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ABSTRACT

This study was conducted to find out the changes of survival, respiration and organ structure of Tegillarca granosa
exposed to copper (Cu). Experimental period was four weeks. Experimental groups were composed of one control
condition and three copper exposure conditions (0.125, 0.250 and 0.500 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 0.500 mg/L, mortality was 66.7% after Cu exposure of 4 weeks. Respiration
rate was observed exposure groups lower than control decline by 18%. Histological analysis of organ system
illustrated degeneration of epithelial layer and connective tissue layer of the mantle. Also, histological
degenerations as epithelial atrophy and disappearance of lateral cilia are recognized in the gill and it was observed
expansion of hemolymph sinus, disruption of epithelial layer, acidification of mucous and degeneration of muscle
fiber bundles in the foot. In the digestive diverticulum, it was showed atrophy and destruction of basophilic cell and

epithelial cell in the digestive tubules.
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57 A= 9o} (Park et al., 2003; Xiuling et al.,
2012). 23} Ak 9 A&l f9lel ok A7|A]] =
Zol w2t 7212 AWEA Rojik et al., 1983), Feh4 71%
Aol (Park et al., 2009) 5 T-8]5/30 27t o]
RuEa gch

I eEY dFger sl AEo] ve H=E Hrtet
= vhHe 3A F9ol (hazard identification), =&%H7}
(exposure assessment), £3-49HS H7} (dose-response
assessment) W ¢l ZA (risk characterization) 2| F
£ 4agAleltt (NRC, 1983). #1¢} 222 #iol wlel Sel=5
#H7}317] $J8l A= A EAE (indicator organism) I} A& %]
X (biomarker) 2] AAo] F23lc} (Huggett et al., 1992).

ol REL AR L 4 e T AETLS
F 32 oapalel o3l HolE Aosl] el e
o A xEHch 3 o]FAo] Rol UABFE AAHSTL
eEH, AR F4% 2995 £45L2 Lol A AW
A S5 ALurEe] ol 54 A9 2 AAHE Ul

- 151 -



|—j
2
1o
0z
g
fol
o

7] 93t A FE0 7 Wol A= gt} (Marin et al., 2006;
Schintu et al., 2008; Husmann et al., 2012).
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F3FE2 Shin et al. (2011) o] upo) ule} AP

TEel o3t Aba LnEE ATk BAIESICL Abdsu]E
2 AgAEe] =379 we} 0.5-1.6 L9 respirometer
chamber®} AEZEZ747] (Orbis 3600 made by

Switzerland) & °]&3}o] A3}

AYRL ASY F, Hste] shr, of
Ao, i el asde] T U e A
Beng 2ARRALE A5 RS

2k Aol o3 4-6 pm FAR A5 ARt Sehol=
Zekro| —‘?—21‘0‘]-"3\:} I %, Mayer's hematoxyline-eosin
(H-E) 92 9 alcian blue-periodic acid and Schiff's
solution (AB-PAS, pH 2.5) #he= AA3ig agx
lipofuscine &<¢13}7] $J3l Long Ziehl-Neelsen G442 A
343}5 o1, lipofuscin®] ¥ EH]&-E Lee and Park (2007)
<] e uje}l v SRR (IMT, Visus, USA) &

o] &3te] EAstgict.

6) EAEM

izl gt =& FAal Ao] (P < 0.05) & &
olx7] sl SPSS §A T2 23S ]8435} paired sample
t-test® 3ok

2 o

1. A48
Wbl 47 Fot 7 xEol o3t s AR AT, A
2 dx2TolME 3.35%% 2 0.125, 0.250, 0.500 me/L
9] 38 =& FlME 27} 33.3%, 60.0%, 66.7%% 5% 2
E4 AEY 571 29049 (Fig. 1).

%%% e w57 9] ol o
0.05) thT] el 42)3}
% FWHAAE ol
sl9ict (Fig. 2).
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Fig. 1. Mortality of Tegillarca granosa exposed to copper for
4 weeks.

3. 7134 o) =234 W3}

1) 2|E|:|I-
mate] sjuke gekleld shed AaeE izl
A ooklE AL gl TEEA AT d5olH, AU
FAHE ATES AEAFY YIALE HAANTEE FE
drh AeAZe F2 wWR} Q¥ THRchLE o)
ojAH, i) Rz Fo] o] it} (Fig. 3A). 0.125
r A
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s H
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Fig. 2. Respiration rates of Tegillarca granosa exposed to
copper for 4 weeks.

o] A3} BlE gl (Fig. 4A, B). 0.250 mg/Le} 0.500

mg/L, 77 =EFNAE AT An2e) G52 ), 2%
243 33 0 Y72 Hgo] HLsge} (Fig. 4C, D).
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wie] ool AR A7) A Fhed 29
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TAE, AL, AEALE T AL P 5
WAEesh ARAEel EAe Yol Uy B

Fig. 3. Microstructure in the mantle cavity organs of Tegillarca granosa. A: Mantle, note the simple epithelial cell with
cilia on the free surface. B: Gill, showing the frontal cilia (Fc) on the frontal region and lateral cilia (Lc) on the
lateral region. C: Gill, showing the secretory cell (Sc) in the epithelial layer of the gill filament (Gf). D: Foot, note
the composition of the simple epithelial cell and connective tissue with hemolymph sinus (Hs). E: Foot,
numerous cilia (C) on the free surface of the epithelial cell (Ep). F: Digestive diverticulum, showing the irregular
digestive tubule (Dt). Hc, hemocyte.
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Fig. 4. Histopathological changes in the mantle and gill of Tegillarca granosa exposed to copper for 4 weeks. A:
Mantle, showing the increased mucous cell (Mc). 0.125 mg/L. B: Mantle, note the partially disappearance cilia.
0.125 mg/L. C: Mantle, showing the edema epithelium in the outer epithelial layer (Oel). 0.250 mg/L. D: Mantle,
showing the destruction of the epithelial layer and decrease mucous cell. 0.250 mg/L. E: Gill, showing the
disappearance lateral cilia and frontal cilia (Fc). 0.125 mg/L. F: Gill, note the degeneration of the gill filament
(Gf) and infiltration of hemocyte (Hc). 0.500 mg/L. lel, inner epithelial layer.

QFHA Lo, YA F9)el4E BF o]} (Fig. 3B, C).
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A5, AHe] st B e o] ot FEA e FAEY
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E). 7P & 557<] 0.500 mg/Le] 78 & TFolAE &
spdAlde] §3 4 "7 Age] T8 (Fig. 5F).
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Fig. 5. Histopathological changes in the foot and digestive diverticulum of Tegillarca granosa exposed to copper for
4 weeks. A: Foot, showing the increased mucous cell (Mc) and partially disapperarance cilia (C). 0.125 mg/L. B:
Foot, note the destruction epithelial layer. 0.250 mg/L. C: Foot, showing the extended hemolymph sinus (Hs).
0.500 mg/L. D: Digestive diverticulum, showing the atrophy of epithelial layer and extended lumen of the
digestive tubule (Dt). 0.250 mg/L. E: Visceral mass, showing the destruction of the epithelial layer. 0.125 mg/L.
F: Digestive diverticulum, showing the destruction of digestive tubule and increased hemocytes (Hc). 0.500
mg/L. El, epithelial layer; Mf, muscle fiber; MI, muscle layer.

60.0%, 66.7%% X% oEAo 7 F7}slgi}),

=2 YANESS dolrr] S AR RR o] 8H 1 9l
T 3FES 7Y =29 559 75 dix7ell vl 0.100
mg/Le] 5ETlA oF 75% 7433t} (Shin et al., 2013).
Littorina rudi (James and Robert, 1981) + T2|5% 5
7t we} frolgt 3EEC] SV vehslth ¢ 2, v
& %2 TBTClY =% &431%, Littorina brevicula
(Chin et al., 1999) ¢ do| =% ulx=, Ruditapes
philippinarum (Shin et al., 2013) 2| AtALAR]ELE =5
Z7) Zta ¥ ZUBke AFE o, =g ol &
% Perna viridis (Cheung and Cheung, 1995), 7}=+F°l
2097t &% £A9], Neomysis awatschensis (Kang et
al., 1997) 28y 23 AEo| %%% Perna viridis
(Vijayavel et al., 2007) + T35 5= S7}l we} 2k4
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H3lE doA] A Ed3S 238t} (Gregory et al.,

1999; Otludil et al., 2004).
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Wel= 23 7]FAolt} (Benninger et al., 1988; Eble,
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vleMe= A s e, €325 & AE AR
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Shin et al., 2013). DDT$} PCBel| £.535 Azgk=9] &jeko]

LgmpuLt
A
L«EM%“

(o

- 185 -



o] ME, &

o

n

r

A AR AFRAL oA Assh Sva
B9} SHA ] g2k B3t} (Sunila, 1988). 200 =
2% Perna viridis (Gregory et al., 1999) ¢} $F% 24
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