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ABSTRACT

Bioavailahility of Ph, Cu, Cd, Ni, Zn and Al in the soft tissues of indicator
mussels Mytilus galloprovincialis, ssmpled at the southern Dardanelles
coastal area, has been investigated. Comparison of the results with the
food codex values reveal threshold levels for lead, copper and cadmium,
sometimes over passing the healthy consumption limits. From the
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multivariate statistical analysis of data it is found that metal content in
these mussels are correlated (p<0.05) directly to the polluting source
distances such as mining and other industrial discharges in the order of

Pb>Cd>Cu. © 2010 Trade Sciencelnc. - INDIA

INTRODUCTION

All minor and traced ementswhich are susceptible
to befound in theworld ocean areintroduced into the
aquatic environment, either naturally or by industrial
activitied™. Due to their very specid filtration and
€limination mechanisms mussel shave been recognised
as biological indicators of the environmental metal
contamination since decades'?. Also due to their
sampling and stocking adequacy, without loss of the
element content, they are still being used as bio-
indicators of metal contamination in sea and fresh
watert*3812, Asaresult of the seasondl, ecologica and
anthropogenic pressures, mussel Ssometimes may even
change physiologically for adaptation to thistype of
pollution. Since bioavail ability of these substancesin
thefood web isapossiblerisk for human health, itis
important to asses accurately their levelsin the bio-
indicator organismsg*4. Themost commonly studied

metalsare Pb, Cd and Cu, known to lead toillnesses
when over accumulated in human body because of their
toxic and synergic effects. For example, thea lowable
background lead concentration in seawater should not
exceed 1.27ug. I if themussd isnot toreach thehuman
food consumption*®, The study area consisted of the
southern coastd lineof the Strait of Dardandlles, Stuated
between the Marmaraand Aegean basinsin western
Anatolia. Thisareatogether with Bosphorus congtitutes
theheavily charged Turkish Strait System, servingasa
biological corridor for the passage of different species
of fishtotheadjacent seas. In additionto pollutionand
oil spills from the intensive ship transport, other
anthropogenic industrial and municipdity discharges
contributeto thedispersion of pollutioninatwo-layered
strait syssem®1. The surface current can be considered
respong blefor trangporting pollution downstream from
the Black Seathrough both sides of the Aegean Sea,
andfinally tothe Mediterranean Sea.
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Thus, aim of thiswork wasto distinguish metal
pollution viathe determination of the metal content
accumulated in sessile organisms such as mussels.
Mussd sarechosenfor metd andysisrather thanwater,
sincethey arenot affected by the strong currentsinthe
strait system. Researchwork for metal determinations
in sea food exists for the adjacent sead®'” and the
eastern Black Seacoast’?, but not for thisareain the
Dardandlles.

The Mediterranean blue mussel Mytilus
galloprovincialis, a commonly consumed bivalve
species, isused for monitoring Po, Cd, Cu, Zn, Al and
Ni.

EXPERIMENTAL

Sampling

Mussels were collected from the southern
Dardandllescoastal line (Figure 1). Besidesthe heavy
load present inthedtraits, the areaispolluted by severd
industries. Sampling areawas sdlected in suchaway to
cover an impact zone of about 65 kilometresfrom a
principally polluting Pb, Zn extraction mine (indicated
asMINE). Station numbering started as 1, at the closest
discharge point and continued downstream towardsthe
city of Canakkae, whichisadditionaly polluted by other
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Figurel: Dardanelle’s map indicating sampling stations (1-
10) and their respectivedistancesfromthelead mine
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local industriesdepositing their wastesdirectly into the
sea. At Station 10, located at the Gallipoli Peninsula,
musselsarecultivated in cagesfor local consumption
and exportation. In the sampling strategy these points
together with their respective distancesfromthe mine
weretaken into account. Further, end of summer was
chosen asthemoreappropriate sampling seasonin order
to account summer recruitment of molluscs, providing
sufficient soft tissue with other adequate
characterigticd®™. Mussd swerepicked directly by hand
when theseawasat thelowest level containersfilled
with seawater and brought to thelaboratory. They were
kept divefor 48 hoursinther origina seawater, inorder
to diminategutsfrom thedigestivesystem. Then, soft
tissuesof at least 10 mussdls, picked from each tation,
weredissected and stored in the deep freezer at —20°C
until andyss.
Digestion

About 5 gram of defrosted sample from each
station was put in a25ml tube with a5:1 mixture of

nitricacid and peroxide. All samplesafter digestionina
microwave oven werefiltered through 125um paper.

| CP-AESdeter minations

Thel CPmulti-element standard sol utions (Merck
VI, 100mg ™) were used for the preparation of three
different metal concentration solutions(0.1, 1and 10mg
I'*) for thecalibration of thel CP-AESingtrument (Model
typeVarian, Liberty AX sequential). After that the Pb,
Cd, Cu, Zn, Al and Ni concentrationswere determined
by atomic absorption spectroscopy. Data were
processed and andysed statistically by themultivariate
principa component method PCA® in order to
establish correlations between the element content in
themussel soft tissueand the distanceto the polluting
SOurces.
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Figure2: Two principal component projections(PCA) for
metal concentrationsasafunction of disancefrom polluting
point sour ces
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TABLE 1: Heavy metal levelsin mussel soft tissuesat the
Dardanellescoastal zone. “Distance” indicates the distance
of thesampling stationsfromthe M INE

Station Distance Al Cd Cu Ni Pb Zn
km  (+0.001) (+0.005) (+0.001) (+0.003) (+0.006) (+0.003)

18.84 52168 3.234 1207 0.630 82515 28.331
4957 59.785 1353 1268 0.338 7.534 9.626

49.62 59311 3442 1293 0662 15133 10.174
60.72 62276 1925 2547 0211 29.346 18.631
62,60 59.656 0.176 1294 0304 059 8978

62.87 60.021 3754 2412 0467 16.097 34.122
6357 57989 0511 1282 0.604 8.042 19.429
6391 64884 2241 2752 0750 8.003 32.382
6445 62504 0124 2729 1234 14727 15.755
3789 59884 5796 1376 0162 2159 14.286

Satistical analysis

Statgraph!*® wasused for themultivariate stetistica
analysisof metal concentration levelsasafunction of
distance from polluting point sources. In order to
discriminate between the maost important components
of datathewd | known principa component (PCA) and
factor andyssmethodswereefficdent. A further dustering
analysis regrouped stations with similarities for
compari SoN PUrposes.
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RESULTSAND DISCUSSION

Metal levels

Metal concentrationsin soft tissues, expressedin
ugg* arepresented per stationin TABLE 1. Wenotice
that at Station 1 1ocated 18 kmfromtheMiningindustry,
the lead content in mussels was extremely high and
decreasesgradudly with thedistancefromthepolluting
source. Similarly, we observethat, concentrations of
Cd aremostly higher than the acceptable codex*? value
of luggatdl stationsexcept 5, 7and 9. Onthe other
hand, Cuis3timeshigher at thedownstream stations
4-9, than the upstream ones (1-3). The other metals
present a similar behaviour but they are below the
acceptable consumption limits. On the other hand,
concentration level of Ni at Station 9 (1.2ugg?), is
very closeto theupper limit of 1.4ugg?. Notethat this
vaueislower thanthe measured water values™ at the
creek mouth (Station 2), about 10 km downstream.

Theabovemeta concentrations can be compared
with respect to the Food Codex law of TFC!*¥ and the
CE standardg®. We observethat dueto the presence
of sometoxic el ement concentrationsinthemusse soft
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TABLE 2: Factor scoresfor each row of concentrations of
the 10 sampling stations ordered with their respective
distancesfrom thelead mine(column 1)

Station Factor 1 Factor2 Factor 3
1 -7.143 1.953 -2.258
2 0.324 -1.031 -3.759
3 -0.004 -1.480 -0.563
4 -1.283 -1.902 -0.255
5 1.575 1.037 -0.029
6 0.405 -3.506 0.991
7 0.632 2.700 -0.151
8 -0.476 -2.715 1.569
9 2.635 3.564 1573
10 3.335 1.379 2.883

tissues, such as Ph, Cd, Cu they cannot aways be
considered asedible. Wenoticeespecidly that a Station
1, located at 18 km distance from the lead and zinc
Mining, the Pb content of mussd spicked at the closest
discharge point was 80ug. g*. It isevident that this
valueismuch greater than the alowable food codex
value of 1.5ug.g*. Even at the presence of strong
currents (averaging around 2m/sec), at the first
downstream stations (1 to 3) Pb values till exceeded
theallowablelimit. Notethat at the cross station 10
Situated at the opposite side of the Dardanelles Strait,
lead concentrationswere b ow thecritical limit.
Congdering our sampling method and concentretion
determinations as non-biased, we proceeded to
statistical analysis of the data in order to establish
correlaions between metal concentrationsin mussels
and therespectivedistanceof thesampling sationsfrom
the pollution source. From themultivariate statistical
andyds, badcdly, two principa componentswerefound
toexplainthevariance-covariance structure of our data.
Thegraphica visudisaioninfigure2 showsthat amongst
the most important components (Pb, Cd) aninverse
correlation with the contamination distanceexists. The
second component explainsanon-point, industrialy
polluted zone (Cu, Ni, Al) by the Saricay Creek (Station
2) dischargesto the Strait. To alesser extent athird
component could beresponsiblefor theZn pollution.
Factor |oadingswith estimated commundities, for
threefactors, had eigenval ues greater than or equal to
one and accounted for 78% variability of theorigina
element data. Findly, employing the clustering method,
thefinal distance metric was obtai ned for the nearest
agglomeration distanceas 20 kmfor Pb contamination.
Thelatter correspondsto Station 1, showing the highest
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score of contamination level, amongst the sampling
sationsinTABLE 2.

Equati on estimating the common factors between
the standardi sed concentrationsand common factors
wasobtained for thefirst rotated factor by thefollowing
equation:
0.928xAl -0.107xCd +0.027xNi-0.812xPb-0.168xzn (1)

Ineq. (1) direct correlationwith distanceisindicated
by apositivesign, aninverse one by anegative sign.
Findly, resultswerefitted to linear modd sby regresson
anaysis, (ANOVA ) in order to describeasignificant
rel ationship between Pb and distance, explaining49 %
of variability, Cuwith 31 % (p = 0.05), and Cd 3.6 %
(p=0.10).

CONCLUSIONS

Thiswork showed that metal availability in the
Mediterranean mussel Mytilus galloprovincialis,
originating fromthesouthern Dardanelles coastal zone,
ismostly affected by industria discharges. For thefirst
timeitisreported that certain e ement content in the
soft tissues of musselsmeasured inthesummer of 2005
havevery high values, with animportancein the order
of Pb>Cd>Cu. Frommultivariate satistical analysis, it
isfoundthat adirect correlation (p<0.05) existsbetween
these toxic element concentrations in Mytilus
galloprovincialis, and thedistancefrom pol lution source
(covering 20-60km along the south-western coastal
areaof the Dardanelles). Thus, our resultsclassify this
most commonly consumed bivalve speciesinthearea
sometimesasunsafe, accordingtofoodregulaions. This
result might have been underestimated in some ol der
reports employing thetraditional hot plate digestion,
whereacond derableamount islost dueto evaporation.
Therefore, we concludethat apotentia risk of seafood
intoxication exigtsif these bivalvesareconsumedfor a
certain time. We also suggest that similar unbiased
analysis can be applied to monitoring seasonal meta
content, indl bioindicators.
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