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Bioaccumulation and biochemical changes on the tissues of abalone, Haliotis

discus hannai exposed to copper

Park Hee Ju

Department of Fish Pathology, Graduate School
Pukyung National University

Abstract

Copper(Cu) is an essential-trace element for human and animals for a number
of biochemical funtions. But Cu can have toxic effects especially on organisms
at low anbient levels. The objective of this study was to investigate the effects
of exposured /Cu on growth, antioxidant enzyme(SOD, % CAT) in the
hepatopancreas and bioaccumulation of abalone (HHaliotis discus hannai). Abalone
were exposed| to various concentration of Cu (0, 5, 10, 20, 40 ug/L).

Bioaccumulation of tissues, hepatopancreas, muscles and gills were
measured. hepatopancreas and gills Cu concentration of abalone increases to
extent during the 4 weeks accumulation time. But muscles showed no
significant changes, “with- respect to control. These“data indicate that abalone,
Haliotis discus hannai hepatopancreas and igills can-be considered adequate
target tissues for waterborne exposured-of-Cu.

Weight growth rate of abalone exposed to Cu was significantly decreased in
20 and 40pg/L. groups compared to control. This study revealed that high Cu
concentration (= 20xg/0) reduced growth of abalone. Cu induced significantly
elevated SOD, CAT of hepatopancreas showed increasing tendency in 20, 40 ug
/L.

Hemolymph were measured on total protein, glucose, magnesium, calcium,

Aspartate aminotransferase(AST), alanine aminotransferase(ALT) and Alkaline



phosphatase(ALP) in abalone exposed to Cu concentration. Magnesium (Mg),
and total protein and glucose of abalone exposed to waterborne Cu was no
significant difference from controls, but on the other hand AST, ALT activity
and Ca of abalone exposed to waterborne Cu was significant changes after 4
weeks from 20, 40 pg/L. compared to controls.

These data indicate that excessive waterborne Cu can affect the toxicity of
xenbiotics to abalone through alterations in hepatopancreas and homolymph
enzyme systems, and growth rate. Thus, environmental standard of Cu 20uxg/L,
should be considered a potential source of variation in toxicological studies

with abalone.
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(Takaomi Arai, Masaru Maeda, Hiroshi yamakawa Akiyoshi kamatani and Nobuyuki
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(Cambarus Bartonii), 823 o} (Oreochromis mossanbicus), &5 (Sparus aurata), 57}
%9)(Oncorhynchus mykiss) 183l Ao (Cypricus carpio)d] W3+ Cu =& A9 A&,
87 B sty wste] e AFEH Aok (Nurrey et al. 1995; Marr et al. 1996;
Minghetti et al. 2008; Wong et al. 1999; Mcgeer et al. 2000; Sherba et al. 2000; Flik
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2 AAE FEsteE Ao E 4y A2 JtH(Fernandes and Henriques, 1991; Lidon and
Henriques, 1991; Lidon et al., 1993; Ouzounidou, 1994).
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superoxide anion, hydrogen peroxide = (Reactive oxygen species, ROS)Z
A A A2 vl s A WS do 7tk (Barry Halliwell et al., 1995). U
A doju= ol &R A ey H-3-2 A A 14 ¥ (Microsomal enzyme system;
mixed function oxidase; monooxygenase)@} #| 27 ¥H-go2 FR AT A 14 ¥
T 2 HA wrgolgtaix sk, 4Fsh(oxidation) @t € (reduction) R 7HEa|
(hydrolysis) & &3l &9 #gS doA S47|E Adgh ROSO thgh Wol7]ze
2 Z&3t= 23t a 2o+ superoxide dismutase(SOD), catalase(CAT), gultathione
peroxidase, gultation S=transferase 5°] Yo ™ o] A|EWo] o3 A7 L A X
A, &) 5 thekst xo] EA)3hH(Lopes et al., 2001). SOD& F 7HAY <44 &4
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g o8 FArsa st 2ol A& radicale] ARAH =43 o]Eo] F&EolH A
2838t %49 hydroxy radicale] S7teke Ae BAst= J&= sy, o]g
HAo A AWl =7k 712 4 Ak (Winston and Guilio, 1991, Livingstone et al.,
1993; Parihar et al., 1997). CAT=-2H:0:5 2H,09} 0,2 #Yshs SA2A it E
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Fao% 98-S i &elx Atk(Jonhson et al., 2003). Aol F58 F&0]
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AE-(Haliotis discus hannai)& o} PVC (52%36%30cm) Al @420 F=rit} 200t
A Uro] 2021Ce) g3gAolA 1097 Xkt AWl A7 YeuA &
S 7% 50.44+3.0mm, AF 14.74+2.5g9 HAEE& AT
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Table 1. The chemical components of seawater and experimental condition used in

the experiments.

[tem Value
Temperature(T) 20.0%+1
pH 8.10£0.5
Salinity (%) 33.5x0.3
Dissolved oxygen(mg/L) 7.1£0.3
Chemical Oxygen Demand(mg/L) 1.13+0.1
Ammonia(mg/L) 12.50£0.7
Nitrite(mg/L) 1.30+0.3
Nitrate(mg/L) 11.48%+1.0
Culug/L) 0.87%x0.14




3. Bioaccumulation ¥4

A% 24 F A, ok R EEREL AEse] BA Assdnh 24 A
=

F 9] 3= wet digestion method(APHA, 1992)& o] &3lH Tt 2 # 3+ A

bl abF Eot 29 ¥ ATl dAFES T 1A= Axd AR
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Z+Zy 3mle] HNOs(suprapur grade, Merck Germany)$}t 41o] Abd] &35ty 1 ot
=

= 222 120C9 €& 71eto shF &t A A=A R ditell 52 5 oA A
AlE+ 2% HNO; 20mlS A 7138t membrane filter(Advantec mfs, Ins. 0.2um)ZE 9]
of st H@soh. Cud AL FEZF Foz=vh FZFEA7](ICP-MS,
Elan—DRc, Perkin—elmer Ltd.)E ©]-&8to F43tA o™, Cud &S Lotrr] A%
CRMs(certified reference materials) 2% ERM—CE278(European Commission)2 ©]-8-3}%
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APMAE 429 s AFFAAA AF MA 3 250 AFANAY S W
Yol g #2(No. 500, Mitutuyo, Japan)& =% ZAA A2 (HF-3000GD,
A&D Company, Ltd., Japan)E FH3l 33 22 T2 2 WGR(Weight gain ratio,

oL
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o
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%) DISL(Daily increment in shell length, mm/day)S ZAFsFA T

WER(%) = [(Wn—W;)/W,]X<100

DISL(m/day) = [(SLn,—SLp/d]x1,000

W; — Initial weight(g)

Wn — Experimented weight(g)

SL; — Initial| shell length(mm)

SL, — Experimented shell length(mm)

d — Duration of the experiment in days
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5. A w4
5—1. Hepatopancreas® A 3}st 24

|74-S 2 &3t SOD(Superoxide dismutase) ¥ CAT(Catalase)E Z
zh BAA. 1 FHE AE 3 F oF 0.1g5 0.9% NaClell 33 A|H3 o+
KCI(1.17%)<& /3 100mM phosphate buffer(pH 7.4)Z H7}3std teflon—glass
homogenizer(099C K4424, Glas—Col)Z #2335t #2323t & A8+ 1,000rpm, 4C,
15mine] Z7AdA 94 &7 3l (Mikro-22R, Hettich zentrifugen Ltd, Germany), A%
2 HAAES AASAY. FE AL TAl 13,000rpm, 4T, 20mine] Z7oA LAE
3 5 ASAS s g4 SHE AFEE AMSSAL. A5 AdAsx 75T
(SW—UF-120, 44z o] g )oll & 23} 3 e

SOD+ Dojindo Co.2] ' SOD Assay Kit—WSTZ o]-&3}3t} &g oz 7+3%
s 59 wieE st A 3 Aujsro] WE  inhibtion rate® T
spectrophotometer® ©|&3le] 450nmo| 4] inhibition curve® ZAd3th, 1H e
inhibition curved] X ZAlo] 50% A H= TES zo} AxbsSct.

CATEAE =AL Hy)0,2 718 & AFE351Y spectrophotometerdl] &l 240nm 349l
Al HoO0p7F SdEo] raste §BEEZA 84 SRS &9s 137t 1mge] &9
o] A7 H022 nmolZ LR Sl e
@2 Bradford ¥ ©]4-3 Kit(Biorad. Co. Ltd)E AH&on ZF @uld
24 BSA(bovine serum albumin)& A}&-3}4] spectrophotometero| A 540nm= =7 3}%
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5—2. Hemolympho] Ai3}st B

Hemocyte2] J AL WA5t7] 98] EDTA (50mM EDTA in PBS, pH7.6)E A3t
AR A QY dHellA A g F, 1,200 XgollA 1023 A& F A dolA
hemolymphES S35ttt o224 ¥9oJd hemolymphe &4 2 {757 HAES &
Aet7] fJsf —75Co] s

Hemolymph W 2] phenoloxidase®] #43-& Ashida and Soderhall(1984)2 o]-&3}3it}.
0.2M Tris—HCI buffer (pH. 7.1)9 hemolymph®} 10% sodium dodecyl sulfateE @11 2+
E%% 5, 15mM L-DOPA(10mM CaCly in 9,5M HCL)E ¥-& 5 A 3 490nmel| A
TE Z4stAd. $3= 33 F 28C mjd7lcA-2083r vhg Al & A7k
TE 9ol wheg AXARY. &2 AT At F3= kol 0.001/ml #ZAagt
AL lunite. 2 FA ST

Hemolymph W &A% aspartate aminotransferase (AST), alanine’ amiotransferase
(ALT) % alkaline phosphatase (ALP)E #4133t AST2} ALT+ Retiman—Frankel™H-&
A8t o™, ALP+ kind—king®¥S ©]-8ske] SA sk

Hemolymph W /71482 $9% & (Total protein)# glucose®] W3 =
Zl AL Biuret S o] &390 W, glucoses= GODH o =2 =A3s4th

Hemolymph W 713 &2 -mt2ul5 (Mg)¥ 25 (Ca)s S8tk vt1vlge J%F
& Xylidyl blue method® WA AZLFSHT, ZAES OCPC (0o— cresolphthalein
—complexon)H o2 v A3 Th

EE hemolymph W] 84 % F7)-#F7] A& £ dAE kit(Asan Pharm. CO.)

g At

A\
ol

gskAot.
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218 A3le] BA xalE SPSS EAZZ a3 (version 12.0k)& o] &3] ANOVA test
AN T AL HAL o5 HWE Duncan testE A& 7+ Xl Aloldl #
A (<0.05, 95% +F)S ZAMsFATH(Zar, 1996).
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1. A W Cu 54
1—-1. Hepatopacreas W2 A =%
Cuell =&A171 52| hepatopacreas W o] 2 Fe Fig. 1o YeERdth. &2 2<

A
Z7be 717kl ABglo] 40ug/l FEFA UERGoH, 43 Rd] ZH o] 2F O
S 7kskit
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I Control
5L .
4- E 10 4g/L
[ 20 18/l *
—_ I 40 u8/L
2
oo
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A 3 b | I I
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S I
© T
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@] | |
O e
1 .
0 | | | | | |

2weeks 4weeks

Fig. 1. Mean Cu concentration in a hepatopancreas of abalone, Haliotis discus hannai
exposed to 5, 10, 20, 40¢g/L Cu for 4 weeks. Vertical bar presented standard error
(MeanzS.E., N=7)u.(* indicates significant difference from control value, P<0.05 as

determined with Duncan-post hoc test.)
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1-2. Muscle ¢ A =3

Cudll =& A17] AE2] muscle W 7S Fig. 20] YeRAT. ZE Ag 71
A 717 2 B2 gk foF wWale BEEA sk AN 40ug/LT7 el A 9
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2.5~

I Control
[ 58/l
I 10 4g/L
209 [CJ 20
I 40 ug/L
3 |
oo
. |
= 1.5 T I
jel
©
c
3 1.0 -
C
o = -
o
0.5 -
004 =  —

2weeks 4weeks

Fig. 2. Mean Cu concentration in a muscle of abalone, Haliotis' discus hannai exposed
to 5, 10, 20, 40ug/L Cu for 4 weeks. Vertical bar presented standard error
(Mean*xS.E., N=7): (P<0:05 as determined with Duncanspost hoc test.)

_17_



1-3. Gill W¢] A =3

Cudl :=ZA7 AR gill el FAL Fig 301 UBilh =% 712ke] W2 ol
£ U ggtont =3 el e FH el o)zt #AHUAG Cu 20/ o
oA fol@ FHFge] Frhe Fig 19 7AF FHS0 f448 FeE e ach
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I Control *
[ 5ulL
4 - 10 2L
1 20 ug/L *
_ . 40 42/l I
()]
E
-4 37
S T
©
c
3 2
C
@] | |
o
1 .
0 | |

2weeks

Fig. 3. Mean Cu concentration in a gill of abalone, Haliotis discus hannai exposed to
5, 10, 20, 40ug/I, Cu for 4 weeks: Vertical|bar presented standard error (Mean*S.E.,

N=7). (* indicates significant difference from control value,/£<0.05 as determined with

Duncan post hoc test.)
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Table 2. WER in abalone, Haliotis discus hannai exposed to Cu for 4 weeks

(MeanzS.E., n=7).

Concentration Initial Weight (g) WGR (%)
(/L) weight(g) 2weeks 4weeks 2weeks 4weeks
Control 14.71£0.23 15.84£0.22 16.53£0.33 7.68+0.04 11.49£0.12
5 14.80£0.13 15.95+0.07 16.62+0.32 7.7710.10 11.41£0.12
10 15.05%£0.26 16.21£0.31 16.89£0.13 7.71+0.11 11.35%£0.25
20 14.26%0.11 15.35%£0.21 16.04%0.16 7.64x 0.14 11.30£0.18
40 14.84%0.09 15.94£0.14 16.50%£0.18 7.41%+ 0.10 10.4140.20°

* indicates significant difference from control (P<0.05)
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2—2. DISL #4

Cudll =&A171 AE2] DISL(Daily increment in shell length)®] W3+ Table 3.9 Y
BRI 2008/l =23 45 F5EH /oA Zart deidr] AlFsiy, 40
/LM =% 25 FHE F924<9 Za7t vetga. A9 3% WERH #A
Al 20pg/Lol g FEoA HAFAE HAFHoH, 1 o]d FroAe S

Aol LA U

A1)
-
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Table 3. DISL in abalone, Haliotis discus hannai exposed to Cu for 4 weeks

(MeanzS.E., n=7).

DISL (i d™")

Concentration | Initial shell Shell length (mm)
(ng/L) length (mm) 2weeks 4weeks 2weeks 4weeks
Control 50.03%£.077 50.94+0.21 51.50+0.44 65.00+1.21 52.50+1.11
5 50.17+0.81 51.05+0.61 51.66+0.51 62.86+0.88 53.21+1.31
10 51.33%0.48 52.23%+0.52 52.76%0.36 64.29+0.79 51.07%£0.79
20 50.22%0.49 51.11%0.31 51.54+0.41 63.57+1.02 47.14%0.92°
40 50.10+0.79 50.89%0.39 51.41%+0.71 56.43+1.33" | 46.79+0.81"

* indicates significant difference from control (P<0.05)
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3. Hepatopancreas A 3}sF &4

3—1. Superoxide Dismutase(SOD)

Cuoll =29 HE9 =& UdA o]&Ed9 =4 F free radicals AASI= F
5t 491 superoxide dismutase(SOD) &AW 3= Fig. 49 YeEM A TF 20pg/Lo] d2]
TEAN =F 2FFHYH F43 24 F7HE Kol AlFEA L
T2 40ug/LolA A 24E UEhgd

Row, =73t

, =F 4FF Ho

Mol WM 255 20u/LANA A %5

t

o

%
= B4o] 2/l Aow YEwt. 84

F 10pg/Lolste] F=TalA e BE 7IZke 2A #FoAU WSt #EH A ek

= T=7F =otd
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Fig. 4. Changes of SOD in hepatopancreas of abalone, Haliotis discus ' hannai exposed
to 5, 10, 20, 40ug/L Cu for 4 weeks. Vertical bar presented standard error
(Mean£S.E., N=7,"# indic¢ates significant difference froms contrel value, P<0.05 as

determined with Duncan-post hoc test.)
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3—2. Catalase(CAT)

Cudl =58 dE =& YoA o]E-AY 544 T free radicale Eu SHgH
242 dAdNTE EFAEAN JAFFLE ALEAS} B BExE Bt ZAS A
Asts 9eS st= Catalase(CAT)9 &AW3l+= Fig. 59 el A, Cud =&717¢F

I =F sEd W& CATY 4 d%Fe] AHAMUY. 25749} 454 25 40pg/l =
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Fig. 5. Changes of CAT in hepatopancreas of abalone, Haliotis' discus hannai exposed
to 5, 10, 20, 40ug/L Cu for 4 weeks. Vertical bar presented standard error

(Mean*xS.E., N=7,"# indicates significant /difference froms contrel value, P<0.05 as

determined with Duncan-post hoc test)
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4. Hemolymph 2A§&}38t +4

4—1. Phenoloxidase(PO)

Cuoll =23 AE9] hemolymph W phenoloxidase(PO) &4 <] W3l= Fig. 6] UE
Utk PO &4 =5 7|7t #Agle] =& F=7F =9}

UehR o =7 B 717k mE A Apoldl A oA A A Fk

Lo

i)
i
fu

N
P>
o
fr
o
o,
o

s
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Fig. 6. Changes" of PO “activity «in hemolymph of abalone, Haliotis discus hannai
exposed to 5, 10, 20, 4048/l Cu for 4 weeks. Vertical-bar presented standard error

(Mean*xS.E., N=7, P<0:05 as determined with-Duncan post hoc test.)
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4—2. Hemolymph ] &4

Cuoll =&4171 AE-9] hemolymph W] &4 A W= XA 27+ Fig. 6, 7 2 8
o A Ve It} Aspartate aminotransferase(AST)2} alanine aminotransferase(ALT)+
F %, Hused 40pg/LoAAM iz He] #Fo3 S7HE BIAT((P<0.05).
Alkaline phosphatase(ALP)E =% 4F 3 20, 40ug/LAA thxTFd) vls] o3 =712
BATHP<0.05). Al 7}A &4 25 7HF 52 w2 3712 40pg/Lol A 4F T Fo 3l
S77F & E AT ALP= #F9A ol 4F & 20pg/LFE YEhg Al 712 34 5 7H
g Aow veutth

A
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Fig. 6. Changes of AST in hemolymph of abalone, Haliotis discus hannai exposed to 5,
10, 20, 40ug/L Cu for 4-weeks. Vertical bar presented standard error (Mean*S.E.,

N=7). (* indicates significant difference from control value,sP<0.05 as determined with

Duncan post hoc test.)

2weeks

_31_

LI ||

4weeks




50 -

HEE Control *
[ 51/l
N 10 g/l
40 4 [ 20 xg/L
I 40 g/l I
E 1
- 30
C
()
£
©
é 20
|_
- -
< -]
10 +
0 | | | | | |

2weeks 4weeks

Fig. 7. Changes of ALT in hemolymph of abalone, Haliotis discus hannai exposed to 5,
10, 20, 40xg/L Cu for 4 weeks. Vertical bar presented standard error (Mean£S.E.,
N=7). (* indicates significant difference from control value,/£<0.05 as determined with

Duncan post hoc test.)
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Fig. 8. Changes of ALP activity in hemolymph of abalone, 'Haliotis discus hannai
exposed to 5, 10, 20, 40¢g/L Cu for 4 weeks. Vertical bar presented standard error
(MeanzS.E., N=7)u.(* indicates significant difference from control value, P<0.05 as

determined with Duncan-post hoc test.)
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4—3. Hemolymph W #7148 %&

Table 4.9 YeERHATE

A& hemolymph W H71ES
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Table 4. Hemolymph organic chemistries. Abalone, Haliotis discus hannai exposed to 5,

10, 20, 40xg/L Cu for 4 weeks.

Groups
Periods
Parameter Cu (ug/L)
(week) Control
5 10 20 40
TP(g/dL) 0.725+0.049 0.714%£0.017 0.695%0.016 0.698+0.024 0.720%0.016
2
GL(g/dL) 15.08+0.73 15.40+0.97 15.42+0.64 15.59+1.01 15.40%+0.32
TP(g/dL) 0.725+0.010 0.715%£0.016 0.712%+0.030 0.709£0.025 0.689%0.011
4

GL(g/dL) 15.97+0.20 13 5 L3963 15.:46+0.83 14.40+1.13 14.13+0.19

Values are meanzS.E: (n=7, P<0.05 as determined as Duncan post hoc test.)
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4—4, Hemolymph W F-71A%

Cuoll =FA1Z71 AHES hemolymph W F7]4#& Table 5.9 YeEHIAH.

Hemolymph Wl F7]18&-& vl (M) 3 24 (Ca)S AT vhavl4E 2437

7+ 2 98 Adro] eI o), 7+ Aol 203} 40pg/L7-3HlA 293
o

PN
T2 2
&
hl

L OlE 4FA = A
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Table 5. Hemolymph inorganic chemistries. Abalone, Haliotis discus hannai exposed to
5, 10, 20, 40ug/L. Cu for 4 weeks.

Groups
Periods

Parameter Cu (ug/L)
(week) Control

5 10 20 40

Mg(mg/L) 5.7640.02 5.74+0.04 5.72+0.01 5.77+0.01 5.7240.01
2

Ca(mg/L) 33.40+1.81 36.16+0.08  31.96£2.99  26.81+2.80° 27.89+3.14"

Mg(mg/L) 5.75+0.01 5.7340.01 5.7640.02 5.76+0.01 5.7240.03
4

Ca(mg/L) 31.75+1.49 —30.13+3.43 ~ 28:7242.50 23.54+1.68° 21.64+2.86b"

Values are mean®S.E: (n=7, * indicates significant difference from control value,

P<0.05 as determined as Duncan post hoc test.)
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v, 1 &

Cust 22 I vF 55 AASTEY Al FEH] A3HA AHEFY #FA
o el ko FFA FA o] &HI|E sHAT, Qo ol ko =F2 A¢
AE WHe] F24 oS FEstAY A 7se FAE oA AYd &F F
A Aol JgkS 7| XA Brh(Kawai, 1959; Sutherland et al., 1981). 217+ Qo] A= Cu
o] ol FH ol oA WA= Wi A& W T AAF oSl YEUH, =2

Al Fodo] AFHAT AT As =54 FA&o] dgol HiuEJH(Kang et al
2001). Zn< Cdo} A =& F HF Ao (C. carpio)oll A Cdel =4S A= 9
o] #FHJL (K. van. et al. 2007) Fh. F¢ dvjojdlX F48 Z4do] detut
(Gomez, 1998). Cug] B-FolE A B v FH02 A QA F& 25 Fas)
th(Davis and Mertz, 1987; Lall, 2002). o] & ojA= FX]7] 406} o] (Ogino and
Yang,1980), XFdl = 7] (Gatlin and Wilson, 1986)2} &3 o}(Shiau and Ning, 2003) Sl
w3 Cu Aoloh dAte] o] #AS A7g vZE Slth Cud] =2d mE o] FollA 9
37 A4 H A 2EY e FAV) &9l (Nivogi et al., 2006)$F J o (Gert Flik et
al., 2002)F A EaHJ G Cuoll &3t A3 A3)8tA el ofs) HGFA A7 3}
SAT7E $AE te2 A5 % Skt (Shin et-al., 2003). oA Hirg z}
T Tu&ol g3 A Asle Jt=w, 7E, |, w3 B oldel FFHoE A
= dAolth(Tacaomi arai et al.,, 2002).

offollA THHFY FHL =27 H =55 o JFS won, 5 AE,
o] stebd 54, ofFe d"ely WAt
(Pagenkopf, 1983). 3l F& 3= =& o
A ol ofFe vRIAR = Lo & 9dFs oA FH(Wen—Xiong

Wang, 1999; Jacqueline et al., 2010). Cu¢] &2 o] WA s}= green mussleod| A9 &
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= 30ug/Lol A Z=2d M3l7F WA gl o™ (Chan, 1988), baltic clams (Macoma balthica)
| e 30~40ug/L, 13Y¢ F<+e] wWslo) A AW =7 o] Yelytth(Ballan—Dufrancais et
al., 2001). o]y AT X% HH G ofrbmo A {2l FA ] S7HF FAHY

W, 53] oppmlol M= 25, 20ug/LFH F2 9 77 AFHEAH. S5 FE
g Aol deAlE @tk ol 250 F5Y FHAE d#o] gl VHe=E

FHH, A8 v=9 Cwt AAHEE As & F AT 1A ZFH oprr|e A Ho]
879 F7b= pearl oysterg ©|&3 Cu =& A3 A% FAFNTHGu jing et
al., 2006). 0.05uM9] AF =l NE 28N 7b4 FoAdo] A Yelgtou, 0.5uM
o] AFEAAME o7t A TE fFojdel =A vetwt A 18 T see HH

Aoz AZHE obrtrle] oleuE TSl FANN FHF 3748 ALty A=

o

A

W)

rr

HH(Rajalakshmi, S. et al., 2005). & AFdAME =& 7|7t wWE ZolE AHE
WER(ZSZFZ, %) dl27<} vlustAS @ Cu 40pg/Le] 7oA 45 F9

Z7po] 2718 AHE DISL(ILYAZE, im d DAAE 2535 Cu 20ug/L A F ol A 3E

S
T8 2ol Brh(George H. Fried et al., 1973). thgt dlol o3 2 ==
2N AaE =3t dRleVE s, ATE B9 229 AeF ¥hEE Asfdto]l o
Ebdth(Goldberg and Stern, 1977; Simon et al., 1981; Moody and Hassan, 1982). ¥}t}3t
Cu 2E# 22 s8] ZAHE F424ae= SODd| s Bitsleiz HEHo d537)
3 E}(Nebot et al., 1993). Cudll ==A171 G (M. edulis) A= 0.02ppm& 0.2ppm
Abol9] FEoA O; 7} F7Fste] ##E AT (Pipe, 1999). A& SODE & A=3
Ze 9 22 dME FA3T FA F7HE JERATH(Kim et al. 2005). &



A= 2F 20pg/LolAFE FZ<0 SODe &435 717 AT, oy e ¢
2 AFAE Al o]ofX A oW =F FE7F 10ug/Loldtell e T Hl sk
He7h gtk ol Cu =Zd o3 2 &3S HA3s) stde d&59 Woldso
o3 AYPFE= A FLgog =AH
SOD¢} H&of &tshatg-9] o= a9 sl CATS &2 SODe 93] Hgd
ka4 (Ho02) & THA] 2k (02) 94 B(H:0) 2 M #A1Z1tH(Forman and fridovich, 1973).
2 A3PA HA] SODY &7do] FrtstaA HAE JiksteLE CATZE E8listes &2
+& HYFa ok SODY &4 o]|F o] A3 CATY &Ao] F7ista dem Cu
20pg/Lold 2F AR FoldL 1oy S7HEo] ARS & F AT ol= SOD
oA CATZE o|ofA= GAZQN kst A ZE# 29 A Al 2HlS 7T + U
FHFsEe] MGEAAdME ¥ AIAAZE F 23, pro—phenoloxidaseE
Wiyl Ste debd ASAle o] o R A4ES %k Hemolymph oA &
43 ¥ pro— phenoloxidase= A We] Ao}t 7|AE 3 2 njAE Az 7]Ef o] &F
o] 9Ja} phenoloxidase® Z/gdstdtt. Wo] 285 FIst= phenoloxidases H& oy
18] o8 Aot A Jo. Cu, oFA,
48 nxlg W9 shiphur7]¢ 2%3sle] phenoloxidasee] 24

(Rishan et al., 2005), M7l 48A17H52F Cus 0.1~0.4ppml 2 =ZAAS 35

o

A:

v 2wk Foles 343

rr

A

o

P )

3 A] 7

)

phenoloxidase®] 9% &7k WA §rh [Foh(Cheng and Wang, 2001). o] A3 e
A% Cuoll 9% phenoloxidased): &4 A7t = F=ol whu# st Faste Ao
2 Jegth F930 FaAe dEuA @t A vk Ao AEelA Cudl FFYS
g & Ak

o] Fo dojre] st XEEL thofdl
(Jee et al., 2004). 83 T2 ASTS} ALT= AHES 233 & HFF=w0 ofye,
NAEd AT o2V A RE MEA] AZ=Hch AST ALTE s9A a4

0,
_?L
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=
o,
2
oo
113{_5
o
2
ind
2
X0,
)

2 o]FE Brohmild BEHE UAE Fad 9T Bk BAAdE 3o
go] EAsty 9ok, ot AF 5 719 2HH £golt ol puaA FFo

29 fFa#o] EUtsle Ao E LA AtH(Blasco et al.,, 1999). o]& 3t o]FE A A
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e B s dAIShE £ AXEZ AMEEHI oh(Urooj Ahmed et al., 2001). ©]
H AFo AT ASTS ALTE =% 45 § FHFE<Q] 40ug/LolA thzxT-9F Bl 1lsto]
FJHJA F7F S YUERIATE ol Blasco(1999)9] AFelA Hl nEAEH(R.

= APF fAE 4SVHE RAE ol An

=
=
&) 99" MEe 2EY2E WS HAsEY FY g

_,

= ORI R F
hemolymphE ©] &3 ASTeF ALTS] 4o axdds & 5 Utk
ALPE F&old WZeHA wgdte] g% F59 Hx= i
al., 1988). o1®l A% Cus} W8 ALPS X377} B1E At Cu 20/l 5
Zol gl AFA el FoHe S HAHNeH, o= Fe] F Ei
Cud] Gl g AA9 Wol-714o s Yz
Hemolymph W&} #7149 %< FEMA(TP)# 252 2(GL)E ¥wra oz it #4
AN A L2 2EH 2 o Aol o Ao ARSFHO A7|= Fn
(Abdel—Moati, 1992). o' dApelxE thze} Blarste] £9 2l wste #A=A &
ShARE, AEEe kTR A5E gt FaA7E 2AHEES dRlAn. olv tdd
ol 85 dovle AAMA BT TEHA 8l FRa=9 £R2 A% Aol
AtEn S0l AW §9 Al AAE HsliH= B2 YRS 2

g Ad ALl G55 thAte Bl A2 EFI=Tt Ao d F A

Hemolymph We] #7]18&<L vtaulg (Mgl e EE A 7ol A fF42< W}
7t BEEA gorn, ZAE(Ca)dAlE 20ug/Le] SEAMFTE Fo2A 747 YEr
o} ol B Cuzt AU Eolgoz st ZFAyl A Aoz dAddh
IRt o7 FF&o wEH oFdA Mz B Fyg W 2 FHe F5 4

qz A% ¢ x99 A7 RuE9H(Jiro and Yasuo, 1977).
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