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ABSTRACT

Over the last three decades, the pollution of heagtals in Nha Trang coast and
the environs comes from many human activity soyraesvhich 90% of wastewater
discharged directly into the rivers then coastalezwithout treatment. Other major sources
from industrial, agriculture, aquaculture actiwstieil drilling, tourism and port activities
may also cause direct contamination of heavy mettllis zone. The metals body burden
in mollusks may reflect the concentrations of neetal surrounding water and sediment,

and may thus be an indication of quality of the@uinding environment.

The study on the potential bioaccumulation of msKki as bioindicator is an
important effort that contributes to the findingsmethod in monitoring pollution in an
environment of tropical regions. This thesis repdine results of our investigation of heavy
metals in mollusks and sediment samples colleatenh ffour coastal sites of different
environmentally background in Nha Trang bay ana&eelt areas, Khanh Hoa province,
Viet Nam during 2 years from 2012 to 2013. The gtuded suitable analyzing methods
update to find the bioaccumulation capacity of drametals in marine ecosystems,
evaluation of the bioavailability of potentiallyxic substances on human health risks and
available for predicting the environmental fat aftects of pollutions. Results from this
study demonstrated that the 5 metals As, Cr, Cdai@lZn concentrations of sediments
were acceptable or moderate biological effects.s&@h&udied mollusk species including
Laternula anatine, Glauconome virens, Katelysiantirza and Geloina coaxansave high
potential factors in term of metal BSAF in theissiues. They have served as good
bioindicator organisms, in whidK.hiantinamight be the best indicator of metal pollution

as it is high presence, abudance and wide geogaptistribution in the study area.

The obtained results of the research not only plexvithe environmental status in
term of heavy metal pollution and the bioaccumalatin Nha Trang bay, they are also
scientific bases for further studies regarding toi@nitoring for marine environmental

protection and natural conservation in Nha Trangdrad southern coast of Viet Nam.

Key words: Coastal pollution, sediment, mollusk, heavy nsthioaccumulation,

Nha Trang Bay



RESUME

Au cours des trois dernieres décennies, la bailhdeTrang et ses environs sont
pollues par diverses activités humaines. 90% deg eaées non traitées sont déverses
directement dans les rivieres sur la zone cétlénedustrie, I'agriculture, I'aquaculture, le
forage pétrolier, le tourisme ainsi que les adwiportuaires peuvent également provoquer
une contamination directe par des métaux lourds datie zone. La charge corporelle des
métaux dans les mollusques reflete les concemsatite métaux dans l'eau et dans les

sédiments environnants, telle est I'indicationagualité de I'environnement.

L’étude sur le potentiel de bioaccumulation deslasojues comme bioindicateur
est un effort important a appliquer rigoureusentats les régions tropicales. Cette these
présente les résultats de notre enquéte pendaxntatsu(2012-2013) dans 4 sites cotiers
de la baie de Nha Trang de la province de Khanh (Magt Nam). L'étude a utilise des
méthodes d’analyse appropriées pour déterminerplallution en métaux lourds des
sédiments et interpréter la capacité de bioaccumaolaes métaux lourds dans plusieurs
types de mollusques pour la proposer des bioinglicagt évaluer les risques lies a la
consommation de ces mollusques provient des sudestanxiques. Les résultats de cette
étude ont démontré que la concentration de métawrd$ comme Cr, Cd, Cu et Zn ne
présent pas les effets biologiques. Un traitemest rdsultats sur le choix d’'une espece
comme bioindicateurs, y comprisaternula anatine Glauconome virensKatelysia
hiantinaet Geloina coaxangn terme de bioaccumulation BSAF de métal dans kssus.
Les facteurs de bioaccumulation conduisant au chair espece particuliere, la quelle

K.hiantinapourrait étre le meilleur indicateur de la poliutipar les métaux.

Enfin, la recherche présente des résultats sdamums sur la contamination des
sédiments, a la bioaccumulation des métaux loypds au choix de bioindicateur que
pour la surveillance biologique et la protectionl'g@avironnement marin en baie de Nha

Trang et sur la cote sud-est du Viet Nam.

Mots clés: pollution des zones cotieres, les sédiments, l@tusgues, les métaux

lourds, la bioaccumulation, baie de Nha Trang.



AIM AND STEPS OF THE STUDY

This study is to identify heavy metals in coastdiments and in mollusks from
four principal areas inside the Nha Trang bay agidcent areas, Khanh Hoa province,
Viet Nam during 2 year. 2012-2013 and would provideportant evident of
bioaccumulation potential of heavy metals as welaavhole of ecosystem ecological risk

impacts of selected trace elements in the healtheoimarine ecosystem in this area.
To achieve these objectives, the study conductdteB main steps of research:

Step 1: Definition the ranges and state of contatmimaf these seven metals of
sediments as As, Cd, Cr, Cu, Zn, Fe and Al. Thep stcluding collected and analyzed
coastal surface sediments to determine the phys$iemical properties and heavy metal
contents of the surface sediment; comparison veislts from other geographical regions
and to assess relationship between heavy metalemsntand physicochemical

characteristics of the sediments.

Step 2: Assessments important evident of bioaccatonl potential of heavy
metals in this area: To investigate the relatiobhady size to total body burdens of metals
in organisms as well as there parameters such & PB and particle size distribution

possibly controlling the degree of contaminatioresaso discussed

Step 3: Investigate the effects of some heavy mdétam human activities on the
marine ecosystems. This integrated approach alibwstter understanding of the fate of
trace elements in different components of the eba&stosystem, and an evaluation of the

bioavailability of potentially toxic substances avfchuman health risks.

Vi
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CHAPTER 1

LITERATURE REVIEW

1.1PROBLEM STATUS

Pollution has considerably degraded the coastaha@athe environment, including
estuaries over the past 30 years. Increasing wétom, industrialization and tourism,
coupled with a growing coastal population, haverdegd coastal areas, reduced water
quality and increased pressures on marine resourbese have, however, been significant
changes in perspective, and new concerns have ethg/dOSTE, 1999). Elevated
concentrations of trace metals in aquatic bodiea eessult of human activities have been
recorded since ancient times. However, excessieages of toxic trace metals into the
urban environment and the associated health imit® only became apparent in the
1960s when anthropogenic metal contamination oetheronment was denoted. From an
environmental and health perspective, this profogeagraphical development will have a
critical influence on our immediate environment atslquality for human health. On a
daily basis, numerous human activities includingniaipal, industrial, commercial and
agricultural operations release a variety of taail potentially toxic pollutants into the

environment (Cheung et al, 2003).

All these elements reach the ocean floor throughstad region, which connects
pollutions to the marine ecosystem. Though coastabn are highly productive, dynamic
and much diversified regions, the entry of thesameints in the biotic system is much
easier. From the marine biotic communities the dmottdwelling mollusks have a
tremendous capacity of bioaccumulation. Since tlbasts are more prone to the
accumulation of all toxic elements and chemicatsehs a higher chance of accumulation
in the body of mollusks. In the dynamic lotic river ecosystem deposition and
accumulation of such elements are rare becausts dfuvial dynamics. But due to the
continuous and alternate tidal actions, the retartimes for such elements are high in the
coastal region, which results in the better chafme their entry in to the biotic

communities. The fast growing and highly edibleegrenussel in the coastal region are



more susceptible to heavy metal accumulation andaga route of toxicity to human

population.

It is widely accepted that anthropogenic activitgk®s a significant contribution to
the total aquatic burden of toxic metals by bothnpsource and non point source
contamination can occur. Non point source contatiminaisually arises from agricultural,
industrial, and urban effluents that reach the tbgsway of waterways, surface runoff,
and precipitation. Both benthic and pelagic speams thus become contaminated by
direct uptake and or through biomagnifications. &#wless, a permanent control of water
guality is indispensable. To reveal the presencedliitants and to measure their toxic
effect biological indicators can be used, which suable for prediction of the expectable

toxic influence of known or unknown substancesn{®aet al, 2011)

The pollution of heavy metals in Nha Trang coasianes from many human
activity sources. About 90 percents of wastewatamfNha trang city discharged directly
into the rivers without treatment then make theaywo estuaries and Nha trang bay. Other
major sources from industrial, agriculture actesti oil drilling, tourism and port activities
may also cause the direct contamination of heavwalsén this zone. Aquaculture fish in
the sea with nearly 7,000 carges caused more seaffecting to the bay nowadays. In
fact, approximately 10 tons per day of solid wastere discharged into the sea by 5.000
people living in islands. In the other hand, Nhang bay is a tourism city, however, they

are more than 40 tourist boats transports every(&dnung et al, 2009).

In the recent year, contamination of heavy metals lbeen great problems to the
natural environment, especially to marine ecosystancoastal Viet Nam. Since 1996, in
Viet Nam, the increase of metal concentration engadiment had been observed in Quang
Ninh, Hai Phong, Da Nang and Khanh Hoa (Phuong @04.2), but there have never been
any published reports on the background of heavialsien such a mollusk species,
especially in Khanh Hoa coastal zone. In Nha Thaang the concentrations of heavy metal
in surface sediments in period 1996-2011 were rhhgéween 4.58-43.2; 5.51-13.6; 0.32-
34.1; 10.23-2,7; 0,15-0,33, 0,09-0,43 (ng/g DW) fam, Cu, Pb, As, Cd and Hg
respectively. The fine fraction of sediment in Nhang bay goes from moderately to
strongly contamination with respect to the analpdid heavy metals (Zn, As, Cu and Pb)
(Phuong et al, 2012) and receives attention frazallmanagers.



The heavy metals can be either adsorbed into setknoe accumulated in benthic
organism, sometimes to toxic levels. Studies owyezetal pollution especially in coastal
zones increased over the last few decades at gkdmle. Therefore, the mobility,
bioavailability and subsequent toxicity of metalavl been a major research area
(Ghabbour et al, 2006)Generally, the presence of contamination by mdtakse been
considered only in important harbours such as NewkY(Feng et al, 1998), Boston
(Manheim F.T and others, 1998), the Atlantic Frehenbours (Fichet et al, 1999) and,
more recently, in Baltimore (Mason et al, 2004), nvideo (Muniz et al, 2004) and
Naples (Adamo et al, 2005). However, very few stadieal with the effect of levels of
toxic elements on the health of mollusks tropical and subtropical regions such as
Vietnam and other Southeast Asian countries, pdatily in Khanh Hoa province, where,
in addition to human activities such as harborvéas within the estuary, industrial,
agricultural and residential activities around tteastal can release heavy metals to the

environment.

1.2 HEAVY METAL POLLUTIONS

1.2.1 Metals in environment

Metals are considered as important toxic pollutamd there is extensive literature
concerning their accumulation in ecosystems. Sonsals enter the sea from the
atmosphere, by volcanoes, natural weathering dfstoe.g. natural inputs of metals, such
as Aluminum in wind-blowing dust of rocks and slsaleout also by numerous
anthropogenic activities, such as mining, combuastibfuels, industrial and urban sewage
and agricultural practices. On a global scale thisrenow abundant evidence that
anthropogenic activities have polluted the envirentrwith heavy metals from the poles to
the tropics and from the mountains to the depthh®ibceans. Some metals are deposited
by gas exchange at the sea surface, by fallouaictes (dry deposition) or are scavenged
from the air column by precipitation (rain) which ¢alled wet deposition. For example,
Lead inputs in the atmosphere from industrial aekiaular exhaust are much greater than
natural inputs. The natural levels of heavy meialshe environment had never been a
threat to health but in the recent years increasddstrial activities leading to air born

emissions, auto exhausts, effluents from indusagesvell as solid waste dumping have



become the sources of large quantities of heavglmetto the environment (Mhatre G.N,
1991).

Metals enter the environment by means of naturatgsses or are derived from
human activities. For some metals, natural andraptigenic inputs may be of the same
order (Zn), whereas for others (Pb) inputs due umdn activities dwarf natural inputs
(Clark R.B, 2001). Much of those human activitiee bcated in the fluvial watersheds
and in the margins of estuaries (Salomons and §théB84), being important areas for the
concentration of contaminants, due to coastal im@ddisactivity and human settlement.
There, trade is growing rapidly and much of it deggeon shipping, most of import and
export travel by sea, and the marine harbour enmenmt is degraded. The increase of
metal concentrations in the sediment is a symptbthi® process as has been observed in
the Pacific harbours (Wolanski E, 2006). Rivers mekeajor contribution of metals in the
marine environment. The nature of metals dependseaning deposits in the catchments
area and the discharge of human waste and dischatgen the river passes through urban
areas. Dredging of shipping channels produces lqugetities of metal pollution. Much
smaller quantities of metals are added to the gehirbct discharges of industrial and other
waste and the dumping of sewage sludge. (Clarkl,el®®7; Depledge et al, 1998).
Atmospheric and river inputs, dredging solil, direlcscharges, industrial dumping and
sewage sludge are some of the important contributometal pollution, which lead to the

release of metals to the marine environment (Valahs A et al, 1999).

The oceans provide a vital sink for many heavy metad their compounds. There
is a growing concern that the natural cycling ratemany metals are being disturbed by
anthropogenic activities, especially the releasemfrindustrial, domestic and urban
effluents of increasing amounts of Pb, Zn, Cd, Hgl &Cu.(Schindler P.W,1991).
Atmospheric metal pollution is responsible from taisthe dissolved Cd, Cu, Fe, Zn, Ni
and As in the oceans. (GESAMP, 1990). The worldewmaissions of metals to the
atmosphere (thousands of tons per year) by nadotates is estimated as: Ni: 26, Pb: 19,
Cu: 19, As: 7.8, Zn: 4, Cd: 1.0, Se: 0.4 (tons . Whereas, from anthropogenic
sources: Pb: 450, Zn: 320, Ni: 47, Cu: 56, As:Qd; 7.5, Se: 1.1 (tons x39r). (Clark et
al, 1997). It is obvious from these numbers that B As, Cd and Cu are the most

important metal pollutants from human activities.



Metals of major interest in bioavailability studiess listed by the U.S.
Environmental Protection Agency, are Al, As, Be, @i, Cu, Hg, Ni, Pb, Se, and Sb
(EPA, 1978). Other metals that are presently afdesterest are Ag, Ba, Co, Mn, Mo, Na,
Ti, V, and Zn. (McKinney et al, 1992). These metatse selected because of their highly
toxic properties, their effects on the environmand the living organisms, their potential
for human exposure and increased health risk. Sdmghlights concerning the
bioavailability of As, Cd, Cr, Cu, Mo, Ni, Pb, aith in sediment are discussed in this
study. An additional data are available in the nexfees listed for some major such heavy

metals are:
Arsenic (As)

Arsenic mobility, bioavailability, and toxicity aependent on speciation: arsenite
(AsO;) forms are much more toxic to biological speciesl @re more mobile than
arsenate (As¢’) forms (Kersten, 1988). Arsenic is chemically $amito phosphorous.
Arsenate interferes with phosphate metabolism thatvidespread in the biosphere.
Metallo-organic forms of arsenic also may be muabranbioavailable than inorganic
forms; however, organic-bound arsenic is excretethbst species and does not appear to
be highly toxic (Luoma S.N, 1983). Adsorption anesdrption on iron and aluminum
oxide minerals is the main factor controlling atsebehavior in soil and sediment.
Maximal adsorption occurs at different pH for A$l{I(pH 9.2) and As {V} (pH 5.5) as a
function of the adsorbing mineral; Asmobility is enhanced under oxic conditions.
Arsenic is apparently highly mobile in anoxic sediiwater systems. Development of
acidic and oxidizing conditions tends to releasgdaamounts of arsenic into solution due
to decreased sorption capacity of both forms odracs(Léonard A, 1991). Arsenic can be

found in some film chemistry, but is not very conmrmo
Cadmium (Cd)

The redox potential of sediment-water systems s)ahtrolling regulation on the
chemical association of particulate cadmium, whepdd and salinity affect the stability of
its various forms (Kersten M, 1988). Elevated cidlercontents tend to enhance chloride
complex formation, which decreases the adsorptibrcadmium on sediment, thereby
increasing cadmium mobility (Bourg A.C, 1988) andcckasing the concentration of
dissolved C# and bioavailability (Luoma S.N, 1983). In anoxivgonments, nearly all
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particulate cadmium is complexed by insoluble oigamatter or bound to sulfide
minerals. Greenockite (CdS) has extremely low sbtybunder reducing conditions
thereby decreasing cadmium bioavailability. Oxidatof reduced sediment or exposure to
an acidic environment results in transformationnsbluble sulfide-bound cadmium into
more mobile and potentially bioavailable hydroxiderbonate, and exchangeable forms
(Kersten, 1988). Studies of lake and fluvial seditriadicate that most cadmium is bound
to exchangeable site, carbonate fraction, andnmanganese oxide minerals, which can be
exposed to chemical changes at the sediment-waterface, and are susceptible to
remobilization in water (Schintu et al, 1991). Cadgm is a common metal found in
anthropogenically contaminated aquatic environmemtd is toxic to aquatic biota at
elevated levels. Cadmium can be found in some piggneespecially orange, red, and
yellow colors. In oxidized, near neutral water, @}Qimits the solubility of Cd" (Kersten

M, 1988). In a river polluted by base-metal minicgdmium was the most mobile and
potentially bioavailable metal and was primarilyagenged by non-detrital carbonate

minerals, organic matter, and iron-manganese axiderals (Prusty et al, 1994).

Mollusks accumulate large concentration of calciamging from 1900 — 2000 ppm dry
weight (Clark, 1992). Highest concentration in cagimcauses several health problems in
human. Cadmium and its compounds along with merandysome other dangerous metals
are, however, included in the blacklist. It is lgeimsed routinely in different industrial
processes and its potential hazard to life fornprisdominant. Eating food or drinking
water with very high cadmium levels severely itegthe stomach, leading to vomiting
and diarrhea, and sometimes death. Eating lowetdeaf cadmium over a long period of
time can lead to a build-up of cadmium in the kigmdf the levels reach a high enough
level, the cadmium in the kidney will cause kidnéggmage, and also causes bones to
become fragile and break easily. As a conservayaroach, and based on the limited
human data and the studies in rats, the UniteceStaepartment of Health and Human
Services (DHHS, 1999) has determined that cadmiaoh gadmium compounds may

reasonably be anticipated to be carcinogens.
Chromium (Cr)

The major source of chromium emission in to theiremment from the chemical

manufacturing industry, combustion of fossil fueément producing plants, waste from



electroplating, leather tanning, textile industndaconsumer products such as inks, paints,
papers, toner powder used in copying machine... Chnoms the naturally occurring
compound found in soil, rocks and plants. It ismalty exists in oxidation states ranging
from chromium (Il) to Chromium (VI). However, two ajor forms trivalent (lll) and

hexavalent (VI) forms have biological significance.

Physiologically chromium is considered as a trdeeent and it is required for the
optimum function of insulin in mammalian tissuesdathe maintenance of normal
metabolism of glucose, cholesterol and fat. Thenwabrlevel of blood chromium
concentration in human beings is between 20-30ug/ls found that the intake of
chromium is about 50-200 pg/day is regarded toalie @&nd adequate.

Hexavalent chromium is an extremely toxic metalichtexist as an anion (C5®)
and most readily absorbed from the gastrointestirzait, skin and lungs. Most reports
describe the toxicity of chromium (V1) in the forof chromate of dichromate. It can cause
chronic ulceration of skin surface, denaturatiortisgue proteins, asthma, kidney failure,
discoloration of teeth and inflammation of skin.uA& poisoning results in symptoms such
as dizziness, intense thirst, abdominal pain, viogniand shock and sometimes death may

occur due to the presence of urea in blood.
Copper (Cu)

Copper is most efficiently scavenged by carbonaitgerals and iron-manganese
oxide minerals and coatings and is less mobile tadmium, lead, and zinc (Prusty et
al,1994); in most other situations lead is less ilrothan copper. Elevated chloride
contents decrease adsorption of copper on sedimeatto chloride complexation, which
results in greater solubility and mobility (Bourg@ 1988); (Gambrell et al, 1991). In
systems with high total copper contents, precipitatof malachite controls dissolved
copper contents at low pH (Bourg A.C, 1988; Salosndh 1995). Sometimes, elemental
substitution is more complex; for example, copjerdity is related to low abundances of
zinc, iron, molybdenum, and (or) sulfate (Chanely, R988).

The natural input of copper to the marine environteom erosion of mineralized
rocks. Anthropogenic inputs of copper are fromphsduction of electrical equipments, as
chemical catalysts, as antifouling agents in paiass algicides, in alloys, and as wood
preservatives. Copper dissolved in seawater idlghrethe form of CuCQ or in reduced
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salinity as CuOH It also forms complexes with organic moleculesolivsks have a
tremendous capacity to accumulate copper from ocantted waters. Reports are saying
the copper concentration factor for oysters growimgontaminated waters is 7500 and

they may accumulate 2000 ppm of copper in theiodiClark, 1992).
Lead (Pb)

The main sources of lead in the aquatic environnaat leaded gasoline and
mining (Prosi F, 1989). Leaded gasoline resultsninoduction of organometallic lead
compounds, which eventually reach surface wateo, he atmosphere. Mining releases
inorganic lead compounds. Both organic and ino&mims of lead pose serious health
risks to all forms of life (Ewers U et al, 1990nhofganic lead compounds (sulfide,
carbonate, and sulfate minerals) are commonly amindéh sediment but have low
solubilities in natural water. Naturally occurritegad in mineral deposits is not very mobile
under normal environmental conditions, but beconséghtly more soluble under
moderately acidic conditions. Soluble lead isdittffected by redox potential (Gambrell et
al, 1991). Lead is tightly bound under stronglyuedg conditions by sulfide mineral
precipitation and complexion with insoluble orgamtatter, and is very effectively
immobilized by precipitated iron oxide minerals enavell oxidized conditions (Gambrell
et al, 1991). In the aquatic environment, totabdiged lead abundances in water and pore
water control primary uptake by organisms. Leadabommulation is primarily dependent
on the amount of active lead compounds (predomiyaatueous species) in the
environment and the capacity of animal specieddeedead (Prosi F, 1989). Particulate
lead may contribute to bioaccumulation in organisfasr humans, particles that are
inhaled but not exhaled are especially importaatiations in physiological and ecological
characteristics of individual species lead to défe enrichment factors and tolerances for
each organism. A study of bottom dwelling organissnggests that iron rich sediment
inhibits lead bioavailability (Luoma S.N, 1989). &nstudy of lake and fluvial sediment,
most lead was bound to a carbonate fraction omtomanganese oxide minerals, both of
which respond to chemical changes at the sedimatgrvinterface, and are susceptible to
remobilization in water (Schintu M et al, 1991). dnpolluted river environment, lead is
most efficiently scavenged by non-detrital carbenad iron-manganese oxide minerals
and is less mobile than cadmium (Prusty et al, 199%kad that can be found in some inks
and coatings pigments (although not common), aldes, solder, battery plates (if

8



maintenance is performed on batteries), and papteseportable only if 0.5 Ibs or more
of lead is released in the form of dust.

Lead is a highly toxic substance, exposure to wisih produce a wide range of
adverse health effects. Both adults and childrem saffer from the effects of lead
poisoning, but childhood lead poisoning is much enfbequent. Even today, at minimum
more than four hundred thousand children undeagieeof six who have too much lead in
their blood. Lead (Pb) is typical example of angugenic metal pollution. Beginning with
very low levels at about 2.700 years ago, Pb conceotraticreased during the industrial
age and has risen rapidly since Pb was added wimgaduel of vehicles. Pb levels in
Greenland ice have risen 200-fold from the natlenal. (Harrison et al, 1991).

There are many ways in which humans are exposézhtb through deteriorating
paint, household dust, bare solil, air, drinkingevafood, ceramics, home remedies, hair
dyes and other cosmetics. Much of this lead is f@scopic size, invisible to the naked
eye. More often than not, children with elevatedobl lead levels are exposed to lead in
their own home. Young children under the age ofasi especially vulnerable to lead's
harmful health effects, because their brains antdraknervous system are still being
formed. For them, even very low levels of expostae result in reduced IQ, learning
disabilities, attention deficit disorders, behagioproblems, stunted growth, impaired
hearing, and kidney damage. At high levels of eypmsa child may become mentally
retarded, fall into a coma, and even die from Ipasoning. In adults, lead can increase
blood pressure and cause fertility problems, netisorders, muscle and joint pain,
irritability, and memory or concentration problem&hen a pregnant woman has an
elevated blood lead level, that lead can easilyrdoesferred to the fetus, as lead crosses the
placenta. In fact, pregnancy itself can cause teduk released from the bone, where lead

is stored often for decades after it first entbeshilood stream.
Nickel (Ni)

Nickel is a silver-white metal with siderophilic qperties that facilitate the
formation of nickel-iron alloys. In contrast to theluble nickel salts (chloride, nitrate, and
sulfate), metallic nickel, nickel sulfides, and ket oxides are poorly water-soluble. Nickel
carbonyl is a volatile liquid at room temperatuhatt decomposes rapidly into carbon
monoxide and nickel. Drinking water and food are thain sources of exposure for the
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general population with the average American diettaining about 300 pg Ni/d. Nickel is
highly mobile in soil, particularly in acid soilsThere is little evidence that nickel
compounds accumulate in the food chain. Nickebisancumulative toxin in animals or in
humans. The initial effects involve irritation ofiet respiratory tract and nonspecific
symptoms. Patients with severe poisoning develtgmse pulmonary and gastrointestinal
toxicity. Diffuse interstitial pneumonitis and céral edema are the main cause of death.

Nickel is a common sensitizing agent with a higkvatence of allergic contact
dermatitis. Nickel and nickel compounds are wedlognized carcinogens. However, the
identity of the nickel compound or compounds, whietluse the increased risk of cancer,
remains unclear. Currently, there are little epit¢ogical data to indicate that exposure to
metallic nickel increases the risk of cancer, @t tixposure to the carcinogenic forms of

nickel causes cancer outside the lung and the nasdy.
Molybdenum (Mo)

Molybdenum is an essential element for many anirmatsplants as it is required in
their enzyme system. Molybdenum can be presentdlybdate anions, Mo, in soil
where it can be mobile and bioavailable, because geochemically similar to sulfate.
Molybdate ion is often associated with iron oxyhydde minerals, where it competes
with phosphate and organic matter. Molybdenosianimals is associated with soil that
contains large amounts of available molybdenumeaafly in forage plants with low

sulfur and copper contents (Neuman et al, 1987).
Zinc (Zn)

In slightly basic, anoxic marsh sediment environtsgreinc is effectively
immobilized and not bioavailable (Gambrell et @91). Substantial amounts of zinc are
released to solution if this sediment is oxidizeaxposed to an acidic environment. Very
high abundances of soluble zinc are present undéroxidized conditions and at pH 5.0
to 6.5, whereas low abundances of soluble zincpaesent at pH 8 under all redox
conditions and at pH 5.0 to 6.5 under moderatelg atrongly reducing conditions
(Gambrell et al, 1991). In polluted river environm& most zinc is scavenged by non-
detrital carbonate minerals, organic matter andl®xninerals and is less mobile than
cadmium (and perhaps less mobile than lead) (Prestsl, 1994). Elevated chloride
contents decrease adsorption of zinc on sedimentr@3A.C, 1988).
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Zn, as other transition metals, is essential fa& kealth and growth of most
organisms. It is a cofactor of nearly 300 enzyniegphytoplankton, carbonic anhydrate,
zinc-based metalloenzyme, is involved in the inargaarbon acquisition from seawater.
The activity of this enzyme has been shown to Ipeddent on the level of G@nd on the
availability of Zn, thus conferring on Zn a keye&ah oceanic carbon cycling.

The Zn enrichment in the marine environment stinesdhe synthetic capacity of
the mollusk hence the calcification of them. Inumal seawater, concentrations of
dissolved zinc are often very low (ca. 21.7 nnl.However, while zinc is an important
at trace concentrations, it can also be very twhen in excess, forming dangerous free
radicals. A mollusk has an opportunity to be expose high metal concentrations as a

result of human activities or natural disaster.

Heavy metals are among the most common environmeotlutants and their
occurrence in waters and biota indicate the presehmatural or anthropogenic sources.
Numerous studies have demonstrated that the caatiens of heavy metals in suspended
and bed sediments can be sensitive indicators wfaoonants in hydrological systems
(Diagomanolin et al, 2004, Idris et al, 2007; JaiK, 2004)

Zinc is an essential element to human being. Zsnwidely seen in nature. The
natural concentration of zinc in soil estimatedh¢ol10-30 mg/kg. Zinc is used in coating of
other metals, in alloys and many common goods. d&ssthis zinc is used for wood
preservation, catalyst, ceramic, fertilizers, badte paints, explosives household and
medical appliances. According to WHO, 1996 the afietrequirement of zinc up to
22mg/day, which is equivalent to 0.3mg/kg bw/daysteointestinal absorption of zinc
varied substantially from 8-80%. The absorptionrdases after ingestion with calcium
and phosphorus. This is due to the precipitationirnd in the intestine. Dermal absorption
of zinc also noticed. There is little informatiobcaut the toxicity of zinc exposure. Chronic

exposure of zinc leads to anemia.

1.2.2 Pollution of heavy metal in marine sediments

Because sediments can contain significantly higbencentrations of some
chemicals than the overlying water, it is importantevaluate the potential for such
chemicals to accumulate in aquatic organisms (Reeieal, 2001). Among aquatic
pollutants, heavy metals are the most appropriadeator of pollution, because of their
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stability in sediments and scarcity in natural eowments (Saeki et al, 1993). Heavy
metals introduced to aquatic environments by intalsdomestic and mining activities are
ultimately absorbed by deposits and incorporatéa sediments. Hence sediments are the

most concentrated physical pool of metals in aguatstems.

Heavy metal concentrations in sediment are mangdimgreater than the same
metals in the water column. Sediments can actsasaweenger agent for heavy metal and an
adsorptive sink in aquatic environment. It is tiiere considered to be an appropriate
indicator of heavy metal pollution (Idris et al, @). Surface sediments are a feeding
source for biological life, a transporting agent fmllutants and an ultimate sink for
organic and inorganic matter settling. In heavibjlyted sediments, the anthropogenically
introduced components by far exceed the naturapooents and pose a risk to the marine
ecosystem (Algan et al, 1999; Waldichuk et al, )98%etals in contaminated sediments
may persist and impact upon ecosystems for decaneemain largely dormant until
desorption via a resuspension event releases fieatds to seawater, greatly increasing
their potential impact. In general, environmentallygants such as metals pose serious

risks to many aquatic organisms.

Trace metals, when entering into natural water tmecpart of the water-sediment
system and their distribution processes are cdettaby a dynamic set of physical-
chemical interactions and equilibrium. Sedimenéstkasic components of the environment
as it provides nutrients for living organisms amaives as sink for deleterious chemical
species, reflect the history of the pollution (Singt al, 2003). Heavy metals are mainly
distributed between the agueous phase and therslespheediments during their transport.
Riverine suspended load and sediments have impdtacation of buffering heavy metal
concentrations particularly by adsorption or préaipn. More than 97% of the mass

transport of heavy metals to the oceans is assacvaith river sediments (Jain C.K, 2004).

The presence of heavy metals in sediments is affetty the particle size,
composition of the sediments and other organic tanbss. (Ghabbour et al, 2006).
Physical mixing of fluvial and marine particulatesds to a continuous decrease in the
trace metal content of the suspended matter witeasing salinity. (Cheung et al, 2003).
Metals are natural constituents of the sedimentsaastal zones and they may be
oligoelements, such as zinc for example, which satural element essential for living
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organisms when present in small amounts, or ddvae¢ any known biological role, as is
the case for lead. However, both can become toaic living organisms at high

concentrations (Ewers et al, 1991; Ohnesorge &0all).

Sediments may contribute significantly to conceidres of metals in benthic
invertebrates, either by absorption/adsorption frotarstitial water or by direct ingestion
within food chains and the potential risk of huneaposure, makes it necessary to monitor
the levels of these contaminants in marine orgasisrhis information is needed to help
predict potentially adverse effects on fish, skelf and other aquatic prey animals, or on
wildlife or humans that consume them (ODEQ, 2007)he Atlantic and Mediterranean
harbours these changes in the sediment reserwar lieen occasionally studied and some

researchs were maked as information show in Tafhle 1
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Table 1.1Trace metal concentrations (Lg/kg DW) amine sediments with different world areas

Location Cu Zn Pb Cd Cr References
1 Gulf of Aden 3.1-27 13-51 5.3-23 0.3-2.6 5.7-25 | Mostaf et al, 2009
2 Marmara Sea 12-30 34-50 21-31 0.02-0.5 27-61 | Topcuozlu et al, 2004
3 Suez gulf 2.7-12 25-58 12-42 1.2-3.9 2.5-12 | Hamed et al,2006
4 Moroccan estuarines 24-66 113-217 0.9-3.3 Cheggour et al, 2005
5 Naples harbor 12-5743 | 17-7234 19-30 0.01-3 7-1798 | Sprovieri et al, 2007
6 Southern black Sea 15-119 24-141 12-69 - 13-238 | Yucesoy et al,1992
7 Jiaozhou Bay 17-34 80-110 24-49 0.1-0.3 41-88 | Xyaoyu et al, 2010
8 Hangzhou Bay 24.1 22.6 0.09 Che et al, 2003
9 Changjiang Estuary 21.2 21.7 0.12 Che et al,2003
10 Gulluk Bay 25 81 20 0.56 Dalman et al, 2005
11 Texas Estuarines 1-20 40-295 8-150 0.2-45 | 3.5-1332| Sharma et al,1999
12 Scheldt estuarines 1-2600 9-1500 4-455 0.1-20.2 7-202 | Zwolsman et al, 1996
13 lzmir bay 13-49 45-114 23-52 Balci et al, 1993
14 Boston harbor 67 118 86 131 Bothner et al,1998
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1.3 BIOACCUMULATION OF METALS IN LIVING ORGANISMS

1.3.1 Heavy metals on benthic organisms
1.3.1.1 Metabolism and biokinetic of metal in orgams

Metals, being elements, cannot be broken downgadth their chemical state may
be altered and form compounds of varying toxicttyatjuatic organisms depending upon
the environmental conditions. Understanding thelraeisms that control bioavailability to
benthic organisms has important implications fa tycling of metals through different
compartments of coastal ecosystems. So far no oimeigle or method has proved
universal in accurately predicting the bioavaildpilbf metals accumulated by animals
living in contaminated sediments although some odthshow promise (Luoma et al,
1983).

Unlike organic pollutants, natural processes obdguosition do not remove heavy
metals. On the contrary, they may be enriched lgamsms and can be converted to
organic complexes, which may be even more toxie etal solubility is principally
controlled by pH, concentration and type of ligaads chelating agents, oxidation-state of
the mineral components and the redox environmenh@fsystem. Since each form may
have different bioavailability and toxicity, the \@ronmentalists are rightly concerned
about the exact forms of metal present in the ageatironment. The toxicity and fate of
the water borne metal is dependent on its cherfocal and therefore quantification of the
different forms of metal is more meaningful thare thstimation of its total metal
concentrations. Critical assessment of the endpa@htdetermination for potentially and
actually available and accessible metal fractionshe environmental matrices of water,

soil, and sediment become the basis for a needfisp@onitoring strategy.
Some research for mechanisms of metal toxicityrgamsms is indicated that:

The mechanisms by which metals exert their toxigityiving organisms is very
diverse, especially their involvement in oxidatib@chemical reactions through the
formation of reactive oxygen species (ROS). (Gdyey, 1991). Molecular mechanisms of
heavy metal cytotoxicity include damage to plasmamiranes, following binding to
proteins and phospholipids, inhibition of Na, K dadent ATPases, inhibition of
transmebrane amino acid transport, enzyme inhmitiipid peroxidation and oxidative
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DNA damage, depletion of antioxidant enzymes (s@ash glutathione) through the
generation of ROS.(Stohs S, 1995; Sigel A et @2)9Metal ions can penetrate inside the
cell, interrupting cellular metabolism and in soweses can enter the nucleus. Metals
cations can bind to DNA through ionic and coordatabonds in a reversible way, but
cannot produce all the lesions observed in chrondticells. Hence, not only the direct,
but mostly indirect effects of metals on nuclearochatin must be considered more
important in DNA damage. In the last decade itlheen proved that metal carcinogenicity
is mediated by the generation of reactive freecaldi(especially hydroxyl radicals, HOe)
and ROS. (Kasprzak K, 1995).

The entrance of certain metals into the nucleuserdrance the synthesis of RNA
that codes for metallothioneins. MetallothieneiNsT) are peptides found mainly in the
cytosol, lysosomes and in the nucleus, low molecwkeight peptides, high in the amino
acid cysteine which contains a thiol group (-SHheTthiol group enables MTs to bind
heavy metals. Metallothioneins can be induced lsemsal and non-essential metals in
aquatic organisms (mollusks, crustaceans). The Miudtion is leading to changes in
several biochemical processes that have the patéatbe used as biomarkers of exposure
and evaluation of pollution in the marine enviromnéamer D.H, 1986). In bivalves,
metallothioneins may be trapped in whole soft #ssulnduction of metallothioneins
binding cadmium in various soft tissues, gills,igélpulps, digestive gland as well as in
remaining tissues, have been studied by severehrdsers (Biliaff B.O et al, 1997;
Bebianno M.J et al, 1993).

Trace metal exposure may induce specific metalibgndigands. Other ligands
such as sulfide are important for Ag biokinetic mipas in bivalves. Metals also interact
strongly in their accumulation by aquatic animaBenerally, dissolved Hg uptake is
reduced following exposure to other metals sucA@sCd, Cu, and Zn in mollusks and
invertebrates. The tissue body burden and the diei@bory fate of metals in animals seem
to be more important in affecting metal accumulattban the nature of the exposure
routes (aqueous vs. dietary) or of the exposuranesy Trace metal accumulation may
also be variable in different natural populatiornfs bivalves as a result of different
physicochemical environments and histories of expo$Jain C.K, 2004). Large amounts
of dissolved organic complexes and particulate enattith heavy metals are transported
great distances to end up in the sediments ofdhumaees. Some metals, such as Cd, can be
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released from their organic complexes by increasthgchlorine) concentrations, which
form chloride complexes. (Elbay et al, 1987).

Some metals are available for uptake into organiBome solution only as free
ions, whereas others are transported over biolbgieanbranes as inorganic complexes. In
experiments with Cu and Cd their toxicity (and tHeopavailability) is correlated with the

concentration of free metal concentration (Zamu@&982; Sunda et al, 1978).
1.3.1.2 Effect of metal on mollusks

Mollusks have the ability to efficiently bioaccuratg in the high concentrations of
dissolved metals and its effects on enzymatic ggtdetermining them growth. They are a
major seafood source of protein and nutrition, éfeme, becomes a potential carrier of

contaminants from aquatic environment to man (Male&l, 2004).

Many metals are essential to living organisms buates of them are highly toxic or
become toxic at high concentrations. Fe (hemog)oliu (respiratory pigments), Zn
(enzymes), Co (Vitamin B12), Mo and Mn (enzyme)ghti metals Sodium (Na),
Potassium (K) and Calcium (Ca) which plays impdrtainlogical roles. Transition metals
Fe, Cu, Co and Mn which are essential but may ki @t high concentrations. Metals
such as arsenic (As), mercury (Hg), cadmium (Cabper (Cu), chromium (Cr), lead (Pb),
iron (Fe), manganese (Mn), zinc (Zn) etc. which geaerally not required for metabolic
activity and are toxic to living organisms at quitev concentrations.( Forster U, 1983;
Meria E,1991).

Metals such as Hg, Pb, Sn, Ni, Se, Cr and As dalaegtade in general; therefore,
they accumulate throughout the trophic chain. Mamnganisms are able to accumulate
certain amount of toxic elements naturally througintinuous exposure to pollutants
present in seawater and food (Malek et al, 2004tufulation in living organisms leads
to concentrations several orders of magnitude higfen those of the surrounding water
(Casas et al, 2008). Despite this the relationblefpveen the concentration of a metal in
the environment and in an organism is far fromigitaforward as the accumulation ratio
depends on many factors; some of them have anosmental origin (temperature, pH,
salinity, etc.), whereas others are related toogichl factors like age, sex, sexual maturity
stage, etc. (Mubiana et al, 2000). Toxic elementumulation by marine organisms is a
complex dynamic process, determined by both enmental and physiological factors i.e.
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water chemistry, size, contamination of feedstuigding intensity, position in the food
chain etc. (Kryshev et al, 2000; Smith et al, 206&)wever, marine organisms eventually
lose much of their activity in the contaminatedaatken heavy metal toxicity in aquatic

organisms, in association with the long resideime.t

In the last few decades increasing attention ha hgaid to the relationship
between the conformation of heavy metals and timapact on aquatic organisms.
Relationship of Cd, Pb, Zn, Cu, Ni, Co, Cr, Mn aRd in the soft tissue ofurbo
coronatus, Acanthopleura haddoni, Ostrea cuculkta Pitar sp, as well as in associated
surface sediments (bulk and bioavailable metal eotrations) from the Gulf of Aden,
Yemen were showed the significant spatial diffeesnean metal concentrations in the
mollusks and associated sediments. A slope ofitkear regression was noted significantly
higher than unity for Fe (9.91) and Cd (3.4B) A. haddoniand for Ni (4.15) inT.
coronatus suggesting that the bioavailability of these nsedisproportionably increased
with a degree of enrichment of the sediments in &e&,and Ni, respectively. A slope
constant approximating to unity (1.14) for CuAnhaddonirelative to its concentration in
sediment extract implies that bioavailability ofsthmetal proportionally increased with

growing concentrations of its labile forms in tlesaciated sediment (Szefer et al, 1999).
1.3.1.3 Content of heavy metals in mollusks

Metals can be accumulated by biota from the watérnen, sediment or diet, and
transferred through the food chain to eventuallpast on human health (Forstner et al,
1983). Uptake pathways in mollusks may include sxpe through diet (prey items living
among contaminated sediments), water (direct exposfi metals via the gills) and
sediments (ingestion of sediments). Mollusks alerfifeeders, which feed on algae,
zooplanktons and excreta of all aquatic vertebratamly present in the bottom sediments
of the water bodies. Mollusks are the major botteaders in the marine ecosystem, which
also have tremendous capacity to accumulate aliniiceoelements present in their food.
Mollusks are considered as the main bioaccumulatbroxic chemicals as pesticides,
heavy metals... Heavy metals are the class of hitghiic elements, causing great health

problem to human life through bioaccumulation fridra edible bivalves.

Sediments act as both carriers and sinks for cantaits in aquatic environments.
Sediments directly stress marine ecosystem by neglevailable reproduction or light
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energy, impeding recruitment and smothering, whadbo leads to more organism’s
disease. Metals in contaminated sediments arespansiand have the potential to impact
upon coastal ecosystems for decades. They may mdargely dormant until desorption
during a coastal hazard releases the toxicantsawater, greatly increasing their impact.
In general, metals pose a significant risk to meMliecosystems. Unfortunately, little

information is presently available on the toxic asepof contaminant metals on organisms.

Numerous studies have demonstrated that the coatiens of the majority of
heavy metal emissions from anthropogenic activisesumulates in river and ocean
sediments, where they are absorbed onto clays thed fine-grained materials. However,
the sediments can release heavy metals to theyowgrater via natural or anthropogenic
processes, causing potential adverse effects to ettesystems. Moreover, benthic
organisms can take up metals directly from the rsedts, which in turn enhance the
potential of some metals entering into the foodirtH@ddamo et al, 2005; Chen et al,
2007).

The pollution levels of the marine environment leaty metals can be estimated
by analyzing sediments and marine organisms. TWeddef heavy metals in mollusks and
other invertebrates are often considerably highantin other constituents of the marine
environment. Compared to sediments, mollusks eklgleater spatial sensitivity and
therefore, are the most reliable tool for idenhfyisources of biologically available heavy
metal contamination (Szefer, 1986). Heavy metatsiooaturally and from anthropogenic
sources in the ecosystems with large variationscamcentrations. They can be
bioaccumulated through the food chain posing actoisk to species higher in the food
chain and to humans (Stankovic et al, 2013)

In sediments, very little of the total metal coritesnpresent in free ionic or chelated
form in the interstitial solution. Most of the metantent occurs in complex form with
insoluble inorganic and organic ligands. Partidylaheavy metals can be absorbed on
negatively charged surfaces of clay minerals, doganatter or iron and manganese
hydrous oxides from which they can be removed Inyerchange with hydrogen ions and
other cation species. This labile or exchangealdetibn of heavy metals is largely
bioavailable. Heavy metals are also occluded iipitated iron and manganese hydrous
oxides or present as carbonates or sulfides. Iitiaddmetal atoms may also be present in
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the lattices of primary and secondary mineralsthia latter forms, metals are largely
unavailable to organisms, therefore bioavailabistiow (Thornton I, 1995).

High sediment load is known to negatively impagamisms but the effect of toxic
elements attached to these sediments on molluskdtaseen determined. The impact of
heavy metals on mollusks is largely unexplored, gmiential long-term damage includes:
reduced population, increased susceptibility teake, reduced fertility/reproduction and
reduced survival of larvae/juveniles. The accumaoiatof trace elements in aquatic
consumers is of interest to environmental sciensincerned with the fate and effect of
contaminants, as well as to ecologists interestetbod web dynamics and trace metal
biogeochemical cycles to assess the toxic impadistribution of contaminants (Nguyen
H.L et al, 2005).

So far, the individual effects of these metal contants have not been defined. In
recent years, researchers have focused theiriatteott the identification of other possible
bioindicators for trace metal pollution, such as thollusks. The available data are of
particular interest concerning filter-feeding bivedwvhich are well known for their ability
to reflect environmental levels of trace metal conteants in marine ecosystems (Chassard
B, 1989). Several biomonitoring studies for the Jyeanetals pollution in marine
ecosystem, have been carried out in past two decadmg different mollusk likes
examples as show in table 1.2.
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Table 1.2 Trace metal concentrations in dried efiue of clams from different environment

Locations Species Cu Zn Pb Cd References
1 | Jiaozhou Bay R.philippinarum| 0.6-23 8-120 | 0.33-1.66| 0.2-2.3 | Lui et al, 1983
2 | Moroccan estuarines S.plana 16-20 242-222 ND 0.2-1.6 | Cheggour et al,2005
3 | Edo Miranda Venezuela T.mactroidea 11-49 55-166 | 1.5-4.9 1-1.9 | LaBrecque et al, 2004
4 | Ras Al nouf Qatar C.callipyga 8.35 69.1 1.45 1.17 Mora et al, 2004
5 | Bohai Sea R.philippinarum| 1.2-4.3 9.9-20 0.1-0.3 | 0.1-0.6 | Liang et al,2004
6 | Gulf of California V.gigas 8.26 844.8 2.89 115.2 | Ruelas | et al, 2003
7 | Rio dela plata Argentina C.fluminea 28-89 118-316 ND 0.5-1.9 | Bilos et al, 1998
8 | Atlantic coast of Spain and PortugalCardium 15 210 32 15 Stenner et al, 1971
9 | Nha Phu Bay, Viet nam P.viridis 0.54-1.81 0.14-1.13| 0.03-0.21| Ha D V et al, 2007
10 | Han and De estuarines Corbicula sp 0.37-0.51 1.67-2.1 Khanh N.V et al, 2009
11| Nam O, Da nang coast O. Rivulasis 10.35 1.35 Mui L.T et al, 2008
12 | Nam O, Da nang coast C. Sinensis 14.72 1.85 Mui L.T et al, 2008
13 | Nam O, Da nang coast A. subcrennata| 16.52 2.12 Mui L.T et al, 2008
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14| Nam O, Da nang coast Perna viridis 12.23 1.65 Mui L.T et al, 2008
15| Xuan Trieu, Danang Coast M.guadragular 7.15 1.13 Mui L.T et al, 2008
16 | Xuan Trieu, Danang Coast A. subcrennata| 12.21 1.87 Mui L.T et al, 2008
17 | Son Tra, Danang Coast C. sumatrensis | 10.15 1.39 Mui L.T et al, 2008
18| Son Tra, Danang Coast P.undulata 9.17 1.23 Mui L.T et al, 2008
19| Son Tra, Danang Coast Perna viridis 8.75 1.15 Mui L. et al, 2008

Note: Concentrations of metals in mg/kg DW
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1.3.2 Bioaccumultion

1.3.2.1 Definition

Bioaccumulation is a general term applied whenethsra net accumulation of a
chemical by an organism as a result of uptake frath routes of exposure.
Bioaccumulation of contaminants from sediments tentbic organisms and their
subsequent transfer through the food web providesx@osure pathway to higher-level
organisms (ODEQ, 2007)

The term bioaccumulation includes bioconcentratwamch is the net accumulation
of a chemical directly from living environment by @rganism, and biomagnifications,
which refers to the process by which chemicals ténd accumulate to higher
concentrations at higher levels in the food web tdudietary accumulation (ODEQ, 2007)

Biomagnification is generally defined as the pracesbioaccumulation along food
chains or more precisely: within food webs, follagivarious pathways on different
tropical levels. However, this process must notesearily end up in a magnification,
leading to a stepwise increase with highest comagons in organisms being in terminal
positions of food webs e.g. whales, crocodiles, démsnBernd Beek et al, 2000)

The terms bioconcentration and bioconcentratiotofa@CF) as defined by OECD
guidelines should be limited to laboratory testeys (OECD, 2000) where the uptake of
a chemical is nearly exclusively restricted to Huuble fraction and any other uptake
routes can be neglected e.g. by minimizing theg@around fraction of suspended matter.
But even under controlled laboratory condition®dain uptake of adsorbed fractions onto
food may occur. Generally all fractions must be sidered potentially bioavailable
regardless of the route of uptake.

The extent of bioaccumulation of metals is depehaenthe total amount, the
biovailability of each metal in the environmentaédium and the route of uptake, storage
and excretion mechanisms. The requirements ofrdiffeorganisms for essential metals
vary substantially but optimal concentration ranges narrow and frequently under
careful homeostatic control. Excess metal concgotran an organism must be actively
excreted, compartmentalized in cells or tissuesn@tabolically immobilized. Some metal

escape all these actions causing toxic and otharsel effects.(Chapman et al, 1996; Rand
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et al, 1985) Metal in the aquatic environment ai@tcumulated by organisms either
passively from water or by facilitated uptake. Edesg metals are maintained by binding to
organic molecules at a variety of biochemical sitegre they function mainly as catalysts

to induce or enhance enzymatic activity (Regando3)

Essential metals at high concentrations can habkethal toxicity effects to some
organisms or lethal consequences to others. Alstalmnat deficient concentrations can
have again adverse health effects. Thus essengthlsncan have a double “toxic”
threshold (Rainbow P.S, 2007)

Living organisms exposed environmentally to hightaheoncentrations follow
various mechanisms to counter potential toxicitgey reduce intake, enhance excretion
and/or sequestration of the metals within tisseesender them non toxic. Metals can be
sequestered through storage by metal binding pryiteuch as metallothioneins, in cellular
vesicles and granules. Some storage mechanism$&ecanlated in some organisms of

providing essential metals for future needs (Maln€, 1993)

Futhermore, once heavy metals are in the sediniecgn easily up take and
accumulate in living tissues of benthic organismsweell as mollusk community. And
when humans eat these organisms, that metals chuilb@p large concentration of them
in human and finally can put human health at ris#cause they cannot be metabolized.
The subsequent remobilization of these metals fsediments and their transfer to food
web can impact local communities, sources of foopps/ as well as their sources of
livelihood. A need to assess the impacts of contation of heavy metals on the health
and function of the vulnerable components of cdastasystems in Viet Nam is crucial.
This knowledge is a key to manage coastal environsifer sustainable and wise use, and

to assure the public health and safety of the @ajmul consuming seafood in Viet Nam.

1.3.2.2 Bioaccumulation factor (BAF)

Bioaccumulation is quantitatively expressed by hi@accumulation factor (BAF),
the ratio of the concentration reached in the asyarunder steady state condition and the
concentration of the surrounding medium. This facenm be related to the whole organism

or tissues and organs there of on a wet, dry @ Wgight basis depending on the context.

Usage of BAF offers unique approach for investiggtand understanding the
behaveior and fate of these toxic substances istabacosystems. Transfer factors, also
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referred to as bioaccumulation or concentratioriofa¢ indicate the most likely metals
concentration in an organism due to its exposurangfer factors for a given element may
differ by several orders of magnitude in freshwatnpared to marine biota. Since critical
pathway for contaminant to enter our body systemes generally from food chains,
particular emphasis must be given to study thesfeanfactors and dose assessment in
marine biota which later can be used to estimatatinerisk from consumption of
contaminated seafood. Therefore, this study wilaldsh the transfer factors and dose
response of marine biota found in the region atet lbe used to estimate health risk from

consumption of contaminated seafood.

1.3.2.3 Bioaccumulation of heavy metal in mollusks

Bioaccumulation in mollusks and most of the othguatic animals involves the
uptake of chemical from the water and sedimentsa&iumulation is the process, which
causes an increased chemical concentration in isrgarcompared to that in environment,
due to uptake by all exposure routes including aglietabsorption, transport across
respiratory surfaces and dermal absorption. Biuaectation can thus be viewed as a
combination of bioconcentration and food uptakeanBagnification can be regarded as a
special case of bioaccumulation in which the chamaoncentration in the organism
exceeds that in the organism’'s diet due to dietabsorption. The extent of
bioaccumulation thus can play key role in deterngnivater and sediment quality criteria.
The assessment of the levels of heavy metals poilit aquatic mollusks which are used
as bioaccumulation indicators has become an impbtéask in preventing risks to public
health. It is to be pointed out that for a livingesies to be used as bioaccumulator some

essential characteristics are necessary (Cheuwalg203; Bebianno M.J, 1993).

- It must be typical of the ecosystem studied (eg-mdgratory), ubiquitous and
abundant,

- Its size, biotype and behavior must be such asakersapling easy.

- It must bioaconcentrate xenobiotics substancesléve sufficient to perform a direct

analysis without pre-concentrations.

- It must be able to stand high concentrations ofedéht toxic substances so as to

survive the pollutant studied.
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- Itlives in a sessile style, thus definitely re@netsng the local pollution.
- lts life long enough for the comparisons betweenous ages.
- It occupies the important position in food chain.

- Dose effect relationship can be observed in it

Assessing bioaccumulation is also a componenttefnational efforts to identify
and control chemicals of environmental concernisltnow generally accepted that
substances, which are persistent, bioaccumulaive toxic and are subject to long range
transport are of particular concern. There is adneeestablish reliable procedures for
estimating bioaccumulation potential from knowledgie molecular structure or from
readily measurable properties of the substancereTisea further inventive to adopt a
tiered assessment system in order that those sglestavhich are not bioaccumulative can
be rejected from the assessment process at anstagly with minimal expense and effort.
Even toxic effects on ecosystems start with thésenecal reactions in individuals. In past
few years monitoring programs, conducted to eveluaater quality, usually include
chemical and common biological parameters, theoibeochemical markers for surveys is
less frequent, but recently more efforts have bgigan to propose these biomarkers of
exposure and effect, in toxicity testing aiming application in pollution monitoring
(Christensen JM, 1995)

Both essential and non-essential trace elements kamvn to be highly
accumulated by invertebrates, in particular by aeta of mollusks species. Aquatic
mollusks seem to reflect ambient metal contaminmatiad are therefore widely used as
bioindicator organisms. Undoubtedly, aquatic mddtuare amongst the most thoroughly
investigated bioindicator organisms. The transioocabf sentinel species, mainly mussels
from a reference site to the study areas has bemmstrated as a useful strategy for the
assessment of water quality in coastal and eswaenvironments, either through
bioaccumulation or biomarkers analysis Gundacke2@DQ; Lee et al, 2006; Nakhle et al,
2006).

In an earlier chemical and biological study of arim& bay in Washington State
(EPA, 1976), Pacific oysterSrassostrea gigasnd Ostrea edulisfrom the upper bay
contained the highest concentrations of cadmiurh (dg/kg DW), copper (7.6 mg/kg
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DW), and zinc (150 mg/kg DW), while exhibiting thavest levels of arsenic (0.20 mg/kg
DW) and mercury (0.008 mg/kg DW).

Last some years, the concentrations of some heatgisnin the tissues of mussels,
oysters and cockles have been observed in somdesangllected along the coastal water
of Khanh Hoa province. Concerning seafood saféty,average metal contents (Zn, Cu,
Cr) in the samples from Van Phong bay, especiafy@®fang Island already exceeded the
maximum permissible levels set up by Ministry ofofei Health of Vietham. The mean
concentrations of heavy metals for molluSkrbo bruneuslLambis lambisand oyster
Saccostrea cucullatevere 1,2 - 9,5 mg/kg WW for Pb; 0,4 - 3,1 ug/g WawCd; and 1,0
- 5,8 mg/kg WW for Cr (Vinh L.T, 2005). All of thegesults show that the contaminants
of the heavy metals (e.g. Cu, Cd, As, Hg...) that bamaccumulate to the mussels

community in the coastal.

There is very little information available on thepgacts of heavy metals pollutants
in the coastal areas of Khanh Hoa although theisgmce is noticeable particularly in solid
wastes disposal. The heavy metals in the coastaérsvaof Nha Trang are being
accumulated in the sediments and marine organisamcylarly those resident in the
polluted areas. The accumulation of eight heavyalsgiAs, Cd, Co, Cr, Cu, Hg, Ni, Pb
and Zn) in the resident fauna from polluted coastglas of Nha Trang has not been
reported. The heavy metals are being accumulatedrisiderably higher concentrations in
marine organisms of the polluted localities. Theuaculation of five heavy metals (Cu,
Co, Mn, Zn, and Fe) in the resident fauna from WRimng and Cam Ranh bay in
considerably higher concentrations has been repantenarine organisms comprising of
resident fauna of fishes including edible fishésjmps, some benthic organisms (bivalves
and barnacles) from these areas. The concentratiomen and zinc were found higher

than the corresponding values for Mn, Cu and Co.

Previous studies have indicated that lead, zindmaam, and copper were major
heavy metal contaminants in the Nha Phu regionf(\iT, 2003). For this time, they are
not research with combined analysis for the coastaiment and mollusks species to
recognize relationship between them and their low@alation in this coastal region. The
first aspect of this study was therefore to utilim®llusks to assess the range and
distribution of the heavy metal contaminants atrfstrategic marine sites noted for
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different potential environmental contaminationtie Nha Trang bay. The second aspect
was to investigate whether the extent of contananatin mollusks in each location were
associated with differences observed in populati@msities and banding pattern attributes

which were previously linked to nutritional factonsthe Khanh Hoa region.

1.3.3 Factors affecting bioaccumulation of heavy nt& in mollusks

Knowledge on the factors affecting bioaccumulatedrheavy metal in mollusks
may help us to understand the processes involvdteinptake of metals by the organisms.
Numerous factors influence the accumulation of fe@etals in mollusks tissue. It was
observed that the concentration of metal in theluské depends not only on the level of
the element in the environmental factors but alsaiher biological factors such as size,
age, speed of growth, sex and reproductive comditiof the mollusks, season, salinity,

chemical species and interaction with other pofitdgSanjay et al, 2011)

Many studies have shown that the concentrationseaf’y metals accumulated by
marine organisms are depending on the environmé&adtdrs: Geochemical and biological
factors. Different geochemical factors such as waterent, water flow, renewal of water,
pH, hardness, salinity etc greatly affects theritistion of heavy metals in the mollusks.
The greater metabolic rate of small organisms maistiglly account for the higher
concentration of the essential elements as Cu an@Williamson P, 1980). Uptake of
metals and subsequent bioavailability are not ¢mijjhly dependent on geochemical but

also biological factors.

1.3.3.1 Geochemical factors

Geochemical factors that influence bioaccumulatase organic carbon, water
hardness, temperature, pH, dissolved oxygen, sedigrain size, and hydrologic features
of the system (Elder J.F et al, 1991).

Uptake and accumulation in deposit feeders wouldxpected to correlate to metal
concentrations in sediments, whereas accumulatiofilter feeders would most likely
reflect metal concentrations in water (Newman et 182)and high environmental
phosphate concentration facilitates the uptakeaofnmdum by organisms (Romeo et al,
2000). Several of these factors are described alaowke others are discussed in the

following paragraphs.

28



pH

Hydrogen ion activity (pH) is probably the most ionfant factor governing metal
speciation, solubility from mineral surfaces, tqamg, and eventual bioavailability of
metals in aqueous solutions. pH affects both shilylof metal hydroxide minerals and
adsorption-desorption processes. Most metal hydeominerals have very low solubilities
under pH conditions in natural water. Because hideion activity is directly related to
pH, the solubility of metal hydroxide minerals iaases with decreasing pH, and more
dissolved metals become potentially available f@orporation in biological processes as
pH decreases. lonic metal species also are comntbhelymost toxic form to aquatic
organisms (Salomons, 1995).

Adsorption, which occurs when dissolved metals atiached to surfaces of
particulate matter (notably iron, manganese, angn@mum oxide minerals, clay, and
organic matter), is also strongly dependent on pid, af course, the availability of
particulate surfaces and total dissolved metaladn{Bourg, 1988; Elder, 1989). Metals
tend to be adsorbed at different pH values, angtisor capacity of oxide surfaces

generally varies from near O percent to near 106gpe over a range of about 2 pH units.

The adsorption edge, the pH range over which thiel ichange in sorption capacity
occurs, varies among metals, which results in pretion of different metals over a large
range of pH units. Consequently, mixing metal-riabidic water with higher pH, metal-
poor water may result in dispersion and separatibrmetals as different metals are
adsorbed onto various media over a range of pHegalGadmium and zinc tend to have
adsorption edges at higher pH than iron and co@ret,consequently they are likely to be
more mobile and more widely dispersed. Adsorptidges also vary with concentration of
the complexing agent; thus, increasing concentratal complexing agent increases pH of
the adsorption edge (Bourg, 1988). Major catiorshsas M§? and C&” also compete for
adsorption sites with metals and can reduce theuatmaf metal adsorption (Salomons,
1995). Davies C. and others, 1982 found adsormifd@d to seawater sediment increased

with increasing pH levels between 6.5 and 9.0.
Metals

The efficiency of bioaccumulation via sediment isiggn is dependent on
geochemical characteristics of the sediment. Lu(#889) describes variation of cadmium
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uptake from sediment by clams as a function ofreedt iron content; cadmium uptake
from iron oxide-rich sediment was not detected, husignificant proportion of total

cadmium uptake was a consequence of iron poor sediimgestion by clams.

Interaction among metals can result both in stithuta and antagonism, as
described by Luoma (1989). Stimulation occurs whgrnake of one metal induces
synthesis of binding sites that affect accumulatbboth metals. Stimulation of cadmium
uptake by lead exposure and of zinc by cadmium sx@ohas been observed in rats.
Antagonism is commonly observed in simultaneous osMpe to several metals.
Antagonism to zinc uptake occurs during exposuredalt in clams and to copper in
phytoplankton and microalgae. Antagonism betweemc zand cadmium occurs in
phytoplankton and macroalgae. Antagonism betweegppero and lead and between
cadmium and mercury has also been reported in dgpes of organisms. In addition,
more widespread elements, such as calcium and miagmecan inhibit some types of
metal-organic interactions. Zinc uptake by fishinfluenced by this phenomenon but

uptake of copper and cadmium are not affected.

Bioavailability studies indicate that aquatic orgams uptake free metal ions (metal
hydroxides) from solution quite efficiently; similg, terrestrial animals uptake metal from
solutions more efficiently than via direct partiatd matter ingestion (Luoma, 1983).

The data suggest that, in low and moderate heavgl medium gradients, Fe ions,
which are antagonistic of Cu and Zn ions, inhilbieit assimilation and stimulate the
accumulation of Cr, Ni, Co, Cd, and Pb, which hatreng positive association with Fe
ions. Extremely high concentrations of Cr, Ni, Gal, and Pb in the individuals displaying
the signs of pathology and mutagenesis are ingieati “excess” or toxic accumulation of
these elements. In high heavy metal medium graglisimhilar signs may be related to the
toxic concentration of Zn, Cu, Cd, and Pb at a ceduFe and predominant Mn
accumulation. Synergistic interaction of Zn and iGus inhibits the accumulation of Ni,
Cr, and Co, as their antagonists. No mollusks wigins of pathology were found in the
low heavy metal medium gradients. The deficientpiinaal heavy metal accumulation can
be assessed from the concentrations of the abowal nmglicative of an intense or
relatively low accumulation, as estimated by thefioient of biological accumulation
(CBA). Heavy metal tissue enrichment was calculatgd respect to Fe, which is the most
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vitally important element for metabolic processie coefficient of enrichment (CE) was
calculated with modifications for the aquatic medium

Particulate size

Particulate size and resulting total surface asealable for adsorption are both
important factors in adsorption processes and dfattametal bioavailability (Luoma,
1989). Small particles with large surface area &s#iratios allow more adsorption than an

equivalent mass of large particles with small stefarea to mass ratios.

Reduced adsorption can increase metal bioavatiabWi increasing concentrations
of dissolved metals in associated water. The sizpanticles released during mining
depends on mining and beneficiation methods. Finelied ore may release much smaller
particles that can both be more widely disperseavhier and wind, and which can also
serve as sites of enhanced adsorption. Consequenihe tailings released into fine
grained sediment such as silty clays found in malgyas can have much lower
environmental impact than those released into sammarse grained sediment with lower
surface area and adsorption. Consequently, gecdogicor) environmental conditions that
enhance dissolved metal abundances (for exampheerI@H) result in greater metal
bioavailability. Indirect controls, such as largearticle or sediment size, also can result in
greater bioavailability of metals by reducing agdimn and increasing dissolved metal
contents. Metal assimilation from ingested paratellmatter is also important, however,

because metals are highly concentrated in this farroma, 1989).

Moreover, several sediment types possess an aasogstinity for zinc (Zn) ions,

thereby decreasing Cd availability to benthic ineerates (Jackim et al., 1977).
Organic carbon

In recent organic carbon-rich sediments, trappeerstitial fluids can commonly
form a strongly reducing (anoxic) environment. Losdox potential in this environment
can promote sulfate reduction and sulfide mineegdagition. During diagenesis, much of
the non silicate bound fraction of potentially toxinetals such as arsenic, cadmium,
copper, mercury, lead, and zinc, can be copretgaitevith pyrite, form insoluble sulfides,
and become unavailable to biota (Morse, 1994). @edariation in flow rates or storms

that induce an influx of oxygenated sea water @sult in rapid reaction of this anoxic
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sediment and thereby release significant propastioh these metals. Pyritization and
depyritization of trace metals probably can be apartant process in controlling

bioavailability of many trace metals, especiallyhe marine environment (Morse, 1994).
Temperature

Accumulation by marine bivalves can increase witiisa in temperature (Phillips
et al., 1993).As noted above, temperature can gronfluence the rate of biological
processes; rates double for everyQ@emperature increment. The increase in biological
process rates does not necessarily result in isedehioaccumulation of metals, because

both influx and efflux rates of metals may increase

In Green land, blue musseldytilus edulishave been employed as indicators in
areas influenced by mining activities. It is knowratt metal levels in mussels not only
reflect the heavy metal concentration in the sudomwater, but element accumulation is
also influenced by sampling season, location withm intertidal zone, and mussel size
(Riget et al., 1996). Cadmium accumulation increasgh temperature because of its
effect on the metabolic activity of the host (R29386).

Salinity

Accumulation by marine bivalves can decrease witihdasing salinity (Gibb et al.,
1996; Eisler, 1981). Moreover, some studies hawsvahthat increasing salinity will tend
to decrease Cd uptake (Davies C. et al., 1982; lauemal., 1990). Salinity influences
availability of contaminants whereas temperaturanges can alter bivalve spawning,
which will affect the soft tissue mass and lipidrgmosition of the mollusks (Biliaff et al.,
1997).

1.3.3.2 Biological factors

Among biological factors, there are major differemén bioaccumulation between
mollusks species or metal concentration may dédfarording to the species. Body size and
weight also play an important role in bioaccumwliatof metals. Within a single species
accumulation can be a function of age, size, semotype, phenotype, feeding activity and
reproductive state (Boening D.W, 1997).

Sex plays a significant role in metals accumulatiomolluscs. Significantly lower

concentrations of cadmium and zinc concentratioageviound in males as compared to
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females inPerna pernaspecies and high concentration of cadmium wasrtegan Pecten
maximugRomeo et al., 2000; Boyden C.R, 1974).

Body size, condition index and tidal height alsteeis the concentrations of As,
Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb and ZnMytilus edulisand findings suggested that the
body weight was inversely related to metal coneiuns and for Cd, Mn, Pb and Zn the
regression was affected by tidal height. ExceptAsr Fe and Mn metal concentrations
were inversely related to physiological status tiono differences between essential and
non-essential metals were recorded. Thus it ismeeended that stringent measures during
sampling for biomonitoring or metal concentrati@®ach location must be normalized to

a common body size, condition index and tidal hiefiyfubiana et al., 2006).

However, the magnitude to this accumulation cary waidely between species.
Talbot and Magee (1978) measured Cd levels in mystied mussels from Philip Bay and
Corio Bay near Melbourne, Australia. Both shellfsheere highly contaminated, with
oysters containing more Cd than mussels (35.5-i@#dy DW and 2.8-17.0mg/kg DW,
respectively). Mussels collected from piers cordgdiless Cd than mussels living on
sediment, implicating sediments as the ‘sink’ foe tmetal, and therefore the matrix
contributing most to uptake. Oysters, abalone andsels are capable of accumulating
extremely high levels of Cd in edible portions d@hdrefore represent a greater hazard to

human consumers than other marine organisms (E®728)1
Influence of length and weight

Aside from the species, the body size of oystemmesof the most important factors
that affect the metal accumulation rates in biatabtissues (Meyer et al., 1998); however,
the soft tissue weight was higher in samples frioendry season, when the condition index
is greater. Condition Index is normal if Cl =90ghiif Cl = 120 and low if CI = 70 - 80.

During the present study, consistent with as lightease in length and weight of
mollusks from dry to rainy periods, metal concetbres also showed an increase from dry
to rainy periods suggesting that metals accumulisiedollusks are not totally excreted to
baseline concentrations (Ju et al.,, 2011). Thisfuidher supported by significant
correlations between all the metals and both leagthweight of mollusks. Borchardt and
others, 1988 suggested that an increase in bivabiesiass in the unpolluted estuarine
areas of the North Sea (Atlantic Ocean) from mongoonon-monsoon periods lead to an
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increase in metal concentrations and, when exptlegsgphically, metal concentrations in
bivalves always follow a sinusoidal curve with respto biomass.

Metal concentrations in mollusks during the dry amohy seasons were plotted
against their respective lengths and irregular epast were observed, indicating the
bioavailability of metals and an efficient metalsaii. In certain cases, a short shell length
or long shell length does not correlate with a lowetal concentration or high metal
concentration, thus disrupting a sinusoidal curedtgon and suggesting that levels of
metals present in mollusks are strongly dependanthe anthropogenic input into the

estuary.

Based on the results of Spearman’s correlationficeefts between the biological
parameters of the specimens and the mean levdlseatlements in the prismatic layer,
significant positive relationships were found fogMith weight and length and also for Al
with width and height, but significant negative r@ations were observed for Fe and Mn
with height. In terms of nacreous layer, significpnsitive correlations were detected for
Al with width and height, while the negative retaiships were found for Mn with weight
and length and for Ba and Li with hinge length.

Organ of organism

Hard clamsMercenaria mercenariavere exposed to Quyy Cd/ml seawater for
either a period of 31 days, or 3 days, each foltbimg depuration in clean seawater for 2 to
64 days. Cadmium accumulated at increasing ratdeeikidney, but at decreasing rates in
all other organs during the exposure period. Theralls rate of accumulation was
significantly greater for the kidney than for th#,gnantle, digestive gland, and remaining
viscera. No loss of Cd or other detectable metetsiwed even after 64 days depuration.
The degree to which Cd accumulated in the kidnél, and digestive gland did not
correlate with the concentrations of other metaksent in these organs (Robinson et al.,
1986).

1.3.3.3 Mechanisms of bioaccumulation
These mechanisms may also vary with physiological environmental factors
(Bryan, 1973) or even with the sexual state ofghenal (Alexander et al., 1976). So the
observed variation in metal levels in mollusks iffedent stations may be related to one or
both of the following mechanisms:
34



The availability of different metals to the aninvaries with different stations, and
the animal involves different uptake and retentraechanisms for the same metal at
different stations. Since these mollusks inhabihsdifferent environs, one cannot expect
the same level of exposure to a metal of potentatern. The littleneck claf. staminea
and butter clan$. gigantudiffer in their rate of bioaccumulation, basedtbair metabolic
rate, living environment, and feeding habits (Waihel994). Butter clams have a higher
metabolic rate, and a more accelerated growth tfze@ the littleneck. The feeding
behavior of the butter clam relies on deeper solids often found near the lower littoral
zone deeply buried in sand and in bays or off rambgsts in water depths up to 50 meters
(Ricketts et al., 1962). For instance, littleneckight be more sensitive to compounds in
surface deposits and those suspended in fluids.ohtrast, butter clams and other
Protobranchiawould be more sensitive to the bulk chemistryledf subsurface sediment
matrix. In contrast, littleneck clams are more ges3he littleneck is a poor digger and
never lives in shifting sand where rapid diggingessential. It inhabits bays and estuaries
in coarse, sandy mud. This species is also widatydsted for food, and is most often
found in the upper littoral zone (Audubon, 1990)hefefore, the order of metal
accumulation in the animal was Fe>Zn>Mn>Pb>Cu>NiQ1, where, Fe was the highest
followed by Zn, Mn and Pb then Cd, while Cu, Ni &dwere changeable in their order at
different stations. This order may be due to vasmatn the levels of discharged metals at
different stations and also the chemical changemetfal before being taken up by the

tested limpet.

Ayling, 1974 suggested that different mechanismstdgr the up take of Cu, Cr,
Zn and Cd within the oysteCrassostre agigasCadmium uptake is believed to be a
passive mechanism (Spacie et al., 1995; Daskald88%).Crassostrea virginica&xposed
to Cd rapidly accumulated high levels of the metal soft tissues. Maximum
concentrations of Cd were independent of exposomeentrations (Daskalakis, 1996). The
target organelle of Cr accumulation was shown tdheelysosome where the metal was
associated with phosphorus and sulfur and trappeshiinsoluble form. IM. edulis the
metabolism and transport of Cr was compared witlerometals, and led to the conclusion
that Cr is metabolized and distributed differerfilgm most toxic metals (Usero et al.,
1996; Phillips et al., 1993). Cadmium and lead emti@tions in sediment and tissues tend
to be of similar magnitude, suggesting that theyreot regulated by the organism (Phillips
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et al., 1993). These metals have not been demtessti@be utilized in metabolism (Eisler,
1981). Tissue Cu and Zn concentrations were higfeem the sediments, indicating that
these metals are probably taken up actively possiflecting their use in metabolism
(Genest et al., 1981). Some investigators havertegaignificant depuration of Cd by
some bivalves but other organisms show very effeaetention of Cd. Genest and Hatch,
1981 found that Zn accelerated Cd transport frolis tp other organs. Prior exposure to
Zn retarded Cd uptake in the excised gillhofanatina Much of what is known about Cd
bioaccumulation by marine organisms has come fraboratory studies and therefore

extrapolation to certain field conditions may beer@ntly uncertain (Ray, 1986).

The second mechanism could operate for one or éasons, either the different
animal populations have various abilities to acclateumetals at the different stations or
the uptake of other metals. The second altern&i@gebeen extensively studied with other
molluscs (Romeril, 1971; Martin et al., 1975; Hodiat975; Coughtrey et al., 1977). It is
also suggested by the results of the present datatsignificant correlation exists between
Cu, Cr and Ni at all stations. Coughtrey et al.7M)9showed that the correlation between
Cd, Pb, Zn and Cu for Helix aspersa was significrthe less contaminant site and non

significant and marginally significant at the ma@ntaminant site.

Considering that many factors could affect the dragetals bioaccumulation in
mollusks, e.g. physiological state, size and sead®wmmeo et al., 1994) our study
investigated the metallic concentrations according the season, animal size and

distribution in organs. It was realized in two difnt sites of the Nha Trang bay.

1.4 BIOMONITORING

1.4.1 Biomonitoring

Chemical analysis of the environment matrix suchvager, sediment is the most
direct approach to reveal the heavy metal pollustetus in the environment, while it
cannot afford the powerful evidence on the integiahfluence and possible toxicity of
such pollution on the organisms and ecosystem. Bimioring is a scientific technique for
assessing environment including human exposuresatoral and synthetic chemicals,
based on sampling and analysis of an individuahigm’s tissues and fluids. The results
of these measurements provide information aboutatheunts of natural and manmade

chemicals that have entered and remained in thenaigs and the corresponding effects
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induced. Due to consistency between the selecgah@ms and the corresponding living
space, biomonitoring can directly offer the data the potential effects and actual
integrated toxicities of pollutants, reflecting therresponding deleterious degree in the

environment (Zhoua et al., 2008)

Biomonitoring of heavy metals and effect studies metural populations of
organisms must take into account the pollution @gdlu community tolerance that is
expected from communities that are exposed to quéati pollutants for a long time
(several generations). (Blanck et al., 1988; Chapetaal., 1998). By virtue of their wide
spread geographic distribution, reasonable size aallability throughout the year,
bivalves (mussels, clam and oysters) have been aseskntinel bioindicators of trace

metal pollution monitoring in coastal regions ofmgacountries.

In biological indication passive and active moringrare accepted as a general
approach, at different levels of organization. s§ive monitoring degradation of the
ecosystem, elimination of sensitive species andatah of biodiversity can be revealed as
adverse consequences of pollution at the level agufations, while at the level of
individual’s accumulation of toxic substances ie@men, in organs and tissues indicative
of pollution in the environment can be traced. ktivee monitoring the response of
artificial or modified populations, behavioral patis of specimen, specific function of
organs like movement, feeding, respiration, repatidn and the neural regulation as well
as cellular and sub cellular events are studiecutite effect of toxic substances (Solanki
et al., 2003). The main purpose of biomonitoringuyemetal concentrations in biota has
been to determine the toxicological threat posedrganisms and also for health risks to
humans from the ingestion of edible species. (Vatalis et al., 2000)

An important approach to assessment of risk fromrenmental and occupational
exposures is biomonitoring which provides an ediénaf the total dose absorbed and
gives indirect access to determination of target sbncentrations. To reveal the presence
of pollutants and to measure their toxic effectldgacal indicators can be used. At the
level of individual’'s accumulation of toxic substas in specimen, in organs and tissues
indicative of pollution in the environment can beaced. (Sanjay et al., 2011). In

biomonitoring surveys, the toxic elements arsecé&mium, chromium, cobalt, lead and
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nickel etc are used as examples to illustrate tseithing factors in the interpretation of
biomonitoring results (Christensen J.M, 1995)

The use of aquatic organisms as bioindicators Hacet metal pollution is very
common these days. Molluscs are among the orgamsoss used for this purposes. It is
widely observed that various species of mollusesthe effective sentinel organisms and
can achieve high concentrations of metals and fogtsl relative to concentrations
gradient of these substances in the surroundingamaent (Rainbow et al., 2000). In
contrast, biomonitoring using specific organismders an appealing tool for the
assessment of trace metal bioavailabilities ovacs@nd time in coastal water bodies by
providing integrated measures of the ecotoxicollyicsignificant fraction of trace metals
partitioned in water, suspended particulates, adihgents (Rainbow 1995, 2006; Zhou et
al., 2008).

Marine mollusks, including clams, mussels and ogstean be employed as
bioindicators to assess the marine environmentesihey can accumulate (concentrate)
trace elements and other substances (LaBrecque 20@4). In addition to using bivalve
molluscs as bio-indicator organisms of coastal amation, it is also recognized that
they can be important links for contaminants betwesediments and higher organisms,
including man, that consume them. Hence, infornmatio the contaminant concentrations
in their tissues is potentially useful in consideritoxicological and public health

implications of estuarine contamination (Cheggdale 2005)

1.4.2 Bioindicator

Bioindicators are species that accumulate bioaviailachemical forms of
contaminants. Among aquatic organisms, gastropods bivalves mollusks have been
recognized as a useful tool for monitoring of tneinment they live in because of their
ability to accumulate chemical elements and/or caumps in their tissues proportionally
to their bioavailability and thus can be used aficaors of aquatic metallic pollution.
They are filter feeders, herbivores or carnivored have the potential to bioconcentrate
contaminants, which would normally be present ie thater or within sediments at
concentrations too low for detection by routine mmnmg techniques. They are also ideal
species for environmental monitoring, because tBetlentary nature does not require

consideration of complex migratory factors in timerpretation of the bioaccumulation
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data. They are sedentary organisms filtrating laageunts of water allowing them to
accumulate the substances from the environmeny @lse satisfy the other conditions to
be bioindicators hence very appropriate for momtpibecause of their abundance and
wide geo-graphical distribution, relative longde Ispan, suitable dimensions, size, weight,
easy identification and collection, abundance ireemsystem and accumulate the elements
to a degree suitable to measure for hazard anésséssment (Chase et al., 2001).

Mollusks are benthic fauna in the food chain ecsysthey live and move slowly
to feed on the surface of sediments and thus adatenbigher concentrations of heavy
metals than other organisms (Eisler, 1980). Mangtlhe organisms accumulate trace
metals to the levels reflecting those in the emvnent. Tissue metal concentrations can
reflect contamination, and molluscs in particulaayntherefore be sensitive bioindicators
of anthropogenic metal inputs (Hendozko et al.,0To achieve a better estimate of
bioavailable metal exposure, it is recommended that tissues of the organisms be

analyses for trace metals (Luoma S.N, 1983).

Benthic mollusks play an important role as bioiatlics for trace metal pollution
and appear more and more often in global monitopragrams (Rainbow et al., 2000).
Among aquatic organisms suitable for biological mammg mollusks occupy a prominent
place and they are often used both for passiveaatide biomonitoring and in hazard and
risk assessment (Salanki J, 1986). As even clastdyed species may exhibit different
accumulation strategies for trace elements, thereaineed to identify widespread
cosmopolitan bioindicators to allow intra-speciftomparison of accumulated metals
concentrations over large geographical areas (Rainkbt al., 2000). Mollusks can
accumulate and integrate concentrations of seveedhls in seawater for relatively long
intervals. They also assimilate trace metals fréwgirtfood and from the ingestion of

inorganic particulate material (Philips D.J, 1977).

The potential ecological effects of rising levefsheavy metals concentrations in
the environment are of great concern due to thghly bioaccumulative nature, persistent
behavior and higher toxicity. These chemicals bignify in the food chain and impose
various toxic effects in aquatic organisms. Molkiskeflect the higher degree of
environmental contamination by heavy metals andtta@emost useful bioindicator tools.
Several studies and research work have been oitestablish and evaluate the relationship
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between metal contents of water column, sedimeattibns, suspended matter and

mollusk tissue concentrations.
Suggested characteristics for bioindicator orgasi@@DEQ, 2007)

- Tolerance to a wide range of metal exposures,tplidi accumulate metals without
suffering mortality

- Sedentary habits, slow and limited range of moveémen

- Sufficient life span to allow for sampling of mdiean a one year class

- High presence, abudance and wide geographicailbdison in the study area
- Sufficient size to allow chemical analysis of tisegamples

- Hardiness, ability to remain healthy during sangimd laboratory incubation
- Size, weight, relative ease of sampling and ideatiion

- High metal accumulation rate

- Responsiveness to changes in metal exposure

The potential ecological effects of rising levefs heavy metals concentrations in
the environment are of great concern due to thghly bioaccumulative nature, persistent
behavior and higher toxicity. These chemicals bignify in the food chain and impose
various toxic effects in aquatic organisms. Mdtkisreflect the higher degree of
environmental contamination by heavy metals andttaemost useful bioindicator tools.
(Cevik F et al., 2011)

1.4.3 Marine moluscs as biomonitors for heavy metsl

Benthic mollusks are the organisms most often @isethe biomonitoring of metal
contamination. Bivalve mollusks have an abilityaocumulate heavy metals to various
orders of magnitude with respect to the levels tbimtheir environment (Usero et al.,
2005). The levels of heavy metals accumulated bymaanollusks are a function of water
quality, but also of seasonal factors, temperatsaénity, diet, spawning and individual

variation, among other factors.

Moreover, the levels of metals accumulated in sonaine organisms may be

many orders of magnitude above background condemisa thus demonstrating the

40



potential of certain species as bioindicators @\yemetal pollution (Hamed et al., 2006).
Mollusk, especially the species from bivalve clasd$requently used as bioindicator in
environmental monitoring. Bivalve is one of the amgms that have the criteria of
potential bioindicator due to its ability to accuate pollutants from its ambient. Usually,
the level of pollutant accumulated in such an oigjas tissue is used for assessing the
level of pollution in its habitat (Al-Madfa et alL998; AbdAllah et al., 2002).

Blue musseldMytilus edulisare commonly used to monitor heavy metal pollution
(Riget and others, 1996). One study found the bhussel to be a particularly effective
sentinel organism because soft tissue residueselglosarelleled the heavy metal
concentration gradient of their surroundings (Jash et al., 1996). The mussliytilus
edulisandMytilus californicusare indigenous and abundant in bays and estuaoesd
much of the United States coastline. Mussels fesatimuously throughout the year,
making them a convenient species for physiologstady. Furthermore, mussels are
excellent for transplanting because healthy aduiimals are plentiful and can be
distributed easily into field cages at various samgplocales (EPA, 1989; Phelps et al.,
1980).

American oystersCrassostrea virginicahave shown an ability to concentrate
cadmium (Cd) to a great degree in edible tissuaslgiEet al.,, 1972). Cadmium
concentrations, exceeding levels considered daogefor human consumption (13.0
mg/kg), were attained by oysters exposed to Cdertrations in water considered safe for
drinking (10.Qug/l).

In another study (EPA, 1976), butter clailaxidomus gigantusontained the
highest arsenic concentrations (2.2 mg/kg DW) dr& gecond highest levels of copper
(3.8 mg/kg DW) and nickel (7.8 mg/kg DW). The highenickel concentration was
exhibited by the native littleneck clanfrotothaca staminagn Nesika Bay, Japan.
Japanese littleneck clanv&nepuris japonicaollected at the same station exhibit nickel
levels of only 2.7 mg/kg DW. Several of the metalgls measured in Japanese and native
littleneck clams appeared to be correlated, to imgrglegrees, with companion surface

sediment metal concentrations.

In general, marine shellfishes have a low bioaccatimr tendency for chromium,
but a rather high tendency to accumulate arseadmam, copper, lead, mercury, silver
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and zinc (Trocine et al., 1996; Saiz et al., 19%iellfishes, particularly oysters, passively
accumulate many metals much more readily than fisttes suggests a priority for
monitoring in metal contaminated areas (EPA, 1Q8shamn et al., 1996). Moreover,
sediments are an important sink for most metalsaguatic environments. Further,
information concerning the biological and physicexiical factors affecting metals

mobilization in sediments, would be valuable.

Various metal accumulating bivalve and gastropoecigs show a high presence
and abundance in marine ecosystems therefore tieegustable for different monitoring

projects for example:

* Perumytilus purpuratysSemelle solidandTagellus dombei{Gregori et al., 1996)
e Bembicium nanurfGay D et al., 2003)

* Pyganodon gandi@Bonneris et al., 2005)

» Crassostrea angulataScrobicularia plana, Palameon longirostris, Uca tgmi,
Melicertus kerathuru¢Blasco J et al., 1999)

e Crassostrea virginicgApeti et al., 2005)
* Radix ovata, Vivitarus spfisundacker C, 2000)

« Rapana venosdeverita didymgLee C et al., 2006)

Some mollusks species propose to use as bioindicaspecific regional as:

Adriatic Sea, Black Sea:Mytilus galloprovincialis Perna perna Crassostrea angulata,
Crassostrea virginicgBlasco J et al., 1999; Apeti D.A et al., 2005)

Mediterranean Area: Monodonta turbinata, Pattela caerulea, Mytilopsalai, Mytilus
californicus(EPA,1989)

Chinese Bohai Sea: Mytilus edulis, Crassostrea talienwha nensis, Raplt

philippinarum, Rapana venagChassard et al., 198%e et al., 2006)

Gulf of Aden, Yemen: Turbo coronatus, Acanthopleura haddoni, Ostrea Hdatay Pitar
spp
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A preliminary investigation conducted to assesspihiéution in the coastal part of
Vietnam with focus on trace elements including lyemetals at significant site specific
differences were reported in the Table 1.3 as bello

Table 1.3Mollusk species are used as biomonitonanine of Vietham

N Especies Region References

1 Saccostrea cucullata Nha Phu, Khanh Hoa | Vinh L.T, 2005

2 Paphia undulata Son Tra, Da Nang Mui L.T, 2008

3 Anadara subcrenata Nam O, Xuan Trieu Mui L.T, 2008

4 Meritrix spp Central coastal zone | Tuyen B.C 2006
5 Pletholophus Swinhoei | North Viet Nam Wagner A, 2004
6 Conus textile Nha Trang Nghi B.Q, 2011

The bay of Nha Trang is the protected beach in Miat, yes its fauna with the
world’s richest diversity, which is very importaim term of biodiversity conservation. A
total of 694 species of molluscs in 2 classes Gpstta (435 species) and Bivalvia (259
species) were recorded in Khanh Hoa coast (Nghj BOQ1). Compared with some other
areas, species composition of mollusks in Nha Tiagwas more abundant than Cat Ba
— Ha Long Bay (372 species) (Duc N.X, 2001) andKimiGulf (470 species, Cai Yingya
et al., 1988). Some of there dominated bivalve iggagn Nha Trang bay that are showed in
Table 1.4:

Table 1.4 Dominated bivalve species in Nha Trang @dghi B.Q, 2001)

Species Family Class

1 Perna viridis(Linnaeus 1758) Mytilidae Bivalvia

2 Bufonaria rana(Linnaeus, 1758) Bursidae Gastropoda
3 Anomalocardia squamosisinnaeus, 1758) | Veneridae bivalvia

4 Laternula anatingLinnaeus, 1758) Laternulidae | Bivalvia

5 Solen regularigDunker, 1862) Solenidae Bivalvia

6 Solen grandigDunker, 1861) Solenidae Bivalvia

7 Isognomon isognomucthinnaeus, 1758) Isognomonidag Bivalvia
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8 Glauconome virenf.innaeus, 1767) Glauconomidag Gastropode
9 Anadara antiquatéLinnaeus, 1758) Arcidae Bivalve
10 | Anadara granosdLinnaeus,1758) Mytilidae Bivalve
11 | Circe scripra(Linnaeus, 1758) Venenidae Bivalve
12 | Gafrarium dispar(Holtel, 1802) Veneridae Bivalve
13 | Vasticardium elongaturfBruiguere, 1789) Cardiidae Bivalve
14 | Pinna atropurpurea (Sowerby, 1825) Pinnidae Bivalve
15 | Atrina vecillum(Born,1778) Pinnidae Bivalve
16 | Modiolus elongatus Mytilidae Bivalve
17 | Tapes literatugLinnaeus, 1758) Veneridae Bivalve
18 | Katelysia (Marcia) hiantingLamarck, 1818) | Veneridae Bivalve
19 | Crassostrea rivulgarigGould, 1861) Crassostrea Bivalve
20 | Mactra maculat§Gmelin, 1791) Mactridae Bivalve
21 | Lingula unguigLinnaeus, 1758 Lingulidae Lingulata
22 | Geloina coaxangGmelin, 1791) Cyreniidae Bivalve
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CHAPTER 2
RESEARCH AREA

2.1 INTRODUCTION OF RESEARCH AREA

Nha Trang Bay is located in Khanh Hoa province ntiad-southern Viet Nam.
between latitude: 29'-1215'N and longitude: 1023'-10922’E (Picture 2.1). The Nha
Trang bay is situated immediately adjacent to testal city of Nha Trang and its port at
Cam Ranh. Nha trang city is a huge city with alis@®.000 inhabitants, flanked by two
rivers: the Cai river in the north and the Be riveithe south, flow into Nha Trang bay,
with the potential to influence water quality iretbay. The river catchments and riparian
vegetation have been extensively modified for adice and aquaculture in recent
decades. Apart from the inlands, which are locatedhe shelf in front of the bay, two
large lagoons: Nha Phu lagoon is found just noftNlea Trang bay and a large lagoon
Thuy Trieu is found just to the south with signéiit aquaculture and industrial activities.
Nha Trang bay covers about 50.700 hectares anciosni9 islands, which are located
about from 1km to 15 km offshore, with an averagepih of 5- 20m. They provide the
topographic basis for a wide range of coastal aradima habitat types in relation to
prevailing oceanographic conditions and gradientsainland - oceanic influences. The
diverse array of tropical habitats includes coedfs, soft bottom communities, and sea

grass beds, small stands of mangroves, sandy lseanteocky shores.
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finailand

Imagery Date: 4/10/3

Picture 2.1 Map of Nha Trang Bay, Khanh Hoa proejndet Nam
2.2 ENVIRONMENTAL STATE

The coastal province is under seasonal influencth@fSW and NW monsoons.
They have effect of tropical weather on the ocegrequhy, particularly water
temperatures, circulation patter and mosoon wifdde climate is classed as humid
tropical and is characterized by a relatively 6 therof dry season followed by a 6 months
of rainy season with irregular rainfall. Rainfakrmerally occurs between November and
April and the dry season is from May through Octobe

In Khanh Hoa province, according to Vietnam Metéogaal Department, the
monthly average temperature is’@4ow and 38C high with all year temperature around
from 27°C to 30C, the rainfall ranges between 2000mm and 5268niva.rfoisture level
is also moderately high: 75% in dry season and B0fainy season.

In rainy season, the wind comes from the west omfthe sea that can cause
storms with duration of 3 to 7 days rendering trdyesea difficult. During strong winds
and storms waves can reach 2-3.5m in height. Theg kffects large ocean swells (> 3m
height) generated by the NW monsoon and typhoonthénSouth sea impact on the
sublitoral communities most years. Wave energy mdui$W monsoon is usually more
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moderate <1m high. Ocean currents of low/moderatecity (<1knot) flow between the
island driven by coastal winds, tides and regi@taanography. Sea surface temperatures
usually peak is 30C (SW) falling to 22C during NW monsoon (An V.T et al., 2002).
Upwelling off Vietham occurs during SW monsoon wlaeayclonic circulation cell is the
northern and an anti-cyclonic give in the southeminitiated by spatial asymmetry in the
wind field (Wu et al, 1998)

The bay of Nha Trang is the marine protected ak#@aA) in Viet Nam; yes its
fauna with the world’s richest diversity, whichvery important in term of biodiversity
conservation. These mollusks are also indispendableocal communities because they
provide livelihood and economy as fishery and twmarbases and protect land as a natural
breakwater. However, they are at high risk of deston due to coastal development
accompanied with the rapid population growth in tleghboring coastal area. In this
context this paper tries to evaluate the currestiesvf knowledge trace metal impact on

marine mollusks.
2.2.1 Human pressure

There are a number of environmental issues in tastal zone of Khanh Hoa
province. Amongst these the most significant aee gbllution problems (mainly along
Nha Trang coast) and the occurrence of tropicaloeygs. The pollution issues along Nha
Trang coast that have arisen due mainly to thesamuiinate discharge of effluent from
industrial and agricultural sources and disposalunfreated liquid and solid wastes
generated from domestic sources into the coastaircgrment. The sewage waste
generation in Nha Trang is some more than milliobic meters /day out of which 40% is
domestic waste and 60% is industrial waste. Thisteves dumped into the Nha Trang sea
via Cai river, Be river, Nha Trang harbour areaj amall waste drains. The other coastal
areas having industrial pollution problems are ditgaking industries based in area. The
heavy metals, persistent organic pollutants, ailupon and oil pollution are more

significant.
Population Pressure

The coastal city of Nha Trang has an estimated lptipa of 500 thousands, and is
the biggest tourist center of Viet Nam with morartiL million tourists per year. In 1995,
the total population of the coastal province wasreged to be 675,000 (6,5% of the total
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national population). Population densities varynfr@.07 people/km in with an average
density of 37 people/kinAverage growth rates in 1993 range from 2.7 684lin region.

Coastal Development

The Government’s goals for Khanh Hoa provinces amdicipality originally
planned for economic development in Viet Nam thtotige rebuilding of urban growth

tourism port expansion and industry.
Urbanization

Investment in coastal development will lead to éased urban growth as
population from the rural areas move to tourism asdociated services for increased
economic opportunities. The Urban environment stfiacture is current insufficient to
meet the requirement of even the current urban lptpn. Without appropriate

investments the environmental quality of this towh degrade.
Tourism development

Coastal area is a matter of great in importancéhéofuture of both in term of
economical and environmental considerations. Thigetbpment is expected to lead the
way for Coast to develop as commercial centre whichuld substantially increase its
population. The impact from this development mayaffected to coastal inland resources
coastal water resources. The number of touristisisncoastal province has been estimated
at 1.206.000/year in 2010. An approximately 9% dlowm tourism arrivals in Nha Trang
is Russian and Chinese. This indicated that thé&ip®growth in the potential tourism

development sector in the country.
Port development

Coastal ports expansions developments can makatabzgion to the economy as
a main hub for growth of maritime transport whidiosld in turn attract manufacturing
entries but may also have an adverse impact osuteunding environment. These effects
of new expansion port can be focused upon locai@h construction and port operation.
These lead to impacts on water quality coastal dlgdy bottom contamination marine

ecology air noise waste management and visualtguali
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Industrial development

The industrial development zone was establisheghianh Hoa called Cam Ranh
Industrial Zone. This industrial zone include petremical production to exploit recently
confirmed oil and gas reserves in the seafood geiicg based on the local fisheries in the
area timber processing and are manufacturing. Hewéwese industries pose potential
damage to the environment outlets generally heaahtaminated with municipal sewage,
industrial effluent and sediments contribute a iicgmt quantity of pollution load to the
coast. Regarding heavy metal presence in the biwdéyral sources account for a
background exposure. Among biota, zooplankton netribute to the transfer of trace
metals to higher trophic levels are the recommergtedps for the base line studies of
trace metals in the marine environment (Rejomoal.et2008). Zooplankton accumulates
metals directly from water by absorption, also Isgimilation through food substances.
The bioavailable fraction can be assessed only dtgrohining the amount of metals

incorporate into organisms which is the main goddiomonitoring
Reversing environmental degradation trends in the Na Trang bay

In Nha Trang Bay, the Cai and Be rivers dischange the sea, and the catchments
of these two transboundary rivers cover parts dsta region, and their water and
sediment discharges greatly influence the coastat.sThe impact of human activities
include changes in the quality of the coastal amadime environments due to the increased
use and accumulation of pollutants and the lodsabftats. These impacts have resulted in
increasing unpredictability and severity of coagpabblems such as floods, erosion,
sedimentation, and saltwater intrusion; environ@epbllution; and the degradation of
ecosystems, with accompanying decrease in biodiyeasd fishery productivity (Thanh
et al., 2004).

Environmental issues of Nha Trang coast have beaowwre prominent recently
mainly due to increasing population and intensdyindustry after year of 1997. Among
the various contaminants, trace metals are ofquaati concern due to their environmental
persistence, available through biogeochemical tegyand encountering ecological risks.
Hence, studies on trace metals influenced by seasamiability and their concentrations

in the coastal area are much needed.
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2.2.2 Environmental quality
2.2.2.1 Water quality

According to the results of monitoring program ohitersity of Fisheries Nha
Trang in 2003, the salinity was ranged 25.2-34.01,npdd: 7.9-8.2, DO: 6.40-7.04 mg/I,
BODs: 0.64-2.56 mg/l and PG: 0.05-0.38mg/l except high concentration of total
suspended solid TSS: 61.4-106.6mg/l (Tung H andref2003)Monitoring program in
period 2005-2009 showed an overall excellent watedity of marine zone in Nha Trang
bay: Concentration of COD were 11-16mg/l, TSS 5¢8InN-NH, 0.01-0.02mg/I and total
oil 0.5-0.7mg/l (MOSTE, 2010). Water quality of NAi@aang Bay is showed in table 2.5
and 2.6.

Table 2.5Water quality of Nha Trang Bay

N Components Concentration References

1 pH 7.9-8.2 Tung H et al., 2003
2 Salinity mg/I 25.2-34.0 Tung H et al., 2003
3 DO mgl/l 6.40-7.04 Tung H et al., 2003
4 BOD; mg/l 0.64-2.56 Tung H et al., 2003
5 PQ™ mgll 0.05-0.38 Tung H et al., 2003
6 COD mg/I 11-16 MOSTE, 2010

7 N-NH; mg/l 0.01-0.02 MOSTE, 2010

8 Total oil mg/l 0.5-0.7 MOSTE, 2010

Table 2.6 Water concentration of some heavy metidhia Trang Bay (Son P, 2007)

Metals Concentration (ug/l)
1 As 0.71-1.04
2 Zn 174-31.4
3 Cd 0.26 - 0.51
4 Cr 1.1-31
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5 Cu 8.9-145
6 Fe 9.1-28.4
7 Hg 0.028 - 0.065
8 Mg 1402 - 1456

2.2.2.2 Sediment quality

Across the fifteen sampling sites were analyzed Hagulty of Aquaculture,
University of Fisheries Nha Trang, 2003, the sedihp were 5.0-6.6 and Organic matter
0.51-2.45%. During the period 2000-2010, the cotreéions of heavy metals rapidly
increase in sediment samples collected in Van Plioagtal (Khanh Hoa province). The
concentration of Cu was 4.2-5.4mg/kg DW in the ye@a2001 (Vinh L.T, 2002) but it's
was measured about 844.3mg/kg DW in 2010 (Du HOLO2 In coastal sediment, there
was a considerable rise of the concentration offlem 5.7mg/kg DW in 2001 to
25.6mg/kg DW in 2010. In contract, the concentratid As increased sharply, more than
twice from 3.9 mg/kg DW in 2001 to 8.6 mg/kg DW 2010 (Du H.T, 2010). Chemical
characteristics of sediment from Nha Trang Bays&i@ved in table 2.7, 2.8 and 2.9.

Table 2.7 Chemical characteristics of sediment fidima Trang Bay

Components | Concentration| References

1 pH 5.0-6.6 Tung H et al., 2003
TOC % 0.51-2.45 Tung H et al., 2003
Al % 1.67-3.67 UNEP, 1987
Ca% 2.6-3.9 UNEP, 1987
Fe % 0.20-0.59 UNEP, 1987
Na % 0.85-1.28 UNEP, 1987
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Table 2.8 Heavy metal concentrations of sedimemh fkha Trang samples (Son P, 2007

r Metals Concentration (ppm)

1 As 54-81

2 Zn 101 - 147

3 Cd 1.45-3.04

4 Cr 18.7 - 36.1

5 Cu 13.5-23.2

6 Mn 387 -621

7 Hg 1.59 - 2.78

8 Pb 22.8-35.9

Table 2.9 Concentration of metal (ug/g DW) in scefaediment at period 1996-2011
(MOSTE, 2010)

Times Season| Zn (ug/g9)]  Cu (pg/g Pb (ng/g As (uy/g Cd (ng/g)
Jun1996 | D 6,33 8,68 0,19 18,04* ND
Oct1996 | R 6,44 6,19 0,7 5,57 0,2
Sepl996 | R 0,97 1,68 0,07 7,1 0,1
Mar1998 | D 50,8 26 12,6 3,9 <0.05
Feb1999 | D 61,73 12,26 28,11 6,26* 0,38
Junl999 | R 97,24 14,62 29,55 8,33* 0,04
Feb2000 | D 99,5 18,3* 36,7* 8,5* 4,8*
Aug2000 | R 57,53 10,23 26,09 2,32 Trace
Feb2001 |D 52,3 10,6 33,4* 4,05 0,21
Aug2001 | R 55,99 12,93 27,14 16,07* 0,104
Feb2002 | D 24,8 5,37 15,63 1,53 0
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Feb2003 | D 56,38 11,19 14,62 4,02 0,07
Aug2003 | R 57,4 13,3 4,7 3,19 0,5
Feb2004 |D 56,9 12,7 26 3,2 0,07
Aug2004 | R 58,64 11,21 36,1* 3,6 0,05
Feb2005 |D 66,2 13,6 30,3 2,9 0,05
Aug2005 | R 49,5 15,4 26 3,4 0,29
Feb2006 |D 48,7 9,2 28,9 3,2 0,04
Aug2006 | R 62,8 5,7 26,3 2,6 0,12
Feb2007 | D 49,3 11,6 26,7 3 0,25
Aug2007 | R 47,5 9,9 25 3,2 0,2
Feb2008 |D 56,3 11,9 26,7 5,1 0,13
Aug2008 | R 53 7,8 23,7 4,9 0,07
Feb2009 |D 45,4 6,7 11,6 0,08 4,5*
Aug2009 | R 21,9 4,3 9,2 0,06 2,6*
Mar2010 | D 43 11,9 33,9* 3,8 0,7*
Sep2010 | R 39,8 11,2 30,7 3,8 0,45
Mar2011 | D 44,4 12,1 30,8 3,4 0,3
Aug2011 | R 43,2 13,6 34,1* 2,7 0,33
LEL * 120 16.0 31.0 6.0 0.6
SEL* 270 110.0 110.0 33.0 9.0

Location of sampling: Sediment samples collectedha Trang port
Note: D: Dry season R: Rainy season ND: Not detect
* Higher value than LEL: Lowest effect level (ppm)

**Higher value than SEL: Severe effect level (ppm)
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2.2.3 Biodiversity of bivalve molluscs in the bayfd\ha Trang

A total of 490 species of molluscs in 164 genemnfr62 families in 2 classes
gastropoda (429 species) and bivalvia (68 spewesg recorded in Nha Trang Bay. This
represents 61% of the total species recorded imKikoa province (Nghi B.Q, 2011).

Saurin, 1959 published many specie®gfamidellidae spin Khanh Hoa province,
of which 197 species were recorded in Nha Trang. Bégny species in this family are
ectoparasites, feeding on the body fluids of varidmvertebrates, mainly polychaete
worms and other molluscs. The majority of pyramidsllive in subtidal to deep waters
and prefer muddy or sandy substrates where anwelichs are abundant (Loi T.N, 1965).
Compared with some other areas, species compositiorolluscs in Nha Trang Bay was
more abundant than Cat Ba — Ha Long Bay (372 spe¢izuc N.X, 2001) and Tonkin
Gulf (470 species, Cai Yingya et al., 1988).

Differences in geographical location and substreges (mainland-oceanic
gradient) are the major factors contributing tdedt#nces in distribution of molluscs. In the
littoral, oysters were most numerous on rocks, gheg into an oyster belt in the
intertidal. Some species of familiésttorinidae, Patellidaeand Turbinidae were most
strongly distributed in the lower littoral zone,rppeularly on soft substrates, with 27
species recorded in Cua Be estuary in 1999. Ind¢eper sea, species composition is more
abundant and more diverse. In the coral reefs,uscdl have evolved many modes of life,
free-living, boring in rocks or corals, in sandyttoon nearby reef. Some specific regional

especies listed as below:

Anadara antiquata(Linnaeus, 1758)

Classification:
Phylum:Mollusca
Class:Bivalvia
SubclassPteriomorphia
Order:Arcoida
Superfamily:Arcoidea
Family: Arcidae
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Genus:Anadara
Vietnam’s name: So 16ng
The size structure:

Shell inequivalve, solid, inequilateral, obliquelyate and elongate in outline, with
an extended posteroventral part. Umbones muchewflaituated rather forwards, cardinal
area narrow and elongate. About 40 radial ribst¢3%4) at each valve; ribs usually with a
narrow median groove on top, most visible towahdsanterior ventral margin of valves in
mature specimens. Periostracum coarse and velfstg eroded on umbones. Internal
margins with strong crenulations corresponding witd external radial ribs. No byssal
gape. Colour: outside of shell greyish white, ofstained darker grey on umbonal and
posterior areas; periostracum dark brown. Inneg gdwhite, some times light yellow in
the umbonal cavity.

Size / Weight / Age: Max length: 6.3 cm TL male/exad; common length: 4.0 cm
TL male/unsexed;

Environment: Benthic; depth range 0 - 25 m
Climate / Range: Tropical

Distribution: A.antiquatais known from islands of the Pacific, Indo-Pacifitastern Africa
to Japan, Australia, eastern Polynesia and Ha(¢Routiers, J.M. 1998)

Picture 1.2Anadara antiquatgLinnaeus, 1758)
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Crassostrea rivularigGould, 1861)
Classification:
Phylum:Mollusca
Class:Bivalvia
SubclassPteriomorphia
Order:Ostreoida
Superfamily:Ostreoidea
Family: Ostreidae
Subfamily:Crassostreinae
GenusCrassostrea
Vietnam’s name: Hauis

The Japanese oystéCrassostrea rivularisseems to be uniform shell shape and
attractive interior shell surface larger maximummesiO.5 cm, common size 7.0 cm, high

spawning temperatures
Environment: Benthic, usually 0 - 5 m
Climate / Range: Tropical

Distribution: Western Pacific: Taiwan and China.(Wjaet al, 2004)

Picture 2.3rassostrea rivularigGould, 1861)
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Geloina coaxangGmelin, 1791)

Classification:
Phylum:Mollusca
Class:Bivalvia
SubclassHeterodonta
Infraclass:Euheterodonta
Order:Veneroida
Superfamily:Cyrenoidea
Family: Cyreniidae
GenusGeloina
Vietnam’s name: \¥p xanh

Size / Weight / Age: Max length: 10.5 cm SHL maitelexed; common length 7.0

cm SHL male/unsexed.

Distribution: Indo-West Pacific: from India to Vaatw; north to southern islands of
Japan, and south to Queensland and New Caledamibargka, north Ahungala, SW Sri

Lanka Taken on small estuaries (Poutiers, J.M. 1998

Picture 2.2Geloina coaxangGmelin, 1791)
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Glauconome virengLinnaeus, 1767)

Classification:
Phylum:Mollusca
Class:Bivalvia
SubclassHeterodonta
Infraclass:Euheterodonta
Order:Veneroida
Superfamily:Cyrenoidea
Family: Glauconomidae
GenusGlauconome
Local name: Phi Cai

Size / Weight / Age: Max length: 7.0 cm SHL maleexed; common length: 5.0

cm SHL male/unsexed;
Environment: Benthic; brackish
Climate / Range: Tropical

Distribution: Indo-West Pacific: from Thailand atite Philippines to northern Australia.
(Poutiers, J.M. 1998)

Picture 2.3Glauconome virenf.innaeus, 1767)
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Katelysia hiantina(Lamarck, 1818)

Classification:
Phylum:Mollusca
Class:Bivalvia
SubclassHeterodonta
InfraclassEuheterodonta
Order:Veneroida
Superfamily:Vereroidea
Family: Veneridae
GenusKatelysia (Marcig
Vietnam’s name: Ngéden

Size / Weight / Age: Max length: 6.0 cm SHL maleexed; common length: 5.0
cm SHL male/unsexed,;

Environment: Benthic; depth range 0 - 20 m. Clime®ange: Tropical

Distribution: Indo-West Pacific: from the Gulf ofd&én to Papua New Guinea; north to
southern Japan and south to Queensland. (PoLitibts1998)
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Picture 2.&Katelysia hiantinglLamarck, 1818)
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Lingula unguis (Linnaeus, 1758
Classification:
Phylum:Brachiopoda
SubphylumLinguliformea
Class:Lingulata
Order:Lingulida
Superfamily:Linguiloidea
Family: Lingulidae
Genuslingula
Vietham’s name: Duoi heo

Size / Weight / Age: Max length: 10.0 cm SHL mafeexed; common length: 6.0

cm SHL male/unsexed;
Environment: Benthic; brackish
Climate / Range: Tropical

Distribution: Western Central Pacific: Singaporastern Central Atlantic and Indo-West
Pacific. (ABRS, 2000)

Picture 2.8.ingula unguigLinnaeus, 1758)
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Laternula anatina(Linnaeus, 1758)

Classification:
Phylum:Mollusca
Class:Bivalvia
SubclassHeterodonta
InfraclassEuheterodonta
Order:Anomalodesmata
Superfamily:Thracioidea
Family: Laternulidae
Genuslaternula
Vietnam’s name: Phiuc

Size | Weight / Age: Max length: 9.0 cm SHL maleexed; common length: 6.0

cm SHL male/unsexed;
Environment: Benthic
Climate / Range: Tropical

Distribution: Indo-West Pacific: from India to east Indonesia; north to southern Japan

and south to northwest Australia (Poutiers, J.M8)9

Picture 2.6.aternula anatingLinnaeus, 1758)
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Perna viridis(Linnaeus 1758)
Classification.
Phylum:Mollusca
Class:Bivalvia
Subclasstamellibranchia
Order:Mytiloida
Family: Mytilidae
SpeciesViridis

GenusPerna

Common Name: Asian Green Mussel

Vietnam’s name: ¥m xanh
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Picture 2.7Perna viridis(Linnaeus, 1758)
Distribution:

The bivalvePerna viridisis an economically important mussel and a natove t
Asia-Pacific region where it is widely distribute@ihe P.viridis in found in the coastal
waters of the Indo-pacific region (Benson and @h2002). It is harvested fro food but is

also known to harbor toxins and cause damage tmerged structures such as drainage
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pipes It is primarily found in estuarine habitatiwsalinities ranging from 18-33 ppt and
temperatures from 11-32. Perna viridis

The size structure:

Perna viridisis a large mussel, 80-100 mm in length, occasipnmabching 165
mm (Rajagopal and others, 1998). The shell hascdnexterior surface characterized by
concentric growth lines and slightly concave vdntnargin with a bright green colour in

young and fading to brown with green edges as ttrea.
Characteristic:

The sexes of the species are separate and fdntifizes external. Spawning
generally occurs twice in the year (Chatterji atitecs, 1984). Fertilized egg develops in
to larvae and remains in the water column for tweeks. During this planktonic period,
larvae will be widely dispersed by physical proessdut may aggregate periodically at
certain depths through a variety of biological msxes, most notably vertical migration
(Hayes and others, 2005). The larvae completelyametphose in eight to twelve days of
growth. Sexual maturity typically occurs at 2-3 rtienof age with a length of about 15-
30mm (Benson and others, 200Rgrna viridishas the greatest growth rate of the mussels
studied, which have a life span of about 2-3 y€ahafee, 1979). Maximum growth of the
green mussel occurs 2m below the surface becaudiee ahcreased productivity of the
water at that depth and a narrow area of temperand salinity fluctuation (Sivalingam,
1977).

Perna viridisis commonly available, popular and most consuneafio®d in Khanh
Hoa region. It is available throughout the year aswhsumes by making various

preparations.

Solen regularis(Dunker, 1862)

Classification:
Phylum:Mollusca
Class:Bivalvia
SubclassHeterodonta

InfraclassEuheterodonta
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Order:Euheterodonta
Superfamily:Solenoidea
Family: Solenidae
Genus:Solen

Vietnam’s name©¢ méng tay

Picture 2.8Solen regularigDunker, 1862)

Tapes literatugLinnaeus, 1758)
Classification:
Phylum: Mollusca
Class: Bivalvia
Subclass: Heterodonta
Infraclass: Euheterodonta
Order: Veneroida
Superfamily: Vereroidea
Family: Veneridae
Genus: Tapes

Vietham’s name: Ngéwé
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Size / Weight / Age: Max length: 10.8 cm SHL matsexed; common length: 8.5

cm SHL male/unsexed,
Environment: Benthic; depth range 0 - 20 m
Climate / Range: Tropical

Distribution: Indo-West Pacific: from East and Suedst Africa, to Melanesia; north to
southern Japan and south to Queensland and Newdd&e (Poutiers, J.M. 1998)

Picture 2.9Tapes literatugLinnaeus, 1758)

2.3 SELECTION OF SAMPLING SITES
The 4 sampling locations were selected based derelifces in physicochemical

conditions, contamination status, varied anthropagepressure and feasibility of
sampling. These sites still sustain rich biodivgrand were selected to be far from direct

discharges. The characteristics of the 4 studieations were:

Location 1 (Tan Dao —TD): is characterized by densgngroves, is located
between Nha Trang and Nha Phu Bay. During the 3@askears, a considerable decline in
mangrove stands occurred, threatening their suriivghis area. This area far removed
from obvious sources of metal pollution, with ngegriable human activities. Hence, this
location was chosen as a reference site to prawidemation on natural metal levels in

non contaminated macrobenthic.
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Picture 2.10 Tan Dao - TD sampling site

Location 2 (Ngoc Diem — ND): Is located 15km frone tNorth of Nha Trang bay,
which receives agricultural effluents from the bintdinds predominantly which is an

embayment influenced by strong tidal currentsyra plaenomenon in the Nha Trang bay.

Picture 2.11 Ngoc Diem — ND sampling site

Location 3 (Binh Tan - BT): The Be estuary is sieahon the Southern coast of
Nha Trang City (BT), which dump waste directly irth@ ocean. This is a estuary which is
an almost enclosed ‘polluted’ area near Nha traog peceive disposal effluents of
domestic sewage water as well as waste disposalghrboats and ships and is affected by

several activities of the Nha Trang City.
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Picture 2.12 Binh Tan — BT sampling site

Location 4 (Cam Hai Tay — CL): This area is undeec anthropogenic influence
urban sewage water as well as effluents from thecwatural activities, chemical
industries, are affected by the over all indusi&lon and urbanization of the northern.
The lagoon has less tidal influence with minimalimaainfluence. This is an area, which is
also receiving the runoff of an influenced agriatdl area and receives large amounts of

agricultural effluents from the northern.

Picture 2.13 Cam Hai Tay — CL sampling site
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CHAPTER 3

RESEARCH METHODOLOGY

3.1. SAMPLING TIMES AND SAMPLING SITES

One of the objectives of this study was to obtairdaaset of trace metal
concentrations in bay of Nha Trang. Sampling dgnsdas adapted to assumed points of
anthropogenic inputs and characteristic of the Nhang bay.In order to achieve the
objective, surface sediment and mollusk sample® wellected from 4 stations: Tan Dao
(Ninh Loc, Ninh Hoa) — TD, Ngoc Diem (Ninh Ich, MinrHoa) — ND; Binh Tan (Nha
Trang) — BT and Cam Hai Tay (Cam Lam) — CL.

Map of the sampling sites was showed in Figure HeifTaccurate positions were
determined by GPS localities instrument with theuaacy of £5m as is shown in Table
3.1.

Table 3.1 Localities of sampling sites

Samples Northing Easting Remak : Sampling sites
1 TD 12°26'17"N 109°08'14"E | Hoc Bo Dia, Ninh Loc, Ninh Hoa
2 ND 12°23'42"N 109°11’57"E | Ngoc Diem, Ninh Ich, Ninh Hoa
3 BT 12°12'22"N | 10911'17°E | Be estuarine, Binh Tan, Nha Trang
4 CL 1204'45"N 10910'42"E | Cam Hai Tay, Cam Lam

The bivalve mollusk and sediments were collectettdva year during the dry
season and rainy season of 2 years 2012 - 20134rocations of the bay in low tide time

of the day as shown in Table 3.2.
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Table 3.2 Sampling dates

Year Season Date
2012 D From 30 March to 14 Avril 2012
2012 R From 15 to 24 September 2012
2013 D From 22 to 28 March 2013
2013 R From 20 to 27 September 2013

Common physicochemical parameters like pH, tempegaimoisture, grain size,
TOC,; essential trace metals like zinc, copper, aum, iron, and non-essential arsenic,
lead, cadmium, and chromium were estimated to ktieewr levels present in the surface

sediment and mollusk tissues.

3.2. ANALYZING METHODS

The quality and quantity of sampling size, siteesgbn and sample analysis
methods for each of these parameters study is base@n International Standard
Analytical Methods.

3.2.1 Sediment samples
Figure 3.1 shows the sampling techniques and psowe®f sediment samples for

different analyses.
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Sampling of 2kg sediment
pH, Grain size

Air drying of samples

A 4
Dry screening by steel sieves

/‘\

Analysis heavy metals Analysis of TOC Weight loss
Fe, Al, Cr, As, Cd, Zn, CU 16h-105C

\v

Statistical treatment of data
and evaluation

Figure 3.1 Sampling and evaluation scheme of settime

3.2.1.1 Method of collection sediment samples

The uppermost 15cm of surface sediment was sanysied a grab sampler. Sub-
samples were taken from the central part of the ggaavoid contamination. Further more,
the state of the sediment surface was inspecteaate sure it was relatively undisturbed
(i.e., lack of channeling or sample wash out) dmat the desired penetration depth was
achieved. All sampling equipment (e.g., scoops, taioars) was made of non
contaminating material cleaned before and afteh eaenple. If all the sampling criteria
were met, the surface sediment was subsampledflay scoop. This device will allow a
relatively large sub sample to be taken accurately depth of 2cm. This procedure
avoided any sample pollution during collection. Abjects coming in contact with the
sample were made of glass or stainless steel. ®ml goollution, all sampling equipment

had been cleaned in sequence with local seawdtermatographically pure acetone and
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methylene chloride prior to initial use and betwaees at each station. Finally, the
sediment samples were placed carefully into acided glass vials via a stainless spatula
and then stored at °@ before analysis to insure undisturbed samplesetiminate cross

contamination.

3.2.1.2 Preparation and storage of sediment samples

Using plastic container for storage sediment sampled frozen at °€ to be
transported to the laboratory of Environmental fgcof HCMUS. Here, the sediment
samples were analyzed some physicochemical paresnasepH, Total organic carbon,
moisture and grain size. There sediment sampleg wWeed at room temperature then
pulverized to fine powder using an agate mortar@estle and then sieved through a 2mm
mesh sieve to remove large particles. The sampége storaged at -20 until they were
transported to the ECOMERS laboratory (UNS-Frafmejurther analyses.

3.2.1.3 Analyzing physico - chemical characteristic

Grain size analysis

The grain size of the sediment samples was detethby standard sieving method
for grain size >0.063mm and by pipetting for paetic0.063mm according to Casagrande
method (Strmac, 1952). Fifty grams from dried sesditrwere prepared and then sieved to
produce six sediment particle size fractions, sigrivith particles smaller than 2mm in
diameter. The percentage of a given particle sizhe sample, on a mass basis, was then
calculated the size distribution of sediment araksification according to the Shepard

classification (Shepard, 1954): fraction of sanitl, day or silt clay in table 3.3.

Table 3.3 Grain size classification

N Sediment main (%) Grain size (mm)
1 Large particular 2.0-1.0

2 Medium coarse sand 1.0-0.5

3 Fine medium sand 0.5-0.25

4 Very fine sand 0.25-0.125

5 Very fine sand and mud 0.125-0.1
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6 Fine silt 0.1-0.0625

7 Silty clay 0.0039-0.0625
8 Clay <0.002
pH

The measuring the pH ¢B) of sediment following to ASTM D5464 — 11 Stardiar
Test Method. Use a 1:5 dilution of sediment: waserd then take a pH measurement on
the resulting solution with a laboratory meter. Wse 1:5 dilutions, but instead of water
they use a dilute Kalium Chloride (KCI) solutiondathen take a pH (KCI) measurement

on the resulting solution with a laboratory meter.

The pH measured in KCl is almost always lower thEnof the same soil measured
in water due to the higher concentration of FHhe procedure gives a value similar to that
for natural sediment solution because the sedig@ntion also contains dissolved.kand

other ions
Moisture content determination

Standard procedures (Method ASTM 2974-87) were tadbfor determination of
moisture contents. Moisture was determined by ti#pss One gram of the sediments was
dried in air at room temperature then oven drylmn at 118C in 16h to constant weight.

Moisture contents were measured by the weightdess percentage of the dry soil weight.

weigh wet soil - wet of oven dry soil 0
MCYD = mmmmmm e X 100%
eigh of vestl
TOC Total organic carbon

Organic matter determination

Organic matter was determined by ash dried sedsvianthe furnace to 758G and
hold until the samples completely ashed. (Method'MS2974). The loss of weight after

treatment was assumed to be due to the organiemeatbtent

weigh dry soil of oven 75G
YL — x100%
Weigh of dry saill
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Bulk density determination Db

Soil bulk density is a measure of how dense arfdlyigpacked a sample of solil is.
It is determined by measuring the mass of drysailunit of volume (g/ml or g/ch Soils
made of minerals will have a different bulk dendiwn soils made of organic material.
For dry density determination, 10 pots were filledh sediment samples and were to
constant weight at ?G. Dry bulk density was calculated as dry weighticid by wet
volume. Soil Bulk Density is the dry mass of a shilided by its volume. Bulk density

value for soil is expressed as follows:
Db= (Oven dry soilg/Total soil volume) gfm

Bulk density related to OC content (Y AvnimelechO2p and show structure of

mineral aquatic bottom sediment as mineral pagibleorganic micelles.
Db (g/nt) = 1.776 - 0.363LogC (R=0.70)
Db=2.65 g/m: inoranic sediment
Db=1.25 g/ni: lighter organic matter
Db=0.01-0.1 g/m hydrated microbial biofilm
Carbonate content: CG;
The carbonate content was determined as weightaltssthe treatment with 4 M

HCI (Loring et al, 1992).

3.2.1.4 Sediment digestion method
Dried sediment samples were sieved through a nglesh to obtain particles

smaller than 0.2mm in diameter for determinatiomedvy metal concentration.Schema of

sediment digestion methos show in figure 3.2.
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Dried sediment
19

Place in acid washed digestion
tubes 9ml of HN@ml and of 3ml

A 4

Place in microwave digestion
35min at 248C then 15min at

A 4

Cool at room temperature

|

Filtere through Watman

A 4

Dilute to 50ml
with Ultra pure Water

A 4

Analysis heavy metals
Fe, Al, Cr, As, Cd, Zn, Cu

Figure 3.2Schema of sediment digestion method

The samples were digested following the EPA gumdelior siliceous sediments
(EPA 3050b, 1996) for digestion of sediments usingAutomatic Microwave Digestion
System (Microwave 3000). A 0.1 gram of dried andved sediment samples were
weighed out in a Teflon (R) reaction vessel thedeadwith mixed of 9ml concentrated
acid HNG (69%) and 3ml of HCI (36,46%). Vessels then wdeegd in the rotor in the
microwave. The vessels were heated to at leasiC240er 35 minutes and then held at
21°C for at least 15 minute. The samples were cooledl then filtered to remove
insoluble materials, before dilution to volume ® AL with ultra-pure water (Figure 3.2).
The solution in preparation of being analyzed tbecentration of heavy metals measured
using Perkin Elmer inductively coupled plasma adtimission spectrometer ICP-OES
(Picture 3.1).
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Picture 3.1 ICP — OE Spectrometer for digestiongam

Metals as arsenic (As), cadmium (Cd), chromium ,(Copper (Cu), lead (Pb),
nikel (Ni), molipden (Mo), and zinc (Zn) as well aen (Fe) and aluminum (Al) are all

considered to be elements of concern to studyfieety literature reports.

The accuracy of the analytical procedures empldgedhe analysis of metals in
sediment samples was checked using the marine setlilEA-433 as certified reference

material (Appendix 4.1)

3.2.2 Mollusk samples
All the mollusks examined in this study are comnarspecies which have

sedentary life style, filter-feeder invertebratesl dnave the ability to accumulate metals
from the surrounding environment. Mollusk samplesravidentified to species level by
Biological department of HCMUS. Figure 3.3 showse tkampling techniques and

processing of determination of traces of metalrgaaisms
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Collect 10-20 organisms of
each mollusk species

Measures shell size and weight
(shell, tissue)

\ 4
Soft tissues dried at 80

/\

Analysis heavy metals Weight loss
Fe, Al, Cr, As, Cd, Zn, Cu 24h at 66C

—

Statistical treatment of data
and evaluation

Figure 3.3Sampling and evaluation scheme of mollusks

3.22.1 Collecting mollusk samples

About 10-20 number of big size organisms of eaclHusk species were collected
by hand with the help of local fishermen in lowetiime of the day (Table 3.4). Samples
were collected of the same size for mollusks thhoogt the work to reduce possible
variations in metal concentrations due to size agel and to assure sampling of mature
specimens. The mollusks were rinsed with seaweaden their sampling locations then put
them in Ice box to transport in the laboratory ac€MUS. Some picture of collecting

samples on site shown in Appendix 2.
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Table 3.4 Mollusk species and collected numbetkerh during 2012/2013

Species TD ND BT CL
D R D R D R D R
2012/2013 | 2012/2013| 2012/2013| 2012/2013| 2012/2013| 2012/2013| 2012/2013| 2012/2013
1 Anadara antiquate 10/15 6/10 11/10 15/17 9/8
2 Crassostrea rivularis 15/10 10/5 8/10 2/5
3 Glauconoma virens 3/5 6/10 10/15 15/10 15/20 15/12
4 Geloina coavans 3/10 13/15 9/10 6/10 5/10 10/16
5 Katelysia hiantina 9/15 15/13 17/20 10/7 20/18 20/14 18/20 12/15
6 Lingula unguis 15/10 15/10 15/20 10/8 20/23 15/10
7 Laternula anatine 2/5 5/2 5/10 5/3
8 Perna viridis 20/15 10/5
9 Solen rivularis 10/15 2/5 15/11 15/13
10 | Tapes literatus 15/11 10/8
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3.2.2.2 Preparation of tissue samples

In the laboratory, all samples were removed frompglastic containers and washed
with running distilled water. The whole soft tissueere removed from their shells and
prepared for analysis. Mollusks were placed ontacally cleaned glass cutting board, and
a scalpel was used to open the shell and removeothéissue from the shell (Picture 3.2).
Tissue of mollusks were analyzed as a compositeIff animals because tissue mass was
small. Once all individuals that comprised a conmgobad been cleaned and weighed,
they were placed in a stainless steel blender adpday at 60C to constant weight. The
dry sample was then placed in a labeled plastic tich was then capped and frozen
until transferred to the Ecomers Laboratory UNSdioalysis.

Picture 3.2 Measurement of mollusk samples
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3.2.2.3 Sample measurement
Moisture analysis

Moisture analyses were conducted on all samplegiuplicate at laboratory
HCMUS. Three individuals from each mollusks spedasiple were placed into each of
three aluminum weighing pans. Moisture was deteechiby measuring the difference
between sample mass before and after drying invan at 60 degrees for more than 24
hours. Percentage moisture can be used to commitd concentrations in the tissue on a

dry weight basis.
Body size measuring

Each individual sample was classified, weighed twedveight was recorded on the
sample composite form. Samples were measured galifger 0.1mm for lengh, wide of

shell and digital balance 0.01g for weight meas@m@m

3.2.2.4 Digestion method of mollusks
Processing of the samples for analysis began in dhtlm after collection.
Determination of heavy metal concentration in misssissues according to Digestion

method of organically based matrices (EPA 3052).

Before beginning the processing of the mollusks@ags) in preparation for metals
analysis, the equipment was cleaned using the metbscribed in EPA 3052. The twelve
individual mollusk samples from each sampling sitge composited into a single sample

by combining portions of each species into a comsample used for analysis of metals.

The dried tissues were powdered, and aliquots 5 @jere digested for 30min at
95°C with 9ml HNQ (65%, Merck) in closed beaker. Additional nitricicawas added if
the samples were evaporated to near dryness. é&ftded, 3ml HCI (Merck) then 0.5ml of
H.O, were added and heated for few minute to make dhgign clear. The digests were

cooled and diluted to 50ml with ultra pure wated ametals were analyzed (Figure 3.4).

Digested tissues were analyzed for the same heatglsmas in sediment using the
same procedure using an ICP-OES (Perkin Elmer)m&lial concentrations in the tissues
are reported in mg/kg dry weight. The precision anduracy of analysis was checked by
replicate measurements (n=5) of target metals staadard reference material of marine
biota sample MAB3
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Picture 3.3 Digestion of mollusk samples by hotela

Dried tissues
0.5g

A

Place in acid washed digestion
beaker 9ml| of HN@

A 4
Place in hot plate
digestion block 30 min at 96

\ 4

Add 3ml of HCI and 0.5mlof
H.02

|

Cool at room temperature

\ 4

Dilute to 50ml with Ultra pure
Water

\ 4

Analysis heavy metals
Fe, Al, Cr, As, Cd, Zn
Figure 3.4Schema of mollusks digestion method

3.2.3 Quality Assurance of analysis
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3.2.3.1 Standard solutions

Standard solutions of known concentrations werpaner from purchased certified
solutions. A standard curve was prepared each flagadysis using the standard solutions.
Metal standards were made as sets of five cond¢mmsaplus a reagent blank with one set
run at the beginning of the analysis and anothkrskt analyzed with each set of forty
samples. Three absorbance readings are takendbrsample by the instrument, with the
reported concentration being an average of thas#ings to ensure accuracy of standards

and calibration curve.

3.2.3.2 Lab control

Quality of analysis was monitored by several meshddring this study. Analysis
of reagent blanks determined if reagents contaamateciable quantities of metals or if
contamination occurred during the sample preparatio

Picture 3.4 ECOMERS laboratory

Reagent blanks were processed with each digestidoyscompleting the digestion
and analysis procedure on samples containing @algents. This was done to determine if
reagents contribute measurable quantities of thalsnan question or if contamination is
added during the digestion. Arsenic, cadmium, clwom copper, lead and zinc were all
below the Limit of Detection (LOD) or within the it of Quantitation (LOQ) in the
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reagent blanks. LOQ is defined as 10/3 of the L@Dth reagent blanks for iron and

aluminum had values above the LOQ.

Analysis of blanks showed significant amounts ohiand aluminum compared to
the reference material and would account for thgh tpercentage agreements for these

metals.

3.2.3.3 Certified reference materials
Accuracy is measured by analyzing certified refeeestandards IAEA — 433 for

marine sediment and mussel tissue with MAB3 refezenaterial (Appendix 4.1)
Quality assurance for sediment analysis

Reference material IAEA-433 was purchased to usa asference standard for
determining method accuracy. The marine sedimest prapared from the International

Atomic Energy agency, Analytical Quality Controlrees, A-1400 Vienna, Austria.

Metal concentrations measured in reference sedgrfefiowing sample digestion
procedures were in general agreement with expeetiegs with a low mean agreement of
77.95% for magnesium and a high agreement of 31%, for manganese. The acceptable
recoveries for sediment sample ranged from 88.5®&@rsenic to 114.19 % for lead
(Appendix 4.1).

The Standard Reference Material IAEA- 433 certifmhcentrations of arsenic,
cadmium, chromium, copper, zinc, and lead in sedinfier method analysing. Certified
values were not provided for nickel, molybdenumgnesium and manganese which the

method using.
Quality assurance for mollusks analysis

Mussel tissue was also purchased to use as anmeéestandard for determining
method accuracy. The mussel tissue was purchagedtlre International Atomic Energy
agency, AQCS, Laboratory Seibersdort, A-1400 Vierrtee Standard Reference Material
MA-B-3 was prepared from Lyophilised Tissue frome tboast of Monaco. The values
obtained for the reference material were in congoarwith the certified values (Appendix
4.2).

82



The MA-B3 sample was analyzed as a quality asseraneasure for metal in
tissue. The sample has a recommended concentadtibml (1.42-2.51) ug As/g of tissue.
Agreements with the analyzed concentrations wed@ 2. 0.78 for 3 analyses. Again,
measured values were in general agreement witlfiegrvalues with a good agreement
for Cu, Pb, Zn and Fe where in reference samptevery ranged from 95.87 % for zinc to
116.23 % for copper (Appendix 4.2).

In conclusion, the used method certified a goodliyuassurance for measure
concentrations of arsenic, copper, iron, lead, zmg aluminum in tissue. Mn and
magnesium had recovery percentages ranging from7148 473.45 % which are both
unreasonable and should be ignored. Certified galmre not recommended for chrome,

cadmium, nickel, molybdenum and aluminum.

3.2.3.4 Detection limit of the method

Data are reported in one of three categories. Saamples sediment
concentrations below the Detection Limit (DL) oktmethod. When this happens, the
concentration for that sample is reported as a‘tkan” numerical value. Some data were
measured above the detection limit (DL), but ass linan ten-thirds of the detection limit
and are marked as data between the DL and the bin@tuantitation (LOQ). There is a
lower confidence with values between the DL and Ltb@n those above the LOQ. The
third categories of data are values above the LRX@posed general limit of heavy metals

analysis method as show in Appendix 5

The sequence of metal concentration varies withdib&nce between stations and
seasons. An overall view of the result indicateat the heavy metals Fe, Al, As, Zn, Ni,
Pb, Cr, Cu, Cd and Mo concentrations were abov@déhnaissible limit. The highest metal
levels estimated along the shoreline of the Beryriveflecting long-term exposure to
various activities. Fe is the most abundant methkreas arsenic and chromium present in
minimum concentration when compared to other metabncentrations. The range of
variation for each metal is unique; their concdrdra is not restricted only by
anthropogenic input. The results suggest that cexnglbmbination of factors act on
surface sediment thereby increase the metal camtient If this valid point consider in
future for bay of Nha Trang possible influenceswetal accumulation in surface sediment
may be worked out and follow up monitoring prograenmmay be initiated.
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3.3 DATA ANALYSIS METHODS
3.3.1 Method assessment of heavy metal contamination sediment

3.3.1.1 Metal assessment indices
Degree of contamination Cd

Contamination indices Cd, which compare the comamts with clean and/or
polluted stations, measured in the study arearoplgaggregate the metal concentrations.

Contmination indices calculate as suggest by Hakdsal980 as:
Cd =[D.Cf]/n
Where: n: analysed element
I: element
Cj: contamination factor

Degree of contaminations is calculate as equatibovmb

o
Co—1

E”.II.'
Where Co — 1. mean content of metals from at Bastmpling sites
Cn: concentration of element as a reference value

Gradation of Contmination indices Cd shows in tébte

Table 3.5 Gradation of Contmination indices Cd

N Cd values Classification of contamination

1 1.5Cd<2 Low degree of contamination

2 <Cd<4 Modarate degree of contamination

3 4<Cd<8 High degree of contamination

4 8<Cd<16 Very high degree of contamination

5 16<Cd<32 Extremely high degree of contamination
6 Cd>32 Ultra high degree of contamination

Enrichment factor EF

Application of enrichment factor to the interprétas of result from the

biomonitoring studies. EF is ratio of chemical cemication of an element in a soil or
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sediment to that in its fresh parent material @kt 2003) (Hakanson, L 1980).
Calculating enrichment factor EF as

([As])/[M]) sample (sediment)
EF = - e

([As])/[M]) background (crust)
[Hg]: Concentration of metal ex. As

[M]: Al or Fe concentration
Interpreting of EF as shows in Table 3.6. (Groussal, 1995)

Table 3.6 EF categories

EF values | Categories of enrichment

1 <1.5 Crustal material, natural weathering

2 | <2 Deficiency to minimal enrichment, considered to Illkogennic

origin for a metal

3 |25 Moderate enrichment, anthropogenic component imptite area of

biogenical enrichment proces

4 5-20 Significant enrichment, anthropogenic componentiirip the areg

or biogenical enrichment proces

5 | >40 Extremely high enrichment, anthropogenic congmt input in thg

area or biogenical enrichment proces

Igeoaccumulation index

Application of Igeoaccumulation index for classestah enrichment propose by
Muller, 1996.

Igeo=log[C./1,5 B
Where: 1,5: Factor of enrichment due to litholobiciation
Cn Concentration of element in sediment

B, Concentration of element in background value
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Table 3.7 shows classification of Igeo accordinyltdler, 1996)

Table 3.7 The 7 grades of classes Igeo

Igeo value | 1geo class Designation of sediment ditya
1 >5 6 Extremely contaminated
2 4-5 5 Strongly to extremely contaminated
3 3-4 4 Strongly contaminated
4 2-3 3 Moderaly to strongly contaminated
5 1-2 2 Moderaly contaminated
6 0-1 1 Uncontaminated to moderaly contaminated
7 0 0 Uncontaminated

If Igeo = 6: 100 fold enrichment about backgrouatie

3.3.1.2 Sediment Quality Guidelines (SQGS)

As the mean to predict adverse effect derived froomtaminated sediments
numerous sediment quality guidelines (SQGs) weresldped by overseas researchers.
Basically, the purpose of SQGs development is totegt the aquatic and benthic
organisms from the adverse effects of sedimentaointations. SQGs are also being used
for prioritizing contaminated areas, evaluatingteomnation spatial patterns as well as for
designing a monitoring programmer. Biological aféeare not able to be predicted from
metals concentrations in sediment. As an altereatadverse ecological effects are
identified and being used as the reference in &S The adverse ecological effects are
attributable to sediment-borne metals concentratigkmong the most widely applied

SQGs are as following:

- Effect-range guidelines (Long et al., 1995) - Nagib Oceanic and Atmospheric
Administration (NOAA), US
- Provincial Sediment Quality Guidelines for MetatgldNutrients (Persaud et. al., 1992)

-Ontario Ministry of the Environment, Canada
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- New York Sediment Screening criteria (1999) - Dépent of Environmental

Conservation, New York

- Interim Sediment Quality Values (ISQVs) (Chapmamlet1999). Hong Kong Special

Administrative Region

These guidelines are summarized in Table 3.8 agwprtb their terms and

application.
Table 3.8 Sediment quality criteria
Institutions SQGs Criteria and application
1 Hong Kong Special Administrative Region | SQV low and SQV high
Interim Sediment Quality Values (ISQVSs) (mg/kg) 1996. Seabed dredged
sediment
2 Canada Ministry of Environment Ontario |LEL and SEL Freshwatgr

Provincial SQGs for Metals and Nutrients sediment metal guidelines, 1936

3 US NOAA Effect-range guidelines NOAA | ER-M and ER-L, 1995

4 New York Dept. of EnvironmentglLEL and SEL, 1999
Conservation NewYork Sediment Screenjng

Criteria

Effect-Range Guidelines

Effect-range guidelines is one of the most widgpleed SQGs for estuarine and
marine location. These SQGs was developed by hti@ceanic and Atmospheric
Administration (NOAA) in the United States of Ameai (Longet al, 1995). This set of
guidelines adopted the terms of effect-range-loR-(& and effect-range-median (ER-M).
Effect-range-low (ER-L) illustrates 10th percentilef chemical concentrations
corresponding to the adverse biological effect;leveifect-range-median (ER-M) for 80
percentiles of chemical concentrations are cormedpd. Three ranges in chemical

concentration are evaluated using these terms:
Adverse effects were rarely observed <ER-L

Adverse effects were occasionally observed > ER-L and < ER-M
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Adverse effects were frequently observed >ER-M

The guidelines were derived for 25 chemicals &drelements, 13 PAHSs, 2 OCs
and total PCB). Appendix 6.1 is a summary of ERER-M and Overall Apparent Effects
Thresholds concentrations for selected chemicalsegiment (dry weight) (Long et al.,

1990). These effect-range guidelines can be apmi®dth fresh and salt water sediments.
Provincial Sediment Quality Guidelines for Metals ad Nutrients

These guidelines were developed by Ontario Mipistf the Environment in
Canada.They were derived by the Screening Levet€&uration approach. This approach
uses field data on co-occurrence of benthic animald Contaminants (Persaud et al,
1992). Terms used to describe the sediment contdimmconditions in these guidelines
are Lowest Effect Level (LEL) and Severe Effect €e(SEL). Appendix 6.2 shows the
Provincial Sediment Quality Guidelines for MetalsdaNutrients. The values a umg/g
(ppm) dry weight unless otherwise noted by Persetadl, 1992. These guidelines were
meant for the application of metal concentratiofrésh water sediment.

New York Sediment Screening Criteria

Both Persaud’s and Long and Morgan’s SQGs wergjliated to become the New
York Sediment Screening Criteria. Two levels oftpotion were established following the
Ministry of Ontario Guidelines. These levels amnest Effect Level (LEL) and Severe
Effect Level (SEL). The LEL for each metal is thmvest of either the Persaud et al.
(1992) LEL or the Long and Morgan (1990) ER-L. Sarly, the SEL for each metal is the
lowest of either the Persaud et al. (1992) SELher tong and Morgan (1990) ER-M.

Three ranges were defined for these levels:

< LEL the effect in the sediment is ddesed to be acceptable
>LEL & < SEL contaminated, moderate impactbeathic life
> SEL contaminated and significant harrbeathic aquatic life

Appendix 6.3 shows the New York Sediment Critero Metals propose by
Department of Environmental Conservation, New Yd®99. The units argg/g, or ppm,
except for iron, which is listed as a percentage."&' following a criterion means that it
was taken from Long and Morgan, 1990; a "P" follogvia criterion indicates that it is

from Persaudet al., 1992.
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Interim Sediment Quality Values

ISQVs from Hong Kong are meant for assisting inislen-making of dredged
seabed sediment disposal by contamination levey, éine adapted in this study as an extra
reference. ISQVs displayed high similarity with eétf8QGs mentioned in above in terms
of characteristics. However, there are differeroeterms of contamination effect values.
The contaminants range values in ISQVs are explteaséSQV-low and ISQV-high. The
contamination values below ISQV-low indicate adeelsological effects are unlikely,
while values above ISQV-high indicate that seveheeese biological effect are very likely

as a consequence of sediment contamination.

3.3.2 Evaluation of bioaccumulation
The methods used in this study evaluate potentalccumulation by:

- Using the metal pollution index with mollusk tissuata

- Comparing the estimated or measured concentrafionatals in tissue to acceptable
tissue levels (ATLs) for humans and relevant clasgevildlife and/or to critical tissue
levels (CTLS).

- Calculating bioaccumulation factor BSAF with sifgesific benthic invertebrate tissue

data.

3.3.2.1 Calculation of metal indices
Metal pollution index (MPI)

MPI is a mathematical model which enables the prtesien of all results from the
trace metals concentrations in the muscle tissubivaflve as one value to classify the
biological variation from an unpolluted zone toighty polluted zone. The overall metal
content of bivalves at various sites investigatethis study was compared using the metal
pollution index (MPI) calculated with the formuldgero et al., 1996)

MPI = (Al x Fe x Zn x Cu x Cr x As x C4

The MPI value is used for screening and estimathey spatial and temporal
variation of trace metal pollution based on the ahebntent with in muscle tissues of

bivalves. The available data are of particular rede concerning filter-feeding bivalves
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which are well known for their ability to reflech@ronmental levels of trace metal
contaminants in estuarine ecosystems. Accordingstero et al., 2005 reported that MPI
values (based on Cu, Pb, Zn, Ni, Cr and Cd) inbikkalve Donax trunculuganged from

approximately 3.4 to 3.8 and from approximately &87.8 for unpolluted and polluted

areas, respectively, from the southern Spanismatl@oast.

The MPI values for mollusks reported in this stumgpadly agree with the MPI
value (based on metals Fe, Mn, Zn, Cr, Cu, Pb,Q7i,and Ag) range of 10.5-25.1

reported for the mussMytilus edulisfrom the coast
Metal/shell weight indices (MSWI)

The metal/shell weight index (micrograms of metat gram dry shell weight or
the metal content per unit of shell weight) wascekdted according to Fischer, 1984.
According to Sotoet al., 1995, the metal/shell weigdex provides a reliable tool for the
assessment of metal bioavailability to sentinellusids in coastal waters. It is useful in
eliminating part of the variability due to the imbet biology of sentinel mussels
(Bartoloméet al., 2010). Analysis tissues of cookle mussels (popular seafood) to

evaluate the bioaccumulation factor of toxic elehignmarine biota.

Metal bioavailability was calculated as metal caricaions in soft tissues (mg/kg
dry weigh metal content per unit shell weight (nggtky shell weight). Additionally, the
MSWI was calculated according to Fischer, 1984esvin

Metal conc. in soft bodyd/g) x Dry wt of soft tissues (g)
Metal/shell weight iNdeX = ----=-mmmmmmmmm oo
Dry shell weight (g)

The metal/shell-weight index is independent of ¢bowls such as nutritional stage,
spawning, or tidal exposure (Fischer, 1983) andenfironmental factors such as
temperature, salinity and oxygen levels (Fisch886). The metal/shell-weight index is
also independent of changes in organism conditisso@ated with the presence of
pollutants, including metals (Marigomezet al., 1P80d has been significantly correlated
with the biological effects of metals quantifiedtia¢ cell and organism levels (Marigomez
et al., 1990). According to Sotoet al., 1995 thdatehell weight index does not exhibit
seasonal fluctuations in non-polluted sites, addcbe expected by the absence of local

inputs. On the contrary, at a polluted site, theatghell weight index changed seasonally
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in relation to the intensity of the industrial adly, indicating fluctuations in the metal
bioavailability.

Consequently, the metal/shell weight indices prexadnethod to detect differences
and changes in the over all availability of cumwktmetals, as Fischer, 1988 concluded
from laboratory studies and Regoli and Orlando,3189 applied to the particular case of

metal exposed mussels.
Condition index (ClI)

According Romeo and Gnassia B., 1988, many factrsh as body size, could
affect the concentration of trace metals in molludkoyden, 1974 reported that the total
trace metal content per individual (ug/g) coulddlated to body weight (W) as the power

function condition index CI.

A condition index (CI) was calculated (Crosby et &B90) for the majority of the
cockles used for trace metal analysis:

Soft tissue dry weight (g)

Shell cavity volume (litre)
The shell cavity volume is calculated by multiplyithe length, width and depth
measurements of the shell. However site had a eyredtect on Cl than season with
seasonal differences being significant only a tdrtbeomost coastal sites (MPI).

To investigate any relationship between trace metacentrations and ClI, the
results from individual mollusks were combined fall sites and sampling times.
Spearmanrank correlation coefficients comparing thdjusted mean trace metal

concentrations for all sites and the mean condindex (Cl)

3.3.2.2 Assessment bioaccumulation

Screening level value (SLVS)

Compare the concentration of each metals in sedimkreach location to its
generic bioaccumulation screening level value (SLa/f<critical tissue levels (CTL). If the
concentration is lower, no further action is regdiwith respect to bioaccumulation for
that metal. If the metal concentration is greatantits generic SLVs or CTLs, consider an

area-wide statistical evaluation of the exposuratpmncentration taking into account the
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appropriate range of relevant species. Using samdagce for assessing bioacumulative
potential with WDOE or DEQ's general screening apph for SLVs (mg/kg dry weigh)
and WQC — USEPA for CTL (mg/kgdry weigh). The SLValue of some potentially
heavy metals in soil/sediment was developed by WPI®R4 and BCE, 1999 is seeing in
appendix 6.4.

Compare the concentration of each heavy metal illustoat each location to its
Maximum permissible levels MPL. If the concentratis lower, no further action is
required with respect to bioaccumulation for thagtah If the metal concentration is
greater than its MPL, consider an area-wide stegisevaluation of the exposure point
concentration taking into account the appropriatege of relevant species. However, for
benthic organisms that are stationary or range sw&ll distances, a comparison with the
maximum concentration is appropriate. Some MPLesldepose by different institution is

combined in the appendix 6.5.

3.3.2.3 Bioaccumulation factor
Biaccumulation or bioconcentration screening follogv constituent as likely to
bioaccumulate or bioconcentrate for soil or sedim@&he some of factors represent for

accumulation of chemical in organisms are listed@able 3.9 as below:

Table 3.9 The factors represent for accumulatiochefmical in organisms

BF Definition
1 BAF Bioaccumulation factor: threshold for soil or sedimh
2 BCF Bioconcentration factor: for inorganic in surfacater
3 BSAF Biota to soil on sediment accumulation factor
4 BMF Biomagnification factor
5 TMF Trophic Magnification factor
6 Rsac Bioaccumulation index for assessing contaminaiatefest

Biota sediment accumulation factor

Acording to Szeferet al.,, 1999, Abdallahet al., 20BSAF is calculated as

equation like:
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BSAF = Cx/Cs

Where: Cx: mean concentration in the organism

Cs: Mean concentration in sediment

Classification of sites by BSAF according to Dadligl993 showns in table 3.10

Table 3.10 Classification of sites by BSAF

N BSAF values Classification of contamination
1 >2 Macro concentrator

2 I<BSAF<2 Micro concentrator

3 BSAF<1 Deconcentrator

If BSAF > 2 suggested as suitable biomonitoringgaa/material
Using Biota sediment accumulation factor BSAF fagamic COls
(kg sediment organic carbon/kg organic lipid)

[Ctissue(pg/kg wet weigh)/F
BSAF = oo
[Csediment(ug/kg dry weigh)ig]
Foc: fraction of total organic carbon in surface seghin(0-5cm for invertabletes)

dry weigh. If TOC data are not available, assuna¢ fpc is 1% (0.01)

F.: fraction of organic lipid content of whole bodyetwveigh. If organical lipid
data are not available, assume thai3% (0.03) for consumption fillets only and B

5% (0.05) for consumption whole organism.
Bioaccumulation index g ¢ for assessing contaminats of interest (COIl)

EPC (mg/kg)

SLV (mg/kg)
EPC: Exporsure point concentration of a given GQdediment (mg/kg)

SLV: Screening level values for the COI and receplass.(mg/kg)
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Table 3.11 Classification of COPC by bioaccumulaiimdex

Vulues Rsac Bioaccumulation screen
1 >1 The individual bioaccumulation screen
2 >0.1 The cumulative bioaccumulation screen
3 <0.1 The chemical is not contaminant of poterdmaicern

Reac > 1: chemical is a contaminant of potential conaar the basic of the generic

SLV. Chemical could be bioaccumulate threat to huntizat consume aquatic organism.

The most potentially bioaccumulative chemicals a:Cd, Pb, Hg,

3.3.3 Ecological risk analysis (ERA)
They are 3 guidance documents for interprete tbigical risk of metals:

- DEQ,2000: Guidance for assessing risk to humarttheal
- DEQ,2001b: Guidance for ecological risk assessment

- DEQ, 2001a: Program quality assurance policy

3.3.3.1 Potential ecological risk index (PERI)

The potential ecological risk index is used to asdbe potential ecological risks
from metals in the soil (Medicietal. 2011; Abdall2011). It is defined by where C sample
is the content of the metal measured in the stusii@dsample,C reference material is the
background value of the element (as mentioned gbawel Ti is the response coefficient
for the toxicity of the single element i. The vadusf Ti have been reported to be: As = 10,
Cu=Pb=Ni=5,2n=1, Cr =2 and Cd = 30 (Haan 1980; Madiseh and others,
2009). No Ti value appears to be given for Mn. Car its toxicity with that of Cu, Cr,

and Zn, a Ti value of Mn = 1 was adopted.

Ti x Csample

C reference material
Rl =XPERI
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If the value  PERI<40: the element poses a loviogieal risk.
40 < PERI< 80 means a moderate ecological risk
80 < PERI<160 a higher ecological risk
160 < PERI<320 a high ecological risk
PERI>320 a severe risk to the ecology
Also, classification of risk index RI of all metddy Madiseh and others, 2009.
RI<150 means a low ecological risk,
150 < RI<300 a moderate ecological risk
300 < RI<600 a higher ecological risk

RI > 600 a severe ecological risk

3.3.3.2 Determination of Estimated daily intake (ED
Determination of EID for the metals in each shsfifispecies based on tissue
concentration of metals and the average daily fi$teliconsumption rate (Santos and

others, 2004). The EDI of metals for adults detesby the following equation

C metal x W food

Where:

C metal the concentration of metal in shellfishcspe (mg/kg on fresh weight
basis)

W food: represent the daily average consumptiamaifusk in region

BW: the body weight

Then the health risks from consumption of shellfishlocal inhabitants assess
based on the compassion with acceptable daily entekit given by National research
council of the National academy of sciences of th8A (for Cu 2000-3000y),
Environmental health criteria 221 (for Zn 5600-160¢), Guidance document for Lead in
shellfish, FAO/WHO 2003 for Cd: @@ and USFDA, 1993 for Pb: 25-% (See
Appendix 6.6)
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3.3.3.3 The target hazard quotient (THQ)

The health risks from consumption of shellfish bgdl inhabitant also assess by
THQ. The THQ is a ratio of determined dose of dytaht to a reference dose level. If the
ratio is less than 1, the exposed population iskelyl to experience obvious adverse
effects. The method of estimating risk using THQ@wvmes in the USEPA and it is

described by the following equation:

EFrx ED X FI x MC
THQ =~ x 0,001
RfD x BW x AT
Where EFr is exposure frequency (365 days/year)

ED is the exposure duration (70year)
Fl is food ingestion (mollusks 9,8g/person/day FR005. NSF, 2006)
MC is metal concentration in shellfish (mg/kg fiaseight)

RfD is the oral reference dose (Cd: 0.0¢/b/day, Pb: 0.004, Ni: 0.006, Cr
0.003 USEPA, 1997 2000)

BW: is the average body weigh 60kg for VN

AT: is the average time for non-carcinogen in dag5( day/year x number of
exposure years)

An important aspect in assessing risk to humanttndedm potentially harmuful
chemicals in food is the knowledge of the dietamake of such substances that must

remain within determined safety margins.

3.3.3.4 The target cancer risk (TR)

The method for estimating TR values is providedth US. We compared these
levels to the recommended dietary intake levelsliglbd by the World Health
Organization (Demirzen et al., 2006; WHO 1993).

The USEPA, 2006 has recommended the estimationatheththe potential health
risk for the intake of inorganic As from variousag®od species, such as the target cancer

risk TR. TR is the incremental individual lifetimeancer risk fromthe ingestion of
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shellfish. The carcinogenic risk from inorganic As expressed as the excess the

probability of contracting cancer over a life time70years. The TR id difined as follows:

EFr x ED x IR x Cinorg x CPSo
TR = e x 0,001
BW x ATc
Where EFr is exposure frequency (365 days/year)

ED is the exposure duration (70year)
IR is the ingestion rate of shell fish (g/day)
Cinorg is As concentration in shellfish (mg/kgdineweight)

CPSo is the oral carcinogenic potency slope obthifrom the IRIS
Integrated Risk Information system (1,5mg/kg/dayEB3,, 2006)

BW: is the average body weigh 60kg for VN

AT: is the average time for non-carcinogen in da§5(day/year x number

of exposure years)

0,001: conversion factor

3.3.3.5 Acceptable Tissue Levels for Humans
For human consumption, acceptable tissue levelsdocinogens (ATLhC) and

noncarcinogens (ATLhN) are back-calculated fromeatable risk levels in accordance
with federal guidance for establishing shellfismmsoemption limits and for conducting

human health risk assessments (USEPA, 1989, 19@parate levels were not calculated
for men and women, as differences in consumptitesnalative to body weight are minor.

Acceptable fish tissue levels for humans are catedl using the following equations.

For carcinogens:

ARL~ -BW AT
ATLN g = e—

SFo Ra ED
and for noncarcinogens:

ATLhy = RfD-BI'.-F: -ARLy
=]
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Where:
ATLh¢ = Acceptable tissue level (carcinogen) in dietfoman receptors (mg/kg);

ATLhy = Acceptable tissue level (noncarcinogen) in da@t human receptors
(mg/kg);

ARLc = Acceptable risk level for carcinogens (unitlebs; 10-6);
ARLy = Acceptable risk level for noncarcinogens (usitel);
AT = Averaging time (years);

ED = Exposure duration (years);

SFo = Oral slope factor (mg/kg.ddy)

RfD = Reference dose (mg/kg.day);

BW = Body weight (kg); and

IRP = Fish and/or shellfish ingestion rate for thgposed population (mean daily

rate over a year in kg/day).

The ATL values represent the maximum concentratbra given chemical in
shellfish tissue that will not generate a risk ggeshan the maximum acceptable risk level

(ARL) used for carcinogens (See appendix 6.7)

Therefore, the ATLh values permit a specific popala of humans to consume
safely any combination of fish and/or shellfish tor extended period, provided that the

combined daily consumption rate remains below #idaesof IR used to calculate ATLh.

CTL values are concentrations of bioaccumulativenaigals in tissue that will not
cause significant adverse effects on the healttaqufatic organisms containing those
chemicals. Appendix 6.8 lists generic CTL valuestective of populations and individuals
of threatened or endangered species (WQC — USHEF,)2
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CHAPTER 4
RESULTS AND DISCUSSIONS

4.1 PHYSICOCHEMICAL CHARACTERISTICS OF SEDIMENT

4.1.1 Particles size of sediments

Grain size of particulate matter influences its caggon capacity greatly. The
specific surface area will determine the amountpoflutant adsorbed. Amount of
adsorption is inversely proportional to the paeisize. Concentrations of pollutants are

generally highest at the finest particles as sunmesiin Figure 4.1; 4.2; 4.3 and 4.4

o, Particles size of sediment sample TD
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100 ® Mar2013 ||
W Sep2012
801
m Mar2012 | |
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401

20
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025mm 0125 01 0.0625 0.0039

Figure 4.1 Percentage of particles size in Tan @aog 2012-2013

o Particles size of sediment sample ND
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Figure 4.2Percentage of particles size in Ngoc Diem durif6g22013
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o Particles size of sediment sample BT
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Figure 4.3Percentage of particles size in Binh Tan during22013

o Particles size of sediment sample CL
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Figure 4.4Percentage of particles size in Cam Lam during 22Q23

At 4 stations, sediments were found to be hightstesd, indicating, therefore, a
same origin of settled particles (terrigenous, @pbgenus, and biogenous). Grain size
analysis and composition of sediment samples saghthat they were mainly sand which
range from 80.3-99.73% in TD, 76.24-90.76% in ND;6.-86.72% in BT; 62.79-89.28%
in CL. Coarse clay fraction prevails in most of gdes, after what follows silt, which is

also obvious from Shepard’s classification of matd&hepard,1954).
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In TD and ND, the mean size of muddy particlesiithie range from coarse clay to
fine silt, while median of particles is in narronnge from very fine silt to fine silt were
represented in BT and CL. Sediment type is detexchaccording to Shepard (1954) and
at BT and CL locations is classified as clayey$ither two samples TD and ND are
classified as silty clay, due to some how incregse@dentage of clay. At all locations,
percentage of gravel is very high, and only in @elocation, it is 0.54-6.8%, what could
be due to close sea. Particles size of the sedsmentiny and dry season will compare

and describe in the next part.

Study of changement between seasons versus geairiraction in the 4 sampled
sites is an evident of this study. Figure 4.5; 4& and 4.8 summarises the result of

particles size of every sediment samples in twes@ea

Particles size of sediment collected from TD(Tan Dao)
%
80+
oR =D

60+
40
20
0

2-1mm 0.5-0.25mm 0125 0.0625-

0.1mm 0.0039mm

Particles size

Figure 4.5 Patrticles size of sediment samples mOao at two seasons
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Particles size of sediment collected from ND (Ngoc Diem)

807

2-1mm 0.5-0.25mm 0.125- 0.0625-
. . 0.1mm 0.0039mm
Particles size

Figure 4.6Particles size of sediment samples in Ngoc Dietwatseasons

Particles size of sediment collected from BT (Binh Tan)

%
80

2-1Imm 0.5-0.25mm 0.125- 0.0625-
0.1mm 0.0039mm

Particles size

Figure 4.7Particles size of sediment samples in Binh Tawatdeasons
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Particles size of sediment collected from CL (Cam Lam)

%

80
40

20+

2-1mm 0.5-0.25mm 0.125- 0.0625-
. i 0.1mm 0.0039mm
Particles size

Figure 4.8Particles size of sediment samples in CL (Cam Laryo seasons
Note: R - rainy season, D - dry season

Percentage of sand is rather high on all locatioriBy season, which could be also
due to anthropogenic influence. On rainy seasoncep&age of sand is some how
decreased. Fine particles were found on the wheslereent samples in dry season but not
in the rainy season. The fine-grained fractiongifgisize <0.0063mm) content of more
than 76% was found in quiet areas samples as CIN&ndnean while only 23% of very
fine mud was found at estuaries zone sediment BTaddition, the fraction of medium
coarse sand (grain size 0.25-0.5mm) in sedimenssstrangly varies between sampling

locations.

4.1.2 pH of sediment

Acidity is another main factor influencing the forof metal. Under low pH
condition (<pH 5), metals such as Fe and Al caroivec soluble from most minerals.
However, some elements may become insoluble uramerpH and redox conditions.
Acidic condition in the digestive tract of organsnecan cause particulate pollutants
become soluble as well as a consequence, matalsaee available to the organism and

lead to the occurrence of bioaccumulations.
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Table 4.1 pH measurement of sediment samples

pH K TD ND BT CL
Mar 2012 7.43 7.43 7.43 7.4
Sep 2012 7.26 7.2 7.14 7.3
Mar 2013 7.47 7.44 7.58 7.53
Sep 2013 7.24 7.09 7.04 7.17
pH H> TD ND BT CL
Mar 2012 7.56 7.55 7.48 7.52
Sep 2012 1.27 7.36 7.21 7.4
Mar 2013 7.63 7.58 7.68 7.54
Sep 2013 7.34 7.21 7.46 7.34

The pH values at the four sites ranged from 7.2k7décate that sediments were
neutral medium, especially pH were higher in the skeason 7.5-7.6, which contrasted
with those lower of the rainy season 7.2-7.4 (Fegu®)

pH pH of sediment samples

7,8
—e— Mar2012

764 - T —e— Sep2012
—o— Mar2013
—o— Sep2013

7,4 1

7,2 1

7 Sites
D ND BT CL

Figure 4.9Trend of pH in 4 sampling locations from 2012 td 20
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4.1.3 Distribution of organic carbon in sediment

Adsorption is the most reactive form of metal. Metare also tending to form
bonding with the organic materials, has very highc#fic area. As a consequence, it has
high adsorption capacity. Therefore, concentratibmetal may also be proportional to the

amount of organic particulates.

Table 4.2 Percentage of total organic carbon TOTi{%ediment samples

Locat TD ND BT CL
Mar2012 9.98 18.47 3.08 3.03
Sep2012 9.06 27.06 10.4 3.14
Mar2013 6.84 10.01 3.16 1.71
Sep2013 6.45 19.64 8.26 3.17

Average values of sediment organic carbon (%dnghtgiare showed in table 4.2,
and the observed concentration of CL (1.71-3.17% Veavest when compared to that
observed in other regions (TD, ND, and BT) thatgemfrom 3.08 to 27.06%. The values
of organic cacbon obtained in this study area amparatively higher than those reported
(2.78%) for various tidal and estuarine regionsaitheast coast of India (Achyuthan and
others, 2002). Relatively lowest concentration @famic cacbon in sediments of CL is due
to and mixing process in sediment—water interfawt @so due to high microbial activity
in this region, which use the organic matter agient source and removes it from the
systemas C® All the sediement collected showed relativelyh@igorganic carbon values
in the rainy season due to the nature of sedimentah this season. The sediment
collected from TD mangroves showed a decreasingdtref organic carbon due to
restricted microbial activity in this anoxic or soRic region and also due to partial
decomposition of leaf litters, root exudates, aheirt preservation as burial in the
sediments. Over all a high distribution of orgacecbon was observed in both ND and BT
due to solid waste coupled with boat activities @hgsical mixing processes. Trend of
total organic carbon content in sediment sampletngW2012-2013 is shown in figure
4.10.
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Figure 4.10Trend of total organic carbon content in sedims&anrnples

4.1.4 Bulk density
Bulk density of sediments from Nha Trang bay angh@ht areas is shown in
Table 4.3.

Table 4.3 Bulk density (g/cfpof sediment samples

Locati D ND BT CL
Mar2012 0.57 0.25 1.19 1.20
Sep2012 0.62 0.05 0.55 1.18
Mar2013 1.23 0.57 0.68 1.50
Sep2013 0.80 0.59 1.16 1.17

Generally there is inverse relationship betweelk dehsity and organic carbon
contents, bulk density increases is increasedgenar carbon content are decreased. The
bulk density and organic carbon content of thersedi samples remained nearly constant
with an average of 0.60-0.99 (g/8mwith lowest bulk density was found 0.36 (g/nim
ND coast sediment and highest value was 1.26 @/enCL lagoon area. The sediments
were classified as lighter organic matter accordmgvnimelech Y, 2001 classification.

Figure 4.11 bellow shows a range of bulk densitgeafiment samples during 2012-2013:
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4.1.5 Moisture of sediment samples

Moisture concentrations were measured in the sedis@wmples. Percent moisture

contents are showed in Tables 4.4

Figure 4.11Range of bulk density of sediment samples duig-2013
LOM limit: lighter organic matter cl#gsation of sediment

HMB limit: hydrated microbial biofilm classiicatioof sediment

Table 4.4 Percent moisture contents in sedimenpkesm

Locatl TD ND BT CL
Mar2012 9.98 18.47 3.08 3.03
Sep2012 9.06 27.06 10.4 3.14
Mar2013 11.62 16.6 4.52 4.05
Sep2013 13.77 23.56 11.62 4.4

In general, rainy seasonal sediment contained tgheh moisture of the dry
sediment with a range of 9.06 t013.77% in TD; 232%366% in ND; 10.4-11.62% in BT
and 3.14-4.4% in CL in rainy season. A range 0831(b2% in BT and CL with moisture
measurements in dry season were very low moistoméents. Sediments in ND and BT

had a grand difference of moisture between twoameadut not for TD and CL sediments.
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Moisture variation in sediment samples was noteddwdor all of samples and most likely
due to variations in location at the 4 times of pang. Figure 4.12 is showed a trend of

moisture content in sediment samples during 20112320

Moisture content of sediment samples
Moisture (%)
35 —o— Mar2012
—o— Sep2012
—o— Mar2013
—— Sep2013
0 Sites
TD ND BT CL

Figure 4.12Trend of moisture content in sediment samples duii2-2013

4.1.6 Acid volatile sulfide (AVS)
Only one measurement was obtained for the AVS aiwdrBonat contents in

September 2013. The acid volatile sulfide (AVS) @miations (mg/kg) and Bicarbonat
contents in the sampled sediments are listed iteTab

Table 4.5 The AVS and Bi-carbonat content in thegad sediments.

Parame D ND BT CL
AVS (mg/kg) 0,168 0,416 0,243 0,266
Bicarbonat (mgd|/100g) 0,446 0,786 0,488 0,457
Bicarbonat (%) 2,79 4,79 2,97 2,72

Significant variations in AVS in sediment samplesr& observed, with variation
between 0,168 (TD) and 0,416 (ND), that justifies libw AVS levels in this coastal area
according to the another region. The most signifiéga¥S values were found in the ND
sediments (0,416) and very distinct concentratiwase obtained for the BT and CL (0,243
and 0,266). The highest bicarbonat content wasradatdor the ND: 0,786mgd|l/100g. The
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percentage of bicarbonates varies from about 237297% and is in all samples lower
than percentage of organic matter.

Considering the physicochemical factor and accésgjtsampling locations were
first being classified by referring to the struesir According to the physicochemical
characteristics, the sediments type were classéiedsilt clay to clayely silt with pH
neutral, lighter organic matter, low AVS and diffaces of moisture content from low to
high, depends of location of sampling. Classifmatdf sediment samples is shown in table
4.6.

Table 4.6 Sediment type classification

TD ND BT CL

Sediment Silt clay Silt clay Clayely silt Clayely silt
type
pH Neutral medium| Neutral medium| Neutral medium| Neutral medium
oC Lighter organic| Lighter organic | Lighter organic | Lighter organic

matter matter matter matter
Moisture Medium High Low Low
AVS Low Low Low Low

4.2 METAL CONCENTRATIONS IN SEDIMENT SAMPLES

4.2.1 Ranges of heavy metal concentrations

For remaining heavy metals in sediments in bothde@sons, metal concentrations
in the sediments ranked in the following order: ®laium> iron > zinc > copper >
chromium > asennic > cadmium. In particulier, tkerage concentrations of heavy metals
in sediments obtained from 4 locations were conparsequential order as show in Table
4.7.
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Table 4.7 Sequential orders of heavy metals in §ampites

Site Seasons Metals in decreasing orders
TD Rainy Zn>Cr>Cu>As >Cd
Dry Zn>As>Cr>Cu>Cd
ND Rainy Zn >Cr>Cu>As >Cd
Dry Zn>Cr>Cu> As>Cd
BT Rainy Zn>Cu>Cr>As>Cd
Dry Zn>Cu>Cr>As>Cd
CL Rainy Zn>As>Cu>Cr>Cd
Dry Zn>Cu>Cr>Cd>As

The concentrations of trace metals were showediatia between the metals and
between sites. The maximum average concentratimesdor Cu, Cr and Cd (mg/kg DW)
were observed in BT estuary site. Site TD and Ghwad similar concentrations of trace
metals, where as mangrove site TD showed compahatiow concentrations due to poor
sediment accumulation, and CL located in high enesgstem showed the least
concentrations. In the present study, the eleved@dentrations of Zn and Cu from in the
all four sites could be attributed to the incremseatural weathering of soil materials and
inputs from rapid industrial development and urkation. In surface sediment, an
increase in concentrations of chrome and coppBiTand CL sites showed exchange able
fraction and gradual increase due to additionalaimetecipitation around there two

boundaries.

It may be concluded that the increase in trace Isn@iahe sediments mainly come
from extensive fishing activity, public boat sengcdomestic sewage release from near by
areas, and other industrial waste discharge. CoratEms of heavy metals in sediments
from four collecting stations within the affectecka are illustrated in Figures 4.13; 4.14;
4.15 and 4.16.
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Figure 4.13Heavy metals concentration of sediment colleateh fTD 2012-2013
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Figure 4.14Heavy metals concentration of sediment colleatath ND 2012-2013
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Heavy metals concentrations of sediment collected from BT
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Figure 4.15Heavy metals concentration of sediment colleataah BT 2012-2013
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Figure 4.16 Heavy metals concentration of sediment colletiat CL 2012-2013

When the analyses of a metal for seasonal, thamg sadiments contained higher
concentrations than dry sediments of all most m&w@ine significants that sediment in dry
season contained higher concentrations of heavyalnat chromium at BT and CL
sediment samples or arsenic in TD and copper in CL.

The average concentration of Zn was highest in bettsons compared with other
metals. Furthermore, the highest concentrationZmfwere detected in rainy season
(80.66mg/kg DW) and 64.67mg/kg DW in dry seasorvétheless, the concentrations of
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arsenic were not detected in dry seasons (arsenieatration in CL = 0.15 mg/kg DW).
The highest average concentration of Cu was iryreempared by dry seasons (24.67 and
18.21 mg/kg DW, respectively). The concentratioh€iowere higher on rainy season than
dry season, while concentrations of Cd were dedesfth an average of 1.85 mg/kg DW
in rainy season but were lower of detected limitlig season in ND sample. The elements
that are essential for mollusk growth (copper, i@mmd zinc) are the most abundant

elements measured in the sediment on the raing.basi

In general, the area distribution of metals in M2 estuarine reflects the inputs
from anthropogenic origins, with higher concentmasi at locations close to the metal
sources. So, Cr levels in the sediment were irdhge of 21.81 to 41.96 mg/kg DW. The
strong concentration of As and Cu were observeBTirestuary. When this local area is
not considered, the increase of metal concentraiiothe surface sediments are associated
with the harbour areas: up to 53.94 mg/kg DW ofi€tainy season to 43.24 mg/kg DW
in dry season and to 14.1 mg/kg DW As in rainy eeag hus, the pattern of distribution of
this metal shows the affect of the domestic adtisiand secondly the shipyard such as is
observed in the middle of the Nha Trang habourdesé&hresults validate the industrial

effects already pointed out for As.

The strong gradient in the As was observed arolmedGL, that shown a big
difference which is in the TD because in this afeaAs concentration changes strongly
from the rainy season to dry season although maxiwaiues are found 14.10 mg/kg DW
in dry season. The anthropogenic origin is cleatha sedimentary register, however the
arsenic is dispersed throughout the dry seasorDaarid is not concentrated in the this

area.

Zinc has a similar trend to copper with local diffleces: the highest concentrations
in the surface sediment occur in the estuary zdrikeoBT (112 mg/kg DW) and the area
of the ND (99.90 mg/kgDW). The influence of the AnliD and CL are low, however it is
obvious in the TD (50.99 mg/kg DW) and in CL (5916@/kg DW). Another difference is
that the zinc levels in the CL show small signsanthropogenic enrichment. The zinc
contamination in the sediment of preindustrial (M@&S 1996) was very low found
(6.6mg/kg DW).
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Once the copper and zinc levels in the surficialirsedts are established, the
contamination state could be ascertained by comsgarnvith typical concentrations of
these two metals in the unpolluted sediments antifieir natural presence in the
lithosphere. The measured values in the four aeakigher than average concentration in
the preindustrial sediment and also exceed theerforgunpolluted sediments. However, it
IS more appropriate to use local background eguostito define the degree of

contamination.

In the mouth of the estuary, copper and lead teratecipitate, probably with iron
oxides. Fe, Ni and Cr are found in varying concardans along the bay of Nha trang. The
chemical forms of these precipitations vary frone twydrological zone to the next. Nickel,
most often associated with organic matter, canipitate with manganese oxides and
ferrohumic complexes in contact with salinated wat@hese two metals are the most
labile and ubiquitous. Concentrations of Zn, Pb,a@d Cu reach their peak in the dry

period, indicating the importance of the evaporatio

4.2.3 Sediment Quality Guidelines (SQGS)

As the mean to predict adverse effect derived froomtaminated sediments,
numerous sediment quality guidelines (SQGs) weresldped by overseas researchers.
Among the most widely applied SQGs are as followimgth SQGs produced by NOAA
and New York Sediment Screening Criteria were chasethe most appropriate values,

which is being used as main reference in this study

Table 4.8 and 4.9 gives the values for elementsdan surface sediment collected
in dry and rainy season for each parameter (whgpécable). The element concentration
was study with referred to the values of effectgaERL and ERM) and effect levels
(LEL and SEL). In the sediment, the recorded mes#ies did not reach biological effect
levels (ERL), concentrations proposed by Long et1&I95.
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Table 4.8 Values for metals (mg/kg DW)in surfaceisent collected in dry season

Me TD ND BT CL

As 2,49-13,09* 4,39-16,95* 2,09-5,82 0,15-5,54

Cd 0-1,15* 0-0,94* 0-2,20* 0-2,41*

Cr 2,33-6,83 5,94-21,81 4,92-23,43 10,84-10,97

Cu 2,95-7,95 15,31-21,93 0-43,24* 5,49-11,34

Zn 36,93-71,43 53,96-81,51 70,61-90,94 40,99-49,30

*: Values above LEL (mg/kg DW)

The sediment samples that collected in dry seasom fTD had arsenic
concentrations 13,09mg/kg DW in between the LEL-SBlues. Similar situations were
with copper concentrations in sediments collectdgiTa(43,24mg/kg DW), that were more
than two times higher when compared to LEL valuelyGinc concentration in sediment
collected in dry season had all values below the z8lue with the mean value of 36,93-
90,94mg/kg DW.

Table 4.9 Values for metals (mg/kg DW) in surfaediment collected in rainy season

Meta TD ND BT CL

As 4,65-6,73 5,71-14,36 14,10-15,09* 9,09-14,87*
Cd 0-2,07* 1,14-1,93* 0-1,72* 9,02-1,69*

Cr 7,61-13,49 16,75-41,96* 5,81-23,14 7,73-19,83

Cu 0-7,36 28,70-91,22* | 19,04-53,94* 8,00-99,21*
Zn 50,66-68,36 70,62-99,90 112,31-126,03 59,765%5,p

*: VValues above LEL

The sediment samples that collected in rainy sedsom BT and CL had arsenic
concentrations in between the LEL-SEL values (6 3m@kg DW), with mean
concentration values were more than two times higiteen compared to LEL value
(14,10 and 9,09mg/kg DW respectively). Similar &itons were with copper
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concentrations in sediments collected at ND and 8,70 and 53,94mg/kg DW

respectively).

Especial, cadmium concentration in sediment caat both dry and rainy season
had all values above the LEL value. Those conceots are interpreted as a very high
level which compare the values of cadmium were doumpreindustrial sediments from
near by port of Nha trang (Phuong et al., 2012) iandther northern coastal sediments.
Additionally, that may conclude that Cd concentmas are anthropogenically influenced
and that they are about 10 times higher than irollumed predidustrial sediments, but also
that there are many spots in the Pacific Sea withimhigher concentrations.

From the assessments in this study, most metale laceptable (<LEL) or
moderateX LEL and < SEL) biological effects, except Cd. Ratage of samples amongst
range of SQGs for dry and rainy sampling is shoimdeigure 4.17 and Figure 4.18

Dry sample collection
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Figure 4.17Percentage of samples collected in dry season gsteange of SQGs
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Rainy sample collection
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Figure 4.18Percentage of samples collected in rainy seasoongst range of SQGs

An interesting distribution pattern was found frohis study. The metal contents
are either highly distributed in the range belowLLd in between LEL and SEL. In rainy
season, 5 metals as As, Cd, Cr, Cu and Ni dataset equal distribution pattern among
the SQGs’ ranges. However, in the dry season, nuofbeetal exceeding LEL reduced to
3 metals (As, Cd and Cu) in dataset. Following thee distributions of metal range in
different effect level, Cd is the most critical ¢aminant in sediment as 100% of the
collected samples exceeded effect level (LEL). Rndther hand, As became the second
critical contaminants in sediment samples. It shtdve high numbers of sediment samples
exceeding LEL (25-50%).

Mean concentrations of arsenic and zink in the rsedis are in the same
concentrations range like preindustrial sedimerdsfthe Nha Trang bay (Phuong T.T.M
et al, 2012). Mean Cu concentrations in sedimers) fthe ND and BT were 2 times
higher in comparison with preindustrial sedimemtsrf the Nha Trang bay. Like copper,
lead mainly originates from anthropogenic sourd®s,its concentrations were not very
elevated, and they are comparable with other serfaediment. However, those
concentrations were more than eight times lowen theedium concentrations in the

polluted sediments of the near by harbor.
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4.2.4 Interactions between metals

To study the inter-elemental associations, Peacsorelation coefficients of the
trace metals were computed for both two seasone. @n observe a strong correlation
between the amount of Fe and Al in both two sed$able 4.10 and 4.11). This can be
mainly attributed to synergic co-precipitation hretform of hydrated aluminum oxide or
hydrated ferric oxides. In sediment, a significeotrelation exists between Cr and Al, Fe,
Zn and Ni in both dry and rainy season and betw&e#Zn and Fe, Al, Ni in dry season.
The same holds true for sediment concentration§eothas also shown that the high
correlation of Al and Ni (r = 0.99). Zn is high afted by a Cu concentration (r=0.94).
Negative correlations are obtained between As aman€tal (r = -0.82) and between Cd
and Cu and Zn (r = -0.35 and -0.38) in rainy sea3ais can be attributed to the different
longitudinal variations of these metals in the talasVajor seasonal variations in metal

concentrations occur in the four sites.

Table 4.10 Interactions between metals in raingcea

N As Cd Cr Cu Zn Fe Al Ni
As 1,0000

Cd -0,8223 1,0000

Cr -0,2312 0,2356 1,0000

Cu 0,7467 -0,3853 0,5039 1,0000

Zn 05915 -0,3541 0,7201 0,9443 1,0000

Fe -0,3489 0,3957 0,9746 0,3024 0,5464 1,0000

Al -0,1806 0,1776 0,9836 ' 0,4060 0,6633 10,9739 1,0000

Ni  -0,1552 0,2013 0,9951 0,4550 0,6944 0,9774 0,9966 1,0000
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Table 4.11 Interactions between metals in dry seaso

As Cd Cr Cu Zn Fe Al Ni
As 1,0000
Cd -0,7048 1,0000
Cr -0,5329 0,0372 1,0000
Cu -0,5388 0,4726 0,8063 1,0000
Zn -0,5379 0,0836 0,9976 0,8452 1,0000
Fe -0,6656 0,1341 0,9839 0,7778 0,9783 1,0000
Al -0,8300 '0,7642 0,6693 0,8941 0,7056 0,7205 1,0000
NI -0,2678 -0,4031 0,8775  0,4361 0,8448 ' 0,8507 0,2511 ' 1,0000

Mo -0,8418 0,9554 0,0823 0,3741 0,1114 0,2177 0,7403 ' -0,2850

To study the interactions between metals and pbgkeEmical characteristics of
sedimentsPearson correlation coefficients of the trace msevakre computed for four
locations separately (Table 4.12, 4.13, 4.14, 4d® 4.16). In all the sites studied, trace
metals and their inter relationship showed stroagetation with Cr and Al, Fe and in
significant correlation with organic matter and mmie content. Due to relatively low
concentration of organic matter in sediments, ¥sloot act as a carrier of metals, and
therefore shows asynchronous distribution pattath twace metals. Strong inter-element
relationships suggest that one common processndiees the sediment composition for

all trace metals.

The matrix correlating the geophysical parametemaif size, TOC, pH and
moisture) and pollutant concentrations is preseméebable 4.12. A high correlation was
observed between metal levels in the sediment anRdlasy content while a moderately
negative correlation resulted between Cd in sedinaed other metals in the sediment.
Decreases in TOC and pH in the dry and rainy seagmyear to be linked to a

accumulation of metals in the sediments.

In all the time sampling, trace metals and theterirrelationship showed strong

correlation with Al and in significant correlationitiv OC as well as moisture contents.
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Due to relatively low concentration of OC in sednts it does not act as a carrier of
metals, and therefore shows asynchronous distoibytattern with trace metals. Strong
inter-element relationships suggest that one compracess determines the sediment
composition for all trace metals. The strong pwsitcorrelation between Cr and other
metals as Cu, Zn, Fe and Al (r = 0.80 — 0.96) risvéieat this metal are carried by pollution
of Cr, which come from industrial discharges, agtiral activities into the near by
environment. In moreover, the poor association sfwith other metals suggests that As
possibly due to different processes like biologiefigcts and external inputs operating in
the mangrove and adjacent estuarine sedimentsfi€ag correlations of Cr, Cu, Zn with
Fe, Al indicate the industrial contribution of tleasetals into the system.

Rank-order correlation coefficients for metal iorierconnections are showed in
Table 4.12. The strong positive correlation betwalrthe metals in sediment collected
from TD that these metals are carried by industdigcharges, fishing activities, and
constant movement of fishing and commercial bodtstime near by environment. In TD,
the poor association of As with other metals suggébat Fe oxide may only be
aminorhostphase for these metals in the mangroveoament. In TD, Cd showed no
significant correlation with other metals possiblyedo different processes like biological
effects and external inputs operating in the margrand adjacent estuarine sediments.
The differences in correlation among the above meédlect differential behaviors, which
require further examination. Significant correlaiosf Cr, Cu and Zn with Fe and Zn in

TD indicate the industrial contribution of thesetai® into the system.
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Table 4.12 The interactions between metals andigbgfsemical characteristics of sediments colleftexsh Nha Trang bay and

adjacent areas

Ni

-0,507C
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Table 4.13 Metals in correlation with the physideemical factors in Tan Dao station

Fe

1,0000

0,8506
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Table 4.14 Metals in correlation with the physideemical factors in Ngoc Diem station

pH TOC <0.063 Cd Cu Fe
mm

1,0000

0,7593

-0,0735 1,0000

0,3380 0,9138

-0,3380 -0,9138 1,0000

0,9802 0,1256 -0,5178

0,1086 0,9834 -0,9723 1,0000

0,1052 0,9840 -0,9715 1,0000

0,4260 0,8709 -0,9955 0,9456 1,0000

-0,8247 0,6247 -0,2536 0,4728 0,1604

0,2413 0,9501 -0,9949 0,9909 0,9808 1,0000
-0,6779 0,7830 -0,4628 0,6572 0,3763 0,5499
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Table 4.15 Metals in correlation with the physidwemical factors in Binh Tan station

pH TOC <0.063m Cd Cu Fe
1,0000

0,7857

0,2186 1,0000

-0,952¢ 0,0895

0,8360 -0,352 1,0000

-0,9515 -0,508 -0,6267

0,7573 0,8028 0,2749 1,0000

0,5937 0,9150 0,0549 0,9751

0,1822 0,9993 -0,3871 0,7801 1,0000

0,1533 0,9978 -0,4140 0,7614 0,9996

0,9600 0,4831 0,6490 0,9099 0,4503 1,0000
0,8192 0,7387 0,3702 0,9949 0,7132 0,9470
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Table 4.16 Metals in correlation with the physideemical factors in Cam Lam station

pH TOC <0.063mm Cd Cu Fe
1,0000
-0,7485

-0,2641 1,0000

-0,9936 0,3713

0,9936 -0,3713

-0,9509 0,5496

0,7806 0,3967 1,0000

0,4772 -0,9736 -0,1768

0,5728 -0,9419 -0,0652 1,0000

-0,0655 0,9797 0,5725 -0,8555

0,9283 -0,6037 0,4923 0,8365 1,0000
0,9052 0,1708 0,9722 0,1701 0,6823
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4.3 HEAVY METALS IN MOLLUSK TISSUES

4.3.1 Concentrations of heavy metals between shalid tissue

Concentrations of metals in shell and tissues eseh/ species, which collected on
the first time (March 2012) were showed in Figuré94to Figure 4.25. These results
showed that, for the metals, concentration of rsatalshell and tissue were significantly

correlated. These correlations may be partialiybatted to metabolic rate of each species.

Concentration of metals in shell and tissue of L.anatine
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Figure 4.19Concentrations of metals in shell and tissue ahatine
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Concentration of metals in shell and tissue of G.virens
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Figure 4.20Concentrations of metals in shell and tissue ofréng
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Figure 4.21Concentrations of metals in shell and tissue ahguis
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Figure 4.22Concentrations of metals in shell and tissue @b@vans
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Figure 4.23Concentrations of metals in shell and tissue oifv@ris
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Figure 4.24Concentrations of metals in shell and tissue didttina
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Figure 4.25Concentrations of metals in shell and tissue ohgaiate

In general, concentrations of Al and Fe in mollgsknples from Nha Trang bay
were higher in shell than in soft tissue, but fthrep heavy metals, concentration of metals
in shell and tissue were significantly correlated.
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These results highlight that there not necessityanalyse metals in shell when

comparing trace metal concentrations amongst nmioamples.

4.3.3 Contents of heavy metals in soft tissues
Eleven species of mollusks collected from four tames were analyzed for metal

contents. Results from the analyses of 5 metal€CAsCr, Cu and Zn in these species are

given in Figures 4.26 as below.

Contents of metals in G.virens at CL Contents of metals in G.virens at BT
rainy season rainy season

B As B As
@ Cd mcd
mCr mCr
mCu mCu
B Zn B Zn
Contents of metals in G.virens at CL Contents of metals in G.virens at BT
dry season dry season
mAs HAs
@ Cd mCd
mCr mCr

mCu
mZn

mCu
B Zn

Figure 4.26Contents of metal in soft tissue of G.virens

Generally, the highest values of heavy metals vobiserved during rainy season
and the lowest during dry season, except Cu inN&an concentrations of Zn found in
mollusks were high in both seasons. Moreoverctirecentrations of heavy metals in the
G.virens of the ND could be arranged in the following setee As>Cd>Zn>Cr>Cu.
From these results, the local distribution of metalmollusk tissue o&.virensat different
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stations also varied during dry and rainy seas®hs. maximum value of As, Cd were
found at ND and Cu, Zn at BT during rainy seasohniJerthe highest value of Cd, Cr, Cu,
Zn were recorded at CL during dry season. The mimnvalues of Cd, Cr and Zn were
found at station CL in rainy season, while Cu, Cd,and Zn were found at BT during

rainy season.

Contents of metals in L.anatina at BT Contents of metals in L.anatina at CL
rainy season rainy season
HAs W As
@ Cd @cd
mCr mCr
mCu mCu
B Zn B Zn
Contents of metals in L.anatina at BT Contents of metals in L.anatina at CL
dry season dry season
B As B As
@ Cd mcd
mCr mCr
@ Cu B Cu
B Zn B Zn

Figure 4.27Contents of metal in soft tissue of Laternula areat

On a seasonal scale, Zn and Cu showed their highksts during rainy season at
both locations BT and CL (61.29 and 90.60mg/kgDW Za; 17.72 and 9.22mg/kg DW
for Cu, respectively) where the highest values sfwere exhibited during dry season.
(6.58 and 6.84mg/kg DW ).The levels of Cr variemhir2.22 and 2.64 during rainy season
to 1.62 to 13.42mg/kg DW during dry season, respelgt The maximum values of Cr
recorded 13.42 during rainy season at CL locatiwoh their minimum values 1.62 during

dry season at BT.
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Figure 4.28Contents of metal in soft tissue of Geloina coaxan

For comparisons of data between two seasons theestration of Cu and Zn in
mollusks G.coaxanscollected form TD during rainy season was muchhéigthan that
found in dry seasons. It was found that concewtnadf Zn was higher than Cu and Cr in

mollusks in two seasons.

In addition, concentrations of As, Cd and CrGicoaxanscollected in ND were
higher than that in TD at rainy season (6.10, 240 1.28 mg/kg DW in ND and 0.01,
0.83 and 1.22mg/kg DW in TD, respectively) but camtcation of Cu and Zn iG.coaxans

collected from TD were higher than that found in.ND
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Contents of metals in L.unguis at TD Contents of metals in L.unguis at BT
rainy season rainy season
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Figure 4.2%Contents of metal in soft tissue of Lingula unguis

In the present study, Cu content of tissu&.bhguis ranged from 5.41 to 9.35 and
from 9.74 to 24.71 mg/kg DW at TD and BT duringnsaseason, respectively. The high
accumulation of metal content may be due to theipitation of decomposed organic

matter of this location.

Contents of metals in C.rivularis at TD Contents of metals in C.rivularis at TD
rainy season dry season

| As
@ Cd
@ Cr
mCu
B Zn

Figure 4.30Contents of metal in soft tissue of Crassostrealaris
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Mollusk tissues of C.rivularis were very rich of Zn contents. Maximum
concentration of Zn in oyster was found in at BTrg season about 562.01mg/kg DW.

Contents of metals in A.antiquataat TD Contents of metals in A.antiquata at TD
rainy season dry season
mAs B As
@mcd @mcCd
mCr mCr
mCu mCu
mZn | Zn
Contents of metals in A.antiquata at CL Contents of metals in A.antiquata at CL
rainy season dry season
BAs | As
acd @mcCd
acCr mCr
mCu mCu
@7n mZn

Figure 4.31Contents of metal in soft tissue Ahatina antiquate

The local distribution of Cu in tissue odk.antiquateat TD showed higher
concentration than the other stations. This maydbe to the anti-fouling paints. The
seasonal concentration of accumulate Zn showedehidavel at TD (59.04 and
37.85mg/kgDW ) during rainy and dry season, respelgt while the level recorded
42.76mg/kg DW during dry season at station CL. Th&sy be due to the high amount of
suspended organic matter coming from different ghdal wastes that precipitate to the

bottom and also due to the decrease uptake obziphytoplankton at lower temperature.
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Contents of metals in S.regularis at CL Contents of metals in S.regularis at BT
rainy season dry season
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Figure 4.32ontents of metal in soft tissue of Solens regsilari

The present concentration of Cu in tissue ofSheegulariswas higher than other
sites. The maximum value of Cu (52.26mg/kg DW) waserved at BT in dry season
probably due to sewage discharge and industriklezfts at the Nha trang city. This can be
explained by the fact that their hydroxides arecipigated together in the bottom and the

common geochemistry of both.
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Contents of metals in T.literatus at ND Contents of metals in T.literatus at ND
dry season rainy season
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Figure 4.33ontents of metal in soft tissue Bdpes literatus

In the present study, As content of tissue Df literatus ranged from
17.98mg/kgDW in rainy season to 6.85mg/kg DW at Bid Zn concentration were
decreased from 4.08.10 to 35.01mg/kg DW from ratoy dry season. The high
concentration of Cd content in rainy season mayue to the precipitation of industrial

leaching from north part of the bay.

Contents of metals in P.viridis at TD Contents of metals in B.rana at ND
dry season dry season
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Figure 4.34Contents of metal in soft tissue of B.ramal P.viridis

High differences of concentration of heavy metals2i species of Gastropode
B.ranaand BivalveP.viridis were detected in rainy season for comparisiomalstropode
B.ranatissues, concentrations of Zn and As were higbestpared to Cu and others, but
in bivalveP.viridis, these concentraions of As, Cr, Cu and Zn were amnil
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Furthermore, the concentrations of Zn Birana were higher than in that in

P.viridis during dry period. The comparative study showed the accumulation of heavy

metals in 2 mollusk tissues were significantly lgthan in sediment samples.
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Contents of metals in K.hiantina at CL Contents of metals in K.hiantina at CL
rainy season dry season
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Figure 4.35 Contents of metal in soft tissu&ohiantina

Samples contained arsenic concentrations that dainge 0.01 to 6.7 mg/kg DW
in rainy season and lower than concentrations isf rtretal in tissue at dry season 5.85-
15.53 mg/kg DW. Among the five metals tested in tdkue of mollusk, zinc Zn
concentration was the highest in all tissue of osié. This could be due to zinc is
essential element which is important in the metabaktivities of mollusk. Copper
concentration was the second elements found toidiees$t in the mollusk tissue. This
could be explained due to the high concentratiothsf metal in the water body and the
role of this metal as essential elements for aquatjanism.

4.3.4 Metal pollution index

Metal pollution index MPI values provides a repraaéve picture of contaminant
impacts on bivalves due to their ability to concat# and reflect the environmental levels
of trace metal contaminants in coastal ecosyst&aise 4.17 and Table 4.18 show on the
whole, the highest, moderate and lowest MPI rafgeg metals: As, Cd, Cr, Cu, Zn, Fe

and Al. The averages occurred during the dry andyraeason for 4 locations are

respectively.
Table 4.17 MPI during rainy season for 4 locatiohsampling
Rainy season TD ND BT CL
1 Katelysia hiantina 3,72 2,62 7,44 4,46
2 Glauconoma virens 1,17 5,05 1,61
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3 Laternula anatine 4,55 5,89

4 Lingula unguis 2,63 6,45

5 Geloina coaxans 1,23 2,92

6 Crassostrea rivularis 6,14

7 Anatina antiquate 5,18

8 Tapes literatus 2,69

9 Solens regularis 5,17
Mean 3,78 2,35 5,87 4,28
STDV 1,96 0,80 1,14 1,88

The highest MPI values observed at BT is found @ocbincided with the high
overall percentage contribution of the rivers Bethe flow rate in rainy season (5,87),
where as the lowest MPI valves observed at ND usmdioto be coincided with the low

percentage contribution of the low flow rate.

Table 4.18 MPI during dry season for 4 locationsarhpling

N | Dry season TD ND BT CL
1 | Katelysia hiantina 3,83 4,14 4,09 4,16
2 | Glauconoma virens 3,57 8,52
3 | Laternula anatine 1,76 2,49
4 | Lingula unguis 2,75 0,74
5 | Geloina coaxans 8,71 3,35

6 | Crassostrea rivularis 11,11 12,04

7 | Anatina antiquate 6,70 8,89
8 | Tapes literatus 4,09

9 | Solens regularis 3,37 3,01
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10 | Perna viridis 3,67

11 | Bufonaria rana 12,54
Mean 6,80 4.82 4.60 4.63
STDV 3,19 4,36 3,73 3,34

MPI values based on 7 metals: As, Cd, Cr, Cu, Zdnad Fe during the rainy
season and dry season ranged from 2.35 to 5.8Ta(perel.07+£1.44) and 4.60 to 6.80
(average 5.22+3.66), respectively. According tesifecation of Usero et al, 2005 for MPI
and in comparing these values from those in Taldl@ 4nd 4.18, it is clear that all of the
sediment of Nha Trang bay are not contaminated Heget trace metals of various
magnitudes at 4 locations. During rainy seasonjB3everely contaminated with highest
MPI values (5.87), where as ND is lastly contanmedawith moderate MPI values 2.35 and
CL is moderately contaminated with low MPI valueg&for these metals. The highest
MPI values found in BT were plausibly related tgdtiarge of effluents from domestic.
It's related to discharge of agricultural effluefrtsm fields and industrial sectors, where as
the moderate MPI values found in TD and ND. Sinylathe low MPI values found at CL
is related to discharge of agricultural effluentsni the basin. Thus, MPI values provides a
representative picture of contaminant impacts onllusks due to their ability to
concentrate and reflect the environmental levelgafe metal contaminants in estuarine
ecosystems. During dry season, the highest MPlegabbserved at TD with MPI value
(6.80) is found to be coincided with the high oWleparcentage contribution of the rivers
Be to the total annual flow rate, where as the kiviP| valves observed at CL is found to
be coincided with the low percentage contributibthe sea close to the total annual flow
rate.

4.3.5 Compare with the limit MPL

Figures 4.36, 4.37, 4.38 and 4.39 present metatesdrations in seven mollusks
collected in Nha Trang bay in comparision with F@2Ad WHO standards. On the
contrary, higher than WHO standard concentratidn&sp Cd, Cr and Cu were noted in
mollusks collected in the 4 site. The high concarans of these matals in mollusks from

the site could be linked to the state of pollutiomNha Trang bay.
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Figure 4.36As contents in soft tissue of mollusks in comganith standard values

Results from this study demonstrated that As wetealed at high concentration
for comparison with WHO standard. The mean rangeeotrations of As from 1.7 to 9.89
mg/kg DW. This is due to different species havdedént mechanism for metal binding
and regulation in their body. Lower concentratidris in theA.antiquatetissue might be
due to its toxicity and this metals is hon essémtietal to this clam, but As concentration
in K.hiantina and G.coaxanswere found high exceeded the permissible limit WEEO
mg/kg DW).
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Figure 4.37Cd contents (mg/kg DW) in soft tissue in compawity standard values
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Cd concentrations in the Nha Trang Bay molluskstha general range 0.5-
3.9mg/kg DW can be compared with those for othgales including coastal species.
They are similar to concentrations reported for bhelve R.philippinarum collected in
Jiaozhou Bay (Lui et al, 1983). They are also simib the Cd concentrations in the
S.plana(Cheggouret al, 2005), where the average rangesbetween 0.2 and 1.6 for
irregular samples collected from the Moroccan estaa. The Cd concentrations in the
recent study were however lower than some othealNmg includingV.gigas collected
form Gulf of California (Ruelas I, 2003). The elés@ Cd concentrations at two species
A.antiquateand S.regularisin rainy season are very high compared with vaheperted
for P.viridis from the Nha Phu bay, Khanh Hoa province whereasgeCd concentrations
were between 0.03 and 0.3d/g (Ha D.et al., 2007).

Cadmium contents to different species have a bifgrdnt for metal binding.
Higher concentration of Cd was foud in the molltiskue ofA.antiquatein both dry and
rainy season. Their cadmium concentrations in @uad exceeded the FDA permissible
limit (3.95 and 4.84 mg/kg DW).
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Figure 4.38Cr contents in soft tissue of mollusks in comgaviith standard values

However, concentrations of Chromium were still bekbe permissible limit when
compared with FDA, 2001 (13mg/kg DW) exept Cr corication found inL.unguis

which concentration were exceed the permissiblé ({b6.46 mg/kg DW)
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For chromium, which is considered a non-essentadet metal for bivalves, the
tissue concentrations in the mollusks were lowdues over rainy. These values are
similar to those reported for mussels from Child aearl oysters from the Arabian Gulf
where average values were below 3.8 mg/kg DW (AleSat al., 1994); Manley et al.,
1996).
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Figure 4.3%Cu contentgmg/kg DVY in soft tissue in comparing with standard values

From this study the concentration of copper waatiradly lower when compared
FDA (permissible limit 200 mg/kg DW) but Cu concextions in almost mollusks are also
most toxic metals when exceeded the certain linfit VAHO (permissible limit
10mg/kgDW).

There have been fewer studies reporting copperertrations in bivalve tissues
(Table 1.2) but the average value of 15 mg/kg D\émheined in the present study for the
Nha Trang Bay mollusks is similar to the value mepd for S.planafrom Moroccan
estuarines (Cheggour, 2005). Similarly, Zn conedmns in the Nha Trang bay mollusks
were comparable to those reported fomactroideacollected from the Edo Miranda
Venezuela (LaBrecque et al.,, 2004) from sites witlw levels of trace metal

contamination.
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Figure 4.4QZn contentgmg/kg DW) in soft tissue in comparing with staddealues

This figure showed that Zn were concentrated atdoncentration when compared
WHO limit, then Zn concentration i®.virenswas found exceeded the permissible limit
WHO (100 mg/kg DW).

Results from this study demonstrated that Cr andwfre detected at low
concentration. This is due to different speciesehditferent mechanism for metal binding
and regulation in their body. The low fluctuaticewvél of Cr and Zn in the tissues of
mollusks clearly showed that they need of samel lefghese metals to maintain the
normal bodies function of marine organisms or mightdue to its toxicity and those

metals are non essential metal to mollusks.

On the other side, these observed concentratiods,0€d and Cu in the samples
were above permissible level WHO, but from thisdgtthe concentration of As and Cu
were relatively lower when compared FDA (permissibmit 86 and 100 mg/kg DW
respectively) but it's concentration in all mollgskvas found exceeded the permissible
limit WHO (5 and 10 mg/kg DW respectively). In cdumgion, metals as As, Cu and Cd are
also most toxic metals when exceeded the certaiit kivhere they habited may pose

hazard to human in terms of health risk.

Based on those results, it showed that the magnitofl the heavy metal

accumulation in mollusks tissues depend on the ¢fplee heavy metals, the species of the
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mollusks, seasonal factors and also showed thalusksl living in the area accumulate
heavy metals in their body tissues. Toxic heavyatseare dangerous since heavy metal
tend to accumulate in the tissue of mollusk anddcbe transferred to human through the

consumption of these mollusks.

4.3.6 Heavy metal concentration and biological paraeters

4.3.6.1 Biometric parameters
Moisture of mollusks tissues

Tissue moisture was measured in all of the mollaskke time of metal analysis as
show in Table 4.19. There is a significant diffaxernn moisture values between mollusks.
The mean moisture concentration for mollusks wa286 1.22 % for 10 samples with a

range of moisture concentrations of 81.99 to 9049

Table 4.19 Moisture contents in mollusk tissues

N Species Min Max

1 Katelysia hiantina 92,59% 93,91%
2 Glauconoma virens 80,67% 84,99%
3 Laternula anatine 56,25% 75,47%
4 Lingula unguis 83,53% 91,63%
5 Geloina coaxans 89,59% 96,19%
6 Anatina antiquate 96,13% 98,58%
7 Tapes literatus 73,99% 94,55%
8 Solens regularis 62,23% 74,01%
9 Perna viridis 92,68% 97,97%
10 Crassostrea rivularis 92,21% 97,60%

Body size

In order to minimize the influence of the body wsigof animals on metal
concentrations, comparison was made between sithsanimals where no significant

differences in weight were registered. Cl valuesmied from seven mollusks of four sites
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iIs showed in Table 4.20. Biometrics, which consisté determining the length of the
organisms and their fresh weight, were determimelividually as Condition Index = 90
(normal); > 120 (high); < 70 - 80 (low) according @Mann, 1978, Hetzel et al., 1983,
Lucas et al., 1985). Table 4.20 shows the averafiges of condition index. The mean
mollusk condition index ranged from 14.38 (min \@ldo 116.67 (max value) and was

significant variation among the species.

Table 4.20 The calculated condition index for sesgeecies

Speci Cl min Cl max Average

K.hiantina 27.18 54.52* 38.58+9.0

G.virens 44.94 105.52*** 74.58+22.49
G.coavans 23.85 43.13* 33.06+8.90
L.anatine 78.12 116.67*** 73.6+16.98
L.unguis 18.66 63.22* 44.64+19.87
A.antiquate 14.38 26.99* 22.64+£1.75
S.regularis 93.49 99.26** 95.87+3.01

Note: *Condition index low
*** Condition index high

The remaining biometric parameters were similarmdyall sample collections, and

their weights and indexes were acceptable fronallioenetric point of view.

4.3.6.2 Metals determination and condition index

The matrix correlating the biometric parametersidtd, weight, and condition
index) and pollutant concentrations is presentedable 4.21. Metal concentrations in
tissues also depicted statistically significantrel@ations, from moderate to high, related to

the condition index.

To investigate the relationship between trace metaicentrations and CI, the
results from individual mollusks were combined d&tirsites and sampling times. The mean
mollusk condition index (Table 4.21; 4.22; 4.234).ranged from 22.64A(antiquatg to
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95.67 G.regulari3 and was significant correlated with the metalsniollusk tissues. The
matrix correlating the biometric parameters Cl antlutant concentrations is presented in

tables bellow:

Table 4.21 Correlation coefficients between biometnd metal content iK.hiantina

Cl As Cd Cr Cu Zn Fe Al
Cl 1,000
As -0,274 1,000
Cd 0,836 | -0,526 1,000
Cr -0,142 -0,168 -0,268 1,000
Cu 0,770 -0,563 0,668 -0,173 1,000
Zn 0,700 -0,308 0,838 -0,315 0,372 1,000
Fe 0,273 -0,426 0,376 -0,263 0,399 -0,048 1,000

Al 0,008 -0,357 0,249 -0,335 0,086 -0,059 0,925 1,000

A high correlation was observed between Cd and Zu,levels in the clam
K.hiantina(0.668 and 0.838). While a moderately negativeetation resulted between As
and Cd, Cu metals in the clam (-0.526 and -0.5@@&}al Cd, Cu and Zn concentrations in
tissues also depicted statistically significanthhegrrelations related to the condition index
(r =0.836, 0.770 and 0.700 respectively). Conditrmiex was negative correlated with As
and Cr concentrations in the clam (r=-0.274 and4®). Condition index correlated
positively low with Fe and Al (r=0.273 and 0.00&spectively). The clam may be a
indicator for bioavailability for which the Cl wasdependent of As and Cr concentration.

Table 4.22 Correlation coefficients between bioimetnd metal contents &.virens

Cl As Cd Cr Cu Zn Fe Al
Cl 1
As -0,181 1,000
Cd 0,446 -0,479 1,000

Cr -0,817 0,534 -0,378 1,000
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Cu -0,929 0,529 -0,540 0,926 1,000
Zn -0,777 0,702 -0,700 0,914 0,937 1,000
Fe -0,539 0,732 -0,750 0,469 0,707 0,738 1,000

Al -0,381 0,535 0,075 0,816 0,570 0,607 0,086 1,000

For Cr, Cu, Zn, Fe and Al, tissue concentration deygendent of As concentration.
For Cd, the concentration appeared to decline witheasing As tissue concentration.
Condition index was negative correlated with alltaheoncentrations in the clam, only
correlated well with Cd concentrations in tBevirens(r=0.446). The clam may become
the best indicator for bioavailability than othensissel for which the Cl was independent

of all of metal concentrations (negative correlaio

Table 4.23 Correlation coefficients between biometnd metal contents inanatine

Cl As Cd Cr Cu Zn Fe Al
Cl 1,000
As -0,729 1,000
Cd 0,269 -0,786 1,000
Cr 0,093 0,520 -0,500 1,000
Cu 0,795 -0976 0,637 -0,513 1,000
Zn 0,118 -0,690 0,988 -0,517 0,524 1,000
Fe 0624 -0928 0920 -0,351 0,831 0,850 1,000

Al 0,551 0,019 -0,140 0,864 -0,019 -0,219 0,126 | 1,000

Table 4.23 shows metal relationships with otheratsein soft tissue of.anatine
by using t-test and probability differences. All tadlse measured ih.anatinegave highly
correlations as Cu, Cd and Zn with Fe (r = 0.83220 and 0.850 respectively), Cr and Al
(r=0.864), while As with Cd, Cu, Zn and Fe were ateg correlation. On the other hand,
Cu and Fe metals ih.anatinashowed highly correlations with condition index@r795
and 0.624). The clam may also be a better indidatobioavailability than others mussel
for As which the CI was independent of As conceitrna
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Table 4.24 Correlation coefficients between biometnd metal contents Inunguis

For the mussel.unguis there was a significant effect of Cl on the tracetal
concentrations for Cd and Fe. However in contrd&sue arsenic and chrome
concentrations were negative dependent of body feizenussels sampled in this study.
The mussel may also be a indicator for bioavaiightihan others mussel for which the Cl

was independent of As and Cr concentration.

Table 4.25 Correlation coefficients between biometnd metal contents {@&.coavans

149



Mean tissue concentrations for Fe, Zn and Cu wesgtipely correlated (Table
4.25) as were As and Cr concentrations. For thesee tmetals there was negative
relationship between tissue concentration and thie with contamination. Cd
concentrations were negatively correlated with 8d An. Condition index also correlated
negatively with Cu, Zn and Fe (r=-0.866, -0.731 add#b81 respectively). The condition
index also correlated low with Al concentrationstle bivalve (r=0.116). The clam may
also be a better indicator for bioavailability fohich the CI was independent of all trace

metal concentration. (Except Cd)

Table 4.26 Correlation coefficients between biometnd metal contents W.antiquate

Cl As Cd Cr Cu Zn Fe Al
Cl 1,000
As 0,996 1,000
Cd -0,775 -0,719 1,000
Cr 0,333 0,411 0,339 1,000
Cu -0,128 -0,211 -0,528 -0,978 1,000
Zn 0,702 0,640 -0,994 -0,438 0,616 1,000
Fe 0,171 0,088 -0,756 -0,872 0,955 0,822 1,000

Al 0,376 0,297 -0,878 -0,748 0,871 0,924 0,977 1,000

For the musseh.antiquatecollected from 4 sites, there was a significanéafbf
Cl on the trace metal concentrations for As andHowever in contrast, tissue chromium
concentrations were negative dependent of bodyfeizemussels sampled at this site. Cu
and Zn was high correlated with Fe and Al conceioina in the bivalve (r=0.822-0.955).
The clam may also be a better indicator for bidawdity for Cd and Cu for which the CI
was independent of Cd and Cu concentration.

Table 4.27 Correlation coefficients between biometnd metal contents B.reguraris

Cl As Cd Cr Cu Zn Fe Al

Cl 1,000

150



As -0,918 | 1,000

Cd 0,974 -0,984 1,000

Cr -0,677 0,330 -0,494 1,000

Cu 0,280 0,123 0,057 -0,896 1,000

Zn 0,737 -0,409 0,567 -0,996 0,855 1,000

Fe 0,088 0,314 -0,138 -0,793 0,981 0,738 1,000

Al 0,995 -0,873 0947 -0,748 0,376 0,802 0,189 1,000

A high correlation was observed between Cd, Zn Aniével and CI value in the
S.regulatistisue (0.974, 0.737 and 0.995). While a high niggatorrelation resulted
between As and Cd in tissue clam (-0.984). The cfaay also be a indicator for As and Cr

pollutions for which the CI was independent of Asl&r concentration.

There was negative correlated with As for all msiluspecies, but not in
A.antiquate(Coefficient = 0.996) the condition index appeatedlecline within creasing
As tissue concentration. For Cd, tissue conceptratias highly positive dependent of CI.
For Cu, tissue concentration was not significartethel on the CI, except.antiquateand
K.hiantian Coefficients of correlation were 0,795 and 0,7&8pectively. For Cr, tissue
concentration was independent of condition. ForaAtl Fe, where the range of tissue
values examined was some what limited because sding condition values for samples
with highest Al and Fe concentrations. There wasclear significant effectt of any of

these trace metal concentrations on mussel Clgssgm analysis).

In order to establish this relation for 7 mollugkem the Nha Trang bay, we have

considered all samples collected during the ramy/@ry season.

Equation parameters for these 7 species were szportTable 4.22 to 4.27. These
results showed that, for the 7 metals, concentratiod body weight were significantly
correlated. The negative values of Cl indicated the higher metal concentrations were in
small individuals. There negative correlations, enamommonly observed than other
correlations in mollusks, may be partially attriéaitto greater metabolic rate per biomass
of smaller individuals or by a slight adsorptionnoétal by larger individuals (Blueweiss et
al.,1978).
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These results highlight the necessity to adjust vieggight differences when
comparing trace metal concentrations amongst nioiamples.

4.4 EVALUATION OF BIOACCUMULATION

The biota-sediment accumulation factor (BSAF) isirahex of the ability of the
species to accumulate a particular metal with resjpeits concentration in the sediment. It
was calculated as the ratio between the metal obrat®n in the organism and that in the
sediment (Usero et al., 2005)

4.4.1 Comparison of BSAF in soft tissue and shell

Metal concentrations in mollusks varied along th&pécies collected first time on
dry season (March 2012) in Nha Trang were calcdl&te BSAF in shell (BSAF-S) and
tissues (BSAF-T) is showed in Table 4.28

Table 4.28 Comparision BSAF in shell and tissudiffiérent mollusk species

Species As Cd Cr Cu Zn
L.anatina BSAF-S 0,55 4,74 0,01 1,10 5,56
BSAF-T 5,45 3,99 0,01 3,28 1,51
L.unguis BSAF-S 0,72 1,70 0,02 0,38 2,26
BSAF-T 13,41 5,89 0,02 1,29 65,46
G.virens BSAF-S 0,54 2,54 0,02 0,27 0,22
BSAF-T 2,36 5,25 0,34 2,49 1,83
G.coaxans | BSAF-S 0,83 4,12 0,19 0,47 0,64
BSAF-T 1,17 1,76 0,04 0,57 3,81
C.rivularis | BSAF-S 0,46 0,25 0,10 0,40 0,69
BSAF-T 10,57 4,15 7,51 14,71 46,68
K. hiantina | BSAF-S 0,19 0,23 0,02 0,12 0,08
BSAF-T 0,56 0,76 0,01 0,39 0,64
A. antiquate | BSAF-S 0,42 0,38 0,02 0,07 0,08
BSAF-T 0,29 1,95 0,01 0,15 0,58

The shell and tissue showed similar pattern inabeumulation of heavy metals
analyzed and the tissue always had higher condemirthan the shell. There was clear
pattern of lowest bioaccumulation factor amongahtenetals and analyzed two body parts
(shell and tissue) of thi€.hiantina, A.antiquate and L.anatinelowever, within the other
species, Cd and Zn were recorded to have higheskeatration in two body parts (shell

and soft tissue).
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The mollusksL.anatine, L.unguis, G.virens, C.rivulared G.coaxanshave high
potential factor BSAF in tissue for As (BSAF > 2)tmot for shell, exhibiting that this

element possibly essential in its tissue. Compaebti oysterC.rivularis recorded higher

factor value for Cd, As, Cr, Cu and Zn in tissud d&mw factor value for these metals in

shell. Such a condition indicated that all speaiescapable of accumulating that metal Cd

in relatively larger quantity, which indeed shovimattit is potential bioindicator for Cd

pollution in sediement. On the other hand, it leag potential factor for the accumulation
of Cr and Pb in both shell and tissue.

By comparing the accumulation of heavy metals ia bedy part of mollusks, this

study found that the concentrations of metals virgler in tissue of mollusks and there

was significant difference in metals accumulati@tmeen shell and tissue. Thus, the data

from the study showed that mollusks living in thiuent from the study area high

accumulate heavy metals in their body tissue.

4.4.2 Bioaccumulation of heavy metal in the molluskissues

Metal concentrations of Al and Fe in the tissuahaf four sites were similar and

did not vary appreciably and presented very lowangared to concentrations of these

metals in the sediments. Concentrations of Al aeadnRthe sediments were 20-100 times

higher than the concentration in the mollusks.

By comparing BSAF values, we can compare the glwfithose mollusks in taking

up metal from sediment. The highest or lowest BSARies also varied for each different

metals ans species during 2012-2013 was showedlle #.29

Table 4.29 Values of bioaccumulation factor of hemetal in mollusk species

A4

A.antiquate| C. rivularis| G. virens G. coavans Kadntina | L. anatine | L. unguis
As |0,57+0,55 | 1,33+2,16 | 9,61+2,63| 0,95+0,81 | 2,09+2,69 | 1,31+2,31| 12,11+1,f
Cd |2,19+2,50 | 1,25+1,11| 0,69+0,73 | 0,53+0,42 | 0,34+0,24| 0,30+0,31 0,24+0,3
Cr |0,39+0,36 | 0,62+0,43 | 1,19+0,05| 0,77+1,44 | 0,32+0,35 | 0,78+1,37 | 0,44+0,55
Cu |1,87+0,92 | 7,63+4,69| 4,52+0,32 1,15+1,32 1,38+1,08,57+0,49 | 0,51+0,44
Pb |0,27+0,21 | ND 0,32+0,11f 0,25+0,22 ND 0,60+0,26 0546
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A4

Zn |1,09+0,1 8,09+3,84| 2,08+2,310,21+0,36 | 3,14+3,09 | 1,78+2,20| 1,95+3,0%
Mo | 0,16+0,23 | ND 0,78+0,11f 1,11+0,46 | ND 0,22+0,31 | ND

Ni |0,22+0,31 | ND ND 1,77+2,17 | ND 0,36+0,41 | ND

Fe |0,08+0,01 | 0,03+0,02] 0,05+0,02 0,02+0,03 0,05+0,0308£0,05 | 0,14+0,08
Al |0,05+0,03 | 0,03+0,03] 0,06+0,11 0,06+0,09 0,04+0,0501£0,01 | 0,03+0,01

Note: ND: not detectedRed Bold High potential of accumulatiorBold Italic:

Moderate potential of accumulation and Regular: lpmtential of accumulation.

In general comparision the biocumulative factorhefvy metals from sediments

within mollusks found in the Nha Trang bay, the BSAndicated a low potential

bioaccumulation for Pb, Mo and Ni (BSAF<1) and ghhpotential of accumulation for
As, Cd, Cu, Cr and Zn. Arsenic had the high BSAkoréor 5 species asCrassostrea

rivularis, Glauconoma virens, Katelysia hiantinangula unguisandLaternula anatine.

Copper had the highest BSAF ratio for 5 molluskcgggeAnadara antiquate,

Crassostrea rivularis, Glauconoma virens, Gelonmaxans and Katelysia hiantinavhile

Cd had the highest ratio for the remaining two sgse&nadara antiquataandCrassostrea

rivularis. The BSAF values for Pb obtained by all of the IosKs were below 1.0,

indicating higher content of this metal were foundhe sediments compared to the tissues

of the mollusks. Such a condition possibly refldctieat the mollusk were rather selective

in accumulating Pb metal into their tissues. Comatpaely, an interesting observation
indicated that mollusk species from the study ateawved highest BSAF for As, Cd and

Zn.

The trends in the BSAF for metals in seven molluskgcies were in the

descending order of Cu > Zn > As > Cd > Cr. Thadran BSAF for metal irG.coaxans

were in the decending order Zn > Cu > As > Cd >Fmally, if we compare the seven

species studied, we can conclude tRavirens by far had the highest BSAF for As

followed by K.hiantina It showed that the organisms living in the arearevhigh

accumulated heavy metals in their body tissues.

Based on the bioaccumulation factor (BSAF), all lmsKs showed different

degrees of the accumulation of heavy metal in thesues which is depending upon the
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type of heavy metals and the species of the mdl@@lcoaxangecorded high factor value
of Cr, Cu and Ni. This indicates th@tcoaxandgs capable in accumulating Cr, Cu and Ni
in relatively great quantity. Comparativel@,rivularis, G.virensandK.hiantinahave high
potential factor for As, Cu and Zn, demonstrateat this element is probably essential
element to they body. Therefore, these species lada® the potential to be us as
bioindicator for metals in aquatic environment. Bbedy showed that the accumulation of
heavy metals were different between species of uskll In general, higher metal
concentration bioaccumulation was found in the damfrom the vicinity of industrial

complexes and urbanized area which lied betweeraridCL.

4.5 CHOISE K.HIANTINA AS BIOINDICATEUR

The purpose of this study was to obtain informationthe concentration of trace
metals in mollusks from coastal area of Khanh Homvidce and choising mollusk specie
as a biomonitor for the area. The results repohn@ will provide valuable information
and assessment the potential of using Khigiantina as a biomonitors of heavy metal
pollution. Another that the mineral composition Kfiantina clam was to study their
information on microstructure is one of the mosgndicant relative datasets for
clarification of evolutionary trends of shell sttue. Thus, the findings may suggest the
possibility of using theK.hiantina as an alternative biomaterial for bone substiiate

managing bone defects.

4.5.1 Seasonal and locational variation

Although comparison between different stations fero to criticism, the mean
concentrations of all studied metalsKrhiantinawere of the same range with exception
for the extreme values. For example, concentratainiseavy metals irk.hiantina from
BT, in general, were significantly higher than tirasamples from others locations as TD,
ND and CL (as seen in Figure 4.41 to Figure 4.0Ofly Cr and Cu concentrations in
tissue samples from CL and ND were significantlyhar than samples from BT.

For Al as well as Fe, although their concentratisrese also higher in samples
from BT, statistically they were not significantyfferent. Concentrations of metals in soft
tissue of samples from BT were higher than thatamfiples from, but only Cd and Cu were
statistically significant different. The highest amevalue of Cr (11.58 mg/kg DW) in CL
was higher 15.44 times than the lowest mean vd@luéb (mg/kg DW) in BT, while other
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values, which varied between 3-15 insignificantgesn Moreover, Cd contents were
higher about 2.08-5.47 times in rainy season thairy season.

The high concentrations of Zn in BT and other nsetalstations from Nha Trang
bay were assumed to be related to the human aesiatong the coastal waters of these
stations. Two large rivers are draining their ldadhese waters, one of which is passing
the densely populated area in the Nha trang citytece However, the industrial and

anthropogenic activities in Nha Trang are still imless when compared to those in the
southern coast of Viet Nam

Higher concentrations of metals in samples from iBTgeneral, might be related to
the more anthropogenic activities in this area. MBS2002 reported that the southern
coast of Viet Nam is more developed than the nadhst. Many activities such as
petrochemical plants, land reclamation, urbanizatishipping and other industrial
activities and some major ports are concentrateisnocation.

As accumulation in tissue of K.hiantina
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6 |
0 |
TD ND BT CL Site

Figure 4.41 Arsenic accumulation in soft tissu&dfiantina
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Cd accumulation in tissue of K.hiantina
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Figure 4.42 Cadmium accumulation in soft tissu& diiantina

Cr accumulation in tissue of K.hiantina
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Figure 4.43 Chromium accumulation in soft tissu& dfiantina
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Cu accumulation in tissue of K.hiantina
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Figure 4.44 Copper accumulation in soft tissul.diantina
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Figure 4.45 Zinc accumulation in soft tissueKdhiantina
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Fe accumulation in tissue of K.hiantina
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Figure 4.46 Iron accumulation in soft tissuekdfiiantina
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Figure 4.47 Aluminium accumulation in soft tissdekchiantina

Seasonal variations of 8 metal concentrationKatalysia hiantinawere also
presented in Figure 4.40 to figure 4.47. Generatlyll sites, similar seasonal profile was
showed for those metals: the higher levels weremies in rainy season. For example, in
from the 4 site, the mean values were 0.87 + 024672 = 16.78 and 64.53 + 20.41
mg/kgDW respectively for Cd, Cu and Zn in the raisgason against 0,24 + 0.11,
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7.33+2.41 and 34.38 + 6.54 mg/kg DW in the dry eaa®ry seasonal depending on As,
Cr, Al pollutions as well as rainy season depenaing_d, Cu, Zn, Fe pollutions. The low
concentrations in dry season could be explainedhbymetal dilution in the organism

which caused by weight increase resulted and al megtancentration in clam.

Nevertheless higher concentrations of Al and F@K.hiantia population can be
found in areas of estuary BT at dry season; alsigleer accumulation of As goes in the 4
station in dry has shown that physico-chemicaldiectand a stable metal concentration
modify the concentration in species of tkeniantina Physiological processes linked to
metabolic functions, especially reproduction - gegenesis and emission of eggs,
described by Cheggour, 1988 seem to play a keyimaletermining seasonal variations in
the level of metals present in the tissue of tlgaoisms. This laying period is followed by
rainfall mating characterized by high metal levél$.the beginning of dry period metal

concentrations clearly peak.

4.5.2 Metal/shell weight indices (MSWI)

Metal bioavailability was first calculated as metaincentrations in soft tissues
(mg/kg DW) and shell weigh of organisms. Biometlata of samples for analysis was
presented in Table 3.22. Mean shell height of cl&nmgantinavaried from 5.5 to 6.2 cm,
total weight from 64.0 to 81.6 g/clam and body miass 5.3-9.9 g/clam. Calculation of
MSWI for K.hiantinais showed in table 4.30

Table 4.30 Calculation of MSWI faf.hiantina

Dry season Rainy season

Sites TD ND BT CL TD ND BT CL

As 0,50 0,95 1,34 0,60 0,03 0,00 0,51 0,29
Cd 0,03 0,02 0,02 0,01 0,06 0,09 0,10 0,02
Cr 0,23 0,11 0,06 0,99 0,21 0,27 0,11 0,11
Cu 0,45 0,77 0,84 0,45 0,93 3,84 1,56 2,01
Zn 2,42 2,88 3,76 2,71 5,00 4,17 6,95 3,35
Fe 78,93 57,61 49,73 18,09 72,06 91,69 22,34 23,20
Al 54,27 37,66 29,78 11,14 50,07 41,64 16,48 14,78
MSWI 136,83 100 85,53 33,99 | 128,36 | 141,7 48,05 43,76

Metal/shell weight indices were used to characterezach site and season
depending on metal bioavailability. It is evidehat the bioaccumulated Zn Kihiantina
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from the TD and BT and Cu from the ND, during batly and rainy, demonstrated the
highest values among the total samples analyzed.

Data of the study showed higher mean Cd, Cu andh&il/weight indices in
mollusks in rainy season in comparison to dry seasacluding As and Cr. Ratios of
MSWI rainy season/rainy of As and Cr were 0.83/388 0.7/1.4 respectively. In clams,
higher mean Pb shell/weight indices were foundainy season in all the examined areas
(p<0.001), where as no significant seasonal vanawas observed regarding Pb in dry
season. Concerning Fe and Al, no specific seasmals were recorded. The metal/shell
weight indices of the mollusks were found to catelwith the metal concentrations in the
sediment. Regarding the clakhianting its Zn/shell weight indices are associated with

Zn concentrations in the fraction of sediment.

The intense correlation of Zn and Cu shell/weigittiées inK.hiantina species
with their corresponding concentrations in the vigolound fraction of sediment confirms
the impact of sediment to the specific organisrmgwvithin the sediment, under these a
bottom surface, since in its filter-feeding modésiexposed to the dissolved metals of its
burrow water, which is a mixture of hypoxic/anogiare water and overlying (oxygenated)

water (Griscom et al., 2002).

Metal/shell-weight indices were used to characgergach site and season
depending on the metal bioavailability. In gendesims, metal shell-weight indices also
indicate that metal bioavailability was very lowtle CL sea close between dry and rainy
season. MSWI values were 33.19 and 43.76, respdctids an exception, chrome Cr
bioavailability was high in CL in dry season. Odoaslly, highest Fe, Cd and Cu
bioavailability was found in ND at rainy season aldn TD in dry season. Low Cd, Cu,
Fe and Al bioavailability were usually found in @b dry season and Cu and Zn in TD.

Metal bioavailability was highest in TD in both seas than at any other site.

In dry season, TD showed higher metal bioavailgbihan other sites with values
over those recorded in the rainy season. In raiegod, a general decline in metal
bioavailability was observed, the highest bioavality being restricted to the ND
location. In this season, the metal bioavailabitdynd in TD was close to that exhibited

by ND. Afterwards, metal bioavailability decreassdall sampling points, mostly in BT
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then CL. As, Cr, Al bioavailability were higher dry than in rainy season and Cd, Cu, Zn,
Fe bioavailability occasionally increased in raggason.

In the present field investigation, shell dry weghlid not change significantly
over the year for clamK.hiantinameasuring 2.5 to 3.5 cm in shell length. At a yteld
site, such as CL, the Cd concentration, for insgacbanged seasonally but, conversely,
the Cd/shell-weight index did not exhibit seasdhattuations in relation to the intensity
of the industrial activity, indicating fluctuatioms metal bioavailability. At a non polluted
site, such as TD, both Cd concentration and Cd/gheght index changed seasonally as
could be expected by absence of local inputs. Guesdly, the present field study
supports the proposition that metal/shell-weighdicges provide a method to detect
differences and changes in the bioavailability einalative metals (Fischer, 1988). Since
the term metal/shell-weight index (Fischer, 198384, 1986, 1988) might be
misinterpreted as a measure of shell metal contem, suggest using Fischer's
bioavailability index as a routine name for the ahéiurden in flesh related to shell weight
in sentinel mussels. Such an index was appliedhis $tudy to investigate the metal

bioavailability in the Nha trang bay.

Different metal bioavailabilities have been fourbwever, at different sites in
relation to the influence of the waste waters auhing from the highly industrialized Nha
Phu. Thus, metal bioavailability was generally l@gbn the north part of the bay than on
the southern part and the outer sampling sites.nohth receives the direct influence of the
industrialized Nha Phu whereas the south is maiflyenced by water coming from the
close sea, as a resul of wind and water currentsrestingly, according to the metal
concentration values a high metal bioavailabilitgswenvisaged in TD where flesh weight
was heavily depressed due to the continuous spesgoked by very strong wave
turbulence. When metal/shell-weight indices werpliad, however, TD resulted to be a
non polluted site, as expected from the scarceaienfte of industrial inputs. Finally,
although the metal/shell-weight index appears tkdygt unchanged by seasonal factors
other than metal bioavailability, the present resindicate the existence of seasonal trends
in metal/shell-weight indices. Thus, these fludma might be attributed to different
metal inputs at different times of the year.
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4.5.3 Bioaccumulation of heavy metal in clarK.hiantina

Metal concentrations of Al and Fe in the tissuah#f four sites were similar and
did not vary appreciably and presented very lowangared to concentrations of these
metals in the sediments. Concentrations of Al aeadnRthe sediments were 20-100 times
higher than the concentration in the mollusks. Bynparing BSAF, we can compare the
ability of clam K.hiantina in taking up metal from sediment. Table 4.31 shdiws

calculated BSAF values in the different samplingssi

Table 4.31 Bioaccumulation of heavy metal in cldrhiantina

Metals Dry season Rainy season

TD ND BT CL D ND BT CL
As 0,45 2,53 7,42 46,16 0,09 0,00 0,48 0,42
Cd 0,31 0,28 0,10 0,04 0,36 0,62 0,73 0,16
Cr 0,39 0,06 0,03 1,07 0,21 0,09 0,06 0,19
Cu 1,78 0,59 0,23 0,46 1,67 1,79 0,38 3,32
Zn 0,77 0,42 0,48 0,64 18,29 6,52 4,03 7,51
Mo 0,40 0,93 0,39 0,13 ND ND ND ND
Ni 0,31 0,06 0,12 0,03 ND ND ND ND
Fe 0,11 0,03 0,03 0,01 0,06 0,04 0,02 0,03
Al 0,15 0,02 0,01 0,00 0,03 0,01 0,01 0,01

Note: ND: not detectedBold: High potential of accumulationBold Italic:

Moderate potential of accumulation and Regular: lpmtential of accumulation.

BSAF is defined as the ratio of metal concentratiorthe mollusk to that in
sediment. In this study, it was found thKthiantinafrom ND, BT and CL sites showed
higher BSAF values for As. The BSAF values were32.542 and 46.16 respectively in
dry season indicating that the mollusk contained¢hmonore metals than the sediment. It
should also be noted that the concentration of &¢afs in the sediment arlhiantina
from there sites were lower in rainy season thgns#ason, as shown in Fugures 4.41.
Similar pattern was also found for Zn in all 4 sjtalthough the BSAF values were higher
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than 2.0 in rainy season. This investigation atgbcated that th&.hiantinawere able to
accumulate higher quantity of Cu and Cr than Cd,avid Ni. The BSAF values for Cd,
Mo and Ni were lower than 1.0, which means limigdility of these heavy metals to be

accumulated by the mollusk.

The BSAF indicated a low potential bioaccumulationCd, Mo and Ni (BSAF<1)
and a high potential of accumulation for As in deason and for Zn in rainy season. Based
on those results, it show that the magnitude ofhisavy metal accumulations in tissues

depend on the type of the heavy metals and seasonal

In conclusion, the clamK.hiantina has characteristics as sampling efforts,
locational pollution classification according to M& seasonal depending on metal

pollution and could choice as biomonitor in Nhangday, Khanh Hoa coastal.

4.6 RISK ASSESSMENT

4.6.1 Dally trace metals intake EDI

Environmental health risk in this study was assdégea comparison between the
concentrations of contaminants in bivalves basedvenweights and “threshold” values
recommended by the WHO/FAO and the US Food and Bwministration which may
cause adverse effects in human consumers. For utpoge of this calculation, it was
assumed that total exposure to a specific metal degived solely from shellfish. The
average daily mussel consumption rate in Nha Tr@sgumed to vary between 50 and
100g/person. In this study, the low available comgtion rate of 50 g/person/day was used
to calculate the level of concern for the averdgalsh consumption group. Daily trace
metal intake EDI through bivalve consumption (Ta#l82 — Table 4.39) was calculated
based on the minimum and maximum concentrationerasfgmetal concentration (wet

weight) of each mollusk species at 4 stations duitie dry and rainy seasons.
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Table 4.32 Daily trace metals intake EDI throdghiantinaconsumption

Max Min Average

As 1,062 0,001 0,431

Cd 0,086 0,006 0,038

Cr 0,792 0,051 0,219

Cu 3,507 0,359 1,198

Zn 6,293 1,936 3,380

Table 4.33 Daily trace metals intake EDI thro@glirensconsumption

Max Min Average

As 1,468 0,084 0,589

Cd 0,230 0,001 0,086

Cr 0,890 0,089 0,362

Cu 3,093 0,066 1,546

Zn 17,978 0,130 8,465

Table 4.34 Daily trace metals intake EDI throliganatinaconsumption

Max Min Average

As 1,168 0,240 0,805

Cd 0,137 0,002 0,059

Cr 2,293 0,277 0,850

Cu 3,027 0,821 1,618

Zn 15,477 3,672 8,502
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Table 4.35 Daily trace metals intake EDI throlighnguisconsumption

Max Min Average

As 0,500 0,001 0,182

Cd 0,063 0,000 0,025

Cr 1,535 0,075 0,459

Cu 1,236 0,136 0,628

Zn 2,984 0,758 2,308

Table 4.36 Daily trace metals intake EDI throgltcoaxansonsumption

Max Min Average

As 0,992 0,001 0,616

Cd 0,210 0,008 0,091

Cr 1,997 0,091 0,585

Cu 0,898 0,148 0,642

Zn 8,473 0,870 4,376

Table 4.37 Daily trace metals intake EDI throdghantiquataconsumption

Max Min Average

As 0,647 0,000 0,263

Cd 0,053 0,004 0,023

Cr 0,483 0,031 0,133

Cu 2,138 0,219 0,730

Zn 3,836 1,180 2,060
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Table 4.38 Daily trace metals intake EDI throigjhegularisconsumption

Max Min Average
As 0,876 0,296 0,646
Cd 0,045 0,000 0,015
Cr 2,014 0,238 0,834
Cu 6,097 0,634 3,456
Zn 6,517 4,674 5,849

Table 4.39 Daily trace metals intake EDI throW@hevularisconsumption

Max Min Average
As 2,588 0,002 1,052
Cd 0,211 0,015 0,092
Cr 1,930 0,125 0,533
Cu 8,552 0,875 2,921
Zn 15,343 4,722 8,242

Thus, moderate trace level consumption of bivateenfthe Nha Trang bay is not
harmful to humans for As, Cr, Cd, Cu and Zn, bué do high-level accumulations of
metals in bivalve muscle, heavy consumption of lves from the Nha Trang bay may
pose a health risk to consumers (human beings)umiisg a tolerable daily intake of
metals per kg of body weight (USFDA,1993), it cam dalculated that a 60kg human
would reach there commended level of intake witttady consumption of about 1kg of
mussel flesh from this area. Additional sources efals are thus required to cause adverse
effects on human health. In addition, other facstrsuld be considered.

The need for regular monitoring of trace metal yadn is emphasized to acquire
data for environmental protection and conservatimeasures. Because shellfish
consumption rates can vary greatly between spes#ations of acommunity, the values
reported here should only be used for screeninggees. Clearly, further assessment is

necessary before more definitive conclusions cadraen.
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4.6.2 The target hazard quotient THQ

The target hazard quotieMHQ has been recognized as a useful parameter for
evaluation of risk associated with the consumptibmetal contaminated food. Table 4.40
to Table 4.47 are showed the provisional THQ of@s5,Cd, Cu, and Zn recommended by
the WHO/FAO and the USA for a reference weight Okd It is evident from the table
that target hazard quotierts, Cr, Cd, Cu and Zn from mollusks did not excdld
provisional THQ recommended by the WHO/FAO and W8A. However, the estimated
Fe and Al THQ from the 5 species exceed the pronai THQ recommended by the
WHO/FAO and the USA.

Table 4.40 The target hazard quotientdniantina

Max Min Average
As 0,02 0,00 0,01
Cd 0,00 0,00 0,00
Cr 0,01 0,00 0,00
Cu 0,06 0,01 0,02
Zn 0,11 0,04 0,06
Fe 1,52 0,26 0,80
Al 0,82 0,16 0,50

Table 4.41 The target hazard quotient@ovirens

Max Min Average
As 0,033 0,002 0,013
Cd 0,005 0,000 0,002
Cr 0,020 0,002 0,008
Cu 0,070 0,001 0,035
Zn 0,406 0,003 0,191
Fe 2,892 1,335 2,151
Al 2,624 0,522 1,548

Table 4.42 The target hazard quotientlf@anatina
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Max Min Average

As 0,031 0,006 0,021
Cd 0,004 0,000 0,002
Cr 0,060 0,007 0,022
Cu 0,080 0,022 0,043
Zn 0,407 0,096 0,223
Fe 8,795 3,920 6,450
Al 5,530 2,135 3,724

Table 4.43 The target hazard quotientlfarnguis

Max Min Average
As 0,017 0,000 0,006
Cd 0,002 0,000 0,001
Cr 0,053 0,003 0,016
Cu 0,043 0,005 0,022
Zn 0,103 0,026 0,080
Fe 3,936 1,291 2,160
Al 1,097 0,395 0,687

Table 4.44 The target hazard quotient@coaxans

Max Min Average
As 0,017 0,000 0,011
Cd 0,004 0,000 0,002
Cr 0,034 0,002 0,010
Cu 0,016 0,003 0,011
Zn 0,146 0,015 0,076
Fe 1,961 0,759 1,290
Al 1,363 0,345 0,897
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Table 4.45 The target hazard quotientAcantiquata

Max Min Average
As 0,003 0,002 0,003
Cd 0,003 0,001 0,002
Cr 0,012 0,001 0,006
Cu 0,006 0,003 0,005
Zn 0,041 0,026 0,032
Fe 0,746 0,299 0,505
Al 0,337 0,176 0,239

Table 4.46 The target hazard quotientSaregularis

Max Min Average
As 0,054 0,000 0,022
Cd 0,004 0,000 0,002
Cr 0,040 0,003 0,011
Cu 0,177 0,018 0,061
Zn 0,318 0,098 0,171
Fe 4,229 0,729 2,232
Al 2,289 0,449 1,375
Table 4.47 The target hazard quotient@arivularis
Max Min Average
As 0,011 0,003 0,007
Cd 0,004 0,000 0,002
Cr 0,008 0,004 0,006
Cu 0,162 0,049 0,106
Zn 0,777 0,206 0,492
Fe 0,595 0,395 0,495
Al 0,406 0,310 0,358

As shown in Table 4.40 to 4.47, there were no TH{ues for all metals greater
than 1 for any metal, suggesting that the locahlomants will not be exposed to a potential
health risk from dietary As, Cd, Cr, Cu and Zn. Hwer, the TTHQ values for Al and Fe
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caused by consuming mollusks were quite high, &malylwould have been even higher
had other metals and metalloids been included enstindy. These species may pose a
potential risk to the local inhabitants throughitlensumption in the diet. Consequently,
some effective measures may be necessary to reduaed Fe metal contamination in
sediments in this region. Further in depth studies urgently needed, and should be

identified to help safeguard human health.
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CHAPTER 5
CONCLUSION AND SUGGESTION

5.1 CONCLUSIONS

The trace metal concentrations determined in teegmt study for 4 sediments and
soft tissues of the 11 mollusk species collectegpariod 2012-2013 in Nha Trang bay,
Khanh Hoa, province, Viet Nam are reported for eatlones. During each sampling
event, both organisms and sediment were collected the 4 areas and analyzed for the
metals of concern. The variation in trace metaleoitrations between individual mollusks
was predictable to some extent based on envirorahétors, their body weight/shell
size, patterns of essential trace metals deperahnifpe group and appears to be affected
by both seasonal and locational variations. Re$ulis this study demonstrated that:

5.1.1 Heavy metal contaminations in sediment samge
The sediments type

Acording to data analysis of physicochemical chirastics, the sediments
collected in Nha Trang bay were classified as ddly to clayely silt with pH neutral,
lighter organic matter, low AVS and differencesmbisture content from low to high,

depends of location of sampling
Metal contents in sediments

For remaining heavy metals in sediments in bothde@sons, metal concentrations
in the sediments ranked in the following order: Aloium> iron > zinc > copper >
chromium > asennic > cadmium. The most of metalscentrations were acceptable
(<LEL) or moderateX LEL and < SEL) biological effects, except Cd.

Correlation of metal concentration and environmenta factors

A high correlation was observed between metal &irethe sediment and silt-clay
content while a moderately negative correlatiomltes between Cd in sediment and other
metals in the sediment. Decreases in TOC and gheimry and rainy season appear to be

linked to an accumulation of metals in the sediment
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One can observe a strong correlation between tloaiainof Fe and Al in both two
seasons. On the other side, a significant coroglagixists between Cr and Al, Fe, Zn and

Ni in both dry and rainy season and between Cuxi¢hFee, Al, Ni in dry season.
5.1.2 Bioaccumulation of heavy metals in mollusks
Metal contents in mollusks

In general, concentrations of Al and Fe in mollgsknples from Nha Trang bay
were higher in shell than in soft tissue, but ftrep heavy metals, concentration of metals

in shell and tissue were significantly correlated.

Among the five heavy metals tested in all tissuenoflusk, Zn concentration was
the highest in all tissue of mollusks and Cu cotre¢ion was the second elements found
to be highest in the mollusk tissue. But, theseenlesl contents of Cu and Zn were not
excceded permissible level WHO. These concentratid As, Cd and Cr were detected at
low concentration, but As, Cd and Cr in the samplese above permissible level WHO,
where they habited may pose hazard to human irstefrhealth risk.

Bioaccumulation of heavy metals

The study also showed that the magnitude of the/yhezetal accumulation in
mollusks tissues depend on the type of the heawgalsehe species of the mollusks,
seasonal factors.

There was well obvious overall pattern in the seabalependence of the metal
concentrations measured for the mollusks in thidysalthough the concentrations of some
metals were generally high in rainy season, whghhe period of somatic growth and
gametogenesis. The majority of this research suppacelerated accumulation during the

rainy season.

Physicochemical factors such as pH, TOC, togetfitr tive inorganic components
of the sediments, can affect the uptake of metats the subsequent accumulation of
metals in the tissues. While in most mollusks theraased CI reflects directly the
accumulation of metals, in some clams increasesocanr without apparent weight gain.
This was also found in the present study wherevimgation in mollusks ClI amongst

species was greater than it was between samploajidms. These results highlight the
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necessity to adjust for weight differences when ganmg trace metal concentrations

amongst mollusk samples.

Mollusk species have served as good bioindicatgamisms. Thus, the data
showed that mollusks living in the effluent frometstudy area high accumulate heavy
metals in their body tissue. The molludksnatine, L.unguis, G.virens, K.hiantirsand
G.coaxanshave high potential factor in term of metal BSAFtheir tissues. They have
served as good bioindicator organisms,in wh{chiantina might be the best indicator of
metal pollution. Trace metal concentrations in ttiean may be low compared with some
other species, but it is high presence, abudandevaae geographical distribution also in
potentially contaminated sites.

5.1.3 Ecological risks

A moderate trace level consumption of bivalve frdme Nha Trang bay is not
harmful to humans for Cd, Cu and Zn, but due td hgyel accumulations of metals in soft
tissues, heavy consumption of mollusks from the Nieag bay may pose a health risk to

consumers.
5.2 LIMITATIONS AND SUGGESTIONS

However this study also consider for a local praggaThere was disturbance of
the monitoring area (i.e., dredging, harvestingreational activities), as this was suspend
contaminated material and possibly desorbs themsedi bound metals, as well as
compromise the diversity of the benthic

Sediment analysis should include salinity, DO, tgyfreSQ, LOI, total sulfite
volatil, as well as determination of Cag@nd Mn in sediment. These physicochemical
parameters are important for explan of bioavaiigbénd uptake.

The number or organisms should be sufficient sa tihaevel of statistical
significance can be assigned to the data. At ldasufviving mollusks or better still, 20—

30 bivalves per monitoring site should be suffitien

These results highlight that there not necessityartalyse metals in shell when
comparing trace metal concentrations amongst niollsamples.The differences in

correlation among the above metals reflect difféaérdiehaviors, which require further
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study. Although seasonal fluctuations in metals mdation by mollusks has been
reported, tissue sampling and analysis should docturtimes per year.

Because shellfish consumption rates can vary grbativeen specific sections of a
community, the value ecological risks reported hameuld only be used for screening

purposes. Clearly, further assessment is necebgfioye more definitive conclusions can
be drawn.

5.3 FURTHER RESEARCH

When undertaking monitoring studies using molluskis, important to account for
differences in biomonitoring considerations. Theedefor regular monitoring of
bioaccumulation of trace metal pollution is emphadito acquire data for environmental

protection and conservation measures in Nha Traygif particular or .coastal of Viet
nam in general.

Clam K.hiantina as good bioindicators, that found that clams hadahility to
survive very well under natural conditions. A fietkperiment of the clam will be

transplant, either suspended in seawater or in gaedthe 6 month duration of the study.
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ABSTRACT

More than ten years ago, Khanh Hoa province has developed a progress in
monitoring the coastal environment. This monitoring program takes place in period from
1996 to 2011, during which the sediment sampling in the Nha Trang Bay and the set of
heavy metal were established: Pb, Cd, Cu, As, Hg and Zn. With the aim to review the
contamination evaluation, distributions of metals in 1996 were required as pre-industrial
reference, which concentrations of heavy metals can be compared with those measured in
the next ten years 1998-2011. To assess the pollution of heavy metals, a method for
calculating contamination indices was used, which can evaluate the impact of
anthropogenic pollution by the ratio of Geoaccumulation (Igeo index) for each metal in a
given station. The degree of contamination in marine sediments, based on the calculation
of the Igeo index can be defined as a moderate to considerable contamination level in the
sediments of Khanh Hoa province.

Key words: Heavy metal, contamination, enrichment factor, sediment, Nha Trang bay.

I. INTRODUCTION

Heavy metals like Pb, Cd, Cu, As, Hg and Zn, coming from natural and/or
anthropogenic sources, are significant input components of the sediment in marine zones,
which are being important areas for concentration of contamination. The most significant
sources of pollution include oil from ships, sewage and other domestic wastes, and
industrial effluents [4]. Since 1996, in Viet Nam, the increase of metal concentration in
the sediment had been observed in Quang Ninh [1], Hai Phong [7], Da Nang [3] and
Khanh Hoa [3], and receives attention from local managers.

The objective of this study was to evaluate the ranges and state of contamination by
6 metals in the period of time going from 1996 to 2011 in Nha Trang bay, Khanh Hoa
province by making comparison with standard criteria for sediment. Concentrations of
these heavy metals for two different seasons have been monitored: the dry and the rainy
seasons, and calculations of geoaccumulation using the Igeo index, which compare the
metal contaminants concentrations for the pre-industrial period (1996) with values
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measured for sediments collected from 1998 to 2011, supposed to be affected by human
activities.

1. MATERIAL AND METHODS
2.1 Survey area

The station of monitoring with latitude 12°12°45”N and longitude 109°13’12”E, is
located in Nha trang bay — Central southern Vietnam, which encompasses some 507km?
of offshore waters and island coasts. The Nha Trang bay is situated immediately adjacent
to the coastal city of Nha Trang and its port at Cau Da. Two rivers, the Cai River in the
north and the Be River in the south, flow into Nha Trang Bay, with the potential to
influence water quality in the Bay. There are 19 islands included in the Nha Trang Bay,
situated from ~ 1km to ~ 15 km offshore, with an average depth of 5 - 20m, providing a
wide range of coastal and marine habitat types in relation to prevailing oceanographic
conditions and gradients in mainland - oceanic influences. The river catchments and
riparian vegetation have been extensively modified for agriculture and aquaculture in
recent decades.

The surface sediment samples were collected every year in the Nha Trang bay from
1996 to 2011 during both dry and rainy seasons, by Institute of Oceanography of Nha
trang.

2.2 Field sampling

These sediments were taken using an Ekman grab from a boat. Samples of the top
surface centimeter were collected with a polyethylene spool and placed in a plastic bag,
which were stored in an ice box at 4°C, to be transported in the laboratory of Faculty of
Environment (HCMUS) Ho Chi Minh City. In the laboratory, some of sediment
characteristics were determined as pH, moisture content, organic matter and particles-
size.

Sediment samples were dried at room temperature, and then were sieved through a
nylon mesh to obtain 4 different particle-size fractions, starting with particles smaller
than 0,2mm in diameter for determination of heavy metal concentration. For each
particle-size fraction, 1.0 gram was taken for heavy metal analysis.

2.3 Analysis

Determination of sediment characteristics

Moisture was determined in two steps: sediments were dried in air at room
temperature then oven drying at 105°C in 16h (Method ASTM 2974-87). Moisture
contents were measured by weight loss.

Organic matter was determined by ash dried sediments in the furnace to 750°C and
hold until the samples were completely ashed. (Method ASTM, 2974)

For the bulk density determination, 10ml of post were added in sediment samples
and allowed to dry to a constant weight at 70°C. Bulk density was calculated as dry
weight divided by wet volume.

For grain size analysis, a standard sieving method has been used for particles bigger
than 0.1mm, and by pipetting method for particles smaller than 0.1mm.



Heavy metal analysis

The samples were digested, following the guideline EPA 3050 for digestion
sediments using a hot plate. About 1,0 gram of dried and sieved shells were transferred in
250 ml pyrex beaker and added with 4 ml of acid (1+1) HNO3; and 10 ml of (1+4) HCI for
decomposition of organic matter. Then the beakers were put on a hot place for reflux
extraction at 95°C, for 30min. Then, the samples were cooled and the extract
guantitatively transferred in a 100 ml volumetric flask, then final solutions diluted and
mixed to volume to 100 mL with ultra-poor water. The obtained solution was then
centrifuged and the concentration of heavy metals measured using AAS - Atomic
Absorption Spectrophotometry.

I1l. RESULTS AND DISCUSSION
3.1 Sediment characteristics

The results have showed that the pH value in the station corresponding to the
samples varies from 7.15 to 7.32. The sediment sample was then in a neutral
environment. The moisture content of sediment sample was about 7.4%. The total organic
matter of sediments is equal to 17.97%, and the bulk density gave an average value of
0.26g/cm’.

Fine particles were found on the sediment sample. Meanwhile the average fraction
of very fine sand and mud (grain size 0.01-0.125mm) in sediment was 26.77%, compared
with an amount of about 73.02-74.71% of silty clay. The distribution of the coastal sand
was not found in this zone.
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Figure 1: The grain size distributions of sample
3.2 Heavy metal concentrations

The concentrations of contaminated heavy metal in period 1996-2011 are
summarized and compared with the New York guidelines criteria [6] for the effect of
sediment on benthic organisms. Assessment of quality of sediment was focused on the
LEL (Lowest effect level) and SEL (Severe effect level) as proposed by the Department
of Environmental Conservation of New York, 1999. Definition of LEL and SEL [6] is:

Metal values<LEL : the effect in the sediment is considered to be acceptable
LEL< Metal values<SEL: contaminated, moderate impact to benthic life
Metal value >SEL: contaminated and significant harm to benthic aquatic life



Table 1 shows the based concentration of metal in sediment samples from 1996 to
2011 and gives the LEL and SEL for each metal.

Table 1: Based concentration of metal in surface sediment at period 1996-2011

Season Zn Cu Pb As Cd Hg
Time (Mg/g)  (Mg/9)  (ug/g)  (Hg/g)  (Mg/g9)  (ug/g)
Jun1996 D 6,33 8,68 0,19 18,04 ND ND
Oct1996 R 6,44 6,19 0,7 5,57 0,2 <0.1
Sepl996 R 0,97 1,68 0,07 7,1 0,1 0,09
Mar1998 D 50,8 26 12,6 3,9 <0.05 <0.02
Feb1999 D 61,73 12,26 28,11 6,26 0,38 0,62
Jun1999 R 97,24 14,62 29,55 8,33 0,04 0,78
Feb2000 D 99,5 18,3 36,7 8,5 4.8 1,6
Aug2000 R 57,53 10,23 26,09 2,32 Trace 2,76
Feb 2001 D 52,3 10,6 33,4 4,05 0,21 1,99
Aug2001 R 55,99 12,93 27,14 16,07 0,104 0,684
Feb2002 D 24,8 5,37 15,63 1,53 0 0,28
Feb2003 D 56,38 11,19 14,62 4,02 0,07 0,74
Aug2003 R 57,4 13,3 4.7 3,19 0,5 0,53
Feb2004 D 56,9 12,7 26 3,2 0,07 0,31
Aug2004 R 58,64 11,21 36,1 3,6 0,05 0,33
Feb2005 D 66,2 13,6 30,3 2,9 0,05 0,35
Aug2005 R 49,5 15,4 26 3,4 0,29 0,28
Feb2006 D 48,7 9,2 28,9 3,2 0,04 0,22
Aug2006 R 62,8 5,7 26,3 2,6 0,12 0,26
Feb2007 D 49,3 11,6 26,7 3 0,25 0,26
Aug2007 R 47,5 9,9 25 3,2 0,2 0,39
Feb2008 D 56,3 11,9 26,7 51 0,13 0,72
Aug2008 R 53 7,8 23,7 4,9 0,07 0,8
Feb2009 D 45,4 6,7 11,6 0,08 4,5 0,5
Aug2009 R 21,9 4,3 9,2 0,06 2,6 0,25
Mar2010 D 43 11,9 33,9 3,8 0,7 0,33
Sep2010 R 39,8 11,2 30,7 3,8 0,45 0,41
Mar2011 D 444 12,1 30,8 3,4 0,3 0,31
Aug2011 R 43,2 13,6 34,1 2,7 0,33 0,43
LEL* 120 16.0 31.0 6.0 0.6 0,15
SEL* 270 110.0 110.0 33.0 9.0 1,3

Note: D: Dry season R: Rainy season ND: Not detected

LEL*: Lowest effect level (ppm) SEL*: Severe effect level (ppm)



In general, the results demonstrated that concentrations of heavy metal in Nha Trang
were lower than LEL*. That means that most of the elements have no biological effect,
except Hg. Hg is the most critical element that can have an effect on the organism living
in sediment, as 100% of the collected sediments from 1998 to 2011 were contaminated
with values exceeded LEL.
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Figure 2: Heavy metal concentrations of Nha Trang Bay in period 1996-2011

In general, the concentrations of heavy metal in dry season were higher than in rainy
season for the ten years.

3.3 Classification of contamination level



The geoaccumulation Igeo index [2] was used to calculate the metal contamination
level for the period 1996-2011. Table 5 describes classes for increasing Igeo values. The
geoaccumulation index is calculated as follow

Igeo = log, Cn/Bn
Where:  Cn: concentrations of elements in samples (from 1998-2011)
Bn: concentration values of the element in pre-industrial (1996)
Table 2: Descriptive classes for increasing lgeo values [2]

N Igeo values Igeo class Designation of sediment quality

1 0 0 Uncontaminated

2 0-1 1 Uncontaminated to moderately contaminated

3 1-2 2 Moderately contaminated

4 2-3 Moderately contaminated to strongly contaminated
5 3-4 Strongly contaminated

6 4-5 Strongly contaminated to extremely contaminated
7 >5 Extremely contaminated

Detail of the results of calculating Igeo values for individual element is showed in
table 3. The negative Igeo presented in the table are the results of relatively low
concentration for metal in sample.

Table 3: Igeo values and classing of level contamination of each metal

Time Igeo Igeo Igeo Igeo Total
Year Zn Cu As Pb Igeo
Mar 1998 1,02 0,85 0,19
Feb 1999 1,07 0,66 0,26
Jun 1999 1,19 0,70 0,30
Feb 2000 1,19 0,76 0,30
Aug 2000 1,05 0,61 0,12
Feb 2001 1,03 0,62 0,20
Aug 2001 1,04 0,67 0,39
Feb 2002 0,83 0,44 0,06
Feb 2003 1,05 0,63 0,20
Aug 2003 1,05 0,68 0,16
Feb 2004 1,05 0,67 0,16
Aug 2004 1,06 0,63 0,18
Feb 2005 1,09 0,68 0,15
Aug 2005 1,01 0,72 0,17
Feb 2006 1,01 0,58 0,16
Aug 2006 1,07 0,46 0,13
Feb 2007 1,01 0,64 0,15




Aug 2007 1,00 0,60 0,16

Feb 2008 1,05 0,65 0,23
Aug 2008 1,03 0,54 0,22
Feb 2009 0,99 0,50 -0,36 2,37 0-3
Aug 2009 0,80 0,38 -0,40 2,14 0-3
Mar 2010 0,98 0,65 0,19
Sep 2010 0,96 0,63 0,19
Mar 2011 0,98 0,65 0,17
Aug 2011 0,98 0,68 0,14

Based on the classification of metal pollution proposed by the calculated Igeo factor,
both Cu and As were in the range below uncontaminated or moderate contaminated level,
when Zn was classified as moderately contaminated level. Only Pb shows a moderately to
strongly contaminated level in this zone.

For Cd and Hg, low concentrations in the samples do not allow calculations.

IV. CONCLUSION

With regard to an overall review of contamination of heavy metal in Nha Trang bay,
the heavy metal concentration was lower than LEL, meaning that most of the measured
elements have no biological effect, except Hg. The concentrations of heavy metal in the
dry season were higher than in the rainy season during the all ten years period of time.

The impact of contamination by heavy metal in Nha Trang bay in period from 1996-
2011 was evaluated using Geoaccumalation lgeo indices. The Igeo suggests that fine
fraction of sediment in Nha Trang bay goes from moderately to strongly contamination
with respect to the analysis of 4 heavy metals (Zn, As, Cu and Pb). The Igeo index was
not able to applied to the Hg and Cd concentrations for the assessment of their pollution
impact.
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ABSTRACT

Eight species of gastropod and bivalve (Bufonaria rana, Isonomon perna, Modiolus
vaginus, Crasostrea rivularis, Katelysia hiantin, Anadara antiquata, Glauconome virens and
Geloina coaxans) were collected from 8 different stations in the coastal of Khanh Hoa Viet Nam
in April 2012 and analyzed for heavy metals such as Arsenic (As), Copper (Cu), Cadmium (Cd),
Chrome (Cr), Lead (Pb) and Zinc (Zn) in their soft tissues. The capability to accumulate metals
from sediment was measured by calculating values BSAF (Biota — Sediment Accumulation
Factor). From this study, it was found that the concentration levels of heavy metal in tissues
were observed higher than in shells and ranged between 33.82-262.91; 0.80-6.24; 0.12-87.67,
8.28-23.72; 4.31-3525.63 (ug/g dry wt) for As, Cd, Cr, Cu and Zn respectively. On the other
hand, highest BSAF values were obtained in tissues of Isonomon Perna for As (13,41), Cd
(5,89) and Zn (65,46), while highest BSAF were obtained in tissues of Crassostrea rivularis for
Cr (7,51) and for Cu (14,71). The highest bioaccumulated metals were Zn, As and Cu, while the
lowest one was Cd.

Key word: Heavy metal, mollusk, bioaccumulation, Khanh Hoa coastal.

1. INTRODUCTION

In the recent year, contamination of heavy metals has been negative impact to the natural
environment, especially to marine ecosystems in coastal areas. The effects of heavy metal
contamination can be severe and are a significant concern in the Arctic [1]. Once heavy metals
are in the sediment, they can be easily be uptaken by organisms and accumulate in living tissues
of bivalves as well as mussels community. The bioaccumulation of heavy metals by marine
mollusks may reach many orders of magnitude above background concentration of certain
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locality [2]. Thus, collecting and analyzing the concentrations of heavy metals may help us to
understand the bioaccumulation capacity for heavy metals by different species of mollusks,
which habitats locates along the coastal of Khanh Hoa province. This research conducted the
heavy metal analysis in the sediment and in the bivalves from the same location could be used to
estimate bioaccumulation capacity in marine ecosystem and will help to propose the best bivalve
indicators for an environmental biomonitoring.

2. MATERIAL AND METHODS
2.1 Research area

Nha Trang bay locates in Khanh Hoa province — central-southern Viet Nam, which is an
important ecological zone and providing a wide range of coastal and marine ecosystems in
relation to prevailing oceanographic conditions and gradients in mainland — oceanic influence.
The sites of collection samples from the different geographic locations and substrate types
(mainland-oceanic gradient). Sediments and mollusks samples were collected from eight sites in
March and April 2012. The locations of sampling sites are showing in Table 1.

Table 1. Sampling location

Samples Sites Longitude Latitude
NT1 Nha Trang port 12°12°45"N 109°13’12"E
NT2 Be estuary 12°12'22"N 109°11'17"E
NT3 Lon estuary 12°15'44"N 109°11'58"E
NT4 Vinh Luong 12°20'10"N 109°12'15"E
NT5 Ninh Loc 12°26'17"N 109°8'14"E
NT6 Ninh Ich 12° 23'42"N 109°11'57"’E
NT7 Dinh estuary 12°27'00"N 109°09'38"E
NT8 Cam Lam 12°04'45"N 109°10'42"E

2.2 Sample collection and preparation
2.2.1 Mollusks collection

About 5-10 numbers of different sizes organisms from each sampled site were picked by
hand and then put in Ice box to be transported in the laboratory. Different tissues are separated
by knif and dried at 60°C during two days to constant weight. These dried tissues were then
stored in polyethylene bag and sent to Ecomer’s laboratory (UNS-France) for the determination
of heavy metals concentrations.

2.2.2 Sediment collection

These sediments were taken using an Ekman grab from a boat. Samples of the top surface
centimeter were collected with a polyethylene spool and placed in a plastic bag, which were
stored in an ice box at 4°C and sent to the laboratory. Sediment samples were dried at room
temperature, and then were sieved through a nylon mesh to obtain particles smaller than 0,2mm
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in diameter for determination of heavy metal concentration. For each sediment sample, 1.0 gram
was taken for heavy metal analysis.

2.3 Sample digestion and analysis
2.3.1 Mollusks digestion

Digestion method of organically based matrices was based on the guideline EPA 3052.
Each biological sample (tissues or shells) was dried, pulverized and sieved for digestion and
determination of metals concentrations. A weight of about 0, 5 gram of shell or 0,1gram of tissue
was then transferred in a 100 ml Pyrex beaker and added with 4 ml of acid HNO; and 10 ml of
HCI. Then the beakers were placed on a hot place for reflux extraction at 95°C, for 30min. The
digested samples were diluted and filled up with de-ionized water to a total volume of 50ml
before metal analyzing by ICP-OES (Perkin Elmer). The accuracy of the analytical procedures
employed for the analysis of metals in organic samples was checked using the Fish tissue
reference IAEA MA-B-3/TM as certified reference material, and showed good agreement with
the certified values.

2.3.2 Sediment digestion

The samples were digested, according to the guideline from EPA 3050 for digestion of
sediments using a hot plate. About 1,0 gram of dried and sieved sediment were transferred in
100 ml Pyrex beaker and added with mixed of concentrated acid HNO;z; and HCI. Then the
samples were put on a hot place for reflux extraction at 2 etapes: 95°C, for 30min then 2h at
140°C. The samples were cooled and mixed to volume to 100 mL with ultra-pure water. The
obtained solution was then centrifuged and the concentrations of heavy metals were measured
using ICP-OES (Perkin Elmer). The accuracy of the analytical procedures employed for the
analysis of metals in sediment samples was checked using the marine sediment 1AEA-433 as
certified reference material.

2.4 Method of analyzing data

A mollusks capacity to accumulate metals from living medium into its tissue can be
estimated using BSAF factor. BSAF were calculated for the selected metal in the mollusks
studied according to formula BSAF = Cx/Cs where Cx and Cs were the metal concentrations in
the organisms and in associated sediments [3].

By comparing BSAF, we can compare the ability of those mollusks in taking up metal from
sediment. The categories of BSAF are presented as: High potential of accumulation if BSAF > 2,
Moderate potential if 1<BSAF<2 and Low potential if BSAF <1.

3. RESULTS AND DISCUSSION
3.1 Heavy metal distribution in mollusk tissues
The overall heavy metal concentrations in the 7 analyzed species are included in Figure 1

and presented in pg/gram of dry weight. For most of the metals, when mean values were
calculated, values were close to the maximum permissible level FDA (USA, 2001), except for



Tran Thi Mai Phuong

Pb. It indicated that the coastal has been polluted by heavy metal which eventually leads to
bioaccumulation of that pollutant in food chain of the marine environment.

As concentrations (ug/gr dry wt)
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Figure 1. Heavy metal concentrations in mollusk tissues

2 g & & & & N & .
& 5 & S S S & > <& 4 & & £ <& o 4
< & S N & S S N & D a i
£3 N & cJo";‘g’ _\\‘@ N4 6\\\‘0' 006‘@ P & & 00«5!“ ;\\§ ‘(.\\é‘\ Q-\\o‘? (P&Q’
Q] o o o o o © v_fo <
Cu concentrations (ug/gr dry wt) Pb concentrations (ug/gr dry wt)
18 6
12 A 4
6 2]
0 0-
2 & & o & e @ o
54 & & © £ g & @ & & & & @ & $ &
Qa& \Qé 40@‘\ (,o";p &So \'\\"S\ ,b§& <,oq;‘g’ @ S & o('o# o‘\& *_.“\Q’ ré\‘& _&'5*
A o o = - o -
Zn concentrations (ug/gr dry wt) Cr concentrations (ug/gr dry wt)
250 2,5
200 2,0 A
150 1,5 1
100 1,0 4
50 0,5 1
0 - 0,0
@ <& R & & & &> ©
d & & < & & @ o & N & NG & Gy
@‘ N <'§° e . @\,Z;\ & & (5@0 . i & oors\g’ & & & &
N4 R @@ S o8 *_x\\'z’ & & KN o . + &2 A
’ <] i i v o

On the other side, the observed concentration of As, Cd, Cr and Cu in the samples were
within permissible level, where the bivalves are safe for human consumption and where the
ecosystems where they habited do not pose any hazard to human in terms of health risk. The low
fluctuation level of Cd, Cu and Cr in the tissues of mollusks clearly showed that they need of
same level of these metals to maintain the normal bodies function of marine organisms.

Based on there results, it showed that the magnitude of the heavy metal accumulation in
mollusks tissues depends on the type of the heavy metal and the specie of the mollusks and also
showed that mollusks living in the area accumulate heavy metals in their body tissue.
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3.2 Heavy metal concentration in sediments

The concentrations of heavy metal in eight collected sediments are summarized in Figure 2
and compared with the New York guidelines criteria [4] for the effect of sediment on benthic
organisms. Assessment of quality of sediment was focused on the LEL (Lowest effect level) and
SEL (Severe effect level) as proposed by the Department of Environmental Conservation of
New York, 1999,
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Figure 2. Heavy metal concentrations in sediment samples (ug/gram dry weight)
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These variations between 8 sites may be due to their different geographic locations. The
concentrations of heavy metal in sediments collected were ranged between 6.26-19,61; 0,45-
1,82; 10,94-63,15; 11,03-381,30; 20,23-52,65, 40,99-465,65 (ug/g dry wt) for As, Cd, Cr, Cu,
Pb and Zn respectively. The highest concentrations of Cu, Pb and Zn were in sediments sampled
at NT8 and the value measured were 381, 30; 52, 65 and 465, 65 pug/g respectively. The highest
concentration of As was observed in the samples from NT2, whereas the highest concentration
of Cr was observed in those from NT1. However, the lowest value of Pb was measured in NT4.
The mean concentrations of the heavy metals As, Cd and Pb in eight collected sediments were
higher than the lowest effect level (LEL) but were lower than the severe effect level (SEL). In
classification, these sediments are considered as contaminated, with a moderate impact on
benthic life, except sample NT8. Indeed, the Cu and Zn concentrations in sample NT8 was
exceeded the SEL, that means the NT8 was contaminated and can cause significant harm to
benthic aquatic life.

In conclusion, the results showed that concentrations of heavy metal in Nha Trang are
between LEL and SEL values. That means that most of the elements have a moderate impact to
benthic life. At NT8 site, some heavy metals can cause harm to benthic life. In terms of
geographical location the highest values appeared to be associated with river estuary areas and
this may be due to the discharge of untreated water wastes.

3.3 Bioaccumulation of heavy metals

The BSAF were calculated for the selected metal in the mollusks studied and showed in the
table 2.

Table 2. BSAF values for each mollusks for heavy metals

Mollusk names As Cd Cr Cu Pb Zn

Bufonaria rana 5,45 3,99 0,01 3,28 0,06 1,51
Isonomon perna 13,41 5,89 0,02 1,29 0,13 65,46
Modiolus vaginus 2,36 5,25 0,34 2,49 0,68 1,83
Geloina coaxans 1,17 1,76 0,04 0,57 0,15 3,81
Crasostrea rivularis 10,57 4,15 7,51 14,71 0,69 46,68
Katelysia hiantina 0,56 0,76 0,01 0,39 0,05 0,64
Anadara antiquata 0,29 1,95 0,01 0,15 0,06 0,58
Glauconome virens 0,78 0,44 0,02 0,03 0,04 0,38

The data from table 2 also suggested that there are differences in accumulation of heavy
metals among the different mollusk species. As indicated in the table 4, Bufonaria rana,
Isonomom perna, Modiolus vaginus and Crosostrea rivularus were found to have a large
capacity for As and Cd intake. That could be explained by the role of those metals as essential
elements for them. Comparatively, the lower potentials of accumulation of metals as Pb and Cr
in the tissue are possibly due to non essential metals for these mollusks.

It was also found a very high heavy metals level in the oyster Crasostrea rivularis collected
in NT6, but this site of coast is an unpolluted area in terms of industrial impact. In the other
hand, the heavy metal concentration in harbor of Nha trang NT1 were also found very low level
in organisms, where this site has sources of anthropogenic inputs.
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The living condition has a major impact on the accumulation rate of heavy metals in those
mollusks. Anadara antiquata and Geloina coaxans are the species of mollusk that live on the
bottom, where they burrow in the sand or mud. They are very much exposed to the heavy metal
accumulated in the sediment. The BSAF values of these organisms were lower than 2, thus
show that they have a low potential of accumulation of heavy metal from sediments. On the
other hand, Crasostrea rivularis, Bufonaria rana and Modiolus vaginus which have a high
potential of accumulation (BSAF values were higher than 2), are mollusks that live by stickling
to any solid material such as rocks in the sea. As a result, they are more exposed to water and
accumulate heavy metal by trapping food from water.

In conclusion, the accumulations of heavy metals were different between species and may
exhibit different accumulation capacity for heavy metals. The protection of coastal pollution
from damage due to these metals and other chemical requires an understanding of the sensitivity
of mollusks to these substances and their ecological requirement. Monitoring programs for
coastal pollutions may help to obtained relevant information.

4. CONCLUSION

As a conclusion, the bivalve mollusks can be useful as bioindicator for a coastal
contaminant, especially soft tissues of mollusks which are suitable to be used as a toll for heavy
metal contamination, due to its natural capacity to regulate and accumulate concentration of
various metals. It is clear that the biomonitoring plan is not only site specific, but that it
considers the use of species whenever possible. This research provides the evidences a general
review of several bivalves and mollusks in Nha Trang Bay impacted by heavy metals, and give
suggestion that the mollusks can be an established and essential biomonitor of heavy metal
contamination particularly in the coastal Khanh Hoa area.
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SU TICH LUY KIM LOAI NANG O MQT SO LOAI NHUYEN THE TAl
VUNG BIEN KHANH HOA, VIET NAM

Tran Thi Mai Phwong"?", Nicolas Marmier?, Charlotte Hurel? , Nguyén Ky
Phuing*
! Khoa Mbi trrong, Pai hoc Khoa hoc Ty nhién, Dai hoc Quéc gia TP.HCM
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Toém tit: Nghién ciu bao gdm viée xac dinh thanh phan mot sé kim loai khdng
anh hudéng dén sinh vat nhu sit (Fe), nhom (Al) cling nhu ham luong
cac kim loai nang doc hai khac nhu arsen (As), dong (Cu), cadmium
(Cd), crom (Cr), chi (Pb) va k&m (Zn) trong cac mau tram tich ciing nhu
thit cua mot s6 loai nhuyén thé. Mau cé4c loai nhuyen thé clng nhu mau
trdm tich duogc ldy tai 4 diém thudc ving ven bién tir dam Nha Phu
(thudc huyén Ninh Hoa) téi ¢ddm Thay Triéu (thudc huyén Cam Lam)
vao thang 9/2012. MAu 4 loai nhuyén thé phi cai (Glauconome virens
(Linnaeus, 1767), phi duc Laternula anatina (Linaeus, 1758), ngao den
Katelysia hiantina (Lamarck, 1818) va so 16ng Anadara antiquata (Linaeus,
1758) duoc mang vé phong thi nghiém, siy khd trong 24 gid ¢ 60°C,
nhiét phan hay véi hon hop axit HNOs (69%) va HCL (36,46%) va
phan tich cac kim loai ning bang may khéi phd plasma cam ¢ng ICP-
OES. Ham lugng nhdm (Al) va sat (Fe) khong co sy khac biét nhicu
trong thit cac loai nhuyén thé khéc nhau nhung rat thip so véi ham
lugng kim loai trong tram tich. Ham luwong kim loai ning As, Cu, Cr,
Cd trong c4c mau sinh vat nam duéi ngudng cho phép (MPL) theo tiéu
chuan caa Cuc an toan thuc pham My FDA nhung ham luong chi (Pb)
va kém (Zn) cao hon 4 1an ngudng cho phép cia FDA.

Tir khoa: Tich ty sinh hoc Kim logi nang, Nhuyén thé, Khanh Hoa.

BIOACCUMULATION OF HEAVY METAL IN SOME MOLLUSK
SPECIES AT THE COAST OF KHANH HOA PROVINCE, VIET NAM

Tran Thi Mai Phuong®2* Nicolas MarmlierZ, Charlotte Hurel?, Nguyen Ky
Phung
! Department of Environment, University of Sciences of Ho Chi Minh City
2 EA 4228 ECOMERS, Faculty of Science, University of Nice Sophia Antipolis
. E-mail: ttmaphuong@yahoo.com

Abstract: Levels of non-critical metals, Iron (Fe) and/or Aluminum (Al), as well
as toxic and relatively accessible elements including Arsenic (As),
Copper (Cu), Cadmium (Cd), Chrome (Cr), Lead (Pb) and Zinc (Zn) in
soft tissues of seven gastropod and bivalve species (Bufonaria rana,
Isonomon perna, Modiolus vaginus, Crassostrea rivularis, Katelysia
hiantin, Anadara antiquata and Geloina coaxans) collected from 8
different stations in the Nha Trang Bay, Khanh Hoa province, Viet Nam
were analysed. Tissues samples were dried 24 hours at 60°C, digested
in a mixed HNO3; (69%) and HCL (36%) solution, and then analysed
for heavy metals using ICP-OES. The concentrations of heavy metal in

225


mailto:ttmaphuong@yahoo.com

Tran Thi Mai Phuong et al., 2013, p. 225-234
Proceedings of the International Conference on “Bien Dong 2012”

the tissues ranged between 33.8-262.9, 0.80-6.24, 0.12-87.6, 8.28-23.7,
and 4.31-3525 (ug/g dry wt) for As, Cd, Cr, Cu and Zn, respectively.
Mean concentrations of As, Cu, Cr, and Cd in the selected mollusk
species were below the maximum permissible level (MPL) when
compared with the FDA guidance document.

Key words: Bioaccumulation, Heavy metal, Mollusk species, Khanh
Hoa.

I. INTRODUCTION

The pollution of aquatic ecosystems by trace metals is a significant problem, as
trace metals constitute some of the most hazardous substances that can
bioaccumulation Nguyen Van Khanh & Pham Van Hiep  (2009). The
bioaccumulation of heavy metals by marine mollusc and other marine organisms
may reach many orders of magnitude above background concentrations of certain
locality. This phenomenon may demonstrate the potential of these species as a
biomonitor of heavy metal pollution Chan (1989), Hamed & Emara (2006). Many
studies have shown that intertidal molluscs can be good biomonitoring organisms
Ismail (2006). Due to heavy metals contamination are very localised and closed to
discharge point sources (Ismail et al. 1993) and molluscs inhabit in different
microhabitat of intertidal areas, a detail studies on different species and tissues are
important (Berandah et al. 2010).

A lot of studies on mollusks associated with heavy metal pollution have
been done by many researchers (Abdullah et al. 2007), but studies of this kind
have been rare in Vietnam due to local difficulties in organizing major studies and
legal restrictions regarding the export to fin digenous biologic material (Wagner
& Johan 2004) For example, the concentrations of some heavy metals in the
tissues of bivalve molluscs have been observed in the samples collected along the
coastal of Viet Nam (Le Thi Mui, 2008; Nguyen Van Khanh & Pham Van Hiep,
2009; Tu et al. 2010). However, none of those studies specifically investigated the
bioacumulative factor of such a species.

The objective of this study is to provide important information of the metal
distribution in the sediments and different mollusk tissues. Thus, helping in
proposing the potential bioaccumulation by determining its Biota-Sediment
Accumulation Factor (BSAF) (Dallinger et al. 1993) and suggesting bio-monitor
for heavy metals in Khanh Hoa coastal.

The work is based on study of samples of sediments and 4 mollusks species
(Glauconome virens (Linnaeus, 1767), Laternula anatina (Linaeus, 1758), Katelysia
hiantina (Lamarck, 1818) and Anadara antiquata (Linaeus, 1758) taken in September
2012 in 4 locations within Nha Phu lagoon (Ninh Hoa) - Nha Trang bay and Thuy
Trieu lagoon (Cam Lam). There locations provided wide intertidal zone across the
Khanh Hoa coastal in terms of the sandy-muddy areas, represented high
community of the bivalve mollusks.
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Il. MATERIAL AND METHOD
1. Study sites

Khanh Hoa province — central-southern Viet Nam, which is an important
ecological zone and providing a wide range of coastal and marine ecosystems in
relation to prevailing oceanographic conditions and gradients in mainland —
oceanic influence. Compared with some other areas, species composition of
molluscs in Nha Trang Bay (490 species) was more abundant than Cat Ba — Ha
Long Bay (372 species) and Tonkin Gulf (470 species) Vo Si Tuat et al. (2002).

Sediments and mollusks samples were collected from four sites: Tan Dao
(Ninh Loc, Ninh Hoa) — TD (12°02°17"N; 109°08'14"E), Ngoc Diem (Ninh Ich,
Ninh Hoa) — ND (12°23'42"N; 109°11'57"E); Binh Tan (Nha Trang) — BT
(12°12'22" 109°11'17"E) and Cam Hai Tay (Cam Lam) — CL (12°04'45"N;
109°10'42"E). The locations of sampling sites are showing in Figure 1.
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Figure 1: Map and locations of sampling site
2. Sample collection and preparation
2.1 Organisms collection

About 10-20 numbers of the same sizes of each mollusk species (Glauconome
virens (Linnaeus, 1767), Laternula anatina (Linaeus, 1758), Katelysia hiantina
(Lamarck, 1818) and Anadara antiquata (Linaeus, 1758) were picked by hand from
four locations and then put in ice box at 4°C to be transported to the laboratory.
The tissues were separated by a plastic knife and dried at 60°C during two days to
constant dry weight. These dried tissues were then stored in a polyethylene bag to
be sent in ECOMERS laboratory (UNS-France) for the determination of heavy
metals concentrations.
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2.2 Sediment collection

The sediment samples of the top 20cm surface centimeter were collected with a
polyethylene spool or Ekman grab, then placed in a plastic bag, which were stored
in an ice box at 4°C, to be transported to the laboratory. There sediment samples
were dried at room temperature, and then were sieved through a nylon mesh to
obtain particles smaller than 0.2mm in diameter for determination of heavy metal
concentration. For each sediment sample, 0.1gram was taken for heavy metal
analysis.

2.3 Sample digestion and analysis
Sediment digestion

The samples were digested following the guideline from EPA 3050b US EPA
(1996) for digestion of sediments using a Microwave 3000. A 0.1 gram of dried
and sieved sediment samples were weighed out in the reaction vessel then added
with mixed of 9ml concentrated acid HNO3 (69%) and 3ml of HCI (36,46%).
Vessels then were placed in the rotor in the microwave. The vessels were heated
to at least 240°C over 35 minutes and then held at 210°C for at least 15 minute.
The samples were cooled and mixed to volume to 50 mL with ultra-pure water.
The obtained solution was then centrifuged and the concentration of heavy metals
measured using ICP-OES (Perkin Elmer). The accuracy of the analytical
procedures employed for the analysis of metals in sediment samples was checked
using the marine sediment IAEA SP-ML1 as certified reference material.

Tissues digestion

The digestion method of organically based matrices used is the one described in
the guideline EPA 3052 US EPA (2008). The tissue sample was dried, pulverized
and sieved for digestion and determination of metals concentrations. A weight of
about 0.5 gram of dry tissue was then transferred in a 100 ml Pyrex beaker and
added with 9 ml of acid HNO3 (69%) and 1ml of HCI (36,46%). Then the beakers
were placed on a hot place for reflux extraction at 95°C, for 30min. The digested
samples were diluted and filled up with de-ionized water to a total volume of
50ml before metal analyzing. Heavy metals were analyzed by ICP-OES (Perkin
Elmer). The accuracy of the analytical procedures employed for the analysis of
metals in organic samples was checked using the Fish tissue reference IAEA MA-
B-3/TM as certified reference material, and showed good agreement with the
certified values.

2.4 Data analysis

A mollusk’s capacity to accumulate metals from living medium into its tissue can
be estimated using Biota-Sediment Accumulation Factor (BSAF). BSAF were
calculated for the selected metal in the studied mollusks according to the formula
BSAF = Cx/Cs where Cx and Cs were the metal concentrations in the organisms
and in associated sediments, respectively (Phillips 1997). By comparing BSAF
values, we can compare the ability of those mollusks in taking up metal from
sediment. The categories of BSAF are presented as: High potential of
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accumulation if BSAF>2, Moderate potential if 1<BSAF<2 and Low potential of
accumulation if BSAF<1 (Wich & Colvin 1993).

I1l. RESULTS AND DISCUSSION
1. Sediments quality

The sediment qualities from the four sites are given in Figure 2.
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Figure 2: Concentrations of heavy metals in collected sediments.

Concentrations of As, Cd, Cr and Cu in collected sediemnts were between LEL
(Lowest Effect Level) and SEL (Severe Effect Level) values event the
concentrations of Zn and Pb were lower than LEL. It indicated that the coast has
been polluted by most of the heavy metal. Indeed, the effect of these sediments is

considered to be contaminated, moderate impact to benthic life Fletcher et al.
(2008).
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2. Heavy metal concentrations in the tissues of 4 studied species

The overall 8 heavy metal concentrations in the 4 analyzed species Glauconome virens
(Linnaeus, 1767), Laternula anatina (Linnaeus, 1758), Katelysia hiantina (Lamarck,
1818) and Anadara antiquata (Linaeus, 1758), which were collected at 4 locations are
included in Table 1 and presented in mg/kg of dry weight.

Table 1. Metal concentrations (mg/kg DW) in tissues of four collected organisms.

Fe

N As Cd Cr Cu Pb Zn Al
ames -
mg.kg™ mgkg®  mgkg®  mgkg'  mgkg® mgkg? mg kg mg.kg™
879+2
A.antiquata 3,4+1,48 2,72+2,6  3,14+1,9 8,22+1,1 2,53t0,0 48,4+15 85 3921134
642+1
G.virens 1,7+0,98 1,02+0,9 1,32+0,9 6,96+6,9 6,43+3,9 49,8+13 64 3981214
597+2
K.hiantina 9,89+4,39 0,24+0,1 4,08%45,1 7,33+2,4 3,52+1,4 34,4+6,5 96 388+201
1880+

L.anatina 2,72¢1,85 0,69+0,2 2,43+0,3 13,546,0 8,25+2,0 225+232 112 805+131

FDA 86 4 13 100 1,7 150

Metal concentrations of Al and Fe in the tissue of the four sites were similar
and did not vary significantly and presented very lower compared to
concentrations of these metals in the sediments. Concentrations of Al and Fe in
the sediments were 20-100 times higher than the concentration in the mollusks.
For most of the heavy metals, when mean values were calculated, values were
close to FDA maximum permissible level (Rainbow & Phillips, 1993; Rainbow et
al., 2000), except for Pb. The Pb concentration in all of samples was more
accumulated and was higher than the FDA maximum permissible level
(Pb<1.7ug/g dry wt), which eventually may pose hazard to human in term of
health risk. The observed concentration of heavy metals in the mollusk samples
showed that the magnitude of the heavy metal accumulation in the tissues depend
on the type of the heavy metals and the species. There values of BSAF in the
different mullusk species are shown in Table 2.

Table 2. The BSAF values in the different mollusk species.

Names mollusks As Cd Cr Cu Pb Zn
Anadara antiquata 0,57+0,55 2,19¢2,50 0,39+0,36 1,87+0,92 0,27+0,21 1,09+0,1
Glauconoma virens 9,61+2,63 0,69+0,73  1,19+0,05 | 4,52+0,32 0,32+0,11 = 2,08+2,31
Katelysia hiantina 5,01+3,6 4,87+6,76  0,32+0,35  1,38+1,06 0,44+0,29  3,14+3,09
Laternula anatina 12,11+1,67 0,24+0,27  0,44+0,55 0,51+0,44 0,54+0,16 1,95+3,06

Notes:

High bioaccumulation
Medium bioaccumulation
Low bioaccumulation

On the other side, when BSAF were
calculated, it indicated that different species
showed different bioaccumulation of
metals levels depending on the geographical location. In general, for all of the
studied metals, the BSAF values for As were highest than those for Pb were
lowest.
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Figure 3: The contents of metals in soft tissue of the clam and sediments
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The BSAF indicated a low potential bioaccumulation for Pb and Cr
(BSAF<1) and a very high potential of accumulation for As, Cd, Cu and Zn.

From the results, it was found that clam Katelysia hiatina (Lamarck, 1818)
highly accumulate As, Cd, Cu and Zn (BSAF>2), and then could be chosen as
sensitive indicators for monitoring heavy metal pollutions in Khanh Hoa coastal,
Viet Nam.

3. The heavy metal contents in the tissues of Katelysia hiantina and sediments

The clam Katelysia hiantina (J.B.Lamarck, 1818) also known as other names
Marcia hiantina and local names “ngao den” or “ngao gia”, is an economical
important bivalve and can be also represented in Khanh Hoa coast - Nha Trang
bay as one of the local abundant mollusca. This clam belongs to the class Bivalve,
order Veneroidea in which shell is medium, oval and thick, that live on the loose
bottom of water bodies. They are filter feeder and thus very potential to
accumulate toxic substances from water and sediment.

The concentrations of metals (mg/kg dry wt) in whole soft tissue of the clam
K.hiantina and surface sediments from the four sites are given in Figure 3.

It was observed that clam K.hiatiana accumulate 8 metals at different
concentrations and at different potential of bioaccumulation. The distribution of
metals in the tissue of K.hiatina, which inhabit in different habitat of intertidal
areas, shows that metals contamination are very localized and closed to the
anthropogenic influences. The study has concluded that clam K.hiatina could be a
good bio-indicator of the particular environment through bio-monitoring process.

The higher bioavailability of heavy metals to TD and CL could be explained
by the significantly lower organic matter contents, which could potentially affect
metal availability, or affect several physiological processes that influence the
accumulation of heavy metals by K.hiatina.

IVV. CONCLUSSION

The coast has been polluted by most of the heavy metal as As, Cd, Cu, Cr. Indeed, the
effect of these sediments is considered to be moderate impact to benthic life.
Concentrations of almost heavy metals in 4 species mollusk collected were closed
to FDA maximum permissible level except for Pb.

The BSAF indicated a low potential accumulation for Pb and Cr and a high
bioaccumulation for As, Cd, Cu and Zn.

Clam K.hiantina is represented in study zone as the most local abundant
mollusca. This species high accumulate heavy metals and then could be chosen as
sensitive indicators for monitoring heavy metal pollutions in Khanh Hoa coastal,
Viet Nam.

This preliminary sampling should merit further studies using the BSAF
values for assess contamintion in coastal areas by demonstrate the potential of
bioaccumulation of mollusk species
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APPRENDIX 2

SOME PICTURE OF COLLECTING SAMPLES

Picture A2.1 Collecting mollusk samples at Binh Tan

Picture A2.2 Collecting mollusk samples at Tan Dao site



Picture A2.4 Collected mollusk samples



APPENDIX 4

CERTIFIED REFERENCE MATERIALS
Appendix 4.1 The values obtained for the reference material IAEA-433 in comparison with the certified values.

Metals N Average conc Std Deviation IAEA 433 95% confidence interval % recovery
(9-kg?) (9-kg?) (g-kg?)

As188.979 3 16,73 3,75 18,9 18,4-194 88,52
As193.696 3 10,72 1,32 18,9 56,72
Cd 228.802 3 0,164 1,15 0,153 0,145-0,161 107,19
Cd 214.440 3 0,297 0,59 0,153 194,12
Cr 267.716 3 141,57 4,76 136 134-138 104,10
Cr 205.560 3 138,99 17 136 102,20
Cu 327.393 3 31,58 31 30,8 30,2-31,4 102,53
Cu 324.752 3 29,57 321 30,8 96,01
Ni 231.604 3 0,22 0,03 39,4 0,56
Ni 221.648 3 2,97 0,54 39,4 7,54
Mo 202.031 3 0,10 NR ND
Mo 203.845 3 0,00 NR ND
Mn 257.610 3 34,66 3.42 115 11,1-12,0 301,39
Mn 259.372 3 36,75 4,22 115 319,57
Mg 285.213 3 246,32 21,45 316 312-320 77,95
Mg 279.077 3 267,19 20,51 316 84,55
Pb 220.353 3 29,69 2,76 26 25,4-26,6 114,19
Pb 217.000 3 34,14 3,57 26 131,31
Zn 206.200 3 98,62 4,02 101 99-103 97,64
Zn 213.857 3 97,82 12,32 101 96,85
Fe 238.204 3 138,72 16,45 40,8 40,3-41,3 340,00
Fe 239.562 3 141,74 15,38 40,8 347,40
Al 396.153 3 167,23 11.35 78,2 76,8-79,6 213,85
Al 308.215 3 182,52 13,46 78,2 233,40




Appendix 4.2 The values obtained for the reference material MAB3 with the certified values.

Metals N Average conc Std Deviation IAEA 433 95% confidence % recovery
(9.kg?h) (9.kg?h) (9.kg?h) interval
As 188.979 3 2,43 0,78 2,11 1,42-2,51 115,17
As 193.696 3 3,48 1,02 164,93
Cd 228.802 3 1,38 0,03 NR ND
Cd 214.440 3 1,05 0,15
Cr 267.716 3 1,11 0,13 NR ND
Cr 205.560 3 0,38 0,28
Cu 327.393 3 3,58 2,16 3,08 9-13 116,23
Cu 324.752 3 5,02 1,95 162,99
Ni 231.604 3 0 NR ND
Ni 221.648 3 0
Mo 202.031 3 0,07 0,01 NR ND
Mo 203.845 3 0,11 0,03
Mn 257.610 3 4,24 2,71 2,85 2,62-3,57 148,77
Mn 259.372 3 4,18 2,34 146,67
Mg 285.213 3 5,35 1,65 1,13 1,04-1,2 473,45
Mg 279.077 3 5,15 2,54 455,75
Pb 220.353 3 4,57 2,52 4,62 3,58-5,13 98,92
Pb 217.000 3 3,04 2,35 65,80
Zn 206.200 3 104,69 10,04 109,2 106,4-111,9 95,87
Zn 213.857 3 114,46 12,81 104,82
Fe 238.204 3 93,35 13,25 95,4 87,3-107,2 97,85
Fe 239.562 3 56,1 16,28 58,81
Al 396.153 3 11,59 0,55 NR ND
Al 308.215 3 8,1 2,62




APPENDIX 5

QUALITY ASSURANCE OF ANALYSIS

Appendix 5.1 Check of DL for sediment samples

Analyte Name DL (mg/kg) RSD (Conc) SD (Samp)
As 188, 979 1-100 0,214 0,497

Al 396, 153 1-10000 2,156 520,373

Fe 238, 204 1-10000 1,776 561,221

Mg 279, 077 1-10000 1,809 224,028

Cd 228, 802 1-100 0,656 0,206

Cr 267, 716 1-100 0,246 0,549

Cu 327, 393 1-100 1,085 0,78

Zn 206, 200 1-500 0,584 1,312

Appendix 5.2 Determination of standard deviation and limit of qualification of

analyzing method for heavy metas

Metals SD (ug/L) LD (pg/L) LQ (ug/L)
Ag 328.068 0,07 0,20 0,66
Ag 338.289 0,26 0,78 2,59
Al 396.153 6,55 19,64 65,48
Al 308.215 8,12 24,36 81,20
As188.979 4,52 13,57 45,22
As193.696 2,74 8,22 27,41
B 249.677 6,36 19,08 63,60
B 249.772 6,19 18,57 61,89
Ba233.527 0,07 0,22 0,73
Ba 455.403 0,12 0,35 1,15
Be 313.107 0,06 0,18 0,59
Be 313.042 0,13 0,38 1,25
Ca317.933 27,94 83,81 279,36
Ca315.887 28,73 86,19 287,30
Cd 228.802 0,17 0,51 1,72
Cd 214.440 0,12 0,35 1,16
Co 228.616 0,25 0,74 2,46
Co 238.892 0,26 0,78 2,59
Cr 267.716 0,21 0,62 2,08
Cr 205.560 0,20 0,60 2,00
Cu 327.393 0,09 0,27 0,91




Cu 324.752 0,20 0,59 1,96
Fe 238.204 0,71 2,12 7,06
Fe 239.562 0,76 2,29 7,65
K 766.490 0,25 0,76 2,53
K 404.721 78,67 236,00 786,67
Mg 285.213 2,48 7,44 24,79
Mg 279.077 3,12 9,37 31,22
Mn 257.610 0,07 0,20 0,65
Mn 259.372 0,07 0,22 0,73
Mo 202.031 0,37 1,12 3,74
Mo 203.845 0,72 2,16 7,19
Na 589.592 13,30 39,90 132,99
Ni 231.604 0,36 1,07 3,57
Ni 221.648 0,36 1,08 3,61
Pb 220.353 1,54 4,62 15,39
Pb 217.000 4,64 13,92 46,39
Sb 206.836 1,93 5,78 19,28
Sb 217.582 1,69 5,07 16,91
Se 196.026 4,09 12,28 40,93
Se 203.985 6,57 19,71 65,71
Si 251.611 151 4,54 15,14
Si 212412 1,54 4,63 15,42
Ti 334.940 0,06 0,18 0,59
Ti 336.121 0,04 0,13 0,42
Tl 190.801 1,89 5,66 18,88
Tl 276.787 4,36 13,08 43,58
V 290.880 0,36 1,07 3,58
V 310.230 4,07 12,22 40,72
Zn 206.200 1,19 3,58 11,92
Zn 213.857 1,14 341 11,36




APPENDIX 6

QUALITY GUIDELINES FOR METALS

Appendix 6.1 ERL, ERM and Overall Apparent Effects Thresholds values for sediment

Metals Effect range low Effect range median Overall Apparent Effects
ER-L (ppm) ER-M (ppm) Thresholds
As 33 85 50
Cd 5 9 5
Cr 80 145 No
Cu 70 390 300
Pb 35 110 300
Zn 120 270 260
Ni 30 50 NSD
Appendix 6.2 Provincia sediment quality guidelines for metals and nutrients
Metals Lowest Effect level ERL Severe Effect level ERM
(ng/g DW) (ng/g DW)
As 6 33
Cd 0.6 10
Cr 26 110
Cu 16 110
Pb 31 250
Zn 120 820
Ni 16 75
Appendix 6.3 New York Sediment Criteriafor metals
Metals Lowest Effect Level Severe Effect Level
rg/g (ppm) rg/g (ppm)
As 6.0 (P) 33.0(P)
Cd 0.6 (P) 9.0(L)
Cr 26.0 (P) 110.0 (P)
Cu 16.0 (P) 110.0 (P)
Zn 120.0 (P) 270.0 (L)
Pb 31.0 (P) 110.0 (L)
Ni 16.0 (P) 50.0 (L)
Appendix 6.4 Sediment bioaccumulation screening level values (SLVS)
Metal CASRN SLV(mg/kg DW) | References Reference dose
(mg/kg.day)
1| As 7440-38-2 7 WDOE, 1994 0.0003
2| Cd 7440-43-9 1 WDOE, 1994 0.001




3| Pb 7439-92-1 17 WDOE, 1994 (d)
4| Hg 7439-97-6 0.07 BCE 1999 0.00001
Maximum permissible levels MPL
Appendix 6.5 Criteria of the limit MPL
Institutions Criteria As Cd Cr Cu Pb Zn
International standard
WHO, 1982 5 2 10 5 100
FDA, 2001 86 0.2 13 100 1.5 150
MFR, 1985 1 30 2 100
FAO 0.5 13 60 5 40
DEQ, 2007 7 1 17
National standards
USA 86 4 11 1.7
MFA Malaysian Food Act 100
CAC standard 1 1
1 0.1 0.5

Australia standard 15 55
Canada standard 3.5
Hongkong standard 10 2 6

Appendix 6.6 Toxicity reference values (TRVs) for mammal (mg/kg/day)

Metal Individual (mg/kg/day) Population (mg/kg/day)
As 1.04 5.2
Cd 0.77 3.85
Pb 4.7 23.5

(USEPA, 2006)

ATLSs:. Accetble tissue level for chemical in fish, shell fish and other aguatic organism

(mg/kg wet weigh)

Appendix 6.7 Acceptable Tissue Levels (ATLSs) for chemicalsin Fish/Shellfish

consumed by wildlife and humans

Metal Carcinogens (mg/kg Wet wt) Non-carcinogens (gikg Wet wt)
Generad Subsistance Generd Subsistance

As 0.0062 0.00075 1.2 0.15

Cd NA NA 4.0 0.49

Pb NA Na 0.5 0.5




Appendix 6.8 Critcal tissue level for chemical in fish, shell fish and other aguatic

organism
Fresh water Marine
Metal | Recomended National CTL National CTL
BCF (I/kg) recomended | (mg/kg) | recomended (mg/kg)
WQC (ug/l) WQC (ug/l)
As 44 150 6,6 3,6 1,6
Cd 64 0,25 0,15 8,8 0,15
Pb 49 25 0,12 8,1 0,40
Hg 7,342 0,012 0,088 0,025 0,18

Note: hardness = 100mg/|

National Recommended Water Quality Criteria (WQC) (USEPA, 2004).




RESULT OF ANALYSIS

APPENDIX 7

Appendix 7.1 Particle size of collected sediment samples during 2012-2013

Tan Dao Mar2012 Sep2012 Mar2013 Sep2013
2-1mm % 6,79 0,54 5,50 0,71
1-0.5mm % 22,55 0.46 16,42 0,66
0.5-0.25mm % 46,20 1,24 30,40 1,74
0.25-0.125mm % 11,39 4,12 22,94 10,79
0.125-0.1mm % 2,32 67,65 3,76 49,07
0.1-0.0625mm % 8,18 26,38 7,50 24,92
0.0625-0.0039mm % 2,54 1,00 11,52 10,96
<0.0039mm 0 0,00 2,00 1,22
10,72 27,38 21,02 37,1
89,28 73,55 79,02 62,97
Ngoc Diem Mar2012 Sep2012 Mar2013 Sep2013
2-1mm % 9,52 10,34 8,52 9,71
1-0.5mm % 21,58 11,83 11,58 9,42
0.5-0.25mm % 36,52 36,79 22,12 17,78
0.25-0.125mm % 15,95 27,33 21,98 26,77
0.125-0.1mm % 3,26 3.9 12,04 15,04
0.1-0.0625mm % 2,32 2,13 4,86 13,13
0.0625-0.0039mm % 10,28 7,65 14,6 4,02
<0.0039mm 0 0 4,3 4,17
12,6 9,78 23,76 21,32
86,83 90,19 76,24 78,72
Binh Tan Mar2012 Sep2012 Mar2013 Sep2013
2-1mm % 16,05 9,34 10,05 5,15
1-0.5mm % 16,10 12,14 7,12 8,57
0.5-0.25mm % 11,70 12,38 7,56 14,98
0.25-0.125mm % 8,07 8,54 15,45 29,7
0.125-0.1mm % 5,68 32,88 22,22 28,32
0.1-0.0625mm % 29,65 24,96 14,8 10,1
0.0625-0.0039mm % 12,64 0 22,86 3,02
<0.0039mm 0,00 0 0 0,16
42,29 24,96 37,66 13,28
57,61 75,28 62,40 86,72
Cam Lam Mar2012 Sep2012 Mar2013 Sep2013
2-1mm % 6,80 0,54 5,50 0,71
1-0.5mm % 22,56 0.46 16,42 0,66




0.5-0.25mm % 46,20 1,24 30,40 1,74
0.25-0.125mm % 11,39 4,12 22,94 10,79
0.125-0.1mm % 2,33 67,65 3,76 49,07
0.1-0.0625mm % 8,18 26,38 7,50 24,92
0.0625-0.0039mm % 2,54 1,00 11,52 10,96
<0.0039mm % 0,00 0,00 2,00 1,22
10,72 27,38 21,02 37,10
89,28 73,55 79,02 62,97
Appendix 7.2 Heavy metals contentsin collected sediment samples during 2012-2013
Tan Dao Mar2012 Sep2012 Mar2013 Sep2013

As 15,30 4,65 13,09 4,61

Cd 0,54 2,07 1,15 0,06

Cr 63,15 13,49 6,83 4,97

Cu 14,46 7,36 2,95 3,97

Zn 71,43 50,66 36,93 <LQ

Fe 2536,64 1490,46 8550,79 >LQ

Al 2367,77 2134,98 4198,46 ND

Ngoc Diem

As 13,78 5,71 4,39 15,65

Cd 1,59 1,93 0,94 0,57
Cr 34,97 41,96 21,81 11,34
Cu 28,48 28,70 15,31 56,57

Zn 70,62 99,90 81,51 <LQ

Fe 2844,86 3031,49 2178,29 >LQ

Al 1326,90 7459,74 2323,22 ND

Binh Tan

As 19,61 14,10 2,09 10,46

Cd 0,77 1,72 2,20 0,00

Cr 21,07 23,14 23,43 5,37

Cu 22,41 53,94 43,24 9,52

Zn 53,86 112,31 90,94 <LQ

Fe 1329,17 1592,62 2243,08 >LQ

Al 8620,48 3618,47 5650,40 ND

Cam Hal Tay

As 6,26 9,09 0,15 10,21

Cd 0,45 1,69 2,41 0,46
Cr 10,94 7,73 10,84 15,40
Cu 11,03 8,00 11,34 52,35

Zn 40,99 59,76 49,30 <LQ

Fe 1176,95 1011,62 1450,50 >LQ

Al 7870,52 2008,27 3651,24 ND




Appendix 7.3 Bioparametrics of mollusks collected in September 2012

Katelysia hiantina TD ND BT CL
Long (mm) 4,10 4,33 3,84 3,81
Wide (mm) 3,31 3,57 2,88 3,08
Weight total fresh (gr) 12,05 16,63 10,68 11,49
Weight tissue dry (gr) 0,52 0,84 0,53 1,39
Weight shell dry (gr) 7,56 13,12 7,94 6,38
Weight total dry (gr) 8,08 13,96 8,47 7,77
Glauconoma virens ND BT CL
Long (mm) 5,03 5,07 5,18
Wide (mm) 2,78 2,61 2,88
Weight total fresh (gr) 18,41 13,74 9,03
Weight tissue dry (gr) 5,48 0,81 1,22
Weight shell dry (gr) 9,85 4,19 4,33
Weight total dry (gr) 15,32 5,00 5,54
Laternula Anatina

Long (mm) 4,80 5,35
Wide (mm) 2,50 2,60
Weight total fresh (gr) 8,27 16,80
Weight tissue dry (gr) 3,40 2,17
Weight shell dry (gr) 3,20 477
Weight total dry (gr) 6,60 6,94
Lingula Unguis TD BT

Long (mm) 2,97 3,34

Wide (mm) 1,54 1,60

Weight total fresh (gr) 4,34 5,09

Weight tissue dry (gr) 0,29 0,30

Weight shell dry (gr) 0,77 1,29

Weight total dry (gr) 1,06 1,59

Geloina Coaxans TD ND

Long (mm) 4,95 5,18

Wide (mm) 3,98 4,67

Weight total fresh (gr) 19,22 20,37

Weight tissue dry (gr) 0,74 3,04

Weight shell dry (gr) 10,52 10,02

Weight total dry (gr) 11,26 13,07

Crassostrea rivularis TD

Long (mm) 5,88

Wide (mm) 4,12

Weight total fresh (gr) 15,72

Weight tissue dry (gr) 0,85

Weight shell dry (gr) 8,16

Weight total dry (gr) 9,01

Anatina antiquata

Long (mm) 4,20

Wide (mm) 2,92




Weight total fresh (gr) 13,24
Weight tissue dry (gr) 1,33
Weight shell dry (gr) 8,55
Weight total dry (gr) 9,88

Tapes literatus ND
Long (mm) 7,01
Wide (mm) 3,69
Weight total fresh (gr) 17,36
Weight tissue dry (gr) 2,52
Weight shell dry (gr) 9,67
Weight total dry (gr) 12,19
Solensregularis CL
Long (mm) 5,44
Wide (mm) 1,01
Weight total fresh (gr) 5,61
Weight tissue dry (gr) 0,54
Weight shell dry (gr) 1,44
Weight total dry (gr) 1,98
Appendix 7.4 Bioparametrics of mollusks collected in March 2013
Katelysia hiantina TD ND BT CL
Long (mm) 4,18 3,61 3,48 3,43
Wide (mm) 3,54 3,11 2,76 2,61
Weight total fresh (gr) 12,89 13,12 15,91 10,30
Weight tissue dry (gr) 0,40 0,37 0,39 0,30
Weight shell dry 5,60 10,12 0,23 6,30
Weight total dry (gr) 6,00 10,49 5,68 6,60
Condition index (ClI) 27,18 32,98 40,51 33,57
Glauconoma virens TD ND BT CL
Long (mm) 4,04 4,60
Wide (mm) 2,24 2,51
Weight total fresh (gr) 7,95 7,58
Weight tissue dry (gr) 0,72 0,52
Weight shell dry (gr) 3,95 3,50
Weight total dry (gr) 4,67 4,02
Condition index (CI) 79,56 44,94
Laternula Anatina TD ND BT CL
Long (mm) 5,10 6,10
Wide (mm) 2,55 2,90
Weight total fresh (gr) 5,81 9,62
Weight tissue dry (gr) 1,02 0,69
Weight shell dry 2,21 4,60
Weight total dry (gr) 3,23 5,29
Lingula Unguis TD ND BT CL
Long (mm) 3,70 2,73
Wide (mm) 1,58 1,46
Weight total fresh (gr) 3,86 4,34




Weight tissue dry (gr) 0,11 0,06
Weight shell dry 1,30 0,34
Weight total dry (gr) 1,41 0,40
Geloina Coaxans TD ND BT CL
Long (mm) 5,20 5,31

Wide (mm) 4,60 4,73

Weight total fresh (gr) 19,87 21,20

Weight tissue dry (gr) 0,17 0,69

Weight shell dry 15,87 18,20

Weight total dry (gr) 16,04 18,89

Crassostrea rivularis TD ND BT CL
Long (mm) 4,35 5,89

Wide (mm) 3,21 4,48

Weight total fresh (gr) 18,15 26,86

Weight tissue dry (gr) 1,02 0,57

Weight shell dry 13,10 23,86

Weight total dry (gr) 14,12 24,43

Anatina antiquate TD ND BT CL
Long (mm) 3,71 3,34
Wide (mm) 2,52 2,21
Weight total fresh (gr) 13,45 10,67
Weight tissue dry (gr) 0,13 0,20
Weight shell dry 9,45 5,67
Weight total dry (gr) 9,58 5,87
Tapes literatus TD ND BT CL
Long (mm) 3,21

Wide (mm) 3,99

Weight total fresh (gr) 7,73

Weight tissue dry (gr) 0,26

Weight shell dry 4,73

Weight total dry (gr) 4,99

Solensregularis TD ND BT CL
Long (mm) 3,82 6,69
Wide (mm) 0,69 1,06
Weight total fresh (gr) 2,52 6,56
Weight tissue dry (gr) 0,25 0,67
Weight shell dry 0,55 2,56
Weight total dry (gr) 0,80 3,23
Pernaviridis TD ND BT CL
Long (mm) 3,90

Wide (mm) 2,00

Weight total fresh (gr) 5,55

Weight tissue dry (gr) 0,19

Weight shell dry 2,55

Weight total dry (gr) 2,74

Bufonaria rana TD ND BT CL
Long (mm) 6,13




Wide (mm) 2,70

Weight total fresh (gr) 17,56
Weight tissue dry (gr) 0,30
Weight shell dry 14,56

Weight total dry (gr) 14,86




