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A THR Cu™ 3t B 7 W DL (Mytilus coruscus) B 3 MR, TTR T B 7 6 T4 th A Cu™ Ak

MAFH 96 h A MEFMRM LI K 7 d B Lh, ¥ ER I NIERE ., #8405 o E 4 5
(Superoxide dismutase, SOD). it & ft. 5 B (Catalase, CAT). fig i it & .7k *F(Lipid peroxidation, LPO)
DL K 4 J& %t & B (Metallothioneins, MT)1E % &£ 1 Ar & 4, 5L F 4% & & 4 4% % 4 *5 2 (Integrated
biomarker response, IBR)#5 # % & 4 fb A MAF S 4. R E T, Cu' x E 7% B I 4Kt 96 h L E 5T
WIE K 1.55 mg/L, WHIERE ., BARENAENHENR/AERABE AR R AR, NED, #4448
SOD, CAT F MU RBEHALAMT 4 EHE X LR THRNEY, WEAALAMT 2 EX AR, 4
HA MDA & EHERL LS IBREEX EAETHGZY, WIEEZS IBR EF THE4A
g, RER, MRS EE COTRBEREA X, IBR 90 7 UL IR F B 5 Bk E = 18ty £

5, AUEAENTRUEBERNHARTE,
ES a0

hESEE X171.5 XEERIEEE A

NZENT T 4 SR I T &R T SR A& R, B 3R T
W& R, KM E S R pHEA KRS, T E
S BANRER WS, NI, B4Rl — R i f%
GG YY), FEAREEN(Pb). f(Cd). #&(Cr).
K(Hg). KR (As)FREERRMNE SR, Wk
Bl (Cu). #F(Zn). BND)FA —& HEN — R E S8
(Bhuyan et al, 2017; Jarup, 2003), 4 @il
AR A YR BB RLGE T B Y BRI %%

BRI HEF; FH&m; IBREA
XEHS  2095-9869(2020)03-0032-08

FIAMRIRDY, 1&F NRAEHE (Apeti et al, 2005; PhITTFT
8%, 2013), Cu & —FIAAE T4 Fia A M P i
waEILE, R THMEH 2, Ny,

Sy AE A W A AR R LXK AR A g HLAT B8R RO T
M52 372 X3F (Sloman er al, 2005), KA F iR A
Cu® X ¥Vt (Johnson et al, 2007; Monteiro et al,
2009). [H#EE(Cid et al, 1995), H5¢3(Hansen et al,
1992; Young et al, 1979). JoHEHMHESY (Iwinski et al,
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2016). D1Z5(Chang et al, 1996)%4x 7= 1 A AL i |
DNA i 13 20 J 4 = L 2 1 Jo 728 M 45 25 2 s PR AN

FH PR AR FE AR, W DU i T L8 e
M, BRESNEBSAEE PEE o SRS, W
YEE 4 JEm s Y mtam B, Hitk, WF5EE 4 )8 X
DU 7 RO A B2 ) B SE 3 L (Nsofor et al,
2014), FEFEIE I (Mytilus coruscus) EE 4347 T E Y
Wi AR, HAR . R XA A A,
J& T UE R VER G AR TG I 5E DL [ N A8 R O
FHYIBREYIIFE T Cu® X ESE I UL B MR,
Xu %£(2016), Li %(2012), Wu %(2017), T RE%
(2017). X £ 255 (2014) WA [A] # BE B9 T IR 72 TR D
AN Tv) 20 2l % B S B DR R R Cu® R R 3 Y
Wi 7 B3 K (2017)BF5E T Cu® R I 2E (BaP) X JEE S
ey DL A B A 3 R 0O o RS 2R Wb R 3 Cu™ 1 i
AR, B BB EE R, Bl
WA A MiAR S % Cu® B8R Y N S BE B L)
AL Cu® BITE RN , 75 B — P AEOE A AL Dndr B
BARAACH T . L5 A A W bs Y B (Integrated
biomarker response, IBR)¥84URENS 255 A B AE Wb
MY N, s —A IR0 H,
C 28 0 HT T3Pl 2% 2 75 Y W 19 A= W 2 M 800 0T 5 v
(Kim et al, 2016; Xia et al, 2014; Zheng et al, 2013),

ARWFFTE T Cu® X 5T IR DA R, HR
0T T RS VLR SR P AT 20 2088 S AL P A T
(Superoxide dismutase, SOD). i & fb & Jiff(Catalase,
CAT). gt 54k /K (Lipid peroxidation, LPO). 4
J& 1% 75 11 (Metallothioneins, MT) & & 4 4= ¥ hr &4
TEATE] Cu™ 288 F AR L A SE L F&R, N IBR $§
BOFEM AL Co® B 22 5%, BT Cu® SR
FEG DA SR R A e N, S 56 35 DL IR Y
TG JE VT Gl i I o R T 2 A HOR SRR

1 #REFE
1.1 LI

IS T UL VT A R LA 8 F K, T4
[ (6.0620.34) g, B4 FBHIX K FRH &0
K (AR T 2ok P, Co®' W 1.3x107° mg/L).
Al K e ) S2 5 VR K (BR B2 R 32.5, pH 4 8.10), 7K
AR AF A CHL K TR ) (F R B, 1989)
MEER . SCHRZAAEA 10 L ARS8 . Cu™ LB
9100 mg/ml () Cu® BRifl 7 (T BRI I) - 52
o B A R T B L TR L T S 0 T A T 5
3 d, HREWA TR (Chaetoceros gracilis), % 24 h
100%457K 1 %, 7Kl 4(19.040.3)C

1.2 SR AHE

1.2.1 96h &M Ak EK R PRS2,
AT WS, B JEE A I DL A TR T I A IV
(LCo)Fl1 96 h 447 1 Y 5 i Wk B2 (L.C 100) , FE PS5 1Y)
Hefih b, BE 6 HSCE (8.0, 4.0, 2.0, 1.0, 0.5,
0.25 mg/L, FHlEEK ) Cu® W BN, ZI% A1),
[, B 1 4Lk B2, ARl 3 AN, 43K
B30 ARSI, SEn ], B 12 2 12, K
HM(19.0£0.3)°C, ZgsA 5 LK, A 24 h100%
K 1R, SEE AR MR, (AR R R R
A, WREMDOILEA 7.0~7.5 mg/L, KIPHIET
MEFEIG LS, JET AR B S R 3 5 il , 5
JE G VB SOV RN IET . Al T3 24, 48,
72, 96 /NEFIC SRR DLAYFETE B

FIFH SPSS16.0 3 HEATEHEAL L, SR FHME A iR
LT 96 h LCso, MRIEAI: SC=96 h LC50x0.1,
T Cu R eWE .
1.2.2 7 daBEE RYE 96 h SRR
(96 h LCs=1.55 mg/L), & '& 0.04. 0.08, 0.16 mg/L
e 3 SRR EE (1/10 2 EFEESC IR W ), SCae kT
7 dBf, SLEAME 96 h AERETESCR AN, JE
5% 0. 1. 3, 7 RAPHIRE 8 Mesh, W N
WEAIA LY, RAFAER AT

1.3 FEZIERONE

i R 4 7K (Millipore, 35 ) c il 5 & 52 1 D1 AR
PRER FEAR R B UKok, HRZ 0.5 g 88 PYME RS BT
4.5 ml A B K H, 78 15000 r/min 04 F, HH A
513K Hl(Ika T10b, FEE)ASIHE, SJHBERTE 4°C |
1431 r/min £&4F T, B0 20 min, B (Lowe et al,
1995), i FiI R 50 A i AR 4 TR A 9 BT ) & D 2
SOD. CAT i & MDA & (1% LPO /KF).

Wi P RE AL R IR 1 4 B (R AR TR L)
JA Tris-HC1 28 0 (pH M 8.3), VK& FAIHK,
RIG, BAIEIAE 0°C . 10000 r/min F 5.0 30 min,
YW, RS- & A ANE I E MT & &
(Onosaka et al, 1982), 57 B {L(SOLAARMS,
Thermo Fisher Scientific, 3£/ CA* e fE, M
1> MT 5 T454 6 4> CA* F1 MT 43Tk 7000 Da
() JE (Narula e al, 1995)HH8 MT B9 & & (ug/g).

1.4 SZEEMIREY IS

N IBRABAYTHE 7 2912 B8 Kim %£(2016) 1 7
o B, IR AYEREY S B B E )
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SOFBIME(X ). bRiEZ(s), RE, LT A4
W Ber x; EAT 1 — A Ab 2R .
X =(x;—Xx)/s (1
K, xR x B—ALERE,
& BUE bR A5 B EITE A
By =7 +|xpin ()
Y, Pl 95 B BEAE DR 5 ) 3 — AL PR TS 1Y
Bl i/ IME R L XA, BRI R/INTE B AR BT oh L) 5
AR AR, BRE AR (RPE i ARS8 AR P br
YIRS BB L = IR TR A, Z AN B 105K
ECE

IBR =) 4, (3)

i=1
A = B; / 2sin B(B;cos S+ B; ;sin f3) “)
S =arctan(B,, ;sin o/ B,—B;,,cos o) 6)

K, n MEVREYEGE; o LB 2 KR
WIS, a=2n/n; Bu=Bi. Y4 n=4 W, o=n/2, A4,
THREARA AR

Ai:BiBi+l/2
1.5 HIBELABS5SH

JI A EE 35 LIS P E PR 1E 25 (Means+SD) £
IV SPSS 16.0 B xf Bt #4773 Hr, SRHIER IR 3R 07
7%(One-way ANOVA)XT B HEAT /04T, 28 5 8 35 I ik
1T Duncan’s test Z 5 L, W E MK H 0.05,

2 #R

2.1 Cu™XEEMRNE 96 h 2 FHLE

Cu” ¥k i 5 52 16 DL JE T~ 5% 22 [1] 36 B A 1E AH
KF BN KR, FIESN R RAKR
y=0.834x+4.634
FHE 2B R>=0.958, 96 h LCs N 1.55 mg/L,
LW 0.16 mg/L,
22 Cu"WEXEWRNEE, NAEFAL SOD, CAT &
4% MDA, MT &2/ %M

221 Cu¥' s EE&m N, AMEALEL SOD E ki
#o# B b, JESEG DLERH A N E A Y

SOD {EHHIRI NS LTHE T REMEEE 1), 45558
HIEFENG DL EHLH 21 SOD JEPEAESS 1 KEIAE i
&, Hr, 0.16. 0.08 mg/L ZHHRZH 21 SOD I £
35 TN BRAL(P<0.05), 43 B A Xt R %) 2,93, 2.20
%, 0.04 mg/L 4 884141 SOD {14 5 %) 41 2 [1]
G EZ 5 (P>0.05); 5 3 KA, {UFH 0.16 mg/L 4
BRZHZUAY SOD i 1 1 35 5 T X HR41(P<0.05); 5 7

K, 3 HEH PR 2R SOD {5 P 5% HE 4[]
IR 2 5 (P>0.05) (8 1a), 0.16 mg/L LE4 )R
FEG DU A% SOD TG M:AE 3 N HURERY BEY 38 = T

XTHRZH(P<0.05), % 3 KiKFNE(E, 2510 xf AL
245, 3.32, 2.80 f%; 0.08 mg/L 4 NHEHA K SOD 1%
PETESE 3. 7 KW EE TXIRAL, rBIxt B4Ry 2.48
1211 %5 0.04 mg/L £HERZH 211 SOD 54 5 % BE 41
8] JC 2. % 22 5(P>0.05)( 1b).

20 a

* [J0.16 mg/L
18 M 0.08 mg/L

[10.04 mg/L
* El %F 84 Control

SODiF 1t

SOD activities /(mmol-min!-mg™)
S

0 1

3
A [A] Time/d
45 -70.16 mg/L
= 40| W0.08 mg/L
'g? [J0.04 mg/L
RANCEY QE DU Contrfl
g
‘E 30
% g 25
852
©n 2
15
S 10
a
2 s
0
0 1 3 7
A 1A] Time/d
Bl1 o Cu’Xifilia). PIIER](b)SOD i P i
Fig.1 Effects of Cu®" on SOD activities of
gill (a) and visceral mass (b)
g 550k HEZH AR L 22 57 W35 (P<0.05), T[]

Single asterisk (*) indicates significant
difference between treatment groups and control
group (P<0.05), the same as below

222 Cu'stBammée. NAEE CAT &M %H

BRI AT, RG4S AEHATE) CAT
AL RS LTHE FREMEEE 2), £LRA RS
TH DI BRI 2 CAT WG PEESE | RAIR B &ifE, (2
1A 0.16 mg/L S2 5 41 BE 2 21 CAT 35 M 2% & %
HEZH (P<0.05), WX HRZH MY 3.02 4%, HATSZ56 4 5%}
WA ZH [A] 410G i 3 22 S(P>0.05)(8] 2a), £ SLE02H )R8 G
DU R ) CAT WM eSS 1| REDR B sl F
H, 0.16. 0.08 mg/L SZH2H K A CAT T6 1434
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F T X B (P<0.05), 433 hXF B4R 3.50., 2.65
%5 0.04 mg/L SZ52H P AE AT 9 SOD 176 P 5 X6 BE 2 (7]
TR FHEF(P>0.05), %3 RIUH 0.16 mg/L 5254
PRE AT ZH 2L CAT 36 M 3 = T 4 BR 4 (P<0.05), 48
7 RESZEHNFATRY CAT 1M 5% IR4H 2 8] ¥
2 2% 5(P>0.05)(K] 2b).

25¢, [70.16 mg/L
. M 0.08 mg/L
s [ 0.04 mg/L
‘.%n 20 kA ¥+ E82H Control
# e
mg
= ".;
SE 10
<
>
S s
0
i} IA] Time/d
25
~ [0.16 mg/L
20 N 0.08 mg/L
g [30.04 mg/L
Eul g’ 1 A X} B 4H Control
= 15
:ud)
& E
< 5
S g 10
>
O s
0 1
0 1 3 7
P E] Time/d

B2 Cu*Xffili(a). PIIER(b)CAT 15 Pk 52 1
Fig.2 Effects of Cu?* on CAT activities of gill
(a) and visceral mass (b)

223 Cu*'xt Bams Nés. AJER MDA 426 %A
2SI A R ST R DUER L 4T AT B MDA &
B REE AR B 3). 3 KIFE, 0.16.
0.08 mg/L SR 4R MDA & &3 W #m T Xt
M8 2H (P<0.05), 0.04 mg/L SEEG4H R ZH 210 MDA 5 &
5 %F BR 2 [A) G . 3 2 5+(P>0.05)( 3a). 28 1 KIFHh,
0.16. 0.08 mg/L 5520 N I AT MDA & 34 ik 2 1=
TR EZH (P<0.05), 0.04 mg/L 5256 2H P IE A 41 41 HY
MDA % it 5 X} FR4H (8] JC & 3 25 5% (P>0.05); 56 3. 7
KB, 3 AN A1 28 MDA & 2w
TXF BR2H (P<0.05)(&] 3b).
224 Cu'sTBEEmNéE. RIEH MT 436 %%H
KL IR SEIG DB L) MT & A2 e
LIHE TR 4a), BTN HIA LU MT &
HIES 1| RAGAF &M, Hh, 0.16. 0.08 mg/L 5
I EEZH 2R MT & i3 535 = F % IR 41(P<0.05);
A3 BLERY 5.25. 3.12 4%, 0.04 mg/L 524 N

12
2 70.16 mg/L
o Il 0.08 mg/L
@ 10 §004mgL
S (4 %} 4 Control
i E 08
« &
S5 o6
=
< 04
g 0.2 -
0 i ﬁ
1
A E] Time/d
7
T 6 O0.16mgL
£ | MO0.08 mg/L
< 5[ 00.04 mg/L
I E (3 %} B4 Control
mEar .
< B
a23}
= § * *
i * :
=1k
o L[WH
0 1 3
A TR] Time/d
B3 Cu*"Xffili(a). PIERT(b)MDA &t i) i
Fig.3 Effects of Cu*" on MDA content of gill
(a) and visceral mass (b)
12 [J0.16 mg/L
o *
B M 0.08 mg/L
g10 il 30.04 mg/L
e 8 I %} #8240 Control
g *
41 S
6
=
2 4
£ :
S 2 . -
0 1 3
[} [a] Time/d
_ » [0.16 mg/L
N M 0.08 mg/L
g 20 [ 0.04 mg/L
= k] %$ #8421 Control
i &
&S
SE
E
1=l
3
<]
=

FifA] Time/d

Bl 4 Cu®Xil(a). WHEHI(DMT &5
Fig.4 Effects of Cu’" on MT content of gill

(a) and visceral mass (b)
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BELHZNR) MT &5 %0 BB 41 0] G 3% 22 55(P>0.05) ;
5537 RAUA 0.16 mg/L SCE 2 EZH 48 MT & i
Y TR R4 (P<0.05), HiAy 2 ANSEIR A S5 X)R
ZH 18] TG i 3 25 5 (P>0.05)(E 4a), 45 S04 IR 72 0R UL Y
AT B MT &5 i A8 Ak S 7 T3 (A 4b). 26 1
RKIFUG, A 0.16 mg/L SEHZH K AT MT 5 £ i
TR (P<0.05), MXFIELLY 2.76 15, HAY 2
ALEGH N IEATAY MT &5 5% R4 ) 0 B % 22 5
(P>0.05); %5 3 KiF, 0.16, 0.08 mg/L S50 4H N JE A
AU MT & 53 0 25 T XA (P<0.05), 73 51h
XTHRALR) 4.21, 2.86 15, 0.04 mg/L 255 4H Pk A1 41
2l MT &t 5 %5 B4 ] G . 3% 22 5+ (P>0.05); 45 7
KAF, 3 AL AN HL G MT SR EER
FXF 2 (P<0.05),

23 EEEUREDSH

A S A LA R DL BE A 2 Yk A1 ZH 2 IBR {E Fifi
FREEAT AL UL 5. ANE S ATRLE L, 1~7 d %%
SIZHG A A N UL EEZH 2 N Ik AT 4140 IBR {455 T
THE FRER S, Hr, 0.16. 0.08 mg/L S5 4 il
HAUFES 3 RILF|IE(E, 0.04 mg/L S50 4 hEH
AR 1 RIAFE(E, IBR IG(ESTHIR 2.23. 1.24,
0.41( 5a), 0.16, 0.08. 0.04 mg/L =56 2H PN JIE A1 4H
ZUTESS 3 RIRFEAE , IBR IE{H 209K 12.24.5.98.,
3.22(F 5b). AMHFEVEEET, HIAERIZHZT IBR {H 5 T
P, LA EFEIG DAL 2 . N IEA 4140 IBR
(B34 I ST 36 5 ) T T T %

401 a M 0.16 mg/L
3.5 I 0.08 mg/L
3.0 [ 0.04 mg/L
825 [ %} F&4H Control
g 2.
iﬂj s 20
P15
2 1.0
0.5
0.0 . L .
0 1 3 7
[} /E] Time/d
2501 b W 0.16 mg/L
200} I 0.08 mg/L
. [ 0.04 mg/L
m 31501 (1 %$ B84 Control
g g
~ 10.0 -
g
5.0 | ._1
0.0l — . .
0 1 3 7
A 8] Time/d
K5 IBR{ERER )22 1L
Fig.5 1IBR values changes over time

3 it

15 W R MR Y G R AR T D ik kSRR A DR
N A i3, RRADE AN ROS, B A E 1.
HHEARE . R B AT AP (Oost et al, 2003).
—JAF O, ROS [ A FITHBR AL T sh -4 , 2R,
e 1 P R TR AR T T A R S A R R BR L, 24 ROS B
Pl —E RN, BRI R SR, B
7 g 5 i E AL (LPO)(Alzbeta ef al, 2012), SOD RE¥t
O # 4k H,0,, CAT figit—44% H,0, #1b ok,
P E AL R B B T 5 (Solé et al, 1995,
2000), LPO 7] FHN ¥ (MDA) & &1t # (Masseroli et al,
1990), MT (Thirumoorthy et al, 2007)7E 5 43 J& W31 i
R el 4 B TS Y i R bR, iR SE ARy AT
DAAE Sy TR (%) Az 4 A 75 400 B e 35 G 3 kA g Ak 4 41
[R5

TEARWIIE R, 5 dl shE 40 . Nk 4140
MDA i 7E5 1 KEVFF4G ETH(E 3) %W Cu™ B 5%
PR ROS ELXTHELZY | N EIA 215 i T — R 1)
Ao 51 K, #SCia EA gl R4
SOD JEMEtIFis BT, HEwERZEANEES T
Xt HEZH (P<0.05), IEEF, ROS BkiE ZFAES SOD %
P AR LT AW bR ROS, Bl )5 45 5L 56 2H 8 21
21 SOD W M-I In TR, MIEHIZZL SOD & PEAESS 3
KIFUG FHE, W ROS K& R T SOD 7Bk
HHEMRE S, XTHRAL . WEFALE R T —E
F5 , Wi T SOD Y& . CAT 55 SOD DjREAH &,
EPEA AL R P AOR T SOD #i5 F (Velisek et al,
2011), ALK, B4, NAEAIAL! CAT i6PE
T 5 SOD IE LI H RN KR, HEE L
TG TR A fbta 3, SOD #ALIIBER T Mt 5 5L
T CAT Wi FRE. 7 AMIFFEERM, CAT thr]
LIk 05 %5 K3 (Modesto et al, 2010), X ] fEt 2
CAT 3G PE T R JEA .

Zn, Cu, Cd. Hg %5 EL&BIEAST MT G 1L,
FHE5HELBEMLSS, ATRESHELSEIRE . XA
A —E AN, 24wk RO E £ 8 Y E 2R
Bz —, MT &AL AT LA A LA 4] 2052 5 42 )
BT, & &TFERZ M58 HIESE (Ridlington e al,
1979; Thirumoorthy et al, 2007), Cu*"J&: = P8 AR
AT G 2 — , (At Ay Cu® X A MR 4 21 o s
BRI . FEARBRR Y, £ SCi A aR 2 MR
ZUMT &5 1 REIFG T, Sk E Rz
i T X IR (P<0.05) (8] 4), iy, HUAZHZE ST MT
ME SIS cu'dsd, W cu SRR A
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R B (-SH) A HERE R4S A, RAFIH
WA S SN e, FEIS Cu* T
(Isani et al, 2000), [AIE}, £5SCHG2HERA 2. PMEA
HAMT &R E S, AL MT & =7
551 RUGE(E G TR R N, M AERIHEZ] MT & &t
BB EIHEE, X 5ARRAL H AR E LT
SR Z a1 B A AR 22 A G, AH LA R4
21, NNEAAH 2 i 8 K 3 5 (Legras et al,
2000), [FIEF, BFAYEA SAEREEMN, A4
2 [a) Y 4 B o AR A 22 5%, IIE AT 2 2 %) H 4
B EER R THEAL, MTHSRESESRE S
A — E W 1IE A5 3¢ & (Domouhtsidou et al, 2004), I
2RI F P T RTS8 MT &
[HEAE A

55 FH A= Wy b 25 1 DA 35 R 9 e ) B PR RN B AR
iR HTFB, EHEIENLT, Z2FAEinE
Yrosfmlmt B, DU RS R s, Had 2 m 4
Wybr 2 PR G w1 R AN B G A A
VIR o A e, AW B S g0 4 AR W bn ik WA LU A
Xif REZH ¥4 S B — 2 AR Ak, MORTR] A B S e iy Cu™
X JESENG UL N A1 ZH 2T | SEAH 2R R2 . Sl T R ERf
Mo B Cu % JRESE I DL AL R i R g, i TBR 551
AT L i BB B A Cu® X RS2 R DU TR 4
B R R R . FEARMTR T, BRI AERZHEL, )
JIFE AT 2H 2 3 30 AN [] 1) 590 B — 2 R O 25 R (11 5), %k
AHRIZHEY, mdk BESCIR ) IBR {H R TR BE S
4, AR R SE B R B, N AT 4T IBR {H = TR
UL XN EERANUUE T P E A 2 200 R B w4t
Wahee, ERL T H SR E S, £ IBR AL
VB — B P15 G 2 R0 A s T
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Toxic Effects of Copper Ion in Mytilus coruscus:
An Integrated Biomarker Approach

LI Lei', PING Xianyin', SONG Wei', JIANG Mei', HUANG Ting’, WANG Lumin'"

(1. East China Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Shanghai 200090;
2. International Copper Association, Ltd. (ICA), Shanghai 200020)

Abstract Heavy metal contamination of the natural environment has always been a great concern,
because of toxicity and non-biodegradability of the metals. Copper (Cu) is an abundant trace element
found in a variety of rocks and minerals and has received much attention due to its widespread use,
persistence in nature, tendency to accumulate in and toxicity to aquatic organisms. There are many
documented physiological effects of waterborne Cu®" exposure in a variety of shellfish species, but further
research is needed to explain the relationship between Cu®" and shellfish species. To study the
toxicological effects of Cu®" on mussel Mytilus coruscus, juvenile M. coruscus were exposed to aqueous
solutions of Cu®". Ninety-six-hour acute toxicity effect experiments and 7 days stress experiments were
carried out. Biomarkers including superoxide dismutase (SOD), catalase (CAT), lipid peroxidation (LPO),
and metallothioneins (MT) in gill and visceral mass were determined after seven days of exposure.
Integrated biomarker response (IBR) was calculated by combining multiple biomarkers into a single value
in order to assess the responses of different tissues. The acute toxicity experiments showed 1.55 mg/L to
be the 96 h median lethal concentration in juvenile M. coruscus. The 7 days stress experimental results
showed that the activity of biomarkers were inhibited by all test concentrations and each index hadits own
variation trend.Biomarkers SOD and CAT showed activity in gill and visceral mass, MT content in the gill
firstly increased and then tended to decrease later, while the MT content in visceral mass and MDA
content in gill and visceral mass exhibited an upward tendency. IBR values exhibited an increase at first
then tended to decrease later, the IBR value in the visceral mass was higher than that in the gill. Changes
of biomarkers’ activity were related to different exposure concentrations. IBR analysis allowed good
discrimination between the different exposure concentrations and might be a useful tool for the
quantification of various biomarker responses induced by toxic chemicals.
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