o] NSO EERT} £3, WY £&E0] Y FEEHT} &rh.

224 2N LEF -5CoA 55CHAA] FIMARE FHeS WA 7t
JHE R0 ). F2EH(M?)Ze2] pHrl Fatdold F499d Ze Sl
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10,

SIS0 A EA FHEH pHrt ofatgdels FHE AR B9 o] FFo] It
A w4 FAEH pH 8ol Aol NE FAsHA 74t 38 g7t }e4F 32
% Fisol grh Sl FUehE FEE FYHFL FUBR FILL s
ot o] wE Ho FHPS FIEF Rl wel chEcl

324 890 BF5(Ca”% Mg? 15~20ppn)E YFPAseH Fago] Frl¥ic,
EZ IS FEToE POCWing: 22 FAZ ] dojdr}. 234 FHBEALS F
4 5/ dEd 9% FuIFel 9"l TH FIFHo) FHE Fy=
Aol of3) A 4 glom 3HAHE xjalgo] FHsslCl.

oritol-s2 FF4E HAAY Z¢ 10ppo] 3] F2FE SoME L2 T34
ol AHEE AeRoh FA& ol YRR apEe FEE {92
oritol-s2 12} Hel3tx 1 Y& $IZ 2x AHesid F3F3ES 9] AAY
4 gk, |

Zgols 2o AdA}, $3(57g)0] 2% Zn”F(30ppm, 152 )F= o] Mn™ (30ppn,
152)5r} Lo M3} In" e FHF YL YAt

APAHAIHYS + Zn®, 42.1ppn + Mn®, 53.1ppm), Zn*& AR Sujo] Z7]HEE
10hr. 7}2]  62%(o}zte);  16ppm) FHEW 2ln  Fglfuole  Shr. 7R
80.9%(8.0ppn), 24hroll= 71.5%(12ppm) 7t FHHTH 1 o]Fols Fago] F43] 2
AT Mn'e AUR AselUR4n] 3] 24hr. 7hR] 32.2~20.9%(j 2hel; 36~
42ppn)E AF Slo FAHcCE 2 o] Fol F2hgo] Wwts] it

_18_



A 33 #Y5 V& ol &F TS5 FH¥A MY
A1y A= WPy

1. A A= _
FA ABE2E FYUE UFAY VWood Chip B4t FRAM 71 ERE AeEs HE
(HRR)S AHE3tglen, dgoA F23te 34 ARE AHESHYct. 34 FFE5S d3
Cu MASIYSL, CdClz9} CuClE AME3le] Qe s A A&yt

2. 4me AN
- Activation Carbon Granule Formulation

FAAN FIE 2~
 4me] IR Bl <
H 2-15>0 A 2} o] B/g3t
o] Y& F a0t A samplecup | o tube
&g 9] sls =3 37 ‘\ 1
B2 2 UF-E F7] =

2 23] 7|HA 600, 700, water
.l
800, 900TCe 2EE 3087 \ /,«
7tastgct, 7tdol ¢ F .
muffle furnace ‘.
X3 27 AXNE 587 o heating coll
S AY g BE3 FH o a7 2-15. 4v|e] A A BAE

A AzH AEE Auv A :
Hell AH&sIaITE

A2y AY Py
L 438 w3 23 73

7. B4% Lxo] WE FH ¥l
st 2ot 48 324 FHYel nAE G dohrsl 18] 600, 700,
800, 900Cold AN £3E Azl A4uke) B2 S vzsidlch A8
H 234 292 Cd, Cu 77 I7ngld/L, 84.5meCu/Le] sEH O, 4 SEoA A=Y ¥
23} 43] 100mg2} $3F<% £ 20n1E 25C, 140rpme] o)A 3A2HE < WA Zich Wt
S = 28 (,2,n nenbrane filter(@=47mm)E oj}3}gds, o F2] FIFH LEE= ¢
z} &3 AL A(AAS; Atomic Absorbance Spectrophotometer, PYE UNICAM SP9, SIMADZU
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ARG701)E AHE-3t] ZABIYLh FE4 §UY 7] FE A F2 FEAE BEH T
o 2 35 Yo BFsgen, thgd A& o]8slel Faiglrt

_ W Ci=Ca (1)
M

q : weight of adsorbed metal per unit weight of adsorbent (mg/g)
V : volume of metal solution (L)

C: ! initial concentration of solution (mg/L)}

C. ' equilibrium concentration of solution (mg/L)

M : weight of adsorbent (g)

1}, "A3 439 ¢Jx} A7) (Particle Size)7t $E4 Fo) nxEe 9%

B3 4uje gt 7|7t FEFS Sl A YL Yot Hste 43|

g 2~4mm, 4~10mm, 10~20mme] 3712 EHF F FYHAA ARSI 2 278 B

3} 23] 100mg>} 100mg/L =38 234 &Y 20mie} 25C, 140rpme] Z oA 3x|7HFet
NGA F Y Fo] FFE »EE FAsMATH

th ¥4t ule] FF%ol oY F3 A=
B3 $ujo] FFSol oftt FA A& dotir] f18te] Cu, Cd, Zn, Mn,
Fe, Pb, Ni, Ca, Mg& Z}z} 0.1, 0.2, 0.5oM2 &¥ 2A 3192, 43 S 100mg3t S5
5 £ 20mlE 25T, 140rpne] ZZlolA 3AZHEQ WIEAZ F oo £2 FFE BE
& F3¥stach

2. B33 rulel fAl AR AEY] FAI} EHA vl

243} 43 B AuFoE nlass] ¢lsiel AME D Qe KA AE
AEY (Junsei Chemical Co. Ltd.)2} %< 100mgz} 100, 300, 500, 1000mg/L =32 3<%
89 20mlE 25C, 140rpme] oA 3A|zHzel ¥EGAIZ F o Fo] FFE FEE F
stalrth
g3} Su)o} YR, Heo] FHY xolst WA (Surface Area)?] xlolola 7]Qls}:=
AR E go}R.7] ¢5) EGME(Ethylene Glycol Mono-Ethyl Ether) ‘jo2 ztzte] wwz g
&3 3to] wlaLssich
* EGME ol €3t 3 &3 by
O % 248 EHE Ca(l.0N CaClp) B X3} X|¥AY F F/HTE AHYTL
@ 105C olgolA 48 AAT ¥ dAre] A& (a)E Aluminum boxo] W&

=3
3 Ethylene Glycol (EG)Z A& W& X3 FHAA ¥ PO7 S8
Desiccatore] @=t}l,

rir

_20_



@ 3] G P02 AAY ¥ FAE FF(b)ste] FA A7} 10mg oJ5H7t €
i 7kA] EGE A A ¥}
® &3 FAE the A& ol&3lo] EHAS Asigich

_ a
A= bx 0.00031 "

. surface area (n’/g)

: weight of glycol retained by sample (g)
: weight of Py0s-dried sample (g)

: Dyal-Hendricks value (g EG/m?)

* T B >

3. B3 3o B 3y 5Y 79

7h. #4348 $34% FY 524
B33 318 FFGo] oyt F2 A& KE}Y] 2t FES & &
Zof wh Fabupel Htel Mg 2o whE FALY HWHE dohElrt. Gt G §AE
2}z} 100, 150, 300, 500, 700, 1000mg/L 4328 ZA|3le] 15, 25, 35C, 140rpme] 22
o 4 33 439t 1 @ 200 (0.1g/20m)} HIE HHSAIZTE 22 BE s A(1)el
A QAL qte] ¥ BAE A8 ¥ 52 I (adsorption isotherm curve)} A&

fEsigr). AFREH B 52418 Langmir 422 vhgt .

___kCh B
=71+ kO @

: weight of adsorbed metal per unit weight of adsorbent (mg/g)
: equilibrium concentration of solution (mg/L)

. a constant related to the binding strength

: maximum amount of adsorbate that can be adsorbed (mg/g)

o X OO0

U gy 38 334 FHYIL i) BA ,
219 Mgl WA §oe) pHE FPslel B3} £39] FHF ()2 ¥
T BAE ot il

th ¥g3t 38 F2F5 F2 8ol thit Kinetic Model &

AlZto] Al wlE HEe] HEE g A3} @ first order kinetic
model A]of] A-&x# rate curve, rate constant& F3lglv}.

In [A]l,=In [Aly—At  ------mmmmmomoee- (3)
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kr
[Alo ¢ molar % of initial metal concentration
[Aly : molar % of remaining metal after time, t
t : reaction time
k ! rate constant of metal adsorption
Qo : temperature quotient for rate constant
kr ¢ rate constant at T
krp : rate constant at T+10

gt "3 yle] F3 by A 2H Hye EYY 54
WY Sue B A3 VS Fo EA AHE FYALT AT A5l
Scanning Electron Microscope (SEM)E Al2-3lo] ¥HS& #Hgslgon, 43 412 HAs
718§ A H 7] 3l Fourier Transform Infra Red (FTIR) Spectrophotometer& AH2-3}4]
=2

4. B3 99 3% §% ¥ Fvl % Kit3} (Encapsulation)
7t au o] vhehA g3t
230 234 B3 59 ZUE AT YU VA AHE AN pre-
activation T2} Lo M 8] BB whAE o] AsialF, 900TCHA 30837 ¥
Al 489 FE% X 5 & vastedch
Ll & ol 8T HYE £y L] S
ntao g e =343l 733t chelating S dte Zos dax gt} ol
23 Apdof] 2A3to] HF(element powder)& BEE 3|} AYAA 253 WHgAlA B
ot B B3 4y AL F A whHoE MAStGET, A N PP $uE
"3 A]7]7] Aol it BS ke FHFol Yol EUT F B, F HH
o2 YN uo] & 320N K coatingAlH A¥AIZTH

5. B3t o] A&} Ydo] uyt AT
7} B3 439 Kit3} (Encapsulation)

B33 3 E Reactoro] A-E&317lo] &M, B3} 4¥|& K} WA g
= A #13t] AP (50ng)2] EE ¥ & (Nylon + Polyurethane) z| o] Yol 73 ¢
kitE AFslolal, o]& B43 £ gAtet 324 F3¥L vlasiich

L}. Packed Bed Column Leaching Systemg] 2-&
B3 o Ag3 Yty g A7 10mm, Zo] 120mme] Columnol Yol A
A 2% B3} 41| capsule 107] (500mg)E Y F2F% £ £ Hujo] gz
o,

fraction collector& ©]&3l ulEuitt EeLl2 A& 233 FF34 v=& FY3Hd

- 22 -



t}. Columnol Eol7H= 2<% 8¢ X (flow rate)d] & dolR7] 93] =& 1, 5,
loml/LE 233t 2tz dEstact
t}. Air Lift Reactor?] &
w43 43 st 100 ]

300mg/L 4228 Cd, Cu FF% l(__ao_)I
£9) 1LE air-lift reactordi 50’"

Y3 ztzt 15, 25°CollA 547 I
B NSAAIL, WS Folof l %
A 0, 10, 20, 30, 60, 90, \
120, 150, 180, 210, 300%¥n} —F——— I | ml
o gdg ANl o2um | T
' membrane filter (F=4Tmm) = 500
ostgdct. whg A FFH
: 360 ® 420

£z AT &Y F FF .
% HEE MSE &3l 4
Zho] W& Hxe] WHE Yol .
Xalct -« water in

& ofe) mlgE BYH 4 —~—— | e
¥ kitE o] &3te] 25TolA
kA7l F ubgo] AXE ¥ .
o 1020ttt A|RE 2|3 31
234 o] WIE X33 3% 2-16. Air 1ift reactor?] RA%(unit @ mm)

ek

—_—

2t A-&3}
Z 2|3} Reactord]
A%

g A¥
ol de A3E
SE s} W
¥l Column System L
3 H \
2} Stirred Batch Waats
System& Z§ste — Drain
g 2-17,1-18> '
o ze A%d 3tirred bateh
System AAXE A a7 2-17. A-83E 913} Reactors] BAE 1

T

\

A
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2}sto] Al2olA 10ml/min, & F&Lo 8 F34% £43} g Zch

<2 2-172] AX &= Column?] FHEHE F3FE &0 Ysiste] A3t 43|71 500mg
2 Bolode 5719 ¥ kitE B 1A EE ¥ F dF 4$1(500n1)0] o]=H
Stirred Batch System©.8 o]E3lol 22} whe g 3A Hn #EFeg % v} Column
Systemof| A 32} HFg-& ¥ ¥ uifEE Hejolch

< 2-18>9

A= <2y —— 1

2-17>3F  njesh '
] =]
] ]
=] S
] : ]
~]

gz 324 &
oJo] Column?] 3}
Rold Rl
32 wjzaTh

L Xo|7} Qlth L
T 3K 2T o} \
& WA= o5d Draste

wje} wi4d win

o FES =S

&A%, 2 - ) ,
o]% foje] Hy 23 2-18. ALIE $13 Reactord] BAE 2
500m1 ¢ T},

Al 3y Az A 23
1. &43}(Activation) {%F o) wlE E2H¥ ula

<E 2-1>2 Cd2} Cu 8 100mg/Lo cthdt 43 e} ciegt L=olA HA gt ¥4
3 439 $3% T AA A&(%)& B 33 3lch B39 600~900TH Az =
ol wE g3 42 F34 Y AA T&S 2 AolE Mol gEd, 0 Cu BF
He &=t F713tel whel F3 Y& F71stAc
Cde] 7-¢ 600CS} 700CoA AA2qt BPE} 3 AAGo] 16% njPeE AL .
22.60%9) My RrlE &3 o] o] AL Ao g UEldth 900TCoA AT B3}
3 AALo] 10052 A5y} ohE 24 B3} £uHT} 453 & AR Vel
t}.
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T 2-1, Q4w el vlarst 2xold BN 432 Cd9} Cu AAE

Temp. treatment Removal efficiency (%)
) cd ~ Cu
Crude bark 22.60 (0.44ng)"' 19.03 (0. 32mg)
600 0.95 (0. 02umg) 11.17 (0.19mg)
700 14.72 (0. 29mg) 11.78 (0, 20ug)
800 33.37 (0. 65mg) 37.38 (0. 63mg)
900 100.00 (1.94ng) 100.00 (1.69mg)

234 £ojo] 27| BE : 97 mgCd/L, 84.5 mglu/L
T W 4ol a) A F2E BA

Cut] ASE Cde] 799t nfAsIAE 600Ce 700CoIA AAAT VY3t $y & F4Y
B} Sapseo] o Zgkon, 900THA AA T B3} 3 1005 AASH: A=
E}ytct

ol Ao]& Holk Re WA L= A} glrka $FHch Randall F(1974)0]
o8] utslA uie} ol A4uE F2 SR RY f7] 2R=o o3 FFES
Fastel, o] §Eo| doj o3 WHiEe] Asyle FF4 FH sitert HAF I, BYH
of 3] WAHEE ML F sitel= BAY 20 wel 2 A &o] HYHETiL U
th wpebd 600~700CY LEojA A F3&= E@ASHA BEHSNI] dEd F
a4e] B3 Ao Woid FoT vy 4 gtk (E 1-De) ABE B 4ve ¥
R A AALEI 00T H2el AL UElkom, 1000T 4 LEMME F37}
dof 23] A7t B ALoE HAFAr

o] AFE 7|2E TIE EE AMYoJAE 900CoIN AN BPE +3& A8t H
& A st '

2. Particle size’} 22< A|A ol njx|&= A3

298] A7|E 27} 2~4mm, 5~10mm, 10~20mZ & F VP I &
sle) 23&ol i A AL vHlaste] BolcH Y 2-19). I A3} 5~10me] B3} 53|
7} AR B AALE BAI, 10~20me] B3 437} M WS AALE Btk 2~
4me] 272 YA F ulgE AxE AAANDN F FIE53 1S A BF AAE
o] o 50% TAHE Aoz Uekich ol H¥of us] EHHo] T nyxtEs SHE 2
24 AAY 4 Y= ALY @FF Zao] JAse Ao 3k B ] YA
2] ZA7lo) wWE QL Cullth cdo] o IA W o= ety

3. 843 39 & ¥ 49N
g3l 4yle] 5ol oyt Medg doti] 913 Cu, Cd, Zn, Mn, Fe, Pb, Ni,
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Ca, MgZ Z}Z} 0.1, 0.2, 0.5mM )
= 2% zAsel WYY 299 120 -
NeAlZith BAY 438 £
Zoll thgt MYHL Cu > Zn >
Ni > Cd > Pb > Fe > Mn&] €2
= Ustdon, 53 cash ugel

100 +

[o-]
o
I
T

Removal Efficiency (%)
[o>]

PLAF FEH2 A AAHA 40 1

9= o= yehdth cush Zn 20
8 B4 500l AARE A 0 ,
o8 velgou uUmx]: 50% 24  sieved2-4  5-10 10-20
mjEke] ure. A ALES LERAY Particle size (mm)
th. B3] Mg Cal A2l Ty I 2-19. ¥ S¥e] dAt I7]0 whE
A 9t oz vyt AL vl

4. @3t S A 4 AFS MR

- R
AlFollA] whul=

= %*_é‘ﬂa%‘ 9] Cd, Cudl BE0.1mM [10.2mM EH0.5mM
g F2S #d3 uet g 100 ff [
B2y Ae <F 2-28) 2 > .
oh 4% 4ve Ate a2 SOTfh
i
% ou mFol ol wEA W B ool |
g obgte] Mol: QlAm B i 55
Aeolut aguct s~y B 4OTR
" . i
SR SR - | e
e Re® ehted, 2 @ kg b =
L ool 2} =z 0
tHo2e BT s Cu zZn Ni Cd Pb Fe Mn Mg Ca
el Zeg eyt <F Metals
1-2004 27] S=71 713t '
| me wan any w8 220, THRQ F40lgel tiy Bt 3]

2

g BRI 2349 e

E3 AAR(MO] PASE ASE Urhtin, o AALEL Auha oz AN A
A AARE 274543 Ytk AR BASE o] FBE N 8 Zo| Yk B2HY @
ol Y 418 224 ¥4 AA SYRC} o W yEoleln ¥ 4 rk

o
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T 2-2. AR BEolA2] 843 v, BAY, Hsol Cdof Cuofl iRt AARE vl

Init, Removal efficiency (%)
conc, of
cd Cu
soln.
(mg/L) AB AC cc AB AC cC
100 100, 00{2.10) 33.39(0.70) 100.00(2. 22) 36.74(0.82) 25.97(0.58)
t 9.73(0.21)
15.83(1.10
300 84,99(5.92) 18.18(1.27) ) 86.60(4.15) 19.33(1.25) 15.92(1.03)
500 49.71(5.35) 8.73(0.94 67.17(6.96) 25.57(2.84) 19.00(2.11
( ) ( ) 6. 45(1. 16) ( ) 2 ( ) ( )
1000 23.26(4.83) 6.38(1.32 39.72(8.96) 24.00(5.41) 19.20(4.33
( ) ( ) 4.88(1.01) ( ) ( ) ( )

AB : T3} 3], AC: VPR, CC: e
T o8 7B F2A o3 AA" FEF5 FA (ng)

v, ¥dA e v .

B3} 4yjel 1 Aol wisy AT Hse] $34 ¥ A&g wlast
o motm, BM AAST ERAANY BAE Yol EAH) HFL EME(Ethylene
Glycol Mono-Ethyl Ether) ¥H &

olgsteirt. zzte) EWEL ¥ 1200 1
3%} 43]7} 800~900n"/g, BT 1000 +
o] 900~1050n"/g, o] 300~ 8 a0l
40007/g FEE BPsto] AR & <
ez umweu, AAzge 8 °0F
gyst 407 g 2 Aoz b 3 407
Elytel. 3y B AE ol 200 +
E2A1e] 4Atel E3¥ Ethylene 0
Glycolo| mono layer® F3 %t AB AC cc
L AdzZolle R g Material
m wAE 4o gyure] ¥R 23 2-21. ¥g3} 4=3](AB), "AYRHAC),
He expds] e o= AF Hg(0)e) ®HF w2

8 4 gl: Zlolth, FEAe] FHsdel g 2 GBS WAL o2k Eudolta Wy
2= glon}, o 2lol= F2ha(adsorbent)e] F2E3(adsorbate)o] th¥t Jrid A Al
7| (relative binding strength)® F¥sHo] AP njds ks AME ZAZ T o
3zt 43)7F GYERT o AT VY des FE&I AP ke o= F5Y

% 9tk
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5. 334 wxol uld F¥ AA x| s

Hhg =0 uhE cde FF AALLE 25Tl M woAL, 2 ThES 15T, 3
5T Ae® ueyirh 2o we cd®) FH AL 150mg/L7H] s W& 2o A
flol A9 1005 AATH=: A2 Urls, sE7 F71 wel Y AAES it
Ao iyt ol §o F2 cdo] B33 38 FY vHE U FEE A
uEes wehrt

F 2-3. U w29 g 2o B3 439 Cdof ¥ AARE

Conc. of soln. Removal efficiency (%)

(mg/L) 15C 25T 35T
100 100.00 (2.26mg)" 100.00 (2.15mg) 100.00 (2. 10mg)
150 1100.00 (3. 25mg) 100,00 (3.19mg) 99,77 (3. 45mg)
300 53,88 (4.11mg) 68.24 (4.16ng) 84.99 (5.94mg)
500 39,78 (4.56mg) 60.23 (5.45ng) 49.71 (5. 35mg)
700 31.77 (4.80mg) 51,86 (6.47ng) 38.73 (6.23mg)
1000 26.17 (5.67mg) 41,27 (7.63ng) 23.26 (4.83mg)

T: 243t o] 23] AAH Cd2] F7(mg)

1) 2
Cu o] Cdz} wls:@d Hel& 25T 35T W LEME wisd F2g

S Hol Fo3 15T 7MY W2 F3YE B Folonm, WhELEo] HAgC] 150mg/Lo]|
512 FEolA 1005 F2E|glch HAHH R od Hrl Cut o] Wol FAFE ALoE el
HUrH & 2-4).

Cdz} Cug) FE7} 150mg/Lolstel T A7 WA Fo) WY BT Omg/LE UEhiT,
- O|RE FF4Y A3po] B 49} £ Fojlo BEE £ulo] o) uf-¢ Arh= A
& uitct. o]y A F2EH (adsorbate)2 Al (adsorbent) o} gl AtolofA BHFEL o]
7 A vl EufjHEc) o] wje vlE &9l A(K partitioning coefficient)g} St3L
ol At 845 2 FRA € 4 vk £3 RelAsE S350 oidt Mol
vl A% Al7](binding strength)2} 233l #A 7L glch

$l Ay AE B3l B43 3] 150mg/Lo] 31 Cd9} Cu g0 thste] 3| 2HE e
Hgpto g e BT FAHHCH: A& ouidiy, ol o|EI22 19 #/3 43 E 10mg/L
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olte] B4 o 3L AEE FHY 4 Q& &P APHch
¥ 2-4. TOME =0} Ukg SEolAe VA 438 cuoj tiY AALE

Conc. of soln.

Removal efficiency (%)

(mg/L) 15°C 25°C , 35C
100 100.00 (2.22mg)7 100.00 (2.11mg) 100.00 (2.22mg)
150 100.00 (3.02mg) 100.00 (2.89mg) 100.00 (3.02mg)
300 79.98 (5.11mg) 95,50 (5.78mg) 86.60 (5.61mg)
500 56.21 (6.23mg) 71.86 (7.41mg) 67.17 (8.18mg)
700 44.36 (6.97mg) 50.97 (7.04mg) 52.10 (8.18mg)
1000 32.54 (7.34mg) 42.82 (850mg) 39.72 (8.96mg)

+: g3} el 23] AAY ) A (ng)

6. &2 5& I (Adsorption Isotherm)

cd3} Cuel B2 52 Fae] Yele <1 2-22>3 o] Langmuir typed WEE A
o= L}(E}‘;lt}. ol B3} 438 FH sited] VAR W] 4 BEINAE FEFF T
57} Z7lte] wiel FREE Q8 W ZTHEAR, Ho FA JNESS FHEY
2718 FHopd Hrj FHYo] AP T olFANE FIH FEI FUBE T2
B o o4 Z71gA] ¢ Aoz WEHCLh (F 2-5>& < 2-22>8 F4& Languuir
g Ale] AgAFA 13402 HHY 53] WA Bl 33 gich ofel HelA quet ©]
23 HUEse Uehd Ao cd2 25TolA 52.6mg/gel A5, Cus 35Col A 79.9mg/g
Q1 Aoz Uehith o]E3el qumite CdRth Curl o &eter, ol @ FF%Y &
2o 2AAE cdrtt CuE o Wol F AAYTh: A& Biaki=s

g £

g 8

°

! :

3 g

o o

: -~

0 3

o

3 £

v A15C ¢ 25C m35C o A15C 25C m35C
0! : : 1
0 200 AD0 600 800 Oo 200 400 800 800

Equilibrium concentration of Cu solution (mg/L)

(a)

Equilibrium concentration of Cd solution (mg/L)

(b)

%) 222, THIR UL LEolMS B £319 Cd(a)¢h Cub) FH F2 A

Cd: HAFLE 3 Culrh HARE Y3t Suote] APAZ(k)E Cuktt B AL
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yebgteh ol ©zt BAS cdRch Curl pHe @S o wWol wethe A& Hndt
U} &, ¥4 ye} A3 cd2 Cukith ©f FSHA FHE ojA o A¥ Aol o
2 pHe] gofo] ofsiA WAHriE= Zolth

E1-5. vt g 2xoM 2] T3S FH W&ol thit Langmuir F3 524

Metal  Temp.(C) Regression equation Qrmax k r
15 Y = 037 X + 201 X10™ 49.7 134 0.7665"
cd 25 © Y =001 X+ 1.90X10™ 52.6 5260 0.2852"*
35 Y = 006 X + 1.96X10™ 51.1 . 852 02114
15 Y =020 X + 1.46X10™ 68.4 342 0.6075'
Cu 25 Y =005 X + 1.32X107 759 1518 0.7585"
35 Y =016 X + 1.25%10™ 799 499 0.8351"

Y:1l/q X: 1/C
% @ gignificant at P<0,05, % : significant at P<0.01, N.S : not significant

7. B 40 SRS FAYT WY S pi A
cdel 7% R4 4o} FF4S WA Fo| WY pis 11.06~11.20 Ao]8l
.m, cde] FHapol ZAMUOl whet pi Bastd ML 7.6374%) PAWUTHI 2-17,
RELEE »mg S W3} +v)e) Brlo] 4] FAHe| nhet £47 53
‘*1—4 ABFAThE 2E F3T 4+ gl

100 100
L)
2 . 2 ‘
g 8o F =0.7944 g o “ r* = 0.7681
® 3 (o
S 60 5 er ' .
k3] il
w© @
2 a0 S wop e
(&} (6] []
o o
E 20 E 2} ’ .
3 o .
A
0 1 I ) | 1 i&—* 0 I 1 1 1 ] L .
5 6 7 8 9 10 M 4 5 6 7 8 9 10 N
pH of Cd equilibrium solution pH of Cu equilibrium solution

(a) (b)
230 2-23. B3 Sulo] &3 Cd(a)9h Culb)e] FHaH(q) WY o pHeke] B

Cu?] 7 oA] cdo] Z-$9t upEIA R FHak(q)o] el whel pHr} AAsts A
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g mglem, cdur) cuel By pirt of 24E o RE ROE ehdrh(2R 217, (b))
ol CdRT} Cul O Wol FAW] WELE 2JHC)

8. ¥4 4y FF% F whgol thdt Kinetic Model 3§
7}. Kinetic model 4] ‘
Cash Cu BF WHgE AT F 608 o] HA FALY oF 9x(WA £2 5
24 2] 70%) o|AE FAsH= FAoE Urlkton, 60& o Fol: 2t B et
SR8 WL oS e Bew Ues,

5
= 35°C
4 ¢ 25°C
g — A 15°C
g 3 Y
g £ '
g 5 A
8 B N
] B 4
< a;
a A
g go
s £
) - .
-2 v v : ’ -2 T v T T T v
0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350
Time (min.) Time (min.)

(a) (b)

07 2-24, 43} S=ulof 2% Cd(a)$} Cu(b)e] &2 ub-2of offl kinetic curve

1}. Rate curves
E YoM first order kinetic model 4](3)& A& r|Fon, <:L§I 2-24>2

rate curveE Kol 23 9lrh, o] r&lofA M 7] &V &5 A4(ki rate constant)
& vehiz dch

Cde] rate curve EfE 27 6087 AtjAog & dtg L& A4E zhe wA L} o
o] Fol= 2L Ul &% ARE 7H= 2%hA2] multiple 1st order?] HElE LjElytor,
2 g §E A4 Wil 30~608 Alo]E o] BHIIATHIE 2-24, (a)). olFA
multiple 1st order?] FelE UEehlE olf& 7] WigolN $34 FX F9o vZAF
o2 Wk iAgl o= FE B F3 F9Ut Ayl uwlel 3 whge] FAHeR
WS wigolelil & 4 drh

2L} Cug] rate curvel AAT &5 A4E ZH single 1st order?] HElR Cdil=
gattl( 13 2-241 (b)). o]@l single 1st order?d] el F&ol 3] W F& H497}
EEvgte EY T3 299 ukg-E ol ol vFAHl7] wiEel F3 F-2171 &
3 23 izl 4T S5 AEE 2D ASHoE WhES StA "l
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t}. Rate curveo] thyt W4
Cd3} Cu2] ratelcurve—‘% oke] 2(3)E o] &3ty 1x 42 vehlE uwie] FAA
S (@ 263 YU, o MlA NEVIE S BHE UShID Itk &% g4 @
RS Zze g 2xolAM F Y G5 AeE vehia ded F 7R BF 28T > 1
T BT S 352 4olglT, Cue] A$ 25T > 15T > 3BT Folyrt, 2oss) B4 4o
Culrt} cdo] o & RO UelJtHE 1-6).

X 2-6, t}okgt ‘ﬂ% L5o]Al 2] cdset Cuoll thEt kinetic model 2]

Metal Temp.(TC) step Regression equation ' r

5 | Y = -0.04830 X + 4.3976 0.8904"

I Y = -0.002151X + 2.8350 08116"

c 25 | Y = -0.08552 X + 4.3622 0.9485"
. [ Y = -0.007400X + 0.9649 0.3370™°

! Y = -0.01901 X + 4.3967 0.8951°

® I Y = -0.001538X + 32963  0.8892"

15 Y = -0.01246 X + 4.2153 0.9629™

Cu 25 Y = -0.04387 X + 4.5068 0.9918™
35 Y = -0.01825 X + 4.1012 0.9882™

Y ! In(molar % of remaining metal)

X ¢ time (min,)

% : significant at P<0.05, ®% : significant at P<0.01,
ok significant at P<0.001

N.S ! not significant

Cdel A% Mg 60F o8] &E AlE G0R oA Kol sl ml$ AL o= vl
o

wRlul, (a7l 2-24>0l A et o] Hbg 608 olufoll HA| Fxare] of 90% o]’F
Aog Vet AXe F4 4xoE IA & uHA Rite Aoz wdHch
Quo-I (kas/kys) ZHE Cde] 7% 1.77, Cud] 29 3.528 dh-g %7} 15ColA 25CE F7t
3o whe} Cde} Cu BFe] &5 A4E Zrlsh= 208 JeltA|Rt Wl E Quo-11(ks/ks)
e Cd2) A 0.22, Cu®] Z-% 0.428 g =7} 25To|A 3B5CTE F7H8li = CdZ} Cu
BEe &5 A4l zhasigdrt, whg Lxr gt wiEl W £ A4 WEHELS
7} cditt 2 Ao Uelxten, weld Curt cdEct ¥hg &xo o w@e d¥E wherd
I e, BE dkgolA Qo 3ol HzA mig W& k& 77 wlEel B3 Syl
T2 ot ¥ F& 53 g2 33} ukgol] gatsiaL.olo] A B}
& Rog wxhdch aela, Cd3t Cu EFo)M Qo-1l ol 1Rt 22 &

Uelgked], of AZE 25Tol4e] 2EojAE B £ F3& FH W30l A&
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x 7000
(a) (b) ©)

A 2.1, SEME o Bstol BT WA £ve] T e W(a) o (b), Cu (c) F
2 o] ¥Rl Wy AR

(8 2-161>004 at ¥A43 43 E, bx 1000mg/L CdE EzA7 ¥4 439 E, ce
1000mg/L Cud E2A|7) B $3E SEME 0]§3lo] 212} 500, 2000, 7000 wi= FHcj H
Qg glolth, ast b, cE Hlaste] B, bo} o A EHo] ZARY adt €] FFH
o g FAEE FRo| AR ke FAAL vRe] vebith

Zaszte] Wbe A B3 Syt g Fo B Fue] Wy WHE UohRT]
3] FTIRS o]&3le] ZApstelrh, uhg A A3} $¥|= -0H7|(free, dimeric, polymeric,
acid 3eE]: 3640~3400 emt), C-07}(carboxylate ione] stretching vibrations; 1315~
1280 cm')e} C-0-C7](saturated ether, aromatic ether & 1200~1040 cm?), C-H7)
(aromatics, out of planei 6390~900 orl) 508 FAEe 9 Aoz yepych wHE
9] peak RIS EMo] Erled FEE G base lineold dHE vehix ed,
o= Za<% gAY NG Fol Y 439 ¥ FAHHAU WY +HE Ay A
22 FZHrh

10. Yy 418 3% AA 1& 30



7h. 4u)e] ThebAl kel Kit 2

s 120+ ' A: 900°C 30min,

; 100t B: 900°C 30min. m|g]x} AA

% 801 C: 400C 30min. ¥ 900 10min.

;5% 60+ D: 400°C 30min. ¥ 900°C 20min,

T 40t E: 400C 30min. ¥ 900°C 30min,

é 201 F: 500C 30min. ¥ 900°C 10min.

c A ¥ 6: 500C 30min. ¥ 900C 20min,
A B CDEF GH H: 500°C 30min. ¥ 900°C 30min,

Treatments

271-25. o8 214 AA e(pre-activation)F ¥ F FYHA L 1|2 T34 AAL

38 334 AA ERE FUANI) AT BLLE A 2(400~500T)ol A 3087 A
A 2] (pre-activation)¥t F 12(900C)oll A ThA BT WHE Al=slyct g
I, ¥43 478 Wels F8A7]7] $17 PO E nylon+tpolyurethane T 2 Ag o]
£3}o] 18 moke] kit2 A 2hstgc).
3 ZA3} 400ColA 3037, 900CoA 302 BN 1|8 FFH AL AHH
2 o yeixen, kit¥3t $3& granular AEle] $I R} AALE] Tl Hol
e Ao g eyt

L B3 ¥ 7ed Fo
B3 38 FF%e] i A B FOUE AT FHA WHoR FIFG
ohsl Aol & ReR el H(element powder)E B3t oot AYAHA Bl ¥
I £¥]9 AP FHR, FYY & 43 R A F BYAIIE BE, £
YE WEIAR F AA 5 BE T WE F F A PdE dAstach

£
o>

§ 8o | A: 23] 900°C

2 & B: (43]+%) 900C
LIJ = -
T 4 C: 43 900C ¥ ¥ Coating
8. D : ¥ Powder

[0 204

[+ .

0
A B (o] D
Treatments
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a3 2-26. B} AP WY £Y 234 AAL

B8 4 noR WA e UETE st ulLsidg o, VY $vo} Hg &

e 5 WA o] AR 2 AALE UERIOU, % poders} BoE YAY 418

coatingA1Z) o 2ol Tit AAY] G AT Ho} Yol Y B}t BEY

2 Qgith Bol olg TAE FojAY] Al B B e §714 B0l ¥
EHPRIL Y& F714 ool o T4 o oyurt,

o

11, Air-lift Reactor?] #-&

350 350
* A15C B 25C . +15C #26'C
~ 300 300 4
E <
g 20 £ 20
- £
§ 20y 5 200
a 3
O 150} O 150
; ;
g 100} 9 yo0l
g g
0 0
50 50
0 1 L 1 | ) 0 I ! 1 ! 1
0 60 120 1680 240 300 0 60 120 180 240 300
Time (min.) Time (min.)

(a) (b)

a7 2-27. 15C&} 25ColA Air 1ift reactor& o]-&3Ft HA3] 119} 242 e =&
ik

2493 43 A1) BF Air lift reactorolMe] F3 W3 batch ¥ BE HlEY FY
(77 2-25)0.2 Cdz} Cu ] HPold 27] HHg Al 608 olulol A Fxbare] 0%
(AA & 334 U 10x)ol40] AAE RoT Urkkor}, batch WET} the F2t
Wol W& Zo® Ushhth 1 olf2l Y 41 A 2An, Edo] 244¢ u
A Ho} reactore] 4ol WHHol wheh batch Y wlaslod ArioT F3% g
45 4voke] A& Aol HE WA Zasigly] UL 239}

et 43 kitd] A9 YAlo] ule] 1 WS &E7} m7l AL vshyth ot kit
£ EEAI Qe ol g3l tgo] WE W] GELT £39r). LU 224 BE
7t ASHLE o=k Aoz Mol N A GRS W B FHsIols FBS

e

uj )] el Ao ehch
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70 60

= \

2 603 = 50t
= 1 =) \

3 50 {1 &
O \\ w40 te\

=)} o >,
£ 40| o N s
‘(% \‘ c 30 + n\'\‘)\A .

£ 301 N\ £ S
& h g 20 T T
‘S 20 + ‘\,-\ Z » w ---.,r__:_““

3 Ty c

‘é 10 ¢ | S 10+
S S

( n &l 8’0 40 ‘ 0 ' : :
0 20 40 60 80 100 120 140 ; T T o 20
Time (min.) Time (min.)

(a) (b)

% 2-28. 15T} 25CollA] Air 1ift reactord o]-g8t B3} £ kits} $3F5 WS
BT W3

12. Packed Bed Column Leaching A%
27 10mn, Zo] 120mne] columndy 0.05g/bagd] ¥A3} 3] kit 10718 YL 2z}
10, 5, Iml/min. 8] €408 234 298 FelWA uj&E nit} fraction collector® £
& Aalstel BAsigih. O A3} REo] stoldo| ulel FF&Y AARE Frhke Ao
2 elgton, ol 2<% A7 g9} B 38 HEHAR AT AAT A

& Uehia it

13. AE3E 9

g} Reactor?] A%t 25

&g 2-1m [s) ' ‘
o WA= 224 8 % 20 + 1ml/min.
o] 1x} columng é 15 +
E33 ¥ stirred -
batch;)ﬂk] 2z Whg g 10 +
& ¢ ¥ HEHes B
3x} columnollA] Ht-g § 5 -+
sl wj4"E dey T > AOmUmin
R °5 @ 60 90 120 150 180 210
2-30>3t rh < Time (min)

2-30, a>& BEH

28 2-29, "3} 43| Col leachi Aol o] O
23] kitE o] &3}l = Y33} 43 Column leaching A BolA e ol

ME F34 FHBe u



N7l ROT T FEO] W WS AL Uristou, ol Ml By 43 UxE
12515 mols 7 ol o 2 2o UEhYtHad 2-30, b). ZLejut UF HE& 7
2 o5l HEZ WA 4 gt o §9¢ o] 2IWLE batch AW WALHAE ol
T e tha Wolxk ARG Bolx glth ool B 439 ¥ BAS 8 1Y
21850} o] 22 SUE WolH $BOT B o= WS Hsle AP AAHA
oh T Azt 1R 2-3D3 gem, < 2-175¢) FAKTH Faapo] 20% A F71H
o1} aLmjgte] Gojold AL ZRssiths WAL ojdE Aoz uehyrh

4

o]

60 120 50 140

3 g0l ‘ ! - 1120
<50 100 z 2 40l z
£ g £ 1100 €
2 40+¢ 180 32 3
5] g 3 =
b . D 5 07 {80 &
5 307 » 160 & g g
i E 5 201 160 3
g 207 140 8 g lo &
g . 3 g 4ol 3
8 107 120 = 8 f t20 =

0 R T ¥ " t T 0 0 ’ t T ¥ 0

0 05 1 15 2 25 3 35 0 05 1 15 2 25 3 35

Volume of Cu Solution (L) Volume of Cd Solution (L)

(a) (b)
291-30. 483} Reactorol ] WA 43 kit(a), UHb)S B4 FeIe] W

160 50 F 160
5o [
g » t140 g .l .
£ 401t 120 g e t120 g
3 ti0 £ 8 1 7100 £
A pres 2.
5 301 g .5 &
5 t80 & s 10 2
& 2 F 40l
£ 207 teo g & X teo B
@ — ! —
S 140 140 3
g 10y g § 1o =

120 120

+ ' y et f 0 0 * * t t t 0

0 05 1 15 2 25 3 35 0 05 1 15 2 25 3 35
Volume of Cu Solution (L) Valume of Cd Solution (mg/L)

(a) (b)

a3 2-31. 483} Reactorof e} B3} 3] et Cu(a), Cd(b) B3t W&
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4% 4dE

2 dFolMe A B3 +99] FHE FH AAARZY e & dotrr] ¢35ty
T Az 249 HF =27 73, T e HYY B¢ 2y, FI50 g F
Z ey A, RAR FF5Y AR AEHY] FESY vla 5 A& AAstdn,
Batch A8 2} Air Lift Reactor, Packed Bad Column Leaching 52 A& AlA|5}e] A3}
43| 2] A-23} Systemof tisle] 3}t

32 A AP =& T3] A8 Auef 600, 700, 800, 900TA TAHA

28] Cd9} Cuol Ti¥t F2ES AlERE Az} 900 >> 800C > A3 > 700°C > 600TC
o] «o% Uela, 900Co|A ¥AAIZ 3= 150mg/L =E2] Cd9} Cut= A 2] 100% |
Afle ZAL= uetkthbatch ¥). B3} $u]8] At A7]o] wE F2& FHYY v
Aol 2~10mm Ato]e] A3} ¥ FAYPo] A Ao|ubx] ¢t Ao Ui, 1
0~200mm Alo)2] B3} 3= FIFE FHYo] 3ty A3t 202 Yeiulclh Y
3 3o FFGel Y F2 MY E 237 9I8iA Cu, Zn, Ni, Cd, Pb, Fe, Mn, Ca,
“MgE 27} 0.1, 0.2, 0.5 oM $E08 EF ZAF A} Cu D> Zn > Ni > Cd > Pb > Fe >
Mn >> Ca ~ Mg®] 22 Uelgtom, 53] Ca, Mg} B2 44 EF F52 A AASA
e Ao ety #43 Y] F34 FH AAYS Aoz sy 93 Al

A& fAal AEQ BAEHJunsei Chemical Co, Ltd. )3 g ZL AN 22
AT T Az g 43 5> AR ) Mgl o8 Usinten, ¥4 4
¥e] FAYL WHTRTE ) ol o Uriyrh 2l EWES By 4yt
© 800~900n°/g, AITro] 900~1050m’/g, o] 300~400n/ge] HoF el

243 v FF 52 F4 Hele Langmir FElE HuFAER cdd B3R
52.6mg/g, Cu2l ZF-¢ 79.9mg/gel RO E UEelton, ¥S 5= 25C7F H Al Ao
EIGITE Cde}l Cu B Faero] Fride] utel £2] By pE ALshe ZAos ety
3, Cdioh F3gro] o W2 Cuf] FY pHrl of W& Aoz iy} Azt wE F2
2] x WIE &43%le Kinetic Modelo] 2&A]71 A3} CdL Multiple First Order &
el & Yehida, Cugl ZH$= Single First Orderd] ¥elE vle}ytT} o] @8 Rate Curveo]
A "4H 37t F2 EgE shedl glo] Curt cdRt o feldithe ARdE #HAY 4
gl oleE¥ Eel 33 B4& 28E o] BY 499 224 FF nechanisnd
surface complexationof 2]%t Zo]gla 2tgtdt 4= ¢ladc). ‘

goll A Held B3 w39 FF5o] it F3 AAANZY 7Hs4d S ALHS) 7
Hete s B3 39 Kitel Reactord] H§ AU S AMAISIGT] Batch M 7|&08
- S19& wl, Air Lift Reactor7} 718 $& E&& Uehlou, AE 817 93 oiyx4
o] easichs w3 Ad4H Systemo] ofujehs ¥Ho] glrt. Column Leaching AlH2 72
T FFE €93 BN £y FF Ao uwiel 2 A Ae] LeE Ll &

_'C_>I_
ol AeE FHPo] FVHAAR, 1 ofo| Batch A} vl g wf mhe 22 R

2

ol
o2
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Vel ol ¥t AL Helsty] $13] WMAH Column} Stirred Batcholld d&A oz wt
$3h= System( 13 2-283} 2-30)& THEO] Al@stATh. 2 A3} AAYE yAHAA T,
PF S VE nnte SET UERY 4 gk F3S 299 o] 2L ne s yent ¥
Q3 432 539 Pack AF Aol HAU B 38 g o ol Yok w
" Ao] wAstgTh ,

A B8 AAE B VLY 439 F34 FH AANERY syl st W
oy 4 glgen], A3 4u]2] A-L3} System® B Stirred Batch ¥ej7l 713 2 &
& Ushigdch 28y gzt wede F7HE 4 U AWE AR kit g
A7he HUR 27112 % & d4H WhS Systend] sige] 27F 2 glrh
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A 3G AFAAS o8 HEAYEL 4 T3S AA e A

A1d A4 4

7 = bzt HAIA(Humus or Humic Substances)S 2.3 Al H¢t &3 - 5% -
YY) B AXEA $E] FuHo EaAjsh: Al B3 oltleAE wd £ gl {I1E
Aol FAgHAITh. 2 B Aol EGuAED} U FA g3t FEHE E
G U 47185 “AHEAA"E FHLE GEINLERY T Blol ALY Y

A& @Hshalrt
BAlAe Bk B, 33, PEY azel st AERR L5AA UL, FE,

W5PULELS ARt 38 S dUS sha 9g By ohel, BEYY HAL2RE
UAAEE FEGo|L} HE4E chelatingdte]l F4-F718 SYANE BAste] A A8l
£ 582 AU gdrh ol e FAdo] ity L2 JIERAY] B FA7] T
o W& Wol EUBIT glo] oFo] e 2% (CEC: cation exchange capacity)o] ¥of
Ui, mAgt 332o) EAstns Eejuey F3g sheA th BT ARG eiole] wel
ZA528 23R vk, As-BUNES e oIAAAN FHH A2A 5& ks W
9 &u) stell FE3} AL 4 gtk 2HEE FAAE FISG FAA, AH-BUA2ANY
Y& A QJoBR, ¢, Atg e BHERA o JX Y SR AUE R

31 gl AAolt),

1960t o F A=, o, AR, WEA 5o FHY A8 FUIE Asle] YRR o
25 9Y S7UAHUEL B4o] YHAHA AT A7} YA 0¥ BHALS
2 R drh. I FoXE HiEd F719438ES o] vt wedeln nAdE
of &gt Eal7t ojae GEsY BAR RuEgch {494 MESY B4 A WEH
o] X &= gL BRI ZNYLEF FUH= AoE deA 5719 @47} aromatic
ringoll %= pentachlorophenol (o]3F PCPal WIS EAlo] olF Zgt HoE HIEY
o} EE B EUFHIA o 8F die EI¥ AL} 2add) gt F5T
A23PUE Pel2 o SAE T gl Aol Ast=ERIY vty F2 A
of &J3le] UAHE W e tEE NAE HAT JasivtA Fo o] FEUAA U
- AElE W4(El effluent)E ZZ GZANE wpaAs AEHEE W ohdY RIIGLHUES
FR3}17] wEol £HeEE oF7|AF|aL gich Elo] st gl chatt HES BEE
HA4, lagoond, biofilwy Fof 2lsle} MeE AS3 Qlovt ARAE st A
7t o EE wis WEEo $FAAAY oAsifl F4Eol delA HE FA Hrh

AF7HA o8 Aol thpeR o] §d F WaHI e RUIHAIRIEY HIde
g zah-geld g, 47 5 Yol olgE e, ol 238 2EFA EILt Al
Agl whgol ol 2t AejAlAN HEHEE §H o el A W Ao o]-&H o]

- 40 -



C A AL A 2R HFFHX 3 e ARolth ¥y wUE U Aol FLE v

£ W w2o] Wesin, AA o]y RIEM 3ty IHE G2 AP FY I}
By wHoRE g HelY 2d4E AAY £= T, g Fust &4 2d= B
Z4Ee WYL nPEE o] 4T bioremediation (LHMHFBH) 7€) nF E /ol
A o]gE3 qlrh ol sl&e 2AL Aol Eqke] K3Y RB}EUo| A=

& A dod EYFY Balas) bgsied 1 &old T EE Rizlel ez &
- o] AslEle] =AY FE oFAHE wihUE Pt olHy FudeE s HEF
o8 28317 SsiAL AUNEGS Ao ot FESolL RAEL AA B |
g BEslA WA I YE ol Aol £ARY FHAA A FHE

HA7IA] PP B2 {IdANE EBInAEEAME AFLE Rhodococcus,
Arthrobacter, Pseudomonas®y 5-& ©]|-&3le] 3y elsiA A= gtor} Aa| ALol 9lo]
‘ A T A7t A7I=aL ¢lch. Zefoll= lignin peroxidase, manganesé peroxidase,
laccase?] FAEL AAWE 7L Uk BIUENE AYEFRO AW iy
B3 Esajo] tigt #4137} 7tz 3EE o] o] fof A¥t A7 BUstA AP . I3
gu X271 FE dREHoR FFE fad FFYPol ol Aoz oA A
chrysosporium®} P, sordida AXolt}. P. . chrysosporium® PCPol8lo]| o8] FF/2]
trichlorophenol, chlorobiphenyl, dichlorodibenzo-dioxin &£] %7] AR 3t £
3ol Flojyt ez HaFEct

A 2 A AP FEIJFER FHGAF Y
A 1Y SE AR gy

42879 ooo] AYHLT Ve F& BAL 22 S PLHUYBEA RS o
zau} BE o) YEA(halogen)& EUSHs F71L2ASLE] Tl 20)3 glow, ol
§ S/ URANUBEL URE GENAIUESA AT oA/ B AdA6] L3
:azl e HEE Wol EAFEE ztol BB HAL 4 ok shsol wold o4
B MY 2 EAE opATh WilEos R/lQANHES 2dY M tha
25t Qlem, S0l WAME +3 ABAUel FIEo] A WolAg Juy
oAt} UNH T WRANYELS YSAN} ol ¥ 45 nlYEd &8 FHol NP4
o] Zsim, oleigt HUBE mTolt 4Y T2l HATANE A AL8E FAs
01];]_
22 (Huous) S EQ, 7, dih EA 5 9eFHe] Ealsks AARAL orldME
Cmhg 4 g 2N EL 4T AR $71EB4 2Pyl R SHL ofriel
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SAst=to]l wiel B2 I Figol BB HHA Fd uprl gloy, F=2
A2 AtA ], R, JFo, EQUEEY FHol ulel §¥FA BEE ARt
U 2 A7 ESuEES U FA6 il FAEEHE EQU |I1ESQ At
FAAE B0 GENYEAY] F2I Eiol A AR ALS gAshg

FEL AREAAL] ©HA W AE2 AL 3 B wpep EEE B
Zof 2Jslof ttete] shedith AtF-A AL MY L2E FH BHAY, B &, 7
T 52 715 9 FH A ¥4 wE BF e wWol HLFHEE 2 AHdAE
ZIFiE R o, 2eidR, 2UEE, 2UEF 5 ) Aol YabiE & 3-13 Yo
AP AL 7 skg¥ TS 71Frle] BAQOl AL £E %, @lrivkay
F, & SRR olF e, BEsYS ddie ©ER, 29 A9 BT Ao
F& olErh ZHEHL ol&°] AYslA EUH Pelolvh. ERPERE ) YoMt A
T 2ok Uriigen, e Ade feuee] tiEY ARG ZHMAUESS By
t},

1}
X 3-1. Sample sites, temperature zone, forest type, and soil.

Temp.
Sites . Forest Soil
Zone ‘
Conifer: Pinus thunbergii red and
Kyung-Nam |Decid.: Quercus serrata, Acer spp. ' yellow
Subtropical
Nam-Hae [Mixed: P, densiflora, Betula costata, forest
Acer spp., Q. Accutissima soil

Conifer: P. rigida

- |Decid: Castanea crenata Sieb, Populus x Brown
Southern Chun-Buk
alba glandulosa, Q, aliena forest
Temperate Im-Sil
Mixed: Robinia pseudoaccacia, Populus x soil
alba glandulosa, Q. aliena, P. rigida
Conifer: P, densiflora
Decid,: Robinia pseudoaccacia, Brown
Mid. Chung-Buk
) Q. Accutissima, Q, variabilis BI, forest
Temperate | Dan-Yang
Mixed: Q. Accutissima, Robinia soil

pseudoaccacia {, aliena, P. densiflora
Conifer: P. densiflora

Decid,: Q mongolica Fisch, Brown
Northern Kang-Won
Mixed: P. densiflora, Larix leptolepis, forest
Temperate |Hoeng-Sung
Q. aliena, Q. mongolica Fisch, soil

Q. dentata Thumb,

dEAEEE R A ERlAEE 915t ol &HE RAY AYFNAL Y /eI, F
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= 0H @ -COH S& cha $iT ¥4UE WUk olF $istel MR} IR & #4)
A9 7] BMo] 2P, columo] FALE AL 47GLNUES THY URY E

W) $olg E3} Aol @A W BOD, DS ZABE g Fsiol waHch
1 fERAEAE 25 - 34 L By

MUY RS EPRVIES A7} dpelel ST Aolol Jste] FHY 4 Yo

o, th &=Lt ety Bgo] 23te] FY4H(Humic Acidi HA), EWAH(Fulvic Acid:
FA) @ F9l(Humin) o2 FEE AT Foitoln; Fuabe d49] 246 glojAME Tha
Aol7t Uz, TH7le BRE tiEr}h FYike vl Ao go] wWa, Fit 4
28] geo] WA YW Ao B 9rh

AR HA -] 22 - AAoli= NaOH, NaCOs, HCl, HF 52| Ajefo] o|-8E|3 glor, A
E 9]sA XAD-2, XAD-8, oJ8] %7¢| cation exchange or anion exchanger 5] Z§o]
o]gE oA} fFHo A& AR AAE AMEIHe FFo] wiet 2Ho| e, WAR
ol Eore]l EHU 3 A2o] wElHE Ao|StRE JRPERL] FX FoT JUS
3H= CECU} 5718 Wol TSR o 32 - FAFY EMol st hddch

28 AR 77BN Bl e B § "I g F3s W YA
Az}, BOD W CODE AL s, AYUFAAYIME ol EHo] FAT W57
g ol 71X YE7tE BUsh] g5t & 9 Y AP A

[lo

7h ArglEaa & gl ZA

AbglEA) o] 22 g A= IHSS (International Humic Substances Society)oll
&)3le] 2HH S o83l ZAH A BE 247 B 0.IN NaOHE F&3}o], €T
o £3l¥ REL YiEelo] 2sled QolA o] F 6N HCIZE pH 271A] A ERAZITh 24A13
E¢ AXANF LAED F5AL JHEL st AAELS Foal, AFYL EWAes
FEsle] Adrt, @ol FY4t 14 BEE freeze dryingstel 1kge] 71" AbglR-A o]
AYshe $8S &FsldL vt oleje] ® 3-20} Zt) ik HAE 9151 XAD-8 A
217} Amberlite [R-120 S| ZY & o|-83to] Ao} AFojolx] 4L T AEE

=l 23t
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X 3-2. pH of humic substances, and yield of humic acid

Temp, . Forest oH Yield of humic acid
zone (1kg humic substances)
Coni ferous 4,15 41,2
Subtropical Deciduous 4,79 42.7
Mixed 4,79 51.4
Southern Coniferous 4,32 21.5
Temperate Deciduous 4,96 26.2
Mixed 5.10 49.4
Mid Coniferous 5.09 53.5
Tempeéate Deciduous 7.10 A 20.3
Mixed 5.47 36.8
Northern Coniferous 4,73 58.0
Temperate Deciduous 4.97 64.1
Mixed 4.81 55.4
gEE Fyate] $£82 32 9 FA AN W go| ST A" FA e
thste] 2-7% P22 Ao] EAYFc) ol SAH O Bio] ohjel W 4o RIIE0]

rz
N
[o T
it
e
o
i
o

Qrzra)9} ato] gaEA ohe FEQ Ful(hunin) 22 Est] wE

STIEE Aloe) AR U Ak o W o] FHAo] FHEUL, EY Uy
HELE dgsoln AU wWol 221 ). phE JHY AH 2TIFY P4 FH Y
AYURAAE A7.10) BE Ao ¥ AoA Y $AUE pH 3,94 - 5,618 LtEh o)
As] AdEE Balde B&L Both B3], 203Y BHSwold phrt 7.1008 &
e e NEUA B¢ Bho] MY ARE Py o FPUCL

U FEaky 7718
urdel gy 724
24 AE2 Bla Tgln AL xlo

AL WY WAE vtao) vi4HEY B, '
& AR FI2HAAEY ©47t FFE o|ErhL

BaEdch o7]olN 53U R YgEewL S (aromaticity)o] 408 FEA L}F-2]
C R Blade] EaitEe] E8F& AR LR AL .
£ AYof AHgE Foare £2 9 FA 3L AX 100mesh F=2 EH3te] AHE3)
olth FT-IRS] &% EMoNE 7| ¥, T ¢HE BEF AR AHEYSE HojFo]
th tEFoe o] Y4y, BE4E, TAHULE FEY YAy A¥EZL 09
3-17} P} 3% peakZ A, 3408.3cm” LA 2] broad¥t peak: simple-H7} ZAIH -OHE
Uehen ol 1268.3cn o Al2] medium peak®} A o] Zwshm, 2929, 4em” o}
1387. lcn™& aliphatic H, & -CHy, -CHsZ, 1711,3cm” H-22] ojl2|3lHA] 23t peaks A&

lr _ﬂm

o% ]

m[o
N:

¥ carboxyl groupS 1646. 2em 2} 1453, lem e aromatic C=C ¥ conjugated alkened U}
- BRI FT-IRe] o3t AxtE FsiEA )-89 Al RA AL aromatic ringg 7}A]
A -OH®t -COOH group& 3-§-3t3 aliphatic H& Ty $RE EFQ ZAeg FHFHL
th 2UEE 4] HA2L 2135 8cn” peakE n]Fo] -C=C-HY &A= 23Y

)
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glom, QrjEy EEHFoNL 2367.8cn” peakZH -NHE) 7HeAd & Hojeu W 43
9] BRITZ ATONE A4S TR WE7I7H FAYrL B3 gk B dolw
sl 2 -OH, -C00H §¢] 7|7t ofd A ol #RH Y=g 7B 1

S YAEN g Ye-MR 5 APoE FRENE Lo FEAFUFA AL o] JHe

stct.

Jroaumsittonge

AB0G s 2060 SO

2 20 ] f/ \
£ * |
] wix \
& N
80 ¥
Vo
’“’ \
e , i
prive 2000 2000

Wavarurobe e 1}

‘ /—w\ : ) /”““E C

Trangrnitionse

i
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DO 3000 2000 W00
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1% 3-1. FT-IR spectra of humic acids extracted from subtropical

coniferous{A), deciduous(B} and mixed(C) forests
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A 2 8 GEIHYELY FAGI)TF AY

2] ™ (Humus or Humic Substances)S F7]1Edo] MAd HFob Haj - 2% .- 3
e HBE AXNEA IRt AV1EY JAPAolth oY FAAL EgUte] Fi}y
doizt BEgol o3 £&FHe Ul $F% SIS, FANEISOU FEREL
Chelatingdlel F234-7718 HHANE B33t A sk 5Y& /1A AUt ol
U2 FAje] 3p3ba 2} JL28A](Carboxyl: COOH) E+ 3to] =4l (Hydroxyl: OH)
T We7lE Wol TSI 3lo] o] &5 (Cation Exchange Capacity)o] ¥ ojLlsl,
o ARt FFo] wWol EAFER g - Y F g sHsARch. E¥ semiquinone type?)
ZHt radicalo] @o] EX3ER FU-LFUNE, At3-BUuEgo] o]Fo|x]7] wjie ¥
Y AZxA 5& AtsL) Yo Fulsto] 53} Ald 4= gt}

AzpzEd e vigtEYY Fo Mol &ste] WAL Wt oifE A FHAn
HAIeA Fof el FEIACNAM LAHE BBl effluent)s AT LANE wwA
AEBE W iy RUIdLES R3] ujie £ HE of7|A17| Yt} Eloj
EIAL e vttt BEEZAE HE, RV1EE, tall oil, Y, oMHEL, AL
g Fol HaEa glen, B ML ol WAL o|&ste] YMA|AR, BODS}
CoD2| ZtAE 213 AHY HEE ofelo} Zo] W3jgch

1, wede] A AZZL A
7178 AHEAA 10g& columno] A$-2 FFF 200mE FHRUAEAN NLF AAY
Fol w9 50meE MHS] FeRJch B4 YL 0.45m membrane filter® oJUF ¥
UV/Vis spectrometer 465nmol4] absorbanced &% 3}lo] CUE ¥t ¥of color removalE F-
et
CU(color unit) = 500 X Aws / 0.132
Color Removal(x) = 100 - (sample CU/B Y CU X 100)

Table 3-3. pH and color removal efficiency of bleaching waste water treated with

various humic substances

Temp. zone Forest pH &) color removal(%)
Coniferous 3.76 932,39 70
Subtropical Deciduous 5.31 1022.35 68
Mixed 5. 80 812,88 74
Southern Con i'f erous 4,78 747.54 76
Temperate Dec%duous 6.78 1496.78 52
Mixed 6.39 1809, 85 43
Mid CQni.ferous 4.51 2044.70 35
Temper:a te Deciduous 7.50 1703.98 46
Mixed 5.55 2676.71 15
Northern Con i.f erous ) 4,65 940.15 70
Temperate DeC} duous 5. 87 1133.71 64
Mixed 6.13 1688, 26 46
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Bl slelgiols] CUZES 3488601913, pHE B.480ldlTh o1& V12 ¥ WAAAE
(color removal efficiency)& T3< uwl, Wrie] H, ¥, Zx e AN Aol A 68-74%
5 GEC YAAA EAE UL el Ul A PR 84851 51
Qg columB3} Folt pi 76714 Wolmel, QAMRE BAST 100 o4l £
3 g E g Bk

g Wo) aie] pHy} 822004 Wriel HA)-o] $HH columE Y Fo WA

5112 HolFR, 2tiEE ¥ASE AT ulREY Aglyae] AR WS 4.33

- 6,598 uba] AIE pH 3 EINE 23 e A= Uiy

2. sjel2] BOD, COD 4 &3} AY '
BODE 3A4(Qlitd g8, Famlau&s, dstzage) 120 Hde
AR 10meE(1% 3)4) Yol 2 E o, 3719 BiHel 717k El7tAl Al dol wt
e weF 1587 WA Fol §Rikiarg ZFE F sl BDES 20T wjTlel
A 5QZE WA Fol LE2aALE FHBL0] of#lig] Aol ojste] BODE HH YT
BOD(mg/ £ ) = (D1-D2) X

D = 158 WAFe) %&*}A%(mg/e)
- 5%l §EALT(ng/ L)

&
I

\\\\\\

—_
\\\\\\Q\\\\\\\\\\\\\\\\Q{\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ RS

0 10 20 30 40 50 60 70 80 90 100

%) 3-2, The effect of BOD removal of El effluent treated with
various humic substances (T=subtropical, S=sourthern
temperate, M-mid temperate, and N=northern temperate
zones: C=coniferous, D=deciduous, and M=mixed forests)

B gl ol o] BODE 113mg/ £ o] UNEE B4} Tage] Bado] 80% o] ] &2
BOD ZtA &g Rolu} 19)& 505 o]3le] We ZAg W KR gtk aiyde] of
slo] x|2]® 3 oY2] BODE= il 20-40mg/ £ o] M S VteRT],

AR alzo) 9%t 0D AAEI}E Yoliy] §l5te] ARE 12 FA3l] AE 26mE
| 20% NaOH 1nl & gol UZe|d oz FHF 0,025N P ALE 10neE Yol BZ4uE 9

mlo
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6087t THaRITh 10% £2=3UF €9 1ntE Yol WAB| Jleteg wizka WY o
L 10% kgl 5pel ARLW 2mE YL 0.025N E|FANIER G0 FAo] o uf
7h2] HR ok olefe] Ale] 2]3le] CODE FETh

COD(mg/ £) = (a - b) X f X 1000/V X 0.2
a = blank Alge] 2u]¥ 0.025N E| 3 IEF (ml)
b = B8] Au|E 0.025N E|3ANIEE(ml)
f = 0.025N E| 1N} EF 2] ¢ 7}(factor)
V= AR )

QIWbA © 2 FE19] BOD: 338mg/ £, COD: 1049mg/ £o]m pHi= 8.8 AEE Uleldtts K3
B2 gloi), E A¥Ho) o]L% WL BOD 113mg/ £, COD 2564mg/ £ & LIeholt). ofefe)
3% 3-30]A Ei= uie} o] abglRAldo] 2J3t CODAA FIH= HIE2EE 20 55 HY
oA 88,640 S Ve 2riER T3 YL 38.1%2) A2 AAFANE Rvh
t)e] Bajdo] thE A YR} 943 AALSE Roon JdAdsRs A - YUt T
B} o3 E copzs EAE Rk gy AREA R columnd B3l o3E sy
CODE o 3] 300-1000mg/ £ o4& Ho] TlE A7l 225 dEolME woe] ¢of
Thgt AbGIELALA oke] mlof thRl Alye] @ FHc) '

90 1~

80 -]
70
60
50
40
30
20

10
o4

T- T- T-
C D M

3% 3-3, The effect of COD removal of El effluent treated with
various humic substances -

3. Fatel dAb AR AIE
7194 E 52 vre dA &I e ol 2aBeA} HAE HAY
A= A7t golstA] ¢drt Atgolu Ee] /& RAFAELL 1 5EI WiE
EE WA dond BEUFY FAA g3t 1 KoM FE ke E3ldETh. FAEUe
AH o2 Fido] AsH A BE 2dF FIE o[ FAHCL ol &

2l 3
2 W2 AR Ao SAsle njdEIY F&4F Fulst kgl sty IYE &=

_48—



Ao2 2AEAR o[ Eo] T FHY FeyhIES WHAA Y drt olT FY
78 g ALHY2E 8] AL AUESF FAA A% FIEHIU RAUEH
A Al gt 712 FHstA WA I HelF o[§sh: Aol FAEE FFAM A F
Exojdrh :

2 dolaEs BN ZRE oluiel ol Al SUHA Bl AKAEE A
of Foitel iy FFEH £l ¥-E FH3IMch

R 3-4, Selected fungi for the degradation of humic acids

Name FRI No. Label
Coriolus versicolor (F-EWAl) 20251 ' cov
Ganoderma lucidum (G| H'] A4) 20432 GAL2
Ganoderma lucidum (FA|HA) 20435 GALS
Phanerochaete chrysosporium (ZT2PHA) 20813 PHC
Pleurotus ostreatus (=E}2|HA) 20862 PLO

Agar WA 109 e G 0.01g, 0,05 0.1z 0.2 0.5¢% Y3 IN NaOHE Yo
WA pHE 558 23l WA E ARG F AEW FFE FFoloI 5Y, 104 F FH I
218 AAEE &3

¥ 3-5. Fungal growth after 5- and 10-days incubation with the addition of humic

acids

Fungal growth (cm)
g/ £ cov GAL2 GALS PHC PLO

5day | 10day | 5day | 10day | 5day | 10day | 5day | 10day | 5day | 10day

control| 5.0 8.3 2.7 3.9 3.7 5.3 8.3 8.3 4.8 7.9
0.01 7.9 8.3 3.3 5.0 4.5 7.9 8.3 8.3 5.1 6.0

0.05 5.8 7.1 1.1 6.2 4.7 7.2 8.3 8.3 6.4 6.7
0.1 7.1 7.8 4.0 6.9 4.3 6.5 8.3 | 8.3 6.0 6.3
0.2 6.9 7.8 5.8 7.7 5.5 7.0 8.3 8.3 6.8 7.1
0.5 6.2 7.2 4.7 8.2 5.1 7.9 8.3 8.3 5.0 5.8

Coriolus versicolor: 54, 104Ze8] &FolA Fuate] A7 wxo JF¥E WY
ZAte] Aol A% B HolErh 104 FolE 0.05g/ £ o] wEMAAE 79 control
2} u)%tAL ot AR EE YA RojErl. Ganoderma lucidum 28} 5% controle]] |3}
o] FAle] Azlo] YESA FolXm, Phanerochaete chrysosporium® 5YUAFE AT}

Ao ARG m=Rsle] PP WAL BolFr}, T Pleurotus ostreatust 5UATIA]
L FAre] BAo] control g B8 104 Folls Aol ylg Hlch I FYate]

_49_



Y8 8}A Pleurotus ostreatus?] AA-& A st WL Rolx| ¢},

3 wg7)7

A
=

%
ol

A3A WALAY JEY B 2 334
A L FY HoE ey B uEs)

o
S

A 1% A Gy B 9 FEEIT Y
1. AR 25 g A

AglRade] & 9 A Adx nExg IHSS (International Humic
. Substances Society)oll 2]¥t FH¥ <Fig. 1-19>9} Z& Wb o]L3slgc). 7|AH A|8:
FEES A f13] $AY FEI]0AM Yatow A 154 St &35} 71AY ¥
A FEARE 24A1Z B 0.IN NaOHE AMg-3to] Aaslol A 24x1 25 &3lgict. ¢
glo] &3" F-2& YAFEAVNE AHESle] 2500rpn o B 30EFe HAlEe Fo o]& 6N
HCIZ pH 27b4] AMYSIAZiTh 24A12HEQ FR|AJZ & YAED} FEdE dAiese ¥
AEL Fual, 4L gyjate g Esle] Agrh

2. FT-IRAHEZ \

FHi2  Fourierd¥E oM F4  EBEH=W  (Fourier-transform  Infrared
spectroscopy) & ©]-&3}e] #£A135}9ltt. FT-IR®] 7122 Perkin Elmer 1725X & A}-&3}o] 1}
A 217 4000~400cn o] FuAhE 77| BTt B4 ARE 105TH AAAA Fu
At 20mgol] KBr 100mg& Z3sto] AA7|E o|-§3to) Ml (pellet)E THEO] ALg3}olT
o FAEE FARIEAN B8E 2EX EARA g wBeiAe] F3e g o]FolA Ao
o7l wiEel FAAE HetE JAe BRAE, YA, A5} A% 5 2o whet 2 4
o] Aolsirt.

uiebd FELte] =&o] J1E $2 driAg 2o & 7‘]“"-—] ""%1 Fa oA Fulit
& F&3lo] 1 FAA A Hdg 39ty fls] U= oo A%|A FT-IRS
ol &sA EMT A <E 3-6> <Y 3-5>, <IY 3-6>, <2 3-7, <Y 3-8, <2
#H 3-9, <Z¥ 3-10>9} Ut
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Samples
Hexane Extraction
| ' |
Lipids Solids

0.1N NaOH Extraction
under Nitrogen

Solution Solids

Acidfication pH 2.0, 6N HCI
I . |

Precipitate Solution
HA FA

712! 3-4 Scheme of the fractionation of humic andfulvic acids

<¥. 3-6> FTIR bands of humic acids collected from'forest soil,

Humic acid Assignment

OH stretch of phenolic OH (contiribution from aliphatic OH and
possibly NH)

2930 Asymmetric stretch of -chg

1720(1701. 3) -C=0 stretch of -COCH

3431

1640 Aromatic C=C stretch and asymmetric -Coo” stretch
1525(1510) Aromatic C=C stretch

1450 -CH deformation of -CHz and -CH bending of -CHp
1270 -C-OH stretch of phenolic OH

1070(1035) C-C stretch of aliphatic group

Fulake] Z 0% PeakZ = 3400-3300cm™ (47} AYE OHY]), 2940- 2900cm™ (A WZE
C-H & CHp, CHs), 1728-1710cm‘(FH|Eo|L} 7}2EAIALS] C=0), 1640cm™ (W &ZF C=C, H7}
ZA3E €=0), 1510cm? (WIS =C2] stretch), 1460cm™(CHz$} CHz2] C-H deformation),
1270cm? (S&sA 4=417]2]C-0H stretch), 1030cm™5-(thaioll 7]1¢1%t peak)oll LbeRL}IL
ottt Fgd, Yy, TRUN 2o EXANY 44, ¥Yod, XY F
A M0 W%l spectra® HolF 9lon] B3] 3400cn 32, 2930cn™HZ, 1720cn’%
2, 1640cm’ -2, 1030cn ' H-Zol N BEFHOE F4uw 7t oA velta Qlch
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Fu)atoll A} FT-IR E<=w]7} 2900cm™, 1640cm™, 1540cm™, 1030cm™ o) 7slA Uehls R
A

& DA AE Bavh $alo] Al et AYE wage] YaHT Qrke FUA

Y

dutdel 5 & A Ho| F£3 ch
o] gtol FuEAtold A}E Hol: 3090cm’ (WRE C-HY AlF), 1450w’ (CHe, CHa),
1425cm™ (CHz, €O07), 1385cm™(C00™, CHs), 124000 1200cm™ (W}8¥& C-02] A1) oA
o] F4ulE UehtA] bgich
3400cm™ H-2 78§ F4 band= FH4re] atwe}l ;B :\Hl%’a’ TAZIE ZtEe] A
t}h 1620~1640cu™ A8 F4uls 2] C=0u} 471 AYPH EFA)AY ALY 7}
2R E e 712Xd79 =9 F4uirt 35EHE stgel ¥ AErle pdo]
ST EY, 1516on” F bands WAolL} TelRe) ¢=C A% AEo] 7AY Fo]
1} 7tE2EAl7]e] ¢=0 stretchmg 2 %%51‘(:]- 1030cn?& tleF-e] C=0 stretchingl}eEh
3 Qlch

22712 8] AAE E435lo] B FT-IRY] spectrat AWE A3/} v AL B
&3 gt F ARIFAAL aromatic BE FHA|HEA] OHF COOHZ| & -3t AU
BIAE cieko 2 ARt Ede Ze® L gr & BF EaoM dd=x MY
oA Rolw NHE| 7HsAde Rl 2367.8cm” peakst B Aol UehA| gich o
W oR FHihe N9t AYE F4AE WRE He7|7t EA¥TIL RE L gl

T B4 ) o

k]
e

e ee e RN
e

§.%5.5.%

¥

%3 o % < e 1650 e 184 i L= 1

- =%

<%l 3-5> FT-IR Spectra of humic acids collected from subtropical
coniferous forest
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<% 3-6> FT-IR Spectra of humic acids collected from subtropical
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<{1% 3-7> FT-IR Spectra of humic acids collected from subtropical
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<Fig.3-8> FT-IR Spectra of humic acids Northern Temperate coniferous forest

¥

<Fig.3-9> FT-IR Spectra of humic acids Northern Temperate deciduous forest

- 54 -



o

E
o IR ) &

ot

BB ; s ’ R ,= ¥ v g
e e BH i) w18 ] 450 1 R ] L W @58

<Fig.3-10> FT-IR Spectra of humic acids Northern Temperate mixed forest

3. CPMAS Cabon-13 NMR 4]
& AR LXEAME $]%] Varian Unity plus Solid state CP-MAS C13 NMR
" spectromer® AM&sl4icrh HL{LRAL
magnetic field : 300MEk, BC resonance frequency : 75, 4Mk
proton 90° plus : Sus, contact time @ lmsec,
recycle delay : lsec, spinnin speed : 5, 2Mdk,
number of scans 5000 ~ 500000]c},

Quby Fulate] CPMAS-C® NR AFEo] R718t4:e] FFol wlE ¥o]F2 (Table
3-4>o A viehd uie} Zo] vhgat

0 - 50 ppm (YZA¥r4A), 50 - 60 ppm (HEHAT]),

60 - 110ppm (EH&3HE glAL OH71E 713 AYEFR),

110 - 160ppm (W3F= L), 142 - 160ppm (Sl&Ad &),

160 - 190ppm (7}2EA17] €ka), 190 - 215ppm (FFERYERE) R Liepdc

47148 FABE Srlae statd B3 wad EIHE A8719 AN FRE
71¢18t%] Solid CPMAS Carbon-13 NMRE AHE-3te] EM3igldul 2 Az <Fig. 3-1D,
(Fig.3-12>, <Fig.3-13>, (Fig.3-14>, <Fig.3-15>, <Fig.3-16>, <Fig.3-17>, <Fig.3-18>3}
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o] Ugith 438 AR AolN 22 . FAH RE x|oe] FAe] CPAS CENR A
YEAE EAsto] B 0ppuol A LERLH: 2 peak® HoiR3 gtk o] peakt ZIAbE
o mEsal AgEsiaiule] taoln ol Fuile] ¥ METiie] ZAE e
glom Fuatel wekEEia Pulohal gARIAT} AWEE AT Qe HoR

2 gtk J3 gAHaE FY, HHR, Y, 92 Sold SuUH 2o Azuct o
WO Hajo] AYPHE ok BES njABo] 3] YA Eaf o] 27| wie 1
] go] Wakd stal) sh2BAlskao] vls) AA vbebua glth 100ppmol A UElGE peaks -
Tl vl A3E StaE otkerm BtAE HoR3 gith 58ppme] peak: m|EA E
£8 Yehja gled ol gladely glad SEEARYEH feuRod AzHch 5
 0~110ppmof| A} 7%} resonence= MEZ Q Ao} Ho|AER QA2 FgjEtio] 7]2F AtAR
Ned @Azt YzHEch. 223 Tipmoluh 72pprold BoIFI gl peaki: THi}
Eolu} A& ¢igol 718 otk 108ppmol A UL peaki ARl 2y G2}
Co'ta:, BRIl Bha, ¥h43HEe] ofem ¥hio] 7]Q18F Zolth 110 ~ 142ppm Abo]ofA]
e WUE @l 29E BojRa gtk B3] 1100)4 120ppmoll M AtAR ATE wa
& ©AF Urhin WUF 227 43 Hol Uee RAETE 120614 145ppnt o o4
CYAE AP WYE BaE Uehdoh 53] 0-alkyl @] 57 ~ 58ppuoll A 7t peak

Bol Fuate HYE ot B 9 2ol REEYE B /A% AOE RoW B
3] HEA signalo] Z3tA Uehd Remnol Ayt glade] Eajgte o 4 k.
172ppnoll 8] 7%t peakis FHEEAIZ|S] Bhe, o]AB|E BhA, olnlE Ehie] ZAE U}
U glom 217ppnol  UEhME pesk: GulslEul AE 2o slEny BAE Uehd
T} 148ppmol Al LfERHE peak MEd ©4E Uthin Fuatols sjigy 447071 e
% ERE ¢ 4 Atk WY $AE BadEgE shdold fEY YA Azgd.
A7) Fl 190 ~ 210ppmol 4 oFF peak® BRI YT} 95~160ppn Ao]] WarEo

92 2ade] AL BeiFa gl

i)

rr

%
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(Table 3-7> Chemical shifts of carbon-13 NMR spectra for various carbon
types(Wilson et al., 1981: Steelink and Petsom, 1987; Zech et al., 1987: Frund and
Ludeman, 1989: Chen and Robert, 1989: Benner et al., 1990: Newman and tate, 1991)

Chemical Shift region(ppm) Assignment
0-110 aliphatic carbon
0-50 . saturated alky(-CHz-)
50-60 oxygen and nitrogen substituted alkyl in amine and

methoxy(-NH, ~-OCH3)

60-65 alcohol (-0H)
60-95 oxygenated alkyl(carbohydrates)
95-160 acetal&aromatic carbon
160-170 ' phenolic carbon
170-185 carboxylic carbon
185-220 carbonyl carbon

Z0% fUIetAae] &g UJ $13] CPMAS-CUNMROIN 27t gEZ AHES siglen 1
A7 CTable 38581 Ykeh. o) ANEhLe] titt WS DA W1#18) aromaticity&
23t9lom aromaticitys A WS vhaazl WS wrAwkl o oyt PRE i u
& %2 FAstel Tt =Y ALE ©aulE G719 Alipacityd FSHlon
Alipacitys 100%0)|A] aromaticityd A¥ & 314 Alipacity® AME-3}glct.

(Table 3-850] UFERG ul9} gho] Fulate] ShAREL 0 ~ 50ppm Alo]Ql A& wraw
o] HA3}A &A Veh) glch 50 ~ 110ppm G HollA LElYE O-alkyl Bt A U
Ehi elgtet, |

o] el Ehal TiRE whh3ES Ushly dutgoz {78l Al B¢ AR
we g RolFj "rl. EY FAo] ANEW 45 U4HES HaHA UE TR

BaPe 371 $AE HolAHT |
Fujatoll A RS BrAL 16%, 17%8 UEhlil 9l2m ol Hatcher7} Ragh dnb4Ql
CFuare] wakE eraRT: FA Uehta ot JEla dold EEY dold Ad4
Atololli= R xto] 7} vielLtx] Qkgteh.

142ppn ~ 160ppm%d & 2] FL2EAI A ERA L 0-alkyl B Hofl X 9} mH A2 drjd Ex3
ol 4 ezt A vtz gtk vl W& vrARE driyd g 88 A U
ElLla gleh, ol Hgd4alo] & RAIEZ] Qhgty] wiiEd ALeR AlgHch
dwtEoF RAlA Lot aromaticity, &Y 4], NEHMUI|IL FII5HA =H o
£ ©43E22 24 57} w27 wge Ueivhe d4delth .
AMA o2 APPARERY N3, FAH FYihe Qirzel FydEct Fajo] dH A
L% AlmHrh

le
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. {Table 3-8>Aromaticity, aliphaticity, and varios carbon species in humic acids

from forest soil as determined by CPMAS”NMRspectroséopy

Arama- Alipha; Sat. .
. 0-Alkyl | Aramatic | Phenolic | Carboxyl | carbonyl
ticity ticity alkye .
% % 0-50 |50 - 110|110 - 160|142 - 160(160 - 190|190 - 210
SC| 21.30 78.70 63.85 12.08 16.17 2.17 5.43 2.48
SM{ 23.61 76.39 59,64 14.20 17.43 2.10 6.25 2.47
=
5
.
hi3

) mﬁ.mﬂ:‘:—m- deve

i
8

e

2t
prio 2

3]

<Fig. 3-11> CPMAS Carbon-13 NMR spectra of humic acid collected from subtropical

confierous forest
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{Fig.3-13> CPMAS Carbon-13 NMR spectra of humic acids collected from subtropical

deciduous forest
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<{Fig. 3-14> CPMAS Carbon-13 NMR spectra of humic acid collected from subtropical
mixed forest
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<Fig. 3-15> CPMAS Carbon-13 NMR spectra of humic acids collected from mid temperate

coniferous forest
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<{Fig. 3-16> CPMAS Carbon-13 NMR spectra of humic acids collected from ﬁid temperated

deciduous forest
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<Fig.3-17> CPMAS Carbon NMR spectra of humic acids collected from mid temperate

mixed forest
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<Fig.3-18)> CPMAS Carbon-13 NMR spectra of humic acids collecyed from northern
temperate coniferous forest

4, FYI-F24 HAYPE FA4 wFhF=A

2 AAlo] XEAQ AP YA EJY Ertohe} nFoEx YA 4P
s F7 WH—E— of 2 B Ae] Wygo]l A 4= gk AHFAMAL 2EAY],
HEd 47, €42E8 FA) T W AEIE st ihgAdel A7) wiFe] o
2 %:L*"*} AAH AINPES FEY 4 drh weld SUFAAZ} FIFE0Y ofd
Fel Ay B4 EUAE FgslerE dotirlflsl FH4t 4goll 0.1M2] CdClz, CuClag§)
& 100m1%] H71ste] 24A] 5t FHIYT| o WA F sHEEG A F Clo] H&
2] & wi7tA] FR+E MYsialch. et FHEAZF 0.1IN NaOH 8¢ 200mlof -&3H3HF
" W-Visible SpevtrophotometorZ FFEE ZFHA3lHW vl 2 A= <Fig. 3-199 Pt} #
o3 doolA ety oo ZA4E FF=EI FUstden FHARECHs Cde} CusitA]
o] FHFEIE WA Uetydth ol F%0lE 53] 4T W&l FUAE FYHLEN £
21gE7ret BAlE Zhaof whel Fujatel wiste] FFEL WAdo] et Zos QY

T}

r)'

A 4d FHALH FE23E 2 I AFAYL

r-[u:

Al 1% PCP =, #FE FFAPERAL



Pentachlorophenol (purity, 99%)& Wako chemical Co. oA TQI3}e] Apg3idom 7]E} '
JF 4 guie §F Y HPLCES o] &3talth
AHEH F2e] 2F 9 o] £¥ pde ofefe <Table 3-9>9f Zrh.

<Table 3-9> Used fungi.

Fungi name Label
Ganoderma Iucidum (FRI 20435) ‘ G5
Ganoderma lucidum (FRI 20432) G2
Coriolus versicolor Co
Pleurotus ostreatus PL
Phanerochaete crysosporium’ PH
Daldelia concentrica (FRI 20321) DA
FRI 20621 ’ IN

WA 7%2] F-3L PDA(potato dextrose agar)ulx|ofix 77t wjoFH F TIA| complex
medium(YMPG)E AR 797 wjk& ¥ F 25Col A AMGA7IA] BB|YTH WPG wix]e] =
Bq& 128 FR+Y otejet Arh
glucose 10g, malt extract 10g, Bacto-Peptone(Difco) 2g, east extract 2g, asparagine
1g, KH:POs 1g, MgS04.7H:0 1g, thiamine Img, Bacto-Agar (Difco) 20g.

YMPG HiX]E HE] A& 4m HE] plug 2% malt agar WiA|Aol] ThA] HFsle] dFd
et AYFE FA7F @A) petridishE W& ZEE AAY Fol ARG¥T] PCPo] Tt
729 FF AYPY U sensitivityd AW §13te] AHSH PCPE 4, 8, 20, 40mMe]
stock solution® DMF (N,N-dimethyl formamide)oﬂ\%}ﬁﬂiJiﬁ AMgsion, o|u] ALME¥ DMF

1.2 r
1 -
0.8 |-

0.6

Absorbance

0.4 r

0.2 +

0
150 250 350 450 550 650 750

Wavelength(nm)

<Fig.3-19> UV-visible spectra of humic acid and metal complexes.
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e} 5o th¥ AA}(inhibitory effect) HEE Wil on %z s=o] AMEEHE
DMFe] 2 LASIA 1ntE AREBIYT) . AAZ viA]o] 28X Sule] PCPEEE 2% malt
agar 9% 50, 100, 250, 500 ol aNEBle} 2kzt 50, 100, 250, 500ppnoE AMGHC).
DMFo]l £3¥ Z}z}e] Hxe] PCP ImlE filter steriiized A2l autoclavedt 2% malt -
© agar WiRlo Y Frisle] F2oM WBHAIL F 2% malt agarvfx]o A gt 4mmd] plugS
HAEYch 1493 30C9] incubatoroll A S sHHA mid wid FASH=s mycelium®] A
BAolg &3] 7t F59 PCPol| oYt AP W sensitivityE FA3tolch

A AAYLR FESIA oJeliobolA o] &E $H RIIGLHYEES BFIAY %
B2 A3t ol HA AFollA AMgo] FAIFAL Qlrh. E Ao AMEEHAW R
HAIRES] At AHert gl 3o BEUULLE vfFHI Qi 2 FoME &
A RIIEANNES Fgo] Aela wegoln nlgEe] At Eav} o3 dRiY B
A2 HAF9S, JARE AZ7RA] e #BR FAE A& Ao dALt. HY
Y FEE YAV AV A4 ANBET ST FUN: Aoz ¢8A 5A4Y
Y47} aromatic ringoll X|ZE Pentachlorophenol (o] PCPE} BW¥)-& Sido] o} 73yt
Ao HaErh PCPE 19360l A& HUHLE 477 € olF HgS H|RY Ay
Aol A A, AA, A43A, YFA Fo2 WAHIAL vhdsiA ol 4=t eyt
PR FrlolME A7k DHEe] FY ulBo] WEAL AT BASMAM HIoE AL
o] &E IR e FHoltt. o]y PCPE HEIEE SHLE Qlslo A Q) "ol o
= A2 BF 2iE FF oA U&= AFelth

"ah7t=] PCPE] 3] WFIEL wele|olE o]&3te] WHSSA dE e Yo TS
dojlal EAIT AZ=Ele], Zelol= lignin peroxidase, manganese peroxidase 2]
extracellular &3} A|2¥E 7IA e gy F3FY YAaEEG) 23 R &
2] Fajo] i B izt FFE o] olfol A Ast BusA AYE 2 Qi) o
HU 2 o] &Hox|a Q= FFL glad 2EYHo] Hojyt Ao = ola R Phanerochaete
chrysosporium 3 Xo|t},  Phanerochaete chrysosporium PCPolg]e]  ofa&E-Fe
trichlorophenol, dichloro dibenzo-dioxin 52 719438 w3t Eiso] oyt
Aoz M3 HArh FAMINSZORL peroxidaser} Fujsls Absigrelast uhkg,
quinone WS, mEd So] 4#=A glrl. 8L} nonligninolytic RAAE ¥1-go]
AYYEE |5} ThE Wgel VAR AUS AT gk, |

2 d7olde 7129 gad %o FHojd Zeg BIH 75 FRE olg3le] ¢
=81/d ¢l PCPo] cthyt 3 HF3t] B A A AL ] FEF o AlgolA] tigkew
ol§ E& WEHI & FUIHEAHTE AT BAH AL AAAI A} gl o} F)
oM AN B HAY B FAE olST FAY Bol ol8FHI gl AFo} of
= A2 ¥ WIE W Age] AP uE W o] YRIEE HBH AN njPEo|
A% I G4LEYEL] Al Ug At &8o] AFE HAAojct,
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1. PCP =¥ #5329 A3

PCPol ThEt F3e) A8y Bl sensitivity® 2Fs] fistel 4 FFY, EE PCPY B
EWE % palt agar AbolA 14917t wjobet Ah= ofele] 23} Y} WA PCPE S8A
1= DMFo] tiste] @3B AA S| E (growth inhibitory effect)& RANY A3} IMF& 7%
o) 7 Zol 19 FEe| =3 YPANE Holk FRE oy} ANHoT Ay o

< 1d F=9 Ha= givka

3k AMESHE 2% malt agaridol Ao X3 JAL=E HUI4Iste] 25, 28, 30, 34T
THY A3} 30TolM o] FII Ao wtiEo] AF MYPAY wjY2EE

A A A8toiTt

Hyphal extension rate® 147} wjokshel
A 2R PP w2 TR AYE o
sensitivitys 5o uwgl AEg AolE
Boct  ofgle] <Fig.3-20>, <Fig.3-2D),
<Fig.3-22>, <Fig.3-23>& 2} 2 50, 100,
250, 500 ppme] PCPE 3JI§-3la Q= 2%
malt agarAfolAe] 722 FF& AFE B
o3 3lct

50 ppme] BEolAM 7F28 #FF PHIL A
o wlE mycelium BAS Rglon, INS 14
do] Atz ABHA plated] IHE W=
AR =] Esiolch. #Hae] XS
Holl= PHE wi} 2¢Alo] i 4.3cm2] A
BEE wE YA Holw 3¢9 B Y

Fig.3-21 Comparison of hyphal extension
growth of various fungi on 2% malt agar
medium containing 100ppm of PCP (ug of
PCP per g of malt agar)during 1l4days
incubation

uetE]o] PCPe} §17] 71N AH& HASIGT =

SollA

30Ce]

Hyphal Tength(cm)

012345678 8WNHBM
Théubatio Hays.

Fig,3-20. Comparison of hyphal extension
growth of various fungi on 2% malt agar
medium containing 50ppm of PCP (ug of
PCP per g of malt agar)during l4days
incubation

Fig.3-22. Comparison of hyphal extension
growth of various fungi on 2% malt agar
medium containing 250ppm of PCP (ug of
PCP per g of malt agar)during l4days
incubation
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71 Zkoll H i3 H ol Eesto] 50ppme] PCPE M 7HSHA] 92 controlzh wlaste] A2l {4}
3 A& Bojr H71E 50ppn w52 PCPE FAM] Aol s AE A 4SS Ko
th DA, 00, G5= ZuidF ol EWsl7|7tA] 7dolA 9d H=E 4H]Ste] 47k A&
Wi glem, G2, IN, PL 52 W8] 4] Asjde Hovh Wt LZ 50pm P =2
PCPEEdX e BE 2l2d Eaidte] & 33ste] 43S Hdrh

100ppn?]| FEOAE 50ppmA E PHE ©7] 2ol HjPHFE o FHom, G5 A Aelx

Fig.3-23. Comparison of hyphal

extension growth of various fungi on Fig.3-24. Hyphal extension growth of GS
2% malt agar medium containing 500ppm on 2% malt agar medium containging
of PCP (ug of PCP per g of malt various concentration of PCP during
agar )during l4days incubation ‘ l4days incubation(unit: ppm)

Fig,3-25. Hyphal extension growth of G2 Fig. 3-26. Hyphal extension growth of PH
on 2% malt agar medium containging on 2% malt agar medium containging
various concentration of PCP during  various concentration of PCP during
14days incubation(unit: ppm) 14days incubation(unit: ppm)
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Fig.3-27. Hyphal extension growth of PL Fig 3-28. Hyphal extension growth of CO
on 2% malt agar medium containging on 2% malt agar medium containginé
various concentration of PCP during various concentration of PCP during
14days incubation(unit: ppm) 14days incubation(unit: ppm)

ole-& Helth Hol¥ M DA} 100ppmol M= 50ppmat npd7EA]| 2 7Rte] HTi Aol
Eeghg Hoj whe] PCPY A28 HAo] &3k ZAAYE Bo.out 250ppn3t 500ppmoll A &=
s 2epr] otA] 250ppm o] A EoME Aol A= A= Yk 250ppm
oA E A& ALGste F7t 45F vtol =R ke, 62, 658 DA A BFE &
o|=] ¢igirt. 2 ERZ 250ppme PH, €O, IN& A% c}E ol thsllA= maximum point
of PCP toxicity® ojARLom, 500ppmol At PHEE ING A% E} FFE A3 A7 7
o] E Rolz| ¢gith. A3 PHE IsEoME 71 wiEA A ciFe 5-7dxte] =6
&to] PCPoll tiyt A ¥tejo] ¥lojdt Aoz uis i)

2. &FE PP sEo oy A3y

5 27t PePsEol tigt I3 YA W sensitivityl: w2ol whel A 4%
A E2E Byt olelel <Fig.3-24>, <Fig.3-25, <Fig.3-26>, <Fig.3-27), <Fig.3-28,
(Fig.3-29>, <Fig. 3-40>0l Bt AzjolA A PHE A A FFE pepe] Aslol o3
of BAASNENE Wi glon FF9 Fdo wel FH-g3le F=o Aol HArt

Ganoderma %-¢l 629} G5+= 5004 100ppm7tX]i= g A4S Ro|Ll 250ppm ©]/Foll Al
£ A% AAE Holx ¢gkon, PLE control®] MARA 7} =gom M3 PCPY #7F
of A&t BEHS BoJL} 500ppmo] gAML E Hglth DAY 50, 100ppmoiirE A3 B3
A AIE UEhA] s AAYE o AZ oY 250ppn FEE A AL A B A
d FAG 1= FFE PHY INOEA o]n] PCP Eajgo] Flojyt 2o &dA tlE PHE
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Fig,3-29. Hyphal extension growth of DA Fig.3-30. Hyphal extension growth of IN
on 2% malt agar medium containging on 2% malt agar medium containging
various concentration of PCP during various concentration of PCP during
14days incubation{unit: ppm) 14days incubation(unit: ppm)

RE FRolM APANELE Aol A W3 A Aston INE A7} FrojA 27 29
7I2 = AL Holx] ¢TIzt MAls] PCPAHsloll tiyt -go] ol o] AJRE
fvizt Ak Belvh. 53] IN 500ppm FEoA 2 AL WA 14} metabolisma} 2
A} metabolismg AX|E Egol A% RYME Lo UolelE AdAE BELE A
WatA et A H-Eshe yelE ok Ad PP HUlel d¥E UA 4 A=
E&E Hol: PHZF HI7HH PCPE AAF LR PYHALEE wiE2A Eijste Ao oigt A
Hol 275 0] A5te] AEE st4ct

7}. PCP metabolism

gAujx]efMe] PCP B2
o3 e 45§ FFd
A okl wiAlof PCPRE H7iE
control3} H]ASPHA wjd 4
HE ZAY A3 otefe I
3} Zrh <Fig.3-3DojAE A
B (40 uM)ol M, <Fig.3-32>
A E(100 M) X 8] PHY +#

g 27 R Qrt &
78] O®lefAl R u}e} o] Fig. 3-3l. PCP removal rate depending on incubation
N . days by using phanerochaete e, (used PCP concentration
- [-) G o) =)
PHE PCPe] H7HF 1d7ye in culture was 40m)

remaining PCP{
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metabol ismo] AdE]o} 30-40%
7} 2716 g & B
At} zEu 2718 Eae
B34 2] 2z 29|
myceliumel] 2J¥t FHXo] A
3] TolY AT AAA EA
Aol AEL e Az 6-10%
AEE myceliumo] 23 EE
3 FHow oA U
U Ao 30%= Z7|Es]E of Fig.3-32. PCP removal rate depending on incubation

- . days by using phanerochaete e. (used PCP
= =3 M)
AA @F7t 2710 BB concentration in culture was 100uM)
2] metabolismo] dojWS <

4 gl AsEolAE 15¢0] AUHEARE 219 Atolo] HHR PCP7L HASHA E3H
& Rt 5% 4 evaporatord B3I HFA F ThA] HPLCE ol83tel EHHE
PCPe] £zl g4tk ol9} WriZ controld MiFUFEE kel Aol oL} 87-97%
7t BEsaL A& ety

AEE(100 uM)oME Aezet FARE A% Uehiy 21de] Zaistole &daA &
sl o|x|A] koLt 9 o Foli Aol npAAE HIHH PCPY 90% oge] &3l
H &S Rlch

Temaining PEP(

U, AF32) Pcpe] iyt H5id

glad Ea)Ze) PCPoj tigt Eile& ASSL
7] $|5}o} shallow stationary phase ®jjuj=]
10mL& IOOmL.‘l] erlenmeyer FalA I YL & .
#3E AHEsl 30ToAN  vi¥E  rh
shallow stationary phase NAW|xje] XA
olef} Zrtr}l. 1L JFF4Y sglucose 10g,
thiamine HCl 1mg, ammonium tartrate 221lmg,
KH,PO; 1g, MgS04.7H:0 0.5, Ca(HPOs)z 1g,
mineral éolution 10nLe]dTt.  wiz]e] pHE
2. 3-dimethylsuccinic acid buffer(1.46g/L)o] ' Jekni
oJste] 4,58 ZAELoW, 27U wgEHE=
Zot mjgFelAaE 99% ¢ At4Z 3¢nt
t} reflushA]Zch wiek 7dmjo] 8, 20mMe] Fig 3-33. PCP biodegradation by PH,
stock solution® @HE 504%9] PCPE Faja C0, and IN depending on incubation

days (PCP concentration in the culture
3o Arystel Zzt 40, 100puME HFBEE yas 100uM)

| Tl ICNOC

E
=
¥
=
3
E
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zAFstgcl 1, 3, 9, 15, 21, 27¢o] At Fol Zzte] s8] FekiIFo] n-Hexane
20nLE Y2F 587 1003 B=E EETHE, Buchner funnel& o] &3t F&ETF RIIE
%L pipetted o[&3lo} EH4314ir}. waterES ClA] ethylacetate 10ml + n-Hexane 10mL
o] EFLUE H/R F AQFES T F oA et Zo] RI1ESE Aol A A A2
T}-& Beckman GS-15RojA] 5000rpm e & 557t {AlE2|3F & ArS oS 0.22 #m microfilter
& o]gsle] o3& ¥rl od3}e)e FF Shim-pack CLC-0DS(0.15m x 6.0§)E g

Shimadzu SPD-10A HPLCOJ| 4| A3} eluantt= 0. 05% phosphoric
acid-acetonitrile(25:75)& o|&3lelen] 210nm &} 218nm dual lampollr PCPE &3}y -
t}.

Nitrogen limited wix|ofA x}gt 3%-F-2] FFof uiste] ujdds W A]7HE PCP Y TCG
of thyt Eelg2 z}7} ofel o} <Fig.3-33> W <Fig.3-35>3} Tl
AR Zhzhe] @FU} Ao BAEY/EE Urhls wldF 5duiA] 6do] Aup(Fetaa
o] gz AHE FAZF 9 9l AEl) PCPE HIMA R o wigdEE PP E3l Y
& F4stgch 4 F7EIA| UEehd ZAAY PHE PCP 7tz AsolA 2] FAMY
S Holda 3ol B3y Relvh HA wgidsfo] 2HE3H= PCPY H| &L 1453 =
2 paFgon, 7dRjole 1B 2] ofF nn|it ogite] A&t C0x #3|o] 4T
3] S35l 7dAjolE Bk 10sF =R AT} ol XIES|o] HA Y &l
of Fwyt d¥YZ nxn 1 FE A 37} oIS vepdrh. et INS 2719
&7 A 3UA7IA] 40%2] &2 AEFS Yoy 21dAoles E3l&0] 10x0]u)
of Fstdch o] Azke FEIet YAsHs AXAZHN FFY PCPo Tl &3l PCPY
7Y ol AE wf FAk] whE Fgd U Y ANV Fo¥ oAU oui¥ch EHE
o dE AXE, INY C0t Hr}l 2 552(2100 2M)8} PCPE X33l JAMA|o- = o
Ag ] AB|E ol ol Hae] Alzto] HF o|HAA] Qigrem, ERE Fal] ARl o]
HAA oL elol A PCPE HIIEE wiol= A a7l olHAA] dglkeh ol X714
A} A 571 PP E3E JHedtAl & Uiehdth
3, zZpzhe] FFo] FAMFo| o] @it 5YU W] 6 Fol glass wool& ©]-&3}ed
FAHE @3 AAY T T AA FA I PePel] thR B ARG Azt wjgF
1oL} 21do] A3t E3Y-2 10% nghE B]Ich ol o] HR3 FAYHA
(LiP, MnP, Laccase)ol] 2]¥t PCPO] &3l nmn|E& Holm, thil dAujelMe] &3l 71s
4& dujgt). ol& #lslod: 27e] LigninaseA| 3} FAledol 2§ PCPe] Eile&
Ak Aol Wasicha A2yt

t}. PCP o] ABEE3] mechanism

2 dFodME FTELA PCPrt HRE wiAlel L] Aol ST IFFol rhste] o
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AR ol A 2] PcPRe|E I Ealub-gr| 2t AR, BT Fd 3dFo ¥ e f
71943158 4,5,6-Trichloroguaiacol (TCG) ol vh3te] {3i8)g A stddrt. §3] 2=3
Fo e Euggols WA E T6HS R71943UES thd w&sta gleng oY
nAEEs A 2lo] g sdE el $18le] ould Y] BAR st

Pentachlorophenol (PCP, purity, 99% )2 Wako Chemical Co. ol| A}
4,5, 6-Trichloroguaiacol (TCG)-& Cambridge Isotope LaboratoriesolA F¢Jdle] Al&3}49l
Tl FZRIAMM  AEE  FFF RIIGLHUEAdAML  FAEFHe St
_ Phanerochaete chrysosporium(PH), Coriolus versicolor(C0), INC 206213(IN) 3%R/& A'¢

sol ol-aict. | ‘

AR 3% FFE T WAL F7HAFIY] $i5te] PDANIR|OA wiGH F TIA] YMPG
W2 AR 2 EA|Z) A shallow stationary phase Hu]=x] 10nLE F-F-3 100mLe]
wjFetAao] HAFste] 30CoA vl Frh 74T MFHE F¢ S FelEIE 99%
+28] AR Y reflushAl Tt FAR] Aol Haze] Wyt wied 7ol 20mMe] PCP
2} TCG stock solution®. 22E 50u%& FatAo] Fste] 2zt vix|uie] §-7] 4433
B2 22 & 100 2ME 2Asl4ct pCPE 1, 3, 7, 13, 214, 6= 1, 3, 7, 24X 7to] A
A3t Fof ztzke] wjFFetA ol n-Hexane 200LE Y2F 5E 1003 F=E FETCHE,
Buchner funnel-& o]-§d}o] F&IF /7|85 pipetted o|-§3lo] H<3Hrh water
2.2 T}A] ethylacetate 10mL + n-Hexane 10mL2] E3-guiE HI7IY ¥ AF&L T F ¢
oot Zo] #714mES Yol A3 A3} S vy Beckman GS-15RUAHE 2704
5000rpmS. 2 5837 HAEe T F ASdE 0.22un nicrofilter§ o]&3te zE rh
oy 7}ele 2% Shim-pack CLC-0DS(0.15m x 6.0 ¢ )& AH2%t Shimadzu SPD-10A HPLCOJA +
A8t} HPLC eluant:= 0,05% phosphoric acid-acetonitrile(25:75)& ©|-4-3%2n 210nm
&} 218nm dual lampo A PCP&} TCGE A&3}gich

ol 2% PCP E3]A)8] BHAES 2] $15te] FEHAE WIUEE 55 AA
-20Cco)d BRESYT FEALS HFHOE YAIIAR bubblingE AFIHA 10042 55
. H -‘F— N, 0-bis(trimethylsilyl)trifluoroacetamide @ =X 3} A|ZIF 60ColA 147 ¥k-§
AlZ) T} JEOL JMS-DX303 HF GC-MS {Shimadzu HiCap-CBP1-M25-025 column, o] 25m, -‘1:—?'“
0.25/m, 47 0.25mn)E o]-§3te] EAstgcth

Exgaju]d8E o8 PP Eile 919 d7AxE iR sy Ao HE
& Ud 4 olon, 53] bacteriad 0|48 PCPY {3l AsZolMT 7Hedlrta HilH
odxigt BAEs)dol gsiae Lol PCPe EaiA g7t JHsdte] AA A&l 3o
S A gEE HE JHALL ol BAREFFol &3t HulEE LiP, MnP, 2|3 Laccase?| -
FANL L o] AT AT HaPrh e} oY TAAEL 0122 T} o]
Sz E3l7t olf AL wiAY 4 gich

PCPE H7IT vl E MYLFEE F&, Il C-MSE o83l BN H}, o}
<Table 1-7>3} Z+& PCPE HE Q] E33RES 9& 4 dich wYdsdR Zasigte
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/
/-4 UAEFolE E xjolJ} QlorRz Eajirgo]l FAld wEA AP Ao PA=EL}
AdA 331Ee 43 HIE mechanisng FE3] & 4 vl Hrl HHIF mechanism®]
pathway = 47—}«] 333 Eof izt 2o E3lAEE AMEE Aje] e

M= PCPE A 7MEhA] 1 gﬂﬂa@t%]%%ﬂhﬂPvﬂﬂéﬁPmmmMmmmmw]
o}, OP'WW}{%}ﬁmQMMHW‘_%ﬂq.ﬂﬂgiﬂ‘ﬂﬁﬁmﬁMbhmM]Jﬂ
BHEL o] €H 3730l A Wol WAE YT, Pentachloroanisole PCPRT} H2do]
2eks] A ERE o] AARLZE PCPY detoxification?] ke A& 4 Ut} F HAl
2 yo] njgdelA UARE  HPYEL PCPY dechlorination®} hydroxylationo] &%t
Tetrahlorophenol 3} Tetrachlorohydroquinoneol gt} ¥ 3EZRHE FEIE 4+ e
PCP2] 3] mechanism radicale] 2]t Az} olFol o3le] IH e 41 A9
dechlorinationo] WA WAFE)| D 11 ol hydroxyl groupd] A7pEIgo] oIS & <+ 4
t}. I3, Tetrachlorophenol® PCP&} nupxt7lx]E2 4A  methylationo] ]38}
Tetrachloroanisole® W#E g o1}, oAt 21y Trichlorophenole]L} dichlorophenol®] #}
FHEo WAER] ¢tatrh, o]i= Tetrachlorophenol 25-8 dichlorophenol 7}#| 2] g2 uf-$-
WF‘*+§deMmﬁwm]ﬂ%ﬂﬁlM&mmawiﬁL'%dﬂﬂeﬁﬂ}%ﬂ%ﬂ,

H, ExE3)ol %t PP E3fof gloiA FaitEol Lo tigke] AYAkE WA

9]—‘&"4] o]8] 2EE= (8o]A CI87IAE t}okdln & Tetradecanoic acid, Hexadecanoic
acid, 18]3 Octadeceno-l-enoic 5&] 3}gtEo| wWAFc]. o] Fo tirlx] Hu|xE= A
22 ALREH PCPY E3fAlof] ofE AYL sH=x|of tisir= ofF] HESIA dajAA] 4
grom, x|wpatzt PCP2] AP HQ) W 28d 4 glch

(Table 3-20> TMS-Silylated Metabolites during PCP biodegradation by wood rotting

fungi, IN, CO, and PH(bp = base peak; mp = molecular peak)

75, 130, 165, 167, 214, 237(bp), 263, 265,
267, 278(mp), 280, 282

83, 119, 175, 212, 239, 260, 299(bp), 375,
377, 379, 390(mp), 392, 394

83, 93, 125(bp), 165, 195, 239, 254, 287,
289(bp), 291, 302(mp), 304, 306

73, 93, 129(bp), 185, 252, 287, 289, 291,
302(mp), 304, 306

75, 131, 168, 201, 203, 229, 231, 244(mp),

Pentachloroanisole C7H30C15

Tetrachlorohydroquinone C6H202C14

2, 3,5, 6-Tetrachlorophenol C6HOC14

2,4,5, 6-Tetrachlorophenol C6HOC14

Tetrachloroanisole C6H40C14
246(bp), 248
1-Chloro-2-methyl-3, 4, 5- 71(bp), 97, 111, 125, 215, 269, 289,
C10H1304C1
methoxyphenol 304(mp), 306

2-methyl benzoic acid C8H802 85, 91, 119(bp), 149, 193, 208(mp)
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Fig.3-34. TCG biodegradation by PH, CO, and IN depending on incubation hours
2h. Aol 23 TCGoll thgh #3iY

FAF BASA AR T 3772 TCCo) ThE Hajake PPet Wl whalztel olH B
th 28 2004 cogl B AR wlPF 24A ool Y T6F mente] BERAE W
E3)7h AR 0 147 olujol HIHH 062 90% o] e HalAlom, 1 o] Ha)
&L 279 waste] AuiHos waA ushtoul, dal Auimd o] golde
0.5ppm oJLiS] mlmgt epmlo] Wolth ING 27| 50%e] El GOl 24417 Fol 90%E,
PHE 27] 700l 80% 8 EE TCGE EsjAlZiTh PP el APA9} mpusix 2 2147t
2 e AU 3EF EE 79 Folk FelaIoA 16 RIS ¥ 4 Aden,
HPLCOl M E olgl 712] peaks} UER ThE EajatEE Wad Ao Almdrl g, 7
o o[¥e| HPLCOJM O] peake] ‘
1} o¥ol #m A Ueht 2
sitiale] EAHEQ COL} HO
2] SATIAT} o]HA Row
A 4 gr,

TcGe] Eafol Qlola ol
gazhye Ealge & o A
3] oy glstel FALE
AAG izt Abelo] 2 TCG
2 Avsted wjey Aze
{Fig.1-50>2} gt} coo) A

L

© <Fig.3-36>2t Zol ARl pi. 335 TCG biodegradation by the filtrates fo OO,
Z2) f-5Fo) TAIge] A2l & IN, and PH depending on incubation hours

P

co ™ nt
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< Balggs Rgoeu, IN
2+ PHE ot FelolAM &
slgo] As Woldg R
Ach. B3 MY ASE T o
A7t EASE AEelds

glo¥24A] Zro o 80% oA 4 M F
o 2siee AU oA om
O AANVOILE 205 BE |
vtoll Eajg& RolAl ok 33533
t} o]y 3FFe TCGo o
ot sl PCPR] 9 Tdetindey. \
st ci2A AR WA o | o B

sl s gao slgy TET laristion of indest nine sy by e
RAog AR}

olg zAtEly]  9)3}ed

2t 32 ligninase ¥4
A7k FBIAL TGS gy
A F wjgrER ‘
WM 33l=  induction &I} .
oA S gaase we 10
= &A% Az W
{Fig.3-36>, <Fig.3-37>, o b
<Fig.3-38>2} 2o
Fig.3-36>9] 3FFE A b bl L Wk
Q TeGe] o] $4%t iy
coel WHE RE

= 270 Attt Laccase
Fig.3-37. Variation of induced ligninase activity by the
24971 7AW #aY

addition of TCG(50ul. of 20mM)to the culture medium of IN
TCGE Y& Kol 1A

ol ofF njn|¥t o g ZATIZE olF HA F7t FAE Hol UAL Fol= Yy
49718 AT 28U Boldt M2 UvlE Lignin Peroxidase(LiP)L} Manganese
Peroxidase(MnP)¥= A3 #/do] Uehlx| Qsith EZ <Fig.3-37>, <Fig.3-38>0A IN9|
B9 dal 2t Laccased] ¥ U/IE B2 TC6E AUbstdAlE A3 uehiA] o
om, oAl AR TCGE3NO] QoA ofF W2 E3&E& R4 PH: Laccased] tj¥t
sk A3 glon, il LiPu MaP7} TC6E A 7IRE 1A MR8 JElkttizt Exp 2
A3%He A% Boch oY AXFHE TG w3l Laccased] {7 W ofzp 21dE 4

i

000
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LiPL} MnP&}E Aol ome
Qe ez FEEHA uw
=3 0000
w5, 2709 wE £ dum
3% Laccase?] H4  um |
3 584 TCGE] o |
polymerizationof]  &J¥F  amee.
B0l ohd7t AtmEim
HPLCA}oll 4] broad¥t

peak (retention time = Fig.3-38. Variation of induced ligninase activity by the
addition of TCG(50uL of 20mM)to the culture medium of PH

Al Tnd S8k

25min. /30min.  run)$]
Zae olE ZwWyrh sy #18 PP Esiield UrhtREe]l Trichlophenolo]L}
Dichlorophenol & ¥FS-Ado] HlolL} ofzte] FA|2| a0 ExjolHE A Esfibge] A
Y 2 goBmE TGl e o8 ZasiAE Qe Zolth ol GC-MSE o]§3lel Eajat
2 WA EE 33l FEY o Folct

A5 A AgAde] GEEED AA NE

A1y Age L Py
1. Air 1ift reactor Atolx2] &4 A|¥ ,

T. versicolor @& AFeiolAl 4Q7t Ml ¥ FALE ZolA 3% alginater} ZUH A
vjor-g wiA)(FF4 1LY, Glucose 10g, Malt extract 10g, peptone 2g, yeast 2g,
asparagine 0.1g, KHPO; 2g, MgSOs+7HO 1g)o] Y3l homogenizer2 E¥rh EHY &
Tl oA wherg wixle] EURE ThE A Ao ol 2% Ashua oo HAAIEA
beadZ 2| Z3}o]ch

A 2% bead® A7 15m, Zo] 600mm & Lol FAstn B sl 2.5L8 T2
HA 24A7 A o2 A 8E At pH, BHMEE FAYsIAT

2. wiokel &%t W= o WA AY
T versicolor F& 6 Zqt ola] wjokA vhe AL FAE 3|3le] A AA L
sjol 77.7ulo] YAH @Y (£F4 1LY, Glucose 10g, MgSOs-7HzSOs 0.5g, KHPO4 0.47g,
NagHPOs H:0 0.48g, Ca(NO3)z 50mg, MnSOs 8.5mg, FeClsy 3.2mg, Zn(NO3)z 2.0mg CuSO4 2.5mg
Thiamin 0.05mg) 6.3nL8} ZFH4& A715te] 100nl7} H=5H )31 IN HCl $2299& AMS-
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34l pH 5.32% ZAstglch. 120TolA 2083 Ha¥ w3t WX 2]efo] E3E 50nLo]
AAFAE 0.5g& Wol 29CollA Fx| ujUstdA 24217 A 02 A RE EYrh AEE
0.45um nol AZWEIZ oizfste] wAl W phE Z3ch

A 2 8 dA7A}
1. WX yole] QM ALT} AY
7}, Air 1ift reactor AtolAle] &Y A|g

Al F7hgtel whel phe AAM3] F7lste] 2712 6,550 7dx|el: 8.432
2 Zustolnt. ey Y92 50% njRte @ A &3le] air lifto] &J§ YHMAA A}:
uj o] sk,

Table 3-11. pH and color removal rate of El effluent treated with T. versicolor in

air lift reactor depending on treatment days

pH B8 (%)
¥y 9,32 CU= 3035
1 day 6.55 1959 35,45
2 days 6.99 1673 44,88
4 days 8.17 1619 46. 66
5 days 8.30 1619 46,66
6 days 8.35 1653 45, 54
7 days 8.43 1728 43,06

b o ufokol] o3 H s w@A] AJYE

T& A gstaA HYE AERE wlole Aeldsrt F71%o] whet air 1ift
W3t 2] phe] ZAE oprjAlZlch el Y& 4dRo] 75%E Koy EF Wyt nlas
o HA 4% AE dlrh

Table 3-12. pH and color removal rate of El effluent treated with T versicolor

depending on incubation days

pH cu HA (%)
q 9.32 2095
1 day 5.72 788 62. 39
2 days 5.02 686 67.26
3 days 4.65 551 73.70
4 days 4,74 512 75.56
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A6 d AAFNAY S T 54
A 18 22 9y

1. 21RA 28] stirred reactord X 8] 24 F3 54
7} AtglEA A A% 34 FXo] Y FH 524
AREAA 0,58 ARt o7 27] HEY IS £ 200mee] FHA F (L=
25C, pH : Cr 7.3, Cu 3.5, Cd 2.5, Zn 3.5) o4} =& ICPE FFsta AbglFAde)
8] F2H e AN F FHLY g g ARPYrL TS £ FYEV, AEY
FapAle] g M, 27BSEE Ci, uAY F=F Cf e shd g(wg/g)=VX(Ci-Cf )/(1000X
M)oll &3] Azt F g} CfE plot¥Th

U aslEAAe sFgd Jdd 35 3 54
Zod QAardE A2 g AFIEAAL 50TolA 72417 ARAIZ F Willey milloj
A Baystein), 2% AIEA AL 40~60meshx]E A4 polyethylene*o] @i UE
Rustct.
c?®, ¥, cd®, or¥e] 234 o] &L Kanto Chemical Co,oflA AHZE 1000ppme] {42}
FY Bag Aorg ARgsielch. $2<4 HHL Varian AR ICP - AES (Inductively
coupled plasma - Atomic emission spectrophotometer)-Liberty seriesl[ & AMg-3t3lom Al

§27& ofel He} o] HEsYrt

Table 3-13. Condition of ICP

- Wave length[nm] : Cr-267.716, Zn-213.856, Cu-327.396, Cd-228.802
- Integration time : 1,00 s

- Power [kw] @ 1.00

+ Viewing Height : 10

« PMT voltage [V] : 650

+ Plasma flow [L/min] : 15.0

» Auxiliary flow [L/min] : 1.50

xIPg AR U] RAEE 471R] FFE] Hol ALFH YT

th aebde] utE F34 FH 54
Stirred reactorol A A FEA o] AT FF& AAES TSI FI3A ARFAR
1g& 100mee] 2% 10ppne] Cr, Zn, Cu, Cr Z-ofo] Wi &% 30C, WA 608, I
W4T 120rpnl 2 WSAIATE AR, 4RI, FE% wRel WE FIFG AARE
& 2% 30C, AHUEGE 120rpne] 208 WEAF|HA ZAlslgiTh



2. Packed-bed column o2} AlgEA Ao 2%t 234 A &AM
Packed-bed columno] AFgliLalal 3g& packingdt columno]| Z7|%% 10pmme] 224
Cu, Zn, Cr, Cd& 22z} S8 2ml/ming E2)WA column F&H4E mAMAGE Ro} 24z}

9] 234 L2 E P2 &Fstyr].

Azg Aran
I AP stirred reactorol 8] FF4 ¥ B4
AU AT FEE FHo| VY FY A

&R FF&o] whel Ho) FHE Gl AlelE HoJut Langmuir typed] FAHT24HE

HolZa gk driEgasde] AypAzelM cre Hof FAHEYS 26mg/g, In
20mg/g, Cut 4lmg/g, CdE 8mg/gs HoiF3 olr), AEFAde F-9- Cdo] B9& ofF
S FH5YEE /R AUSS BYFT gl Cry F¢ AsRodAE W X 548
AT Qo) st Sakztel wleh WX FH HAol AxE AE HoRATh AR
A B¢ FyRis $235Y FHof FAEol wA Urhta glen} vt} ghat 4
¥ Erh= SA Liebskc
530, 3P
iH] Q
Rl 590 .
g5 // g15 \—.//
210 [~ 210
55 Bl
(% 0 4 L " ’ s ‘% n L A L I L
0 100 200 300 400 50 60 0 10 20 30 40 80 6D
Final Concentration(mg/L) Final Concentration(my/L)
Fig.3-39. Adsorption isotherm of Fig.3-40. Adsorption isotherm of
chromium ion by humic substances ) zinc ion by humic substances
EES é’m
o 40 =3 = g e
g £
S e - Vel
.920 © 4
510 52
0 1 20 0 40 &0 60 0 100 200 30 40 50 61
Final Concentration(mg/L) Final Concentration{mg/L}
Fig.3-41. Adsorption  isotherm  of Fig.3-42. Adsorption isotherm of cadmium
copper ion by humic substances ion by humic substances
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U, AEAde] Ao 4l 334 ¥ 54

Qad, Z1%oid AR e A% FF% ]71 < it 71 weH, ThelR
Zn, Cd, Cr o2 ALl &£ Uettrh Cug] Z¢ 71Fid, dgdel BAol 90%]
3o &2 FEEE Bol F4rh J1Fupd *}‘“el*‘?—*"élﬁ«l F3EFE AASES AR ]
A ode] AtgRAlge] U ER, 8, WA APRAAYRC} FFE AAE] 2~15%
A% A Uehiz oth. E& @4hE ARRAaze] Aol FEFHolu THULL} ¥
g4go) A Liehuth AtalEAlAe] &3 Cref AAZLE W0~5P =] W AA A
& RojZgirh gahd Z1FiE AAREE SoidFA gy AP A A LEhtaL
glom HgfriolA okt £ Ao UElkTh

ng] AL 8owolitel AMAZEE HAFI glon B Ay TR A Al
A AN AR 23t @8 94tk Y B9 40~90% FEE ARRA
A AALS] xolst AeiA Uelkth ol BEsUciold HHT AFHAY B4
9owo) o] H& HA ALE Holn tiNE ¥sile] $2 AIHE Uehlch

ZyAoz B o dridel A3 AN o] FIE AA AV} AA vEhis

gtk ol Wrigeld MATL ANFAAL A BE P27} At FFE Fol /2
@ 28718 Wol AN 7l WEA o= AEHch

o
Jm

Table 3-14. Removal efficiency of heavy metals by various humic substance in a

stirred reactor

Removal efficiency (%)

Climate Zone Forest type

Cr Zn Cu Cd

Deceduous 37 95 96 91

Subtropical Coniferous 36 92 97 67
Mixed 34 90 94 76

Deceduous 28 85 95 65

North Temp Coni ferous 45 81 93 41
Mixed 35 81 92 57

Deceduous 29 92 94 89

Mid Temp. Coniferous 36 79 91 46

Mixed 50 46 92 81

Deceduous 40 90 96 80

South Temp, Coni ferous 52 77 90 44
Mixed 40 87 92 76

oh. W A7 R 2Eol B2 FR% FH 54

Int Cul SRl 90wolate] HE FXE RAAFI glom, cde] A& 108l el
A Hoiel F%ee Uthid weE 4548 ot Iy ore 27lde 334
AAge] W WA LRI glout Alztol Zzitel mheh A B7kstel sowolgel
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£g B2 gul, THE 2ol u]a) reactor AolH A AFAIT] WRTE o

5
g 120 \5120
g 100 ——— e e e = S | © L === a
54 ——
2 b o 8
° & o o —&—7n
s 60 r - o
" w0} / = | S 40 " :«:%
g m | +m q) 1 1 1
&’ 0 »——4.—*”?" ) o 0
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Fig, 3-43. Removal efficiency of heavy metal Fig.3-44. Removal efficiency of heavy metal

ions on reaction time by humic substance ions on temperature by humic substance

Zn, Cu, Cd& WSLEo] W FUE WA UI, Cre) F4W NVELES Z/ULS 33
& Aol 7ot AW HolFT itk B Cudl 7o) Z¢ HE WSLEolN Ui
of BAGOl vl B e FFE AASE Holn, Cdgl B W) ASUAHE WS

o

eh. =t A7ef wE FF% F% 54

AUEA Y YAl ME SRS AASLS H Y VA YE BelFIL U,
£0 BR45 ALAE £RY G276 A0 AHolE UShiA sich. doneshol1
W7ol A2 Kol Liehbxl eigtort 20~40neshe] YRR olAE B4 AALo]
o3 Mol A0E Hol YAVt o 2A HH B Ve A= AW,

o, FF4 sxo uE 25 53 54

A F2F45 s W] wtE F2% FF AAESS AHEA ) = AR
He FFoll HAglel 50ppm7tA] 90%0] ] &S FEEE HoFa rh ZIne] 79 20ppm
o]3te] FRoAE AR ALY FRo] BAGO] 90%olde] & FAEE HoF L gle
1}, 40ppme] ] FsEolME FA&o] HolFE R vl F3| dr) 5ol A
Y AP ENME Ins T} Eotdel ulel FAHA F&Eo] WAL AR gl
th wetd Ind] F9e A2l FFEAANE AYSA 4SS ¢ & dom, 20ppn A
T2 sxolM ARgdte] FAsiria s

Cd2] Z-9& 10ppn FEA &2 FHE&E BAFI 9loL} 20ppmo] ol 27} &

o3
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el Wt 3% FHEE AR
HolWg HolF: ik aEAdy | T |
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BRl We Fas EAE Adle  fwi o+ g
E‘—i%‘:l" %ﬁ!ﬁ %01 %)ﬂ -%—/Fig% % 60 : -8—7n
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Mo W FAES Mool oo g5, | )
W, 324 wEol ©E e Wy e om0 berono)

, N - Particle size(mesh)

= A o= FUE HAF U
o1} sxo wWE Wol: Itk AA

edatrt. . .
Fig. 3-45. Removal efficiency of heavy metal

ions on particle size by humic substance
2. Packed-bed columnofl ] Atl-F-2 o] 23t FF< A A &3}

Packed bedo] A= stirred reactoroflA] KT} $3<2 F3 A AL MM A LE]

Lhal it Zn, Cu, Cdo} &2 PP
Aol 100 AA EE&E RAFI | Ty BO
(3]
glem cre] A$LE  stirred | T & BZn
) o i = 0 OoCu
reactoro] B3] A|AZo] 30~40% S 4 E1Cd
= gA el glrt. g 2
<
£ 0 '
Wkg 27[¢) 20ml R$ Zn, Cud = 10 20 40 50
Z9e BE FAEdA 100%8] A Concentration({rg/1)
A &g Relza Atk el 7 ,
or oo Wi Ngaug AT Fig.3-46. Removal eff1c1f.ancy of heriwy metal ions
N on concentration by humic substances
BE AR AolN 98xe] AAL
& HoyF3 dojAd HEHU Cr 100
AAE AsAE ARy 4 (2P
Hol s Zesithe Ae o |0
L 80
9tk % 50
T p
Packed bed columnofjA] -8-&ekoj g 2
[
0e s34 gAsde 22 ay | € )
M colume] fEFl F ° -D T{; ™ ND NC NM MD Mf'i MM 5D 5€ -
7}§to] wig}l Zn, Cu, Cdo} ZH%e

A2l wWzlsl dojubx] ok 500mé Fig, 3-47. Removal efficiency of heavy metal ions by

o % ot = = o various humic substances in a packed bed
FEFANE =7t 2427 &2 colum [ Effluent volume : 20ml ]

7} breakthrough #Ato] UER}

Al ka1 gleh, et Crel Afe FrEFol Sl wiet FF4 AALL FA Ahdhe
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LSS Fy ot HdsvlolAe Ate] Zadel wet S5
3

Q&g HolFL glrt

A 73 HEIE EZY 53 Jle AY

A1y Az g Uy
1. BRAEs|Zo] 2|8} pentachlorophenol E3)
7]. )~] oF
PCP (CgHOCls; purity, 99%)% Wako Chemical Co, oA :,'~<,>=]zs}o=] A}g-519
™ Bacto-peptone T¢] FFufWE A|ef2 Difco FollA FY3dte] AHE-3taict

U BAZE 2 v
AREE F5 £RE dddFd nAEINNY RE JFE olE3ldon
P. chrysosporium (PH), T. versicolor (C0), I. cuticularis (IN) 3EF-& ’4%}6}

o] o]-&stairt.

th. PCPo] tigt F&f wizhF &AL

AL AAre] o st ujor 5~6dxjo] 20mM2] PCP stock solution®.
ERE 504 & FetaTo] Hutste] 24z wiA U] RIIH4AHYE w2 1004
M ZFstoch 1, 3, 7, 13, 21del ARt Fol ZtZY wjdFeliIe
n-Hexane 20m-8& ¥ T 587t 1003 AEE EE r}8, separator funnelS o]&
sl 238 ¥ R78uIBS TG ol8stel HAsALh vater:E ThA
ethylacetate 10mé2} n-Hexane 10mée] EH-LuiE H7T F 2F&E T F #o]
A8} Zo] f71-8ulE& dol A Az 42 thi 0.224m microfilterE o2}

gt

2}. Chromatography
o]} 2 Rotary evaporatord ©]-§sto] 10mE HFH o2 HFAHOE
AL7tAZ A3 bubblingg  AFIFA  100E  FA T FY2
N,0-bis(trimethylsilyl) trifluoroacetamide® B A|L1F 60TCHA 1A|3H
B8] 21 t}L JEOL JMS-DX303 HF GC-MS (Shimadzu HiCap—CBPl—M25—025 column, 2
o] 25m, 77 0.25/m, §7 0.25mm)E o] -&3te] A3t

2. BAEs Ao 23 trichloroguaiacol &3j
7t Alef
~ 4,5,6-Trichloroguaiacol  (TCG:  purity, 99%)= Cambridge Isotope
Laboratoriesoll Al ¢35t A}-&3}9ict
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(R LT
AP AN n|BEZIA HE FFQ P chrysosporium (PH), T
(C0), I. cuticularis (IN) 3%&] FFE o|L&sldrt. #AL AAES FIHAFII]
913te] PDARRR|ol A wiFEt F TRA] YMPG ¥RAZ &AA PIFAN A&
stationary phase J|wix] 10m¢E (pH 5.4) ¥8-3F 100mee] wjoFF-etA e HF
5tod 30CollA] wjekE& Fch

" versicolor

shallow

gt Z4AEA 9 st 5%

YMPG vx|olA] 2}8t 4mm 327]2) plugd A AA|Ft wix]¢Ql shallow stationary
cultureol] 4U]%] 571& YL xujorS #ch 5, 68 F FAI] A oflollA 4
2ko] FA| S A5t B FAo) ol &t induction AAE ZFF s}
7] 9lslels FAZE &S 5, 64T ol TCGE HIIR F B3ly ZHA o83t wj
ool W A 7T A8 E x2]3le] A 7S W/Vis spectrophotometer® &3
stodth. @A 7e] A4S veratryl aldehydel= g3 =9300 M'cm™, ABTSE ¢
14736000 M'en& F-g-stgich

3. BARsidol 2% monochlorophenol?] -3

dojei e n|WEESIA WE FFO D concentrica, C. versicolor, P.
ostreatus®] HA PrHE FIIAIF17] 915t ALAFE iRl wjetE Fich
Monochlorophenol A8 X8-S 3t 2% malt extract agar wi=](20g/1 &) Abel]
A 50, 100, 200ppmo] E|A Z}2te] monochlorophenol & d7tste] 14Uzt 30T A
moye shEA mid md s Fabe ARZAlE FHPs A I+ HF
monochlorophenolof thgt A &d& FAstdch A4 o7t §3 Y2 1062 B¢

o grt

A2y A7AH

1. BAEs|Ho] 2]3t pentachlorophenol E3j
7}. PCP 0] E&3l mechanism
PCPE HE7}3 WA & v USHEE &, 553}0] GO/MSE o83 AT A, o}
B ¥} 22 tAERIES ot MedsEE chalEES] YAESFolE & Aolit ¢l
ong Bijurgol Falo] wiEA ARPEHE Aoz Pz dF HYEY AU Wz

mechanisng &3] & 4 qr}.
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HA PCPE HIIRIA] 1dmie]l  Ald o]  EAske PP tiARIES
pentachlorcanisole(PCA)o] 1T}, PCAL PCPR.L} Hido] A3 st o] @3t e 3o
oJq W2 PoPY FEI NE 9 4 Aok

PCP ThAMME 3 F HzlE Yol AEE & 3YES PCPY Y4t} Ak}, 3, 4t
3lof] 2]3t tetrahlorophenol?} tetrachlorohydroquinoneo|ith. #]2] F HJEZHE FE
3] B 4 ol PCPY £3) mechanism radicalo] 23t AbElZ Az} o|Fof 23} para ¢
o g 39 i 4 ¥4 do] AT WA UAAHHAN quinoned FHI F
Hedo] &%t tetrachlorohydroquinoned]] =4t7]e] M7putgo] o|g2|= ZHog L]
tetrachlorophenol & PCP&} m}Z X2 A wEl#le] 2]3}o tetrachloroanisole® HEEF
gou}, oAatE 9w trichlorophenoloji} dichlorophenol 2] 33HE-& dAEIR] ¢alch o]
L. tetrachlorophenol 248 dichlorophenolZ}x]2] ¥t-2-2 pf-$ wlE &v 2 gl A3yl A
=0l intermediatesEME WAREA] vt Aok el WS {79 4L3REY
Z7V RS 4HEQl benzoic acid, salicylic acid 52 IEE Go/MS TICAH2] =7
retention timeojA] WA},

Table 3-15, TMS-silylated metabolites during pentachlorophenol biodegradation by wood
rot fungi, P. chrysosporium, T, versicolor, and I, cuticularis (bp = base

peak: mp = molecular peak),

Metabolites Formula Major mass peaks

Pentachloroanisole C7Hs0Cl5 75, 130, 165, 167, 214, 237(bp), 263, 265,

267, 278(mp), 280, 282
Tetrachlorohydroquinone CgH204C1 4 83, 119, 175, 212, 239, 260, 299(bp), 375,

377, 379, 390(mp), 392, 394

2,3,5,6-Tetrachlorophenol  CgHOCl4 83, 93, 125(bp), 165, 195, 239, 254, 287,
289(bp), 291, 302(mp), 304, 306
2,4,5, 6-Tetrachlorophenol  CgHOCl4 73, 93, 129(bp), 185, 252, 287, 289, 291,
302(mp), 304, 306
. Tetrachloroanisole CgH40C14 75, 131, 168, 201, 203, 229, 231, 244(mp),

_ 246(bp), 248 ‘
1-Chloro-2-methyl-3,4,5  CiHis0Cl  71(bp), 97, 111, 125, 215, 269, 289,

-methoxyphenol 304(mp), 306
2-methyl benzoic acid CsHgO2 85, 91, 119(bp), 149, 193, 208(mp)

2. FBRRs|Fol 23 trichloroguaiacol &3]
7t TCG Esiul 7 &

2716 (1A]17F o]ufol) w2 £3] Y& RoFE XY Rod T versicoloro] &
& TC6 E3l= Ge/Mse] A Az} B3y} ohd F¥te] dojuls Aoz shEE Q). GC/MS
2] TIC ZJofA  retention time 35.6%oA CUAFE F  peakE FE 2719
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trichloroguaiacolo]  ester®lElo] F§F|A Aoy  AAXE  EAF 5469
4,5,6-trichloro-3-(2, 3-dichloro-4, 5-dimethoxy benzoic) guaiacolo] W2 ofog R7|oj
FAE et o] Helel dimer ZRE WYt} @437t doju A dichloro ZiHEe]
o wiE A FrE B4 6] oste] TCG2] 3N EhAolA esterdt RE-go] dojd& o 4 3l
=2

FIERA = TC6 BollA] SolstA wWol A4EE Aite2 iy feld o2 oA
m, A&l GCMS B2 o] % hexadecanoic, tetradecanoic, octadecanoic 5] Cu, Ci, Cia
A ubato] wjokz} A ciek Aatgo]l HAE gk E3l7t 2 Hol ulel monomers] AjE-E
HEE Pelo] 33tEo] APE WA dinerd] 42 FolES Ryew, FH dimers} T
He Ao AR A we 223 Wol FAEEE HUES T2 wdd] %
3,4,5-trichloro  veratroleo]¢lom,  dimethoxy® 7} benzoic acid, IEZF
trichlorocatechol, dichloro guaiacol®} 4-hydroxy-5,6-dichloroguaiacolX® ¥-4Eglcr}.
a¥EE BEyEsidel o8 TC6 ¥alxe F& whge 3, wiYst, Yol i3 8
9 59 ge] d4HoT wE AuNeE Uoldg & 4 ok

Table 3-16. TMS-silylated metabolites during the biodegradation of TCG by white rot
fungi, P. chrysosporium, T, versicolor, and I. cuticularis (bp = base peak:

mp = molecular peak).

Metabolites Formula Major mass peaks
3,4,5-trichloroveratrole CgH702Cl13 84, 133, 147, 162, 199, 225, 227,
_ 229, 240(bp, mp), 242, 244

3,4,5-trichlorocatechol CeHa0:C13 93, 115, 147, 207, 238, 253, 268,
270, 307, 356(mp), 358(bp), 360

5, 6-dichloroguaiacol C7Hg0:C1; 73,(10?, %gg, 151, 219, 234(bp), 236,

. 264(mp), '

b yaro%y=5, 6-dichloro- CHA0:C 12 93, 95, 117, 186, 207, 229, 271, 272,
274, 302, 304, 322(bp), 324, 352(mp),

1,2-dichloro-4-(1,2-dichloro 354

veratrole) veratrole C16H1404C14 73(bp), 95, 133, 193, 207, 252, 272,
307, 309, 355, 410(mp), 412, 414

4,5, 6-trichloro-3-(2,3-dichlo CigHio0Cls 73(bp), 133, 207, 249, 281, 309, 355,

ro-4, 5-dimethoxybenzoic) 388, 390, 410, 458, 460, 462, 475,

guaiacol 530, 532, 534, 546(mp), 548, 550

3, 4-dihydroxy-5, 6-dichloro C7Hg04C14 75(b

; p), 117, 132, 207, 281, 309, 354,
guaiacol 395, 425, 427, 440(mp), 442
dimer(unknown) Cls 73, 133, 177, 191, 207, 249, 281,

309, 355, 388, 390, 392, 410, 458,
460, 462, 474(mp), 476(bp), 478

dimer(unknown) Cls 81, 133, 137, 191, 207(bp), 281, 341,
385, 429, 469, 504, 578, 600(mp),
602, 604

dimer(unknown) Cly 73, 133, 193, 207(bp), 267, 281, 354,

355, 429, 453, 497, 534, 561,
596(mp), 598, 600
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3. EzEs]Fo] 23}t monochlorophenol ¢ &3}
Hxsl  AF BWZAN UAstE #HY FA44EQA 2-chlorophenol,

3-chlorophenol, 4-chlorophenololl th&} D, concentrica, T. versicolor, P, ostreatus 3%t
22 o]43 Ay A8 U 4,5 6-trichloroguaiacolol thdt #3|712+& T, versicolor &
A R)Alol A intermediatet} metabolitesE GC/MSE HA3loe] FE35I4c].

7h A Al

Phenol ] W3kgto] 1719 W47} €2, C3, C4of 24zt A 33sl= 2-, 3-, 4-chlorophenol
o] th¥t 3F=2] A3} AP ¥ A3}, T versicolory chlorophenold] F£H/HE EE &
sdg FAre A AEhE A ¢klth. 50, 100, 200 ppmolA Hth FAEA HEE o
2om/Q% GASA QRS she, 79 E: 8 olulel dl Awel FAE AleiA
monochlorophenol 2] &5} FHol| Aol HAo] o] Folzlrt,

D. concentrica= 2-chlorophenolofA] 74 o] H=of TAQC] datel FFo] Hrjol
ol2g o1}, 3-chlorophenol3} 4-chlorophenolol A= 100ppn o422 =71 S715hd 11
d ELE 13U7A] FAF ARl LA ATE w3 Jd AoE ety 1719 d471 A
¥ S monochlorophenolo]Bhie §4:9] X & f|x|of whel F&] Aol HelxH, v=
HE2x zlol& UERCL

P ostreatus: 2-, 3-chlorophenolef Al 218 F T8 €| control 2}A|8] A o]
149 AE2 AYs] =g on 038 RI|PdLNYES HAUUE df 1~2d F=2 AAo
A5 A& VERIA 100ppmE %‘7}"'” o] Hd JFI FAF S Bk AEH
o5 x—]?sl-)«! ;\]'%

oA olgd 33E 7
% T. versicolor g g _ﬁ_;:::;l
‘f: °§5~_7]- 17}]‘:‘1-]‘. =0 4 —mm 100 ppm
Avd 2, 3§ D =5—200ppm
4-chlorophenol 2] 1
'\‘?:3]10“ 9’10’*_]% 0 ,J‘ — .z.‘.n.7. .2 —— 7.‘.0.“.”.“.“

D.concentrica C.versicolor P, ostreatus

A 430 ATS
22 B AR ot ]
BYEE 2 9\1 Fig.3-48. Comparison of hyphal growth of D concentrica, T versicolor,

£ ZAo® Uelyt and P. ostreatus in 2% malt extract agar medium with various
c}. concentration of 2-chlorophenol depending on incubation days

W Fd S E©)

L. pHel ALY ol

4-chlorophenol-& A7I3t AAulA] wjddS$E pHu} dARFL P ostreatus ) T,
versicolor ) D, concentrica wo|m, @FFujolA sigd4EE pHe] ol f-53oln ¢
Amre 23 Z7RHs ATe Molu TRy Fvk Rolxl 94 lth 3@F EF 2,
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3-, 4-chlorophenoloflA] ¢F pH 3.1~3.5, TAEFE 0.03~0.07g/82 YAl w2
£ xjol7l §19lem, P. ostreatus?t 4-chlorophenolofl X dAlako] 0.06g2.2 &A Ltelit
G & 2, 3, d-chlorophenol®] HARHTE ol8T 3ol QolA it FAIe] Wo]
L A& Zo® Yelylt],

0.45
0.40 e
0.35 P
N 0.30 - 1lo1a
s 0.25 oo s Il | m3o
0.20 o ‘ 6
g'ii - 1 el o129
0.00 L 4 . A . .
LiP MnP Lac LiP MnP Lac LiP MnP Lac
D. concentrica C. versicolor P. ostreatus

Fig.3-49, Induction effect of three ligninases from D. concentrica, T. versicolor, and P.
ostreatus, when 4-chlorophenol was added to nitrogen limited liquid culture

t}, H 42 induction effect
4-chlorophenol & A 7}8le] vBlUYU4LEE Wilsle 37339 ligninase?] induction &
2} Fig, 58} At} € versicolor$} P. ostreatus?] 7% &L laccased] induction &
78 UeRJHA monochlorophenol?] Eajo] d3g F+ ZAez AZHch. e D
concentricax T}E FZ8} n|Ad}e laccase?] induction FH 3= §IAIY LiP2] induction
a7t RS Rk Ad A3 BHEAe|A monochlorophenol#] E3fol LiPut

laccase?] 9771 #HES ehdoh

484 AL

1. g5 dEsdEd AA A4

7} Air lift reactor Aolx WE slele] @Rl AelU47t S7Hdol wet pH
© 2715t YES 50w njgtos A zsje),

Ll o] A wiodel 2% EE wojo] eg2 Az 4d#Ajol 75% o]4E& Uehief
air lift®¥o]u} packed bed ¥JHE.T} 95314 Th
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2. AR 335 FFH 54

7 oSy Al o)A cre] FHof FA-8-%2 26mg/g, Znd 20mg/g, Cu
= 4ing/g, Cd2 8mg/gS Roth

W gdabd, AEohd Akl R e) 9% FE3% AALS it AR gken, thE
©% 7n, Cd, Cr €28 AALC] %A UEluth cugl 7 715uhd, dxhde] BAglel
90%0] 48] & FHE&E R FAch

T} Z)Eopd aklBAlAzie] 234 AAESLS diRjYe AglRae] iRy,
28 JHz) oo AtRRAA T 224 AAL] 2~15%FE A UEtdth BT dAE
A EA A 7] xjol MedLaolL} ERYRTE BYSeo] &A UEehYTh

2}, Zn, Cu, Cd& ¥hg2o] ¥ Jarg wix] ¢k, Cre| Zent Wg2=rt F713
2 224 AAL) F/EE B3RS

nf, 2324 AL APEAA AxtAT| o] whel ¥ FE U] ¢4gker 40mesho]
512] Q7 ztolls ALl zlolst UElLA] ¢hattt.

B}, Packed bedofA] Zn, Cu, Cdo] 232EL Ao 100% AA EE&EE HoiF3 9on
Cre] A-S% stirred reactoro] B3] AA&o] 30~4058 = A LeltR Qlct,

Abdtel Aol A g Al Ra o] ohE Aol A3 AFFA AR Cr A
Ao WA L4 g RoiFA glon, PHE HWE wie HPsdol ¥HeL E
agel vis) & o £ Cr AA &L HAFI YUTh

e,

3. Gy B4 B53 sl Ay

7}, vleko g WrAiwll PP tjARAME-L PCPRT} HAdo] ¢F3F pentachloroanisoleo] 9
31, tetrachlorophenol} tetrachlorchydroquinones ‘WA= o], PCP2] 3l mechanism 1
®3} radical Whgol 2%t Atz}, ©edast B, FAdE FEH & 4 orh

L}, 2719 B8 TC6 BaYPL laccaseo] &J3} TCGE radical 3Ajof &3l 27|F
glofl &%t dimerd] tiar PP o= HAR T

t}. laccaseol 2%t £3MIL O F TCG monomer?] 9Fo] FolE Fol A A3 monomer
22| ghe|s} o]HR 3 wdaz), W, atsl, Satstol] 9J3F TCG 2pAIL] ESi7T A 2HE o
trichloroveratrole, trichlorocatechol, dichloroguaiacol %2] &EF|cjAlabES] AEEHE
A2y FEY 4 ot

gl. gAYy & Exdo] TC6 Eafoll ¥ XL laccasetr TCGE H7ishd
A frmol &sto] At Ao waHcl &, laccased] 5 W HFPET} TC6Y #
siet WA A UFE BAFAc

n}. T. versicolors @47} 1700t X848 2-, 3-, 4-chlorophenold] E3flo] glojA]
FAL A ATE WA ¢ 4 AAYS 23 e AL Uelyirt

P
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u}, 2-, 3-, 4-chlorophenol?] E2&3%
- ' FildS 5t Ha
o] F¢lal, LiPL} laccasel] 717} #HEE f}aili? Bajjof glojA pHU FAEFe] ¥
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A 4%

AMEBEE SEY ZAzbet eatsu]4 500ppmEf T Y Th] 7] of A

A1d BAFFUAINTFE o

A1y 359

A" W8

4-10] VeRCE
3E 500ppnE 7} wiekrlol el ZE VAL D concentrica = G trabeum » FRI 20621
BENEHA > C globosum > C. piceae ) ZLF-EMAR > C. puteana = 3 A o]t}

olg TFF AFol Erl Ugel & FF

i

b ]

| =4
A
«

HAZE o8

‘/_I':O

28 =
TE o

&)

12

T

As
T

BEF A
A

AE2x17}18]2 500ppe} 2000ppm3t-§- 3

[s)

o

=]
=

Aubslr] glsle] 23EAIENS 2000ppnE 3}

skl x]of HF3t AR}, "Ho| stsit FF= D concentricad} FRI 206211 o)gjc}.

T v AG A aheR]olA Aol HjF <=1 D. concentrica = FRI 20621 > =)

A = A = C globosun = F-FAYHA > G applanatum > YFHAR = FEHA =
trabeumd> o}gith.

G

F 4-1. Fungal growth in chrominum and arsenate contained agar medium

Fungal growth rate
: . As20s( ppm)
Fungi K2Crs07(ppm) concentration conoentration
500 2,000 500

G. lucidum — NT + +
G. frondosa — NT ++
F, fomentarius — NT +
F. annosa — NT -
FRI 20621 +++ + ++++
X. polymorpha — NT _
C. globosum + + + 4+
C. piceae ++ _ —
P, fastigiata - NT —
C. puteana + —_ —
L, lepideus + — —
S. hirsutum + + — —
T. palustris + 4+ — ++
P. ostreatus - NT —
S, lacrymans - NT -
P. chrysosporium — NT —
C. versicolor — NT +
G, trabeum ++ 4+ — +
G. applanatum — NT . ++
D, concentrica ++ + ++ 44+

¥ NT: not tested



A 2 % Jtl=F L el BEET A

1802} B Yy o slefat Felo ois] & Za gl 458 Y AAs
X 4-2¢] JeRCt JI=E ZSOppmoilA*] WS Vebl #F= Daldinia concentrica (&4
A),  Gannoderma applanatum (E-23X), Phanerosos chrysosporium (ZPEhHA),
Schizophyllum commune (XWX, Tricoderma viride, Tyromyces palustris (F-F7]5w
A) Bo] doul, JI=E 1,000ppnEulR] oML FFAYHRAZ by Hlo] vido]l w4t
on, Ft=go] TREA] U2 wiAleAY A& 2el7} gl A= Ueiylth ¥ F2)
of chs] Wgol & FFE FHAY FFAEH Mol &lr). ulels 7t=F3 Felof tijt
FA0QAlE o2 HFAHNAE Helsto] A8ol Agstsrh.

¥ 4-2. Fungal growth in cardium and copper contained agar medium

Fungal growth rate
Fungi Cadmium content. Copper concent.
(ppm) (ppm)

250 1,000 250 1,000
Coniophora puteana + — + —
Daldinia concentrica (ZHA) +++ + +++ 4
Gannoderma applanatum (E£2.X) + 4+ ++ — —
Irpex lacteus (7] AZHA) . + - + -
Gloeophyllum trabeum + — + _
Lentinus edodes (EILWA) + — + —
Lentinus lepideus (3 A) — — + -
Phanerosos chrysosporium (3 A1) +4++ +++ - —
Pleurotus cornucopiae (=% -El]BA) + — + —
Poria cocos (£%) — — + -
Schizophyllum commune (X)ulAl) +++ ++ + 4+ +
Coriolus versicolor (F-&WA) — — + —
Stereum spectabile (B-T-EWHA) ++ — ++ -
Tricoderma viride +4++ + ++ -
Tyromyces palustris (F-F7|%H ) +++ +++ +++ +++
FRI 21061 ++ —~ ++ -
FRI 21064 + — + —
Hericium ramosum (=53 t4o]) + — ++ -

-: no activity, +: slight activity, ++: medium activity, ++ +: strong activity
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A 3 % AT e - Pehy FA
Mub@dF D, concentricai} FRI 206212 ZErnjokolre] b3tz FA7]e]

FA % @ pHE F 4-30] Ve

A FAL dH R 4uAR TEY 9oy, 94 F& MEL v HEUE
) Uy MREEG] A3BY] 7R Ve RV, olelAd FAY F717t AS4BAR
ol dufe] 7| tigr], Aol BAFHAAE wE ALV, YTV d¥FHLE
AN EE 2717 &EBEAL MY BE O o] FA o] Hol x]A] k2 & AMH7|
2 FEsta dch ol 3 IUST FAL o FF, WYSE, wiYUY 2 W O
ol9] w7 uiel At xjo|zt glrt. wielr] FU wjgT]elA Al WAAS
Aol TG olgef 3lof ul-¢ Fasich

"D, concentrical 7|l =17 7122 J|to] wi¢ BAL, Edo|lF F7|Hel 304
d AE FAIIE GRS oA, dAlY ol &ole TRAE Zhea At BT A
o] FA|go] 5,.8%mg/ £ B B2 JAREE el

FRI 20621 D. concentricakt} AAI7|e] Gx|7|zte] #HL2 2oz FA3loIA D
concentricaRr} A8 dULFEr) Fom, Aalr|e] HAMNSRE D concentricad] Y|}
W $tgict, D concentricai} FRI 206212 &F3A7F ofsF G Y7oy FE71E
ZtA) Qgteng 27| whAe 847t E ALoR FFHCL pHrb S Vel
22 FA7L Bulshe R714hE dAMESol o] 88 Jheo] dltlh die ¥R iy g
ol w23, FFAMIY thrtzhgol &3] F9]¢] pHoll MEE F3, tiFE2 B¢ el
71A "t 2 olfe 714t B8 EE ¢EUoY AtE, ol Fol2g o] W
W&o BF¥AM vEHIL, & AME o2t Ho| A 2Esla Qe £ 4

olch.

X 4-3. Fungal growth weight and pH of FRI 20621 and D, concentrica,

Fungal growth phase (days) Fungal dry
weight in
Fungi lag time |logarithmi [stationar| extinct stationary pH
phase ¢ phase | y phase phase phase
(mg/100me)
FRI 20621 0 3 8 25 133 4.4
D. concentrica 0 2 5 35 589 4.6

¥ pH of the filterate reached in stationary phase.

¥H =g o] ohsl UdE 2R ol FEAEHARY 2= W pidF BEE 2
AL8L7] 18 29 AR YL AR A& I9 4-13 37 4-20] YEhigich 23
pHE 5, 23 AS2E Mol 20-35Coin 30CE FHFLE 3o Kol FAF] A3iE|n
2 gL 30CE UELSTh
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~~@—pH 2 ~-@—pH 3 ~h—pH 4 —M—pH 5 —W—pH6 —~@—pH 7|

©

~

o o

a

Growth length(cm)

o~ N ow

Incubation days

718) 4-1. Fungal growth of T. palustris on

various pH,

9

8 A :‘/
g o
Sogloee e ]
:: =
2, /-/
g 3 ///i/ 20T B-25T|---
O B

o

1 3 5 ? Q

Incubation days

%! 4-2, Fungal growth temperature on
agar medium,

FAR] AR 24 B Ao R BFsto] 1Y 4-32 7 4-4o] vehArt cdof Fe F
Al 54, 250ppm F7hiAlE 64, 500ppm MR E 79, 1000ppm F7HEA|E= 84,
2000ppne SUZ Cd& H7PIGAl 44 RENZ ZARRE € 4 UdoH Cud] Ffol=
A 277t ey o 4 dolrh A wixlz ARl FAhe AP F2Ad 4
o ujokFol MAte] FAHS| HHEE 4Y ujdFo] FFL stock solutiond ¥ Itste
100ppn?] =2 2Asle] AFPL T AXNE 2 4-500 vehjalrh

—— 2] =B odDE0 =000 == 01000 ~e=ct2000)

Growth length(cm)
W hHA OO N ® O

[N

O -

18 4-3, Fungal growth of T. palustris on

cadmium containing agar plate,

- MM ed100) = A (cu100)

Growth weight(g)

1—0-‘-%"121 ~=0pD a0 -l—aﬂm’

o

=
2
Bsl.
i
5
o
Q1

0

2 3 4 5 [} 7 8 g9
Incuetion days

2% 4-4, Fungal growth of 7, palustris
on copper containing agar plate,

3% 4-5, Dry weight of T. palustris on

addition of 100ppm heavy metals,
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A4y AUEFe 235 AAS €AY

1. A-E31315(2,000ppn)& H 71t AujolriolA el 28
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3% 4-6. Removal rate of chromate(@), dry 3% 4-7, Removal rate of chromate(@), dry -

weight of mycelium(V) which does not weight of mycelium({V) which does not
contain chromate(up), or contains contain chromate{up}, or contains
chromate(down), and pH of the culture chromate{down), and p of the culture
filtrates(A) when the chromate was filtrates(A) when the chromate was
incorporated into shake culture of . incorporated into shake culture of
concentrica, FRI 20621.
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1% 4-8. Removal rate of arsenate(@), dry % 4-9 Removal rate of arsenate(@), dry

weight of mycelium(V) which does weight of mycelium(V) which does not
not  contain  arsenate(up), or contain arsenate(up), or contains
contains arsenate(down) and pH of arsenate(down), and pH of the culture
the culture filtrates(A) when the filtrates(A) when the arsenate was
arsenate was incorporated into shake incorporated into shake culture of FRI
culture of D. concentrica 20621.
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oxalated A H 37428 o} 28 7sl7] 18] Photo 29} o FAWAAYNZ L2 Y
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of Uehiz, Z83E) BXE 13 4103 o] ATt TAFols IENUEC)
chrgaEel govh $3W LUALH FY Rt 28l AFHA U] HEl
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AFR 4-2, Cell wall of FRI 20621 which contains chrominum
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23 4-10, EDAX-SEM chart of Photo 3.
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pi #
dimethylarsinic  dimethyiarsine

aid

1% 4-11, Anaerobic biomethylation pathway for dimethylarsine production
by Methanobacterium sp. (McBride and Wolfe, 1971)
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A}Zl 4-4, Cathing method of organic
arsenate,

¥ 4-4. Arsenate changes in the culture medium of FRI 20621.

Initial Contents of arsenate compounds (ppm)
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tents in the Organic

cond‘ ( : Arsenate Arsenite arsenate
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F 1-
ungal-free 50 4.1 1.3 0.5
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Trapping the - 2.8 NT 25.0
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don, AEFY Aols® FH8] FLsIr)

A 8 8 wiEle] oz 4et 2E W LY AEY
HEAxILo] EEFL
AEsl]  AEIANE
a5t A% ARON 0
FuplAe FIER o 2w
ol AHgESE FF b ﬁ%«sw t
oleeele] AlAElEgo] W 1000
glo] ¢ FRY Ay W7 @
¥ ohzt olF FFS T s am sy ™ e
Aol BrlE e & : of 34314 (3
2% AFolth. wety
R Zo] 2AF Buppl¥ 4200 FwiASA L Ao ofzteat FrbFel
22 AR 40} TE W ZE B ulee] WP

T [ &= oo Buis & eHi
{ 82 8ol 2y CEEE

uas  BEFE 1Y
4-2000 LFebsich

Hl4e) el Fe) ARl 73 AT PAEAT O AT VYL 750l ¥
2 Aoiol AT BH BiNAFel FHHE w4 YIS 13oF A% 379
ik, |

28] 9L Aolisol 280lF A FWolxlk FARDL, FiAFINE FAY By
ol gigich ZLejLh 48lol% BiuiAFols 2Eol A% JWHS Agsigon, 73 ofF
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Ae B2 FYAS FEEC &2 ©$Fe] AFo] A&

3 F3< A9} FRI 20621 0] &% A& Ao

Y= ofot

Holth, olug BHEH D S

¥o] %17}0115 51%‘*4
FEF&go] HAFEoRTY,
a2t AR FF45Y ,
IEENe e FEHERYAE Y Aol
o EAAE Yoz H
A gFUAN =)
ol dBF oIty &
Zo e vbgo] dojitA]
dethe A= ook A
F #HE 35 HeUR
Al BB FTE Ay
FEINA TEE WiV
A= o] &aEe] Wy
& Ag3jok A2 @ el
oAdE A g3
ojth, it M= ¥
AE BHLEIETA
gl i ndEX
o &A A + 3

L2
i) rlr

=2

As=e] F3% WIS
To2 Aojsh= de &+ 3% 4-21. FFE5EYA Y 2F] Aol
NYE MR ALZAE

1oz 317 wigo] ABF AL WEAALE B L] ke A olgole AAHolx &
2 FA2] Apdolrt, E gt o] eE FIG] FAE A&HAIE FAEY|
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#AFE7] "ol 13 F&F Aojsol A AL™rhe AYE 22 dth welty BEY
AE 2000ppmd] g ATt HHREA L] FIFE XA (GEF: Oritol-S)E A3t dwt
A AeloA FASHE A2, AR HEFA A FHY HAHFAIE AHEE A
=3t '

oluf 2000ppm?] FAEAM71E]£2] 96%%] 1915ppmo] F7<% FZAQ] Oritol-S 10mé/ £ 2]
Aol sl HEAHHA Aojgo] At 7)o &3 IF 85ppmoiit} FRI 20621
TAE FUSIL 24AI v & A3, oANFe 2FY FE 12pmeE ZAFHTh
of A=ZE B /&Y vsui&Ade & &r7]Ed 2.0mg/ L 7] AHA TR = &
stalet. Bu o] g HEE olXaBUPLE AedA A AMug e =ZA
=o] Helet At ulely exd EYSE Aol YoM FFEEHAY E
ol ¥ FAAd Aog uivtHrh, FFEEHA 2 6713FY AoJE 7 4-219
LIERSITE

A 10 3 AEAE 93 niol ez A &

FRI 20621 o]&3t A& AA Al&¥lo] Ati3lE]y] $siA s BA Pﬂﬂluw‘ e
tfeko 2 ujgk Aarst WS ol 3l Fermentor systemE o]£% AL g3}
e oy 71 #Fo] alrt. A E fermentor systemol A= X Z R AN AMXEI} s}
AU Z80] ME $ YRR &%, pH, £2aks Eo] xpExo]7} Lolst HAjY] ME
A Abo|L} AEX ] A¥E on-line monitor¥ 4 glo] 32 RAL AWslA KXo
EX AUEEE AL A 5 g By ohel AEHE B AANY HotE suy ¢
och. ER AFZAel o3l WEAei4e) AEEEE WY& ol B control
= 9lo] Ao ¢RHE /Y 4 glth. FHE fermentoro] = & rpmolA ] myt
o] V53l AAAYEEE ZUJA| L O 2N shakerd A 7t)s}r] o8& wlE NXEFH
I 2T UEE A8 £ 9= A™o] g}, E3] FRI 2062120 FAIE A5t AS
01]-5 MES] UEI} e
8 HES gobd 4t
o] *r*ﬂﬂ 7] wjiol W=
Al fermentorZ& o]-&38}ojof
Zlthste whE AEdY 9
2 UEe] ANEE AT
oA "t Azl scale-up
o] §olsirh= HFol Jrh

A}zl 4-4¥=  batch two
phase operationo] A}ME¥

Or 1tol-SERI

fermentor system?] A}R-&
el glt). o] system 7 4-22. 2B Aolsty] Tt nlo] ozl
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oM &%, pH, &FAtA(Dissolved Oxygen) Fo] A Es}A control® 3L monitorE L gl

A7l 4-4. batch two phase operationo
AHEE fermentor system

AFA 4-5. air-l1ift system

REY fermentors 7|AA] RIS o]-&35}7] wfFol AtAAGo] "’d%ﬂ"”] A X ) oFell
#131ct, $HA| Rt two phase operationg] Z-$ MENARCTH= HFKo] F95l7] uEo] 2wt
o] & EAZI HAYLER U7l Ho| B M &4& d¥ 4 A& I S

7] Rule A2 PFeje F&Hz7 3™t ol
& F ol DA ZEY A Hag FEX
X air-lift reactor”} =t o]R& 7 A F
oAl HEg7Ieke] A AAI F7) 7 FYUEE
F23 U= 42 FEHY U= Aolo s
A e¥Ee g ol&rh o] WhgY FHL
71X%} Wh27](bubble tower)Rrl= R-5o] Fds}

we AR fAStEN Egtz} Badgo)
HAsHA #fAE= Zolrh. ey wegs vt
€718 dead zoneo] ‘WAL H3I] AR =
7} wg ©l Tyl EIHoE oRolAlx ghir)
£ Folth I¥ 4-22& EAYPA ZEANEE ¢
J

AFE-H air-lift reactord& EAJF S F Llehjil
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[:.(

9l air-1ift reactord& X ojF il Qi)

et APAYelA e AL FFEEHAN Aeshe Zo] AU e
Wasgly] el ARAN FRELIAL SUAAL FEUT, ol A 4-63F 2
| g2V Vg AXsta, FFHEYAT FYol ZEYH FAF WA
2] A1 olch.

o]o] A fermentore] 2]3] MEE g wjeste] AR T ¥Rl AR air-lift
reactorol Al AEFE I FEF3l IFE AASHe AL AE2LE operation¥ 4= Ut}
AR 4-7L o]l ¥ FAH XS] YUZ5to] bench scale® ZJU¥ fermentor systemZ} air-1ift
reactoro] F¥H FAolr}

[o4

{AFA 4-7> bench scale® 7 # fermentor system?} air-1ift reactoro]
Fyd 34

A 38 Ft=sd Fel2 Ao

Z340] HIIHA YL Control2} Cuyhujokrlolae] Fate] Jetubae BT Fate
Eogo] =2 4 WP oR Ueisten, F3&X ] ife] AT FAMA Y WHY2 A
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Zekokrh et CdE wixlel IR
Ate] Bgol AAEoixng B

ol

nio] o] FHA AAN $AW 4%
=
=
o

fr
£5]

ZBNA Cdul cuFseigr e &
Ate] RoFE AEFHAo 23 FAAA 2
o] AL Rl mycelium ballE /333l
om gt AL Ao R wlE] F
A= gict (A2 4-8)

fl

A2 F35 Al ©A
T. palustrisg& 494 wWoJ¥E &

& A7slel 1, 3, 5, 7, 9, 1Y wjgF

slofolziel g wol BN BAE F

AFZl 4-8. Fungal sheet of Cd (top) and
copper (bottom) containing  agar

Ze PPos wigdg 3 pAex  medium

=~ Cadmium concent .
© —o—Dry weight of mycellium
o €0~35 0.4 E
o gost 0.$%
Lo €025 | 0.3
2w 8 ol 025
g o § .. 02 '
o 1 0.15 | 4 0.15 =
£ E S -
g2 3 0l 0.1 g
K §0-05 I 0.05 >
i 0 I U W R R T o Q

12345678 910112
Incubation times

a7l 4- ‘ i
28l 4-23. Heavy metals adsorption in the A% 4-24. The changes of cadnium

concentration in the fiterates

media ofzbste] AL 21 AE 2 4-24, 37
4-250] LFERTE Cde] AL 9A1ZERF 30417 AT P $E Aol8E R Cugl 7
Sl 62171, 0ANAIF FHEol F& ROT UEldrh 270 FHgo] &S RS
FAE By ey AMolN FHH HEFo] u)S WA AAHE EHAF o)
3, o1%e) Fae FARL 5o 2L thAEL Byol VAW by wgo] o3t H3
o2 3 Ago] mje o HH¥s| ARPHE otk FAFHL v e FAlAl)
A UERIAIRE shabd Eake Bolael Zuixket B el ety Hxo] 2 FAv

- 114 -



§
tt
g
5
gf
'§
iJ

— c 70
=0.
& 2 [l
& 0.2+ 0.25 -g % 50
s S L
§ols | 02 g Saw
2 015% S0
g 0.} lor £
2005 06 3 £
Q 2 ]
Q oL v 0 [} 0 24 "
1234567891112 Filtenng times
Incubstion times "9
18] 4-25. The changes of copper 2% 4-26. Cadium uptake in saw-dust
concentration in the fiterates immobilization of 7. palustris

Enhuledr] 24 AeuR By 80% Wy 18%9) ¥atd+ 0.6g, ATl 0.4g
sugar 1.5%8 7| B2 02 3ot ¢& HE F 1542 wjgste] Hribol FANE A
71 % Zto] wjgdrlo] Yol B AL F $F5 £Y(100ppm) & HIste] 24413, 4842
of wjeked& ol 9o WpHo R FPEA AT
s EAxtgel Hito] & ARSI ol F AHOR Fo CdE FHAZ ANE 17 4-26
of vtelylich. o] wl wiedrlel el cdel A AL 24ANF AT A& o] 73%, 48A17 FF
6752 BUE FHAE o49E wlE Y3 £ A& Urhdon, FFHolret ¢
o] ZI7|FA] &2 o= Uepyrt

+

A 3 T fol

FAa7 BHEY alive cell A #ido] gle dead celloA 2] £3<4 FAEE 1
2] 4-27, 280} UEWACE o] uf alive celloflA]e] F&he 31313 F&olr dead cellofA]e]
Exe FHEHRE ngtct cde] AP alive cell?] 2447t ulloF Frof 73%, 48417 uj
of Fol= 75%E UEIAL, dead celloAe 24X 7t 39} 4847 Fol® BT TE R
alive cell?} dead celle] a3t xjoj7} ¢gglen® Jl=Rol t¥t T. palustris?] BAHS
R Eatol A vEE JIsAde] Hrl W cud HFo= alive cellolL} dead cell BEF
24A)ZF vRoF F 60%2] Aol &E 4847 vl Fof 55%F 2] AoJE&S Urhjo] 3y F
Fof o7t 7Hs2do] F3ict.

ARl 411345]°1 g FEFS G S 93 12, 24, 36, 48AER WY &
AHE Robd Eihjel A i3} Cu) FE AT AE 29 429 ¥ 7 4-300] U}
Elith of7lelM % cdo] A9 A1zt Aol AL @Al 50xP =2 CdERFE Ve
ol gollMe] setd F2t s Eebdg $E3] 4Fsta vl ¢ Cus AlRte]
el BAEFE FA ) FHEol &A veht B3R FRe JMeEE ST
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§24v

Removal rate(%)
538808888
Removal rate(%)

4 I divecdl .

gl 4-27. The cadmium uptake by alive 1% 4-28. The copper uptake by alive and

and dead cell dead cell

1 Qopoer coroent.
-%- Dy veight of myeellium
20 - Sy 2 — 0
20 5 lo 8
8 0 8 340 o8
z¥ 25 z D%
88| | 058 8 0%E
Sl {m25 L N 25
5o {058 510 D58
l!‘n | E [14 110 E
0 4 0 0 Y
12 ! *» %] 8
Incubetiontime Inoubetiontime
2% 4-29. Cadmium removal rate and dry %] 4-30. Copper removal rate and dry
weight of mycellium weight of mycellium

A 43 iy gy

w5& HIBHA 42 wiAlg HUI wixlol] F& WAt F FAE AFsl] FAE
FFTE MY F filter paperofA] xpRTE, 22 0,IM Tris- HCl buffer(pH
V& H7Vsta v EH712 dAME Easiaict. 4TelA 10,000rpme 2 3087}
welste] JEdg FEY F -20TolA 1005 ot BLE HHAA 5000rpn T 2057
Eelste] shdg dgieh F2H whAe Algsty] Azkx] -20Cof BAslgiT),
185de] A& w3 buffere}t 4o, €93 buffers 20mé 1.25M Tris -HCI
(pH 6.8), 8g sodium dodecylsulfate (SDS), 20m¢ 2-mercaptoethancl, 48mé glycerol, 40mg
bromophenol blueg& ®o]2F-F4 100mlo] H7isle] AlE31els, ANGF Aol A5 R
719% A Aol 95CoA 5EZE Feloh AHAM oA overnightsldrt, whild Fake
Bradford®] (1976)ef 2]3}o] Bio-Rad Protein Assay Kit& A}&3}¢] Bovine SerumE ¥Z9O

S i

=]
z
T

mlm

%
k=X
L
.84
A

s

(=]
Al

=3
A

e e

N
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2 3} Spector- photometeroi Al
595nmofl A FFstgict. A7 FE 2
A2 buffer= 172.8 g Glycine,
36.0g Trizma Base, 6g SDS (& 64
of pH  835)&  FuFh,
Seperating gel2 12.5% Tdu] ct}e
I B zmHEerR &9 sy
t}. (Water 6.4m¢, Buffer 2,0m¢,
Acrylamide 6.3m¢, 10% SDS 0.2mf,
10% Ammonium Persulfate 0.2mé,
TEMED 7.04£) Stacking gel& T}-&
3} o] FEnlsted o (Water 10,35
n¢, Buffer D 1.875m¢, Acrylamide A4 4-9. The cell wall protein bands of 7, palustris
3.0m, 10% SDS O.15m0,  10% mycellium containing Cd and Cu

Ammonium Persulfate 0.45m¢, TEMED 7.5:4£), Gel?] FAl&= 0.75mmZ s}gich.

chalae] Rxlake Protein Molecular Weight Low-range MakerZ A}83}ed 14,4 kDaollA]
97.4 kDaz}] &Astoivt. shUA| 8L 40409 B Wbuffer 2045 316t stacking
geloll Xl 120volt®E seperating geloj| A= 80volt&E ulFo] A7jdEstgic].

Staining 1.0g Coomassie Blue R-250, 450m¢ methanol, 450m¢ Hz0, 100m¢ glacial
acetic acido]»] 3A]7t 3}9lil destainingS 100mf methanol, 100m¢ glacial acetic acid,
800m¢ M08 12417t B = A e|stqict.

Cdet CuE E7t Mg ¢ 2 S350 A3 BolsiAl FrEF= ©E e Exjo
& 7] $15) SDS-PAGER. FTh A& £43le] Photo 60l UEIWIT) Cd H7t migE AEE
2] protein profile& Control®} Cu¥ 7} Hl]‘%:’} "] aLste] Eul] 42 kDa, 38kDag] 2712] A§
A FEEE wide] FaEglon wyde] AAHFE A HES} FAEE Fo
cadmium stressol] Foists A& WASICL

A 5% e Ao

FRI 206210] 4413} Elolzle Arletde W) 2342] Aoi8ol oo £& AYUE By
T} olk Buls] FALe AR FUsk: QA Elolule] o Wut ohe} St £
% ZAdolee] dYolz} ARHT) 4 DAE Folt TAH B S gLl £
ushe FF71 Qch oy 2¢ o 53lRoe 224 Aoy 4 gleals 7

53
&
o

Bog Ay F41g Rulste 3§ o18stn, 1 Aol &yt #4ke] LHolE aHEA
7 vehvde 3345 g Bt 3 Aol 13t A ASst B2 sigich

1. F8 AHuAE(LANF-FF) F4887F vl
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FAb AT A FAhe mgdol] Hulsts ZANRFHY HEE IR PAREYTE
vl stoich

A FORE AMBEL Tyrogyces palustris (FRI 21055: H-F/WYWA), Laetiporus
sulphureus (FRI 20631: Ytie|w{A), Gloeophyllum trabeum (FRI 20652), Daedalea
dickinsii (FRI 20323; SZM%MWAl), Fomitopsis pinicola (FRI 20414; ZURFZILIHIY
A), Serpula lacrymans(FRI 20965: W Z&wWA), Lentinus lepideus (FRI 20641: AHA)&
AH&3tAA Tt

wjeks] AL glucose 25g, malt extract 10g, peptone 5g, KH:POs 0,3g, MgSOi - 7H:0
0.286& FHFol &0l Aol 1,000meo] HA zFsigen, 1FulYrl= #d WIS
1,000meoll ¥bH 20g& Hristel AHgsi3lrt

njoFel o] pH, FAY, oxalate FF-L HuhuiR|oA nje] g FAEE ZLEIEE
(6um) 2 Aol Wl AL FAFY 100mtE $2 500me§ FEetaTo] 52zpy o] 26T
120rpno 8 35 HEujoksigict. A"l Yol YPH $419 e &2 w3t E
NHOHE 7l2|9 o8 e, ojne5e] 4k CaClagoe] ¥7l2 HAAZTE ol ¥
ARt Bopdl HAES FE HSUE £3A1715 #4HE 1/10N-KMn04 2 =g sto] 2
Astgcl. FATY $4 YRS 59 BF o2 FF vl et pH HEE wjgde] pH
£ E3%ta, A WYY FAE o Lelsta AxFPeE Aot

% 4-310] ZARFF] A RS vlaste] Uehglch w20 o] F £AMIE
2 T. palustris > L, sulphureus > D, dickinsii > L. lepideus > G . trabeum > F,

M o o

pinicola > S. lacrymans %-©)¢it}.

2. 48282 Cu 2000ppmol| M o] FAME RS v
AASIHA 4 YR 5o FAAFEE Cu 2000ppmd T T Fhal 7] /dell Al
Z A3t A= e 4-329} o FAAARLS T palustris > L. sulphureus > D,

dickinsii > S. lacrymans®] so|t}.

44 E(g100ml
=1
»

123456789 DIRBUES
aich

2 4-31. ANRFF patgx
3. Cuz} A7FE Al =) of &

2 vl 3% 4-32. Cu 2000ppmol| A8 A} ek
Fae] Hlel Fab ARt HA

—1-4044
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$ak2} T, palustris®] ARBAE AES] f5te] FAel wixle] $4H& 0.5%, 1%8
z}zh # 78R, Cu 2000ppng F7IRbAe] 4=41& 0.5%, 1%& Z4Z Ariste] Fejrt 3
748 wiAlo o] FAMEADE AESlY Bolrh, 17 4-332 A wix|e] $abE It
g wle] FArY ARerolrh. wix|e] 8-S MgS04 - TH0 2g, KHePOs 3g, Glucose 25g,
Malt extract 5g, Pepton 10g, & 102 ZR<of Yol Azstg2m, agar: 208& H7}
slla, wiz]e] pHiE 5,628 ZATI] AREstTt
T. palustris7t AA3PAA FTIAEAQ] $40& oG o A3k, cuzt HF7H W)
Ao A FASIER Q191F o8 $ahg Hulstel O AAUAE wHsich. A wiAol
N By3] $abs Brelele ol 2 2R Xolk &4 ¢lolem, Cu 2000ppmi=] 2}
Cu 2000ppmiiA]e]l =2k 715t SuiE L xjol&= nin] stsich. whebd LAuiR]oAM 2]
FAA] ololA olul T. palustris 222 CuirhuzlofAe] Aol FE3tm, o
We ke e Fuial ALY, FL FEEAANE LR A de A= AEd

t}.

4, AA iRl Fate] Hre} FAL BB HA
ol aul) o] wix] ZAE A wiR|oA agarE HMFSIA] ¢k Aolm, 300ml ArztEelA
o] 80mle] mjorels Wi WImfA| oA MAAIZ FAE TRz Yol wjgsion
ujorale] pHi 5608 ZASIET, FATL wjl e ol B FAE AN B
AS stedth. Cu 2000ppmo] FAIZZIE HIZ Y& Aol FAlY AL glgdch $at
& A7EIEE Aol TA e} vlSg FAee Uehigc] (2% 4-34)

08
07
06

30,5

=03

8 4-33, 3 wiR|ol A Sate] Hs)el 28 4-34. JAmR| oA $=41e] M7
AL Adarate] A TAPE A 2Ee] H/A

5. 24 ¢ A¢AA
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Tzt EIFE wiAeld el T
palustrisst Fa43te] AYAAE 34
317] $131o] IREA & sto] Rt}

% 4-35. Sampling

WL DI 3583

%] 4-36. The IR spectrum of part 1 of 3% 4-37. The IR spectrum of part 2 of
Fig. 1-14 Fig. 1-14

27 4-359F Zo| ARE @ol Az 4]
A IREME shdch B4 Az o
4-36, 3-37, 3-383} Zom IR chartojlA]
BEo] 3 F249 oW 3y AL
A 4 glgen, ol AAH )
Aol ol WAsHe AL Frhat Bol
% 2349 wix e FHo, FAhe]
g Exeow Alggel A},

KL

1% 4-38. The IR spectrum of part 3 of
Fig. 1-14

6. CuZt H7FR Wil A T, palustris7t BAshaA B3k B 3
T. palustris7} Cu2000ppmo] 719 Fbuiz| oo AAstAA AL 4-1024 o]
& BEstdetl, olFE& wolvlol dnjAstel BUstATh AnRBstolN FET
2 AP 4-113) ol FAloll "et BA] ofa FAMER ol utet wix|o] HgEolR AP
2Y 4 9lgirt

=D
|
2
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A}A 4-10, CudjA|ollA] WAE AL En] AVA 4-11. T palustris7} AAsH=
Cudlix]ol F4H 4
7. CuZ} AJH wiR|olA T, palustris?} BASPHAM A3l £ £4

Cu 7} miRlolA FAEE BHE B3] #3te F2w FE& Zoluo] Kjeldahl
flasko] itz 3 Wil K71ES FE3] @ F AIFES FFFE oJd A3 ¥
Halsle] dojzl YAES 50Cox Azsle IR #4& Hstalct. 27 4-39¢] o] £
FT-IR 288 Uehlgrt. 29 4-40& oxalic acid 1%2} CuSOs 1%2he] ZEjtefA A
E22] FT-1RY] Charte|t}, o] % chartE w)alsle]l A2} Cu EJ} vix|ol| M T. palustris
7t RastEA BAske BUS 445U Bslglen, T palustrise Cu H7} wixlel
A iR A eiAlgded =4t

200 x

(% 4-39> The collectives formed by T. palustris on the copper containing culture
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W mavidies

<{2% 4-40> T. palustris7} Cu E7} %) 4-41 Oxalic acid®} CuSOs EFHE oA
ajzlofl A AAsPAA BPT 24 IR NARE WAEL [R-chart
chart

- 122 -



A 5% WA 9 Laccase BAE o} §3 ¥ QHEE Hol § WA

A 13 YA, f1dEsi4 W Laccased o] 83 WXs]oe] wHy

A 1% AR 9Py

A48 n|APEL WK EL0) Phanerochaete chrysosporium, Pleutotus ostreatus W

CB-20(Z-Evistal Patgatzlol AUe FF) 3% AH&stalch

Ade Ha), AR s}e] 218§+ CB-200-322] Laccasef4 W o]& APTES-CPGo] 17 A1zl
=
=

23 PDARIR] oA wlFstHom, guaiacol & AT WHSH HIUEL EEsE =
Abste] 4718 958 4, FAlsAT o] FF9 lad FHEs BESES SH] flst
o] glucose 10g, L-asparagine 2.5g, MgS0s.7H:0 0.5g, KH:POs 0.47g, NagHPO;s 0.48g,
Ca(NO3)z 4H:0 50mg, Mn(CHsCO0)z 8.5mg, FeCls 6H:0 3.2mg, Zn(NOa)z 2mg, CuSOs5H:0 3.91mg,
thiamine 0.5mg §& 1 1 & FFs ol S3lAA TS MG (pH 5.5)& 300 nl&] 4b2pFet
230) 50m1% EFsta HEFsigrh. FelaIce FAAEY HAE st feEES
& el

9 inducer& APE3 &2 inducing EHE Y714 %le]  0.01MY] xylidineE HF ¥
TAE RS 9B ul Fste] & BAAHLE midd finger printY L2 A}
stedch. AWML Fahraeus®} Reinhammare] whHof uwhel JAuir]o] 3 7}stgicl.

Laccase?] HAE Leonowicz®t GrzywnowiczZ} AR&-3r ®W¥e] wlel Uv-Visible
Spectrophotometer (SHIMADZU UV-1601)e] &}3] &Aslg(ctt. o] wjo] lcme] 1ml volume]

1) Freiter,ER., Chlorophenols, pp.864-872. In. HF. Mark, D.F.Othmer, C.G.Overberg, and
G.T.Seaborg (ed.), Encyclopedia of chemical technology, 3rd ed., vol.5, John Wiley & Sons. Inc,,
New York (1979)
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quartz cuvetteE A}23tglz, wjYr|7to] AX laccase B/ge] FAL syringaldazined
w272 2 o] &3] 48A]7tujr} sample 0.05ml, 0.10M citrate -phosphate buffer 0, 25ml,
23} 284 015012 Bty EjE F, 0.50mMe] syringaldazine 0.05ml& Bo &%

% 525mmofl A 602 B FHEE 3} "*)":7} AHo g Frste A FH=
2] xH 4A)9} L MEEA g o] &3te] TthEe A(1)2} (2)0] 23] laccase®] BAE 5%
c}.
AAsss X total volume (ml) X 10° nkat
Laccase Activity = A1(1)
£ X At X sample volume (ml) 1{liter)
where, kat = mol/sec

£ ' 65,000 (Molar absorbance coefficient
of syringaldazine, M'cn™)
AA ¢ Difference of absorbance at 525nm

At : Reaction time (seconds, 60)

7] A, total volumeo] 0.50mlo] %31 sample volumeo] 0.05m1 Y uwjoll= A1(2)E 7

laccase S AAlshadch

i

nkat
Laccase Activity = AdAsis X 2564

¥
~

4. El ZAIs|¥2] FH]

AztnEgzgale] Mgsa) Hzog iy w4l El #E& AMEstelem, pH 8.2
Bl o] 2}R](ADVANTEC: Toyo, pore size: 5um)E 2% {3} ¥ membrane filter® 48A] 7+ =
o pstgict o2 E A2 4Toll B3I FAIBIATE

5. FAlsiee] ©txe] W &3

gAg aAur] e F4-2 glucose 10g, magnesium sulfate 0,5g, potassium phos phate
0.47g, sodium phosphate 0.48g, caluium nitratebOmg, ferric chioride 3.2mg, =zinc
nitrate 2.0mg, cupric sulfate 2. 5mg, thiamine 0,05mg, manganese sulfate 8.5mgS 1 #]¥
2 3}3 pHE 5.58 ZEste] WMo Abgsigict wierid W B FARSAHS S 28t

- W (77, Tmb)+ 2 2] 4(6. 3me )+ Z-F=(16me), ... pH5.5(IN HCIAI-&)E F3
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- 300meE Ao ¢ £ 100mbE 2]3}o] 121°TC, 2083 Ak
- AHE g0 FAEE © Ay He]
@D Linderberg mediumo)A wieF, FHhEdE Rd wf FAR] JAAFATL 1gol =
= 3] ok RFAelolA Abd w o FFstch
@ ZANL o3H5me] membrane filterpaper A}§)3to] 212} 20me% HF3stoict.
- 25°Cojl A Zxju et
%2412 ¥ o8 EUE A -color unit, color removal
AL A0 FHE FF
ol zle] =42 CPPAREWH(HSP)2)o) A, pHE 7.628 &3 ¥, 0.8 «m membrane
filter® of2}3}o] 465nmolld FHEE &3, tl2A 02 A& Axtstodct

Color unit(CU) = 500 Az/A; = 500 x A4s/0.132
Al : 500 CU Pt-Co &9 E34%(0.132)
A2 ¢ H£Y FHE

B8 (%) = 100-(X 2] sample?] CU/A99¢} CU x100)
A28 AFAN

1. &4 Ay
grgo] 78t WEo] Fof t)sle] laccase Fidol nJA & inducerql xylidines] H71&3}
- B AAFoZ ekl O¥ 518 P #gol & CB-208489 ZFAH HIEA

=
A A

xylidineS HA7}sl2E2A FAT P F7HE VP laccase 82 A4 F 7131
24 o= 44,000 nkat?] 713 2 & Rgon, 12 olFojE HA ULshe AR UE}
wict,

23 2veh A (Phanerochaete chrysosporium) % “Ele|HAl (Pleurotus ostreatus) of
tIsh A& laccase VS d=] Bslalch. wikzAo] ozt AE7 og Hasichkay F4H

Tt}

2) CPPA Technical Section Standard Method H5P (1974), Color of pulp mill effluents.
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2. YNEY

7h. eAlbtel oF ©Ay

O% 5-2& FAEE 9

fru

8 YAEYS Few gle N
A b g sekelw A 40000
& Azl Sd¥E gdE 9§ esoo
oglom, elelmse gy g 20000
sol Hel 207AE M & g Lo
< Fez ez, A 8 § 15000
Ual 40%e] YHBE B F 10000
girh. olol tiste] CB-202 2 2000
WAAE A W] dojut 0 |
A ki, 3URH FAY noubation (deys)

s Ho, M w2 ®
AEAE debleh 2 F ¥ 44 5

Change in Laccase activity of CB-20 by
AL A 2)4dx] 60% A= inducer addition.

Y BAES Urhl, Y B HHRNE HAFgol, O FE AY €] AFZA
dgten, 3|8 rtia HMEE Ao Uehdd st El2|HAE 154714 2EY o
MHNE B{FI, 53] B-202 15 Hz[olA i 7052 714 &2 ©ME&S el
t}.

U "o n A= kAo ¥

38 5-32 w2 Yo njAE wAYe] @ik AME AARE Uehd ROz, A
Y& xylose, glucose, sucrose, glycerol W ethanol& A3}t X BtA¢ HIHA
s8] Mzo] i o] weld og sixlE AAE vehlled, o E9 ethanol &
H7hA BN EAE Lebdle el sucosed] B9t HHRTH= 233 ANast s
2 ZAo=® eyl A 1-2doA9) etA o] HASS M, glycerol W sucroser}
glucose} xyloseRrT} "ozl om, Az] 4UAzfoll oH T2 HE AL FARE ¥¥%
. e €€ F e AoE yetyrh ANFoE Hze 2dztoE T o WNEIE
Ueldon}, % 2d 7tofls 20% o] $vigt BARAANS Yeh) s Qo)

3% 5-4= ¥ ©NERS} 3A el sucroset FAMY] EIE Al ZARY Az
A sucrose?] 57} w&4%, TeL TA G0l Ya4S YAEN} 2 AT uend
th 2|3 sucrosed HIISIA] YUTlE FAIULEE oA =o] ©Mo] dojutm, Hic)
2 FA7E glo] sucrosertE HISIT etE ©Mo] oA & ARPHE o 5 ). ¥AE
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3 WA FAle RAEAZ} O AT,

Color removal (%,
Decolorization (%)

AP ehrysospenum ooy

5P oslreatu
CB-20

—a—Control

0 1 2 3 4 5 6 7 8 8 10 11 12 13 14 15
Treating time (day)

Treating time (day)

%) 5-2. Decolorization of bleached kraft 1% 5-3. The effect of carbon sources

pulp effluent with mycelia of on color removal of bleached
variuos fungi. kraft pulp effluent.
ok gol mlAE #A % wgells] 33

o %<& 3% 5-50) uEeldith. (B-20& MY F HIZE

273 Jhela YNESRE EMT A3, FA 2 ol e¥EIt A 3

A% dNFI7HE s, EHENI Fdsigen O o= A wdEd}

7t o & A28 Ustych 2 AR F9E wdeiol s il Aide] Ha gle

22 4dg ujolA ARl ¥ "ajo] ot Ao AFHA] g, ozt E3E
«AF I AAT} o] FAAA] gholM wigF FA S Aol AR ch

Decolorization

Color removal (%)

0.3

Mycelia (ml} 0 | 2 3 4 5 8 7 8 3 10
Incubation (days)

%l 5-4. The effect of sucrose and1@] 5-5 The effect of filtrates and

mycelium contents on  color mycelia contents on color
removal of bleached kraft pulp removal of bleached kraft pulp
effluent, effluent
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Aad oz A

Ammonium sulfate %

Ammonium chlorided
0.1%, 0.5% H7}stad
S o gNENE 2
3 5-60] UE}uich
Iy K= uie}
Zol it wE
gHFIte]  Hojst
Aol AF=A ook
th o gAI el utel
Me 297tAle F

gk BhLS L}E}Bﬂ—‘ll%! 5-6. The effect of nitrogen source addition on color removal

o, 11 o]EL A of bleached kraft pulp effluent.
3] "ol ZIhsle] Xl 60%F E2] ©HA&S LERIC]

Color removal (%)

Incubation (days)

A3y ZHAE

HAbED bR W el RS A AdRE gAag doglonm, LEelWAe ¥
Aol Al 287kl M 2 ZoR Uelhla, Xl 8UA] 408 YAsE Hol F49]
Ch. olo] th3te] CB-20 & 2U7IAE ] "ol alojubA] ¢igha, 3UslyE FAT ¥
& Hol, 7 §& YAEANE VeRT)

2] &Moo njx]+= xylose, glucose, sucrose, glycerol W ethanol 5 ElA%e] oI
& AR 3}, ethanol 2 A7 &N EIE vehdEd thsle sucose HMEIT} &
Rog UEelyt}, glycerol W sucrose?} glucose?} xylose BT} "ojRom, Hz] 4dx|o]
£ 0¥ BagdoME FAI YAFEINE AT}, Sucrosedt FAle] EE A A Z
3, sucrose o] BEIt H&TH, FAY gol WESE WAAII 2 RO T Uelylit)

A4 22 Ammonium sulfate W Ammonium chloride& 0.1%, 0.5%37}35}9E u] ©A&
< F7HRLH, 25 oFF Hulukel ulE @A &aIle] xlo)sl ALl ¢lglth. wiAI e
wEtd s 2d7iAlE FAT BN Uetdlon, O ojFE M3 ©Mo] Frksle #Ha
605 =] ©algg Lietulch
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oujAs A} pH 5-68-2oA o] laccase A& LEhlE CB-20 W Rhizoctonia
praticolorZ A, FA5t9T].

2. &7 wj
TF-252] ok glucose 10g, L-asparagine 2,5g, MgS04. 7H:0 0.5g, KH:POs 0.47 g,
NagHPO, 0.48 g, Ca(NO3)s 4H:0 50mg, Mn(CH3CO0)2 8,5mg, FeCla 6H0 3.2mg, Zn(NO3)2 2mg,
CuS04 5H;0 3.91mg, thiamine 0.5mg & 1 1 & ZFrol &A1 BE wigeY(pH 5.5)&
300m18) AEerATe] 5omy EFEsli, FEIgch EekaIos FAAES THIE
$13te FElES 2 9ot

3. B4 By
AL WHOE laccasef A VP E & stact

4. HEIE Q43 HYYES] F9
g 3HE L S-S ol 8T EY WRE HYE 435, YAV FHULE B4
H 3315l 2-chlorophenol, 2, 4-dichlorophenol, 2,4, 5-trichlorophenol,
pentachlorophenol (PCP), A|Ao] n]x]%: coniferyl alcohol?d] HJl&3E ZAEstYch
coniferyl alcohol?] ¥E& 1,2,57 100ME, 20A1Zt wHSAlA  E3]&S  toluene
sintillation fluidoA Z33}4ic}

R w4 3EY Bl nXle A48 HE
Laccase 8 glucose l-oxidase (GOD)7} wHEslAd msd33tEe] Ejo] nlxle= 4¥%&
ZA3kdch, Laccase W GODQ AL EFUA S 65000 U 744 mol™ cm” 2|3 525 B
415nmo] A 8] FHEE o] g3sle] SAslgich MIL W Sl&dHgETY WE2 24T, pH 50
A =3t
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A2y A7Ed

1 pHE 7128 FATY AU R B2WYe] FESY

5 %&ﬂi}i}%% laccase 42 =892 2 coniferyl alcohold} FHA|H AHASI=
YEol ANPHTL Qi vl # ATl oY B Fhel Lolut Y FE 229
pH7t 6.58-2¢1 Ao g o3| gt Fig. 5-9& CB-20 W Rhizoctonia praticolorE
BB APEE B4 laccased] Hol BAol WAL piel EHE Ushd Rojth. thRe
gabgo] AYabste laccase® A2 23 pHyl 3.5-4.5d oiste] CB-20 3 pHe 5.58

L}eb IO W, Rhizoctonia praticolor= pH 6,804 #iL2] laccase E*d-& LJElWIC]H

Inducer& & 7}31A] ¢} AtefoA] laccase FA L] Aol glucosedE Yol X3l njA|
oA 7R &okld uldtel, inducer@IlAlE  laccase A 42l Aol glucose W
saccharose 712 AAHEE VAL B 4 gort. SUF wirjofAl inducer®A] ferulic
acid® 7}8}9& ul, Fig. 5-10% CB-208] laccase HA4AAAl nx= FIHE AA|ZLE
ZAREY Aztolt), uloF 1085 inducerE F7Istglon, 2080] ALHA @7 F3Rol v
3l AP TaAWAPol Z1slr) Aabsigen, wier 309wk inducer® 7} mAYt B )
o] & vehon, inducer@7IE 35%0] 2] B FEEHE LiERIC 300 XLiw
A FAYL BAEY ASE Ao, 40Us) thA ferulic acidE Hrlstele vhA &
4848 F7hs dolutA] gdslel

700
—0— induced
600 o---| —®—non-induced
8
x 500
: .l
8 £ 3004
8 8
! § o
- 8
LIVOL ETETTN - SN
v
0 T —T T T T
5 10 15 20 25 0B 3I 40 4 K
Incubation (day)

Fig. 5-10, Laccase activity during
growth of CB-20 in induced
and non-induced cultures,
The arrow shows when ferulic
acid was added,

Fig. 5-9. Effect of pH on laccases from
CB-20 and Rhizoctonia
praticolor
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Fig. 5-112  Rhizoctonia 800
praticolor 2] AAEEE WY s00 o
72t% ZAFoR vehd Aol
t}.  inducer H7}-&. Fol ule}
BaH WS Fig 510
o] CB-20 & TL FYoE U}
EF5iT

Laccase activity (nkat x 100)

5 10 15 20 25 30 35 40 45 50
Incubation (day)

Fig. 5-11. Laccase activity during growth of Rhizoctonia
praticolor in induced and non-induced cultures,
The arrow shows when ferulic acid was added.

23 pHel 2% IFTE °|&F 100 G- - == phorophenal Tl .
—a— 2,4,5-trichlorophenol
Chl orophenol%'—fl] )g @:\7/]' 3‘:}%'5]- —a— pentachiorophenol

o], ™A CB-202] laccased ©]&
g wabg B9daE ehdEd
chlorophenol & 4%,

4-chlorophenol,

¥ C-radioactivity (%)

2, 4-chlorophenol,

2,4, 5-trichlorophenol,

2,3, 4,5, 6-pentachlorophenol (PCP)
o] tjd}o] coniferyl alcohol?] 3 0 2 4 5 8 10
SAare gesl sEAM 2047 2 Ciniferyl alcohol (mM)

i, g A J9 5-12e) o 8l 5-12, Effect of coniferyl alcohol addition on
Ebdl ulel o] FAFr RE the removals of chlorophenols by laccase of
chlorophenol 78 E3l7} A3 CB-20.

2 ojytr}, Coniferyl alcohol?]

Arleke 1, 2, 5, 7, 10mMZ @[ §t A3} Hrhgo] F7i%el whel chlorophenol 72| Z3)

E ZUlse Agow velton, AL 36-87%H$E &9kl coniferyl alcohol?]

F  Hskge  TaMolglth  20x17H WHgAlY] B3 &2  4-chlorophenolo]  36%,

2, 4-chlorophenol 60%, 2,4,5-trichlorophenol 70%, PCP 87%2X] PCP2] A A&o]l 71 &3k

t}.
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R. praticolor &} laccased o] &% AFoA UAAH HoH4AE ghllH chlorophenolF
4%of thslo] coniferyl alcohol o} H7}er& elsll 7bdaA 2041 at, W3 AAE
Fig. 5-130] UEluitl. FAI¥ RE chlorophenol §7F #A3] E3ES & 4 glglen,
coniferyl alcohol& 1, 2, 5, 7, 10mM E7}¥ 7keu] A ¥rleke 7aM ogitt. g
4-chlorophenol &3&-2 34%, 2,4-chlorophenol 57%, 2,4,5-trichlorophenol 66%, PCP 85%
2] PCPo] AHA &) 7H4 &okrh.

RS A Y] FE 7] #I3}o] coniferyl alcohol ¥7IE Hrie] Esi&E viehilwl
7oM 2 3 AA|F|EL,  laccase®} chlorophenolF-& YW 1222 wkgA|gioen, 1 A=
Fig. 5-14o] JEeRcth aglea B Hf2} o] coniferyl alcohol?] HJ}7}
4-chlorophenol #3|&-& 40%, 2,4-chlorophenol 54%, 2,4,5-trichlorophenol 60%, PCP 76%
24 ol7i=| 2 PCPY] AAEo] 71 L AAE EHrh

M—o—#chioronhena
100 orop
(0,1 T TPV —0—4chlorophend ... —e— 2,4-dichlorophenol
~&— 2.4-dchiorophenol —a- 2,4,5-trichlorophenol
—A— 2,4 Srichiorophendl) —-4— Pentachiorophenol
o 80
. of 3
g Z
£ g 60 4-
F @ 5
2
8 =
'g g
G w01 U
$ 3
20 20
0 Y T y . r ° T
0 2 4 6 8 10 0 2 4 6 8 10 12

Coniferyl alcohol (mM) Incubation (hr)

Fig. 5-13, Effect of coniferyl alcohol Fig. 5-14, Time course on removals of

addition on the removals of chlorophenbls by laccase of
- chlorophenols by laccase of R, CB-20.
praticolor,

4718t laccase W coniferyl alcoholo] 2|3t chlorophenold] H|AE 2E2] FFo]A
T AAZANE & + AoH, time course AN & = 9 uwie} o] vinH
< WgeERAM AT FERE AAYE] uRE AYEHE AR ey
4-chlorophenol 2] Z-$-= 1AI7t A ele} 1247 A2 zto)] 13%F =2 Esjg&x7t ozt e
Z& #H23tare vl chlorophenol §2] #3li= Al431A dojuls A= olsiH}.

£ P

3. CB-123¢f 2]3F yHE3l/d PCP o] E3]EA4

FAEFY] w3} vjR] =L chu) kg reactors} HEt %“ﬂ—% 2]5helaL mokey 2430
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w7t B0l air-lift reactoro] 270mee] wWU3IAl At HEY HF3idch, HAF A
5dziie G493 ARE Rgon njady FoUstA & BARA 2,5-xylidined H7}she]
laccase®A] &A3ig o AME Fig, 5-159F Zcl

12000
——CB-123
——CB-124
10000 o) L= b Wt
£ 8000 |
E E s / /
< 6000 s/
B G
2 4000
2000 | 2]
’ :
2 6 10 14 18 22 2 30 0
V] 2 4 6 8 0 12 14 16 18 20
Culture period (day) Incubation (day)
Fig. 5-15. Changes in laccase activity of Fig. 5-16. Growth of fungi on agar
tested CB-123 strain during media contained 10ppm
bioreactor culture. pentachlorophenol.

Fig. 5-16 10ppm&] PCP, Fig. 2-102 500ppm¢} dichlorophenol & X%dl= uj=x]ojA]2]
AE4BE i 10ppmofl A= CB-208] o] 7P F9haL, (B-1239] o] viay Fode=
o] tisle] 500ppme] dichlorophenolof = CB-208 A3 AASIR] R3lglaL, £3]8 CB-123
o] 7} A 2 siglvt. 12|ste] (B-1232 ©]-43F PCP B3| A}E Fig. 5-170] LEPW
Tl CB-123& 50ppm 200ppmofA] A1<&3t #3i& 42 o, 100ppme] 3§71 vha &A o
Elgtad, ohA] #elg agict
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10

[—e=c8in
—a—CB124 —0—CB-123
—a—CB-124
—=-—CB-20

Growth (cm)
Growth {cm)

Incubation (day) Incubation (day)

Fig. 5-17. Growth of fungi on agar media Fig. 5-18. Growth of fungi on agar media

contained 10ppn dichlorophenol. contained 500ppm dichlorophenol,

Residual PCP (%)

0 5 10 15 20 25 30
Incubation (day)

Fig. 5-19. Degradation of PCP by CB-123

4, glad @ JE3Y sy HUE B nAe TLAEY HE
gl E3]& 4, Lignin Peroxide (LIP) T Manganese Peroxide (MnP)7} &]1yl-&E3]e]
AF 7Y s ZL3l= Aol RaEgen, 2 Laccase (LAC)7} Peroxides (LIP, MnP)%}
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7 era-eraAY W era-aaAY APE Fufte] AL THKirk and Hammel
1992, Hammel et al, 1993, Marzullo et al, 1995), 27| LdFR| D Ql7]e LIP7L Az}
gANE #shA eadTRE A
A7, olgA stel AW 2 S
2ue) ele il AU N
Te— ML
Hajures deogicks FHoja, 84
LacE siEsAde sEy A
242 A Zch olRA AAER
gigo] adrze]  ©A-©
A% 9 sha-aAAYe] Ad
& Fujgtvi:s Zoth ol A}
Az Ry gadEside LIP &
zZ-gAst=te 7131 W, 71 B Y e —
83 A HBE el o 5 gk 4 8 1216 20 24 28 32 3
Incubation (hr)
whetd 2 dFolME HO: & 4 :

A&l=  D-glucose -1-oxidase

Absorbance (390nm)

40 44 48 52

Fig. 5-20. Effect of GOD on reductions of quinones
(GOD)S Wr-gof Alg38le] of &4 formed from phenolic compounds and MWL by Laccase.

7 WE/FE FEIR s Addition of GOD is marked by arrows.

T},

LACLE: CB-100L.23¥|, 18]|3l GOD: Pleurotus ostreatus® ¥ #e|sto] FAISlrt
WL B el wisdEae] S5 0.6nM/nlE, LACE Snkat/mlE AMg3te] pH 5, Mg
L8 24ColA WA on, 6D FrAHAME ML ¥ 2y slEdEdd] sE=
0.6mM/mio)], GODE 200 % 500nkat/mle] HEZRAMA 3uMe] glucoseE H7}ste] RHEAIR

GOD
OH O

Fig. 5-21. Ping-pong  oxidoreduction  of
hydroquinone by activities of laccase
and GOD.
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th LACY} Elad, slEdiE
o] Rkg3te] quinoid FFEo] H
B3kol €3 uwf GODE H7Isted
W& ARSIk 2 AXE
Fig. 5-19o] uelylch 2]ad %
HEd RPEEFE LAC HE
A4E FFE 390molA FZH
quinoids®] 4=Fo] ¥hgA| 73} ¥
7 Ax FUrste] Hozh =il
ul GODE HEIlshd HAEH o]
quinoids ZA7} F43] Z4
E ¥4 RoFa gt g
ole|3t AL UFAIZ
ye fFog wWolE Ax|YPL Fig. 5-22. Elution pattern of MWL on a Sephadex
B 2 99t} vanillic acid CL-6B column (50 x 2cm).

syringic acid& LAC ¢} wi¥t A2} WE2] quinoid productsE He & 4= 9lolz, FI28
A71E E¥S= AYAH quinoid productss= GOD &} ¥F-23¥}o] TIA] vanillic acid W
syringic acid®. E&o}l/lA Hrt}

Absorbance (280nm)

74 80 86 100 104 110 116 122 128 134
Fraction number

do kMo of

ZAAH o =T GODE Fig. 5-2164 K ulelzo] quinone® hydroquinone o @ A7) A
B,  Atart o AAMEAY quinonel g ABIAIA Ho]  o]Ed
LAC-hydroquinone-quinone Alojgo] gyl W mleAdr]de] B8 oA 3l= g9ue
e o2 ofsiHrl.

Fig. 5-22&= MWL& LAC % GOD®} Rb-g-R-F9] g1y EAHEZE ZAI A74E vehd
Zolth  2adE LAC ¥ HUbsiA gt EuE cizTol wis) grrare] AFApgRE
of FIIStaL & AL= Ueldon, LACY GODE FAlo] HIstRgr Afxisr HEo]
F243] 371HES ¢ & drh oy ARy ad 9 gadd} A 228 SR
HEd GEAPHYES Ealol LAC W GODZF A& ZWsHA PESl] EAfrhs A
he] o]

< 93Y + i}

A 3% A

55 BAIFHE-E laccase A0 =802 coniferyl alcohol#}e] Z3to] QojiL}=
718 $& 2749 phrt 6.5 2 252 FF, CB-20 W Rhizoctonia praticolorE T-A5}
Ach oif-&e] wapdo] BANlE laccase& A2 # A pHy} 3.5-4.5¢0 0] t)sle] CB-20 &
3 pHE 5.5, Rhizoctonia praticolori= pH 6.80]A #312] laccase VAL L}ERIT]
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inducer®A] ferulic acid H7}§t A9, 35%0]|4te] &2 laccasea¥ F-=HIA7} Alach

2% F-2E 0|43 chlorophenol §2] A AAY A3}, chlorophenol 2] #3j7} &H3}HF o

2 dojulr). coniferyl alcohold] #E7}aF 7mM, 1A ZHHEL] ¥Eg 22 4-chlorophenolo]
36%, 2,4-chlorophenol 60%, 2,4,5-trichlorophenol 70%, pentachlorophenol(PCP) 87% A A
golon, PCP] AAEo] 713 &olrl, CB-123 FFol 23 = 2-dichlorophenol B PCP
o] Hajjo] uf-¢ EIHA ARE Frh

glad @ sy ESSE LAC #1712 44¥ quinoidsZt GOD H7tE F43] HAH
9o, vanillic acid W syringic acidE LAC®} WHEA]Z1 Az}, HZ9| quinoid products
2 Hg 4 9193, AAH quinoid productst GODE} W-E3le] THA] vanillic acid B
syringic acid® E&o}7}Al #r}. LACE quinone2 2 AMERA]F|3, GOCy quinoned:
hydroguinone 2.8 3$A]7]¥& LAC-quinone-hydroguinone Alo]Eo] 2l2d W w473
E3E dov|A she dUL st A= Azhdcth gadel LAC vt HIIA] FEEe] A
Bajaki o] 27181913, LACS} GODE FAlo] ErlstREN ABxlsr HBo| F43] F71
Hoe, ol AERE elad W siEsd FEIAEEHULES ﬁ—*ﬂ°ﬂ LAC ¥ GOD7} 2%
1 stA HEste] EajAllrie Apdo] A= ch

r\l
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A 6% HEAAY 9 AR AES o8 VPP A2

A1d A53 FBA A28 AL 2 T35 FHA AL

A 1 & FRI 206210] 2J%t S|42 AEAHAE £|%F lab scale air lift reactor
system?] 7%t

1. large scale culture?d] 7¢E ¢I3F A nljokz7e] =y

et A4 g tFAE 3o 317 wEel WEFHA Aeld HF A
AEo| tigog wWasty, oo whel AHnPESE wel cFeR wier gatste] Az
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Photo 6-3. Integrated system of fermentor and air-1lift
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Tig. 6-18. Removal of chromium by immobilized white rot fungi
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Fig.6-22. Removal kinetics of chromium by immobtlized

white rot fung) in a packed bed

o Initial concentration : 100ppm
o flow rate : 0.066ml/ min
o matrix : ceiite bead ( 209 )
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o Initial concnetration . 250ppm
o flow rate : 1ml/min
o matrix . glass bead ( 309 )

dgss sal
&g sed.

‘water In
HElE S2g 0|Bs0
2 o8 (water In}

dalE f= .
{(WZ. 0.5mm2E 0.7mm)

Dbl 0.4mel 372
THE Hok '

- 155 -



3 HIELE &Y 4 Ud2S €A ook sAIR o] WHHE column $] F-Eell 242 uf
okello] ZzJgo BN MEZ A3 Aejrt ohd WEMAtelolq wIPE = two population
culture ool WABsle] uigtalsia] ¢t whelA ol EAE A3y ¢1stel 13
6-263} & recycle loopE ©]-83%r 183} A& 7)uste] HFH 2= packed columnof] A
AEE 2Rzl o)A 2 AEE ol g3t Jxl AFE3} FHAHY Fo A
t} 3% 6-262 o]#) ¥t recycle loopd ©]-&¥ A3} X EAEE Uehf 9li O
2 6-270]A4] o] AR MEAZAI G incubationdt MEAAI] AXE wLL|

o]32 9o recycle loop& o83t A3 Ax9 L£44& Holal rh

=

medium
in

240
220 A
200 4
180
160
140 +
120 4

106 o
80 -
60 o

a0
20 4
0

tote! chromium concentration (

0,0 0.4 0.2 0.3 0.4 0.5 0.6 0.7
Volume (L)

G
Fig,6-25. Removal kinetics of chromjum by im mobilized xg
white rot fungi in a packed bead column

o initial concentration - 260ppm
o flow rate : 0.035mi/min
o matrix : glass bead (30g )
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Fig.6-31. Adsorption kinetics of cadmium by
waste solid medium in a stirred reactor
otemperature:26oc
o biomass:9g / 200m1
orpm :120
o initial concentration : 20ppm
12

-
o

T

T T !
o] 100 300 400

200 500 600
Time ( min)
Fig.6-32. Adsorption kinetics of cadmium by
waste solid medium in a stirred reactor

o tem perature : 26°C

o biomass : 9g /200m1

orpm :120

o initial concentration : 10ppm
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Time( hr) Fig.6-41. The breakthrough curve of cadmium
- . L . adsorption by waste solid medium in
Fig.6-40. Adsorption kinetics of cadmium by a packed bed column

waste solid medium in an air-lift reactor

- - o biomass . 10g

o o initial concentration : 10ppm
o temperature : 26°C o flow rate : 3.2ml/ min

o initial cancentration : 10ppm
o biomass : 45g /L

APPENDIX

AP

1. control
glucose 25g/1
malt extract 10g/1
MgS04. 7H20 2g/1
KHzPO4 3g/1
peptone 10g/1

2. M1 medium ( nitrogen limiting )

MgS04, THe0 0.2g/1

KHzP0O4 5g/1
CaC03 0.06g/1
NH4NO3 0.18g/1
Thamine lmg/1

Sodium citrate 2.5g/1
glucose 20g/1

3. M2 medium ( nitrogen sufficient )
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MgS04, TH0 0.2g/1

KH2PO4 5g/1
CaC03 0.06g/1
NH4NO3 2g/1
Thamine 1mg/1
Sodium citrate 2.5g/1
glucose . 20g/1
4. M3 medium
MgSO04, 7TH20 0.5g/1
KH2PO4 2g/1
CaCl, 0.1g/1
Tween 20 0.5g/1
Thamine 1mg/1
veratryl alcohol 0. 2mM
glucose 10g/1
5. M4 medium
MgS04. 7THz0 0.5g/1
KHaPO4 2g/1
CaCly 2H:0 0.1g/1
Tween 80 0.5g/1
Thamine 1mg/1

veratryl alcohol 0. 2mM
6. Laccase A34+& wjx]
Stock Reagent

Basal -medium

MgS04. 7H:0 5g/1
KH2PO4 20g/1
CaCls 1g/1

Trace element solution, 100ml
Trace element solution
MgS04, 7H20 0.5g/1

CuS04 0.1g/1
CoCl2 0.1g/1
NaCl 1g
MnSO4 0.5g
FeS04. TH20 0.1g/1
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HsBO3 10mg/1
AlK(S04)2.12H:0  0.1g/1
Nitrilotriactate 1.5g

Culture Composition
basal medium
¢ filter sterilized - 100ml
10% glucose
: autoclaved - 100ml
0.1M 2, 2-dimethylsuccinate, pH4.2
: autoclaved - 100ml
thamine ( 100mg/L stock )
¢ filter sterilized - 100ml
ammonium tartrate ( 8g/L stock )
: autoclavedv— 25ml
veratryl alcohol ( 0,4M stock )
: filter sterilized - 100ml
trace element
: filter sterilized - 60ml

A 44 el HAES o] &% M52 F=E o] AA
(B2 4= H L& 9% Sinulation A Y)

A1y Ad

A7t el AR SR E o] w|¢FY FlERClE A AAY & S
UYL, ol AYFLE oY 4 Yt A2 UL $8lo] stirred reactor,
airlift reactor, packed columns2] lab-scale 23S AA pilot-plant scale?] system2
AA AzBte] 5ol gt} o]F o7 A u3}r] 32 3FF(counter current)E J&Y
< %= bubble colum& AH|Zste] 1 414 H o] grhsd & HESIALL

T AF7HA AEE pilot systen =FFH 5o AlGulS Helo] HAY AJAHlo]
th olBRt Ay w4 @k ohlel ole} Walsle WA EY W A4y B AR
gt Fa&s AelE o8 ZElelH R s g o83k AEE stn ‘31 th olo} Ay}
T A83 AlAF9] simulation model 24 o8] 712 B TR FHFNERE o] &3l
FI=E8 AAE Axslch H&E AA¥Yl0Z continuous flow system, airlift tank
system, two stage airlift tank system, maze tank system 5-2] o8] &L RE A}-L3F}
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o 12 AALEE AL EN 1 A8 JHsd g HESLh of & =R AA W
oA 71 il sFatels A7E o] €317 olHPEE J1FF Feo] AAE A
BlE Ha3ela 23 W B4t golsle] AANIE EY 4 At Hehel maze tank system

£ st &S LS 4T model system®.E AHF}I AW LS 9%} simulation A

Al &S 2 gl AU HEE HRFALE |5 o Y F&ESo F
2 otz yte] #REC] AFo] W Aol utzl ele] WA wuiz|o) 2% =8 EF3
Bk ohzl ofd, Wk, FelF ZIEl FF G0l i FA M AL WRstA Hof o
€ 5 Uy FAS2AL AT ER ofdd A AE F$4 2 E maze tank system
2] single stage operation, two stage operation® A X #Ae) HAAI maze systemS A
Aste] Al A &E AEsden ol HlFoR By A& maze systen 7)'Us}
o 1 o]& 71sdS AR

A 23 AE Wy
FAAER =elz|HA SRS 120° ColA 12417 AZFte] AMESIYI simulation

study2A A sjpelial JtEg, FE, o, Wit &9 AE3lYch olyI FFE o]
2] 24L& ¢]s]A= AAS(atomic absorption spectrophotometer)& A}£8}4ic}.

Bubble column(Fig. 6-42%Z)& $I3] 5483 A2 trayE o|&3}o] column 67]2)
compartment® L}¢ITth o] tray: 4712] 4mm hole ZFX|ZL Q13 45° o] ZAx=E 9] o}
WHOE HAL 7] Wi 3719 FUE FYHE F2AIL olele] compartent®E ol
E F UEF dA=YE EY ol T tray typed] TS RUSHI] $l5te] @It ¥ Ao
E butterfly valve® QZAT O EH compartment A}o]&] segregationd ZHIA|Z A& &
Ef2] bubble column(J-L bubble column)& 7['@3}9dc}. o] columnE 552 E Elo] 9l
712 Y& S valveE R FEA 7L ofele] compartment® W] o]FY = YEE
st olE 913 Sujx| & alginate beado] E¥§ FHAE ARE-siolct olHT &
2= oullx] 2g& 1% sodium alginate 150mlo]l @Yo EF}IHE 180mM CaCl -Z9¥of WHojx
3 Azstgict o]FA A2H beadE bubble column Wi 67]2] wholl 24z} 20g%] @i 27]
5 10 ppne] FI=ER £2E 8ml/ming} 12,3 ml/ming] FIA] §&408 HEHAAct AR
& J-L column?] -2 working volume 720 ml A $]2] bead& Z} Wi 20g 2 Wi 27|

% 5 ppm 71EE RY9E 12 nl/ming] §&0 % AEA[zlon, breakthrough FAE 27
87 913l 2 e 10g M Y3l R4S 24 nl/min 3 A FEH319cl

HHe

—

w3 HE&EF H2E 2T HE A AL E continuous flow system, airlift tank
system, two stage airlift tank system, maze tank system So] X=X ¢lt}. Continuous

flow systemS “E}eiwjA S|ujx]E 100g® packingdt 6712] sack® working volume 8
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liters] FHzo] AT
¥ 10 ppmd] FI=F €9
& 36ml/ming] £EFE &
408 HFAIHEAM &
FTolAM e JI=F EE
AASE &4 314lch.
Airlift tank system®A]
Lefes s suAE 1008
2 packing¥t 672 sack
o] working volume 14
liter®] H&HRo] AMA|H

e continuous flow

519

Plates pore
system = ] airZ} (4nm)

Fase 4E4e 37
Zich. olwf 10 ppnd] 7}=
B 2/d9L2 36ml/ming] <&
22 dA&FoE HEAY
AA fEFINY FEFE
=55 AMSE &33lglct
Two stage airlift tank
system2 AAEE ¥ ,
AF17] 98] airlift tank systemE series® @AA|Z AJARlolt), ojuje] Fl=F 899
F2345E 20n10]glt). Maze systemS H&EUHSZRUlo) zigzag Hele] +E8 UEF +2
Abol Atolof] el HulA]S 100g% packing¥t 671¢] sackS working volume 6 liter?]
H&Zo] AXE ¥ 10 ppu] FIEF RS 20nl/ning] £EE dLFon HFAI|UA
FETFolMY FNEF FEE MSE FFstAch AR o HAF ALR FolA =R A
A oA N L4512 wHAte] HL8}7] 4 maze tank systemE WHA P& HE
& 9% model system@. B A3 Aml4 HLL 2% simulation AHE $33g Tl

T Avls H 8-S Y ol BT YT HEFUNOE FeAIL ol WP HE&T
of 38 ofelz} wito] WHES Qlgo] ws Mol wet etz WA sl A3 olg F
B4 OREE FHAAT WA A Bast FHol ol FFS oidt FHE2A
& zARHTh o1& 93] o2 2I15ES $F% oL 20mlo] 0.2 go) HIAE Y3 26°
C 150 rpn¢] 2AolA 10X A& F Y v=& ME 2439t

——J'TL

Flow in

Air in

Fig. 6-42. Bubble column

AHY maze system Aol L3}y 18] o} AAE F4 O % maze tank system?]
single stage operation, two stage operationg Al=3}¢lr}. Single stage operation& $
3 “Ele|wA HuiA]E 100g%] packingdl 67§¢] sack working volume 6 literd] F&H=R
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of x|y ¥ 20 ppud] ol &g
5, 10, 20ml/min®] &LEE A4 o
2 AFAIHEA - FEYY BEE
AE & A 519 ¢}
operation %tz] single stage® T
7| series® QAZAY ZoE UL 2
oA 20ml/ming] HEZ o}¢l £
& d4FH08 FFAILH olF u}
etog gAel] A AI cartridge
type2] maze system AASle] 4w
+ HLg Axsigen oF Hige
2 v2 v #H&39¢ maze systend
Aste] 1 ol-§ THsdE AESIA

c}.

Two stage

A 3

K

SEEE

1. Bubble column

Bubble column columng] ¢ &

T2t wobdl st=f &zt FHSIIL o ¥

feeding® =2 J1=EH ASH
oz FHAY LS Y F
ol A Awolt}), Fig. 6-43&

bubble columnofjA] ¢4 Xe] A
FE Uehd ez A& F 400E
= gabdelel Sgeid F=E
| TIEE 8nl/minofl ML 89%2]
AALE, 12.3 nl/mind] FIFEE
oM 82%8 AHALEE RoFLE
A flow rate’} 71348 AHea
&o] Wolxdg& o # rh
Fig.6-430] A& column  3zolof u}
£ Jl=R 54 HIE veid A
o|t}, compartmentA}o] 2]

leakingo] ¢&

o wj

7L compartment ¢}

—a— flow rate $mL/min
—O— flow rate 12.9mL/min
10

Cadmium concentration {(ppm)

o
0
a4
s

800
Time {min)

Fig.6-43.Adsorption In bubble column according to
the change of flow rate.

I A foeding® FHATE Wol A3l F2tslol
Bold A8 o A8E FHAL A2

7n

Cadm i, ookt ir {pprn )

5
s upperafaiaie
seite; OLIBT 0PI
ng e~
30 D 480 S@m 60 6 60 M 1S
“Timve.Lrin §
Fig.6-44, Comparison of cadmium concentration

according to column height in bubble column.
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—&— Bubble column
O - Separated bubble column

Cd concentration (ppm)

0 © 0o 0 0 0 p 0 O
0 100 200 300 400 500
Time (min)

Fig. 6-45. Bubble column2l Z&

Fig.6-46. Comparison of adsorption kinetics between
bubbie column and separated bubble colurmn.
( flow rate = 12mL/min )

ol A= uniform3}A] Yt compartment®} compartment Alojofi= B2 X7} HA column?] o]}
=75 A4 =R R ol ito] T3 Zog o dde}. ARt Fig.6-43 of
A= column®] f]9F ofzfoAle] BEXlolrt 7l FR|Tr AR UL U 4 oA
leaking ®Aol 48] Wol Aok o8& & 4 Atk
o] &3l leaking VA EU3517] 93] vt ©t Alo]& butterfly valve® ¢AEE A2
el bubble column(J-L bubble column)o] JPUE]QdcTl. o] columnd H<4=7} ofefolA] 9
E 529X air bubbleo] 23 2502 Zivhe] FaA|el AHsicirt A A LF air
F& T3 valveE do] ZAete] FHAE ofel] Vo8 wAH O R ol FAALEN ¥
F&o| o]FoX|A T} Fig.6-45% | bubble columng R oJF3 931, Fig. 6-46
o]2| %t bubble column®] valve& v} @ojissl 23T 72 (bubble column)} Holei &
%t 79 (separated bubble column)?] F}=% adsorption kinetics® Ro{=31 ¢lc} Valve
F d9dE& Aol 4ubEQl bubble colunz}t F-dUst2E 714 bubble columno] A
2] Yo ueddto 8N 243 mass transfer characteristics® HoJ3E 3 glt}. Fig. 6-47
L 7} Mg FIEE 2o wWElE Ueha gzt ollolA Sgte s el A4E 5}
Efol F3Eo =7 B Yol & 4 AR w3t ¢ Aoy HExjo)r} WHEA
FAPLER leaking T4l FOIFEE & 4 UL Webd AUY J-L bubble colume
tray typed] EXHE& & U design Y& U + UMTh Fig. 6-482 breaktrough A4
& 5Z317] fltte] FHAY @& Wlew Fola Ay RYE TR ¥ A9 FH @
1E Ho] F= ALE 100 & o] FFE MM f-& =7t 571%tel whel breakthrough®

o

X oro du
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Cd concentration (ppm)
Cd concentration ( ppm )

0 100 200 300 400
Time { min)

Stage number

Fig.6-47. Concentration profile of Cd according to time
and stage of separated bubble column.
{ flow rate =12mL/min )

Fig.6-48. Adsorption kinetics of Cd at bubble column,
( flow rate = 24 mL/min )

gol dolde & & olrh uwheld FHEY Aol FHAAE Bk oo FaAst 23
Hol & X7 vi& 7IE€& sl "l Fig. 6-49& ojuf Zxtolq o] sl=g B ES
LR iy 7)ol F43Q profile® LEhAU breakthrough #Ate] Ubeluls 1]

ol EQHt profiled RojFa glth

o2& breakthrough & WA|317] 8] FHAE n#sjof sh=w], RE2 bubble
columng breakthrough7} doju}r] Hoj 7 Hol| 2B 4=ule]] ¢goL} AES J-L bubble
columnE =x}& 08 FF2 1H3lo} breakthrough TS WA|3lo] Ty A7t AREE=
FHAL] & AL £ e Ao gtk olHy AAL HAFI] Yl alginate
beadE& FHAZ Alg3te J-L bubble
columnof A FI1=F 2 $3319ct. .
Fig. 6-502 ut3]¢l alginate beadoj
23t =R FF ¥U¥E HoFa 9
3 Fig 6-512 oluhel 2wl
X profileg Ho]F3 Qlt}, 25 gram
2] bead® 300 A|Zto] THHY ZBIC}
W Al breakthrough@® A& Xz

ool =S o 4+ vk s
Fig, 6-52+= 5 gram?®] beadZ 60%-9] %}
WAzt 2B el FHY v T T T T
& HoiZE3 gtk 30042 JEL Stage number
B Fig. 6-508] 79} ulxt7}X|E  Fig.6-48. Comparison of adsorption kineticéaccordingto

time and stage. ( fiow rate = 24 mL/min )
25 gramo] AXE] ¢ 2L} breakthrough

Cd concentration ( ppm )
M
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Fig.6-50. Adsorption kinetics of Cd for pure Na-Alginate
beads at J-L. bubble column.
{ flow rate = 24mL/min )

Fig.6-61. Concentration profile of Cd for pure Na-Alginate
beads according to time and stage of J-L. bubble
column. ( flow rate = 24mL/min )

#ato] Qr}. Fig 6-532 o] A9 Ao IR 5 HIE RFI sled o]
o ol BetRT profileo] BAHHE & 5 U0l Ed AF /I o W2 ¢
& H7lstofol QHYE operationg RAWE 4 gtk weld Fig. 6-52004 RAE
operatione breakthrough #AME Wx|8}7] ¢t 43 FHAE AN Z-eet LY -
olrh. oJBE Fig. 6-50004 breakthrough® W=|3}7] #18iAE ol 10047t 25 grang A%

o

(o4

-'Www

Time({ min) Stage number

Fig.6-52 Adsorption kinetics of Cd by pure Na-Alginate Fig.6-53, Concentration profile of Cd for pure Na-Alginate
bea45 in 5 cycle operation with J-L bubble beads according to time and stage at cycle
colurmn. ( flow rate = 24mb/min ) operation of J-L. bubble column.

{ flow rate = 24mL/min)
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| Fojof = AMdE IR
ME-E J-L bubble columne] £]%t
Zzogl o|Rr} AL 1/39
=) FAgoRs
breakthroughS WAY 4+ JSS
g 4 v uehy Auw
J-L bubble column2 ¢1&4] 3§

2. sujRjo] 2%t e, W3
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Fig.6-54. Copper adsorption isotherm for waste solid
medium. ( a=57.7572, b=144.2159 )

ofd o] 22 F3 T4

Asl4 REE AT Aol AVE PP Ao FAL o] WP &S F
2 oz} wzto] UHHO] AlFol WMol utet Lele] WA sulxle] 5] ol& FIF

]

Specific Uptake, q(ma/g)

o

Specific Uptake, q(mg/g)

0 20 P &0
Hrﬂa:memaion,cf("g,u

' Fig.6-65. Manganese adsorption isotherm for waste solid

medium ( 3<18.8321, b=14.8414 )
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Fig.6-56. Zinc adsorption isotherm for waste solid

medium ( &24.5901, b=24.1208 )
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& o] FHE Aejyo] ZER A F&EF Y o o|&o] FEIhe ZAfolE 4
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7}. Continuous flow system

el A HRE o] §T wlFe] AU &5 AeAlae X" P4} A
HZA ol 22 A Fgolut 2F7IeA] fA7 ol@7] wEe] € £ dE T 5Y
o] HAAES B4t Zighsla 82 2to] ZhH 3o} Fht}, Continuous flow system 4
2hg o] 83sle] ALY og Aeds i TRV AeEt] {FARS g Ho] o3k A
o] glt}. Fig. 6-572 ole{¥l systend RoJFL glom Fig 6-582 o] AlARlojale] 24
Z3tg BARa vl FH=E AL 2063E Wol HA Yol W FHE By
AHg3] BrlsEe € 4 ddth olFA AALZe We olfk TRH L fPoRL
7}5—%-71‘ FHATY FET FEHE Y2ZAUF turbulanceZt dolutx] ¢b7] wio|t). ul
2}4] mass transfer& ZZIA]7]7] $13] airlift tank systemo] A}E-% it}

Cadmtum Concentration {ppm)

0 2 4 6 4 10 12 14 16 18 20
Time (hr)

Fig.6-68. Absorption of cadmium to waste solid medium in
continuous flow system. ( flow rate = 36 mLimin )

Fig.6-567. Continuous flow system
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L}, Airlift tank system

Airlift tank system® continuous flow systemel] air& 3%} circulationd A5}
£ A&RO 2 Fig. 6-590] Ueht} 9lon Fig. 6-60014 1 Ae|A}E B3l it F
7HA] FEEEAANY AALE ZABIGEY 36 nl/minold: 36%, 20 ml/minol A 72%2)
HAAEE HoEoZAN 719 FUol &3t circulation?] ZFt]E AAELo| continuous
flow systemol] H]slol FUEULS & 4 AgTh |

®
Air 10
99¢ —8— F= 38 mUmin
S ~w- F= 20miimin
A 8
ir g
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Airin E 61
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£
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Fig.6-59. Airlift tank system Fig.6-60. Adsorption of cadmium to waste solid medium
in airlift tank system at various flow rate,

Fig. 6-61 two stage airlift tank system& Ro{F3 9J3 Fig. 6-62% o] A|AReA
o] AHelAdzE vehiz g A s whelMe 725, F wm] oM 8342 Jl=F A
AEE HAFLEN YE 58d dile AASS dniEA] HE2g 4+ &S ¢ 5+ &
At Airliftd airg FF310 §-54& FHAALY air WfEoll AFo] A7 Ay
7} @Wol == o] girh weld FYPu|st AP FEI] F5ES HEY 4 e
AEL A2 o] 2FFHTL

l

T}, Maze system

Maze system©] continuous flow system
2} airlift system?] THEE& R7}317] ¢
3to] A =xgich o] A]ARE Fig. 6-63
I ol FF YR ol zigzag Fejo

TE2E UEF 1 Alojo] Ef|HA ¥ Fig.6-61. Two stage airlift tank system
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Flg.6-62, Adsorption of cadmium to waste solid medium
in two stage airlift tank system.
( flow rate = 20 mL/min)

A& Y& sackS HA3l JI=f o] 2E whAUrbe B Eol o) xjedyer 3
&o] doJU}EE 3 system®E Fig. 6-640] &Jshd 91%¢] AALL R}l o] maze
systemo] F}=fF AA oA 7 4315 FYol A &2 ot I FFel £A7t H
E ke APel dgor &4 W W4yt §oldty] wiEe] st Fé4+ LS 9T
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Fig.6-84, Adsorption of cadmium to waste solid medium

Inmaze tank system. (flowrate=20miimin) g o o5 Adsorption Kinetics of Zn at different flow rate
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Flg.8-66. Concentration profile of zinc at different flow  Fig.6-67. Adsorption kinetics of Zn at each stage in two-stage
rate in each cell of maze tank system maze tank system ( flow rate = 20 mbL/min )

BHE maze systend ATt APATUz A VY 3§ HEE A Asl4
2 && 9% sinulation AP 20ppn ol £A& FHLE AT

Fig. 6-65& - maze systemollr o] 7}x] ol 2] ol o[22 &3 kineticsE
vepd Zojct, fraro] & Ffol: A
558 Wolx|2} n}A} breakthrough ¥ 1
2& HolA Hol AAEo] yopzch - —o— st stage
mebd f90] ol AT ASlE ) e
FHAE © H/SEA two stage
operatione] v}grA 3Flri. o] AL 10
ml/min o]slol ML A TE AAES
BolFa Qlth wx] 20 X3t o]F
B 234 & =7t 371gE &2
o] Fo] bml/minel]l W3] breakthrough
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EX T Q= 3t o] whujA]U
sEE 5 Fold suhvt Fig.5-68. Concentration profile of zinc in each cell of two-
AAE A7]2] maze tank system ol A] stage maze tank system. ( flow rate = 20 mL/min )
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Fig. 6-70. New mazu tank system2| Z&
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Fig.6-71. Adsorption kinetics of Zn for new maze tank
system. { flow rate = 60 mb/min)

=4
§92

Fig.6-72. Concentration profile of Zn at different time in
each cell of new maze tank system.
{ fiow rate = 60mbmin)
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Mg A FA YR sgon Hode FEE 10ppn $ELE 33T
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& gz T LAYF HEE FEAYESanidAEE EFEHI(ICP
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o}R.gkt}. 3} packed bed reactoroAE FANEE AUHE 37| 800g& WE 16X 9]
88cn¢) ZHo] XA F 7|5 % 10ppn £8E F3F 294nl/minl E columng FIA|A
|4 Astoict AP JI=E AL ICPE 83t vEE FAslourh

2. Airlift reactorofjA&] &2} kinetics
Airlift reactors o]83lo] 430 2]8t 7l=Ee] &% kineticsE ZAFsteict. 213
7- 12 AULE] 43 400g& 1302 7% % 10ppm JI=F S0 F&HE ul Aol mE
FE JIERY HEE AR Zo® 08 AEW P o2 Ao Uehyrh

3. Packed bed reactoro]A2] &} kinetics
Packed bed= @<&2 08 A}L3¥ <4 917 reactor vesseld] Fu|7} A& Aol glcl,
w}2} 4] packed bed reactor® o]&8}oy £3 o &t FI=HL] EH kineticsE RAFSIYTE
a8 7- 2= AU 43 800g ¥ columnd] $2 313 27]%E 10ppm JIEF &S A%
A2 columol AH¥ w Azt mE &P FI=FEY] FEE AR JoE 4004
E AY urziA: ¥ 522 JIERE RABIt} 4504 Fole =R ETL
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a8 7-1, Airlift reactorolx I=F F% 1% 7-2. Packed bed reactorox]2]
kinetics , breakthrough curve
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%] 7-6. Packed bed reactore|A]2} breakthrough

g}. Packed bed reactorofA]&] & F 3 kinetics
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Hefo] SHUE 9 0.28& YL pHY &
A& 2, 4, 5, 6, 8, 10, 1222 3}9r}
Bte zAL 25T, 150rpme. & 15417t Het
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2L ZMehd 2UR 438 o83t 2 KTl A 2 Az AAE /U 5 U A
2.2 o&Eoe3ir}
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Rolet & ol ).

Table. 7-1 e[l suj=|2] FF&ol whE A A E}

—_—

el ¢ me/ L)

Mn Cu Cd Zn Fe Pb

g A 5% 7.6766 9. 5924 9,9345 8.2968 9.1275 9. 2568

RS & em 0.1307 1.4340 0.2301 0.4612 4.3226 0.046
AL (%) 93,29 85.05 97.68 94, 441 52. 64 99, 50
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»gnl 248 Msigch
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kinetics& HojFal glth. o] Axjo] shd Awtz} sigtol A oele) F& kineticsis
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A BRG] WFS 7IE Smg/ Lo]E7bA] A 5 Qi A]Tko] 204128 type IU}
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28l 7-21. Maze tank system ©]&3F! type
vVe] &% kinetics (o}g, W7l

th FHg Yy I

) WY He

3% 7- 260M% 1708 naze tankg o83} HAUYFE Bu] A2 AesiA 7
thulth AlRE 2SI 7H whelAle] olele] FEMEE Yolrokth R4 1480n¢/min
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A S-S Barlh UM T WHF A Time (hr)

A w3t A gee BAY 4 2 |
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e HolFatago] 2 oy E2 3 kinetics ( ot )

o] Exgre g N whE AjZh ol EE}E]S’J Zlolgl o &Hc) olgjg AEHN AUF
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Rk},

¥ Type. VII

40

351\, 5

30

25

20

15

Zi"2 Concentration (mg/L

—o— 1%
] oy 10 —a— 2.
—a— 3
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A AL BAE &2 kinetics. ( o} )

2) 9% 4% A%

39 7- 5% mEleld R SuAet chinke EUR RE H=elxo] FAAY F naze
take] 719 $3 ¥u] BESE AL Afolch. o] ANE BE eEielH A HHAE of
83 A% fARY A7HE BTk HF YFH(GD)E A stel okl thy F AA

£ A% BFAAT R4 7@ 747 AR AW 4 2SS FAY 4+ Ao

ok g Wy v

1) #3 28
Iy 7- 262 AHHEAAE JIE X6 F$FAIZ) F maze tanko]] 719 il ¥u| &4
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RN F24 FAAEZHN &3] Bokrh, ARE 2 whdE A3t ofdde] it F
kineticsE ¢to} Rltl, #UIE FYUHE §4& 7)o 480me/min, 1300mé/min, 480me
/min, 1830mé/ming ¥ 3}E glc).
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of thyt FHEAE o} Rglth oy F&H2
1280me/ ¢ 2 3}gict.
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A 34 yAAS oL FE%5 AA
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1. A¥EAY airlift reactoro]A] alginate bead 3133 HFNYHAE o] L3 Fl=fF AA
a8l 7- 34= 750g2] alginate beadZ 3.7ppne] FI=F £ 23¢9} HEZAHE ule A

A kinetics& LR 9t} 40}
WHS HL71Fo] 0. 1ppno] e} 5 35
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£ o]43% IE AA kinetics
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(A A=} AAF 2719 F34u4)
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Sgel HE AASE Ade ¢ | TR
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FAEH R & alginate bead® 3L 3 Fe 0612pl:)|:n

ABEr 7508 2329 airlift = 41 Oim
reactor’gol Al &8l AA
kinetics& oolRgit]l, /%% 8 7-35. Ay 4a) FoARIe] A=A} 2%

78.46ppme] Pl 18 7- 360) A $EE EXE
A He A3 go 100)~lzl(3 490 )l 99.64%2] AAES RArt o A Wi
4 7]&Q 3ppmo]sieghs 2AE FE3] WEAL Wy Aok Fokdzle] 3FE wUAEE

H o] 18002k AE Z:"J"L thd A AE )2 AlTte] Arhe Zlo] whyo|t). spx|qt
eEA 7 2318 sAYe] gle ABFAHY s olehe At I &
Aol = Az Ztesithe A ol siA el ZH|7t etAel & & 2 g
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st gt REAGH AL A AF7A e FEo FtERe] U AHolsol Ak Fe= W
vk 33 7- 37¢) A3E B oldle] thiyt AAXI) 98vel Wt & 4 ek 1Y
7- 38o) A& A 2] o} F WEHY BODE AR Zlolth WA THE BOD £ Azt W)

E 30 300
: & —d— Mn :
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Euol 13 FEAEmRe] 5o FFG ths] =g xe FsYHe XL
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By 233k REAYHAL 27T FF T&4& ek gt o] FAE2Ae
o3tH B :'féi}% BEAGH AL Ft=F] i F2L LangmuirB A 8] FX 532
2 Uehds ola Hof F3wo] of 20~20me/gd & HAY = glolch mpEsAA] O 7-
402] Z$E SUT wpHoZ 27CoM Y Felol tiE FHF24E Uehd Zolth ol
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A8F d &

AbglAtgde] i gl HAe tigt X3 FiHe Y-S Fohie] I H¥E Il ¢
g JIER HAAIIL, ol ulolH A Ao R AEIHAIN Lolrt BAFI Y& A
25135l FE24F 9 GEiE EUR A £AEL HAHAT] 98 A3t Y
F HAARI SRR 19959 129 FE ZUol, S50, 2} 3508 34 &
A= grt.

AF-ATUES 3345 © dEY B AAE A8 oF MLEE, BEFHELR N3
¥ 3§, v, 7o 2 J2EE AAL 4 dE WAFFE Asigen, dEsY B
2 HIZ guatgolr dAsHs Er|ERE2T0l0]o}E(TC6)3 WEAY wo Tol wWol Alg
HAY HelSE 2w (PCP) & F3lishe HATFE AYste 53 &Qsidcth

FFES 6712F AA T2 ML AFUNALE 38 55 2,000mg/Le] 605 E.2)
AAZ} FHeshe, 67128S A BIEC 37lages A= ES $E whEc
ol ¥ &)kt Al iAol 23t 6713 EL] AANHE 53 &U(A98-291573) 319
th 2 5 EFE Pl Blag Rl iYsE vaR WA zon, 1 AA
& u]& 500mg/Le] 100%e] o] S},

FEAGNAL FEEL FAAUCl FHAIE BolHel R S=E 200mg/Le] 70%
°]38 AAsE L dlrh olEd FAHE o]§sle JI=f sl AAPHS &Y
(#98-39518%) 34t} E 5 FFE FrAEHE $4loxalic acid)E wH|3tn, $4tz}
Fel7t whgste] el 2AHE P wjgdFe] 7)) AL 2,000mg/Le] 98%0]F
olglrt. oleldt B} Fe[wle] A AP H3| 53] & (A98-29156% )54}

PCPY] E3idF2 RS /Usiden, 500mg/Lolst H=2 PCPE 3171 e
Helstdrt o] F3& PCPe} HHT 27 EolA 6~10xF FAY E2HQ 2ol 23
F3stalem, ofF FAFo| PCPE o] &35, w219 o] Fol= 100x7} A AES AL
st (554 #98-39517%) B gul oA sk F7d43gtE EER
Eolo]olZ(TCG) 8} BT E FEHAE /Ndstgon, of Fo| Fulsle A &AL
laccase?] Zhgo] 2]&] TCG 100mg/Le] 90%o]4te] AAE gt (B5&Y #98-29158%) 1
9 SUisieE JEHAE ERY PPy TCR(EYUZEEWHE)Y AA FFE CB-203
Rhizoctonia praticalorE 2Wslglor, PCPY EAAALEL 87%, TCPe EAAALL
70%0] o, H wjefo] ©AEL 70%4ic}.

TES UF vy FHAER SPUR Y& o83l 71AES FHYE Ved
st en, 55&4(#98-54824%)31dth vl F3e-2 U 189 6712 30mg2] F
Fo] 7bedt, YUAVERI*} SYPLIF G 10ng/LE Airliftihg7|oll A 4502 H&
st & ol 6712E w7t AAR YT EI YHE JPLe JEBS FAsn, U4 159
FI=E 45nge] F& AA7L sHestgir),

rElIHA ElAE JLEES FHsle BolH HAS 23 glon, Ay F¥sL W
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WAl 1g @ FK=E 450g8] AV} Fbsstalch. weld siulx 40g2 S0mg/L HSE W4
1028 gy oz ANy 4 olvh. =g ElewA Huux = st=g FHeo] 43}
o, o 5L uiA 1g @ JI=F 17.5mg8] F2o] sbssiolcth &, siEaizA] %go =
FASE 40ng/L 200n1E 437X QHFoE MW 4 gk |

AU £yl g, ofd 9 W FIshe 4dE i glen, Hul F¥e T
50mg/g, ot 4lmg/g, W 45mg/geigiTh. oi7lol AEFEY #eadt mfaves HISislE o
23249 Babso| Zrst, FEle} FI=RS oF20%, ot 10%, W2 95%0)4t FHol F
ZAglgith. & AUE S ity Aeg 7] W@ ol o2 80xF =t FEH FUIE S
t}.

g AUE 38 900CE B Asige ul StER W FEl Fo] ul¢ 3t
gomz 2y B3 WY W o]F o] LT FFH FAAY ML 5 E&UF s
o) Fase 7= 9 2a] 150mg/Le] 10052 A7} 7Hssich o7l H& Hspstd e
Eaxbso] 100%0]4 2718t 5 71&e EFGol UiF 1R FFeS ZI ornE
I1xE FLUEE S8 sy Ao® yivtic

A271A) PLE J14S FAAAS BT F24 AA AdAEE At 4 W%
234 AA HAoR AT BEd 49 AEFA Bul WETE Maze tank systen
W22 H&42 ol A AT} Maze tank system A7|oA FFE& AANE 4
o] e4siria =29 MuA], 43, 4o U BYH 5o AANRE @ =R E
ol gste] 253, Wojo] FtAeAE BAHES stk AALL W4F 40ppn o} S 24
APt AAEA Y WFHIIE(0}d FAR S WHIIE ¢ bmg/L)ol3tE A AT of
uhg7)e] B2 HHat 53} go] ML) FFo] A ol FFYPoR AFU 4 gl

Holm, urgr]e] €% ZAL =3 L X& tankE o]§A] &Y JUFE VY
th, E W, Sy, sjxA 53 2 YAt sAQKE A ol &Y 4 ok v
24 Tato] wH&RA 7} ik Aa"cHs BAFo| glon, ol& 4 FE4ol2d
A ey Ao uekEA|nt olof vidt ALY FF Frivt ey Ao wughdr} &
5 w42 BODY Z7}7t EAE 4 9ol sl ZEE LAY itael HEY 3l
A ZHE "A o] FO8 o3 EAAE FY + U& AT Ak
Agul e £2% AA AAAPLE QF B3V 222 =33% HE &3]
gt AL ¥hgrlL airlift reactoro|m, 150417t F&FA|ZTh AAELE Al
bead® o] &3jgom, AA FF4H5S AEMng/LE TRY HFE ZE 5% Smg/LE &
ol 4 glgith. E =R 5.2mg/LE Omg/LE, @ 17.2ng/LE Omg/LOZ AAY $ Asrh
2 £2FF w42 23EA AN AHREE et v]ES 14,0004/ FzolH, ol &
W abeadZ Mot m) AZHISL 10,4009/ E FEE o 203 E u§E AU 4
gtz ¥e Eglth |

E AR 27| AZ FHY #4548 Airlift reactorod F-FENGHA bead2} F-F71'Y
WA 23 BUes 10047 FENLE ARE o, FIFE4L Tl $E 78wg/L7t

o ©

fr o of o 3 I
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0.5mg/L2, Wzt 7. 7mg/L7} Omg/L, LFulE 2. 1ng/L7} Omg/LE A AZE gt 7|2 3}8bA )
H]§-2 4,0009/E0l9l o), s By #FHE2 1,0004/8 FEE 7|2 An &L
3uffold AZAIA 4 dlolvt. ol AYElEE Aelsgg uwle) 5L spi A
olstel FFE= AATL Heshd, Al F HIEAR 3 231 P e o] Yk A
ofth. Lt FHUEGAZto] 100X o]y AR EEE HbgA| o] AA|FH= Ex|HFo] 3}
A 2|A] By 2ufold Hololgiths Mt FF40lE F2 &85t Wol WAt £
ol glrt. uwheby FF 2 A7} iAol ¥ EAFEL 7] AU A& HA whgA AR
(Bubble column)®] Pilot scale®} ¢178} F2< o]252 &481x]9] ¢rAA ] U xjo] Lo
B AT E 71G71E3E ST LAY Tol Utk HIE, 1997d% BA A7 oA
U F5E ¥ FEYS 1YUE/ o, WEYFEL 2.5% v/, H4uage 8.9
W gin’/ Qo] T},

@7t o] A7 o] oigt FEehe AxHRI|wA R AN, =T S, 9
Mg d® - A, I, Pt 0559 FIEA A HAF ol f &g IR
€ Hriy gdslaAde] Aol WRsiH, o]F JYI&R o)Aty 3t E wRF
< YA NEHANL Ve AdRAAYHH 1LY 23S AANRZ BRY 4 gle
DR olF nlo|H A JEIE HE3 93] B3& % vlolH A AAE 2rIx}
gt 2 2o B3 +3E IR FF5AA HEE B3} 95l Ead ¢ A
=3 AAE =R, Yy, 43, ElMA SA & o83 7% AA JEL B3
UL, JdrleR o)dstaAl Tk E W) AEH airliftihgIlE WA Ao|ER o]
g 94308 wEEE w40 3L517] ¢5te] Bubble column ©]& 9144 airlift ¥Hg
71l Adsla, ©@A YL J1E&g JYgeR ojAstaat gt} ‘
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P-168 Properties of electrofusant between Lactobacillus acidophilus 88 and Lactobacillus sp. ]-C7
Hyun-Jung Choi, Hyung-Suk Baik and Hong-Ki Jun (Dept. of Microbiology, Pusan Nat'l Uni.)
P-169 Overexpression of glucose oxidase in Saccharomyces cererisige - - v —vervremines o
-------- Sung-Yong Hong, Hee-Kyung Choi, Young-Ho Lee, Un-Hwa Pek and Joon-Ki Jung*
(Dovsan Training and Technical Center. *Biopilot Plant. Korea Research Institute of Biosci. and Biotech.)
P-170  Sequencing analysis of the plasmid from Bifidobactertum longum KJ - oerve i L
---------------------- Mveong-Soo Park, Dong-Woo Shin, Ke-Ho Lee and Geun-Eog Ji*
(Dept. of Food Sci. and Tech., Seoul Nat'l Univ., *Dept of Food Sci. and Nutrition, Hallym Univ.)
P-171  Etlect of promotor on the over-expression of Bacillus thuringiensis var. kursiaki HD-1 insecticidal protein
gene R Sung Hei Hwang and Hyung-Hoan Lee (Dept. of Biology, Konkuk Univ.)
@ £ 5! AHEHE}
P17z A el gagolol ofgh whekdh whsldego] Fs) 9 Lignin peroxidase@] 38 oo
--------- Aoldd - ol - o)l T e - FRE (BRI GRPa, vhol 2oz ATH)
P-173  Penicilhium Sp.% °]%’:€} z\}_;;l_o,] Ag-g—i’}»z_%] uou]] ..............................................................
----- ABZ SN - A BAY - FAA - 2R (KIST ART0ARL, ST
P-174 " Studies on disposal of household garbage using effective microorganisms - «oooeoes coe o i
------- Hvo-Joung Seol, Jong-Goo Kim, Hong-Joo Son, Jong-Kun Lee and Sang Joon Lee
(Dept. of Microbiology, Natural Sci. College, Pusan Nat'l Univ.)
P-175 Degradation of crude cil by biosurfactant producing Pseudomonas SP.t e
R AR UEEEERER Wan-Su Suk, Sun-Hee Goo, Geun-Tae Park. Kun Lee, Jong-Kun Lee
------- and Sang Joon Lee (Dept. of Microbiology, Natural Sci. College, Pusan Nat'l Univ.)
P-176 % gkglgol 28 mede el A Al "]_%‘ﬁ' S .o zAL?. 239t
Colstedxbel &t A-geta}, *ahAd 3, “SAdstn seh3sta))
P-177 s ol ale @ o] 8% ol el Ahue] A Bl
........................... Do L 1M L Emgh (AT e 2}{);}5}04;»)
P-178 £ 1A QA oiAEe Adu o Co BT A 25 F  BAAR (edEed B RE
P-179  Pewcillum janthinellume)] 213t 389 &2 ajr &4 ... olAH - Medg (st ”%7}*%“4)
P-180  Corynebacternum sp. K-1997} AfAtshs ol QESalao] gk o5t oo HEE - #HFR - 23 a?- JH
(g EE AFFYst 'Leddn 423U Ta, (naT e AlEye Tt
P-181 YWO-57F g4bshe &334 a4 S04 gazdey axs A - HFR - 2xd? . g
(rHdign NF-Fes) 'weididan YEgetdta, Cndudldn AE QT
P-182 g8, <iefiels el F54 AA @59 B4 WA - AES . A (Y| Em et
P-183 %U.S 2“71 E‘H]y}_-ﬂz-}oﬂ -412} o;{:g. ..................... e e e i e,
----------- CEAY 2R 242 GURSRE SUYE, saejdda Bepes)
P64 #AYITE o140 670 2B A P FHB o RIR - o5 - olafelt - el
(FUART HEPFEAY, AR JATUAR)
P-185 Purpie non-sulfur bacteria®] ligntell 2%F 4% @ 4 o7
S 2BE OB WelZ UMDFANAL EaTL)
P-186 Dyed o8 s yfgel glad@elad wjmedp -
A o Eﬂ_i BT - HdF (ALAGFAT A Fghadp
Pr18T i wE 2aE <188 £AE ®uicle) Atms s X 28] o) 7)ed - e o] A uin
: (BAOehE AlFodopurs, O aer) e AR 4etah
P-188  Liversity of the Vibrio species isolated from Korean sea-water - -+ - T

*Young-Jun Yoon, Duk-Soo Hwang. Jung-Wan Kim and Young-Hwan Ko’
(Dept. of Biciogy, Umv. of Inchon, 'Dept. of Food Sci. and Tech., Cheju Nat'l Univ.)
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Aot AL F712 BUE AU, AL FI1R 13 28 Ave AAFE ¥
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B Bz old g AAE FUST, UA 712 13 3-58 F¢he] mukg 44
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EEtAh AdeE 28 W WaREEe 54 67 28L 438 Tro o o
OAHEI olgH BEAgel v} 28op pUgond ANz oD Wize a7 =
B el & Qo] wrE At duwrd 3R 4as zAbe 2B em 330 pll 4.2
oAl A d%g wEAY 67 2 0 ppmel T shof A WM B T Ho) o3l 7} =
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4 67F 2F AA s Wb,

- 216 -



w PRERR TR 53 1 30 ~6011998)
FRI. J. For. Sci,

CP/MAS Carbon-13 NMR ¥ FT-IR0I 2/t
WA HEE Ol LBy HwE'

giox? . wuE’

Chemical Structures of Forest Humic Substances as Determined
by FT-IR and CP/MAS Carbon-13 NMR Spectroscopy'*

In-Gyu Choi® and Sye-Hee Ahn®

B -

ZU ArY RaAde 33td F2E @4ty Yete ulEy- Il A FalAM Fze Age
Y, g94Y, TaPoNE A4g24aAe A3Hee humic acidg & FAso FT-IR %
CP/MAS Carbon-13 NMR spectroscopy '8& o] &3t ¥43.

Humic acidel 8% FT-IR ¥aze $£47 28€ OHZl, C-Hel H|d# 4o %
methylene, #W&rgtel C=C °|3Z %7 conjugated ¥ C=0, vinyl & aryl Felg] del2
£ ggss Jdehyddoh. a8y FT-IR 244 daiMe 2N3dy JdA4Ea 539 7ok
o8 e aole YA T & o)yt gigled, AAH R APRAAL YFEE AU
OH7l ¢t COOH71E %8tz X3 AMEF @48 dFoz /4T 5% 242 UIdIAH.
Carbon-13 NMR s E#HdME 21 Aled wigded, th2Fe glycosidic 282 3t e
anomer ¥4, Yo zRE 2] W2 @i, S Eo|U AWE &2 L, P399 syringyl
@i, Ai7 2B PYFE Gx Gdo] APH WIF v, Y €, FERY g4,
Flayd g4 5o WL RaFn U, AAAY FEQlo] T Ay daPo] e VY
o H&te] A A A VERed, AiHes FFFPoz2Rel &€ humic acide B2
e4gte g Eietn goen Ad4dg humic acide 21 AlE2l methylene2 2 FAHE 23
47 ASe e Wol A3t AT AMgAdM A S humic acid W) WEH
Bae B ee 21~46%S JeERm glom £u ER BFFPdM Ad gA Jetkten, &
o) AHe] humic acidold 2 WaE giZg 2. Carbon-13 NMR #4 Zae £dE
2 Adel humic acide Adidez B o sl2dd 9 sl284ds T8 23} 27 €4
o} WkE wae] AL iz Yoy w2 v A9 humic acide #+#3E ¥Ho &
2% To] ¥8F Ao wdH,

! #% 19984 7H 27H Received on July 27, 1998.

‘o] R FPSALAGM AYP FYSASHATA]Y THSARY L PP ES o) & FHHE 7
, & 9 AlAaY PE(96~98)y Al AF AaAdY,

° HR¥BIRBE Forestry Research Institute, Seoul, Korea.

I KEA4K Taegu University, Kyungsan, Korea.
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3E Y HAHPEY o AoFFHE Musty] s BE ® WEEFE Ay
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gk wt gleh ey AlZ7HA] ol ¥t Aolrake FAE T o ARl o
3] 671380 VIAELE, FIEiular fleln4AE W¥EHY F53 HoAg
22% £ glglont, olo iyt &I FHsiA WA vt ok weld g
H I3 FRI 20621 Zt3 2 $i&E7)3g Wnjd & A5l EejaRiaes sl
gdeon, ® J7|EME B 3y HEapye Hdsigch

2. 3y
7t 671284 37t2E BY
AR R Fe 453U FAE -’r—*}“’é Eiﬁ_?ﬁu]%‘ (Nano :
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£4 22 oxalateZF® 3VIAEY oF-E FIFII %I*H %*}X** ”'—‘#*]éﬁél LH%‘
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I. H&

o AlgE AdEe A3y ALFHQ) EANFHFoE AHA HIEA A%
#BA24d0] F238 APFo] Wrieg, ELLYE, F£AALY T AL A7
o715 uth B3], FUAEAY AdusE AR FEFEo AT o)
¥ HFZ AT AT FFS 2HZY FEFS HYLS FL FHLEY 41l
Ha 3.

ZE&0) Y BHe ) FAV HE AL APHoz A4 HRE & B
olue}l mlFolatx AEAMUY SAHFHA & wjdgA ¢r) QEeict agn @
A wWEE FEFSE Py AAFLE X ¥ AEAE £@FIEA Ho
AHE uel AEL AN 5AS7E AGATIY @AY AAF=E
2 AAZIY o]l2els FAH EAY s AHHH B EAY F
$AA 5 98 XA Ha A3 AYAE F9 5 do s
=g, T, &, £&, 2F, 2YE, T, vk, kAol T #5A4 F&E
o] gaHel Yon 1F F=ELS uFo] Sg/em’ o4 2719 FFLKor A
AR, 4942, 2AF3 Bolo] 59 Az L FHFY, AKETd, 2AE,
ARA R di) 2o)n ofd FA AP EF TE 5 T FEAT 29
fo] Hu 2z A AHAH HE P

FEE AR, AE7], A717A, ok, FAHHY Fol BE, AFol UAE
7het BE 59 S o]go] HY MEHA oA W wFdro|A HhY
A% &85 o] Ark EHoEE AYHoeR T FE B F4 F5L
'Willson' A 8 ©] o} o] Al APAA 2+ 23T FE 1¥E FH
Fo] I dojn AMY ¥, WP b ozl A FHAG

ANg7HA &S nAEHoR Aoy ¥ AFE AYLEQ] AT E °1 &
3 ATt gREoln AYAEQ ol ARFH disME I3 A¥E B
27k Y& ol '

wely B QFME AYuAEd EARFEFE o]&3tE WHE AL
B 18449 dyoz FI&HE AoEr] %l 2 B3] itk o1&
zza Ao FANM dojA 72L& ulo] 2 &lw ] o] A (bioremediation)
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A saIx|HoAe] SN o8 wet
Utilization of Waste Wood Materials for New Areas
like Agriculture or Fishery

Hiroshi -Yamamoto #ik} (gHE S5 ALMSHFLE)
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Extracellular laccase from the selected, best enzyme
producing white-rot fungus Cerrena unicolor

Andrzej Leonowicz, Liliana Gianfreda™, Jerzy Rogalski,
Magdalena Jaszek, Jolanta Luterek, Maria Wojtas-Wasilewska,
Elzbleta Malarczyk, Andrzej Dawidowicz, Monika F ink-Boots,

Grazyna Ginalska and Nam-Seok Cho™

'Depaftment of Biochemistry, Maria Curie-Sklodowska University,

“Sklodowska Place 3, PL 20031 Lublin, Poland

#1 Department of Chemniical=Agricultural Sciences, University of Federico 11
"in Naples,. Via Universita 100, IT 80055 Portipi (Na), Italy

%2 School of Forest Science, College of Agriculture,
Chungbuk National University, Choengju 360-763, Republic of Korea

SUMMARY

Screening of wood rotting fungi for extracellular laccase production and its
inducibility by ferulic acid was made. This compound was chosen after
screening various inducers with Trametes versicolor laccase. Three forms of
the enzyme from the most potential fungus Cerrena unicolor were isolated
from the culture filtrate and purified by affinity chromatography. The two
constitutive laccase' forms from the ferulic acid induced culture and the
_inducible one were purified 182.1, 120.6 and 182.2 fold. Purification yields
were 10.1%, 9.4% and 3.2%, molecular weights 65, 63, and 59 kD
. respectively,-and-pH-optimum-of- a_ll—-ﬁorms—-was—S.&

Key words:-Wood=1 tmlg;fungl'- Laccase' Cmena unu:olor, Induction;

EC 1.10.3.2)
for various
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Immobilization of Cerrena unicolor laccase
and its activity in organic solvents

Luterek, J., Glanfreda, L.t , Wojtas-Wasilewska, M.
Cho, Nam-Seok"?, Rogalski, J Jaszek, M., Malarczyk, E.
Staszczak, M., Fink-Boots, M., and Leonowwz A.

Department of Biochemistry, Maria Curie-Sklodowska University
Maria Curie-Sklodowska Square 3, Pl 20-031 Lublin, Poland

*1 Department of Chemical-~Agricultural Sciences, University of Federico
Il in Naples, Via Universita 100, 80055 Portici (Na), Italy

*2 School of Forest Science, Chungbuk National University
Cheongiju 360-763, Republic of Korea

SUMMARY

The extracellular laccase of Cerrena unicolor was purified and
immobilized on glass beads. The storage stability and the effects of various
water-miscible organic solvents on free and immobilized preparations were
. studied. The Michaelis constant and pH optima of immobilized and free
enzymes in the presence of three selected organic solvents were examined.

Key words : Cerrena unicolor; laccase; immobilization; organic solvents;
syringaldazine

INTRODUCTION

Fungal: laccase: (benzenedml oxy rer :oxxdoreductase, EC 1.10.3.2) is
present .in severaii‘fungal strams belongmg to vanous classes. The enzyme is
. produced. "by the d1fferent genera-of - ascomycetes Mspergzllus nidulans [11,

-“ﬂ ' some deuteromycetes

biologic_al _ac?_;ivi y
_brocesses- and” ma
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Feed-back activity of fungal laccase and
glucose oxidase in transformation
of Bjorkman lignin and some phenolic compounds

Andrzej Leonowicz, Jexgzy Rogalski, Magdalena Jaszek, Jolanta Luterek
Maria Wojtas—Wasilewska, Elzbieta Malarczyk, Grazyna Ginalska -
Monika Fink-Bootsand-Nam-Seok-Cho™ -

Department of Biochemistry, Maria CuriévSklodowska-—Urﬁversity
Sklodowska Place 3,-PL--20031 Lublin, Poland

#1 School of Forest Science, Chungbuk National Universi&
Choengju 360-763, Republic of Korea

SUMMARY

“A=sereening=of-wood " rotting  basidiomycete fungi grown. in a mineral lquid
"medium ~was conducted for glucose oxidagse (GOD) and laccase (LAC)
production as well for ligninolytic activity measured by a Remazol reaction.
The results shown, that only reach in GOD genera are as well lignin
‘degraders as effective producers of extraceflular LAC. The poor in GOD
fungi neither shown LAC nor ligninolytic activity. The Bjorkman lignin and
three phenolic compounds were tested on the sequential activity of laccase
. and GOD. In the presence of LAC, generation of quinoid ‘intermediates
formed as well from Bjorkman lignin as from phenolic compounds was
observed. The addition of GOD caused a diminution of the quinone level.
During incubation of Bjorkman lignin with LAC and GOD depolimerization
-occurred; in the experiments omitting GOD the quantities--of-low—melecular
products were markedly lower. Consequently, the consecutive ping—pong
activity of LAC and GOD disturbed™ the Dolymenzatxon and improved the -
efficiency of depolimerization processes - " -

Keywords: Wood-rottmg fungh screemng, lzccase, glucose oxidase; enzyme
cooperation; RemazoL._v '

_INTRODUCTION
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Removal of chlorophenols from water effluent by
fungal laccase in the presence of coniferyl alcohol

Nam-Seok Cho*, Jerzy Rogalski, Magdalena _Iaszek
Jolanta Luterek, Maria Wojtas-Wasilewska
Elzbieta Malarczyk, Monika .Fink-Boots and Andrzej Leonowicz
* School of Eggeéif—§5féﬁce, Chungbuk National Umversxty
Cheongju 360-763, Republic of Korea

Department of Biochemistry, Maria Curie-Sklodowska University
Sklodowska Place 3, PL 20031 Lublin, Poland

SUMMARY

The effect”of coniferyl alcohol on removal of chlorinated phenols from-water—
environment by Rhizoctonia praticola and Cerrena unicolor laccases was
studied. In optimal conditions 7 mM coniferyl alcohol removed from the
supernatant about 34% radioactivity of 4-chlorophenol, 57% one of
2,4-dichlorophenol, 66% 2,4,5- trichlorophenol and 85% pentachlorophenol,
compared o the level without laccase activity. After a fast initial decrease
the concentration of radioactivity in supernatant lowered much slower

Key words: chlorophenols removal; coniferyl alcohol; laccase; Rhizoctonia
praticola; Cerrena unicolor

INTRODUCTION

: 'edlol'oxygen oxidoreductase, EC 1.10.3.2)
extracellularly produced b sevﬁ rél.wood rottmg fungi (Bollag and Leonow1cz,
1984) seefn : be pp icable " for * ‘various biotechnological processes
] ~'Burbonals et al 1995, Manzanares et al., 1995).
the enzyme is considered, for example, as a
3 ,‘cand and Archibald, 1991). Its broad activity
on hydrogen lonors” provrdes pportumtrerfor removmg certain phenolic and
other aromatl E t
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P-207 Enhanced in—situ mobilization and biodegradation of PAH
from the soil by solvent/surfactant system

Eunki Kim*, Anbo Liu', Iksung Ahn®, L.W. Lion', M.L.Shuler’
Dept. of Biological Eng. Inha Univ., Inchon, Korea 402-75]
School of Environmental Eng'.. Chemical Eng? Comnell University, USA

Mobilization and biodegradation of phenanthrene in the soil was enhanced by
using paraffin oil which was stabilized by the addition of surfactant(Brij 30).
The ratio of paraffin oil/Brij 30 was determined by measuring the changes in
the critical micelle concentration. Stabilized paraffin oil emulsion could solubilize
more phenanthrene than control experiments. Column experiment showed
increased phenanthrene mobilization from the contaminated soil. Phenanthrene
mobilized in the paraffin oil/Brij 30 emulsion/ could be biodegraded more faster
than in water phase or surfactant solution. This result indicates that paraffin

oil/surfactant system can be effective and non-toxic for the removal of PAH
from the contaminated soil.

P208  1s WAREFS o8 67) 289 A7

Bg o FE olsle), A
AR AEFARFER, PP Te Yarsan

AUl Mol Y2l Hge Yolote FIEEL BEIY Fa A9
oA YAAYT. 2F 67 TFY FS ARG, nlzg), AL, WY 5§ Yo
o olF WREe AgAl, FLERA A4

"
Aol HEHD Auh oleist WARTFL A AL B} TEHog o
st7] s o3 vhAl wEel o3 BRI F 2ol 1AL ADEAD oy ¢
polyurethane, celite bead, ¥R $°] matrix® AR AT 215 v o83t 7143
7t & HoloA olF o]€3} shake flask, air-lift reactor, packed bed column & &
Bl RHEHEZAAN 67 ZF& Adste 2 AA kineticsg TANSIY T o8 weHE
zZoAg e AAYFE ¥R HE stQut.

=

4e Bl 67 288 e 4E8H A2l
8

3]

- 240 -



A 3ek 25(2): 1~20
Mokchae Konghak 25(2): 1~20, 1997

Enzymes of White-rot Fungi Cooperate
in Biodeterioration of Lignin Barrier*!
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cellulase complex. laccase(LAC), lignin peroxidase(LIP). horse-radish peroxidase(HRP). manganese-
independent peroxidase(MIP) % protocatechuate 3.4-dioxygenase(PCD) B0 i, S#s 18034
manganese- dependent peroxidase(MnP). aryl alcohol oxidase(AAQ), % glyoxal oxidase(GLQ) $<!
ol olE A4S 54 AHH o FHNA] ¢ Alage AAEH YFelo FEske Aoz dea AUt Al
3aFel A25E glucose oxidase(GOD) % cellobiose : quinone oxidoreductase(CBQ) 2 feedback type
8 ALERAM SAATEA] BlAl dAle] nelE ZEAA Fe oS 228 7152 e AATSeld 2y o
ol thE E&l71 77t HHAI L Uon, 7]El Aaso| oft PandERos Bauker] e MR Al
AlZtel AEA L2 Alg )

Keywords : White-rot fungi. basidiomycetes. lignocellulose, laccase, cellulase, biotransformation.
ligninase

1. INTRODU:C“ON' microfibers--are-densely packed in- layers of

lignin. which protects them from the activity of

1.1 What means the ligninocellulose complex
and why its structure is so durable?.

The ligninocellulose isa compact, almost crys-

talline complex..Polysaccharide components in

"1 1% 19974 59 1% Received May I, 1997 -

hydrolytic enzymes and other external factors.
and serves as a stabilizer of the complex struc-
ture.

This structure endows plants with the neces-

"’ ZIE rlflo} el &2F 0 EH 270 Maria Curie-Sklodowska University, PL20031 Lublin, Poland
13-l aE- 4k A2 Schools ‘of ForestSmente Chungbuk National University. Cheongju 360-763. Korea
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Punification of extracellular Cerrena unicolor
laccase by means of affinity chromatography

A. Leonowicz - L. Gianfreda® - J, Rogalski - M. Jaszek - J. Luterek - M. W-Wasilewska,
E. Malarczyk - A. Dawidowicz + M. Fink-Boots * G. Ginalska and Nam-Seck Cho®

2843 2r}E 72 -2 0]-2:3} Cerrena tnicolor laccase 2] A A A7

Slo] @l 2m)2] - o MekTa|Tt? - Ao 22AT] - A opdl - Ao] e
of vhala| Bt - of BebA - ojo] h|EH|A - o IHE . 2 A} 2P

o ot
ik -

A7} PAHHE laccase A7 TGRSR ol £HRA, o] H4E TR ke Yisin &
2] AAsledol & BaAdo] Ul ot} o} o] Ao Y-S FES] 9% inducer 24 2.5
xylidine o] & AM-= 1 glen), of yylidine o 45430 YFHTM Al B4L 73] @& 84
334 inducer & Z4 ol Ba3HA Ak,

E AFdlMe WAREF Cerrena unicolor 7} #8|8He laccase 49 $5F 9% inducer 24
ferulic acid & AHEEI o, TA 2R Yat 2 £2€ laccase Bh FAELE Tz} st
2 X (constitutive enzyme) 241 I 2 I &, ferulic acid & inducer & A% 7% inducing A4 T

< 2] Al & A4 19 T 9 Michaelis A4 22} 737 M, 716 M °12 L, inducing X2 I
2167 M 2A, 7130 U £ A veiRT o BT 22 65 kD, 63 kD AeH,
inducing E4 01 & 59 kD ich, ¥ Ak 2% 15-19% o F 2 @A RA% 4 M o F(Cu)& I+

-2 G- A ARG - FES L EVH01%-94% -2 - T & 32% %ttt & H4o HA pH

E553200, #ese vind B 40T Aok

Key words: white-rot fungus: lacease: Cerrena unicolor: purification: affinity
chromatography

*1 Received on
& A7 43’ 96 UL VeI (el e g A o AR e s S
Zd= vie]ol-FE| 2L Department of Biochemistry, Maria Curie-Sklodowska University
Place 3, PL 20031, Lublin, Poland

*2 oleie] #dle} 2} ¥ i Department of Chezmcal—%gncultural Sciences, University of Federico II,
Vla Universita.100, IT 80055 Portici Naples, Italy

*3 FEg%a YT College of Agriculture, Chungbuk \Iatlonal University, Cheongju 361-763.
Repubhc of Korea
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Appearance of Laccase in Wood-Rotting Fungi
and Its Inducibility™

A. Leonowicz? - L. Gianfreda® - J. Rogalski®™ « M. Jaszek®
J. Luterek™ - M. W. Wasilewska™ « E. Malarczyk™ - A. Dawidowicz™ -
M. Fink-Boots* - G. Ginalska* - M. Staszczak™ - Nam-Seok Cho™

EXESFoRRE] Laccase B MM W RE

otee Q|2 - 2lajoft X|QtmA(Ch? . BRX| REAT|*E - afIIch opA*2
SREL 2| - oj2)o} HRAIEATP? . AB(X(HE} TRPAY"? - tS | Ch|EH|FH*2 -
BLFE HEe A JE|K|Ll 7|GAT? - 0f a0t ABRAI? . ZE i A

2 o
EARFFoZ el Srjola Tro MM PR FEE A3l 04317}1 | FEE(inducer) & AHESIACh olE

&4 ferulic acid. pentachloropheno g 2 5-xylidineol "l$ £ ZAlol4 BAHS JehdAlsid e, A2 %
3t SEEIE HolZr) o]F HE o]l sinapic acid. syringic acid ¥ coffeic acid B& F& Aol
PN L e, Abg &'Eﬂﬂ el FuckE e A2 EE Jehich zeln A8 4870 vkl 3874 &
Z7} SaAlol A Akslglen] o) 7h&nl 327 &7} ferulic acidell o8] ¥ TARE BHL g} oA At
= Ag7A) gAeolA E_*A 7"%01 o2 U Abortiporus biennis @ Gleophyllum odoratumo| M= & gl &
4o $EE 7P5ab STk obgE MY B8 A284S Ue FFEM e Cerrena unicolor .20, 1 #Ajolx
AAEA0] X289 inducer 7M1 22 40.000 2 60.000 nkat/l H = Ket,

Keywords : Laccase, ferulic acid, inducer, white-rotting fungi, Cerrena unicolor. constitutive enzyme,
2,5-xylidine pentachlorophenol

1. INTRODUCTION cess. Laccase and a very similar polyphenol oxidase

_ can be used.as a free enzyme and.an immobilized .
Fungal laccase seems 10 be a promising enzymic preparation both in water and in some organic sol-
ageht applicable for various’ biotechnological pro- vents, improving in several processes this way (Mil-

*1 @4 19974 59 239 Received May 23, 1997
% ?';-?—l URE= 95 AP AR (el o) dFuAg e g FAsAdE

22 Zde ujglol-Fali Bk Depart,ment of Blochemxstry Maria Curie-Sklodowska University Place 3. PL 20031,
Lublin, Poland .

*3 ojea) Huiel st Departmenn of Chemlcal Agrlcu\hural Smences University of Federico I1. Via Universita
100, [T 80055 Portici Naples, Italy :

i %%EHW“&M*CU\IEve‘UrAgrlculture ChungbukNatlonal University. Cheongju 361-763. Republic of Korea
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7} 286 YwHeE AR BB RH Aoz Yeid U Ao | ol =
e UBhiE 67 288 WARERC] o8 AA £e 37}§ %53}«]? s g
4 Aelo] Blol YFHM AtH oleid BHo HIBHol wol BHs: WA

F 3ol dux A
' E dFelMe dEE FFE o1& 67F 2E AAXN LYY 283 54
& HE) Astel 444 288 AN stimed teactord) fermentorol A
I A FAAEE 2 9 W29 two phase &3, fermentor o airlift HEZE
o83 BT -%_% 235 671 289 AA kinetics® ZAMSIY ). =3
olgid Z3}E Edz sl MARIFE BHY AAYolM BT} AgHOR o
£8t7 fdsl oz slA %”S°ﬂ o REF 1A AEEHAD olE sl
polyurethane, celite bead, %, glass bead, alginate bead 5 ¢l matrix2® AME-E| 91,
&AM LY 25 stirred reactor, air-lift reactor, packed bed column 5 o7 whg
&z M 67} 28& MEstd 2 AA kinetics®& ZAVG oM o) A3 vy
oo HEHEZAMY AALEL ¥R HE Yl

2
4

49

HeE #FE 28 g AP4E 7hE WURIF FRI 2062128 FA)
#18  glucose(2g/l), MgS0:(2g/1), KH:PO,(3g/), malt extract(10g/),

peptonetSg/Nat w2l HHal A9 So) AUE laccase WAL WjAE o839

oo 7k e nHRE A column(bed: 390 x22cm)o) A2l matrixg

FTARAMZIZL incubatoroll M TAIE AZE YT E4e ol&F YA ME YA

2717} 40 mesh?) 31§ ©] &8 AT cellite beads A7 150~207um, glass bead: %

u“ ol:._Q.

TR L1eme 3E& o}&3 ¥t Fermentorth air-lift SollAe] ¥z @z 2E
BFE atomic absorption spectrophotometer® o] 45te] & M sl
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et el A E o] 8 A5 T A=F ol AA
YEE, A8, oIBF”, elsel

AU AF AR R, e

A3k (0361 250-6484, FAX (0361) 54-3835

NE
A2 29U 4Y £30 Aol a2l HARY 2 2 44 FhHn Ao,
g wAAME TEXS QS JESRoU Tt AMAE DA

B

o] &3 YujwHo]l HT e wm glok ol TAMuAE ol&F H$ A
o] AEAuRT I A4 AF7} siested wFy AP € 7R AFS A
e Zdo) gtk sAgt ojejd mAuiRE HANAFE M srzt 2@
208 2AIEERZ Awstn QAT obHe AFAME GAlel AU HEe o
obd WAt T Utk o) AS AHF 23l YAHEAE AT QojA olEY
g Aol AT oleld mehe) WA A =B olee HURe
g £ gk Aldo] wAgo] o] Aoz o457 AP LS
E3lgch 2 oled Huj g o] &3 7l=® Ml T Mol 3FE AE BE
A sE HAYE ojgste AELe UG ol BAAMUAR olgoEH HF
doz PATAE Agse 249 oTERE A& + Ub T Usk

webd B dqol e meraw Al dujA]el o3 st=gel AWy FA ¥4
2 o] g3 HEHA d4a YT Sy Aoy Mes HAFERD e 443
Fae] Axgde] Hg rieAde Ay s Jl=EE FH F4E FEAUL
batch stirred reactor, airlift reactor, packed bed column & o8] Wh3-A]Ag e
AA 458 TAFo2 4 AEA499 AL 948 N2 AFE sYsAG

moqr R o> oox
o A e ak
o

oy

it
okt

oYl

A48

Fi EeMHe 137 98 o 2r1FEY Fl=E 49 20 miol 02 g9
AR S Hrletod 12 Al¢ AR BE S=FY FEE AA(Atomic Absorption
Spectrophotometer) & ol 43t =435 ¢tk Stirred reactorolAel F2H-& fsiMe
Az AulA 9 g7 2715 % 22 ppm o F=F & 200 ml &, Air-lift reactor &
AL YA MNE 45 g o AwAY 2715 S 22 ppme FI=E &9 1 liter® HZ4
ZAAM Azt @E2E FE JEEY FEE AAR EFSAG. = cyclic
operation® YA & batch cvcle ol HEF FHuiAE LA o# Melrot
22 3E O& cycledlM A2 e 78 fd7 HEA AN oln] A3 suiA|9
WAbE R B 2ASIYUT. X3 packed-bed WL 91ste] Hujx] 40 g€ FAE
Lo 271%E 20 ppm, o 7= 89E 2o FF 263 m/ min22 FAAA
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(&1}

oIFE $R2AS AmaceRe B 44 T

. Inducer® o4 SAYFFo2NE Laccase Ao 4t

ZEAIE (Frazinus rhynchophylla) 4719 e} #yg
| CgeE AT 4T e 12

CAZISA ER RS A% 38 AUTR LY S EERT AT

...... R L 2Nt E-ol¥E-2FY 09 4l - 130
= uhgA oAl - 136

Qe YA 248 Diterpengs el 77" < o o - Zhao Julan- $ME - 141
54 9 gAY o2 xyland] & - o WA - AT RH 01T R - 14T
. Cytotoxic Constituents from Magnolia obovata - -~ 74T - F-A14- - ¢4 - 244 - - 153
. Photo-irradiationsl 8¢ 2lawd-34 #3439 ¥4 - - HAH3-LYF - g¥E - 158

., ZURET Tyromyces palustris 9| $4tlAbE o] 43 T2 A9

- EEY - OIEF MR 184

T a1 e - H8d A AL Hekd - 170

13, 34 2 25 2249 Aedrsel] B A7

- PEG (Polyethylene Glycol) Aol ofghaf - oo oo A7F A - 175
14. A4 zate] s SRl 44 - i e O R e 18]
15

16.
17.
18.

19.
20.
21, .
. %% Mn-Peroxidase® o}-4-% Yza Ao, B &F

LS ol 44 40} - G=etalE YT 3 Daelal opgad-bEelalE YE Az

g Fhas A - 187

Solvoly31s“'°ﬂ o g gze Az sted AR oA YT AER 015 193

Edae o Abd - drleldel ¢ fagdze A o WIF PTG o1FE 199
zAS xagd o A4 - deid 2E4F o4 ZAAY oA HYE o U -

: : C oAl - o} - deiA - 205

Xylanase Hel7h A4S BAol A 9% - - o A4 W5 oy e - 20
HAE o 4% AUS FTH RZAAL AL o EE T Y SR 2T
ez Lol S AeE AUFe Y4 BY Y - olMT - EEE-S WD - 25

ez -.j_;,&_ég 3 Kokki Sakai - Ryuichiro Kondo - - 231
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Inducer® O|8% SMEEFAZHE |Laccase T42 A

. NG oy
meA o wedt. ey’ . J3u . oS o Qw32

=]
<

SEU3tm arBstn - EUE ofejol-FalthStm A sbEta))
-Production of Laccase from Wood-Rotting Fungi by using Inducer

Nam-Seok Cho™ - Y.S. Kim" - M. H. Pang™" + Y. J. Choi" - J.H. Nam™ - A. Leonowicz?
("' Chungbuk National University +  Maria Curie-Sklodowska University, Poland)

.M &

F&43 A obrlE $HLHEANL -’F’ﬁi‘é# #dE Xy 2 Aegsy
ANALG-ol] 3k BAel §E dHstm Uk L5 olgxT Y= i}tl"ahr—l Az}
AFR, 2z #H7ld o2& A A "”‘%%‘4 HEEo] WEHT Yo, oA
EA7EW QT %—4%“] Falg 5422 % FF550 EE=Y Uk ol
FHEFdE A Jadd FAE :r"-x--é- 7t gggo] e, EHRFFo|
gladg Edids z“°ﬂ AQrdte ol RIFFo EAMHE ol f3 EHEAL
Easteie @2 IFV o|Roxlm gt E]-‘-L —% 2aste BEAE2A FY9
WABFHo] Eu|3E  lignin peroxidase(Li-P) Mn peroxidase(Mn-P)2} laccase,
glucose oxidase, cellobiooxidoreductase ¥ #FH &L o8 712 4250 BAsls Ao
g n ded, B ALl olHF Fad EHAAE o)L A %“1?31
H2o] g, gz g Fojg E“'E‘«??H"a”r g olye}l ofel FA Aol “‘“gﬂ“
He o7t *}—8-6P3'l a7 4 ’é%i}”}zli Ag=EHn Ao

dkH oz .. "-‘V-‘!-r*?’*%ﬂ]*i——“”*ﬂ‘—"'“'faccase“’_ﬂiq ﬂil-@"-"- Fssl Ay
AT 37 At AEA FA7I25E e AxE EAds Zuziese &,
Laccase® 2,2'-azinobis. . (3 ethylbenzthiazoline-6- sulfonate)-‘i]- %x: Edo] 13
o} Al 2 (primary -mediator) 2 F & “ﬂ°ﬂ 5‘“*""3 BeEE A3 £z, Li-pe
Mn-P¢} A sledlwlad ’% E—ﬁ]% T FYHol e Aoz WAL . Fomes -
annosus, Pholia mutabilis, - Pleurot—us* ostreatusﬂif—’f‘ram'e‘res versicolorsf e oFolny
xylidineo] kﬂE-‘lL'é‘./* (extracellulartenzyme) 84 & %7‘1/\12_5}'— 2%E AY?

Gad LHEAE Al g gAEHE dFE ASNYR ¢ olv Mgy Bz,
HELH B %—_9_1 71 "o] f-&ok7k: TgEit, TBEz o Bad EHgde B
E2E 2ulen o] §EIIN R AA AT Ago]. folg Fo Hu s|E gz

ezl g, WE e 2D ANITH atel. v} e A7) 2793 9
ATE YHREF TS WY

e E"OH 3t o]Eo] PAEE laccase
‘_E"‘J R I A RO M Bk K btk i) \"1‘]’{} “laccase. A9 YA Px=
inducer®| H7}AIEIT

3 579 A T A S
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ZMEER Tyromyces palustrise] TAHALE 0] 83 Fale] ®of

259 - 0|58 - UWE
(eleina 2A7t32Y

1. M2 ‘
T Aued) o) 7% AWAY L4e 849 BIY AT, saes
9 9AE Mihsde 4939 37 °l EgH} glen, olg 334
& AEAC) ZH=o] AL FBANAN £BHA, AT 48] F3HA &
£ WshAlglel 2T AYAE st doh '
AFAA £33 AP =L F2 HNAL PP olgHRed, 2
% LARAL) 44 X HEWY, AANA AN B BAFE Ay
2 gk oY BARE ARSI A Sy Wy, F 4BYY Wyes
MAEE olgse] TS oleg Bade Wwio U
TaE 4909 7R olgHo] A& Bols, JEA UAME P45
A 9FRoA Y, ATY AS faA fél«:—om. Al gAE F2 9,
S, olRe] FEAZ #F=0A, 77 FEE Yok
) d?ouxat BanEFel 4ARE S4E olgst FFAFAN FAR
Aoishe Ae SERIHALT AL dAUZTH 44 FHAIM $8€ * A=
2 28 ARRAND PR B

2. M= 5ay

2.1 BAE

ZAGoBE: BURET Tyromyces palustris (FRI 21055; —H?'-?H‘-’—?Hié\)
Laetiporus sulphureus” (FRI 20631; Yctal¥i4), Gloeophyllum trabeum (FRI
20652), Daedalea dickinsii (FRI 20823; SZM&®u|A), Fomitopsis pinicola
(FRI 20414; 2U352vHMA), Serpule lacrymans(FRI 20965, W SHA),
Lentinus lepideus (FRI 20641; 3t¥}41)& A1g-sisict, '

2.2 Q7]

Wio¥7] ZAL glicose 25g, malt extract 10g, peptone 5g, KH:PQs 0.3g,
MgSOas - THO 0.2g-& /ol Fo AFo] 1,000mee] HAA =Asgon, 1Y
w7l el wide] 1,000mee] §HH 202 Hrtebe] ALEsiRc

23 g
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SENEY =S FELSY Y

# 2 8 4 % % 9

39 82RH/E¢eNFATS, FSGeA A, I FHFALTHIY
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243 £HE ol &F FTES FRAAY A

Fafef, WA, ojay’, AUA
g

ZAueE YA BAGE FAddsa AE

Al Mg B F FTF5 AAN ALEHe dAYoly ol
a ogelyt mu &, B4A AA F Ao Ytk E A7
+3& A sHactivation A FF%F AAANZY €& 7154 E B4stn ol
Bg ol28g FYsted 2 2o Yok

#48Az F3 FAAE AL£8s Batch, Air-Lift Reactor ¥ Column A
e T8 £84 F Cd% Cudl 2 AA 182 ZAMUG. 39 g4 &
E(600~900C)0l TE FE& AAL, YN8 £u9 449, Yol He
2E NG AETY 2345 AAEL vE, 0§ L9 e ¥ g &, W$
A Wge wE FF4& AALe W3l Adsorption Isotherm, Kinetic
parameter (order, rate curve, rate constant)}® E % F&% F3 AA =9
A g Az, TP wzet §d9 HY pHYe BA FE 7IXE Y
Hk3- mechanism® FaA 29 71548 Hrisle] w3k},

GeE g48 =8 FolA 900THA ALY 79 A Hgol 7
B0, 44dsr A% B, FE vasdd 4z AY g FT45E A

Agden, 5% Ad AAS(Qua)e &§ =0 @ thh Aole AT
70~%0mg/g A=} Re2 YEWY, 58], g & FHA/ A=A
YL ojF=d Pl & AT *P%% 24340 9 150mg/L °ldte] F

=AM FF4E g1 AAGe Ao detwen], g A 602 HA %

ztare] 90% o4 g FAde Aoz veintc Fage Fuo utE pHY #
28 F& A Fo a4 &Y WH3 Kinetic parameter® %8 @43 £ 9
%34 mechanismel surface complexationo] & Zojgtn &% = YUt

- 259 -



ZHFL 26 4~4T7
Slokchae Konghak 26{31: 41~37, 1683
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Induction of Laccase from Wood-Rotting
Fungi with 2,5-Xylidine”

Nam-Seok Cho + Y.S. Kim + M.H. Pang + Y.J. Choi « I.H. Nam + A. Leonowicz”

ABSTRACT

Some white-rot fungi, screened at the Laboratory of Forest Products Microbiological Chemistry,
Chungbuk-National -Univetsity-were—cultured—and--added—the-inducer-of -laccaseenzyme, ' 2,5-xylidine.
The fungi named by CB-13, CB-20,- CB-99, CB-100 ard "CB-123 strains showed positive results in
the decolorization of aromatic compounds, carminic acid and Rhemazol brilliant blue R.

Concerned to the inducing effect of 2,5-xylidine on laccase activity, CB-20, CB-100 and CB-123
strains showed very high activity by addition of 2,5-xylidine, whilst CB-13, CB-99 and CB-i24
strains. produced relatively high laccase enzymes, regardless of inducer addition. There were no any
laccase activities- on CB-25, CB-64 and CB-139, even in addition of inducer. It is confirmed that
“some’ screened fungi have decolorizing ability on aromatic ‘compounds, carminic acid and Rhemazol
brilliant blue R. Also, the addition of inducer, 2,5-xylidine, has increased the activity of laccase
.enzyme which is secreted from some white-rot fungi.

Kejwords : laccase, carminic acid, Rhemazol brilliant blue R, inducer, white-rotting  fungi,

2,3-xylidine, decolorization -
1AM E FHEYHEAE S ATUFEANSE AR T2
: 2 7hAe ;}3‘-’-'01 o, 4P FALEFo

A UNE OB EA S e - TTHUE BHsE Hel HUHA of S4g o4 olF
Yo Hael A TAgh Pol FAAY giE B AAY 2Hoz B AF .\«Iagdoff er al., 1984
Ho| #& Cls7kn ek oje @ A&Fol Zgd  Rappe 19807h o Foix2 U g THH

*1 Recewed on March 26, 1998.
¢ 97 % US4 7|‘E7l‘9’4§(’3"‘"7}i‘7‘|‘94ﬂ|) 3 HERUNY FHFFAFHHM(GE5-0600-011-2)9) AFv|AU2E
sysel

2 $RUGE FAoY- Collége of . -\gnculture. Chungbuk National University, Cheongju 361-753, Republic of Korea

3 FAT °}il°l~1-r?4ﬂl§?m -Department of- Biochemistry, Maria Curie-Sidodowska University Place 3. PL 20031, Liblin.
Poland.”
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Tyromyces palustrisE 0|25t F2|2 HH*

EE -0l EET U H

Copper Uptake by Tyromyces palustris*!

Dong-Weon Son*? - Dong-Heub Lee*? + Chang-Ho Kang*?

ABSTRACT

In this research, the removal or uptake of heavy metals such as coppers by using oxalic acid metabolism of
wood rot fungi, Tvromyces palustris were endeavored.

. As results, the addition of exalic acid to copper containing culture did not cause the mycelium growth, but
Tyromyces palustris was able to grow in this culture without inhibition. Tvromyces palustris grew with the
cicular halo type in copper containing culture, and this type was formed as collectives after examining by
microscope; and considered as copper oxalates by analyzing FT-IR comparison experiment with standards.
According to this result, Tyromyces palustris has secreted oxalic acid during incubation, this secreted oxalic
acid was combined with coppers, and formed copper oxalates by chelating reactions. In other words, the
oxalic acid was might be as non-toxifying agent of coppers in medium.

By using this copper removal mechanisms, Tyromyces palustris immobilized sawdust was used in bench
scale air lift system for removing coppers. The added coppers were almost removed from the system within
72hrs.

Therefore, this nonenzymatic wood degradation mechanism may give a possibility for removing coppers
from copper containing waste water.

Keywords : Tyromyces palustris, oxalic acid metabolism, clarification, wastewater, copper uptake

ol Adck{el F. 1994).

.M E : YiHen FI4ULEE Aol AsE

‘ ol Mz $3olv Bokel el REskn ot i

AAAGR o 62T shetEel Leygelsl e 2LH ¥4 ARBFo] FEAA eduRy

#odn gon ohd 4F BN 200~1.000 2 FEIh Adeso) 23 =4 vehta o
% 3% 37hEe Fdeldh olH® ghe Az % o AT A% 0urt Yeon @

AHEREE B Ee YEUYoR 83YG et & $8% § P& F2 1 24¥o B ¥

A7 e F FAYRNE 14 dHold FAZ . EFTY. BN A FolauiEet ux

HREZ] Wil $AF HAFEO ud B2k A RBolw, zchsbl Adel kEsW FHY Aele

*1 8% 19979 129 19 Received December 1, 1997
*2 AAA P9 Forestry Research Institute, Seoul 130-012. Korea
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L C-7
ABS®EEO 23 Pentachiorophenolel #&4+Ma "

# ol ook M B2
(eleloi el arstetnt . oy Toystm AR Xiel ooy

=2
o
m3

PCPE 19360l XM &UXMe2 2Ji7t & OlF sYE HIRT oy Tt
HEH, AR AFH, UEH 522 £ HAZF ctesi oAU 7N
45822 wetA(carcinogenic), &1 0l4A (mutagenic) 2 Raliaol 2D
gleni £35], 5742 ¥A7t aromatic ringoll X[&& pentachiorophenol(0l ¥ PCPa}
wahe SMo| ofF U uez = UcHRochkind-Dubinsky et al., 1987). X|
SMA| i3] AtgolM ctHoR O|8E F wWEHSI Us wIIEEEEL A

g2 sstx g2|H Wy, 22 52 wio] olgHA=2H HE Helal
g HAE £ AL, hEr Fd|7t gof 22 Ao WHez o
M 22 0|8F bioremediation(4£VIMMMER) 7| 20| B HSEQ Mgz o
25l ok sAMAXl PCPel Eijo|lME2MEe MT2R Pseudomonas®
(Kiyohara et al, 1992) £ o0|85t0f HLSAH A7=of 2Lt AXN HIBo
dojME FE4ol 27t HIl=of, Zeiol= lignin peroxidase, manganese
peroxidase, laccase2l TH 2 EL AAHS 2x Uz YHEFE | o F HE
A 2o Hsfof e BAD Jch7t SEE0f ol S0l B AP} FYSHH
Mg Aok agel XX F2 ARE L FFE 2lad FFEHol Hol
“f ez U=l Phanerochaete chrysosporium®t P. sordida Exolch P
chrysosporium PCPo|2lo| ofa] Z&el trichlorophenol(Joshi and Gold, 1993),
chiorobiphenyl(Dietrich et al., 1995), dichlorodibenzo~dioxin(Takada et al., 1996) &
of |ridaststEo hF Bilsol Hojdt W2z EASAUCE 2 ATFoME
2|y Bsidyol f4£8 SAEMNT 752 olgstol tEldEF PCPol of
3 MEMHE AHED NEgMol P53t FF 35S MYstol PCPo| chEt Esi
¥ 9 2S5 E HPLCE oI350 RYstch £33 BalitiAldEz Bd5HE
31322 GCMSE 24{5t0j PCP2| EslimechanismE FE35tAC)

2. Mg 3 g
2.1 A<
Pentachlorophenol(purity, 99%)& Wako ‘Chemical Co.ollAl, Bacto-peptone &2l &
ZFujeg A2 Difco SolAl TSI ALESHACH
22 INEFT B WF
AEE FFeol E&& of2fet Zcl. Ganoderma lucidum(20435, GS), Ganoderma
lucidum(20432, G2),  Phanerochaete chrysosporium(PH), Corolus versicolor{(CO),
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LM B

FRI 20621(W A 5-3)& o] 43 FHdU 671 2§ y
A& AAE F UL Adslol Bud v QU o] F& HAFE
2 de ety FAAZE FHuUR] Fute) o] A7) Wi A
Al M= e ol Fol 9ol Ha, o)gt tlEY 67 A8
AsEE Z4Ho3th daA o] F& AJdAFNAN 2EAAS
FAANFIREA 7] AMESEE 817] HeiMEe FAd g 7
Eoj7kA] =g HHog nAHIANIE EFV)FE Fostoo}
t}.
Ao nARsE GAZEY, tuFdY Ak oo,
133 g A ZF FFo] o]&H1 93, ¥ EAE 1
HeledA B 75 & F THY £ e HH9 FAE AL
oof vk B AFdME GAZAEE 3 GTERIYY glass
beads} s{ZFHQA ¢S EFZAZ A& AT

FRI 206212 A7t A @39 w5 HEFoA HdlY aEAAY
g LHIHA 7] st £ FASe] HAYE <] AstA F
2 owid WEe 2A3 Btk a8l3 stirred reactor, airlift
reactor, packed bed reactor & S Wg A|AHEANAN AAEZEE

ZAMSRITE o] FAE THY FEHAZ AAHA

o b

o

]

62

2. Mz & g

7t BATEF
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1. M &2

2 U2 (Ginkgo biloba L)& WFS #2028 7124, B85, A E
2oz AT glon, 42 9o nYY, 4P §9 Ggoz o
5 lch
2 dFM eguR gL Ago] d@ FHA Y] HojdS ¥y
Ao ol d LPUYF dge 583 o4 A8 S4E MAe 671 2
Eo A9y F4 #3d 0§ o8 954 EH"’% Fxg Al 7
g BHoz HE tEAE ZARAT olE A £ SeHe P
, stirred reactor, airlift reactor, packed bed reactor ¥ ©& ®b-§& 4]
A9 AALEE 2ATL2AN A FHFALHS 84S A 7]
TE 9% dad7 A2 FhsAt

K

oy xR
S

P
g ot

7h BANE
(1) BAME
FNABE LU (Ginkgo biloba L)Y R E o83 ATt 8y
2oe shed 3 F 2Ha $A A o] &AL, oF 50THA 484
ZHE% AZAZ & wavldA E4sgch 249 SPUL 40~80
arZlz Az AL A& AETh

(2 BA ZE H o
Crose Bol 84g 2 T4 Heez styod, AdsEe Az
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1. M E
SARA AL o 10~20%] &3t dF] FH7t FAHY ) EWEES
2 2@ YA wrlgs H%E%ZI Ak F=E F 4 gn #H717)

B op

3l

L

Al god FAFY FALFE oA AR £ o849 Fg

Were] aFHolXn Y. Vo) FHE olg5d AEFY $IE FEo)
722 wgon AA4Y BAZ 477 AsHA Ren Ao £ 4E
F Bde 21 284¢ JJLRBYPPLE AYAI Y, E 19} FFLY
% LANANGE BIE Qo

s}
oXx
9,
of)
rie all
b
o
~ir
K
ofi
2

fr of
re
-
-
>,

F3o] B&F ol4E fd 27t $F%U NH=EFE Uy
o2 FAL AL ol& FFE AHoAY FHAAYE )83t o)
airlift reactor, packed bed reactor® ¢]£3y JI=F AA BEEAL FE
Hlzety] A 72ETE TEY AGATFHAAE FYe

(MBAME : FAABE 25 (Pinus densiflora)® A5l (Quercus
acutissima)®] F3E o] &3 Atk FHE & 50ToA 48AFL A=A
Z ohrlel M BB BHE $38 40~80 meshel 272 A2 AL
A& AR

@A Ft=g HAY : HFAF=B(CASO)S Fol HAT A T4 HY
o2 ggen, HAdsx 2+ 0, 10, 30, 50 100, 200, 500, IOOOmg/L FEo
2 s
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28 -0l & & -0l s A% o &7
(‘A7 |ari3a - Zedan AE4LI Y
L =

et W M [Pleurotus ostreatus]® ZUAME B8 AA ZRME
ZgeA Qe WAoR BE MEMY MIEA B TE Lo B
Aste AuEtZ17t vind 47) g AAHer da QFAusn
At AFAuelE FARAE] Fy 3913, AREsu 450 9
g, By 2714 A 58 BYUAEA o8 F don, ZUdMs
i, 92, WEuAE ol 43l AUt ey BAAMAE Huuxe
A7t STE A2 A4 FAREZ Agsn QAT olHe o
TAE GAl] A7) o] hEE ofx wAElm k. o] RS o3
T BARAE o7IAIER o5 AWF HNeWwoe] 2FW

ol2{dt o =etE]¥Al Muuix|7} Sk ol g AYHor FAY
F AT Aol EHEo] o8 AMPHLE o8] HE NsAE
ZAESIGTH 9 ol FAEZE ol4% A= A TR Ao
BEE AE 2 TAHe A 443 283 olF BAAYA
2 o]gsle olFAAE AL F UE FH Ak wEN B g7
Me WAl HEuixe) % =g A9 FHEALT o]l o
€ A& diF FHE Aagy Qee BEoeg HE AL 2
ALt ol8 8 =k FASLHE FEWI, batch stirred
reactor, airlift reactor, packed bed column 5 o8] W8 AlAwo] A9
AALE=E ZAGo2N HA HEA2dEY JAELE 98 N2adTE

TYE HIEFIdAR 89,
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ACTIVATION OF BARK FOR HEAVY METAL ADSORBENT

Jae E. Yang*, Chang Jin Pc:nrk*, Jeong Je Kim* and Hae Ik Rhee*”
*Division of Biological Environment, **Division of Food &
Biotfechnology. Kangwon National University, Chunchon 200-701,

‘ Korea

Objective of this research was to develop the adsorbent for heavy metals by
activating the bark(ACTBARK) at temperatures of '600~900°C under a high relative
humidity condition. Batch and air-ift reactor experiments were conducted to
assess the efficiency of the ACTBARK for Cu and Cd removal from agueous
solution. Removal efficiency of the ACTBARK for Cu and Cd was highest at 900TC,
at which more Cu and Cd were adsorbed than the commercial activated
carbon and charcoal. Nearly all of the Cu and Cd in solution with concentrations
less than 150 mg/L were removed. The weight of adsorbed metal per unit
ACTBARK was ranged from 50 to 80 mg/g. but those values were decreased with
lowering activation temperature. pH of the equilibrating solution was decreased as
increasing Cu and Cd adsorption on the ACTBARK. Adsorption isotherm of the
ACTBARK for Cu and Cd foliowed the Langmuir type. Cadmium adsorption on the
ACTBARK followed the multiple first-order kinetics, but.Cu adsorption showed the
single first-order kinetics. Selectivity of the ACTBARK was in the order of Cu >> In
> Ni > Pb > Fe > Cd > Mn >> Mg=Ca. Removal efficiency (%) of the ACTBARK
for Cd and Cu in the qir-lift reactor were about 80% within 60 minutes of reaction
time. Results demonstrated that the mechanism of the ACTBARK for Cu and Cd
adsorption was-assumed to be surface complexation.
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AEHBE 23t Pentachlorophenol2l #4445 e
2 - £ # 75°

Biodegradation of Pentachlorophenol by
Various White Rot Fungi”

In-Gyu Choi” - Sye-Hee Ahn”

ABSTRACT

In this research, 7 species of white rot fungi were used for determining the resistance against
pentachlorophenol (PCP). Three fungi with good PCP resistance were selected for evaluating the
biodegradability, and biodegradation mechanism by HPLC and GC/MS spectrometry.

Among 7 fungi, there were significant differences on PCP resistance on 4 different PCP
concentrations. In the concentrations of 50 and 100ppm (ug of PCP per g of 2% malt extract agar),
most fungi were easily able to grow, and well suited ‘to newly PCP-added condition, but in that of
tnore than 250ppm, the mycelia gtowths of Ganoderma lucidum 20435, G. lucidum 20432, Pleurotus
ostreatus, and Daldinia concentrica were significantly inhibited or even stopped by the addition of
PCP to the culture. However, Trametes versicolor, Phanerochaete chrysosporium, and Inonotus
cuticularis still kept growing at 250ppm, indicating the potential utilization of wood rot fungi to high
concentrated PCP biodegradation. Particularly, P. chrysosporium even showed very rapid growth rate
at more than 500ppm of PCP concentration. ‘

Three sclected fungi based on the above results showed an excellent biodegradability against PCP.
P. chrysosporium degraded PCP up to 84% on the first day of incubation, and during 7 days, most '
of added PCP were degraded. T. versicolor also showed more than 90% of biodegradability at 7th
day, and even though the initial stage of degradation was very slow, I cuticularis has been
approached to 90% at 2lst day after incubation with dense growing pattern of mycelia. Therefore, the
PCP biodegradability was definitely dependent on the rapid suitability of fungi to newly PCP-added
condition. In addition, the PCP biodegradation by filtrates of P. chrysosporium, T. versicolor, and I
cuticularis was very minimal or limited, suggesting that the extracellular enzyme system may be not
so significantly related to the PCP biodegradation.

‘1 A4 1998 6% 209 Received June 20, 1998

2 4497 Y YT %Y Forestry Research Institute, ForESL‘Products Technology Div. 207 Cheongnyangri
. Dong, Dongdaemoon Gu, Seoul 130-012. Korea
3 ‘f“ﬂ"““}ﬂ AP0 %3 Dept. of Forest Resources, Taegu University, Kyungsan 712~714. Korea
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AEAmE 28 456-Trichloroguaiacol 2l #4445 5

z # B'o# (- £

Biodegradation of 4,5,6-Trichloroguaiacol by White Rot
Fungi, Phanerochaete chrysosporium, Trametes versicolor,
and Inonotus cuticularis”

Sye-Hee Ahn™ + In-Gyu Choi”

ABSTRACT

In order to evaluate the biodegradability and mechanism of 4,5,6-trichloroguaiacol (TCG) produced
from bleaching process in pulp mill by Phanerochaete chrysosporium, Trametes versicolor, and
Inonotus cuticularis, changes in TCG and its metabolites during  biodegradation were analyzed by
HPLC, and GC/MS spectrometry.

By three fungi, the maximum biodegradability against TCG wer. very quickly reached, compared
with other chlorinated aromatic compounds such as PCP. Within 24 hrs, T. versicolor indicated up to
95% of TCG removal rate, and P. chrysosporium and I cuticularis also showed more than 80%, and
90%, respectively. Particularly, in case of T versicolor, the removal rate of TCG after 1 hr
incubation was reached to approximately 90%, implying very rapid metabolization of TCG. However,
by analyzing the filtrates extracted from TCG containing culture by GC/MS, the major metabolites at
initial stage of biodegradation were dimers, indicating that the added TCG monomers were quickly
polymerized. The others were trichloroveratrole, dichloroguaiacol, and trichlorobenzoic acid, suggesting
that TCG may be biodegraded by several sequential reactions such as polymerization, oxidation,
methylation, dechlorination, and hydroxylation.

In other experiments, the extracellular fluid which did not contain any fungal mycelia was used to
evaluate the effect of mycelia on TCG biodegradation. The extracellular fluid of T. versicolor also
bicdegraded TCG up to 90% within 24hrs, but those of P. chrysosporium and I cuticularis did not
show any good biodegradability. 7. versicolor showed the highest value of laccase, and other two
fungi indicated a little activity of lignin peroxidase (LiP) and manganese peroxidase (MnP). In
addition, the laccase activity of T. versicolor was very linearly proportional to the removal rate of

‘1 34 19984 649 209 Received June 20, 1998

‘2 FoheE AgALs Dept. of Forest Resources. Taegu University, Kyungsan 712-714. Korea

3 AT YAHE R Forestry Research Institute, Forest Products Technology Div. 207 Cheongnyangri
Dong, Dongdaemoon Gu, Seout 130-012, Korea
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Production of Ligninase, Laccase, and Its Immobilization
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Phanerochaete chrysosporium ! Trametes versicolor =
Yo EHFoZHE T olJg MBI ZWF'Poezy dy AFHe] %o,
a8y YadEdzAstdld P chrysosporium = 23¢9 MES  heme
peroxidases ¢! lignin peroxidase(LiP) % manganese peroxidase (MnP)** &
A g, o]F FAhEo FE FYIadd FHA= AxWE stz -
Phanerochaete chrysosporium 7} A 4ss LiP & ZY=ZEH=zo] Izt
7ix)o] o} & o]z & iﬁ‘-}‘l?%% 43 Fis Fezez ¥3Y Hu
o)}, Trametes versicolor & LiP % MnP o]l 8el 1F0]Ate] laccased A Abdhc),
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REMOVAL OF CHLORINATED PHENOLS
FROM THE EFFLUENT BY FUNGAL LACCASE

Nam-Seok Cho, J.H: Nam, Y.J. Choi and Andrzej Leonowicz#

‘School of Forest Resources, Chungbuk National University
Cheongju-361-763, Republic of Korea
* Department of Biochemistry, Maria Curie-Sklodowska University
Sklodowska Place 3, PL 20031 Lublin, Poland

ABSTRACT

The effect of conifery! alcohol on removal of chlorinated phenols
. .from the effluent by Rhizoctonia praticola and Cerrena unicolor laccases
i ‘was studied. Good removal of chlorinated phenolic compounds c¢an bée
achieved in the. presence of coniferyl alcohol. In optimal conditions
7mM  coniferyl alcohol removed about 34.8% radioactivity of
4-chlorophenol from the effluent supernatant, 58% 2,4-dichlorophenol,
66.5% 2,4,5-trichlorophencl and 86% pentachlorophenol, compared to the
reaction condition without laccase. The oxidative coupling process
functions in two steps, firstly chlorinated phenols with non-chlorinated
phenclic co-substrates are enzymatically oxidized to free radicals or
reactive quinones, and then subsequent oxidative coupling of the
products- is completed without further involvement of the enzyme.
Laccase seems like to polymerize it initially generating mesomeric free
radicals, which then undergo further non-enzymatic reaction.

Key words: chlorophenols; removal; coniferyl alcoholi laccase;
Rhizoctonia praticola; Cerrena unicolor

INTRODUCTION

. Fungal laccase extracellularly -produced by several wood rotting
fungi- (Bollag: and. Leonowicz, .1984) - seems to be applicable for variocus
biotechnological processes{Burbonais et al., 1995, Vanzanares et al.
1995). .. Its .broad. activity on hydrogen donor provides opportunities for
removing - certain :phenolic- and—other- aromatic compounds from natural
and :industrial ; Wastewaters(Namuplen and Bollag, 1991). Among..
. Possible : apphcatlons, ‘the .enzyme .is - considered, for example, as a

dechlonnatmgqfactor(Roy-EEEana and-Archibald, '1991). The oxidation

357
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effluent by fungal laccase
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Abstract The effect of coniferyl alcohol on removal of chlo- The oxidation of —phenolic compounds generates
rinated phenols from a water environment by Rhizoctonia  phenoxy radicals-and quinoid-intermediates that are subse-
praticola and Cerrena unicolor laccases was studied. At__quently transformed to dimers and insoluble polymers with
optimal conditions in which 7mM conifery!l alcohol and aromatic amines such as chloroamines.” After sedimenta-
laccase were added to chlorinated phenols over 20h, about tion, such polymers may be reioved from the water envi-
34% of the radioactivity of 4-chlorophenol, 57% of 2,4- ronment.'® Substrates that react readily with the enzyme
dichlorophenol, 66% of 2,4,5-trichlorophenol, and 85% of /enhance the removal of such aromatic, amines, which are
pentachlorophenol were removed from the supernatants,; less reactive." -
compared to the level without laccase activity. After 49 Roper et al.? proposed the decontamination of industrial
12-h incubation periods at the optimal concentrations of wastewaters from chlorophenols by copolymerization with
coniferyl alcohol and laccase (added simultaneously), the typical laccase hydrogen donors such.as guaiacol or 2,6-
fast first phase of chlorophenol removal was complete in 1 h, — dimethoxyphenol. But, as these substances are still toxi¢ for
* and eventually coniferyl alcohol enhanced the removal of 4- ~ water, the objective of this study was to investigate the
chlorophenol by 40%, 2,4-dichlorophenol by 54%, 2,45- effect of addition of coniferyl alcohol on the removal of
trichlorophenol by 60%, and pentachlorophenol by 76%.  chlorophenols in the effluents. Coniferyl alcohol is more
acceptable in the environment than phenolic compounds of
Key words Chlorophenols - Coniferyl alcohol - Laccase - outside origin. The applied concentration of coniferyl alco-
Rhizoctonia praticola - Cerrena unicolor hol was five times lower than the others.*? This compound
also is known as a constituent of lignified tissue” during
lignin biosynthesis in vivo and as the substrate for in vitro
Introduction enzymatic production of lignin model dehydrogenative
: polymer (DHP).?

Fungal laccase (benzenediol:oxygen oxidoreductase, EC
1.10.3.2), extracellularly produced by several wood rotting :
fungi,’ seems to be apph'I::able to va);ious biotechnological Materials and methods

“processes.’*"Among possible épplications, the enzyme is . . .

considered to be a dechlorinating factor.’ Its broad activity ~Biological material

on hydrogen donors provides opportunities for removing . . ) - :
certain phenolic and o}:her aromft?c compounds from natu- Rhizoctonia praticola (De Candelle ex Fr.) and Cerrena
ral and industrial wastewaters.*® ) unicolor (Bull. ex Fr.) Murr. were obtained froxr} the FL}ngal
” ' ’ Culture Collections of the Department of Biochemistry,

e : University of Lubliri, Poland (FCL) and the Department of

> Forest Products, Chungbuk National University, Cheongju.
N.-S.Cho (&)

Korea (FCC). The fungi were maintained on 2% (w/v) malt
School of Forest Science, Chungbuk National University, Cheongju agar slants.
360-763, Republic of Korea g
Tel. +82-431-2612542; Fax +82-431-2732241 '
e-mail: nscho@cbuce.chungbuk.ac.kr

Culture conditions .
J. Rogalski + M. Jaszek - 1. Luterek - M. Wo]tas-Wasglewska , ) - — RO

- E. Malarczyk - M. Fink-Boots - A. Leonowicz i . .
Department of Biochemistry, Maria Curie- Sklodowska Umversuy, For inoculation the fungal agar plugs (ca. 0.5cm) were cut

PL 20031 Lublin, Poland o _ .and grown in a basal medium based on the Czapek Dox and
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