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Tributyltin chloride (TBTCI) toxicity on the oxygen consumption
rateand histological changesof gill in the equilateral venus,
Gomphina veneriformis (Bivalvia: Veneridage)

Jung Jun Park "and Jung Sick Lee

Department of Aqualife Medicine, College of Fisheries and Ocean Science, Chonnam National University,
Yeosu 550-749, Korea

This study was conducted to find out biological response of bivalves exposed to tributyltin chloride
(TBTCI). The results of the study confirmed that TBTCI induce the reduction of oxygen consumption rate
and histopathologica feature in the gill structure of equilateral venus, Gomphina veneriformis. The experi-
mental groups consisted of a control and 3 TBTCI exposure groups (0.4, 0.6 and 0.8 ug TBTCI L*) and the
experimental period was 36 weeks. For histological analysis, gill tissues were fixed in Bouin's fluid and
then stained H-E stain, AB-PAS (pH 2.5) reaction and Masson's trichrome stain after having serialy sec-
tioned the tissue by paraffin method at thickness of 4~6 um. The oxygen consumption rate was not signifi-
cantly different between the control and exposure groups at 4 weeks, but in all exposure groups at 28 weeks,
it was significantly different to the control. Gill of G. veneriformis had demibranch that attached two sheets
of lamellae and alamella was composed of numerous filaments, numbering 25 on average. The frontal fila
ment zone had three types of cilia; frontal, latero-frontal and lateral depending on locations while the lateral
ciliawere the longest and largest in number. The mucous cells observed in filaments were more abundant in
the frontal filament zone than abfrontal filament zone and mucous substances were showed blue color
(542c) in AB-PAS (pH 2.5) reaction. Gill exposed to TBTCI was extended hemolymph sinus and increased
hemocytes at 4 weeks, and then it showed increases of mucous cells and partialy disappearance of fronta
cilia. Inthe group of 0.8 ug TBTCI L* a 12 weeks, hypertrophy of frontal and latero-frontal epithelia was
observed. Also it observed m decrease of mucous cell containing weekly acid mucosubstance and appeared
partialy destruction muscle fiber bundle. In the groups of 0.4 and 0.6 ug TBTCI L* at 36 weeks, it appeared
partially modification of epitheliaand in 0.8 ug TBTCI L* group, observed filaments that come out chiti-
nous rod from disappearance of frontal and latero-frontal epithelia.

Key words. Gomphina veneriformis, Oxygen consumption rate, Gill, TBTCI
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Fig. 1. Response of oxygen consumption rate with exposure
times in the equilateral venus, Gomphina veneriformis
exposadto TBTC.
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Fg. 2. Morphology and light microscopical feeture of the gill of Gomphina veneriformis. A: Fronta view of the demibranch.
X 7. B: Cross semithin section of the demibranch. x 32. C: Cross section of the demibranch, note each lamellae and plicae
connected with interlamdlar junction (11j). AB-PAS (pH 2.5) reaction. D: Cross section showing esch filament (F) with cilia
(C) connected with muscle fiber bundle (Mfh) and collagen fiber bundle (Cfb), and interfilamentar junction (ifj). Masson's
trichrome stain. E: Longitudind section of the demibranch, showing each filament connected with muscle fiber bundle and
collagen fiber bundle. Masson's trichrome gtain. F: Cross section showing the mucous cdl (Mc) in filament. AB-PAS (pH
2.5) reaction. Az, abfrontd filament zone; Alv, auxiliary lamellar vessds; Cr, chitinousrod; E, epithdium; Fe, frontd ciliated
epithdium; Fz, frontd filament zone; He, hemocyte; Hs, hemolymph sinus; La, lamellag; Le, laterd ciliated epithelium; Lfe,
latero-fronta ciliated epithdium; Lv, lamelar vessd; P, plica; Sb, dtriated border; &, septum; Wi, water tube.
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Fig. 3. Histologica changes of gill of the equilateral venus, Gomphina veneriformis exposed to TBTCI for light microscope.
A: 04 ug TBTCI L* a 4 weeks, showing the extended hemolymph sinus and increased hemocyte (Hc) in the filament. H-E
dain. B: 0.4 ug TBTCI L™ a 4 weeks, showing the destruction of septum (St). Masson'strichrometain. C: 0.6 ug TBTCI L*?
a 12 weeks, showing the both weakly dcian blue positive mucous cdl (Amc) and mixed mucous cdl (Mmc) that have
dcian blue postive mucosubstance and negetive. AB-PAS (pH 2.5). D: 0.8 ug TBTCI L* a 12 weeks, note the decreased
fronta (Fc) and latero-frontal cilia(Lfc), and mucouscel (Mc) inthe plica AB-PAS (pH 2.5) reaction. E, epitheium; F, fila-

ment; Hs, hemolymph sinus.
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Fig. 4. Histologica changes of gill of the equilateral venus, Gomphina veneriformis exposed to TBTCI for light microscope.
A: 0.4 ug TBTCI L a 20 weeks, notethe partidly disgppearance of cilia(C) inthefilament (F). AB-PAS (pH 2.5) reaction.
B: 0.6 ug TBTCI L* a 20 weeks, showing the extended hemolymph sinus (Hs) and cutted fiber bundle (circle) in longitudi-
na sectioned plica H-E gtain. C: 0.6 ug TBTCl L* a 28 weeks, showing the partidly destruction of abfrontal epiderma
layer (cirde) and partidly disgppearance of cilia in the filament. AB-PAS (pH 2.5) reection. D: 0.8 ug TBTCl L* & 36
weeks, showing the partialy destruction of epidermd layer in the filament. AB-PAS (pH 2.5) reaction. Cr, chitinousrod; E,
epithdium; Fc, frontd cilia; He, hemocyte; Lc, laterd cilig; Lfc, latero-frontd cilia



74 14

o] gerHoe] 7181A 7)%o] Eeuks A

T AAT} (Fig. 4D).

g o

o &L

e

|
2y

2}
i

.

L)

ojmj#Foll A stet=d B FEEH T L4
HE2 7Y, o], A% & 123 Ak
of == ZFZEW (Morrison, 1993; Pekkarinen,
1996), A7 A0 & o5 FANES 719
Tx9) WIS YoA Y BRFS 27
gt} (Watling and Watling, 1982; Gregory et al.,
1999; Otludil et al., 2004).

0.025, 0.05, 0.1, 0.2 mg L* 54| Nonylphenol
of 7 &< =& ¥ A=, Tapes philippinarum
MaivlgS 24 A% ET7E A
£ FETA folHe Mol Byow, 5
7ME =2 579 02mg NPL*A = A
A go] dAAstA A (P<0.001) kA vk
(Matozzo et al., 2003).

0.2~0.25mg CuL*e] T+ &% A3
=], M. edulis (Delhaye and Cornet, 1975), 0.03 mg
L] cadmiumell 28Y 5<%+ ==% pocketbook
mussel, Lampsilis ventricosa (Naimo et al., 1992)
5o BT FETOA B2 Aa4nE]Eo] vE
H, 53] 17C2} 25C2] 50 ug CuL? F =9
Y Fo =% Peanaviridiss2 + 7+
2% B 7V} 12.8%9} 24.8%9] AtAAn]
daste] tixzek fFol A Aol
(P<0.05)E HSth (Sze and Lee, 2000). 3}A]7k
olel= Y2A S E 0510 ug TBT LS| Fi=ol
=EE M edulisg> tE79F ¥ 3tS o
AaAmlEo] F7FSF AL (Widdows and Page,
1993), 20 =<t 001l mg Cul'e] Exo] ==
¥ Ruditapes decussatus®] 74-¢-oll %= txETh
E AR AHlES eSS, o5 23 2
AR 120%7F F7HeE - AAskal, kE 109
B o] Srtste] =& 209400 AL S
o] 150%% ZS7Fsted th72F FeZQl Abo]
(P<0.01)E Xt} (Sobra and Widdows, 1997).

Y o b1 o

o 2 3Ll
& ofo ]

o]

HN
°

B A0 TBTCl =& 125 F<t k4
o] S HQl WhA o]F A3 7HAse
28R FE = T2 Ko} 49.1~-55.8%%
2| Eo] AR, o] QlEte] T
z 1€ Bt olys A=
TBTCl =& X271 X5 flste] drkes 4
SAIZIE ES] A ASHAFOE AAA
), =Z7|7ke] Aol mE =2 AaAHE
o 71?

2 F#o] Folx|y, 17 <lE) o}riu]e]

Z~H]

5T
TZA 91 WMyt ZEo] AElE Folrt vy
SIaL, AbAaAH]Eo] ZAash Ao 7 o AXIT,

olufzl7}te] o}rtm] Fell= A YA (proto-
branch), A4 (filibranch), A (lamellibranch)<]
374 typeS.Z ™ (Morse and Zardus,
1997), = FE gy} ojufg /e oprin
FHE 5 B F2 o5aS 7K, 38t
Ar7dde s B o Aol7t AE tE Aol
Mz AZEY o VA FEE H st gF
< Y49 HLIt} (Eble, 2001).

5 22 AN opivEE & ¢ 27

el oplnlRe AT AOH, 747kl ojr)
HlES o] Aol o] gl Wejolt) 4]

o= ohre] Ajhts 7HEH ol MY
th-2- Afg el oJsf oAe7ie] MHE] A
A=A e Fejolth oy e] NP T
AFF G LAY B AT A
2] fx|et AR fell wel 35/ A4
AEES YF2ATt (Nelson, 1960; Morton, 1976;
1980; 1983; Silvester and Sleigh, 1984; Beninger et
al., 1988; Eble, 2001; Gomez-Mendikute et al.,
2005; David et al., 2007). th &2 HEE 7FA+ 3
o] oAl et AR EASHA] S 1ER
o AIMER Y F UATh

=9 F52 (Cu, Cl, Fe HCl) .90l <)%k
=, Crassostrea gigas, X15-2=|, M. edulis, vFx] g},
T. philippinarume] o}7tw]e] 324 o]o 2=
A AETe] B8, gdzEe] & A9 A
ool 24 ey A AeSe] st 9



TBTCI toxicity on oxygen consumption rate and gill of Gomphina veneriformis 16

S OPIEM O TTe AT AYEC] &
2= Tk (Kimand Lee, 1988).

7tEgel =EE tE ol & X
710l dyzFol FFEAOH, A FAA L
7kt S AA Y] A, AREE gL
], AR A Ee] 2 T /‘H% «4’2
o] A2lo] HAE AT} (Park et al., 2006). o}l
= 5L o= ke 27 &'ani%o]
AE o, o]F F9 27}4 A e
2Rl ©eto] AFEHUT =E whA o
et ;‘4"/}*&4*%]491 I A}
o ukg7t #AZHATE (Ju,
% Ostrea edulis®] 0}7}E]L

o orlr o et H
M

Me
2
0,
>

_El

ol}lt

B2 7F AFH AL 71D TEe] MR EeH,
A “JMIJ_«] AR} ZEALo 7 BEY
Atk == 18YA o= AR dgAute] AR
= o] D}‘I‘O] 77 discociliagt BZH wAl§
HE T 22713 )t 2RAl 2] 5
Toll Hlsl skl on, ErjAlaEe] =
ﬂm T (Bigaset al., 2001).
=¥ brown mussd, P. perna®] o7}
= 16°‘ FE 2497HA] wAl R 719
rontd cilia®] e AR g5t g
o] A BFH AL 3 == 16
ME7F F7ste] 2447 ol ﬁ‘i‘i’é
7_%5],\;@_ AT 207 Ho] 9
27t 2A A= FEAd ‘%"‘;5}
7F ek E‘r(GregoryetaI 1999).
TBTCl == 125FAoll= 2l ﬂE%O]
ol HlAEo] HAZZHEL

N
-

N
o o
Téf ofN PN ol r
it

=
[

]—r

HE
o

Oﬁﬂm}d:rlr

r4 b oHz o> ofN

¢
_llN'
B
>,

)\)\L ]

o 2 o\
I
gD

o] HAEA (6470)° Blal dcian blueoﬂ ok}
WS- (5370) 851, Held (257700 whs-a)
71% ek ol g A= HAM 7} S8t

WA gl FHOE Wskshs R0E A
250l ST wd 20FATHE o)F 4
SN ZE] ThA] Astsih

oeidt olrbule]l LxAQ W s1EH9
AoNE fahe], 05 mg CuLie] Fwo] F

¢

ﬂll

H FFEA], M. edulis®] 7ol ob7ba] 4w
A EZo] w72 s SHAR ol Fol7} A
712 2 A o R EHEE B9 55
o] A&alA] Al Fh (Manley, 1983).
Bedu) 44 #a Ax TBTCY =29 o
B oyl AR et oA 2o A ¥
st 5 st e A Al WSyt ve
s, ol e HERE
W3t 52 oUA AR ] el E el 4ka
ZHlE s

s 22 42 25 2o

(Abel, 1976; Sze and Lee, 2000). et & A
A k= 1254 0.8 g TBTCl Lt o) 4
A

Uehhe ARguHEe guEnaeixze)
HliE ol7bn) el FEA WHo R Qg
549l Aole Fualr] 9|3 weow Az

= o]k

2 AFolME AR e
op7fm] &) mMF2A Wsto] tigk AFE Al
1A @9t7] W&ol TBTClol 23 ol7fm] o] A
r5H2] WskE ARshrlE ofHoh wEka ot
o] FxZ< wWalel MEA7|He] A=
5 AFEolAoF & Zojth

H~l

=}

]

"

o Ot
L |

°] %17 (04,0608 g TBTC LYl
=Z% &, Gomphina veneriformis
MAaanE I oprim| o] A E|SH wis)
E FFSIATE 59 AAnAEES BE 1257
AFE o] Al ztol7b yEhr] AlRbete]
= 2857 d= BE TEToA f2490 Aol

E 1tk & . ¢ 72z T A AR Iy

0}7FU1€ 7}11% &2 1 Xl wep
HARE FEERS

—Lo]-_]_

O

[e)]
PA A
E_-_]_L. ;(—] ol /(—ﬂ i—‘:— o /\]—/\'] sl 0—]14%;] (542C)i '?'



d=]o] ATE TBTCIO &%
457A o Gyzgo] g

7VaAT) o] & HAAMEI} FUFskAL, HHAd
T REAoE gEellon, 1254 08 we
TBTCI L*9] TEFoAE dF AFAE7] v
WEATE 2 2057 s FAA 27T st
Row, AAELL ko r wWslelal, 24
fropde] Rl o] #AHJE 2 vt
ARl 36FA o= AAuA 2] HE 3 0.8 ue
TBTCI L-18] sTollxe= Aedalr et 4
GG E EEEe] 71]E 5ol &

=
Hus Age BB 5 Atk

olN rF o.
Hr
i

Abel, PD.: Effects of some pollutants on the filtra:
tion rate of Mytilus edulis. Mar. Poll. Bull.,
7:228-231, 1976.

Allen, JA.: Preliminary experiments on the feeding
and excretion of bivalves using Phaeodacty-
lumlabeled with®P. J. Mar. Biol. Ass. UK.,
42: 609-623, 1962

Asmus, RM. and Asmus, H.: Phytoplankton-mus-
sd bed interactions in intertidal ecosystems.
In: Bivalve filter feeders in estuarine and
coastdl ecosystem processes NATO, A.S.
Series, Vol. G33, Dame, R.F. ed. Springer-
Verlag, Berlin, pp. 57-84, 1993.

Beninger, PG., Le Pennec, M. and Sdlaun, M.: New
observations of the gills of Placopecten
magellanicus (Mollusca: Bivavia), and im-
plications for nutrition. Mar. Biol., 98: 61-
70, 1998.

Bigas, M., Durfort, M. and Poquet, M.: Cytologica
effects of experimental exposure to Hg on
the chilled epithelium of the European flat
oyster Ostrea edulis: ultrastructural and
quantitative changes related to bioaccumula
tion. Tissue Cell, 33: 178-188, 2001.

Cranford, PJ. and Grant, J.: Particle clearance and
absorption of phytoplankton and detritus by
the sea scallop Placopecten magellanicus
(Gmelin). J. Exp. Mar. Biol. Ecal., 137: 105-
121, 1990.

David, JA.O., Sdarali, R.B. and Fontanetti, C.S.:
Fine structure of Mytella falcata (Bivalvia)
gill filaments. Micron., doi:10.1016/j.mi-
cron.2007.06.002, 2007. [Article in Press,
Corrected Proof]

Delhaye, W. and Cornet, D.: Contribution to the
study of the effect of copper on Mytilus
edulis during reproductive period. Comp.
Biochem. Physiol., 50A: 511-518, 1975.

Drury, RA.B. and Wallington, E.A.: Carleton's his-
tological technique. Oxford University
Press, Oxford, pp. 520, 1980.

Dubey, SK. and Roy, U.: Biodegradation of trib-
utyltins (organctins) by marine bacteria. Ap-
pl. Organometal Chem., 17: 3-8, 2003.

Eble, A.F.: Biology of the hard clam. In: Anatomy
and histology of Mercenaria mercenaria,
Vol. 6A, Kraeuter JN. and Castagna, M. eds.
Elsevier, New York, pp. 117-220, 2001.

Foster-Smith, R.L.: The effect of concentration of
suspension on the filtration rates and pseu-
dofaecd production on Mytilus edulis (L.),
Cerastoderma edule (L.) and \enerupis pul-
lagtra (Montagu). J. Exp. Mar. Biol. Ecdl.,
17: 1-22, 1975.

Gauthier-Clerc, S., Pellerin, J., Blaise, C. and
Gagné, F.: Delayed gametogenesis of Mya
arenaria in the Saguenay fjord (Canada): a
consequence of endocrine disruptors? Comp.
Biochem. Physial., 131: 457-467, 2002.

Gerdes, D.: The Pecific Oyster Crassostrea gigas
Part 1. Feeding behaviour of larvae and
adults. Aquaculture, 31: 195-219, 1983.

Gomez-Mendikute, A., Elizondo M., Venier, P. and



TBTCI toxicity on oxygen consumption rate and gill of Gomphina veneriformis 77

Caaraville, M.P: Characterization of mussdl
gill cellsin vivo and in vitro. Cell Tissue
Res,, 321: 131-140, 2005.

Gregory, M.A., George, R.C., Marshdl, D.J., Anan-
draj, A. and Mcclurg, T.P: The effect of
mercury exposure on the surface morpholo-
gy of gill filaments in Perna perna (Mollus-
ca Bivavia). Mar. Pollut. Bull., 39: 116-
121, 1999.

Griffiths, R.J.: Filtration, oxygen consumption and
assimilation in the black mussel
Choromytilus meridionalis. Mar. Ecol. Prog.
Ser., 3: 63-70, 1980.

Hinch, S.G. and Stephenson, L.A.: Size-and age-
specific patterns of trace metal concentra
tions on fresh water clams from on acid-sen-
sitive and a circumneutrd lake. Can. J. Zo-
ol., 65: 2436-2442, 1987.

Ju, S.M.: Biological response of the equilateral
venus, Gomphina veneriformis (Bivalvia
Veneridae) with zinc bioaccumulation. Mas-
ter Thesis, Yosu National University, Yosu,
Korea pp. 51, 2006.

Kim SY. and Leg, T.Y.: The effects of pollutants ef-
fluent from a steam-power plant on coasta
bivaves. Ocean. Res., 10(1): 47-56. 1988.

Laughlin, R.B., Guard, J., H.E. and Coleman I,
W.M.: Tributyltin in seawater: speciation
and octanol-water partition coefficient. Env-
iron. Sci. Technol. 20: 201-204, 1986.

Manley, A.R.: The effects of cooper on the behav-
iour, respiration, filtration and ventilation ac-
tivity of Mytilius edulis. J. Mar. Biolog. As-
soc. UK., 63: 205-222, 1984.

Matozzo, V., Deppieri, M., Maschino, V. and
Marin, M.G.: Evaluation of 4-nonylphenal
toxicity in the clam Tapes phhilippinarum.
Environ. Res., 91: 179-185, 2003.

Morrison, C.M.: Histology and cell ultrastructure of

the mantle and mantle lobes of the Estern
oyster, Crassostrea virginica Gmelin: A
summary atlas. Amer. Maac. Bull., 10(1): 1-
24,1993

Morse, M.P. and Zardus, J.D.: Bivavia In: Micro-
scopic anatomy of invertebrates, Vol. 6A,
Mollusca Il, Harrison, EW. and Kohn, A.J.
eds. A John Wiley & Sons, Inc., Publication,
New York, pp. 7-118, 1997.

Morton, B.S.: The biology and functional morphol-
ogy of the weisted ark Trisidos semitorta
(Bicalvia: Arcacea) with a discussion on
shell "torsion” in the genus. Malacologia,
23: 375-396, 1983.

Morton, B.S.: The biology and functional morphol-
ogy of the weisted ark Trisidos semitorta
(Bicalvia: Arcacea) with a discussion on
shell "torsion” in the genus. Malacologia,
23: 375-396, 1983.

Morton, B.S.: The biology, ecology and functiond
aspects of the organs of feeding and diges-
tion of the South East Asian mangrove hi-
valve, Enigmonia aenigmatica (Mollusca:
Anomiaced). J. Zoal. Lond., 179: 437-466,
1976.

Naimo, T.J., Atchison, G.J. and Holland-Bartdls,
L.E.: Subletha effects of cadmium on physi-
ologica responses in the pocketbook mus-
sdl, Lampsilis ventricosa. Environ. Toxical.
Chem., 11: 1013-1021, 1992.

Nelson, T.C.: The feeding mechanism of the oyster.
[1. On the gills and palps of Ostrea edulis,
Crassodtrea viginica and Crassostrea angu-
lata. J. Morphal., 107: 163-191, 1960.

Otludil, B., Cengiz, E.l., Yildirim, M.Z., Unver, O.
and Unl{, E.: The effects of endosulfan on
the great ramshorn snail, Planorbariua
corneus (Gastropoda, Pulmonata): a
histopathological study. Chemosphere, 56:



78 EEES

707-716, 2004.

Padmer, R.E.: Behavioral and rhythmic aspects of
filtration in the bay scallop, Argopectenirra-
dians concentricus (Say), and the oyster,
Crassostrea virginica (Gmelin). J. Exp. Mar.
Biol. Ecol., 45: 273-295, 1980.

Park, J.J.,, Lim, K.H., Park, J.C., Jeong, SA., Kwak,
I.S,, Cho, H.S,, Shin,H.C. and Lee, JS.:: The
effect of long-term cadmium exposure on
the organ structure of the equilateral venus,
Gomphina veneriformis (Bivalvia: Veneri-
dae). Bull. Fish. Sci. Inst. Chonnam Nat'l
Univ., 15: 10-20, 2006.

Pekkarinen, M.: Scanning electron microscopy,
whole-mount histology, and histochemistry
of two Anodontine glochidia (Bivalvia:
Unionidae). J. Zooal., 74: 1964-1973, 1996.

Quinn, B., Gagné, F,, Cogtello, M., McKenzie, C.,
Wilson, J. and Mothersill, C.: The endocrine
disrupting effect of municipa effluent on the
zebra mussel (Dreissena polymorpha).
Aquat. Toxical., 66: 297-292, 2004.

Rasmussen, L.PD., Hage, E. and Karlog, O.: Light
and electron microscopic studies of the acute
and chronic toxic effects of N-nitoroso com-
pounds on the marine mussel, Mytilus edulis
(L). II. N-methyl-N-nitro-N- nitrodoguani-
dine. Aquat. Toxicol., 3: 301-311, 1983.

Regoli, F. and Orlando, E.: Accumulation and sub-
celluar digtribution of metals (Cu, Fe, Mn,
Pb and Zn) in the Mediterranean mussdl,
Mytilus galloprovincialis during a field
trangplant experiment. Mar. Pollut. Bull., 28:
592-600, 1994.

Riisgard, H.U.: Efficiency of particle retention and
filtration rate in 6 species of Northeast
American bivalves. Mar. Ecol. Prog. Ser.,
45: 217-223,1988.

Schulte, E.H.: Influence of aga concentration and

temperature on the filtration rate of Mytilus
edulis. Mar. Bial., 30: 331-341, 1975.

Shumway, S.E., Cucci, T.L., Newell, R.C. and
Yentsch, C.M.: Particle selection, ingestion,
and absorption in filter-feeding bivalves. J.
Exp. Mar. Biol. Ecal., 91: 77-92, 1985.

Silvester, N.R. and Seigh, G.H.: Hydrodynamic as-
pect of particle capture by Mytilus. J. Mar.
Biol. Assoc. UK., 64: 859-879, 1984.

Sobra, P and Widdows, J.: Effects of copper expo-
sure on the scope for growth of the clam Ru-
ditapes decussatus from southern Portugal.
Mar. Pollut. Bull., 34: 992-1000, 1997.

Sunila, I. and Lindstrém, R.: Surviva, growth and
shell deformities of copper-and cadmium-
exposed mussels, Mytilus edulis L. in Brack-
ish water. Estuar. Coadt. Shdllf Sci., 21: 555-
565, 1985.

Sunila, I.: Acute histopathological responses of the
gill of the mussels, Mytilus edulis, to expo-
sure by environmental pollutants. J. Invert.
Pethal., 52: 137-141, 1988.

Sunila, 1.: Chronic histopathological effects of
short-term copper and cadmium exposure on
the gill of the mussdls, Mytilus edulis. J. In-
vert. Pathol ., 47: 125-142, 1986.

Sze, PW.C. and Leg, S.Y.: Effects of chronic copper
exposure on the green mussel Perna viridis.
Mar. Bial., 137: 379-392, 2000.

U.S. E.PA.: Abmbient aguetic lifewater qudity cri-
teria for tributyltin (TBT)-final. United
States Environmental Protection Agency,
Woashington D.C., pp. 129, 2003.

Watling H.R. and Watling, R.J.: Comparative ef-
fects of metas on the filtering rate of brown
mussdal, Perna perna. Bull. Environ. Con-
tam. Toxical., 29: 651-657, 1982.

Widdows, J. and Page, D.S.: Effects of tributyltin
and dibutyltin on the physiological energeti-



TBTCI toxicity on oxygen consumption rate and gill of Gomphina veneriformis 79

ca of the mussdl, Mytilus edulis. Mar. Envi- Yoo, J.S.: Korean shells in color. Iljisa Pub. Co.,
ron. Res,, 35: 233-249, 1993. Seoul, pp. 196, 1976.
Winter, J.E.: A review on the knowledge of suspen-
sion-feeding in lamellibranchiate bivalves,
Revison Accepted : April 14, 2008

with specia reference to artificial aquacul-
« Responsible Editorial Member : Sung Hee Jung
ture systems. Aquaculture, 13; 1-33, 1978. (NFRDI)

Manuscript Received : March 10, 2008



