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Bioaccumulation of trace metals and their biochafnigfluence on the tissues of clam

Ruditapes philippinarum

Suck-Woo Jang

Department of Aquatic Life Medicine, Graduate Sdhoo

Pukyong National University

Abstract

Marine sediments represent the final repositorynafst contaminants and elements
carried to the oceans by rivers, but also play yarkée in estuarine systems as potential
sources and sinks for these substances. Clamsh®are selected as indicator organisms
world wide because-of their abundance, ubiquitggldife span, high filtration rate, and
especially, because of concern in the sea. The d¢tamditapes philippinarumwas a
proposed as suitable biomonitors of metal contatiaindecause of their wide distribution
throughout in Korean costal regions. Cadmium was afithe major contaminants that was
toxic to living organisms and was widely distribdities the marine environment. Lead was
exerts toxic effects at lower concentrations thaanyn other metallic contaminants.
Therefore, the aims of the present study are (@véduate the concentration of trace metal
in seawater, sediment and clam at different clamfaites and (b) to investigate
accumulated tissues and the effect of Cd and Pbsexe on the activities of protective
antioxidant enzymes in the gill and digestive gaodlthe clamR. pillippinarumin order
to explain accumulation and elimination Cd andPbssues.

Concentrations of trace metals (Cu, Cd, Pb, Gr, e, Zn) determined in different clam
farms seawater, sediment and clams. Each metakntmation, Cu, Pb, Zn, were appeared
to be the highest the clam farm of Jinhae. Fort@&,mean value was recorded at 2.40 +
0.69ug/L and Pb of mean value was at 2.07 + QugA_. Zn of mean value concentration
was at 6.83 £ 1.6Rg/L. The highest As of mean value concentrationasueed in Sacheon

clam farm. This mean value was 5.42 + 58L.. Cd, Cr, Se mean values concentrations
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were similarity in all clam farms. As a whole, teametal concentrations in seawater of
Goheung clam farm were observed lower than ther alaen farm. The concentrations of
Cu range between 44.3%/g and 50.051g/g in the Jinhae clam farm, while the range
28.07 ~ 37.84ug/g and 18.78 ~ 29.04ug/g in the Sacheon, Goheung clam farm,
respectively. The highest concentration of Cd (0£30.03 ug/g dry wt.) was found at
Jinhae clam farm. Pb was quite high (59.11 ~ 7R@§ dry wt.) in the sediment clam farm
of Jinhae. The highest concentrations of Cr rarejevéen 82.00 and 85.&/g dry wt. in
the Goheung clam farm. The concentrations Zn werg kigh (191.76 ~ 235.72g/g dry
wt.) in the sediment clam farm of Jinhae. As a ltesll trace metals concentrations of
sediment except Cr were the highest the clam fafmliohae. Cu, Cr, As, Se, Zn
concentrations in gill was higher than other tissaé all sampling site. The highest Cr
concentrations in clam tissues were recorded 2.18@&ug/g, 2.00 = 0.86ug/g in gill at
Jinhae and Sacheon, respectively. The highest As;oBcentrations in clam gill tissues
were recorded for Sacheon (73.40 + 12.91u84, 7.62 + 1.89 Sag/g) clam farm. The
highest Zn concentrations in clam tissues wererdszbfor Jinhae (e. g. 114.24 + 13.65
pg/g in gill) clam farm. In conclusion, trace metbncentrations in clam tissues of
Goheung clam farm were observed lower than therattean farm and were recorded
highest trace metals concentrations of gill inc¢laan tissues.

Cd accumulation and depuration were assessed iistes oR. philippinarumin four
experimental concentration (10, 20, 100, 2@fL) over eliminated period 1 week after
exposed periods 2 weeks. Cd accumulated in thestilrgeglands, gills and residue tissues
of the clam and the accumulation increased with tiime" of exposure (2 weeks) and
concentration (over 10Qig/L),~and the depuration decreased with below 1@0L
concentration. At 2 weeks of Cd exposure, the oodl€@d accumulation in tissues was gill
> digestive glands > residue tissues. An inversatiomship was observed between the
accumulation factors (AF) and the exposure levelf AF showed an increase with
exposure time. During the depuration periods, Quceatration in digestive glands, gill and
residue tissues decreased immediately followingetige of the exposure periods except 200
ug/L concentration. The order of Cd elimination ratetissues were decreased digestive

glands > gill > residue tissues during depurati@miquls. SOD activity no significant
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differences in the digestive glands of the clameobsd during total periods. And gill only
significantly deceased at 2(@/L concentration in 2 weeks. GPx activity was oted at
200 ug/L concentration in 2 week decreased significantthe digestive glands and
observed over 10@g/L concentration in 2 week decreased significanthe gill. GR
activity significantly increased at 2@@/L concentration for total periods in the gill,tmo
activity observed in the digestive glands. GSTvatgtisignificantly increased over 1Q@/L
concentration for 1 week in the gill, and no obserafter 2, 3 weeks. The digestive glands
were observed significant increased at 2@0L concentrations in 1 week, significant
decreased at 2Q@)/L concentration in 2, 3 week. GSH activity waseitved significantly
increased at 200g/L concentration in total periods in the digestgtand. In the gill, GSH
activities were increased at 2Q@/L Cd exposure group during 1 week, and then
significantly increased at the 100 and 2@fJL Cd concentrations in 2 week. But, it was
significantly decreased at 2Q@/L Cd concentration-during the depuration peritrd.
digestive gland and-gill, Malondialdehyde activiof Cd exposed to clams were
significantly increased at the 2Q@/L, and then were no significant difference each C
concentration in 2, 3 week

Pb accumulation and depuration were assessed itisthes ofR. philippinarumin four
experimental concentration (15, 30, 150, 3@fL) over eliminated period 1 week after
exposed periods 2 weeks. Pb accumulated in thestdigeglands, gills and residue tissues
of the clam and the accumulation increased with tilre of exposure (2 weeks) and
concentration (over 15Qig/L), and the depuration decreased with above A§Q
concentration. At 2 weeks of Pb exposure, the oofi&b accumulation in tissues was gill
> residue tissues > digestive glands. A direct prbpn relationship was observed between
the accumulation factor and the exposure concémiatat 1 week. Moreover the
accumulation factor in over 1%@/L increased with 2 week. During the depurationqais,

Pb concentration in digestive glands, gill and otissues decreased immediately following
the end of the exposure periods above 150 andu800concentrations. The order of Pb
elimination rate in tissues were decreased digegfiv > digestive gland > residue tissues
during depuration periods. SOD activity signifidgntlecreased at 150 and 3@@/L

concentration in 2 week in the digestive gland,imusignificantly decreased for depuration
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period. And gill showed decreasing level after 3kgee(150 and 300 ug/L).
Malondialdehyde activity of gill and digestive gthshowed decreasing level after 2weeks
and 3weeks (300g/L). Glutathione activities in digestive gland agitl were decreased for
all experimental periods at 150 and 3@@/L. Glutathione peroxidase activities were
decreased all experimental concentrations excepudlb at 2weeks. Glutathione S-
transferase activity which is protecting againstgen toxicity was increased in 3R@/L at

2 weeks. Glutathione reductase activity in gill vedéessated 150 and 3Q@/L at 1 week.

In conclusion,R. philippinarumcan be considered a good bioindicator for Cd abd P
exposure. Antioxidant enzyme activity in the digesiglands and gill can be considered a
potential biomarker of sub-lethal stress as a tedfuéxposure to cadmium and lead. The
choice of the tissues for determining the effectrate metals also has advantages from the
experimental point of view, because a smaller nunaibespecimens will be necessary for
analyzing enzyme activity. Although direct metakgme interaction in the case of Cd and
Pb cannot be eliminated as a possibility, the rposibable cause of the response measured
in this study is adaptive reaction to stress. Ninedess, experiments carried out at
environmentally relevant concentrations and figlthples will be necessary to confirm the

usefulness of antioxidant enzyme as a biomarkstress by trace metal.



Chapter 1
General introduction

High metal concentrations in the environment aserésult of both natural and
anthropogenic sources. The accumulation of metalgaiers and sediments affects
various organisms in the environment, influencimgirt functions in several
different ways (Duquesnet al, 1995; Regoli and Principato 1995; Temataal,
1997). The pollution levels of the aquatic envire@mnby trace metals can be
estimated by analyzing water, sediments and maniga&nisms. The levels of trace
metals in mollusks and other invertebrates arenofiensiderably higher than in
other constituents of the marine environment. Caoeghdo sediments, seawater
and mollusks exhibit greater spatial sensitivityl dherefore, is the most reliable
tool for identifying sources of biologically avdile trace metals contamination
(Thomsoret al, 1984; Szefer, 1986). The coastal region receiMasge amount of
metal pollution from coastal towns, industrial dusvand rivers. Pollution by trace
metals is a serious problem due to their toxicitg #éheir ability to accumulate in
the biota (Islam and Tanaka, 2004). Therefore, &ergegnation of metal
concentrations in organisms should be part of asessment and monitoring
program in the coastal region. In the case of methls marked bioaccumulation
potential reflects a number of factorsi Y ecological (e. g., close contact with
sediments, known to constitute a major environmesiak for metals); {i)
physiological (e. g., important filtering activity satisfy respiratory and nutritional
needs); andi{i) biochemical (e. g., metal tolerance strategied thvolve metal
sequestration rather than metal exclusion or ehtion).

The coastal part of this continental shelf is thestisensitive, as it receives large
amounts of contaminants introduced by domesticustriéal and agricultural
activities, directly or via rivers or through atrpberic deposition (Zoller and
Hushan, 2000; Useret al, 2005). In most cases, the impact and synergffécts
of contaminants on marine ecosystem are poorly kn@weller, 2006). The early



identification of inorganic contaminants such acér metals, which are all toxic
above a specific threshold of bioavailable levelg¢lksezginet al, 2006), is
essential to avoid damage to marine biogenesisiftét al, 2006).

The determination of trace metals concentrationseawater may represent a
useful tool to evaluate the quality of the marim@imnment and can elucidate the
mechanisms of pollutant transfer among abiotic cammpents and biota. The
toxicological assessment of water contaminatiorough sub-lethal bioassays
becomes relevant because they allow the early titmteof adverse effects on
particular test organisms. Laboratory tests fat#itdata interpretation and validate
their responses as a monitoring index (BourdouRibeyre, 1997). For the water
quality management in aquatic ecosystems, it iomapt to be able to predict the
impact of chemical and toxic effects on aquaticcggse It must be taken into
account that mussels are powerful filter feededs each individual filters around
15 n? of water every year. This means that they canraatate toxic substances
dissolved in sea water or that is associated witenal in suspension, and because
of this they are used as bioindicators to monitarine contamination (Besa&
al., 2002). Active bio-monitoring is now commonly ds® evaluate sea water
quality using bio-markers measured in transplantedsels (Romeéet al, 2003 a,
b; Andral et al, 2004). Some studies have shown significant amsooh trace
metals in the soft tissues of mussels (Otero amddrelez-Sanjurjo, 2000). These
metals become incorporated into the sediment afikzase from the mussels
themselves or through the faecal matter that theglyze.

Marine sediments are the ultimate sink of tracemelgs in the marine
environment. Sediment-incorporated trace elemeatad stay fixed in the solid
phase but they can be partly remobilized in poreewhy physical, chemical and
biological processes. Sediments are not only avesdor contaminants, but also
a source of toxicants for marine animals (Larigal, 1996; Ficheet al, 1998).
Thus, sediment bioassays constitute an importag st the assessment of the
marine environment quality, providing an integrateeasure of toxicity, and they
are becoming widely used tools in monitoring proggapermissions for dumping



dredging material, and other regulatory activit®sdiment analysis is a sound tool
for the assessment of marine pollution as settkedigies on the seafloor with
different chemical constituents reflects long-tetmanges in the marine ecosystems.
In addition, concentrations of trace metals in sediments are much higher than
overlying water, permitting us to determine theeiested metals accurately in
sediment phase (Libes, 1992).

Molluscs are mainly consumers of the first ordertlie food chain and can
accumulate a high amount of trace metals withoutitetvng marked visible
physiological effects. Bivalves are considered #ené candidates for use as
biomonitors of coastal contamination, but the rated routes of metal uptake in
these biomonitors are not well understood. Thusy thre able to bioaccumulate
environmental pollutants, reflecting the degregalution of their ecosystem. In
natural environments, bivalves can accumulate métam both ambient seawater
and ingested food. Also, they can easily be trarefie from control to
contaminated areas, which make them quite apptepioa studying the impact of
pollution sources in field studies. There are evewer studies which have
considered the biokinetics of metal uptake in igalfrom tropical or subtropical
waters (e.g. the black mus$#ptifer virgatusWang and Dei, 1999a).

Cadmium (Cd) is a non-essential element that haersdoxic effects on aquatic
animals when present in excessive amounts (Sorerd€91). Several studies
indicate that cadmium accumulation in mollusks Wwaih dose and time dependent
(Badino et al, 1991; Roesijadi and Unger, 1993; Wang and EvdrR83).
Accumulation of cadmium by aquatic animals can oagther via direct uptake
across body membranes or via indirect uptake bgraben from digested food in
the gut tract, and the relative importance of thesmzhanisms probably varies
among animals (Abel and Barlocher, 1988). Of the twptake patterns, direct
uptake involves the transport of ionic or complexadimium to receptor sites,
followed by transfer through membrane of an anirirainost cases, only the free
metal ion is expected to interact with the bindsitg and the extent of binding
would depend on ion activity.



While various sources of lead (Pb) (e.g. minindinmeg, coal burning and
gasoline) are important, dust deposition today resna significant component of
the elevated lead flux. With respect to lead coivation in the oceans, domestic
effluents and industrial activity have been ideatifas significant sources, but the
primary one is the atmospheric input (Brown and |IBage, 1998). Besides
provoking acute toxicity effects which may arisehagh lead concentration, a
variety of sub-lethal toxic responses can occusrganisms at much lower levels
of the contaminant in marine waters (Luoma and é2aft991; Depledget al,
1995). In case of lead contamination, a proportibthe Pb in seawater occurs in a
soluble form; therefore direct uptake from solutishould be a quantitatively
important process in marine organisms (Schulz-Bald874). Lead is of concern
in some coastal waters as a contaminant derivedcipélly from industrial
pollution, and it is therefore periodically measiurén large national and
international monitoring programs (O’Connor, 199Phe accumulation pattern in
animals is dependent not only on uptake but alstherdepuration rate which was
reported in some mussels to'be an exponential ibmaf exposure time (Haet
al., 1993).

Antioxidant systems: are efficient protective medbians against chemical
reactive species produced by endogeneous metabatisiy the biotransformation
of xenobiotics. The activity of these systems mayitduced of inhibited after
chemical stress. An induction can be consideredadaptation, allowing the
biological systems to-partially or totally overcosteess resulting from exposure to
an unsafe environment. Thus, the parameters obxadéint systems could be
useful biomarkers reflecting not only exposure ¢mtaminants, but also toxicity.
The parameters studied include antioxidant enzysuek as superoxide dismutases
(SOD), glutathione peroxidase (GPx), glutathionduotase (GR), glutathione S-
transferases (GST) and reduced glutathione (GSED &etabolises superoxide
anion into less reactive species, molecular oxyaygh hydrogen peroxide ¢8,).
GPx is an antioxidant enzyme that reduces orga@ioxides, by means of GSH,
which is oxidized in GSSG at the end of the react®SH can be regenerated by



glutathione reductase which reduces GSSG in theepoe of NADPH. GST
catalyse the conjugation of the sulphur atom ofaghione with a large variety of
electrophilic compounds of both endobiotic and >wmotic origin. And,
cytotoxicity as reflected by lipid peroxidation (O was noted in the cases where
the antioxidant defenses were the lowest, whiclvigeal support for the use of
these parameters as biomarkers for toxicity. Onidalamage, by means of lipid
peroxidation, must be evaluated in order to esthbthe possible relationship
between cytotoxicity and antioxidant system distmdes. These biochemical
parameters had already been compared in musseidficlean and polluted sites,
providing some useful indications on their potdrdis biomarkers of contaminant-
mediated oxidative stress (Regoli and Principa®95).



Chapter 2.

Trace metal concentrationsin the aquatic environment

2.1. Introduction

For the maximum utilization of Korea’s abundant mearresources in coastal
waters, it is necessary to protect the water quaBince trace metals, being
persistent, are accumulated in sediments and isidtee marine environment, they
comprise an essential class of the critical paotitgao be monitored (Leet al,
1998). In coastal bay, metals can enter surfaceers/aprincipally through
atmospheric deposition, industrial effluent disgearand streams. Wastewater
discharges from various locations are the majorcgsuof organic and inorganic
pollutant in the coastal water ecosystems. Urbahimaghustrial activities in coastal
areas introduce significant amounts of pollutairislding trace metals) into the
marine environment. Unfortunately, monitoring data lacking in most regions
where anthropogenic activities are well develoget] especially in the Korean a
clam farm.

There is currently a great deal of interest in gdiving organisms as pollution
biomonitors in aquatic ecosystems, given that thethod that has been used
traditionally-chemical analysis of the water-does provide information on the
bioavailability of metal concentrations in watertesf lies near or below the
detection limit of instruments and. they fluctuat@aslically, depending on water
flow and intermittence of discharge (Rainbow, 1998arine sediments represent
the final repository of most contaminants and el@siearried to the oceans by
rivers, but also play a key role in estuarine syst@s potential sources and sinks
for these substances. The fate of these substamaEdiments is related to the
nature and extent of biogeochemical transformatiagswell as their relative
mobility or degradation under varying redox corafi§. In addition, adjective



processes such as resuspension and bioturbatiomeiwain these substances to the
water column where they may become available fdakeby the pelagic biota.
Processes which contribute to sediment remobitimaéind redistribution include
shear stresses imposed by tidal currents, distagbdny wave action and
bioturbation by burrowing marine animals (Jagioal, 1993). With respect to
contaminated sediment, bioavailability may be defimas the maximum amount of
a contaminant which is available, or solubilizedthe environment of an organism.
Bioavailability is, therefore, a complex concepics it is species-, sediment- and
chemical-specific, and is not necessarily equivalerthe amount of contaminant
which is absorbed into the tissue of an organismvexheless, a general
understanding of the mechanisms and extent to wdvakaminants are solubilized
in the environment is essential in order to imprane ability to predict the
potential environmental and ecotoxicological imgaatising from contaminated
sediment.

The overall range of concentrations in the coastaters of the central
Mediterranean is 0.01 ~ 0.6&)/L for cadmium (Manfra and Accornero, 2005).
Typically, the concentration of dissolved leadawimoderately anthropogenically
impacted waters is < 1@g/L, with levels reaching > 20@g/L in highly
contaminated locales (Dassenakis al, 1997). Under normal conditions,
waterborne lead falls within the range of 0.000620mg/L (Demaycet al, 1982)
through concentrations as high-as 0.89 mg/L haee beported (Research Triangle
Institute, 1999). Upon occupational chronic expesta inorganic forms of lead
(Pb) and cadmium (Cd), nephropathy may be occuwbih usually starts
insidiously. A cascade of events may develop leadtiom initial dysfunction and
focal damage to a clinically detectable disease Kiineys are usually the most
critically affected organs in occupational expostweCd, known to adversely
interfere with the renal handling of plasma deriypedteins (Muelleret al, 1998).
Tubular proteinuria needs also to be considerednaadverse effect attributed to
Cd exposure, because it can lead to irreversibial @amage associated with an
exacerbation rate and a decrease in the filtratserve capacity (Satarag al,



2003). Chronic massive exposure to Pb produces théogaal, cardiovascular,
neurological, and renal adverse effects; notablggmssive tubulointerstitial
nephropathy that develop insidiously and leadsdody failure.

Of the wide variety of organisms which can be ugediomonitoring, shellfish
are favored as they meet the general requiremdnidomonitors (Phillips and
Rainbow, 1992), and in particular because of tbéin widespread distribution,
ecological importance, sedentary nature, relativégh tolerance to pollutants,
bioaccumulation of chemicals, and ability to bengga@lanted and held in cages
(Farringtonet al, 1987). Clams have been selected as indicat@n@gs world
wide because of their abundance, ubiquity, lorg dipan, high filtration rate, and
especially, because of concern in the sea. In Kocedtivation of the clam
(Ruditapes philippinaruinis the important activity, with an annual prodantof
14,327 metric tones, which represents 4% of skhlliquaculture production in
Korea (Statistical Year Book of Maritime Affairs Bisheries, 2006). Therefore, the
aims of the present study were (a) to evaluatetmeentration of trace metals in
seawater, sediment and clam at different clam-faites and (b) to evaluate the
relationship between metal contents of seawatedjm&mt and clam tissue
concentrations.



2.2. Material and methods

2.2.1 Sampling areas

Samples were collected in three stations, Jinhaehe€dn and Goheung, located
on the south shore of the Korean (Fig. 2-1). Oy, Juligust, December of 2004
and January of 2005 we sampled three sites. JisHaeated at the southern tip of
Korea peninsula, 128°50°34” of east longitude &fd @ 34" of north latitude. This
region is the center of machine industry in Kor@ag beside to Busan that is the
second largest city in Korea. Sacheon is stratégiosportation point with-
developed air, sea and land transportation netwidris region is hub of high-tech
aerospace industry, such as Korea Aerospace liekiditd., and other foreign
companies. Goheung, located in the southern mostreity of the Korean
peninsula, has the depth on the coast is low ardspacious reclaimed land
spreads the coast so that it has become adequatgdwing various kinds of
shellfish and seaweeds.

Seawater samples were collected at the three damsfusing the water sampler,
and then were kept in 1-L acid washed polyethylesiies and were later filtered
through the 0.4%m membrane filter and acidified with concentratédmacid to
a pH of 2. The acidified samples were kept at 48Cnfetal analysis. Sediment
samples were taken using Van-Veen Grab from sudadanents. The top 20 cm
of the bottom sediment was obtained using this sampgquipment. The sediment
was kept in a polyethylene bottle and later freelresdd in the laboratory. The dried
sediment samples were keptin_desiccators for duriénalysis. Clams were
collected from the sediment where they usually tedelThese were commonly
found fine sediment that consisted of silt, finedand organic materials such as
vegetation debris. At each site one-hundred sampiesurface sediment were
collected. All specimens collected were segregatecbrding to the sampling
station. After collection, the clams were allowedflush out undigested matter in
filtered seawater from the sampling sites for 24 h.
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2.2.2. Metal analysis

Acidified seawater (80 ml) was placed in a scoap polypropylene separating
funnel (Nalgene 125 ml) using a 100-mL measuririjmdegr. The separating funnel
was mounted in a Lab-Line Multi-Wrist Shaker. ThHé was adjusted to 4.5 with
buffer (0.73 ml), as determined on a separate septative sample that was not
extracted. Finally, 10QL of 0.5% each APDC/NaDDC complexing agent and 5 ml
of DIBK were added. The samples were shaken at 1@®0with 1-cm amplitude
for 10 min and allowed to stand for 5 min for phaeparation. The lower seawater
phase was drained and retained for Mn analysiegfiired). Using an adjustable
pipette, fitted with a long tip, 4.5 ml of the DIBphase was withdrawn and placed
in a 10 ml screw-cap polypropylene, tapered, ciige tube. One ml of Hg
solution (100 ppm) was added and the tube was shakéand for 2 min for back-
extraction. After phase separation, 3 ml of the enpPIBK was removed by
adjustable pipette, and 0.9 ml of the lower aquguh&se was transferred to an
autosampler cup for ICP-MS" (Elan 6000, Perkin-e)memalysis. Blanks were
determined by extraction of 80 ml of acidified aHpure water.

Dried sediment samples were ground to a size ofm@3hes, weighed to
approximately 0.5 g into the digestion vessels. $&éaiments were digested with
10 ml of concentrated nitric acid and 1 ml of cartcated hydrochloric acid using
the microwave. The digested contents were filtedddied to 100 ml in volumetric
flasks. Heavy metal contents were analyzed usifgMS.

The clam soft tissues of 10 individuals from eadcation were carefully
removed by shelling the clams with a plastic knifesy were then freeze-dried and
ground to a fine powder in mortar before analyEie resulting powder underwent
microwave acid (HN@Suprapur) digestion. Following acid digestion,samples
were analyzed using ICP-MS.
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2.2.3. Biochemical analysis

Eight clams were removed from each station redtaur clams were measured
and the gill, digestive glands dissected, weighHeazen stored at -80 until
analyses of antioxidant enzyme activities, MDA, GSk$sues were homogenized
in 0.5 M sucrose and 0.15 M NaCl in 0.02 M Tris-H@H 7.6). The homogenates
were centrifuged at 500g for 15 min aiC4and the resulting supernatant at
12,000xg for 30 min at@. SOD, GR, GST, GPx activities were measured in the
supernatant. MDA activities were measured pre-diaged homogenated tissues.
Reduced glutathione (GSH) activity measured therotbur clams. Tissues were
dissected, homogenized 10% HGl@nd followed centrifuged 50009 for 15 min.
The resulting supernatants measured GSH determmati

SOD activity was evaluated with the xanthine oxeédagtochrome ¢ method as
described by Flohe-and Otting (1984). The cytoclmanteduction by superoxide
anion radicals -generated by the xanthine oxidagestgnthine reaction was
monitored at 550 nm. One unit of SOD agcitivity iimied as the amount of sample
causing 50% inhibition of cytochrome c reductiom@nthe assay conditions. The
SOD activity in the tissues of the clams was exg@dsas U mg/ total protein.

Gutathione reductase (GR; EC 1.6.4.2) activitg wssayed according to Carlberg
(1985) in 1 unit of glutathione reductase contait®@ mM potassium phosphate
buffer (pH 7.5) 10QiL, 2 mM oxidized glutathione 500L, 3 mM DTNB 250uL,

2 mM NADPH 50uL, enzyme sample 10GL. The decrease in absorbance caused
by total volume 1 ml was measured at 412 nm.

Glutathione peroxidase (GPx; EC 1.11.1.9) wassonea as described by Paglia
and Valentine (1967) against hydorgen peroxidgdgHor cumene hydro-peroxide
(cumOOH). Briefly, 0.1 ml of material was addedotatain 1 ml of a final mixture
containing 0.05 M Tris-HCI buffer (pH 8.0), 0.5 mEDTA, 10mM sodium azide,
50 mM reduced glutathione, 10 IU of glutathioneugdse, 5 mM NADPH, and
the reaction was started with either 6 miOgor 12 mM cumOOH (in relation to
the final concentration). Activity was calculated the basis of the decrease in
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absorbance at 340 nm after the subtraction of @ shthon-enzymatic NADPH
oxidation.

Glutathione-S-transferase (GST; EC 2.5.1.18)viigtiwas estimated from the
increase in absorbance at 340 nm in 1,5 ml of 33TMtHCI buffer, pH 6.0, with
7.5 mM reduced glutathione (GSH) including 0.5 nfil axtive material. The
reaction was initiated by 1@ of 15 mM 1-chloro-2, 4-dinitrobenzene (CDNB) to
obtain its final concentration of 1 mM (Habig aratdby, 1981a, b).

Lipid peroxidation (polyunsaturated fatty acid pedes generate
malondialdehyde; MDA) activity was according to d@nd Steven (1978) method.
MDA activity was 1 ml homogenized tissues were ad#il8% wi/v trichloroacetic
acid, 0.375% thiobarburic acid, 0.25N hydrochl@iid contained TCA-TBA-HCI
reagent. The mixture was heated in at water-baffC1fbr 15 min. After cooling,
supernatants centrifuged 1000g for 10 min, and theasured absorbance at 535
nm.

Reduced glutathione (GSH) content was determinatedrding to Richardson
and Murphy (1975). The reaction mixture containe@l® 5, 5'-dithiobis, 2-
nitrobenzoix acid (DTNB), 0.1M PBS buffer (pH 8.06SH standard curve
performed 10nM reduced glutathione standard salutithe linear increase in
absorbance was recorded at 412 nm.

Total protein concentrations according to Bradf@d@/6) by using bovine serum
albumin (BSA) as standard.

2.2.4. Statistical analysis

Data are expressed as mean + standard error (8IEstatistical analysis was
performed using SPSS/Pc+ statistical package. Roicanalysis, all data were
tested for homogeneity of variances among groupegughe Barttlett test.
Comparisons in normalized data between controlteeatments group were made
by one-way analysis of variance (ANOVA) followed Hyuncan's multiple
comparisons test of mean values if significantedéhces were found (P < 0.05).

13



2.3. Results

2.3.1. Trace metal concentration in the seawatgisadiment

Concentrations of trace metals (Copper: Cu, Cadmi@d, Lead: Pb,
Chromium: Cr, Arsenic: As, Selenium: Se, Zinc: determined in the three clam
farm seawater are presented in Table 2-1, 2-2, PH& highest Cu, Pb, Zn
concentrations of trace metals found in Jinhae dem. For Cu, the mean value
was recorded at 2.4& 0.69ug/L and Pb of mean value was at 2.7 0.48ug/L.
Zn of mean value concentration was at 6:831.65ug/L. The highest As of mean
value concentrations measured in Sacheon clam feinis. mean value was 5.42
* 5.55ug/L. Cd, Cr and Se mean values concentrations giaidarity in all clam
farm. As a whole, trace metal concentrations inveg¢er of Goheung clam farm
were observed lower than the other clam farm.

Average sediment metals concentrations and ramgebéd three clam farms are
presented in Table 2-4, 2-5,2-6. The concentrat@nCu range between 44.15
pg/g and 50.05ug/g in the Jinhae clam farm, while the range 28-087.84u9/g
and 18.78~29.04ug/g in the Sacheon, Goheung clam farm, respectivdig Cu
concentrations at Jinhae found higher than ther adi@pling regions. The highest
concentration of Cd (0.3% 0.03 ug/g dry wt.) was found at Jinhae clam farm.
The concentrations of Cd measured in sediment warged from 0.17 to 0.19
ug/g in the Sacheon clam farm and 0.08 to u@Ryin Goheung clam farm. Pb
was quite high (59.11 ~ 73.Qf)/g dry wt.) in the sediment of Jinhae clam farm.
The concentration of Pb ranges between 36.35 aifih 4d/g in the Sacheon clam
farm. Low levels of Pb (31.63 ~ 48.34/g dry wt.) were measured in Goheung
clam farm. The highest concentrations of Cr ranggvben 82.00 and 85.®)/g
dry wt. in the Goheung clam farm. The low Cr valuese observed in the Jinhae
and Sacheon, ranging from 55.97 to 6440F/g and 65.47 to 69.06.g/g,
respectively. The concentrations Zn were very if1.76 ~ 235.79/g dry wt.)
in the sediment of Jinhae clam farm. The concentratof As, Se in three clam
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farm were generally similarity. As a result, alade metal concentrations of
sediment except Cr were the highest in the Jinlzae farm.
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Table 2-1. Concentrations of trace metaig/l() in seawater of the different clam

farms for summer.

Trace Site
metal Jinhae Sacheon Goheung
c 1.75~4.48 1.55 ~3.70 0.05 ~ 3.03
u
(2.62 £1.10) (2.28 £ 0.76) (2.03 £ 1.06)
cd 0.05~0.10 0.03 ~ 0.06 0.03 ~0.09
(0.07 £ 0.01) (0.05+£0.01) (0.07 £ 0.02)
Pb 1.69~3.36 1.24 ~3.20 0.36 ~ 2.62
(2.37 £0.73) (1.88 £ 0.69) (1.38 £ 0.85)
c 0.08 ~0.14 0.10 ~0.15 0.09 ~0.11
r
(0.11 £ 0.02) (0.12 £ 0.02) (0.10+£0.01)
A 1.35~7.72 1.09~6.77 1.20~7.32
s
(3.75.+£ 2.39) (3.68 £ 2.67) (3.54 £2.74)
e 0.01 ~0.05 0.01~0.02 0.01 ~0.05
(0.03 £0.02) (0.01 £ 0.00) (0.03£0.02)
. 422 ~7.28 228~17.12 1.99 ~ 3.67
n
(5.31+1.20) (4.18 £ 2.19) (2.75 £ 0.66)
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Table 2-2. Concentrations of trace metaig/l() in seawater of the different clam

farms for winter.

Trace Site
metal Jinhae Sacheon Goheung

c 1.37 ~4.10 0.49 ~ 1.65 0.45~2.30
u

(2.19+£1.09) (1.05+£0.49) (1.36 £ 0.93)

cd 0.04 ~0.09 0.03~0.04 0.02 ~0.03

(0.05 £ 0.02) (0.03+£0.01) (0.03+£0.01)

Pb 1.08~2.38 0.39 ~2.49 0.59~1.91

(2.70 £ 0.42) (1.05 +£0.82) (2.27 £ 0.50)

c 0.10 ~0.21 0.10 ~ 0.22 0.21~0.25
r

(0.16 £ 0.05) (0.16 £ 0.05) (0.23 £0.02)

A 1.11 ~4.12 1.01~1.60 0.96 ~ 3.23
s

(2.10+ 1.36) (1.27 £ 0.21) (1.91+£0.88)

e 0.01~0.02 0.01~0.03 0.02 ~0.04

(0.01 £ 0.00) (0.02£0.01) (0.03+£0.01)

. 3.42~8.44 1.39~3.23 0.55~6.04
n

(6.68 + 2.15) (2.13+£0.64) (3.27 £ 2.66)

17



Table 2-3. Concentrations of trace metaig/l() in seawater of the different clam
farms for month 7, 8, 12 and 1 at 2004-2005.

Trace Site
metal Jinhae Sacheon Goheung

c 1.37 ~4.48 0.49 ~ 3.70 0.05 ~ 3.03
u

(2.40 £ 1.07) (1.66 £ 0.88) (2.70+£1.01)

cd 0.04 ~0.10 0.03 ~0.06 0.02 ~0.09

(0.06 £ 0.02) (0.04 £0.01) (0.05+£0.03)

Pb 1.08 ~3.36 0.39 ~ 3.20 0.36 ~ 3.62

(2.03 £ 0.66) (1.47 £0.84) (1.32+0.67)

c 0.08 ~0.21 0.10 ~ 0.22 0.09 ~0.25
r

(0.13 £ 0.04) (0.14 £ 0.04) (0.17 £ 0.07)

A 1.11~7.72 1.01~6.77 0.96 ~ 7.32
s

(2.92 £ 2.04) (2.48 £ 2.20) (2.93 £ 2.21)

e 0.01~0.05 0.01~0.03 0.01 ~0.05

(0.02 £0.01) (0.02£0.01) (0.03+£0.01)

. 3.42~8.44 1.39~7.12 0.55~6.04
n

(5.99 +1.81) (3.15+1.87) (3.01+1.86)
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Table 2-4. Concentrations of trace metaig/l() in sediment of the different clam

farms for summer.

Trace Site
metal Jinhae Sacheon Goheung
c 39.20 ~68.30 30.69 ~ 46.49 20.27 ~ 34.62
u
(49.04 £ 10.24) (34.81 +£5.88) (24.59 + 5.45)
cd 0.24 ~0.39 0.15~0.20 0.07~0.14
(0.33+£0.05) (0.17 £ 0.02) (0.09 £0.03)
Pb 58.17 ~ 85.33 35.19 ~ 51.93 29.34 ~ 41.25
(71.08 £ 9.41) (41.86 £ 7.84) (33.73 £ 4.67)
c 50.57 ~ 64.55 64.24 ~71.18 76.31 ~ 87.88
r
(56.28 £5.21) (67.02 £ 2.83) (82.76 + 4.30)
A 13.07 ~ 14.11 9.55~ 10.69 8.62 ~ 10.88
s
(13.45+ 0.38) (10.17 + 0.40) (9.71 £ 0.88)
e 0.05~0.30 0.11~0.59 0.05~0.17
(0.19 £ 0.09) (0.29 £ 0.16) (0.12 £ 0.04)
. 173.84 ~ 256.10 142.44 ~ 172.66 115.07 ~ 134.35
n

(225.20 + 29.37)

(156.52 + 10.02)

(122.86 + 6.94)
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Table 2-5. Concentrations of trace metaig/l() in sediment of the different clam

farms for winter.

Trace Site
metal Jinhae Sacheon Goheung
c 39.45 ~ 49.20 20.71 ~ 35.82 18.41 ~ 34.15
u
(44.43 £ 4.04) (29.31 £ 5.71) (23.91 £ 6.63)
cd 0.25~0.32 0.14 ~0.26 0.05~0.25
(0.29 £ 0.03) (0.18 £ 0.05) (0.10 £ 0.07)
Pb 53.25~65.83 31.60 ~ 43.53 31.35~67.69
(60.92 £ 4.44) (36.83 £ 4.45) (39.99 + 14.22)
c 57.30 ~ 66.42 64.39 ~ 73.66 80.87 ~ 87.48
r
(63.32 £ 3.54) (68.81 + 3.35) (84.05 + 2.23)
A 12.95 ~ 15.60 9.04 ~ 11.56 9.86 ~ 10.69
s
(14.23+£0.99) (9.94 £ 1.02) (10.30 £ 0.08)
e 0.19 ~0.55 0.10~0.45 0.02 ~0.25
(0.35+£0.12) (0.25+£0.14) (0.17 £ 0.08)
. 171.35 ~ 210.16 135.60 ~171.31 115.80 ~ 122.81
n

(192.73 + 13.00)

(155.36 + 14.64)

(120.25 + 2.76)
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Table 2-6. Concentrations of trace metaig/l() in sediment of the different clam

farms for month 7, 8, 12 and 1 at 2004-2005.

Trace Site
metal Jinhae Sacheon Goheung
c 39.20 ~ 68.30 20.71 ~ 46.49 18.41 ~ 34.62
u
(46.73 + 7.80) (32.06 £ 6.22) (24.25 + 5.80)
cd 0.24 ~0.39 0.14 ~0.26 0.05~0.25
(0.31+£0.04) (0.18 £ 0.04) (0.09 £ 0.05)
Pb 53.25~85.33 31.60 ~ 51.93 29.34 ~ 67.69
(66.00 £ 8.80) (39.35 £ 6.62) (36.86 + 10.61)
c 50.57 ~ 66.42 64.24 ~ 73.66 76.31 ~ 87.88
r
(59.80 £5.62) (67.92 £ 3.10) (83.41 +3.33)
A 12.95 ~ 15.60 9.04 ~ 11.56 8.62 ~ 10.88
s
(13.84+0.82) (10.05 + 0.75) (10.01 £ 0.70)
e 0.05~0.55 0.10~0.59 0.02 ~0.25
(0.27 £ 0.13) (0.27 £ 0.14) (0.15+£0.07)
. 171.35 ~ 256.10 135.60 ~ 172.66 115.07 ~ 134.35
n

(208.96 + 27.51)

(155.94 + 11.98)

(121.56 + 5.22)
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2.3.2. Trace metal concentration in the tissuadaoh

Table 2-7, 2-8, 2-9 show the levels of trace mefimsd in clam each tissues,
expressed inug/g dry weight, in different sampling regions dgyiduly, August,
December and January, 2004-2005, respectivelyCGUAS, Se, Zn concentrations
in gill was higher than other tissues at all sangBite. Cu concentrations value of
clam tissues in the order was gilldigestive glands > siphon > foot > adduct
muscle at all site. The highest and lowest Cu aainagons in clam gill tissues
were recorded for Sacheon (12.26 2.63 ug/g) and Goheung (7.9& 2.23
pg/g) clam farm, respectively. Also, the highestdBncentrations in clam tissues
were recorded 2.18& 1.80ug/g, 2.00+ 0.86ug/g in gill at Jinhae and Sacheon,
respectively. The highest and lowest As, Se conagons in clam gill tissues were
recorded for Sacheon (73.488 12.91 Asug/g, 7.62 = 1.89 Sepug/g) and
Goheung (32.33t 5.06 Asug/g), Jinhae (4.48t 1.09 Seug/g) clam farm. The
most abundant elements in-clam tissues were Zn. higjleest and lowest Zn
concentrations in clam tissues were recorded fona# (e. g. 114.24 13.65
ug/g in gill) and Goheung (e. g. 55.18 6.69ug/g in adduct muscle) clam farm.

Cd and Pb concentrations in digestive glands wégheh than other tissues,
except for Goheung region. Cd concentrations valuelam tissues in the order
was digestive glands > gill > siphon > feoadduct muscle at Jinhae and Sacheon.
Cd concentrations clam tissues at Goheung in therawas gill >digestive glands
> siphon > foot > adduct muscle, and:was recordeg$t Cd concentration in
clam tissues. Pb concentrations value of claméssuder was digestive glands >
gill > adduct muscle > foet siphon at Jinhae and Sacheon. The highest andiowe
Pb concentrations in clam tissues were recordedifbiae (e. g. 2.14 0.89ug/g
in digestive glands) and Goheung (e. g. 0&730.68 pg/g in digestive glands)
clam farm. Trace metal concentrations in clam #ssof Goheung clam farm were
observed lower than the other clam farm and weterded highest trace metals
concentrations of gill in the clam tissues.
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Table 2-7. Concentrations of trace meta@/l() in the clams of the different clam
farms for summeKD.G: Digestive gland; G: Gill; Ft: Foot; Am: Adduc
muscle; Sp: Siphon)

Trace | Clam Site
metal | tissues Jinhae Sacheon Goheung
D. G 10.10+0.44 11.30 £0.20 6.58 £ 2.29
G. 11.28 + 3.39 12.66 + 1.69 9.24 +0.16
Cu Ft. 6.35+3.41 8.09+1.21 5.75+1.93
Am. 4.68 £ 2.58 6.77 + 3.36 3.66 +0.83
Sp. 7.53+1.79 13.34 + 1.59 6.25+1.68
D. G 1.45+0.20 1.93+1.43 1.78+1.08
G. 1.67 £0.64 1.72 +£0.04 2.57 £ 0.65
Cd Ft. 0.09+£0.01 0.23+0.16 0.24 £ 0.05
Am. 0.28 +0.08 0.26 £ 0.09 0.18x08
Sp. 0.32+0.02 0.38 £ 0.04 0.47 £0.20
D. G 1.63+0.79 2.34+254 0.98 +0.92
G. 1.38+0.50 1.74 4.09 1.28+0.11
Pb Ft. 0.46 £ 0.01 0.79+0.34 0.66 +0.39
Am. 0.52+0.10 0.96 +0.09 0.61+0.42
Sp. 0.40 £ 0.05 0.73 £ 0.50 0.47 £0.31
D. G 1.78 +1.38 1.51 +0.55 0.75 +0.05
G. 2.99+ 2.65 2.25 +1.40 1.35+0.65
Cr Ft. 2.55+2.80 1.46 +1.64 0.65+0.49
Am. 2.68+1.74 2.77 £0.10 1.18 £ 0.37
Sp. 2.26 +1.93 1.46 + 0.67 1.04 £0.22
D. G 2596 £1.13 47.34 + 15.35 20.40 £6.35
G. 44.84 £0.75 64.41 +£8.19 34.63+2.12
As Ft. 16.66 + 4.19 29.05+1.71 11.38 £ 0.65
Am. 9.43 +1.73 20.37 £ 3:39 6.78 £ 0.04
Sp. 26.74 + 0.62 38.99 +8.21 18.47 + 3.92
D. G 2.22+ 0.50 3.13+0.68 2.36 +5.95
G. 411 +£0.60 7.28 £ 3.07 5.95+1.89
Se Ft. 055 +0.03 2.49+2.10 1.55+0.69
Am. 0.51 +£0.06 2.16+£1.79 1.50 £ 0.55
Sp. 1.24+0.12 2.00+1.00 1.55+0.29
D. G 79.70 £ 0.41 76.64 +12.41 56.65 +12.42
G. 124,79 £8.51 110.94 + 0.64 113.74 + 23.61
Zn Ft. 75.17 £ 14.77 82.23+9.41 70.87 £8.21
Am. 59.34 £ 9.20 74.24 +0.76 59.03 + 1.46
Sp. 79.82+£0.12 86.03 + 23.41 66.28 + 7.16
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Table 2-8. Concentrations of trace meta@/l() in the clams of the different clam

farms for winter.

Trace | Clam Site
metal | tissues Jinhae Sacheon Goheung
D. G 8.58+1.13 13.21 + 3.07 6.71+4.71
G 7.58+1.15 11.87 £ 4.15 6.56 +2.76
Cu Ft. 3.83+0.47 10.51 +3.79 3.92+2.07
Am. 3.51+1.01 7.49 £5.27 2.06 £1.23
Sp. 7.25+1.26 10.92 + 3.26 5.84+1.64
D. G 3.07+0.26 2.97 +0.48 1.73+1.25
G. 1.60+0.73 2.19+0.92 3.30+0.27
Cd Ft. 0.15+0.03 0.23 +0.09 0.29+£0.15
Am. 0.17 £ 0.02 0.19+0.21 0.30+0.04
Sp. 0.33+0.01 0.51+0.04 0.58+£0.10
D. G 2.65+0.86 1.33+0.61 0.49 +0.53
G. 1.75+0.94 0.64 + 0.60 0.72+0.44
Pb Ft. 0.20 +0.04 0.20+0.02 0.20+0.23
Am. 0.21 + 0.07 0.22 +0.06 0.08 +0.03
Sp. 0.29 + 0.05 0.12+0.11 0.10+£0.02
D. G 1.35+0.34 2.05+0.88 1.41+0.98
G. 1.37 £0.30 1.75+0.12 1.54+0.72
Cr Ft. 1.11£0.71 1.04 £ 0.20 1.24+0.73
Am. 0.93+£0.41 1.50 + 0.06 1.19+£0.77
Sp. 1.32 £ 0.03 1.19 + 0.45 1.28 £0.21
D. G 49.32 +0.33 75.46 + 7.87 23.45 +8.42
G. 52.15 £ 4.62 82.39 + 10.45 30.03+7.15
As Ft. 23.53+3.48 43.13 +1.89 11.32 + 3.47
Am. 12.91 + 2.61 30.72 £8.40 5.29+1.65
Sp. 33.47 £0.19 48.64 +6.43 21.80 +£1.58
D. G 3.45+0.20 5.07+ 1.01 3.14+1.84
G. 5.64 + 0.94 7.96+0.89 5.23+2.22
Se Ft. 1.29 + 0.07 2.20+0.82 1.40+0.19
Am. 1.22 +0.30 1.86 £ 0.59 1.21 +£0.13
Sp. 1.62 +0.04 2.20+0.14 1.75+0.3
D. G 102.60 + 7.07 97.86 + 4.57 65.17 £ 9.03
G. 103.69 + 6.48 100.35 +£5.89 98.89 +1.40
Zn Ft. 76.79 £ 1.50 88.93 +7.88 68.17 + 9.58
Am. 57.72 £+ 2.60 68.20 £ 7.79 51.17 £ 8.39
Sp. 73.80 £ 2.50 73.12 £0.81 79.72 £ 22.61
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Table 2-9. Concentrations of trace meta@/l() in the clams of the different clam

farms for month 7, 8, 12 and 1 at 2004-2005.

Trace | Clam Site
metal | tissues Jinhae Sacheon Goheung
D. G 9.34+1.12 12.26 + 2.09 6.64 + 3.03
G. 9.43 +2.97 12.26 + 2.63 7.90 +2.23
Cu Ft. 5.09 £ 2.46 9.30 +2.69 4.84 +1.95
Am. 4.09+1.74 7.13 +3.63 2.86+1.26
Sp. 7.39+1.27 12.13+2.52 6.05+1.37
D. G 2.26 +0.95 2.45+1.06 1.75+0.95
G. 1.63 +£0.56 1.95+0.60 2.93+0.58
Cd Ft. 0.12+0.04 0.23+0.11 0.26 £0.10
Am. 0.22 +£0.08 0.22+0.14 0.24 +0.08
Sp. 0.33+0.01 0.44 +0.08 0.53+0.14
D. G 2.14+0.89 1.83+1.62 0.73+0.68
G. 1.57 £ 0.65 1.19+0.96 1.00+£0.42
Pb Ft. 0.33+0.15 0.50+0.39 0.43+0.37
Am. 0.36 +0.20 0.59 +0.43 0.35+0.39
Sp. 0.34 +£0.07 0.42 + 0.46 0.29+0.28
D. G 1.56 + 0.86 1.78 £ 0.68 1.08 £ 0.68
G. 2.18+1.80 2.00 £ 0.86 1.44 + 0.53
Cr Ft. 1.83+1.86 1.25+0.99 0.94+0.61
Am. 1.81+£1.44 2.14 +0.74 1.18+£0.49
Sp. 1.79+1.24 1.32 + 0.49 1.16 £0.22
D. G 37.64 £ 13.51 61.40 + 19.05 21.93+6.34
G. 48.50 £ 5.01 73.40 £12.91 32.33+5.06
As Ft. 20.09 £5.06 36.09 + 8.27 11.35+2.04
Am. 11.17 £ 2.70 25.54 +7.94 6.03+1.29
Sp. 30.10 + 3.90 43.82 +8.20 20.13+3.11
D. G 2.83+0.78 410+ 1.32 2.75+1.15
G. 4.88 + 1.09 7.62+1.89 559+1.74
Se Ft. 0.92 +0.43 2.35+1.31 1.47 +0.42
Am. 0.86 + 0.45 2.01+1.10 1.36 £0.37
Sp. 1.43+0.23 2.10+0.59 1.65+0.20
D. G 91.15+13.84 87.25+14.44 60.91 +10.14
G. 114.24 + 13.65 105.65 +7.01 106.31 +£16.12
Zn Ft. 75.98 + 8.62 85.58 + 8.07 69.52 +7.45
Am. 58.53 +5.60 71.22+5.71 55.10 £ 6.69
Sp. 76.81 £ 3.76 79.58 +15.44 73.00 + 15.74
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2.3.3. Correlation analysis of trace metals in sgaw sediment and clam

There is a significant correlation (p < 0.05) foncentrations of trace metals in
clam tissues relative to their concentrations imwsder (Table 2-10). The
correlation coefficient obtained for Zn was pogtim Sacheon clam (siphon). Cd
and Se in seawater correlated negatively with #oad digestive gland in clam,
respectively, at Jinhae. Inverse correlations ve¢se found Cd and adduct muscle
in clam at Goheung. Out of 105 correlations catedlaonly 4 were significant
(3.8%).

The correlation coefficients between trace metaistents of clam tissues and
farm sediment are listed in Table 2-11. The moghificant correlations were
demonstrated for clam tissues (gill, foot, adductsate) of trace metals (Pb, As
and Se) in sediment at Jinhae. It is positivelyalated with the sediment values,
which were out of 35 correlations, 4 were significél1.4%) only at Jinhae region.
Other regions were no found correlations coeffitsen

26



Table 2-10. Correlation of trace metals in theugss of clam and seawater in
different clam farms.’ (= p < 0.05) are denoted in bold face.

Clam Trace metal
Site

tissues Cu cd Pb Cr As Se Zn

D.G. 0.861 -0.877 -0.330 -0.018 -0.342 0963 0.104
G. 0639 0568 -0.692 -0.092 0.130 -0.843 -0.356
Jinhae  Ft. 0531 .09eg 0797 -0.127 0.258 -0.834 -0.691
Am. 0678 0.883 0.705 -0.306 0.338 -0.799 -0.523
Sp. 0780 0.039 0.903 0.034 -0.308 -0.949 0.333

D.G. -0.130 0.119 0528 -0.500 -0.493 0.849 -0.184
G. 0399 0096 0526 -0489 -0500 0.343 0.429

Sacheon  Ft.  -0.203 -0.704 0.783 -0.293 -0.787 -0.369 -0.904
Am. 0068 -0.442 0654 -0.496 -0.780 -0.346 0.199

Sp.  0.894 -0.642 0.717 -0.806 -0.285 ~ 0.222 (0965

D.G. 0388 0308 0.307 0643 0.880 0.166 0.498

G. 0816 -0925 0.673 0328 0681 0.854 0.069

Goheung = Ft.  0.331 -0.404 0612 0658 0.929 0.743 0.649
Am. 0480 .0gsp 00727 0.131 0773 0.856 0.626

Sp. 0.164 -0.030 0.718 0.700 -0.019 -0.040 -0.788
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Table 2-11. Correlation of trace metals in theuiss of clam and sediment in
different clam farms( = p < 0.05) are denoted in bold face.

Clam Trace metal
Site

tissues  Cu cd Pb Cr As Se Zn

D.G. 0858 -0.774 -0.879 -0.380 0.694 0.905 -0.872
G. 0.897 0244 -0226 -0580 (0958 0969 0.671

Jinhae  Ft.  0.808 -0.724 (0954 -0.526 0.925 0.835 -0.513
Am. 0.654 00944 0847 -0.757 (0982 0.638 -0.254

Sp. 0.410 0250 0565 -0.491 0711 0.819 0.817

D.G. -0.161 0.924 -0.560 0.028 -0.485 -0.048 -0.046
G. 0.578 0.744 -0.191 -0.919 -0.422 -0.460 0.531
Sacheon Ft. -0.044 -0.665 0.073 -0.909 -0.843 -0.840 0.722
Am. 0436 -0.824 0.458 -0.694 -0.923 -0.807 0.806
Sp. 0.391 0.642 -0.096 -0.735 -0.231 -0.575 -0.229

D.G. 0936 0868 0.131 -0.443 0.562 -0.325 0.518
G. 0.769 -0.187 0.148 -0.762 -0.555 -0.672 -0.598
Goheung Ft. 0.720 0.788 -0.07/4 -0.482 0.106 -0.320 0.712
Am. 0.667 0.316 -0.382 -0.891 -0.536 -0.473 0.400
Sp. 0.775 0.777 -0377 -0.381 0.909 0.487 0.022
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2.3.4. Value of biochemical contents in the tissofedlam

At Jinhae clam, the responses were greater inilh&an in digestive glands and
were similar MDA contents. The contents of SOD, GSHDA in the tissues at
Sacheon and Goheung clam were greater in thehgili tn digestive glands. In
contrast, the contents of GR, GPx, GST in the digeeglands were higher than in
gill (Table 2-12, 2-13, 2-14).

In digestive gland, SOD, GR, GST values were sinalaall sampling site, but
that had been little in contents at Goheung claRx @Galues were highest contents
(427.88 £ 93.68) at Jinhae clam, other site contem@ans (289.71 + 46.33, 254.98
*+ 13.54) were similar. At Sacheon, the values oHG&ere higher (1306.96 +
346.53) than the contents of Jinhae (1053.25 +83)3and Goheung (745.62 +
170.75). MDA values were highest in clam at JinfE&07 + 5.24) and in the
order Sacheon (10.20 £ 2.73) and Goheung (7.794) 1in gill, SOD values were
similar at all clam farms and then were low corgemtt Goheung'clam. GR, GPX,
GST values were far the higher contents of Jinla® ¢54.61 + 21.74, 539.60 +
183.16, 188.88 + 125.63, respectively). In caseG8H values, Sacheon clam
contents were highest than other site clam. MDAieslwere lowest contents at
Goheung clam.

SOD values were higher in the gill than in the dige glands at all sites the
difference in up to approximately 2, 3 fold. GR, TG#DA values were higher in
the digestive glands-than iin the gill at Sacheod &oheung clam in up to
approximately 1.5 fold, except Jinhae clam. GPxi@alwere higher in the gill than
in the digestive glands at Jinhae clam in up te)ibut other site was similar. GSH
contents were always higher in the gill than in thgestive glands in all three
sampling sites and the difference in up to appratéhy 2-fold.
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Table 2-12. Values of the biochemical in the claan $ummer in different clam

farms.SOD (Superoxide dismutase, U/min/mg protein), GRif{@hione

reductas, nmol/min/mg protein), GPXx

(Glutathione ropelase,

nmol/min/mg protein), GST (Glutathione-S-transferasmol/min/mg

protein), GSH

(malondialdehydg/M/mg protein)

(Reduced glutathionepM/g  protein), MDA

Jinhae Sacheon Goheung
D.G. G. D.G. G. D.G. G.
oD 40.04 123.30 45.49 99.35 42.55 102.06
+0.19 + 7.54 +1.62 + 35.37 +3.52 +23.29
R 44.14 56.69 55.61 33.52 40.16 28.42
+29.86 +30.32 +38.54 +6.86 +31.83 +20.83
op 338.46 402.60 263.70 342.34 250.24 223.55
X
+32.78 +10.58 + 30.30 +14.01 +20.93 +4.01
csT 147.70 119.14 119.47 89.80 127.08 114.60
+12.80 +28.68 +0.43 +10.52 + 38.87 +35.10
csh 1096.06 2356.03 1495.72 2657.76 880.59 2162.36
+179.27 +244.75 | +334.36 | +76856 | +74.28 +194.65
MDA| 10.43 + 3.97 12.62 + 0.8¢ 8.70 + 1.20| 9.24 + 1.00{10.33 + 3.5] 8.67 + 0.79
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Table 2-13. Values of the biochemical in the clamvfinter in different clam farms.

Jinhae Sacheon Goheung
D.G. G. D.G. G. D.G. G.
oD 64.99 155.99 59.09 165.58 51.70 155.33
+21.78 +5.14 +4.17 +22.94 +8.16 +9.90
R 59.27 52.34 36.74 29.20 47.78 27.22
+33.44 +2.67 +9.85 +6.06 +12.36 +3.59
op 455.85 616.28 313.43 253.34 259.73 246.06
X
+54.13 +74.72 +30.29 +5.10 +4.66 20.33
csT 201.11 233.90 213.81 115.87 174.71 75.21
+13.03 +139.31 +87.44 +3.96 +50.36 +14.80
csh 1010.44 2127.94 1118.20 2166.39 610.65 1345.60
+505.99 +52565 | +32548 | +14573 | +95.14 | +396.42
MDA| 15.80 +3.2( 10.98 + 0.54 12.12 + 1.53 9.63 + 0.37| 7.73 + 2.75 8.49 + 0.01
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Table 2-14Values of the biochemical in the clam for montl8712 and 1 at 2004-
2005 in different clam farms.

Jinhae Sacheon Goheung

D.G. G. D.G. G. D.G. G.

oD 52.52 135.41 52.29 139.09 48.04 128.69
+19.12 +21.64 +8.27 +43.49 +7.84 +34.05

R 47.19 54.61 46.18 30.93 43.97 27.70
+31.58 +21.74 +25.42 +5.08 +20.20 +10.74

op 427.88 539.60 289.71 279.70 254.98 235.85

X

+93.68 | +183.16 | +46.33 +45.81 +13.54 | +21.48

csT 162.43 188.88 166.64 109.66 150.90 104.96
+27.07 | +12563 | +74.26 B 10 +45.88 +29.92
csh 1053.25 | 2241.99 | 1306.96 | 2528.32 745.62 1753.98
+313.84 | +359.73| +346.53 | +£587.89 | +170.75 | +536.07

MDA|13.07 £+5.2411.80 + 1.13 10.20 + 2.73 9.43 + 0.65| 7.77 + 1.94 8.58 + 0.46
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2.4. Discussion

The metals considered toxic and which are of condeve been restricted
largely, but not exclusively, to the ten which agpe be most poisonous to marine
life. These include, in order of decreasing toyic{Davies, 1978): mercury,
cadmium, silver, nickel, selenium, lead, copperontium, arsenic and zinc.
Goldberg (1995) reviewed different sources of tram#al inputs into the sea and
their possible role in ecosystems. Trace metals reme-degradable elements
naturally occurring in coastal seas. They are adiqularly toxic as the condensed
free elements but they are dangerous to living rosgas in the form of cations
with capacity to bind with short carbon chains. tms form, they were
bioaccumulated in marine organisms and concentrgdad after year. Our results
support the hypothesis that the coastal area oKtrean south has significant
basal contamination levels, which, however, do meach those of clearly
contaminated areas. In any case, the expressiakdghzund levels” must be used
with some caution, as its meaning differs. accordimghe local ‘geochemical or
hydrodynamic conditions of the body of water uneleamination. Our work shows
the importance of using several possible biomosit@nen studying the quality of
ecosystems, such as bivalve mollusks (filteringanigms). Each biomonitor
responds to a particular metal fraction of the wditedy: clams to the fraction
present in particulates, particle-matter in sedinh@metals in solution.

When trace metal levels from different areas amapared, two regions (Jinhae
and Sacheon) musts are quite wary. The highesteotrations of metals were
found in the Jinhae’ clam sediments where intengaystrialized compared to
Sacheon and Goheung. Sediments are preferred & astenvironmental matrix
for both chemical and biological monitoring becaps#iutant concentrations in
sediments are much higher and less variable in éintkspace (e. g. Beiras al,
2002). A comparison with our sampling regions, uUlyed sediments of this
system (Ruizt al, 1998) shows that the concentration of trace Imetay have
the following provenance: industrial discharges-8096), acid-mine drainage (20-
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30%) and minor contributions from urban effluerfthe results indicated that the
accumulation of trace metals is predominant inreedis than in mollusks. This
can be interpreted as sediments act as reservaallfthe contaminants and dead
organic matter descending from the ecosystem ab&seawvell as from solution,
marine organisms have the potential to take up Iméteat are adsorbed onto
inorganic particles and absorbed onto organic mddigestion following ingestion
of suspended particles will release at least sofmineo metals contained within
them. The metals are then available for absorgttoss the wall of the alimentary
tract. There is potential for different organisnsréspond to different sources,
correlating with different feeding types and preaken, and it is difficult to
ascertain the relative importance of each of thmmautes of uptake.

Of the metals analyzed, Cd is the least abundaotpgically, in fine sediments,
and hence concentrations-are comparatively low.eNbgless, Cd-enrichment in
Jinhae sediments is evident when compared withetbbsSacheon and Goheung.
The source of any anthropogenic Cd at Jinhae ibgimy industry close to the
lagoon. Bearing in mind the filter-feeding habit dam, it is likely that body
tissues a contribution from dissolved Cd, as welleasily solubilised particulate
forms. Indeed, Bryan and Langston (1992) have stgdehat Cd solubilised from
sediment, rather than the solid-phase itself, maythe main source of Cd to a
number of benthic organisms. The prediction of iseeccontributions from
sediment will depend on site-specific conditionattimfluence partitioning. Thus,
following exposure of another filter-feeding moltuglercenaria mercenarigo an
organic-rich, heavily Cd-contaminated sediment fidew Port Harbor (5-38ig
Cd/g), Rubinsteiret al (1983) were unable to detect any Cd uptake, wthely
attributed to high levels of sulphide complexatidrhe high sedimentary Pb
content may be due to the precipitation of decompasganic matter. The present
concentration of Pb in sediment of the Jinhae diamm was higher than other
farms. Bidetet al (1997) had both previously attributed low Pb artcation to
the fact that Pb is relatively rare in the neiglmgsoils. Apparent enhancement of
sediment-bound Pb may therefore be linked to rebaman factors such as: (1)
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development of a motorway and increased traffictiskj the lagoon, (2) extension
of modern intensive agriculture, using heavy maehjinand (3) an increase in the
number of motorized fishing boats. The impact obftlase factors is likely to be
magnified by the capacity of fine sediments toiretntaminants, coupled with
the sheltered depositional habitat of lagoon systetn is the element that presents
the highest concentrations in digestive glands lainc Walker et al (1975)
identified metal-rich granules around the mid-git Balanus balanoidesand
showed that this species has the ability to accatadérge quantities of Zn. A high
level of Zn in comparison with other elements igi¢gl in other living organisms
habitually used as pollution biomonitors (Casgtoal, 1999; Jenget al, 2000;
Wong et al, 2000). Mean Zn concentrations in clam rangeanfreb.10 pg/g
(adduct muscle) to 114.24/g, in all sampling regions.

Chemical constituents bound to suspended. particigzact on biological
systems through their chemical or biological sdlaéiion-and consequent entry
into the food chain. Solubilization of meterialtlre water column, via chemical or
microbiological processes, increases the mobility general bioavailability of the
chemical constituent, while solubilization of ma&érin the gastro-intestinal
environment of organisms affords a more direct eoidgr chemical uptake by
suspension and deposit feeders. Thus, phase qairigi (or the distribution
coefficient) ‘and speciation and their dependenceeowvironmental parameters
critically affect the biological pathways of chemlis in the aquatic environment
(Wanget al, 1999; Roditiet al, 2000). The following discussion centers on the
role of suspension-feeding bivalve molluscs (clamassels, oysters) in utilizing
and modifying suspended sediments and associatechicils in estuaries and
coastal waters. Because of their high rates of whétation and particle
processing, such organisms are particularly sicguifi in the transformation of the
physical and chemical properties of suspendedgbestand to the translocation of
this material to the substratum (Jaramidid al, 1992; Allisonet al, 1998).
Moreover, dense populations have been reporteadd ehe principal control on
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phytoplankton biomass under certain conditions €@ip 1982; Carltoret al,
1990).

Correlation coefficients showed that clam may repn¢ useful bioindicators of
metal-polluted seawater and sediments. In contthstdeposit- and filter-feeder
Viviparussp. showed several significantly positive corielsd with the suspended
matter concentrations or filtrate contents. Sigaifitly positive correlations
demonstrate that fluctuating metal contents of ringarded species are closely
related to the fluctuations of the environmentampartments. Two conclusions
may be drawn: (1) animals reflect the metal contatmon of sampling sites; and
(2) positive correlation between body concentraiand particles of a particular
grain size indicate a preferential uptake of thedirg size, thus implying a
relationship between feeding behaviors and metdaumulations (Gundacker,
2000). Coefficients close to zero or negative wkrnend several trace metals,
which indicate that the amount in the seawater sadiment is not directly
reflected in the tissues of clam. This can be empth if we consider that
concentrations of trace metals are low in sedimeptsbably lower than the
threshold below which these organisms are ablegolate the accumulation of
metals in their bodies (Useat al, 2005). No correlation was found between trace
metal concentrations in clam tissues and ambientpeotments (seawater and
sediment) and it was concluded that the use of asmiological indicators will be
of greater assistance in detecting chronic poltutit was reported thaR.
philippinarumcould accumulate more trace metals.in digestigsadg and gill than
the remaining tissue. Metal sub-cellular partittaniclearly differs between the
gills and the digestive glands. In feeding, bivalymss a large amount of water
over modified gill and ingest potentially metalhriparticles. They have a high
potential, therefore, to accumulate metals. Clamparticular, accumulated high
concentrations of copper, arsenic and zinc. Ovettadise results suggest than the
gills may be more sensitive to metal-induced oxwastress than the digestive
gland. In a biomonitoring context, the gill woulldus be more responsive to the
external exposure gradient than would the digesgfiands.
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Chapter 3
Accumulation of cadmium in the clam
3.1. Introduction

Aquatic systems are contaminated by different pafits, including metal, as a
result of man's activities. Metal contamination doastal waters has received
increasing attention due to their potential bioaegolation in and toxicity to many
aquatic organisms. Cadmium (Cd) is a metal thbdi to living organisms and is
widely distributed in the marine environment. lepents a serious hazard to public
health and is a threat to most life forms (Breakmigal, 1997). Cd concentrations
in suspension-feeder invertebrates, and espedmtiiams, increase with the time
of exposure (Bebianno and Langston, 1998). Experiahstudies have proved that
Cd can cause various deleterious biochemical &tbesain mollusks tissues such
as decreased activities of some enzymes (Evtushetngdg 1986), enhanced lipid
peroxidation (Chelomin and Belcheva, 1992).

Bivalve molluscs are known to accumulate highceortrations of trace metals in
their tissue and are widely used as bioindicatars pollution in marine
environments (Regoli and Orlando, 1994; Getedl, 2003). Bivalve molluscs are
filter-feeding organisms which, consequently, mayeliposed to-large amounts of
chemical pollutants even if these are presentirtyfdilute concentration. They are
also capable of bioconcentrating xenobiotics to yrthousands times background
which can facilitate chemical analysis (SheehaneDal, 1995). Manila clam
Ruditapes philippinarumwas proposed as suitable biomonitors of metal
contamination because of their wide distributiomotilyghout in Korean costal
regions.

Marine animals can bioaccumulate metals from as#&w suspended particles,
sediment and through food chains (Luoma, 1983)niBktion may occur as a
result of excretion through a permeable membrargekidney or gill membranes,
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the exocytosis of metal rich material, such as ge®) into the digestive tract, or
adsorption from the whole body (Langstenal, 1998). In many organisms the
body metal concentration is correlated with tissuiggght. Such correlations have
been reported upon for many animals, for exampleahes (Wang and Fisher,
1997) and barnacles (Phillips and Rainbow, 1988pw@éh rates vary between
individuals and species with consequent effectsbody metal concentration
(Phillips and Rainbow, 1993).

Antioxidant systems have been studied for somesye@arfish and bivalves
exposed experimentally to chemicals or collectedhfpolluted areas (Di Giuliet
al., 1989; Winston and Di Giulio, 1991; Stegenwral, 1992). The usefulness of
bioindicators is greatly increased when chemicalyses are integrated with data
on the biological effects of pollutants (Bayeteal, 1988). In this respect, oxidative
stress is a common pathway of toxicity induced éyesal classed of pollutants
(Winston and Di Giulio, 1991) by which productiohreactive oxygen species is
enhanced. Protection against toxicity of oxyradicwdward cellular targets is
afforded by a complex defense system consistingadh low-molecular-weight
scavengers and antioxidant enzymes. Variationsnbbxddant defenses, such as
the content of glutathione (one of the most impdrtantioxidant agents), the
activity of glutathione-dependent, and antioxidamzymes, have often been
proposed as biomarkers of contaminant-mediatechti¥& stress in several marine
organisms (Di Giulieet al, 1989; Livingstone 1993; Winston and Di Giuli®91).
The gills and digestive glands are also the mamgetaorgans for several pollutants,
these tissues were chosen:to compare the diffeféett of metal concentration.
The same organs were also used for investigatmgtincipal antioxidant defenses
of the bivalves. These included the concentratibrtotal glutathione and the
activity of several glutathione-dependent and aidient enzymes. Therefore, the
aims of present study were to investigate Cd actation and elimination in clam
of sub-chronic water-born Cd exposure, and thaewerevaluated effect of Cd
exposure on the activities of protective antioxid@mzymes in the gill and
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digestive glands of the manila clarR, pillippinarumin order to explain the
cytotoxic and tissue damaging effect of Cd expasure

39



3.2. Material and Methods

3.2.1. Clam conditions

Manila clamsR. philippinarumwere collected in July 2005 a clam farm in Go-
heung country Jeon-nam, Korea. The clams werenaatified for 5days in semi-
static system. After acclimatization, clam (shelhgth: 35.81 + 2.51 mm, body
weight: 10.40 £ 2.16 g) were selected for the empemts. Fifty clams were
separated to 50 L control and test tanks.

3.2.2. Exposure and depuration system

The animals in the test tank were exposed to tifiereint concentrations from 10,
20, 100 and 20Q:g/L of cadmium sulfate (Cdgl Sigma Chemical, and St. Louis,
MO) under sub-lethal concentration for 2 weekseAthat was transferred clean
sea-water for 1 week. Sea-water was changed e¥hodrs. Animals were held
healthy under the laboratory condition in 12:12ymtidark cycle for further studies.
Seawater quality was measured every 1 week dunm@xtperiment periods (Table
3-1). Four clams were sampled every 1 week for 8kadrom each group for
chemistries determined. The condition index (Clswaalculated (Cl= fresh
flesh weight (g) x 100/shell weight (g), derivedrfr Duquesnet al (2004).
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Table 3-1. The chemical components of seawater and experaheomdition use
in the experiments

ltem Value

Temperature() 22.0+1
pH 8.14+0.7
Salinity(%o) 33.51+0.8

Dissolved oxygen (mg'h) 7.240.2
COD (ug L™ 1.140.1
Ammonia (g L™ 12.52+0.8
Nitrite (zg L™ 1.28+0.2
Nitrate (ug L™ 11.55+1.1

Cadmium Not detected

3.2.3. Cadmium analysis

The gill, digestive glands, residue tissues veampled every 1 week for analysis
of metal concentration. Four clams were removech dast concentration and
control. Tissue samples were dried ai(®6and kept in desiccators until digestion.
Dry tissue was digested with 1:1 HMNQBuprapur grade, Merck, Germany) and
samples were fumed to near dryness on a hot plat20L for overnight. After
digestion, the residue was dissolved in 20 mL &NOHNG; and kept in a
refrigerator until analysis for trace metal. Cd centration of tissue was measured
using an ICP-MS (Elan 6000, Perkin-elmer). Cd catre¢ion in the tissues of
clam was expressed pg/g dry wt.

3.2.4. Biochemical analysis

Eight clams were removed from each tank every vekeglng the 3 week of the
experiment. Weight and total length were recordedefich individual. Four clams
were dissected gill and digestive glands and therighted. Tissues were
homogenized in 0.5 M sucrose and 0.15 M NacCl i2 840Tris-HCI (pH 7.6). The
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homogenates were centrifuged at 500g for 15 mim‘@t and the resulting
supernatant at 12,000xg for 30 min &t 4Antioxidant enzyme activities in the
tissues were measured with a temperature-controlgmectrophotometer
(DR/4000U, Germany). The assays were run in duglicar triplicate.
Polyunsaturated fatty acid peroxides generate rditiehyde (MDA) activities
were measured pre-centrifuged homogenated tisswesdng to John and Steven
(1978) method. The post-centrifuged supernatantse weeasured Superoxide
dismutase (SOD), Glutathione reductase (GR), Gligae-S-transferase (GST),
Glutathione peroxidase (GPx). SOD activity was eatd with the xanthine
oxidase-cytochrome ¢ method as described by FlodeGiting (1984), GR was
Carlberg (1985), GPx was Paglia and Valentine (),98@d GST was Habig and
Jacoby (1981a, b). Reduced glutathione (GSH) &gtivieasured the other four
clams. Tissues were dissected, homogenized 10% ji@hd followed centrifuged
50009 for 15 min. The resulting supernatants meas@SH determination. GSH
content was determinate according to Richardsorvaumphy (1975). The reaction
mixture contained 0.01M 5, 5'-dithiobis, 2-nitrokeix acid (DTNB), 0.1M PBS
buffer (pH 8.0). GSH standard curve performed 10nddluced glutathione
standard solution. The linear increase in absoaras recorded at 412 nm. Total
protein concentrations according to Bradford (191§) using bovine serum
albumin (BSA) as standard.

3.2.5. Statistical analysis

Data are expressed as mean + standard error (8IEstatistical analysis was
performed using SPSS/Pstatistical package. Prior to analysis, all da¢aentested
for homogeneity of variances among groups usingBiktlett test. Comparisons
in normalized data between control and treatmerdasmwere made by one-way
analysis of variance (ANOVA) followed by Duncan'sitiple comparisons test of
mean values if significant differences were fouRe (0.05).
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3.3. Resaults

3.3.1. Condition index

Exposure to Cd induced significant in Cd conceitgrain the clam. The CI
(Condition Index) not significantly in responseincreased to Cd exposure (Figure
3-1).

Exposure Depuration
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Figure 3-1. Changes of condition index (Cl). ClaR, philippinarumexposed to
10, 20, 100, 20@g/L Cd for 3 weeks. Vertical bar presented standard
error (Mean = S.E., n=12).
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3.3.2. Cadmium accumulation

The mean levels of total Cd accumulated in the slige glands, gill, residue
tissues ofR. pillippinarumexposed to 10, 20, 100, 20@/L Cd for 3 weeks are
presented in figure 3-2. Cd accumulation in digestjlands was significantly
increased for 2 week at 1Q0yL and 200ugL. After 1 week of exposure, Cd
accumulation values were 9.10+3.G0gg and 14.22+3.53ug/g and were
approximately 18-fold and 30-fold higher than ie ttontrol at 10Qug/L and 200
HgL—Cd exposures, respectively. After 2 week of exye, Cd accumulation
values were 16.45 + 8.50gg and 26.17 + 5.49.gg and were approximately 8-
fold and 12-fold higher than in the control at 30§L and 200ug/L—Cd exposures,
respectively. No significant Cd accumulation ocedrrin the digestive glands
exposed to at 1QgL and 20ugL. For gill, Cd accumulation was significantly
increased for 2 week at 1Q0yL and 200ug/L. During the first 1 week, Cd
concentration values were 41.82 + 26|99g and 88.93 + 25.8fdgg and were
approximately 6-fold and 13-fold higher than in dentrol at 100 and 20Qg/L,
respectively. ‘At the end of the 2 week exposure,cGdcentration values were
103.21 *+ 26.25.¢gg and 186.78 = 106.08gg and were approximately 17-fold
and 32-fold higher than in the control at J0§/L and 200ug/L—Cd exposures,
respectively. No significant Cd accumulation ocedrin the gill exposed to at 10
HgL and 20ugL. Cd accumulation in residue tissues (adduct meus$oot, siphon)
were significantly increased with exposure periadd above 10QgL for 2 week.
During 1 week of Cd exposure, Cd concentration eslwere 16.46 + 8.8agg
and 18.14 * 6.9%gg and were approximately 3-fold higher than in ¢toatrol at
100pgL and 200ugL—Cd exposures, respectively. After 2 week of @gdasure,
Cd concentration values were 30.27 + 7.@fy and 44.36 + 17.53gg and were
approximately 12-fold and 18-fold higher than ie ttontrol at 10Qug/ L and 200
HgL-Cd exposures, respectively. No significant Catumaulation occurred in
residue tissues exposed to atldg)l and 20ug/L. After 2 week of Cd exposure,
the order of Cd accumulation in organs was giligedtive glands > residue tissues.
The accumulation factors are presented for digegfiands, gill and residue tissues
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at 10, 20, 100, 20QgL Cd exposure in figure 3-3. The accumulation destwere
increased with the exposure period in digestivadgagill and residue tissues. An
inverse relationship was observed between the adetion factor and the
exposure concentrations at 1 week. Although theraatation factor in over 100
gL increased with 2 week, it did not increase vegposure concentrations.

3.3.3. Cadmium elimination

Cd depuration in digestive glands, gill, otheruess ofR. pillippinarumexposed
to 10, 20, 100, 20@gL Cd for 3 weeks are presented in figure 3-2. Bgrihe
depuration phase, Cd concentration in digestivadgiagill and residue tissues
decreased slowly following at 100g/L, but increased at 20QgL the end of
depuration periods. The elimination rates in digesglands, gill and residue
tissues at the end of depuration periods were 84,.27.39% and 15.92% for 100
HglL, respectively. Cd concentration values in diyesglands, gill and residue
tissues were 35.24 + 15.79/g, 319.50 + 87.6Jugg and 51.28 + 14.3fg/g were
approximately 95-fold, 66-fold and 27-fold highéah in the control at 200g/L—
Cd exposure, respectively. The order of Cd eliniomatin organs during the
depuration period was digestive glands > gill 3des tissues.
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Figure 3-2. Accumulation and elimination of Cd in digestivéamds, gill and
residue tissues of clarfi.indicates significant difference from control
value, P<0.05 as determined with Duncan post r&ig te
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3.3.4. Value of biochemical contents

SOD activities in the digestive glands and gilRofpillippinarumthose exposed
to Cd (control, 10, 20, 100, 2Q0yL) are presented as a function of exposure time
and exposure concentrations are shown in Fig. Brére were no significant
differences in the digestive glands of the clameobsd during the 2 week of
exposure, and then after the end of Cd exposur® &Qivity in the digestive
glands were no significant during the depuratioriqae SOD activities in the gill
of the clam showed significantly increase at 2@l Cd for 2 week of Cd
exposure, but those were significantly reducedndudiepuration periods.

Change of GPx activity in the digestive gland obedrsignificantly decrease at
200ug/L Cd compared to control group during 2 week€dfexposure, but it was
recovery after 3 weeks in the 200/L exposure group. GPx activities in the gill
decreased significant difference over 1fJl. Cd concentrations in 2 week, and
then GPx activities levels are recovery at the 400 200ug/L Cd exposure group
during depuration period (Fig. 3-5).

Values of GR activities levels in the clam tisswe presented in Fig. 3-6.
Although GR activities in the digestive glands skadva slight decrease with Cd
concentration, the difference was not significardifferent compared to control
group at overall experiment periods. Gill GR adyivin high exposure
concentration (at 20@g/L) was significantly elevated above GR activity the
control group at overall experiment periods.

Values of GST activities levels in clam tissues jaresented in Fig. 3-7. GST
activities in the digestive glands were signifidgimcreased during 1 week at 200
#g/L Cd concentration. After that, GST activities tae 200xg/L Cd were no
significant during the 2 week exposure and depomgberiods. At the 100 and 200
1g/L Cd exposure group, GST activities in the gikrer significantly increased.
After that, GST activity did not vary significanbmpared to control for 2, 3 week.

In digestive gland, GSH activities were showed impatterns of GR (in the
gill) activities during exposure periods, and itrevesignificantly increased at 200
ng/L Cd exposure group compared to control groupinduthe exposure and
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depuration periods (Fig. 3-8). In gill, GSH aciieg were increased at the 2a§/L
Cd exposure group for 1 week, and then signifigaintreased at the 100 and 200
#g/L Cd concentrations in 2 week. After that, GSkwaty decreased significantly
at 200ug/L Cd during the depuration period.

In digestive gland and gill, MDA level of Cd expdsdo clams were
significantly increased at the 2@@/L Cd for 1 week, and then were no significant
difference each Cd concentration in 2, 3 week (&8).
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Figure 3-6. Variation of GR activities in the digestive glandnd gill of clanR.
philippinarumdepend upon the exposure of ¢dndicates significant
difference from control value, P<0.05 as determinitd Duncan post hoc
test.)

52



Exposure Depuration

3000 e et et e e e e e ieeaieeieaaaaaa ...................................
Digestive glands { mmmm Control
=9 Ccd 10l
| Cd 20 gL
b [ Cd 100 L
2000 A | m—Cd 200 gL
1000 -

GST (nmol/min/mg protein)
w
3
o

2000 -

1000 -

Figure 3-7. Variation of GST activities in the digestive glanand gill of clanR.
philippinarumdepend upon the exposure of ¢dndicates significant
difference from control value, P<0.05 as determinitd Duncan post hoc
test.)

53



Exposure Depuration

2500 e ....................................
Digestive glands : mmmm Control
| 3 cdiomglL
2000 | mE Cd 20 gyl
i [ Cd 100 wg/L
B Cd 200 g/l
1500 - b
b b
1000 4
500 -

GSH (uM/mg protein)
g

3000 -

2000
]

1000 A

Figure 3-8. Variation of GSH activities in the digestive glanand gill of clanR.
philippinarumdepend upon the exposure of Cdnglicates significant
difference from control value, P<0.05 as determinitd Duncan post hoc

test.)

54



Exposure Depuration
2000 et et e e e e e e e e e e e T R ERERLE LRI CRPRLERRREE

Digestive glands { mmmm Control
i O Cd 10 gL
;| EEEE Cd 20 g/l
1500 {3 Cd 100 g/l
| mEER Cd 200 g/l

1000 -

500 -

MDA (nM/mg protein)
&
3

2000 -

1500 -

1000 -

Weeks
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3.4. Discussion

The CI, an indicator of stress with low specificilso declined significantly in
response to increased Cd exposure. Moreover, fferafice between the CI of
control animals and those exposed to 300 ppb wae marked for small than for
large individuals (Sabinet al, 2004). In this study, CI resulted in no sigrafitly
in response to increased Cd exposure. The CI wasrgiéy higher in smaller
individuals, but shell lengths and weights wereorded large in our results (shell
length: 35.81 £ 2.51 mm, body weight: 10.40 + )6

Cd accumulated in the digestive glands, gills asidue tissues of the clam and
the accumulation increased with the time of exp@samd concentration in the
water (Figure 3-2). The gill of the clams are inedi contact with the water, and
are very sensitive to oxidative stress, at leaghduhe 2 weeks of Cd exposure. It
is widely accepted that marine bivalve molluscs aacumulate large amounts of
cadmium in their tissues (Ray, 1984; Skul'styal, 1989). The ability of various
species of Pectinidae to accumulate Cd in softi¢is$o a higher degree than other
bivalve molluscs in nature and under laboratoryditions is well documented
(Gouldet al, 1985; Skul'skyet al, 1989; Evtushenket al, 1990). Metals may be
taken up bound to particulate material or in s@ubim. Both the digestive glands
and gill are involved in these mechanisms. In aagecthe major site of metal
deposition is' species-specific-regardless of theéaimsource. To study metal
accumulation, many-studies have also examinedafa® $oft tissue of bivalves
(Cantillo 1998; O'Connor 1998; Jermy al, 2000). It is possible that cadmium
uptake in the test animal was mainly by absorptiom was facilitated by diffusion
of CdC} across the gills or by some type of complexatiatin v high molecular
weight compound present on the gill surface. Tlehemical processes as well as
passive diffusion and adsorption were important svay cadmium uptake via
water (Everaarts, 1990; Roesijadi and Unger, 1983)1. edulis the accumulation
of cadmium from seawater showed a significant @guilm relationship between
total recoverable cadmium in seawater and its aurag#on in mussel (Talbot,
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1985). It appears that cadmium uptake by diffetesstues was not from a single
source; while the gill uptake was from water thiowtjrect absorption, uptake by
digestive glands were from hemolymph implying nonooon pattern of cadmium
uptake in different tissues examined.

Determination of accumulation factors in varioussties suggested the highest
accumulation ability for gill followed by digestivglands and lowest for residue
tissues. Distribution of specific tissue cadmiutatige to total body cadmium also
led to this hypothesis. For freshwater mussel,igipfroposed as the major site for
metal uptake from solution, because of their |ssgdace area and the immediate
accumulation of any administered dose (Holwestal, 1989; Everaarts, 1990).
Shell may act as safe storage matrix for toxic @amants resistant to soft tissue
detoxification mechanisms (Walst al, 1995).

In this study, the order of Cd elimination in tisswf bivalve during depuration
period was digestive glands > gill > residue tissUéde rate of cadmium release by
clam was strongly influenced by the amount of &itadmium accumulation in the
tissue. It is possible that the release of cadmivas perhaps mediated through
diffusion processes following a well defined poiahgradient from tissue to water,
possibly involving the same mechanism as demoumstiatthe marine bivalveyl.
edulis (George and Viarongo, 1985) and in the marine esyst. virginica
(Roesijadi and Klerks, 1989).

Laboratory studies are a useful tool to evaluateithpact of trace metals on
antioxidant enzyme systems and to explain thevatgion and relationship of the
different antioxidant enzyme mechanisms as a fanctof metal exposure.
Antioxidant enzymes such as glutathione peroxid&dex), glutathione reductase
(GR), glutathione-S-transferase (GST), reduced agtitne (GSH), lipid
peroxidation (LPO), superoxide dismutase (SOD) veareied out to evaluate the
impact of exposure waterborne Cd. GPx catalyze rdduction of hydorgen
peroxide into water or organic peroxide to theirresponding stable alcohols by
oxidizing the reduced glutathione (GSH) into itsdized form (GSSG), while
glutathione reductase (GR) in regenerated GSH Wglyzing the reduction of
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GSSG into GSH. GR is thus of utmost importanceinitgbition being a factor of
sensitivity to chemical stress (Regoli and Printipd 995; Cosstet al, 1997,
Doyotte et al, 1997). GST, which catalyzes conjugation reactisith the
tripeptide glutathione, is quantitatively the mastportant phasell enzymes
(Mannervik and Danielson, 1988). These enzymes jglgp a role in protection
against oxidative stress by catalyzing a selenigependent glutathione
peroxides activity (Prohaska, 1980). The tripepttig¢athione (GSH) is one of the
most intensively studied intracellular solutes tlughe critical role that it plays in
cell biochemistry and physiology. GSH is protectiagainst oxidative damage,
detoxification of endogenous and exogenous reactie¢als and electorphiles,
storage and transport of cysteine, as well as fotepn and DNA synthesis, cell
cycle regulation and cell differentiation (Meistend Anderson, 1983; Meister,
1984; Wang and Ballatori, 1998; DelLeve and Kaplpyif90).

SOD is oxido-reductases, which catalyze the distiwuntaf the superoxide anion
into molecular oxygen and hydrogen peroxide (Fridoy1989). SOD result was
the observation of a change.in gill of clam headibse Cd 20@g/L, and not only
at the low dose under Cd 10@/L. Again, these changes were more pronounced in
gill than in digestive glands. A change in SODattiwas found in clam after Cd
treatment, especially Cd 2@@/L content at after 2 weeks. This suggested tidlat C
causes oxidative damage in clam, possibly by géingreeactive-oxygen stress in
the body. This is seemed particularly stable asddh M. gllloprovincialis
(Livingstoneet al, 1995).. Cd has a similar ionic radius to that atium, and the
interference of Cd with calcium homeastasis is welkumented and may play an
important role in Cd toxicity (Yanget al, 2000). The interaction of Cd with
calcium is especially important with regard to ariilant enzyme activities. Cd
can replace calcium in the conversion of xanthiedydrogenase to xanthine
oxidase by calcain, a calcium-dependent proteasek(8t al, 1989). Xanthine
oxidase then catalyses the oxidation of xanthimedycing Q . The increase in
Cd accumulated in the gill stimulates this reactimd the increase in,O along
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with an induction of SOD from the results in thansformation of the superoxide
anion radical to hydrogen peroxide (Geztal, 2002).

GPx activity may play a protective role for gilssues against oxidative stress
when the activity of antioxidant enzyme is lower@bwer and Sheehan, 1996;
Sheehan and Power, 1999). In this study, one ofrth& striking effects induced
by Cd in the gill of clams was the decrease in @Etwity in the 2 weeks of Cd
exposure, with the leveling off of these enzymeterathat period. Moreover,
digestive glands were decreased GPx activity &0fXug/L Cd for 2 weeks, but
GPx activity was recovery Cd concentration 2@0L of depuration periods. GPx
is considered an efficient protective enzyme agdip&l peroxidation (Winston
and Di Giulio, 1991). Its reduced activity has bdieked to lipid peroxidation in
Micropogonias undulatusreated with Cd or Aroclor in long-term experiments
(Thomas and Wofford, 1993). In some other studiberes the induction of GPx
activity was recorded, this increase was not efitienough to prevent oxidative
damage (Di Giulicet al, 1993). GPx catalyze the reduction of hydorgemxide
into water or organic peroxide to their correspagdstable alcohols by oxidizing
the reduced glutathione (GSH) into its oxidizedmio{GSSG), while glutathione
reductase (GR) in regenerated GSH by catalyzingetiection of GSSG into GSH.
An increase of glutathione level accompanied withdecrease of "GSH-
consuming” GPx was noted by Matebal (2003) in liver of mallards. Sivaprasad
et al (2002) showed a decrease of thiol capacity ad a®la decrease of
antioxidant enzyme levels in liver of rats admiaiet lead. Inhibition of GPx
activities has also been reported in the gills dfadGntaminated marine clanks
decussatusoncomitant with an increase in MDA levels (Gereal, 2002).

In our results, GR activities exhibited higher lisvia gill. The higher sensitivity
of gill to oxidative stress was also indicated I tinhibition of antioxidant
parameters, often more pronounced in this tissaa th the digestive glands. It
was concluded that the gill was more sensitive tth@ndigestive glands because
lipid peroxidation was found exclusively in thelgfCossuet al, 1997). GR
activity is rarely investigated and few authors déatudied this enzyme in field
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experiments on oxidative stress of aquatic spdtiasspielert al, 1994 a, b; Di
Giulio et al, 1995; Regoli and Principato, 1995).

Induction of GST had been notedhtugil sp. (Rodriguez-Arizat al, 1993) and
M. edulis(Suteauet al, 1988) collected from polluted coasts. The déicadion
enzyme GST exhibited maximum activity in Cd concatmtn 200ug/L during 1
week in digestive glands and gill tissues. GST widely distributed in nature,
their expression induction could make the basistlier early detection of stress
responses in organisms exposed to toxicants. Thgmen activity has been
assessed as a potential indicator of exposure émicll pollutants in both Cork
Harbor and Venice lagoon using the closely relaeeciesM. galloprovincilais
(Buetler and Eaton, 1992).

GSH is an essential non-protein antioxidant that agther directly as a
reductant or as a substrate for enzymes such datlghne peroxidases and
glutathione transferases. GSH ensures the reduetiomidants, the quenching of
free radicals, the neutralization of organic pedesi and the elimination of hydro
carbons by conjugation. It can also bind direablyntetals. Low GSH levels made
the cells more sensitive to prooxidants and weredoto be associated with
increased MDA levels. Much lower GSH concentratibase also been measured
in M. galloprovincialisliving in polluted compared with unpolluted aressd in
mussels transplanted from clean to contaminatext giRegoli and Principato,
1995). A decline in GSH levels seemed to be a Wdumndicator of exposure to
Cd. Consequences on toxicity will depend on theaciy of cells to maintain
sufficient turnover of GSH and/or to synthesize mpmals of reduced glutathione.

MDA is considered to be an important feature inutaet injury, and largely
results from free radical reactions in membrandschvare rich in polyunsaturated
fatty acids. The MDA result demonstrated that ewpesto sub-lethal Cd
concentrations stimulates lipid peroxidation in tissues of clams after 1 weeks of
exposure. An increase in lipid peroxidation wa® albserved inn vitro studies
with the giant fresh water pravwlacrobrachium rasenbergafter exposure of the
crude homogenate to 50M CdCl, for 30 min (Dandapaget al, 1999). An
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increase in basal peroxidation was also observeshwiie superantant of gill of the
clamR. decussatug/as in cubatedh vitro with 500ug/L Cd for 20 min (Romeo
and Gnassia-Barelli, 1997). However, no modifiaatiof the levels of lipid
peroxidation in the musseM. galloprovincialisand Perna viridiswas observed
after short-term Cd exposure (Viarergjaal., 1990, Arasu and Reddy 1995). MDA
levels deficiency of aquatic species had alreadnlyeported by several authors,
whether the deficiency was caused by environmeataiaminants (Livingstronet
al., 1993), seasonal factors (Viarengjoal, 1991a, b), or spawning (Ribegaal,
1989; Soléet al, 1995b). These results suggest that digestivedglappeared
more susceptible to oxidative stress than gill amdlationship may exist between
the degree of deficiency of antioxidant defenseg] peroxidation, and toxicity in
clams.
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Chapter 4
Accumulation of lead in the clam
4.1. Introduction

Lead (Pb) enters aquatic environments by a humb@athways. The earth’s
crust, geologic weathering phenomena, and volcadiivity account for natural
sources, but most waterborne lead derives from huagdivities such as mining
and smelting, coal burning, cement manufacturimg, ase in gasoline, batteries,
and paint (World Health Organization, 1995). As @mmon contaminant in
industrially impacted waters, waterborne lead exékic effects in fish through
disturbance of ionoregulatory mechanisms, evidentthie disruption of Ca
balance and the interference with"Nand CI regulation (Sorensen, 1991; Rogers
et al, 2003, 2005; Rogers and Wood, 2004). Typicalhg toncentration of
dissolved lead in low-moderately anthropogenicatipacted waters is < 1@/L,
with levels reaching > 200g/L in highly contaminated locales (Dassenakisil,
1997). Lead is a non-essential metal, is accumiliiatther than regulated by most
aquatic taxa (Amiaret al, 1986), and exerts toxic effects at lower conegians
than many other metallic contaminants (MacFarkired., 2000). Bivalve mollusks
are net accumulators of most metals (Phillips aathisow, 1993), accumulating
metals to several orders. of magnitude greater amapient aquatic concentrations.
Furthermore, tissue concentrations are known talieaie with environmental
levels over time (Naimo, 1995). Thus, bivalves hdnemn used extensively as
successful biomonitors of aquatic metallic pollatatevels. Indeed the
measurement of Pb in oyster tissue has been ad¥beatan appropriate monitor
of urbanization effects in estuarine catchments(®s and Roach, 1999). Pearl
oysters have also been employed as biomonitorsact tmetals, including Pb
(Fowleret al, 1993; Al-Sayect al, 1994; Bou-Olayaset al, 1995).
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Reactive oxygen species (ROS) production is usuabsociated with
detoxification processes, requiring defense systemsounteract the deleterious
effects of the damaging molecules. The major enzigniiefenses are superoxide
dismutase (SOD), glutathione peroxidase (GPx)aghitne reductase (GR) and
glutathione S-transferase (GST), inactivating soyxide anion and peroxides,
respectively. An experimental approach to identifigether the cells are under
oxidative stress is to measure GSSG formation afstH/GSSG ratio. Under
oxidative challenge, peptide thiols, like glutatieo can participate as reducing
buffers, leading to a decrease in protein thiolsanrincrease in the levels of
protein-mixed disulfide formation. Organisms canagtd to increasing ROS
production by up-regulating antioxidant defenceschs as the activities of
antioxidant enzymes. Failure of antioxidant defesnte detoxify excess ROS
production can lead to significant oxidative damagguding enzyme inactivation,
protein degradation, DNA damage and lipid peroxatafHalliwell and Gutteridge,
1999). In particular, lipid peroxidation is congieé to be a major mechanism by
which oxyradicals can cause tissue damage, leadimgpaired cellular function
and alterations in physicochemical properties df ceembranes, which in turn
disrupt vital functions (Rikans and Hornbrook, 129The formation of metal
complexes constitutes an important source of RO®iafogical systems since
many metals are required as nutrients and are mdiguin the cells. Metals widely
distributed in the natural environment such as igdg, can exacerbate the levels
of ROS and, as a consequence, promote oxidativdar@age. Under conditions of
environmental stress; organisms are able to dil&sr imetabolism to minimize the
strain imposed by the adverse condition. Since ragwaress factors including
exposure to toxic metals can lead to an oxidatikess state, which is responsible
for most cellular injuries, the induction of antidant enzymes is of great
importance. Recently, the role of the enzymes saxige dismutase (SOD) during
adverse environmental conditions has received mattbntion. SOD is an
antioxidant enzyme widely distributed among prokéeg and eukaryotes and it
can be located in mitochondria, chloroplasts, @ftend in the extracellular space,
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depending on the organism. To minimize oxidativenage to cellular components,
organisms have developed antioxidant defenses.rtargicantioxidant enzymes are
the enzymes SOD and GPx. Production of cysteirtebinding of free metal ions
to glutathione (GSH) has been suggested to plapaperative protective role
against metal toxicity and in this way to prevemy detrimental metabolic reaction
in cells. GSH seems to be a first defence agaiesalnoxicity (Chan and Cherian,
1992). GSH in involved in a variety of reactiongnthesis, reduction, oxidation,
conjugation and other. GSH functions as an antantidgtself, and as a component
of the detoxifying enzyme system containing oxidase reductase (Valenci al,
2001). This ubiquitous predominant molecule actsaaseducing agent and
antioxidant in a variety of biochemical reactiosstves as a reservoir for cysteine,
protects cells from lipid peroxidation, and det@esf endogenous and exogenous
compounds (including reactive oxygen species aacketmetals). Two enzymes,
glutathione peroxidase (GPx) and glutathione rexbec{GR) are closely involved
in GSH enzymatic change. The form of glutathionensh@ant in the cell depends
on the activity of those enzymes. GSH and actiwty glutathione-related
antioxidative enzymes are regarded as fast anchpstig indicators of individual
reaction to stress but most of investigation igiedrout on laboratory animals
exposure to stress under laboratory condition, mateover effects of high metal
doses on animals are tested, and a great numlmeestigations is performed on
invertebrates (Cosset al, 1997; Gereet al, 2002; Compangt al, 2004; Wilczek
et al, 2004). Among phagé enzymes, the expression of glutathione S-transéera
(GST) is a crucial and inducible factor in deteriminthe sensitivity of cells to a
broad spectrum of toxic chemicals (Gadagbui andeda@000). GST is cytosolic
or microsomal enzymes that catalyze the conjugatfaiectrophilc xenobiotics to
GSH. A large body of literature indicates that kxeel of expression of GST is a
crucial factor in determining the sensitivity ofllseto a broad spectrum of toxic
chemicals (reviewed in Jakoby, 1978; Armstrong,7d3hd that GST induction is
part of an adaptive response mechanism to chenstaks that is widely
distributed in nature.
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Manila clamRuditapes philippinarumvas proposed as suitable biomonitors of
metal contamination because of their wide distidsuthroughout in Korean costal
regions. Despite its importance, relatively littliformation is available on the
effect of Pb, particularly through waterborn expesuTherefore, the aims of
present study were to investigate Pb accumulatichedimination in clam of sub-
chronic waterborn Pb exposure. Also, in the presamdy, we used clams to test
the effects of 2 week exposure and 1 week depurdtiache classical oxidative
stress inducing lead (Pb). Protective enzymes S&BX, GR, GST, GSH, MDA,
as well as, several indicators of disturbance i@ thiol/disulfide status were
measured. We wanted to know if metal levels pregerihe environment have
effects on enzyme activity and to how extent.
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4.2. Material and Methods

4.2.1. Clam conditions

Manila clamsR. philippinarumwere collected in July 2005 a clam farm in Go-
heung country Jeon-nam, Korea. The clams werenaatified for 5days in semi-
static system. After acclimatization, clam (shelhgth: 33.98 + 3.00 mm, body
weight: 8.51 + 1.35 g) were selected for the expents. Fifty clams were
separated to 50 L control and test tanks.

4.2.2. Exposure and depuration system

The clams in the test tank were exposed to theréift concentrations from 15, 30,
150 and 30Qug/L of lead nitrate (PbN§) Sigma Aldrich Co.) under sub-lethal
concentration for 2 weeks. After that was transi@rclean sea-water for 1 week.
Sea-water was changed every 48 hours. Animals Wwelé healthy under the
laboratory condition in 12:12h light/dark cycle forther studies. Four clams were
sampled every 1 week for 3-weeks from each groughemistries determined.
Seawater quality was measured every 1 week dunm@xtperiment periods (Table
4-1). The condition index (Cl) was calculated (€l fresh flesh weight (g) x
100/shell weight (g), derived from Duquesieaal (2004).

4.2.3. Lead analysis

The gill, digestive glands, residue tissues wsaenpled every 1 week for
analysis of metal concentration. Four clams weneored each test concentration
and control. Tissue samples were dried aiC68nd kept in desiccators until
digestion. Dry tissue was digested with 1:1 HN@uprapur grade, Merck,
Germany) and samples were fumed to near dryness loot plate at 120 for
overnight. After digestion, the residue was dissdhin 20 mL of 0.2N HN@and
kept in a refrigerator until analysis for trace atePb concentration of tissue was
measured using an ICP-MS (Elan 6000, Perkin-elnf@p).concentration in the
tissues of clam was expressed:g& dry wit.
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4.2.4. Biochemical analysis

Eight clams were removed from each tank every vekeglng the 3 week of the
experiment. Weight and total length were recoraedefich individual. Four clams
were dissected gill and digestive glands and thesighted. Tissues were
homogenized in 0.5 M sucrose and 0.15 M NaCl i2 00Tris-HCI (pH 7.6). The
homogenates were centrifuged at 500g for 15 mim‘@t and the resulting
supernatant at 12,000xg for 30 min &t 4Antioxidant enzyme activities in the
tissues were measured with a temperature-controlgmectrophotometer
(DR/4000U, Germany). The assays were run in duglicar triplicate.
Polyunsaturated fatty acid peroxides generate rditiehyde (MDA) activities
were measured pre-centrifuged homogenated tisswesding to John and Steven
(1978) method. The post-centrifuged supernatantse weeasured Superoxide
dismutase (SOD), Glutathione reductase (GR), Gligae-S-transferase (GST),
Glutathione peroxidase (GPx). SOD activity was eatd with the xanthine
oxidase-cytochrome ¢ method as described by FlodeGiting (1984), GR was
Carlberg (1985), GPx was Paglia and Valentine ().987d GST was Habig and
Jacoby (1981a, b). Reduced glutathione (GSH) &gtivieasured the other four
clams. Tissues were dissected, homogenized 10% Héhd followed centrifuged
50009 for 15 min. The resulting supernatants meas@SH determination. GSH
content was determinate according to RichardsorMaumphy (1975). The reaction
mixture contained 0.01M.5, 5'-dithiobis, 2-nitrokeix acid (DTNB), 0.1M PBS
buffer (pH 8.0). GSH standard curve performed 10mdiuced glutathione
standard solution. The linear increase in absodaras recorded at 412 nm. Total
protein concentrations according to Bradford (191§) using bovine serum
albumin (BSA) as standard.

4.2.5. Statistical analysis

Data are expressed as mean + standard error (@@IEtatistical analysis was
performed using SPSS/Pstatistical package. Prior to analysis, all da¢aentested
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for homogeneity of variances among groups usingBiktlett test. Comparisons
in normalized data between control and treatmerdasmwere made by one-way
analysis of variance (ANOVA) followed by Duncan'siltiple comparisons test of
mean values if significant differences were fouRd(0.05).
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4.3. Results

4.3.1. Condition index

After 1 week of exposure, Cl was no significantiyrésponse at all concentration.
Cl was significantly decreased at 3@§/L—Pb exposure with 2 week (Figure 4-1).
For depuration periods, Cl recovered at 3460_ and no significant CI occurred in
the clam at all concentration.

Exposure Depuration

I Control
[ Pb 15ug/L
I Pb 30 ug/L

: [ Pb 150 ug/L
60 a a N Pb 300 ug/L

a a a
T+ T 3
40

80

Condition I ndex

0 - - .| L ||

1 2 3
Weeks

Figure 4-1. Changes of condition index (Cl). ClaR, philippinarumexposed to
15, 30, 150 and 300g/L Pb for 2 weeks and then transferred to Pb
free water for 1 week.
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4.3.2. Lead accumulation

The mean levels of total Pb accumulated in the diige glands, gill, residue
tissues ofR. pillippinarumexposed to 15, 30, 150, 3@/L Pb for 3 weeks are
presented in figure 4-2. Pb accumulations in digesglands were significantly
increased for 2 week at 150 and 30@/L. After 1 week of exposure, Pb
accumulation values were 10.67 + 5.,2d/g and 13.99 * 3.04g/g and were
approximately 37-fold and 48-fold higher than i ttontrol at 15Q:.g/L and 300
1g/L—Pb exposures, respectively. After 2 week of osxpe, Pb accumulation
values were 11.92 + 4.7&)/g and 19.51 + 3.72g/g and were approximately 13-
fold and 21-fold higher than in the control at 18L and 30Qug/L—Pb exposures,
respectively. No significant Pb accumulation ocedrin the digestive glands
exposed to at 15 and g@/L. For gill, Pb accumulation was significantlycreased
for 2 week at 150 and 3Q@y/L. During the first 1 week, Pb concentration eslu
were 67.87 + 26.24g/g and 256.51 + 52.53%)/g and were approximately 38-fold
and 145-fold higher than in the control at 150 800 xg/L, respectively. At the
end of the 2 week exposure, Pb concentration valees 144.45 + 26.3kg/g and
282.00 £ 49.95g/g and were approximately 54-fold and 107-foldhieigthan in
the control at 15@g/L and 30Qug/L—Pb exposures, respectively. No significant Pb
accumulation occurred in the gill exposed to at /(L and 30xg/L. Pb
accumulation in residue tissues (adduct musclet, fEiphon) were significantly
increased with exposure periods and above 80 for 2 week. During 1 week of
Pb exposure, Pb concentration values were 39.9242Lg/g and 83.46 + 19.57
1g9/g and were approximately 69-fold higher and 1dld-higher than in the control
at 150ug/L and 30Qug/L—Pb exposure, respectively. After 2 week of Rposure,
Pb concentration values were 57.73 = )iy and 123.57 + 42.32)/g and were
approximately 144-fold and 309-fold higher thantlwe control at 15Q.g/L and
300 ug/L—Pb exposures, respectively. No significant Bbuanulation occurred in
other tissues exposed to at 15 and:@Q.. After 2 week of Pb exposure, the order
of Pb accumulation in organs was gill > residusues > digestive glands. The
accumulation factors are presented for digestieadg, gill and residue tissues at
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15, 30, 150, 30@g/L Pb exposures in figure 4-3. The accumulatiaridiss were
increased with the exposure period in digestivedgagill and residue tissues. A
direct proportion relationship was observed betw#enaccumulation factor and
the exposure concentrations at 1 week. Moreovertdoemulation factor above
150ug/L increased with 2 week.

4.3.3. Lead elimination

Pb depuration in digestive glands, gill, otheruess ofR. pillippinarumexposed to
15, 30, 150, 30Q«g/L Pb for 3 weeks are presented in figure 4-2.imuthe
depuration phase, Pb concentration in digestivadglagill and residue tissues
decreased quickly following at 150 and 3@§L the end of depuration periods.
The elimination rates in digestive glands, gill aoither tissues at the end of
depuration periods were 78.27%, 63.56% and 92.6319450.g/L, respectively.
Pb concentration values in digestive glands, gil eesidue tissues were 7.08+2.69
1g/g, 13.36 £ 6.12g/g and 12.51 £ 5.1pg/g were approximately 23-fold, 11-fold
and 54-fold higher than in the control at 3@§)L-Pb exposure, respectively. The
order of Pb elimination in organs during the deparaperiod was gill > digestive
glands > residue tissues.
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Figure 4-2. Accumulation and elimination of Pb in digestiveargls, gill and
residue tissues of clam.ifdicates significant difference from control
value, P<0.05 as determined with Duncan post r&ig te
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Figure 4-3. Determination of the accumulation factors (AF)digestive glands,
gill and residue tissues of cla/ philippinarum
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4.3.4. Value of biochemical contents

SOD activities in the digestive glands and gilRofpillippinarumthose exposed
to Pb (control, 15, 30, 150, 3@@/L) are presented as a function of exposure time
and exposure concentrations are shown in Fig. Bikére were no significant
differences in the digestive glands of the clameobsd during the 2 week of
exposure, and then after the end of Pb exposur® &ivity in the digestive
glands were no significant during the depuratioriqae SOD activities in the gill
of the clam showed significantly increase above 2§Q Pb for 2 week of Pb
exposure, but those were significantly reducedndudiepuration periods.

Change of GPx activity in the digestive gland obsdrsignificantly decrease
above 3Qug/L Pb compared to control group during 2 weekPlofexposure, but it
was recovery after 3 weeks in the above:@Q. exposure group. GPx activities in
the gill decreased significant difference overn@fL Pb concentrations in 2 week,
and then GPx activities levels are recovery at 3¢ 150 and 30Q:g/L Pb
exposure group-during depuration period (Fig. 4-5).

Values of GR activities levels in the clam tissaes presented in Fig. 4-6. There
were no significant differences in the digestivangls of the clam observed during
the 1 week of exposure, those observed signifigantrease above 30g/L Pb
compared to control group during 2 weeks of Pb eMpm and then GR activities
in the digestive glands showed a increase abovegA5Pb (except 30@g/L Pb)
compared to control group during 3 weeks with depan periods. Gill GR
activity in high exposure concentration (at 3a@§/L) was significantly increased
compared to control group during 1 and 2 week. Areh those recovered at 300
1g/L Pb during the depuration periods.

Values of GST activities levels in clam tissues piresented in Fig. 4-7. GST
activities in the digestive glands and gill wergngficantly increased in 2 week at
300 xg/L Pb concentration. After that, GST activitiestlae 300ug/L Pb were no
significant during the 3 week in the depurationiqes.

In digestive gland, GSH activities were showed i§icgntly decrease above 300
#g/L Pb compared to control group during 1 weekBloexposure, and those were
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significantly decreased at the above 1@l Pb exposure group compared to
control group during the 2 week (Fig. 4-8). Afteat, GSH activities at the above
150ug/L Pb were no significant during the 3 week in depuration periods. In gill,

GSH activities were decreased at the 300. Pb exposure group during 2 week,
after that were GSH activity no significant duritige 3 week in the depuration

period.

In digestive glands and gill, MDA level of Pb expdsto clams were no
significantly difference for 1 week, and then weignificantly increased at 30, 150
and 300ug/L Pb exposure with compared control group in fgitl 2 week (Fig. 4-
9). And then MDA levels were no significant duritige 3 week in the depuration
periods. But, in the digestive glands, those weee significantly difference
although slightly increased to the compared corgroup in 2 week. After that,
MDA levels at the above 3fg/L Pb were significantly increased in compared
control group during the 3 week in the depuratieriqas.
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Figure 4-4. Variation of SOD activities in the digestive gisnand gill of clanR.
philippinarumdepend upon the exposure of Plindicates significant
difference from control value, P<0.05 as determinitd Duncan post hoc
test.)
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Figure 4-5. Variation-of GPx activities in the digestive gisnand gill of clanR.
philippinarumdepend upon the exposure of Plindicates significant
difference from control value, P<0.05 as determinitd Duncan post hoc
test.)
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Figure 4-6. Variation-of GR activities in the digestive glandnd gill of clanR.
philippinarumdepend upon the exposure of Ptindicates significant
difference from control value, P<0.05 as determinitd Duncan post hoc
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Figure 4-7. Variation of GST activities' in the digestive glanand gill of clanR.
philippinarumdepend upon the exposure of Ptindicates significant
difference from control value, P<0.05 as determinitd Duncan post hoc
test.)
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4.4. Discussion

In this study, Cl was significantly decreased a 30/L—Pb exposure with 2
week. Trace metals inhibit growth in a variety odnme bivalves (Manlegt al,
1984; Wikforset al, 1994; Din and Ahamad, 1995; Keppler and Ringw@id1).
Shell growth may thus provide an integrative motpbiwal response to
contaminant exposure over weeks/months, but doselfew discrimination of
temporal changes in pollutant exposure within thése frames, nor dose it
provide any information on the underlying physiotad mechanisms responsible
for changes in growth (Widdows, 1985).

Pb accumulated in the digestive glands, gill arsidies tissues of the clam and
the accumulation increased with the time of exp@samd concentration in the
water. Lead is not essential and tends to be detdxby metallothioneins or
phosphatic granules and stored permancently ingsg¢Rainbow, 1997). Lead
accumulates irR. philippinarumin high quantities, as occurs with other bivalve
mollusks (Simpson, 1979; Talbot, 1987). This specé#so possesses a low
capacity for regulation, as seen from the obseymathat concentrations did not
reach stationary values at either of the two exmsoncentrations tested, even
after 7 days. In the present study, the distributid lead in the tissues analyzed
shows that the highest concentration is reachettiengill. This tissue has been
reported by various authors as that in which theaigrst accumulation of metal
occurs, at least during the initial period of exjpes owing to its large surface area
and the chemical properties of the mucous covehagill (Amiard-Triquetet al,
1986; Preston, 1971; Schulz-Baldes, 1974). Thisowsichas been indicated as
responsible for the capture of metals in dissolaad particulate form present in
water flowing through the cavity of the mantle (@umgham, 1979). Tissue
accumulation data point to the gill as the probadrlmary site for the acute toxic
action of Pb based on the high Pb-burden measweddompared with digestive
glands and residue tissues sampled. Chronicallpsgclam also show elevated
gill-Pb concentrations relative to digestive glaradsl residue tissues. It is clear
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that Pb also crossed the gill and entered the @ansignificant accumulation
occurred in digestive glands and residue tissues.olr experiment, Pb
accumulation levels in tissues elevated for 2 wesdmosure to 150 and 3@Q/L.
Similar bioaccumulation equilibria of Pb in sofsdues have been reported for
laboratory studies with the mussklytilus galloprovincialis with levels reaching a
steady state after three weeks exposure tqugf20Pb in seawater (Boissa al,
1998). But, Pb accumulated by tissues in the hkmeh,dMercenaria mercenaria
reached equilibria with the exposure environmerthiwifive days, and was not
significantly (p<0.05) different to Pb concentration tissues after 15 days
exposure (Alcutt and Pinto, 1994). Since in thespn¢ study experiments were
performed for four different exposure concentratid®, 30, 150, 30Q:g/L),
information is available on the relationship betwethe change in Pb tissue
concentration with increasing Pb water concentnaticead may be available for
oyster tissue uptake via two major pathways, narf@lyhe soluble/dissolved form
(i.e. free hydrated and ionized hydroxyl speciegj/ar (b) phytoplankton and/or
adsorbed onto inorganic particles or fragmentsiofdnic origin which may be
subsequently filtered and potentially consumed ¢Bom et al, 1998). The
bioavail-ability of metals such as Pb is highly degent on the speciation, or
physicochemical form, of the metal in seawater.d_eatake at the gill surface
and/or the digestive glands may occur via a nurobpossible pathways including
passive diffusion, active transport as an analogu€a (Markich and Jeffree,
1994), receptor-mediated transport (Brown and M#rkR000), endocytosis or Pb
reacting with phosphate groups of the lipid bilaged subsequent binding with
intracellular ligands (Viarengo, 1985). Establighimetal (pseudo) equilibria
between mollusks tissues with the aquatic mediumei documented (Jeffreet
al., 1995) and thought to be mediated via occupaifanetal species at membrane
receptor sites (Brown and Markich, 2000). Therefohés suggested that gill of
clam was an important accumulation organ for water® Pb. Determination of
accumulation factors in various tissues suggestechighest accumulation ability
for gill followed by digestive glands and lowest fesidue tissues. The calculated
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accumulation factor has two major purposes: figtmeasure how much Pb is
accumulating with respect to aqueous exposure obratn; second, to find the
finite limit in the ability of clam to accumulateatals (Sorensen, 1991). In our
study, a direct proportion relationship was obsgrbetween the accumulation
factor and the exposure concentrations for expgsemeds.

Depuration of metals from tissues is essentiallpaasive process and most
aquatic molluscan studies suggest both incomplepurtion of Pb, and uptake
rates which far exceed the rate of depuration.his study, the order of Pb
elimination in tissues of clam during depuratiomipe was gill > digestive glands
> residue tissues. In clam exposed to Pb concemirat 150 and 30Qig/L, the
tissues that showed the fasted elimination of Piewgél. Indeed, after three years,
mussels NMytilus edulig transplanted from a contaminated location to earml
environment were only able to depurate approximai@Pbo of original tissue Pb
levels (Rigetet al, 1997). Approximately 62% of accumulated Pb wetsined
after depuration for three weeks for the same sgeender laboratory conditions
(Boissonet al, 1998). Thus, it can be concluded that the tatigsties for Pb
elimination was gill.

For SOD, the presence of high activities in gill @dam may have allowed
detoxification of excess reactive oxygen speciee(iQ and hydroperoxides),
hence preventing the induction of this enzyme sgysteThis is in agreement with
Okamoto and. Colepicolo (1998), who found that Plposxre, elevated SOD
activity. The observed increase in the SOD acésitin clam with Pb-induced
hypertension may represent a compensatory respionsxidative stress. The
highest GR activity which was observed-in clam 80 3g/L Pb exposure
characterized by the lowest activity of GPx, maylyna kind of compensatory
mechanism between the activity of GPx and GR. Théshanism may rely on
intensification of turnover between reduced anddi@ed glutathione under the
conditions, which cause increased consumptionisfgéptide for the synthesis of
trace metal-binding proteins, like metallothioneiithe detoxification enzyme
GST exhibited maximum activity in Pb concentratRO0 xg/L during 2 week in
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digestive glands and gill tissues. The level of G8ds found to be higher in
mussel tissues and difference in the specific aietsv of this enzyme was also
observed within the mussel tissues (Osman and wamtN2007). As found in clam
tissues, a high activity of GST in gill compared digestive glands was also
previously described that was a higher expressio®®T enzymes in the gill
compared to digestive glands was also reported/ifdgius edulis(Fitzpatrick and
Sheehan, 1993). Thiol chelating agents in assoai&ti antioxidants can be used in
Pb poisoning (Gurer and Ercal, 2000; Tanddnal, 2002; Floraet al, 2003;
Gurer-Orharet al, 2004), which is justified by the oxidative sgésduced by Pb
and the high affinity of Pb towards thiol groupstiaxidant, GSSG-reductase is
possible targets for Pb-mediated inhibition. In gesult, this inhibition was
observed in clam exposed for 2 week to Pb, whicly ba related to the
concentration and exposure period used. Pb altarloisthe cellular thiol status of
the cell, binding to thiol groups with high affipjtand decreasing GSH/GSSG ratio.
However, the effective increase in the GSH conitetite gill and digestive glands
of the green muss@erna virdisafter 2-3 weeks of exposure to Pb is of particular
interest (Yaret al, 1997). MDA was accompanied by xenotoxicity in@ognand
damage of tissues although one out of process coigrappeared in death of cells
as pathological / physiological phenomenon. In #iigdy, oxidative gill damage
was evaluated determining lipid peroxidation meaduas MDA level of Pb
exposed to clams were significantly increased atl80 and 30@g/L Pb exposure
with compared control group in gill for 2 week. Hever, MDA levels in digestive
glands were no significantly different for Pb exp@s periods, but those were
increased MDA levels at above g8/L Pb exposure for depuration periods. This
was meaning continuously arising of lipid perixidatwhich was increased MDA
of digestive glands because only few time a hatfops of MDA (Demling and
Lalonde, 1990). It was showed maintain of effedtsP& depuration periods.
Therefore, we guess lack of enzyme secretion coedpaith detoxification in
accumulation of Pb, because it was increased MD#hoagh antioxidants
increasing.
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Chapter 5.

Overall discussion

This field study was carried out a Cu, Cd, Pb, &, Se, Zn environmental
gradient. Metal accumulation and metal sub-cellpkatitioning were compared in
the tissues of clam. Variations in tissue metalceotrations along the gradient
increased in the order Cd < Pb < Se < Cr < Cu </An<In target tissues, total
tissue trace metal responds in a concentrationFilee manner to changes in
ambient metal levels. At the sub-cellular leveg thiferences between the gill and
the digestive glands are even more pronounced.s@ualy demonstrates that the
sub-cellular distribution of Cd, Pb or the essdmtiatals Cu, Zn is linked to the
metabolic orientation of the tissue and to thetnetaaffinity of the various cellular
ligands for each metal. High temporal variabilifydissolved and suspended metal
concentrations in near-bottom waters in coastalsaege to be expected, especially
with non-point and/or sporadic metal input, and djomater exchange. This
circumstance makes it difficult to obtain reliakilme integrated data on dissolved
and suspended metal concentrations. In turndiffisult to use established kinetic
models (Wangpt al, 1996) to estimate metal uptake and accumuldtyomussels.
We contend that the concentration of easily leddb metals in sediments is a time
integrated proxy. of ‘metal contamination of nearttmwt water and suspended
matter. We compared metal concentrations "in clanith whose in ambient
sediments, because some fraction of the sedimemiebmetals should be available
to suspension feeding mollusks. Trace metal lewsdse significantly higher at
sites in Jinhae clam-farm than other sites. Jimkg®mn had the highest metal and
nutrient loadings in the Jinhae catchment, perttaesto its proximity to urban
runoff and sewage treatment plant outfalls. Traetaia exhibited a high positive
correlation with the percentage of silt and clayha sediment, suggesting metals
tend to bind and accumulate in fine sediments.
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The tendency for shellfish to uptake metals in twoliorm (Borchardt, 1985;
Riisgaardet al, 1987; Wanget al, 1997) and homogeneous levels in the water
column seem to have little impact on variationgeivels between marine stations.
Under these conditions, levels of metals measurethiural populations sampled
on the coast are nearly identical to those obtainech transplants of mussels
immersed in the open sea. For nickel, chrome, asehic, the results available in
the bibliography (Chiffoleau and Bonneau, 1994nptd the same conclusion. In
this paper we are suggesting that the concentsatbtrace metals in clams should
be used to determine ecological impacts directhd ¢hat should be used to
identify which areas have a potential for ecolofgdiaruption as a consequence of
increased aquatic concentrations of bioavailablalsieThe link between exposure,
measured by bioaccumulation and impact on organisassdiscussed by Chapman
(1997). His argument was centered on an analystsegbotential for predicting the
level of impact on the organism in which the leveldissue contamination were
determined. He concluded that there is potentiatémcentrations of contaminants
in tissues to be used as a predictor of impactsthmutstate of knowledge about
relationships between toxic concentrations and bHmatglens is still too poor to
allow useful predictions. There is very little llkeod, given the current level of
knowledge, which valid predictions could be madé¢hie foreseeable future about
the effects on higher trophic levels resulting freonsumption of contaminated
prey. This is critical as Underwood and Peters@88) argue that it is the effects
at ecosystem level that are the most importaneterthining long-term ecological
viability. For the mollusks studied, cadmium wasrenceadily concentrated in the
tissues than lead. The combination of a high uptake coupled with a slow
depuration rate for cadmium in the clams may erpthis difference. Uptake of
contaminants may result from processes at the sadwace (e. g. gill) or in the
digestive glands. We suppose that the gill wagpthrecipal absorption site. It could
be possible that gill has a higher discriminatimgeptial for cadmium absorption.
Hence, cadmium will be found in a larger concerdrain the tissues of the clams,
probably because the gills’ capacity to discriménist lower for this metal. Under
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an ambient lead exposure representative of natwatamination conditions
including both dissolved and food sources, thel glashpartment was shown to be
the main contributor to the total lead accumulabgdclams even if the lead
concentration was higher in the soft parts tharthe shell at the end of the
exposure period. Therefore, clams may best be deresi as bioindicators of lead
contamination from the dissolved phase rather tHeom food sources.
Furthermore, the low and gradual rate of uptakeplemliwith the long biological
half-life for release of lead limits the usefulne$avhole clams to trace short-term
variation of lead in the ambient waters. This ftwbuld be taken into consideration
when designing the appropriate sampling frequemcyiomonitoring programs
involving lead.

The present results suggest that the componen@ntbxidant systems in
epibenthic invertebrates, such as GSH, GPx, GR,, G®D, MDA, can provide
sensitively biomarkers to control the exposurehele species to pollutants. These
biomarkers had 'some potential in the predictiotogicity, a deficiency expressing
impaired capacity to overcome a chemical stress.fiyegher studies are needed to
increase knowledge of the relationships between dbgree of deficiency of
antioxidant systems and cell injury. The use of cg®e transplanted from
unpolluted to study areas was found to offer a alaller means for detecting
disturbances of natural environments. The restilsioh transplant studies do not
always preclude adaptation or-.compensation meainariisat may occur in native
species in the long term. This kind of study. repms a useful tool for
environmental biomonitoring and ensuring environtaksafety. The present work
confirms the utility in measuring several biomagker the clams. Amiard-Triquet
et al (1998) noted variations in three biomarkers: leaes GST, AChE activities
and TBARS levels in mussels translocated for timeaths from a non-polluted
area to the Gironde estuary (France). In theseipavitimetric studies, principal
component analysis may be useful, for instance muzh larger area of NW
Mediterranean sea from Marseilles to Corsica, bitera (EROD, GST and AChE
activities) as well as trace metal concentratiomsewmeasured in the wild fish
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Serramus cabrilla(Roméoet al, 2001). The observed alterations of enzyme
activity in clams exposed to a gradient of pollatiprobably reflect short-term
developmental response, which covers the rangelefince for the species, rather
than the effect of long term selection under tharenmental pressure. Analysis of
the tissues accumulation of metals as well as Hmgea of enzyme activity
variations, suggest that clam species manifest napparent reactions to
environmental stressors. Observed hormetic-likeotdf of enzyme activity in
animals over the gradient of environmental pollutinay indicate the borderline
between the area endangered by an adverse effecttten area in which
compensatory responses may balance the adverse attpollutants. Phadé of
detoxification involves a range of enzyme actigthich conjugate xenobiotics to
endogenous substrates. The conjugate thus formeguedly more water-soluble
than the xenobiotic and this facilitates its exwodrom the cell. GSH is known to
bind trace metal cations through it's SH groupjrgivise to. metal —SG complexes
and it is generally considered to act as a phygicé defense against trace metal
cytotoxicity. The data obtained in vitro demongrahat hexokinase from clam
digestive glands and gill are susceptible to ivatibn by trace metals and suggest
a role for GSH in the protection against the effedfttrace metals, cadmium and
lead in particular; moreover, the results indiddi@t the enzyme can be inhibited
by metal-mediated oxyradical production. The resfrthm the in induced by trace
metal exposure was associated with a decrease h fBtent; although the
decrease in hexokinase activity can be mainly dua direct effect of the metal,
the Cd, Pb-induced reduction in tissue GSH leveld aonsequent imbalance
between pro-oxidant and antioxidant processes roajribute, to some extent, to
the enzyme inhibition. Although some Phasgeactivities are associated with the
microsomes, the glutathione S-transferase (GSTg),most abundant Phask
activity in mammalian species, are principally lschin the cytosol. IM. edulis a
number of GSTs are present. In common with mammaB&Ts, these proteins
also are capable of non-catalytic binding of a wialege of xenobiotics. GSTs are
most abundant in the gill and digestive glandsudssofM. edulis The highest GR
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activity which was observed in earthworms form Biteharacterized by the lowest
activity of GPx and GST, may imply a kind of compatory mechanism between
the activity of GPx and GR, as was postulated emaiti the paper of Laszczyca
(1999). This mechanism may rely on intensificatadrturnover between reduced
and oxidized glutathione under the conditions, Widause increased consumption
of this peptide for the synthesis of heavy metaldbig proteins, like
metallothioneins.

Although the species we studied in the present wanki suggested as
biomonitors present numerous advantages, morenafton and more studies are
necessary to clarify accumulation patterns. Itipadrtant, as well, not to overlook
the possible existence of regulating and/or cortipatimechanisms of metals
inside tissues. Also, the most recent developmémtshe field of analytical
techniques can significantly contribute to our kiexge in this field. It is quite
important to take into account the knowledge defriem the study of metal
speciation in seawater, along with traditional bimitoring investigations, for use
in environmental protection policies of the futukdetal partition coefficient was
more important than metal assimilation efficieneyd angestion rate of clams in
controlling the relative importance of dissolvedake vs. dietary ingetion in the
overall metal accumulation in clams. Considering tbomplex mixture of
contaminants in aquatic ecosystems, antioxidardrpeters represent biomarkers
of interest due to the aspecific character of thesponse. Nevertheless, further
research is required-to-clarify fundamental proegsspecificity, dose-response
and mechanistic studies. Transfer studies offeathentage of being independent
of natural variables (seasonal variation, tempeeatsalinity, etc.) since the
organisms used were obtained from the same sanmgitelgSuch studies are quite
appropriate for evaluating the impact of pollutiom benthic species. Antioxidant
enzymes such as GR and GPx, as well as GSH lewidompromising indicators
of an oxidant impact on aquatic organisms. Biomark&ould not be applied alone,
but integrated into ecotoxicological research praognes including the chemical

90



analyses of contaminants, physiological studiegnirhal condition and the quality
of the ecosystem.

In conclusion,R. philippinarumcan be considered a good bioindicator for Cd
and Pb exposure. Antioxidant enzyme activity in digeestive glands and gill can
be considered a potential biomarker of sub-letlralss as a result of exposure to
cadmium and lead. The choice of the tissues foerdehing the effect of trace
metals also has advantages from the experimenital goview, because a smaller
number of specimens will be necessary for analyengyme activity. Although
direct metal-enzyme interaction in the case of @d Rb cannot be eliminated as a
possibility, the most probable cause of the respamgasured in this study is
adaptive reaction to stress. Nevertheless, expatsmecarried out at
environmentally relevant concentrations and fiedangles will be necessary to
confirm the usefulness of antioxidant enzyme adomarker of stress by trace
metal.
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