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ABSTRACT

This study was conducted to find out the changes of survivorship, respiration and organ structure of Mactra
veneriformis exposed to copper (Cu). Experimental period was four weeks. Experimental groups were composed
of one control condition and three copper exposure conditions (0.025, 0.050 and 0.100 mg/L). The results of the
study confirmed that copper induces reduction of survival rate and respiration rate and histopathology of organ
structure of the bivalve. In the copper concentration of 0.100 mg/L, mortality was 100% after Cu exposure of 3
weeks. Respiration rate was observed exposure groups lower than control decline by 75%. Histological analysis of
organ system illustrated expansion of hemolymph sinus, disappearance of epidermal layer and degeneration of
connective tissue layer of the mantle. Also, histological degenerations as epithelial necrosis and hyperplasia of
mucous cells are recognized in the gill and it was observed expansion of hemolymph sinus, disruption of epithelial

layer, decrease of mucous cell and degeneration of connective tissue layer in the foot.

In the digestive

diverticulum, it was showed atrophy of basophilic cell and degeneration of epithelial cell in the digestive tubules,
and as the concentration of copper increased the accumulation of lipofuscin increased.

Key words: Mactra veneriformis, copper(Cu), Survival, Oxygen consumption, Histopathology, Lipofuscin
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S=, Mactra veneriformisQl MZE & L J|2H 2XZ0 0IXle Rel (Cu)l sS4

o] o} ATt AART} FEo] olu, AR Fi=l
A5 5‘1‘7—1% %01 SHAIRE Aol A s5T AletEol
AEE dotir] S ARFLR wol
AMSE 1 9ok (Marln et al., 2006; Schintu et al., 2008;
Husmann et al., 2012).
RAEAFe AEA vxe &l 2359 9F=
& 5 e AE B AsEY AR, A5t g 7=

ARE Aok gololeh. ABA LA Ao, Az,
AAAEIA, 24, SAA AR Fol 9k (Huggett

et al., 1992).
%é, Mactra veneriformise $-2jug} Aslete] F23F
A 7R stuEA Al He, AEA
o] ¥ gl A AA SHelA Her) 2e3k Folvh &
ArelAs 55 AL, &5, 7194 7= 2 lipofuscin?|
SA| Wzl 79 4L Frlslaat si6ic

ERIE

1. A=

£ AFe] A8% 5=, Mactra veneriformiss 27
4.5-5.0 cm®] A em, 97 2 L5 el ool 9= A
2 Aol AHeskgiet

AEEAel T2+ CuCly2H;0 (Copper Chloride
Dihydrate, Showa Chem. Inc., Japan) & SF+52 1000
mg/Le EF8HE Tk o, Ad TEHEE 343t 24
sict.
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B A ¢l9A Q] AL s}Ele] ukLo] Q= AAS AP
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ste] A AR Aol Sha TR ANSE ARER B
A,

o} sl Al o) 4-6 pm FAR A% AR &
glo|= Fefrof FA381h 1 & Mayer's hematoxyline-
eosin (H-E) 94 9 alcian blue-periodic acid and
Schiff's solution (AB-PAS, pH 2.5) ¥he-5 AlA]3}gic) 1
2] lipofuscine &213}7] ¢8| Long Ziehl-Neelsen A
< A5l e, lipofuscin® #¥18]&2 Lee and Park
(20079 el wel HnA LA FA IMT, Visus,
USAYE ©]&3le] 43151t

6) SH=EA

dxz7ol gt 2752 ARl Aol (P < 0.05) & &
olx7] ¢8| SPSS §A T2 132 0]8-3}o paired sample
t-testE 3FSich

2 =

1. A3

T xFo ¥ 55 457 T WS AFFES dx
Tl 5% et 3kA]gE, 0.025¢F 0.050 mg/Le] 8] =&+
e 4 80%S} 65%«] APHES Bglon, 0.100 mg/L
78 2ETAE =% 3F Fel 100%2] AFdES 23l
(Fig. 1).
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Fig. 1. Mortality of Mactra veneriformis exposed to copper for
4 weeks.
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Fig. 2. Respiration rates of Mactra veneriformis exposed to
copper for 4 weeks.

TR AZEL ARAFEY AvA T} AANTER 78
o) AgdxA S ZArehdE o] F
o1AH, =9 z‘é"é—ﬁ_ o] wslo] glt} (Fig. 3A, B).
0025 mg/L % St A= A

% Aol MH S AR
°“*ﬂi4 et WEEgen (Fig. 4A), 0.050 mg/L 72
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e AL S gue] G5 0y 2o AgEAS
o 337k =% Fig. 4B). 2212 44 £ HTl
0.100 mg/LoA+= ¢4
SEREEEE

912 B3, 24 chie) 4
HEAQ] eeto] =YY} (Fig. 40).
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Fig. 3. Microstructure in the mantle cavity organs of Mactra veneriformis. A: Outer epithelial layer of the mantle.
B: Inner epithelial layer of the mantle. C and D: Gill, showing the frontal (Fc) and lateral cilia (Lc) on the gill
filament (Gf). E: Foot, numerous cilia (C) on the free surface of the epithelial layer. F: Digestive diverticulum,
showing the irregular digestive tubule (Dt). Ctl, connective tissue layer; Ep, epithelial cell; Hc, hemocyte; Sb,

striated border .
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Fig. 4. Histopathological changes in the mantle and gill of Mactra veneriformis exposed to copper for 4 weeks. A:
Mantle, showing the destruction of inner (lel) and outer epidermal layer (Oel). 0.025 mg/L. B: Mantle,
showing the epithelial atrophy, disappearance cilia and degeneration of connective tissue (Ct). 0.050 mg/L.
C: Mantle, showing the deformation (arrowheads) of epithelial layer (El). 0.100 mg/L. D: Gill, showing the
disappearance lateral cilia (Lc) of gill filament (Gf). 0.050 mg/L. E and F: Gill, showing the destruction of the
epithelial layer and degeneration of mucous cell. 0.100 mg/L.

2) ofztol o] =gl (Fig. 50).
= HAY oS 7, 7] Al 7 2

2= 9 ATl s glon, AgAEle 4) 2st¥d

AAAE, AIAE, ARAzE A=k AuAlze] e A3 v 2AARER o] FolA glen, 43}
SRR} Azt EAsks FoldAe dUd £ Ade 5o ARAFE vzt 1@‘71*4*1135—5
DFYA Zo|n, YA 29]el M= AF ot} (Fig. 3C, D). 01301%] At} (Fig. 3F). 0.025 mg/L¥} 0.050 mg/L°] 2|
Tl =25 552 ohvlolAE 0.050 mg/Le] FEA &ML 23AARe 39714 Ao AT A W
Al SwiAdEe] 2] WEsglen (Fig. 4D), 7P w2 7c}°ﬂ d7e] Aol veph (Fig. 5D). 7P w2 wE7l
TET4 0100 mg/Le] =ETolM= ATl et 0.100 mg/LolAM= Al# Ao Se] Ba3tet o), Wik 9
537} #2= g0} (Fig. 4E, F). A7F Fel=glon (Fig. 5E), Wd <7 459 v 4l

AgzAs] WAe] #As|5le} (Fig. 5D).

3) &

£59 whe AYAQ) BEF) 3 Yejolck. ke £skg 4, Lipofuscin REH| &
o2 ANE, AREAT, THEOE oIFIA ok ANEE el k@l @ 55 £5UIeIA lipofuscin) 2E
502 ARATY A 2ot AAANEE A=Y, A H &L Hx2TolAE 0%% ek kA9, 0.025, 0.050 2 0.100
o)A Mxdlo] mao] BAE, AFrA2e 2z pIHG  mgle TE RETAE 77 0.91%, 3.83%, 5.8T%E
o o TAghle TAEE, d9zEe] W] gy, EIEACR Ik ARE 23d (Fig. 6).
B Amze zye P QaAEEe] EAslE )
(Fig. 3E). 0.025 mg/Le] 72 xZ 7oA o] 4w Aol =
AR A5% AG2ASS Db FEAHLZ A3 FE2GKel AT AEAL LSTAS BRI A
(Fig. 5A), 0.050 mg/L9] FZol|Me Au]Ze] Afmed & e

Ashe ARl et 9 YTALSE ALY HAo] B
oIt} (Fig. 5B). 0.100 mg/Le] FEolAi= Asl=e] s}a]s)
AREAZE FANE BAAFE) B D 2 chiel ¥
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Fig. 5. Histopathological changes in the foot and Digestive diverticulum of Mactra veneriformis exposed to copper
for 4 weeks. A: Foot, note the partially destruction of connective tissue. 0.025 mg/L. B: Foot, note the
disappearance of mucous cell and epithelial edema (arrowhead). 0.050 mg/L. C: Foot, note the
disappearance of epithelial layer (El). 0.100 mg/L. D: Digestive tubule, showing the hemocytes invasion in
the lumen. 0.100 mg/L. E: Digestive diverticulum, note the partially destruction of the epithelial layer in the
digestive tubule (Dt). 0.100 mg/L. F: Visceral mass, note the destruction of epithelial layer. 0.100 mg/L.

et al., 1997) 2 ARg=ojx] git}

AEFol et FElol gt AAsEE vh2uk Anadara
granosa~ 60 g CwL, Meretrix casta~ 72 rg Cw/L$
o, Crassostrea madrasens 88 pg CwL2Z 967t
Fale] AR (LCx) = o) Heh th2 A ehta 9
tHKumaraguru and Ramamoorthi, 1978). %3
Scrobicularia planas 0.5 ppmolA =& A|7ke] ZA g} o}
o ARES ZhLOR, 579 B4 50%7F Asken)
(Hassan and Julia, 1980), 23172] 7Z-$-ol= kA4l o
Fo2 0.lmgLold 354 25 sl 5 2+ 7ol ol

al

Control 0.025 0.050 0.100
Concentration (mg/L)

P ® =

Distribution (%)
[S]

Fig. 6. Lipofuscin distributions in Mactra veneriformis
exposed to copper for 4 weeks.

Hh-2 w27 Yepdar gloh

A= AARESS dotrr] S dAAIRR o] 8H 1 gl
T EFES E =dA 59 A4S dizTel vlE FeElsE
7kl we} ok 75% kA wkg2 WERSleh 28y e
%%3% Pseudocalanus sp.&t Calanus sp. (Reeve et al.,
1977) 2 Mutylus edulis (James and Robert, 1981) <
Telsxe}l IAgle] AbbsuE Hal §lo] A FA
=)gic}, v Littorina rudi (James and Robert, 1981) +
TFesx STl wet o3 S Yehich s a2
7l=ga 7o =34 9 TBTClYl x=%% Littorina
brevicula (Chin et al., 1999) ¥ ol =% v}z (Shin
et al., 2013) 9] Athxn| & v & 27) 4 F TS
3 HolW, Jl=FI olddo] =ZF= Perna viridis
(Cheung and Cheung, 1995), 7}=Fo| 2047t =<3
Neomysis awatschensis (Kang et al., 1997) 181 23}
FEo| =23 Perna viridis (Vijayavel et al., 2007) 2] =
749 =% 7)o ue} AL 4n] &L Jtaste] PEAEER
ol&EE IFEX AETH Tu5Y TRl weh okt
-5 Y glok o] Fell wel FFEel ik 5
27t vzEg A ks E W A R5E 93 e o
AFEE AAE A% 712A8E &8o] 7}5T JoR o
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opfm], A, i TEln Aspldel] FE O FAEH
(Morrison, 1993), 2 b0 2 o|52 $AAES] 7|9
T2 H3E doA A Ed¥S 23t (Watling
and Watling, 1982; Gregory et al., 1999; Otludil et al.,
2004).

ool o Fuk2 2, A U %7 A3t 7
< F33h= 71840} (Eble, 2001). $%52. 9ol 2J3t o]
s ie] et o) AAuFe] At Ak Axd
I AESo] 2, AMAEEY ZA Th, AFEASlA

SZ o Ftol A vhofgt 2484 o] 231 (Shin et
al., 2013), ¥ 79| FHA %
AZ Za, 495 g9 {245 ohik
A 57 A5 el B siAE e 718 s Y
g Aoz g

ojujsh 72| olrinl= SFE uk ofe} A4 VS 4
A= Tt 7|9A 74w shdoltt (Benninger et al.,
1988; Eble, 2001). +%°] T, &, Hell »&H =,
Crassostrea gigas, AFEx] U ol 2= npx|g o}rjn)
NXE A AEFY £, EH=ZFY &, A AZAY
a4 a3 Q] A5 9 99 5 o =AY T)E
< A 2A4Ee] BT Kim and Lee, 1988;
Shin et al., 2013). DDT$} PCBell $.53% Ag=9] ko]
A AR AFFA Y optuldA e AAtTel ST
o} SR geto] #AE Q) (Sunila, 1988). 4
o %% Perna viridis (Gregory et al., 1999) ¢ F7<
29 Gel A A= Perna viridise] o7l o]9}
ARgh olzfmle] FxA o]ife] B uE|3 9lt}t (Vasanthi et
al., 2012).

oluigl|Fo] W T AHAER FAE A AFH]Fo]
Flsh Wt 2E52 FEML Sl FRE 3R gtk
ol THTX AR ) Al o]k FIhHA AAe| s
E9A  o]Edtt (Eble, 2001). 0.4% 0.8 mgL2
endosulfan®l] 30% E<t %% Planorbarius corneus2
- F 10400 Aot ehlAA2r} S 3 v F
20 o|FellE oA Ftaste, e} ek AR A
Ao AAEAME AT EY] g3t tEe] 2AREC] 9
Sl 2AA)o] WAET (Otludil et al., 2004). E3F o}l
o 253 B B & 2= AuE Axde AR}
2AE T "R L 5o] BRI T8 AgeA S| EAEd

=
[e]

AN EE0] T5Z7HA B4, 181 Frojedgez A
750 wtejel A2 i) FH5S T =
7 F5250 24 o AP vehdel Ju et al.,
2006). r=dsllEel xE% v ke 2 0.05 mg/L =T
oA Agz]Fe] v]FE™, 0.017% 0.02 mg/L =T+ 4
& Axge d5r) 2= (Park and Lee, 2011). 52
Zo 252 7 7Y BRENME thokel FxA o)
dEo] W= o) R ole - AR Y AR
olojd 4= 9l& ZAFAEe|th

ojufjsiFell A Astgde] AstaAHE 43} F4 2 29
A9 HE5715E s, A3byde thE 7Tl vlE &
A9 FAAo] =t} Moore and Allen, 2002). 3], o},
T2, 7t=g, WY FxE opby fRut B 4shiy
oA =t} (Husmann et al., 2012). &3PS FA =
AZEe] &2 2499 Hristed a3 A7) =
(Depledge and Hopkin, 1995). 0.08 mg/Le] 78], o}l ¥
Zhegrol 41 S 259 AFEEA ] AspATE 74
e ATAEES 2T AE7} 2AFST (Soto et al,
1996). 304 Fe 0.227 mg/lLe YA xEH
Lammellidaens marginalis®] A3MAA#-2 Ao v}
9} 7)1A"} F2] A4S ®elt} (Andhale et al., 2011). =23
ole] Mgk Fu] edx oA AR AT AspAA
Toll A Wite s3] dhEEm, 23] FETt Al Aol A
AN AAEE 29714 AR wlEo] F1, L3129 ¥
&2 vt} (Zorita et al., 2006). & AT A7, 23pANA &
3k &4, v 2 AEAS 5 uakEel Bl A3k
Aol AulAl 2ot 5517132 Hatel sha)et viite s
Ao} FAE =, olefdt AAE Qs Feld g5 59
Z3pAl o A= AAA Q] daEgo] £7FsE AR oA

olushFell A lipofuscin® 72, o}, A, W7k, vkl
I 2 FEd olEE TS AI3Y] &EaAE oA
A7) wigel| FEEolv Aakagel gk AEH A gk
AZZ o]gEo] b (Krishnakumar et al., 1990;
Viarengo et al., 1990). AFHAE 155 E9F 0.8, 5.0,
20.0 mg/Le] T2l 2F AR Az, oA aaAe]
243} lipofuscin®] F# o] £71319 1, PAHs, PCBs% 5
=50 2% AdeA AAE AAEE Aol S8}
I lipofuscin®] ¥]&% Z7}8k5tk (Moore, 1988; Regoli,
1992; Da Ros et al., 2000). Tapes semidecussatus2] 73-5-
= 1o FFE] 29 A x24T F vzt
vlwgk Az ojzT-2] A3higell A= lipofuscin®] =] 4]
WA T5% =EToA+= lipofuscin®] T 545
3t} (Byrne and O'Halloran, 1999). —22]2 Thermaikos
uke] AjFslita|e] AspAlE A A e EAEE A

ol
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A} AL AEL LAY E 245 A7)9f TEAET}
zohplon, FFE5E e Sl e o wol IS
t} (Domouhtsidou and Dimitriadis, 2001). ¥ 9+ &
FoAE FE5% 9JEH0° R lipofuscin®] X7} =4 Ye}
v 7Ee] B sRAE opybu], Aghing, ik g e Fuke]
WA A AEs 2 el IS vAE AeE et
o} ol& TE|9 A¥xet A xE7|7te] AojRle| ule}
5 YA 24 Azt 9 2A43A WA 5 5 A
Akl s mA 4= glom, Akl 3 A 4 9l
< A7 AR

2 o

2 A= FEo &3 5%, Mactra veneriformis] A
E&, 355 4 73] S Lelr A} Fgit) Ad]
e a7 en, AdT+ dx79 72 =57 371 (0.025,
0.050 and 0.100 mg/L)lth A& A¥} e 559 A&
7 3F5ES A Y 73S 24 WS FrEshs A
o] it} 2] 0.100 mg/L X ETolA 3F7% AEL
100%% o™, TFF> dxzTol vl 75% Fasigich 7|+
Aol xAEA A Az, 5T Aued AgxAF] |
2, optu] AAN L] Zrle} Ao AR AL, wellA= A
759 57, AAA 2L T4 W I3 2 Fo) A} AP
59 WAE ehdle) 2spide] aspidAlel s 59714
A2} Aol Ee] 95 2 FEo]EA 22 lipofuscin®] 54
o] Flxle] Awxe] Felo LEHt FAHE k7|7t
oo wpe} F50] A W AAEF W] Jis mA
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