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Al o1E9] transformation®] FA| VMol BIET Jlrk +8®)
31 pentachlorophenol(PCP)S- EA|HEAZA F2 AMEH
Qo o] Ll A=A, AtAl, AgolA], AzAl B &
EARA ARE vl Qo 22 pCPE 1936 Dow Chemicali}
o &Jaf Feko = sfetE]o] Dowicide EC7TE A/HE Q.00 of
=290] 73l ¢8 JolME 19759%E 5o A9 AMg
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A7} ofgt FEAEEARA FHSEA ARSE o &
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7FsAdel AAIEEL gt PP pCPE F/d5-e] pH HeolA
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Humic monomers

Lignin® 258 Za)|=o] A== EY humic 2] A+
AQ) humic monomerS B 7AEAZ ARREHOM, o]E
o] BATRE Table 15} 2T} ©]5E methanole] £33}
77} 0.1 M9 stock solutionS AF3 & HQ FEE 34s}
o AT

LHsiEtal =l

AESH ZFulZA peroxidase, laccase LT L tyrosinaseS
ARgsteth TAPTEIY] B4 1.0mgS 87 mnits®] 4L 711
horseradish 2 %-B]  FZ& 3t peroxidaseS Sigma Chemical
Co.(St. Louis, MO, USA)ENE T3] Agstglon,
peroxidase®] activitye== pH 6.0, 20°Ce] ¥hg-=7AstlA 202
F<L pyrogallolZH-E purpurogallin 1.0 mgS AAlsh=r] Ha
gt peroxidase®] ¥ 1.0unit® % 235+9it}h Fungus?l Tra-
metes villosaZFE 223 laccaser Novo Nordisk(Danbury,
CT, USA)EFH 2% o} AMS1He™ 1.0unite] laccase=
02M citrate-phosphate  bufferpH 3.8)°| A4 0.1mM 2 6-di-
methoxyphenol -8 34 m/7} 468 nmollA] B 1.00] ER=S
W37 =d] Bash 49 ofom AHofsisit). A &
& 10mgd 4400 uits®] L 7 BRoRRE F2H
tyrosinase= Sigma Chemical Co.Z%E U3l ARSI
™, tyrosinase®] 1.0unite L-tyrosineS -3 3.0mie] w3
o] pH 6.5, 25°Ce] W27 3lolA 280 nmolx] BF
00019 BZ% 2712 o|AF|e Ao %o s Aolslyrt,
F7159 2 AFS-E bimessite(manganous manganite, 6-MnQ,)=
McKenzie®] "H*0 = Axg AL v+ Adnplol F0)
8329} Soil Biochemistry LabO ZHE] £ wlol xlg3tgir},

PCP2| L&iEty &0Hol| 25t transformation

Table 1. Molecular structure of humic monomers used as co-sub-
strates

Humic monomer Molecular structure*

Ferulic acid 2-(OCH,), 4-(COOH-CH=CH-)
Caffeic acid 2-(OH), 4-(COOH-CH=CH-)
Guaiacol 2-(0OCH,)

Catechol 2-(OH)

Syringaldehyde 2-(OCH,), 4-(CHO), 6-(OCH,)
2,6-Dimethoxyphenol 2-(OCH,), 6-(OCH,)
4-Methoxyphenol 4-(OCH,)

Hydroquinone 4-(OH)

Vanillin 2-(0OCH,), 4-(CHO)

Syringic acid 2-(OCH,), 4-(COOH), 6-(OCH,)
Gallic acid 2-(OH), 4-(COOH), 6-(OH)
Vanillic acid 2-(OCH,), 4-(COOH)
Phloroglucinol 3-(OH), 5-(OH)

Protocatechuic acid 2-(OH), 4(COOH)

Salicylic acid 2-(CO0H)

4-Hydroxybenzoic acid 4-(COOH)

Abstgkel 2o 2]k PCPY] transformations ZAREH] 4
3t PCPE 03mMY 55271 H %5 02M acetate buffer
(pH 5.6)2 8A3e] 2204 ikl Soje} ghgA AT A
Hol] AF&-¥ peroxidase, laccase, tyrosinase ~L2]3L biressitet>
0.15, 1.5, 40units/m/ 23 05mg/mi7} ZH7} AHEE QT .
peroxidaseS AFSI3HY) S 2 ARSS Aol WA SEAR
2] 05mM®] hydrogen peroxide 50 WS H71stdth. vkl
3A) ZH(peroxidase) FE 244 ZH(laccase, tyrosinase 12|
bimnessite)5<F HESAIZL T 12,000 rpmellA] LA BaElste] A
AAE He)s thy el dot 3l PCPe] F5=E HPLC
2 AgRAsled Abslekd ol 2§t PCPY transformation
A=E 433k

rI

F2xZ70| = PCPQ| transformation
[}

Arslelg Enjjol 23k PCPY) transformation®] WHEAIZE, 3
g Zojo] &, Wk pH ¥ WhS 259 72 whg 2714
me} Fake W=X]E peroxidaseE ©]8-3to FAIBISITE. PCP
9] transformation®l] thg+ WhgAI7H] FE peroxidase= 7R
B kgolA WSAIZHS 5, 10, 20, 30, 60, 120, 180 2E|

240802 3] BREAIZ] & AR ol Qe PCPY] %
JERiaale] AL Peroxidase®] AE]% WHalol] wE
PCP transformation®] &2 ZASH] $I8iA = peroxidaseE
0.01, 0.03, 0.05, 0.1, 0.15 Z22]¥ 0.3 unitsym/®] HFF F=
2 23l PCPY transformation FEE ZAFSITH. PCPY]
transformation®l] "= WHE- pHO FIS Al $she
02M9] acetate buffer2 FA|3 pH 3.6, 46 LT3 562 &
A3 0.2M2] phosphate buffer® ZAg pH 6.0, 7.0 L8
8.09] g-Nol|A peroxidase®E WHSAIZ] F A} ol =
PCPS] B2 AoR STt L3 PCPY transformation®]]
A W 2% GFS AR ] vhe REE 8,
16, 26 7283 50°CE 3}9] peroxidase®] 2|3+ PCP2] trans-
formation B=E ZABIIY

il

Humic monomer 2| &k

FZo) 248 5 S+ o8 I humic monomerE©l
PCP9} F&EE 739 PCPY transformation®l] M|X|&= HES =
A¥st7) 9ete] 03 mMe %2 humic monomers ¥7F31
peroxidase, laccase, bimessite TEE tyrosinase® F&3H WHO
2 WAL & A oel] dol Qle PCPY] w58 A HEA

STt

PCP2| HEEN

2318kl Sflol ofsl] misE WhEollA AAE PCPe] 45
A#EA37] 951e] high performance liquid chromatograph
(HPLO)S o] &33th. 712l LC-10AD solvent delivery
system3} SPD-10A detector® 72§ ShimadzuAle] HPLC
Systemoll WatersAk2] y-Bondapak C18 column (W17 3.9 mm
XZo] 30emyg AZEE] UV 280 nmollA PCPE 7 i
IATE o) O 2 0018 M ammonium acetate®t 2% acetic
acidE 5-3F Milli-Q water 20%%} methanol 80%2 &§-&



332 B - ol27] - gl

mhE ARg-eiaiTt.
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AtalEt 0ol 28 PCPQ| transformation

PCPE oxidative couplings F=3= o2 UHT 427
o] Aksighel o} w-A17] T PCP2) transformation 4%
& AR A3E Fig 19 JeERSitH

PCP¢] transformations peroxidase® "7HE0S A% 530
%, laccase 23.4%, bimessite 15.6%% EFEO L} tyrosinase®
7l E 9ESolire PCPYl tansformationo] ¢ #AHH=] ¢k
Fi=

HAWA ] Q37308 2o delx ulol] 28k phenol 3}
FEE-L peroxidase, laccase SEE bimessite’} ZUE 2831
Hkg-ollA WA 1719] proton electrond 441310 free radical
< At 1 FFEe S0 #E-gle] autooxidation WHE-
< &30 free radicals 7|29 T2 2 polymerS A5}t
= Ae® dHA vt T2 tyrosinaseZ UiZHE w0l A
phenol SRIEE2 WS Z7]d WA ortho-hydroxylation®]
ot ¥ Fafje] 2202 17)9] protons &2 3} phenoxide
aniong A8 W AFSlEO] quinoned AP F o)E
quinone=%] phenoxide anion®} 7+ nucleophileS<] 3134
A 9gk H/PS-S B3l polymers A= FHow &
quz‘{ %]\1:}.8,27,31,32)

upeiA] Ao AMSE tE Aeldtd ErsdeE ¢
tyrosinase”F MI7HE WHGoIA PCPY] transformation®] #H2%]%]
852 212 PCPo] 4kelsked Fuflol] 238} oxidative coupling B}
SoA WES71Ze] zpelz AW 4 t) =, peroxidase,
laccase B bimessite= ti7HE HHg-olA4] PCPi= proton}
electron®] Bold U7t & free radicalS sl AR o2
polymerE A/4d3}7] wl#e ¥]E electron withdrawing group?!
AFE Fa AAE0] Al AT o5 ©A] trans-
formation =T FFE viAE Ao Almdn. 284
tyrosinaseZ 7| E WkSoX PCPE= polymersS AAIEL7] 930
WA ortho-hydroxylation®] Hojutok EAIRE PCPE] ortho ‘914

80

Transformation of PCP (%)

Peroxidase Laccase

Tyrosinase  Bimessite

Fig. 1. Transformation of pentachlorophenol incubated with .
various oxidoreductive catalysts. PCP was incubated with per-oxidase
for 3 hour and laccase, tyrosinase and birnessite for 24 hour.

o oln] A4 YR} EAP] W& ortho-hydroxylation©]
o]UA] ol ukgo] FZHHOREA tyrosinased] &% PCPe]
transformation AT R -2 702 Alsdr}. Park 5'"¢]
Budx e Bz 71ZEHEA tyosinaseE AE T2 A5}
T Zvfell s wkg-do] olF 2 syringaldehyde®] EAIA]
tyrosinase2. Wi7HE WhEol|lA 71222 E (phenolF H aniline
F)¢] transformation®] ZrAEAY olF FEFS wA] £ Z
7} BEE AL syringaldehyde®] ortho Aol XEH me-
thoxy group®ll 2|8l syringaldehyde’} €433} =A] X37] wi&
o2 AAg vt Urk.

H2x710] U2 PCP2| transformation

Arsleky] ZojE ul7lE PCPe transformation®] ©]X]&= vt
2719 S AR fletd 7] oE uld 2AdolA
peroxidase$} WF3-A1#H PCP9| transformation H =& ZA}S
ATt

HHe-A)7be] W PCP2| transformations Fig. 29} ZJt},
Peroxidase® Zul|® ¥kSo|A PCP2] transformatione HHE- 3
B A7 FE5H dojub whkg- 308 ©]$FE 18087
A= transformation®] =2|Al F7FETHE BES- 180 o=
9] transformation®] S7F7F F2=A] gkt ol=jd 7k
8% 7] @AM E peroxidaseol] 2138] ¥ PCPY free

_-— O

60

—e— With peroxidase
—O— Without peroxidase

Transformation of PCP (%)

0 60 120 180 240
Time (min)
Fig. 2. Time course for the transformation of PCP incubated with
peroxidase.
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Fig. 3. Effect of peroxidase amount on the transformation of PCP.
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&or | _@— With peroxidase |
to— Without peroxidase |

40t

Transformation of PCP (%)

20 |,
0 jo— O—0— —f
4 5 6 7 8
pH

Fig. 4. Effect of pH on the transformation of PCP incubated with
peroxidase. pH 3.6~5.6, Acetate buffer; pH 6.0~8.0, Phosphate buffer.

radical®] WHEA] coupling® A%t 1% peroxidase®| activity”7}
Az 2dgel we W& ETt haske) Hkg 1808 0%
Hhgo] Aol FAE oz FAHED. o]8d 7L Dec
Bollag®] 79914 peroxidase®| &40 712 EZo] #x)
tr}] HB]—EH] /\/\15]1;},_ HIR }HTJ:]‘G]- /‘\ oh;]_

Peroxidase®] 2|2 0.0191A5E 045 units/m7HA] Z7HA]
7o W PCPY transformatlont Fig. 337 Z4v}. #7)gt
peroxidase®] o] Z71gel] wlel PCPY] transformation® &7}
Shz ol TR PCPY| transfornationol] Th3l WS- pH
o] e 2A}E) sl 02M9] acetate buffer® %43+ pH
36, 46 17 569 8-A5} 02 M9 phosphate buffer? A
g pH 6.0, 7.0 223 8.0 &olA] peroxidase® vi7)A1Z]
5 PCP9] transformation 4= ZAISE 232 Fig. 49 et
Wtk pH 56 Fo)A  peroxidaseo] 93 PCP9
transformation®] 7F3 ¥ pH 7.0 o|Ate] 4w zAqA
¥ PCP® tansformation®] 23| 7rAago]l o]
peroxidase®] 749 PCPE 7|HEAZ AME319S ) pH 56
H2o] HA pHYUS & 4 AUt ojg) ke Aal= 7)o
maE} xol7}t Q= 7@ Eo|dolx| o]x} AL A ZAVE
phenol 3F3E aniline 3HES] FZ pH ZAMAME HjS5=38k
A7t BE v o)

Fig. 5% PCP¥] oxidative coupling® %3} transformation®l]
mAE Bhe-2we] G eIt wE2E 8, 16, 26 1
3L 50°ClA peroxidases] 23+ PCP9) transformations %
A A3 PCPE 7|HEHR AMESIYE 7% peroxidaset
16°C A 7V =& transformations ERHIST L%7}
57]-3]'01] W} PCP2 transformation®] Z+Ago] AT}
Y& 714 EZ 9 79 peroxidase®] FAjo) 30°C P20 &%

M 7P =& B4E HR Adels gE o E vehte
LD 1 21Rle obA 71X WA weiAR] kit

o & rlr

PCPQ| transformation0l| O|X|= humic monomer2| Y&t

AF7A L] A6 o1E1 oxidative couplingS- 71
Sl EjEd) tisled AuiRom o] 9= FEA é
transformation®] UoL}A] b= EFE o]E &) EAjo] §

= O

)

80 —e— With peroxidase

—O— Without peroxidase

60 |
40+

20 |

OH Q 0

8 16 26 50
Temperature (°C)

Transformation of PCP (%)

Fig. 5. Effect of incubation temperature on the transformation of
PCP incubated with peroxidase.

= wz 7|WER A7tE AsEkgo] Aok Ao ok
23 gk w2 Ao o]#dl S sl ik
3 gL Yeidle Bz 7)1Zo] dE w PCPY trans-
formation®l] F]X)= PGS AR 21 AAE Table 290 U}

BZ712 24 humic monomerE<9] A A] peroxidaseZ. |
7hE ¥hgolX PCP2] transformations THH-E2] 749 74|
= A% JeERYZ dF o924 salicylic acide] EA|A|
PCP2| trans-formation®] F7F Z7Fgo]l #ZE vl Humic
monomer®] =417} peroxidaseZ W7|E PCP2] transformation
o HAe YT laccaseR WiZE 7-¢olllE WAl HEAE
o} salicylic acid B 4-hydroxybenzoic acide] &AJA] <F7ke]
Z718 Rols Hhd ol9)o) thE humic monomer’} EAE A
- PCP9] transformations THH-E 73AESlt}. B3 birnessite
2 wA=E9S 7399 % humic monomer®] &4 A PCP2

Table 2. Transformation of pentachlorophenol incubated with
various catalysts in the presence of various humic monomers

Transformation of PCP (%)"

Humic monomer - - - -
Peroxidase Laccase Birnessite Tyrosinase

Control 53.0 23.4 15.6 0.0
Ferulic acid 255 14.2 20.1 75
Caffeic acid 16.3 10.9 11.2 9.5
Guaiacol 392 193 7.0 24
Catechol 6.2 72 4.5 0.0
Syringaldehyde 223 1.1 13.0 119
2,6-Dimethoxyphenol 329 235 9.6 10.3
4-Methoxyphenol 454 17.9 3.1 5.1
Hydroquinone 32.6 143 14 7.7
Vanillin 30.6 220 17.1 5.1
Syringic acid 1.1 18.0 9.0 6.9
Gallic acid 7.8 9.4 113 12.8
Vanillic acid 12,6 134 9.8 6.5
Phloroglucinol 9.7 10.0 15.8 10.8
Protocatechuic acid 24 9.5 44 15.1
Salicylic acid 63.9 29.5 104 7.0
4-Hydroxybenzoic acid 35.0 333 3.1 9.9

PCP was incubated with peroxidase for 3 hour and laccase, tyrosinase
and birnessite for 24 hour.
"' The SD for transformation of PCP (%) ranged between 0.1 and 2.4.
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transformation®] tH-E-2] A% TAEe ZA3ge el
22 tyrosinase® VIZNE WEEOA catecholS AIslEE T
AZ humic monomer/t £ E W PCP2] transformationS &
7WAA peroxidase, laccase == bimessiteZ TIZN SIS 79l
3 dele tE FFE e

o9} Zhe AFRS PCP9| oxidative coupling® °F7181= per-
oxidase, laccase ZZ2]3! birnessite®} tyrosinase Al0]e] WhE- 7]
zto] zlol2 ALEET. & humic monomer7} EA| Al per-
oxidase, laccase Z#) 7. bimessiteZ I/EIE W AR o=
Bh&-AJo] & humic monomer’} free radical GI&iWkS-e] 7]
AAOIA free radical® A4S 3 radical transferZ E3] ATH
Aoz whgAdo] B V1AEAY radicalS AAEHA Sl o)
E free radical® Atol2] couplingE 5] polymerS AJAlsH=
Aoz YHAL P37 et PCPY 2% aromatic ring
off XgkElo] A= 5709 Ha YAl o3 YAl Felz 9
3 radical transfer’t YoAUA] REFo2A wbg- Z7idA o)A
+ humic monomers 7|89 oxidative coupling®] F= Yo
UL o] whgo] A FAFI W thE HIEA PCP oxi-
dative coupling®] dold Aoz 4t} 28t} Dec 599)
71dEde] EA Al peroxidased] E4Jo] T38| AAHTE B
3 AR vjFo] B o) vheSy|oAs 4lelgkd Sojje] &
o] &3] PaEo2A A2 F humic monomerd] EA)
Al 9T T] TAlA F2 dojd Aoz F=FE pCpe
transformation> 7H4AE AoZ AlgHEU}. vPHY| (yrosinase =
IAEIAE- 73l peroxidase, laccase 2 birnessite® Wj7H=]
Ae AYSE YE 98 AEE T3 polymerE Ao =
Al Zgolgt transformation 0] LRt ZoZ 9= o]
2ol FEE Y3 vhS HE= dog o dAFHolof &
o2 Alm:dnt
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Transformation of Pentachlorophenol by Oxidoreductive Catalysts
Jong-Woo Park, Yun-Ki Lee' and Jang-Eok Kim*('Taegu Water Quality Examination Office; Department of
Agricultural Chemistry, Kyungpook National University, Taegu, 702-701, Korea)

Abstract : Pentachlorophenol(PCP), which is very persistent in soil and water environment, was tried to detoxify
with oxidoreductive catalysts(peroxidase, laccase, tyrosinase and birnessite). To find out detoxification of PCP, the
transformation of PCP through oxidative coupling was investigated in the presence of various oxidoreductive
catalysts. PCP incubated with peroxidase was significantly transformed, however, in case of tyrosinase, the
transformation was negligible. Using peroxidase, the optimal reaction condition was pH 5.6 and 16°C. The
transformation of PCP was very fast,in initiation step until 30 min but, that was not observed after 180 min. The
transformation of PCP was increased by increasing peroxidase amount. When the effect of humic monomer was
investigated as co-substrate on the transformation of PCP, the transformation of PCP was mostly decreased in the
incubation with peroxidase, laccase, and birnessite. The transformation of PCP, however, was slightly increased by
the incubation with tyrosinase in the presence of humic monomers as co-substrate, except catechol. On the basis of

the results obtained, it may be suggested that PCP is able to be effectively detoxified through oxidative coupling
mediated with oxidoreductive catalysts,

Key words: oxidoreductive catalysts, peroxidase, laccase, tyrosinase, birnessite, oxidative coupling, free radical
reaction, nucleophilic addition
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