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Abstract

Considerable attention has been
given to the concept of biomarker.
Mixed-function oxygenase (MFO)
system in invertebrates or fish is one
such parameter that has been used

frequently due to its sensitivity
responding to environmental alteration,
and it has also been proposed as an
early-wamning system for identification
of environmental contamination. In this
study, Japanese medaka ( Oryzzas latipes)
and tilapia (Oreociromis mossambicus)
were exposed to two different bleached-
kraft pulp mill effluents (BKMEs), and
their hepatic EROD activity were
measured, as well as the liver somatic
index {LSI),

The results show that the EROD
activity in tilapia was induced several-
fold by BKME, while such response was
not observed in medaka exposed to the
same effluent, LS] values in some of the
tilapia, but not medaka were also altered
by BKME. Resin acids in the effluents
were detected either at very low levels
or .not detectable. Chlorophenolic
compounds cannot be determined at this
time due to technical difficulties.

Keywords: tilapia, medaka,
pulp/paper effluent, EROD

MFO,

= 3L XN

BER - FRLHRRNZ AR
ERREELERTRAN LIRS
WA BAHMB SR P H Kk R
&% o b £t ds iR (biomarker) 2 #% &
BTHERKZAR/HEERL 2K
HADBEBRZ 2 AEMBHR R



AMERZ S ARMBERERAE
M ETHA LB E S+ ENRBA
ZMBRESF - LA SHE
#. 1t 8¢ ¥ (mix-function oxygenase °
MFO) B 3 84 HRAEE A K
(detoxication system)#) £ A/ » T2 %
HARHZEYL ACERANERS
ROHR -

HEPRAEEHERS
(bleached-kraft pulp mill effluent
BKME)# £ R &2 4 K KA KRB KR
AH ANz MFO £ 48344 - 4
o Ahokas ¥ A[1]Bris B R BFr 4
¥HEBERAEH 2 BKME » gk s 8
(Cyprunus carpioyf® 2. EROD £ #t
$ERZ SH RS FERIHE,;
St F O HE SR Z RN
£ 1 - Martel % A(1996)45 3 33% &%
Bz —BRBHEREARREZ
10%Bp 5T 3% 5 % %z 4 (rainbow trout) i
A Z EROD 74 %3¢ 42 -

B A B &FEMFO 4 #1F & 4.1t
FREABNHALR HRANZIH
RBEMNBEHR - FaEFE AR
HERDEKTERERMZI AN S
# m = EROD & B[aPH
{(benzo[a]pyrene hydroxlase) 7% 4 i 28
PRZRBI], MRARES R _1-%
T #2535 8 e EROD & Bla]PH
TS E - wRALT E AR SN
B REREI0RZERME]- KF
¥ &% M BKME ¥ ® &y % - &t §)
ZIEB A
1. 4% ¥ 3% & (Japanese medaka

Oryzias latipesyf P MFO Z #% %

TSN XX IEXIV S FT:]

Z 4T

2. FHB MR SR K Y &
(F A% 8 Rttt % 38 $)MFO i %
HEREZHFTRE TSR
BT BE/ AR & LL);

3. RABMMFOB ALK

B g K H MR R FA(TIE)X 4

A LU B 15 4R #- M R R4 (TSE)
R EMIEHILA(TCE) &5 &4 -

4. BIBEBATHITHE £ 88
A2 Er¥Fik -

Z AR

AFH &6 EROD FMHF & 4
FEERMAEGER  BHAR AR
&tk (basal activity)fr# 3.41 £ 31.01
pmol/min/'mg & & W(EH A 14.26 +
10.7:n=9)> @ 2 I¢ 23R & 4.55~16.70
pmol/min/mg & & (R H 939 +
551 v n=4) - F3b - WAHRD(HE N
- 20g) & 5 30 & M 7 AR EROD &4
AlE 0 FEM 232 pmol/min/mg &
BR(EHA 112+ 114 n=3) - 3%
2.4 EROD 74t 7% A8 ¢h £ 8 B4
B AL EREDELERME - B
AR EROD M AREERANEE
(coefficient variation ¥ ik 75%) « & ¥
SR A MU EREBLRE 2
BREBAZUABRABEDLIRR
RZE LAREFAEM - ALK ®E
A& e kA8 ¢ 8
BNF(p-naphthoflavone) # % & % R fa
(positive control) & #% ¥ 1L & 4 -
BNFGRE & 25% v/v B TTHRESHR
RAEESHEROD EHZEHR 1748
BNF ¥ %30 & 60 3% $ 45 A £ 207 a9 7%
RERMFTTHY 5 B(FUHEE
#HoREH SOz RE)S) -

BMAXRF Bk X BN
R/ EB(A & B RS RARATA
e FRAHUHREBARELEBRBR
B K EROD FM ki fRieika
£ AR Mikiod - B EBER
F El AR R K B K (10% 50% 2 100%)
¢ F % & - FLATRES) EROD 544 75 &
Akt B -5 KM % - Western Blot
g4 R R/ P EROD 4 £H(H 1) -

#: EROD &M 5h » #4175 & 257
W /M & itk (liver somatic index -



LSI=1000xliver wt. /body wt.) « HE»
BKARHB A BNFei i e i1
LSIMEAARBHER -

ARNITER E-RATHE
R TR WAEAAN A KR bE
ARTHREFREEN 100%E Ko R
% HMPATREY EROD S % H
BABERA  H P 100%BKEHBI R
BHHOTIA Z N4 52929 vs.
16.7 pmol/min/mg protein) * # # % &
NEAMBESTRAEZH Ras# 2243
(361.0 vs. 16.7 pmol/min/mg protein) -
FHoh o LR Xaey LS Wil - &1
CHERERREERN 100%R K2 S
mAREesEREALS vs. 150 &
11.2) 2R B £ & - £ LSI
WAEMABRRGAE > HAREH
ZR(11.5vs.21.2~236) »

AR _RATXBE T » /IFR
KB RiTREEMusER: 100%48
KA BRYZEI &4 EROD EH&HAY
Ripey 7HA£4(105 vs. 76.2 & 76.9
pmol/min/mg protein)* # & & &Y £ 1
SRZEBEAE 15 40105 vs. 160.5
pmol/min/mg protein); % 7 + £k
By oA —EKENERAR—
ARREARTAYBE aAdN
49 EROD & ' SR &0 FRETH
R4p o LSI b & BT R B2 100%
BAHGAT—GENMEFTRHe LSI
fi(7.0vs. 159) mB— R MAKRE
HRABETOv 58 RE—RTR
& R 48 F) oy AU R eI R
FEEAGRTREYRaEsH 23 4
iy LSI (7.0 vs. 15.8~23.4) » ;R Tt &
XL oG bR - LB
g LSI iR s umRNATRETHRE
(7.0 vs. 8.8~13.5) » {2 KA RL
BHARSE -

EEZRXBE  A0IH X%
EHREHEMBUE=F - LERER
BT A MBRBRRUEAVETAR

EROD 7ZZEeh S E 4514 - R FEH 100%
BARRBEANEEB LB LR
P AFRE EROD &4 % i & #0489
ZRARNK(THETH 585199
pmol/min/mg protein) + £ ¥ £t 13 £ ¢4
£ ¥E &K A58 vs. 76.0 pmol/min/mg
protein) = A » R EEY R
#1 EROD ZF#pamEmeEt &
P-RE2F EE KTk 36
pmol/min/mg protein » {2 & & B A R
BALSI LA AR AN S
X KBIE  BREER B AT EHT
Bohe) LSI- AR AN Baww
LS iR BT RasgH -

LR A BREKNET - #
MpaeyF35 EROD FH & 1096
pmol/min/mg protein(n=2) + {2 K E
100%%% A & 5 36 & EROD % 4pik 2
# £ 2 4%(19.6 pmol/min/mg protein
0=2) WA RN ERG I HTLRE L
¥ 6 4% (643 19.6 pmol/min/mg
profein : n=2) o % #b » &% B3k R P
&6 LSI ebii e BN Y HEREER
100% &K 42 -

B 8 MK H A & EROD it
Flie AR HE4ER - AdRehk
AP BB 10%BROERS
EROD ZHo7l# 6 EHRa iy
&t 1.23 pmol/min/mg protein &5 5.23
B 3394 0 /@ 100 BAREGEI &5
2447 R 678 4% - E It » B HBBK
438 WAE R R ian A B HBAK -
Rify» R E AR B KBS KE
ANARAR @k D AETHMNE
$EARA 78mBEA4R)
e ATHRELEEMERAKERLE
AR - FHobfs LSI ¢y b - 4 +f
RGBT HHREREA RS
ARMBOLE ¥R EMET LSI
HBRAGERN - flio T Koy
e  REkEN 100%EKENS
¢ LSIE 5% & 574 & 458 MR



85 47.1(n=1) - 2 -~ EEH 10%
BAHZENSER 204 W £
A-ROBABBF  RRER
100%8 K 5 3¢ & & LSI {475 %33 R
2 EREN 10%BKeG—EA8
&0 3 LS4 % 100% M K4 ik 1.5
£ o

wik o LRSI D HER
&R B A AR R FR(0.01 mg/L)» 4E
A A&k ek P B 4 palmitic acid
(0.03 & 0.0l mg/lL)+« SBMAREA
AWhEEEE XERBAEBHEA
BREBAKWREF > FRATAK
BB AR AN RE S E R
FAEREY QAQC MERMARE
(70~130%) » B AT HATERA AR
REF ]k URACKE B 2 B 6
HMEBHEANFEREDL 246-Z2 8605
-

MERMAER  THTHEE
i
LAWSHERBRHRAERE B

EROD WS RAMEHEG - AN &6
EROD FH ¥ ARAEHN
(reproducibility) » B & ¥ A KR &
HUERIEHM -

28 BB R EME LSI ¥ RN
L OF-€ 333 T 3 3 N BRE ¢
BAHHG  REATBETHRER
100% B K &3 $6) LSI i
TERE-

3RV EERAERAMILS B F
o &ERE QA/QC EReTK
£ WmAXE BNNESENRE
Fik o BHASEE MR R KPR F)
M4 R B Hewitt #h38 &48 4 [6] -

w.it kiR g #

TR ARTERTERE
B A RS R R URRE SR
1.% & & EROD FM# ¥ FpofRine)#

BEBAXAABRORE LHB A

HARE -BERARBTHELEST
LHEVEZL TR B L - B
(F=FE) AMPaRER &4
BEER SR FRITHHF X - KRB
Rk 49 EROD 3% %44 -
2ANERITRERILA X XR
FESRIEERS  HBLER
e R - A 6 AT ISR o AL
CRMEBAEXELAABRE
ZGFRM{FAS M AT ER
Yo BT AR,
ik Mk RiT 2
EfBPiesHhas & SRR
BRTE - ATREN 2Ry
EE G MRBMFEE-
4.5 865 EROD EHABAKARE
{5 39 F] # %(Chen et al. » 2000) »
SER_SEHHET - RMEIBES
& &% EROD &4 4% %46 M 6y 38
4r(fraction) » 3 R[3X L bk -

B4R

[1] Ahokas JT, Holdway DA, Brennan
SE, Goudey RW, Bibrowska HB
(1993) MFO activity in carp
(Cyprinus caprio) exposed to treated
pulp and paper mill effluent in Lake
Coleman, Victoria, Australia, in
relation to AOX, EOX, and muscle
PCDD/PCDF. Environ. Toxicol.
Chem 13:41-50.

[2] Martel PH, Kovacs TG, and Voss RH
(1996) Effluents from Canadian pulp
and paper millss A recent
investigation of their potential to
induced mixed function oxygenase
activity in fish. In Servos ME,
Munkittrick KR, Carey JH, and Van
Der Kraak GJ, eds, Environmental
fate and effects of pulp and paper
mill effluents. St. Lucie Press, Boca
Raton, FL, USA, pp401-412.

[3] Ueng Y-F, Liu T-Y, Ueng T-H (1995)
Induction of cytochrome P450 1Al
and monooxygenase activity in
tilapia by sediment extract. Buil
Environ. Contam. Toxicol. 54; 60-67.



(4] BE» - HEE- Kt - 2% H2ZFAEALBRFRELOENBE -
EiEH (1993) sMARRFTHERS (@) &  4,5-dichloroguaiacol
AT Nk S BB #--cytochrome P-450  4,5,6-trichloroguaiacol
monooxygenase 5 Z 5 3 -(—)  tetrachlorocatechol.

—f= Kk & N M E R & &  (D)24,6-trichlorophenol
-cytochrome P-450 monooxygenase  2,4,6-tribromophenol
FM2 A - RFRERIEEBAIE  tetrachloroguaiacol
538 & 5 35 -4 1:93-102, (c) pentachlorophenol -

[5] Chen, C-M, Shih ML, Yu S-H, Yeh -
C-C, Lee ST, Yang T-Y, Hung SJ,  |=u ()

Lee SZ Microsomal monooxygenase i 8 008
activity in tilapia (Oreochromis er H
mossambicus) exposed to a bleached _
kraft mill effluent using different - 4,5,6-trichloroguaiacol
exposure systems. Chemosphere, —
(accepted). -
[6]Hewitt LM, Carey JH, Dixon DG, .
and  Munkittrick KR  (1996) [_|| >dichlerogualacol
Examination of bleached kraft mill " H
effluent fractions for potential ) m} l
inducers of mixed function oxygenase I R I

activity in rainbow trout. In Servos
ME, Munkittrick KR, Carey JH, and
Van Der Kraak GlJ, eds, =1 (b)

Environmental fate and effects of pulp -
and paper mill effluents. St. Lucie -
11:;?95.’9 4.B°ca Raton, FL, USA, - tetrachiorogualacol

B 1.%Z5 BNF B 882K &% e “1| ° 24,6-tribromophenol
P P4501A1 & & K -4 ¥ &) Western Blot - ¢

BAREANHGER) SaTd | ]| DhGerictlorophenol 1 ¢
& # 5 % & standard(E &) - BNF »
100%4% 7K ~ 100% 4% /K ~ ¥} 38 42 - BNF »

100% &K ~ 100% Bk ~ R a -

marker -

(©)

pentachlorophenol

SRR T L TR

s
=0
=
=,

L 12
L
L]




