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ABSTRACT

This study was conducted to find out survival rate, activity, growth and change of the organ structure of
bivalves exposed to heavy metal. The results of the study confirmed that zinc (Zn) induces reduction of
survival rate and activity, abnormality of organ structure of the equilateral venus, Gomphina veneriformis.
Experimental groups were composed of one control condition and three Zn exposure conditions (0.64 mg Zn [~
', 1.07mg Zn I, 1.79 mg Zn ["'). As the concentration of zinc increased the accumulation of lipofucin
increased in the digestive gland. Survival rate was the lowest in the lowest Zn exposure group at 0.64 mg Zn [~
'. Growth was not significantly different between the control and exposure group. Activity, with the exception
of the lowest Zn exposure group at 0.64 mg Zn /™', was similar between the control and exposure group.
Histological analysis of organ system illustrated expansion of hemolymph sinus, loss of striated border of inner
epidermis, increase in the number of mucous cell in the mantle. Also, histological degenerations as epithelial

necrosis and hyperplasia of mucous cells are recognized in the gill and foot.
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(Skidmore, 1970; Matthiessen and Brafield, 1973;
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Fig. 1. Variation of water temperature during experimental
period.
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2H)E FA 10cm A= Zo} Foh AY7L 5
o BFA)% ext Adades ddsged,
W o)== [sochrysis galbanas & NAF 1~2X
10%cell mL7'e 3o 138 ZFs}da, AHS4
23 HolFF Al 124 mIsigict. 245 A¥
717k Bt 29 H3E delry] & Y &
A 0N 9F S0l A wxd 48 245
4592 AEE ehdoHFig D).

ARNE: =l

2 7ol A48 APENL ZnSOs - TH0
(Zinc sulfate heptahydrate, Sigma)& FH{F4=
1,000 mg Zn I'9} £FgNE TE oL, AP
EEE RIS L

3) MET

ofde) A7MEA @ ARHFE AxTR
AL, 289 FASALYE F3hed LGkl 179
mgZn/'& 7 ¥ FETR Psgen, 21 B
o} w2 7tel 1.07mgZn '8} 0.64mgZnl 'S Al
1= ek

4) ML OfAZA

A olaRAe HPRATAARIE AF
AFR (2005)0] 23} ICP-MS (Perkin Elmer,
ELAN 6000)2. 324-& 243kt 94 ¥4
A Az 7237 98 FEL= SRM 2976
(Mussel Tissue, Standard Reference Material)& o]
438199t SRM 29762] oldxx= W 137£13
mg/kg (dry wt.)e]e}(Table 1).
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Table 1. Comparison of metal concentration (mg/kg dry
weight) in standard reference material and equila-

teral venus
Metal Certified value Equilateral venus (n=35)
Zn 137£13 123+13

5) K| 924 A (Lipofuscin)} £
2N BAHE AgAL] BE HES
Apst7] $1ske] B3R AR] (IMT, Visus, USA)
2 Abgsigdoh A s B (X Aa4s A
A WA BAE sz AN 28 0
sle) W) B8 (%) 2 JERIS-

PN

J
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9 B oARE AR B¢ 4
w78 ujd oA 9Ae oF 14] a2 &
& 5Alell FAstgich Al oJ3e] Be we vt
oz s e Wz e AAEE At
ANz Bt en, 54 F=2o XAL|
Eol7} e MAE £8Al e AAz wds)
ATt

7) A&

Yol ke AY AN A A DR
& 2353 H2 9d AA wpUEE TS
% F A7) wETAN AgSUA 85 2
Aoz AAstel AW AAS S AA A
Zopo) W3k AEgkoz eplsh

8) ZAEH i

ARR Ams 1, 7w, A2, 459 453
& 248, Anstel s%5, ebbal, @ 323
FAA o) 3= WAd 4¥-S 23T F Bouin’s
solutionsl] TAste] sletn ARl &3] FA
4~6umz. AW} TAREE VEUG =
Z ;2L Mayer’s hematoxylin-eosin (H-E) g4,
alcian blue-periodic acid and Schiff’s solution (AB-
PAS, pH 2.5)8F%, Masson’s trichrome 34, lipo-
fuscing #9135}l7] & Long Ziehl-Neelsen G445
g % Bahyn|Zos BAs AP b
< % Fadze] ¢4 A= DAL Pantone®
Formula Guide (Pantone Inc., USA)E 7|Fe=2 11
S 3E ()l ZABIGIS 71AA Y 2AHA
oAb FHa SAA o4& FASI o] 71&H

50% o9 wWeizAsty B4& Ml AAES
ez 7)Ao

9) 7eld &

SAAZE SPSS FA Z2IYPL o] 43}
ANOVA t-test® 3 ¥ o3| 2g 4§93 A
A (Least-significant difference test) 2.2 2] A (p<

0.05)& HA3AH

4 o

1. ofele] HUEH

AE AW otdEFAFS o}l FEI ¥E
42 AVSHge ZEAT 227120 ot
Z7ksl et Zrasksd

A A7) gE SRR A otde] B
== 83.96mg/kg o1k A¥ A 8F F dl =27
9} 0.64mg Zn I F=FME 7ZHe} 5887 68.24
mg/kgE 743, 1.07 mg Zn 7'} 1.79 mg Zn
I eeFoAe 7k 84.099 105.29 mgkgE F
7vstedeh AR A 163 F 2T9 1.07mg Zn
I = Fod A= ZH7} 59.899) 69.45 mgkgE FA
sl 1.79mg Zn I ¥ =Fo)AE 93.0 mg/kge.
2 Z7lslde Ad WA 245 F dz=T7s) 1.07
mg Zn [ p=Fel A= Zbzt 70.13% 75.68 mg/kg
oz 7AFAT, 1.79mg Zn I F=FE= 160.30
mg/kgo = F715h¢] o (Fig. 2).

2. X|utztAi 4 (Lipofuscin)e] & A
ofdde] »=2% 29 FAAE Long Ziehl-
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160H © 0.64mg Zn [}
1.07mg Zn I}
120H = 1.79mg Zn /™!

Zn concentration (mg/kg)
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Fig. 2. Zn bioaccumulation of the equilateral venus, Gom-
phina veneriformis exposed to zinc.
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Fig. 3. Histological change of mid-gut gland of the equilateral venus, Gomphina veneriformis exposed to zinc. A: Control
group. Cross section showing the pretubular duct (Pd) lead into digestive tubules (Dt). Long Zichl-Neelsen stain. B:
0.64 mg Zn [”' for 8 W. Section showing the lipofuscin of reddish-purple and nucleus of blue. C: 1.07 mg Zn I for
24 W. D: 1.79 mg Zn I"! for 24 W. Note lipofuscin (Lf) penetrating the epithelium in the lumen of mid-gut gland.
Long Ziehl-Neelsen stain. It: interstitial tissue, El: epidermal layer, Hs: hemolymph sinus.
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Fig. 4. Lipofuscin distribution on mid-gut gland of the
equilateral venus, Gomphina veneriformis exposed
to zinc 24 for weeks. Vertical bar: SD.
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Fig. 5. Survival rate of the equilateral venus, Gomphina
veneriformis exposed to zinc.

mg Zn "' FETFME o 0% +54E
3, 7B B 0.64mg Zn [ FEFIAE 355
44.8%, 1335 3.8%= a3} 15%5H &=
NA 7} APt 842 0% 2 VePgtc) (Fig. 6)

3) &

Az vjwd A3 AP 28 A7)Qd 245
Fo| 2T TN FoF W T
A ekstet b e =gl 0.64mgZn 7 HET
AME AY MA] F 8FA 9.87gellA 9.79 g2
2 4 Z4sk, 1.07me Zn [ FELOAE
Ag AAI A" FE AT AFEFe) 44
9.683} 9.67goe=z Ao Fd3ch M 2 F
9l 1.79mg Zn "' =TI = AF N & 24

FH)o) 9.87 go = AA)7)e] AFeF AL Fods)
o} (Fig. 7).
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B9 o 8ate onAtE]Ea YRAE S Al
o AgrzA|Fe] EAsL U 5L <R
Adu) el dEFxold, IF3 HEEE FAHT
Azade FH81A ddvh WRAD S d5oz
Axe] wgo] T3 YT Az} 24431, A}
folls Azl wEslgdt (Fig. 8, A). =+
NAES 9512 AB-PAS (pH 2.5)0)] ¥F-&A]7)
A3}, o) BA e 23} ] BAke) Zof| A alcian blueel]
F2a(2850)0 2 HFeg HAM 2t BAEHYE
H, o] HAAxe ExA=EE JRATE g
Wiaa) ol A o &9hv) (Fig. 8, B). 22232
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Fig. 6. Activity of the equilateral venus, Gomphina veneri-
Sformis exposed to zinc.
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Fig. 7. Growth of the equilateral venus, Gomphina veneri-
Jormis exposed to zinc. Vertical bar: SD.
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v 7B e %x9l 0.64mg Zn I FETOIA
BEHow YA Ze Afdel st Adxd
o] &A%<, AB-PAS (pH 2.5)¢] F2H o=
.3} AHANE7} 2718k} (Fig. 8, C). 1.07 mg
In "' y=T79 A, Y xFo] FgAHT H7s)
Z7kslel o™ (Fig. 8, D), 44 7|A 8] ¢ %% 23
FAZAMNE TR e 2% 44*}7} iy
Holeon, gjRi}ul2e] uielr} A=} (Fig. 8,
E). 1.79mg Zn "' F=79] 7%, Hadsize] 4
M| 27} AR 3, ﬂl—H‘&-ﬂ% | Exsle A=A
29 FAog Foqdl A¥Fo] thFoz H]
$= v} (Fig. 8, F).
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Fig. 8. Histological change of mantle of the equilateral venus, Gomphina veneriformis exposed to zinc. A and B: Control
group. A: Cross section showing the fibromuscular layer (Fml) between outer (Oel) and inner epidermal layer (Iel).
H-E stain. B: Cross section showing the mucous cell (Mc) of alcian blue positive in inner epidermal layer. AB-PAS
(pH 2.5). C: 0.64 mg Zn [”' for 8 W. Note partially disappearance of striated border (Sb) in inner epidermal layer and
mucous cell of alcian blue positive in outer epidermal layer. AB-PAS (pH 2.5). D: 1.07 mg Zn [”' for 24 W. Note
dilated hemolymph sinus (Hs) in fibromuscular layer. AB-PAS (pH 2.5). E: 1.07 mg Zn ["' for 24 W. Note
disappearance of striated border (Sb) in inner epidermal layer and split of fibromuscular layer. H-E stain. F: 1.79 mg
Zn I”! for 24 W. Note hyperplasia of epithelial cells in outer epidermal layer. AB-PAS.

2) oo JopRe 24l o5 AAFe] QdE T Al
B3e] opjule S Ao Az ddslel ez FASC] s Az AYShE delx
St RPEE ST Uk BAY oAl A4 WY=E] 2T AN NG A¥EE 9
B2 o2 o) Adchiz Fsel glend, Al 2o WuAsME =x szl B
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Fig. 9. Histological change of gill of the equilateral venus, Gomphina veneriformis exposed to zinc. A and B: Control group.
A: Cross section of demibranch showing the simple ciliated columnar epithelium (Coe) and interfilament muscles
(Mi) in the filament (F). H-E stain. B: Longitudinal section showing the mucous cell (Mc) of alcian blue positive in
the lamella. AB-PAS (pH 2.5). C: 0.64 mg Zn [’ for 8 W. Note dilated interlamella Jjunction (Jil). AB-PAS (pH 2.5).
D: 0.64 mg Zn ™' for 8 W. Note ruptured interlamella Jjunction and hyperplasia of mucous cell in alcian blue positive.
AB-PAS (pH 2.5). E: 1.07mg Zn ! for 24 W. Note dilated hemolymph sinus (Hs). AB-PAS. F: 1.79 mg Zn I for
24 W. Note deserted cilia in epithelial layer of the filament. H-E stain.

glor, Aot dEs) w2y 458 HMxsk  9.B).

A= 9T} (Fig. 9, A). H2T-2] o}7}u]E AB-PAS old =7 74gdl 7 B 0.64mg Zn I %
(pH 2.5) uF$-A1Z1 A3}, alcian blueol] F24 =7 AR A opyju|dr:= Pz}
(2925C) 2.2 ubgal HAM =zl #HaA=g (Fig. HPZE Alelo] =5} interlamella junctiono]
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Fig. 10. Histological change of foot of the equilateral venus, Gomphina veneriformis exposed to zinc. A, B and C: Control
group. A: Cross section showing the arrangement of epidermal layer, fibromuscular layer (Fml), circular muscle
layer (Cml) and longitudinal muscle layer (Lml). Masson’s trichrome stain. B: Section showing the columnar
epithelium and vacuolar mucous cell (Mc) in epidermal layer (El) and hemolymph sinus (Hs) in muscle layer (M1).
H-E stain. C: Cross section showing the striated border (Sb) and mucous cell of alcian blue positive in epidermal
layer. AB-PAS (pH 2.5). D: 0.64 mg Zn I'! for 8 W. Note hyperplasia of mucous cell in epidermal layer. AB-PAS
(pH 2.5). E: 1.07 mg Zn [”' for 24 W. Note disappearance of striated border (Sb) in epidermal layer and the hyper-
plasia of mucous cell in fibromuscular layer. AB-PAS (pH 2.5). F: 1.79 mg Zn [™' for 24 W. Note partially deserted
epidermal layer and fragmented muscular fiber bundle (Mfb) in fibromuscular layer. Masson’s trichrome stain.

%3531 (Fig. 9,C), AB-PAS (pH2.5)el 3 A2k, 7zn ' =79 A, YYZFo] Faslz U¥
alcian blueell F-24 (27160)22 W3 HAME  AAojie dA=E Yo 37} Zrpsiglon,
Eeol WizTel Wal SFeeT(Fig 9.D). 1.07mg A A=A ze] drge] REHoz gy
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(Fig. 9,E). 1.79mg Zn "' F=7-2] A% A& 7))
9] ojrtujeli e Mdat Afd Abelrt FebAlHA A
2 st A 7R EAshe A ol
B2 5gler, AT e A EAishs A
Az Atdwel SHMpst RExoz =@
Heolk 282 95 AAdME A AEEe] &
2o} Abu| A zo] FApr} A= Qe (Fig. 9, F).

0 o] Yds 2oz AT A,
e, A=A, ST A AN

Hme) W] £RY YFYT ANz F
4ele} SIRch 2T HAAEELS AB-PAS
(pH 2.5) ¥}-% A3}, alcian blueo] fA o= Hh-g-8}
of FEdoe BANUNG AVZ AfHelr
Mzelel W] Fslch ATEAZS THH
Sz FARA adATEA ] BAHAG 2
S22 TSI FRIZ oz FAF UL,
=3T3l = I Fo] &3 (Fig. 10, A, B
and C).

otd x&F 7hgE 7HA R 0.64mgZn T
=7o|4 P29 e AB-PAS (pH 2.5) WHe A},
ulo] Alw]Zol 2A)8l= HAAE7} alcian bluedl]
4 (2840) 02 sk en, haTol wla) 3
AN 28] 27} =7}skede} (Fig. 10, D). 1.07mg Zn
I 52T A% A9 Zd SAshe A28 o
Bt AAE T AREe] S glen] YHLE
o) Bt 22T AGEAel AN 3
R 27} TE&Z7HA] BAFE gl en, AB-PAS (pH
2.5)e]] H+S A, alcian bluesl|] 738 A& e}
We AN xE0] HZHH (Fig. 10, E). 1.79mg
Zn i sme] =28 % e 9 A 2
dMe AuSe HEe) el EAskE A
Aze] Wyt AT, THEE FHRT e
LS FFE3Y 2R o] £23
9t} (Fig. 10, F).
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299 g AMYEES I 5=
ot Be preA el 717 Ut =EH
WEEy] i FASAAY 7Y 2

s 994 ol Agske A 2 BgAel
FolAlck. wetd 999 Axrt de AN A
ARl BA Fa4ol =29 A2 SHEAE
Hrhelr] PAE PARHEAE FAM o) 7o)
2ok & Aeleh(Yoo et al., 2002). 2. FEH- o] A&
o BAE HAE P o ZsT Frhsed 9

o AVt 2o WAL AR AN FEFES A
Boll wlAE SHEH Abole] AT FPshe R

olt}.

olu) =l -F-<l Ruditapes decussatusE o}, 78] L
o3 Fhegel 48417 B2t xEAA HAR
Ag o 4o ANBALL Jehd BIeA
29 FAslA e A2T A, okde 77
+8 ug/gel i, FelE 5.7+1.3 ug/geldlem, 7}
Z=RL 0.360.24 ug/geldvr =79 1,000 pg
Zn ' =78 A 85+10 ug/gel, 150 ug
Cul' 2579 7% 11.6+1.0ug/gelgler, 500
pg Cd I =79 A9 13091349 ug/ge 2 A
W 2Ry Es 4o SRl wet B2A debd
o} (Romeo and Gnassia-Barelli, 1995). ¢]&jg Az}
g 2 a7 ZAze vms] myd o, AP d=
39 A% 8396mgZnl ' o2 §AEIIT, =T
748d 1.07mg Zn [ ' =Tl 85 Eot AS3
gue) $A5e) HHH 8400 mg Zn ['THE HA}
3 Sh%E Rt & ATOINE ol9h fA13
A 247 Bt ofdel x2F A9 A ol
Agke ojds) ¥Er}t ¥E4E AWSEYFS 3
AsAE 717l wet 2rhskalebt Ak
AL & 4 gt Suzuki et al. (1990)& FH&| 7+
AZE Ft=gF ofde xFAA olEe] U3
$2o) is A7)zl diE Busiged, 44
4 ohde] A% f30) 2AHE FhE vy
3 s

ol AFAN FFES 180 Azuche A%
o}, oprbel, A% % 2el3 FAAe F2 599
o} (Morrison, 1993; Pekkarinen, 1996; Eble, 2001).
299 AN AL 7=l Chlamy varia®)
Aol 247 F=F, Fel, 2e)3 ofade] FEE
A3 A7), olF FHEE AU F2 3A
9Jv} (Bustamante and Miramand, 2005). ©+& &%
9] oM e FFEL F2 FAAAT A
22 Hged, o) F 7|ge] dARNEelY F =
a3 dHiAd o] gl7] wWlEo]™ (Mauri et al., 1990,
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Viarengo et al., 1993), £3] 41342 wjdr|yo=
d3 o8 rHezRE FgLe] AEHI] WE
o]} (Rainbow, 1993).

Mz Bste] Aewan A&Lsta Wzt
A AFE 5 7] dEel Mzg P A9
£3 29 £402 Y3, ATA SFA
EAd3ks H718 4 9lo} (Depledge and Hopkin,
1995). elohsh o] 2AL hol sl FHF7] o
2o holaEe Welshn WS B4 dus
o] =2 H F231 Moore, 1990). 4:3}71HL
AZASE BAAol] F2 AFoI, ol £B2
Az a3t F2 Bz AN FRs)
A AR (Owen, 1972). 2ho] AFo] FX3F 2.9
A AR L] 2A o] A=A Lot
oz Sldl APBALE AdEAgAN 242
o2 A FAaFbEe AEYE o 4 Ut

Byrne and O’Halloran (2001)2- A Z45FA &
YHANE 7] Ao APRAL D8 ehola
£ v uEe RIS, 098 PAEA =
&% Tapes semidecussatus®] FAA A Ak
a7t AEHNL, 2holaF TollM A4 H= d8
o] A A|zko] FHasiolw

2 dFelMs oidel x=2d W5 FANE
Long Ziehl-Neelsen 98 Az}, 249 Abu)=3)

WrelA AL BREGE ol St
24T ARALS BHel 2748 ol
3t M E45:F2] biomarkers AJEA 7} 2 GEA )
w2EQe W B WA FHL] Frh)y
Z93}A4 378 ¥} (Byrne and O’Halloran, 2001).
AL 29Bst ASased ek ot
o] QA= <lgt PFe] ukg-o] A== (Hebel er
al., 1997), o] & 2938 Hrished slel 7B w1z
& A& 7Fed dhtolnt F34 HEES oA
FE2 A7 obriulel =gt TEANE o
o7 wub o, oJpAk8-3 wiAdAE-E A A]
A MAL ATl ZA JFFE w|AH o] me}
A 273L &} (Kim and Lee, 1988).
Byrne and O’Halloran (2001)2- Fg-%o) 2 %
2 29% AAE| Scrobicularia plana®}t Tapes
semidecussatuss x=ZF A7) A5}, 23] PEI A&
Fo] ZHAge ST, AEA S LPEA 2
=35 Hol A AAS AT s
=3 2L 177mg Cd I o =247 A},

Vol. 21, No. 2

17dRe)] =& A7} A&lsi o) (Park and Lee,
2003). he A7l E e gede] SHE A
Aat7l A8 LFEA x2H A o]EA e,
A& w= Haslgdr) (Depledge and Hopkin,
1992). 9] g7 el W AEL] WL v =
9zA #A = A= (Byrne and O’Halloran,
2001). Akberali et al. (1981)2 Scrobicularia plana
& olddol x2AA AFPLE BRAY) 99
84 +34E 4% 43, 01~05mg Zn [
FETME d2Ted o2 e AL 4 9
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