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H|=H| Propanil & 71 2354221 DCA3,4-dichloroaniline)2}
Humic MonomerS2}2| AIS|H BX|ZHHS

Hehs - Y

Ayt Eooie psjetat

£ B :AZA propanil(3/4-dichloropropionanilide)®} 7 ¥3JAHE-9] DCA(3,4-dichloroaniline)?} laccase, horseradish
peroxidase(HRP) & bimessiteo]] 2]5}e] 709 oxidative couplingol] ¢J5le] E%¥ §7182] AR HEE 5 3
EAE 47) 98t EY 729 monomerS3e] vHe-A-& ZAFSI T Propanil 5 DCAZ} ©5 02 &4
B2 A E T Bl 9J3le] 0159 MFo] A o]F AR FUAY AP W2 FEOIUH. 1Y
humic monomerE°| ¢1-2 o laccase®} HRPS] 7-¢- propanil-< syringic acid®} DCAE catecholy} &2 HE-&-& el
g1, bimessite®] 7-$- DCAE protocatechuic acid9} =& A& JeERNUT). DCAQ] H3H8-2 laccase?] 7-$-
catechol®} pH 8.091 4] 244|2t 52t wHS-A12 w|, HRPS] 7% catechol} pH 3.000 4 2412t B¢t vhgAld o 718 &
$¥31, bimessite2] 7-$ protocatechuic acid®} pH 5.000 4} 247t F¢t vk-3-A1Z o] 7153 =9k} Humic monomer®] ¥
EE ZF/MZE4E DCA9 HILE Zr)sl¢rh. Humic monomer thAl dissolved organic carbon(DOC)o] ¢S uj
laccase:= DCAE A9 A7) & 5901}, HRPE DCAS] AFE-E AA F7HKZ 3L, bimessite = 2 FJ3FE 7]

27| ggtrt. DCAS] AELL laccase GEOZ 91 W) KU} bimessitest FEE ¢ oF 59 71 749 wh,
HRP¢} bimessite7} FEE 340 S7H51A] 0H(19989 69 3% 3, 19983 8 284 2))

N B

EY TR A=A Fe] AL 124
£ 2 humic acid, fulvic acid == humin¥} 2 §-71&3
A AgHo F53lHE Aew gy 40P EY
Ao FUHAR ] EY R7IEH AFIA &
2] ‘bound residue’ & FASHA HH FIIEZE FEHX
o+ v A JHES A Dl S35 A
X =o]7 Foko|} o] &9 Edj4tE o] bound residueE A
3l 7|22 EGUlM AdA o2 dojube BA5 717°
3 FARE] i) ol dElE o] 83l Bl E43)
© 83 B3 SAPESS FI1EY FARES 2
A F=53A17| 24 she Aot @8] AT 9ot

Sarkar 572 F-A1E2 3} xenobioticse] AL &<l3ts
o, Klibanov 5" #lE 9 oldd #d 3FESo| 413}
s o3ty FEHE Aoz B w glon,
Bollag 5% 2]3}% u] A&l oj3le] QAR A3lddE L
o] EAA] oxidative couplingol] ©]3te] WFZE S}FEE9)
EA40] ZadEvtn Bty A2 Kim 5772 4kshehd
ol o3t EY F71E2 monomerEo] FAISEHA
AE gty A=T2E 717 FURAEC] ol
g gho BEEHAY T vk gt FEE oA 7%
3 BSAIE S TR E A BEY f71E0] B
T35l #AtE= A& @ Shindo 5" Mn(IV)
oxide®} 22 FI|EE AU a4 XY 2 gdye] 4

3ol BT & glckm BB

Amide Aol £3= A|ZA| propanil(3/4-dichloropropionani
lide}e- ESol| A m|AEol 2]5led DCA(3,4-dichloroaniline
9} propionic acid2 A14:3] 7}~ % o], propionic acidH
CO.Z 413l 11, DCAE EY YAl FFAHAY A2 S
=]o] TCAB(3,3/4,4"tetrachloroazobenzene) =+ diazo 3}k
B2 JA43te BEgd 77 JHRIHE AR Hid vl
ST e} Bt AR Aol EATE Folit £7]
A=} DCA}HE] conjugatione DCAS] FAS ZHAAT7]
£ 702 2w glou” EFuolA] propanils} ol
F8 ®3AHE2Q] DCAVL B2 A st AsEnE
o 93 EY f7]|E] = (incorporation)=|o] bound
residueE A5 713 ) Hae gl AA ol

wA B diAe EY #FFAA AsiEmiEd 9
3lo] A2 A propanilz} o] ] E3|4HEQ] DCAZE B4 771
B9 FAAR HEgED § A=AE WalV] 8t EY
#71&29] monomerE#¢] ¥H&4& AT

Mz o Ul

Alet

A2AQ propanile- &% 99.9%2] REE-S o]&3lF e
], 2542 9] DCAE Sigma Chemical Co.(St. Louis, MO,
US.A)lA 7435te] ARSI} 2,6-dimethoxyphenol(DMP),
syringaldehyde, syringic acid, vanillin2 Fluka AG(Buchs,

Zt&'2 : Propanil, DCA, oxidative coupling, laccase, horseradish peroxidase, birnessite, DOC
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Switzerland)ol A], vanillic acid= Aldrich Chemical Co.
(Milwaukee, WI, U.SjA.)°ﬂ/\1, catechol-& Fisher Scientific
Co.(Fair Lawn, NJ U.§.A.)°ﬂ/\1, protocatechuic acid= Sigma
Chemical Co.ol|A] T3]3} 3, humic acid= Stevenson]
BP0 2 vz Humus Products(Richmond, TX, U.S.A.)]
A A& Leonardite E oA F2&3 2-& ARS8

AtslZol

Laccase(Pyricularia | oryzae, EC 1.10.3.2)9} horseradish
peroxidase(HRP, EC 1.11.1.7)= Sigma Chemical Co.oj| 4]
T35 1, birnessite(manganous manganite or 8-MnQ,)=
McKenzies] %0l 8js}e] 48 2 & AHE3}3L.

Bolld |F7|e

Leonardite &%) A| &% humic acide} Eokd] o]
FE Jtet] JgE 3 AN ES A5 AL thA] 045 um
nylon filter2 J3}3le] 118 EES AAT F 7)o =
ol & F F7]1etA9] %L total organic carbon analyzer
(Shimadzu TOC-5000A)Z =7#&}e] dissolved organic carbon
(DOC)o 2 AH§515]ct.

Propanil &-= DCAZ2} humic monomerE1}9o| Hl

Propanil == DCA$} humic monomerE3}e] HIS-&
laccase ] 74-¢- 1.3 units ml™’, HRP9} 7-%- 6.5 units ml™", 9
mM¢] H,0,, 12] 1 bimessite®] 3% 1 mg ml"'E Z 353
A= 28°C, 0.1 M acetate buffer(pH 3.0~5.0)F+= phosphate
buffer(pH 6.0~8.0) 5 IJPMI 0.5 mM2} propanilojt} 1 mM<)
DCA7} gdEo3 —E—z;%}ﬂb} 1 mM$¢] humic monomerS
B DOCS} o] EAdhs whe-Z oM A7 )
PR BLFh] e 5AF PR &2 A 2083
1 AL, #71%0)9] S bimessite S A & AL O
z72 ALgsrgoh §1¢94 84L 25°C, 0.1 M phosphate
buffer(pH 7.0)014 1 mMe] DMPE 7] A o] g3le] T3
EE UV spectrophotoheter(Hitachi U-2000)2 468 nmoj| A
ZATS. Laccase 1% 59t 00019 TS WA
7= %€ 1 mitZ, HRPO] A9 & 102 F<F 0.0019] &
FE0] HgtE op|Al7lE 4E 1 mit2 HF S

= 0o

Rkg- S HCIE 7hsted Whg-& ARA7I 045
pum nylon filter2 33t & 10 plE HPLC| F3}e] ut
€ £9=0| Fo} 9J+& propanil = DCAZ ATEAFY
t}. AH8-3F HPLC+= UV 254 nm, injector™ Rheodyne-2 %
‘Z}f& Waters model 510012 ¢, column-& p-Bondapak C,,
(3.9%300 mm, reverse phase), mobile phase= methanol/
water : 70/30(v/v)°] 1 2.1, flow rate= 1.0 ml min~'o] T}
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Propanil &£= DCA®} humic monomerE1}9| HISA

A zA propanil ® o] B3itEFS Ul DCAS}
humic monomer=3}9] WH-A-& A+3}=&w)j<¢l laccase, HRP
2 birnessiteE 0]-§3}d FAMgE A= Table 13 720},

A|ZA| propanil-2 humic monomerE-¢] &4 -F-of Ao
8lo] AlstEo) 2 ALL-5 laccase, HRP 2 birnessite 0] ©]
slod AFgo] ofF BA vER olgE AEEuEd e
EIAYE & 5 AAoh 22 propanile] EIAE F
9] d}el DCA2] 7Z-3olE humic monomerEo] §l-2- uf
T 5~14% AL H|wA e HEES B O humic
monomers°] )& W= AEgo] A FTHEHAT. o]H T
A= Pal £%0] B3k AHEE 0] E 2 4] laccase, tyrosinase
2 birnessite 52 0] 23192 W DCAZ} @HEo0 2 Qo
oA J& 7% Sl 9Jg Ago] A9 dojubx] grh=
AFA7} 9 Tatsumi 5] laccase’} 91-& ) chloroaniline
SIFEE G502 E ukgAo] gidtta & A7d e &
Ak, =3+ Kim 5°%| #|3A| bentazonS laccase T
HRP7} &Rl vh-&-Z Ao A bentazono] ©H=E0 2 1S
o] R} humic monomer$t o] ¥REAI W o =& &
2£ BATE RISE FAS LeRdTh

Laccase, HRP & birnessite®} 72 A131& 1| E-& phenol
A NAoA mA ARt FAolg AASH quinone T
A& 2= free radicald] F7HA|E A3, o]HA AR
B FUHAIEL o o] & AYslel ARsAtsht
AH AZ FEHAAE RAoZ A Ut} Table
propanil2 humic monomer?] &3] 5ol A#glo]
£o] H|wA & vbd, DCAS 7-$ humic monomer
S A9olE AEEo] EAAT A& e v
t}. o]2] gt %AHS humic monomer7} AF3}E ] o)
CART}H  wa] B-9HA 5 semiquinone ™} quinone &
AL 7IAE FAY JHAAAE A8 DCAS} 2o
electron donating E3Z YEN) = amino 159 AR}
F AL benzene ringol| A EAUR}ol| WA E o] DCAS}
humic monomerEo] ZAgEHE AHow H==Hul e}
propanil®] 3}8} 72| 4= propionyl group o & <18 YA
oot HAHENEAM Y] Zgo] Yehtr| wWEo] humic
monomer?] AAA FAo| = E-F3}1 propanil¥} humic
monomer= A9 AFHA e RoF AMEFE T Humic
monomer?] FFHol W} DCAe] AL xpol7} Wgko
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Table 1. Transformation of propanil and DCA with humic
monomers in the presence of a laccase, HRP and birnessite

% Transformed
Propanil DCA
Laccase HRP Bimessite Laccase HRP Bimessite

Humic monomers

Control 2 6 0 14 7 5
Catechol 2 8 6 80 93 84
Protocatechuic acid 6 7 6 35 90 88
Syringaldehyde 6 10 3 40 88 83
Syringic acid 11 15 2 40 69 43
Vanillic acid 6 14 3 17 22 22
Vanillin 5 14 5 14 36 40
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v AgtEuj o] o] AhstE (Rl A FEetg st
o |%& & 7 e 7150l B humic monomerd =
DCA®] W&o] 2718 21€ ¥ 4 AT} 53], catechol
3} protocatechuic acid7} 1S o DCAS] A3 713 =
st

AA EF 875N propanile N&3] 7pERs)E o
F8 Z32EQ] DCAE Ash= Aoz Bad ¥ gle
g AP F4 ATFEAZ U427 protocatechuic acid,
syringic acid @ vanillic acid$} propanil === DCAZFe] F3
W& a12fdte] £ W B 74 propanil HA] 7
=0l DCAE FAT ¥+ Edd gl EAsks sk
wj &0l oJstd EY F71E0) W= o] bound residueE 3
4% Aoz 2290

pHO|| & AE

AbglEul 7} 918 W] humic monomerE3: propanil®} b
SA)o] 7173} & syringic acid 2 protocatechuic acidE Ak
sted pH 2708 2218t S 9l propanil A &-&S VERd
A3+ Fig. 13} 2t} Laccase?] 79 pH7} 3.00)4 8.0
S7t3toll met propanil®] A|AEo] oF F7FHUAIR 2
W3k gl2ith. HRPO| A9 pH 3.0014] propanile] A&
&0] 29%=% 74 wshou pHIF S71El wet AEs
2 7MY ol AFgS HPo Z W= I
BimessiteE ZU|2 o] 83l9S 7% A pH HY oA vH&-
o] 7<) YTt

DCA®9] 7-$ catechol®} protocatechuic acidE A 4l3}e]
MZ THE pH Zl4 DCAS) AB&E ZAG Ao
Fig. 29} 2:}.
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Fig. 1. Transformation of propanil with humic monomer in
the presence of oxidative catalysts at different pH values. @—@,
Propanil+syringic acid+laccase; B—M, Propanil+syringic acid+
HRP; A—A, Propanil+protocatechuic acid+birnessite

100

80

60

40

DCA transforned in %

20

pH
Fig. 2. Transformation of DCA with humic monomer in th
presence of oxidative catalysts at different pH values. @—@,
DCA+catechol+laccase; H—M, DCA+catechol+HRP; A—A,
DCA+protocatechuic acid+bimessite

Laccase] 739 pH7} 3.00]4 8.02 3713t w2} DCA
o] AT 18%0lA] 80%= F7Feh= 7S Btk HRP
o] 7% pH 3.0004 7V 2& A#&(97%)ye e
o] XMz} Aty pH 7.0014 thA] S7H93%)sl= 7
e Vel 2& Aslsd g 4Q) laccase®} HRPZE
pHoll w2} DCAS] Wahgo] thas ehte Ze F 2a
o] 714 BolAoly} 3 pH ¥/t v 7] Wil el
Az =%t} Bimessite®] 39 pH 3.0~5.07}4] 95~
91%HEe] Ao M58 DCA ABgS Yo, 5
A pHE ztol] wetNE o7t Zaste Ao vyt
Laccase$} HRP2] 7 pHoll w2} DCAS] H&o]| Faigh
W32 Jeh)S o) bimessite®] 79 ]2 2 pH H 9l
A 18 A4S YeRJQIT). Shindo9}t Huang™e] Aol A
bimessiteol] ]} hydroquinone 2] F3HiH8-2 AFARTH
£ F4 pH 3294 By} #4 dojdoia sgey, &
AgoM= FAl 77he pHE 7 met S-S =
2 DCAS] Ao] oz Brasks A nlth ollH A
7} protocatechuic acid®] o H|3] FE-gt bimessite
7} edes Q8] we pHolA ug gulel Ma”
7WtslElx] okl EHETigts  bimessite7} A&HA o2
protocatechuic acidZ AHEAIZ = A7) HESQ] Ao 2 A}
SHTh® 53] Table 18] Aok o] ATZHE propanilsh
DCASQ] 3}3t7%AF xloli= DCAS] -2 propionic acid
7} E°]7} propionanilider} ® Aol¥tol {i7] wiEl
propionanilide7} .2 <13} propionyl group S 2 Q1
QA Zojot AxENEA ] 2§ wiZol propanilo] humic
monomerS 3 AFE A9 A Rahe Ao 224t

Al 7HA AEEdE 25 Y2 pH ¥4l propanil 7
DCAE AN F e Aoz Yehded 24 ES 3
739] pH7} 9% 37 x| we w9 7P W g
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o =oF 8AZIME oleie wgol 9lake] propanil
11 DCAZE B9 §7) 20 $EEeld & 98 Aoz
Humic monomer i‘EOI sk

Humic monomer7} f_&xﬂﬂ ] propanil®] Hggof 713
AA UERAE syringic acide] gRE /MRS A4
meanﬂQ) R ‘J‘LEWJ A= Fig 33 20} Syﬂnglc

cide] 32 E 1 mMoﬂlﬂ 10 mM7}A] E7HA| A% propanil
ATEe 2 W5E wolx Rgr). 12u} DCAS) 7S
= AE-go) A %g Sk catechol 2 protocatechuic acid
E! SEE T2 Bt ARLE Fig, 1A} gol 3
Fetet. ol2f gt AbA ‘ t’]—r°1 E o B¢ A=
EREEY ‘eﬁfg DCAZH 1 o] §71241 W3]
| bound residueE & :}?} Zow 2=},
|
| HISA|IZIe] YEt l\

—_

Humic monomer7} &zﬂ 3 o] DCAS] Asto] 712 2
hur Z7100| A HP-;AP}O] A3go) HXE= S A}
gt A7)+ Fig. 4 2 59} 2t}

Phosphate buffer(pH ?0)01 k] DCA:= catechol3} Al3}Z:u)
é/ﬂ laccase & ©]-8-3141S 10A]ZF7EA] Al zbell Bl &S}
3 W4l DCAZ} AR E B - 9etm 24714 o
Fk-g-o] ]"‘Q‘}iﬁ}(ﬁg{ 4, Zz). 27 HRP9} bimessite<)
Aglli= 158 <ol DCAZE Aol HAE&S YehAA
Fig. 5. 34=). o]218 Z3}= Dec} Bollag”o] w5 4o
¥3e 24- dlchlorophe(nol— AAs7] 45l HRPE oj&

sto] 2227 (pH 5.0, HRP 9.5 unit/ml, 5.3 mM H,0,)o) A1
bl 7o) A wrgo] FUE A7} e
ccase®} HRP, birnessite7}2]

Ne A3}, 158

BFe= Y ks
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Fig. 3. Effects of humic monomer concentration on the transfor-
mation of propanil an(l DCA by oxidative catalysts. ®—@,
DCA+catechol+laccase; ‘I B, DCA+catechol+HRP; A—A,
DCA +protocatechuic acpd+b1messxte O—0O, Propanil+syringic
acid+laccase
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Fig. 4. Reaction of DCA with catechol in the presence of a
laccase at different incubation times.
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Fig. 5. Reaction of DCA with humic monomers in the presence
of oxidative catalysts at different incubation times. M—M,
DCA+catechol+HRP; @—@, DCA +protocatechuic acid+HRP

}o]+= laccaseZ} humic monomerZE A3HA]7]
£ 7} nf& -2 vhH, HRPU} bimessite:= of-$- w2 7]

DOC2| 35t
E f71R0lY HEREA FERT} Sk 45
FUELE FEUREL WA ERU EAT & YE

humlc monomer7] 2] 9] £ Bofdl= Ao E dEA )
o 281} DOCE F41& PAshe Fofshs Abslekd
T4 AL AFste Aoz dejd gt Leonardite
humic acid B EYGORRE F23 A2 UE 249
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Table 2. Effect of DOC extracted from Leonardite humic acid
on the transformation of DCA by oxidative catalysts

Table 3. Effect of DOC extracted from soil on the transfonj
mation of DCA by oxidative catalysts

DOC concentration DCA transformed in %

DOC concentration DCA transformed in %

(ppm) Sorption  Laccase @~ HRP  Bimessite (ppm) Sorption  Laccase HRP  Birnessite
4 noos ow + O
115 12 0 7 21 115 1 o8& 20
32.6 15 13 50 - 326 12 1 88 -

Table 4. Reaction of DCA with DOC extracted from different source in the presence of the oxidative catalysts

DCA transformed in %

DOC source
Sorption Laccase HRP Birmessite Laccase+Birnessite HRP+Birnessite
Leonardite humic acid 12 10 78 21 48 78
Soil 11 10 81 20 48 80
DOC7} EA3He W7ol DOC7L DCAS} F2ah 2 nlses ¥4 S 19l oz AR AakEv)So] ZA)
S2uisy Aol MXE 9L T ABE Table 3% % WLEAG|A DOCE o net DCAS] F

29} 7t}

DOCS| 557 3743 Wl DCAY FABE 23
STVl ASEME] 9% DCAS AFLLS AL4d
Zujol] met whgAdo] th2A Uit} Laccaseo] #$-
DOCe) oj3t FAFHRT} 238 ke AFE&S ehio]
F49 /o] DOCY| 93le] A Wiz Ao E eyt
i1, HRP9] 7§ laccased] B} & DCA A3 ek
RLer DOCY| FE7} 57142 AL F7p) E315
o] 1%k DOCAAME AHE we AoZ vehygoh
Bimessite©] 7-¢- DOC9] sxo] #7gle] DCAS] A&
o] A3t

EdoA F&3 DOCE rdEz X3 wgx
DOCel| tj3 DCAS] F33 A3l& gl &3 7
ZA}eE Au)= Table 33} 22t}

DOCY| %7} 371845 DCA9 EFag: 23 Z7}
st AKElEn7) 912 d, DCA2] A3S Leonardite
humic acid®] 733 laccase?] &AJo] AFHE k= Ao
2 yehd whd, HRPE 39 DOC 5E71 Z748) 7ol
w2} DCA A8EE 718k A%¢E B1on, 1559
DOCIHAM = 4o A& x| F= Ao Yehgr).

AA Eddlel olHg 2aladure e FAE 5 ge
AE Ee #7505 b A8k g0 o B
vk glom®, AAZ EY FEHo] EAstE ez
4] humic monomerE7te] F§ukgo] Y ul g1, of
23 W34S Vel &40} peroxidase Qo] a1 wt
Rouz® E A Yehd olgd A= EG §7)2
3 =3 AFSIAY B F20)=9) oFatA A A
B2 FEsteo] SAEt As gL 22T F
2]5]o] DOCS DCAS] Aol 37 #d3ly7] wf&sl
Ao ® FZHr} Bimessite®] #-9o]% Leonardite humic
acid®} 73¢9} 22 Aoz Yepyir}.

Haworth9} Stevenson™e ¢J3}H RAlAk3l DOCe] A
HE AZ 234 EXT o]E9] ALU]E AR H|%
§7] W&o B A ARSE T FF<] DOC7}F A9

o
Nk

X0

ofN
A
ok

FARLS A Bkl 2ui7) Befaka o
A 7189 t}3} xenobiotics 2] & o] Fita]
e 21 ARHEL 2e} olele Balshe
ZFRTE {718 9) U3k xenobioticse] ¥3to] T 733l

g e AR geiA Jok?

Laccase, HRP 2 bimessite®} Z+& AlEt&u]S0] ZA) 3]
= 2] 71X ¥k2-Z A4 humic monomert} DOCS}
& 2985} A)ZA) propanilolt} DCASH] S8
Z3s 2w, AA] Tl A propanile B AE ] 9J3te] 9
AA o2 DCAZ 71eE8E o7 & Alg& )5 93}
£9 47120 BHHo] EAY Ao F2U

Leonardite humic acid £+ E%A 33 115 m
9] DOC7} EAjdl= vH&-E&<doA DOCe| ti3t DCA2
binding ¥} AtstEuEel] 93k DCAQ] AFES vwdh
)= Table 49} 7},

DOC¢ 9o w& wgAe zkole A gt
Laccases= DOCo]| 2|3l oA #&|Z utgl o} bimessitg
¢t FAlo A= ¥HE-Z A= DOC] 23} AA¢)
o oF 54 F=9 DCA A¥E F71E BAT}. AA EF
7ol = Mn(IV) oxides7} FH3HA EAshs AR L&
] dEd” & A A2 5E laccase”} MnO,9} FE5}o]
EAE Btolle 5oz EAE Z 1t DCAY HgHe
o] -2 &old Ao = AEH.
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Oxidative Coupling of Herbicide Propanil and Its Metabolite, DCA(3,4-dichloroaniline) to Humic

Monomers |

Tae-Dong Kwpn and Jang-Eok Kim*(Department of Agricultural Chemistry, Kyungpook National University, Taegu

702-701, Korea)
|

|
Abstract : Thé herbicide propanil and its metabolite, DCA were incubated with oxidative catalysts in the presence or
absence of humic monomers to evaluate the incorporation of them into humic substances. Propanil and DCA
underwent littie or no transformation by oxidatve catalysts in the absence of humic monomers. In the presence of
humic monomy rs, the most effective co-substrate for transformation of propanil was syringic acid by laccase and HRP,
that of DCA was catechol by laccase and HRP, and protocatechuic acid by birnessite. The transformation of DCA was
the highest when it was incubated with catechol at pH 8.0 during 24 hrs by laccase, and with catechol at pH 3.0
during 2 hrs by HRP, and with protocatechuic acid at pH 5.0 during 2 hrs by bimessite. The DCA transformation
increased with! increasing concentration of humic monomers. The transformation of DCA was increased with about 5
times when it/ was incubated with laccase and birnessite together than laccase alone, but that of it was not effected
when it was incubated with HRP and birnessite together. When DCA was incubated with dissolved organic carbon in
the presence of oxidative catalysts, the transformation of it was not increased by laccase and birnessite but increased by

HRP.

Key words : Propanil, DCA, oxidative coupling, laccase, horseradish peroxidase, birnessite, DOC
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