VERSIT DOI: 10.2478/eces-2013-0011 ECOL CHEM ENG S. 2P0@;):141-149

Efstratios KELEPERTZIS

HEAVY METALS BASELINE CONCENTRATIONS
IN SOFT TISSUES OFPatella sp.
FROM THE STRATONI COASTAL ENVIRONMENT, NE GREECE

BAZOWY POZIOM ZANIECZYSZCZE N METALAMI CI EZKIMI
W TKANKACH MI EKKICH Patella sp. WYSTEPUJACYCH
W PRZYBRZE ZNYCH OBSZARACH STRATONI, GRECJA

Abstract: Species of the limpePatella sp. were collected from a typical control coasitéé (Artemida) and
a metal contaminated marine environment (Strataitiyated in Greece. The soft tissues were analforetheir
heavy metal (Pb, Zn, Mn, Cu, Ni, Cr) content byrfeaatomic absorption spectroscopy. High Pb, Zn @ad
concentrations were determined in limpet sample®mfr Stratoni, which can be attributed
to geological-mineralogical factors due to the matineavy metal elevated substrate of the broadeenalized
area. In contrast, concentrations of Mn, Ni andirfCboth areas are comparable to those reporteatfear
non-polluted geographical regions of the Mediteeemarea. Considering the refurbishment of the@trgort
that will accompany the new large scale mining apens, these results provide a preliminary basefiretal
level in these organisms, by which future localrdes could be assessed. It is suggested that dugespof
Pattella sp. are appropriate to be used for biomonitoreggarch and should be included in routine monigorin
programs regarding the Stratoni marine ecosystemhér studies of metal levels in limpetsRatella sp. from
the Stratoni area including the investigation @ tfossible effects of seasonal changes on metakntmations
and distribution are required.

Keywords: heavy metals, limpets, marine environmé&tella sp, baseline, Stratoni

Introduction

During the last decades, the state of marine emwiemt, in terms of environmental
contamination, has become a matter of growing matigwnal concern. Heavy metals in
coastal areas can originate either from naturalcgsy as in the case of feeder river rich in
trace elements, nor from anthropogenic sourced) agcdischarges from industries and
naval activities. These chemical constituents asemtial elements required to support
biological activities, but they can also becomeidaw living organisms when subject to
high concentrations.
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It is now well accepted that the bioavailabilitie heavy metals in the marine
environment,ie the biologically available levels of contaminanmtsthe ecosystem, can
better be evaluated with the use of specific oggagj hamed as biomonitois]. These
organisms should fulfill several criteria that halveen summarized by Phillig2] and
Rainbow [1]. Gastropod molluscs are commonly usediaindicators because of their
ability to take up metals from the dissolved phasd through ingestion from inorganic
particulate material, presenting concentrationsictamably higher than in other constituents
of the marine environment. In particular, the limpatella sp. is among the commonest
inhabitants of rocky shores in Greek coasts, withvel known capacity to accumulate
metals, mainly in their soft tissues [3-7], butcais their shells [8]. Furthermore, these
herbivorous gastropods are sedentary, availablgealt long, easy to collect, resistant to
transportation and conservation to a laboratorylentheir size can provide abundant tissue
available for analysis. They also represent a pisteroute of entrance of contaminants into
the highest trophic levels, since they are larpaiywested by humans.

In general, when examining heavy metal bioaccurimriata contaminated marine
environment is designated and compared with a cleawntrol monitoring site. In the
present study, the accumulation of potentially ¢axietals (Pb, Zn, Mn, Cu, Ni, Cr) in the
soft tissues oPatella sp., collected from two contrasting coastal envinents of Greece
(Fig. 1), was evaluated. Artemida site (South Ev@mlf) is situated near the capital of
Greece, Athens, and therefore it is not complaiaiontaminated. However, it is lacking of
any industrial operations and is quite far awaynftbhe Rafina Port, so it can be considered
virtually uninfluenced by hardly anthropogenic sities. On the other hand, the coastal
area of Stratoni (lerissos Gulf, NE Greece), lodadé the north east part of Chalkidiki
peninsula is subject to potential high metal loa@ do the historical exploitation of the
adjacent Pb-Zn (xAg) sulphide deposits. The scedalCassandra mines started to be
exploited around 600 BC and continue in productiotiay, producing galena (PbS) and
sphalerite (ZnS) concentrates. The ongoing mineeldpment plans include the
exploitation of the Skouries porphyry copper-gokpdsit, located some 35 km by road
west of Stratoni village. According to the planstieé owner company [9], the existing port
storage facilities at Stratoni will be extendegtovide a new capacity covered shed for the
Cu-Au concentrates. In addition, a new loading lewspgnd feeder will be provided while
the present transfer conveyor and the ship loami@reyor will be refurbished.

In the recent past and up to 1983, the mine tailwgre dispersed directly into the
nearshore marine environment in the vicinity ofagini. As a result, surface sediment
samples from the area near the load-out facilitthef mining operations were found to be
polluted by Pb, Zn and Cu [10]. Geochemical pamitig studies of sediments [11]
demonstrated that Pb, Zn and Mn are associatedtiétheducible fraction that consists of
Fe and Mn oxides, while Cu, Ni and Cr are mainlyrmb to the crystal structure of
insoluble mineral particles. The latter author agwibuted the elevated levels of Pb, Zn
and Cu in the studied sediments to the past maintaining activities. Nevertheless, there
is no study up to now that examines the fate ofaheve potentially harmful elements in
this heavy metal contaminated marine system. ilt ihis context that the present study is
presented; the main objective is to determine kel of Pb, Zn, Mn, Cu, Ni and Cr in the
soft parts of individuals of the common limpeéatella sp., collected from the Stratoni
coastal environment, and compare their concentstigith data from a typical control
marine population in Greece (Artemida) and othestal environments in order to evaluate
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the relative significance of contamination. Consitg the scheduled new mining
operations in the region and the refurbishmenhefStratoni port, such a survey will allow
to establish a preliminary metal baseline levehiese organisms that can be used in future
comparisons.
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Fig. 1. Map of Greece showing the sampling sites
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Materials and methods

Sampling procedure and chemical analyses

Specimens of limpet were collected along the Sticdod Artemida coastline (Fig. 1)
during July 2009. The organisms were removed frbendubstratum with a plastic knife,
washed with clean seawater, placed in clean plbats, transferred to the laboratory under
cooling conditions and then frozen until analy3ise limpets were handpicked from the top
surfaces of the terraces, always at the same deytidistance from the shoreline, so that
limpets have experienced similar periods of emarsiod immersion. Special attention was
paid to select individuals of quite similar dimemss, since it has been shown that the
accumulation of heavy metals in limpets is depehdarbody size [5, 12], meaning that the
largest individuals contain higher levels of metéisnce, all the animals were collected at
shell length of 35 + 5 mm.

A total of 42 individuals from each sampling sitere processed. The soft tissues were
separated from the shells with a plastic knifeedrito constant weight at 80°C and
homogenized. Afterwards, they were classified s#wen groups, 6 samples each, and then
0.3 g aliquot of dry tissue of these 6 subsampiesifeach group was digested with
a mixture of concentrated HN®I,0, (6 + 1 cri) in a microwave digester. The completely
digested samples were allowed cool to room tempezafiltered and diluted to 25 ém
with deionized water. Concentrations of Pb, Zn, K&, Ni and Cr in the aqueous solutions
were measured by air/acetylefiame atomic absorption spectroscopy (Perkin Elmer
1100B) with dublicate determination of each sangil¢he Laboratories of Department of
Geology and Geoenvironment, University of AthenkeTinstrument was calibrated with
metal standard solutions prepared by dilution froshock standard solutions
of 1000 mg/dm The resulting concentrations are expressed ifkgnoi dry weight basis.

A number of analytical blanks were run in the samag as the samples. Detection limits
were calculated on the basis of determination efaflanks as 3 times the standard deviation
of the blank measurements. These values [mg/kd dene: 3.3 for Pb, 1.7 for Cu, Mn and
Ni and 2.5 for Cr and Zn.

Statistical analyses

Mean metal concentrations were calculated togettidr standard deviations; the
standard deviations refer to the variability withdifferent replicates. Variation in metal
concentrations was tested by using non-parametdtistical methods. In particular,
the Mann-Whitney U test was conducted to test tprificance of the differences in the
metal content between the two sampling sites. €tael lof significance was set at p < 0.01.
All statistical calculations were performed withrtab 15.1 for Windows.

Results and discussion

The mean concentrations of six metals examineéaballa sp. collected in this study
are tabulated in Table 1. It can be stated thatatiea of Stratoni is subjected to more
intense heavy metal loading than Artemida. The ésgtevels of Pb, Zn, Mn and Cu are
observed in organisms from Stratoni marine enviremmdecreasing according to the
sequence of Zn > Pb > Mn, Cu. On the contrary,lamili and Cr concentrations were
determined in the tissue of limpets from the twessbf investigation.
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Table 1
Mean + standard deviation values [mg/kg d.m.] afhyemetal concentrations in the soft tissueRaiélla sp.
from Stratoni and Artemida coastal areas

Heavy metal Artemida Stratoni
Pb 8+5 96 £ 19
n 48 + 4 196 + 31
Mn 10+5 36 +17
Cu 6+1 28+4
Ni 9+3 9+4
Cr 7+3 8+3

The Mann-Whitney test detected significant differes among the two sites. The
results of comparison are shown in Table 2. Thalteslemonstrated that Pb, Zn, Mn and
Cu values of limpets from Stratoni were signifidgritigher @ < 0.01) than those from
Artemida. However, it should be stated that Mn emni@tion in limpets from Stratoni has
a very high standard deviation compared with theeotchemical elements (Table 1),
meaning that the values fluctuated too much. Naitgnt difference was observed
between the concentrations of Ni and Cr in sofiués ofPatella sp. from Stratoni and the
other site of comparison.

Table 2
Comparison between the mean metal content of lignjpetn Stratoni with those sampled at Artemida
Site compared Pb Zn Mn Cu Ni Cr
Al’temlda *% *% *% ** — —

- indicates no difference between mean metal contesignificantly higher app < 0.01

Comparison of metal concentrations with correspogdialues measured in species of
Patella sp. from various geographical sites, includingadfitom clean areas that can be
considered as background levels, is shown in TabBuch a comparison will additionally
provide more useful information on the contaminatitegree of Stratoni marine ecosystem.
From a general point of view, the concentration®lof Zn and Cu in limpets from Stratoni
are not comparable to those reported by other iigagers from clean coastal areas. In
particular, the magnitude of these metalsdPaiella sp. population from Stratoni can be
considered significantly higher in comparison witie published reference background
levels for unpolluted sites in the Mediterraneamadil3, 14]. The Mn concentrations from
Stratoni are quite similar to those obtained bys®Ratet al [13], from a typical unpolluted
area, located at Milos island (central Aegean Seaece). Nickel and chromium fall within
the lowest available data values in the literature.

The presence of high Pb, Zn and Cu concentratiorsnpet samples from Stratoni
should be attributed to geological-mineralogicaltdas, due to the natural enriched heavy
metal substrate of the broader mineralized regimother point of view is that the
significantly higher levels of Pb, Zn and Cu in cies from Stratoni may be directly related
to contamination of the marine environment dueht® past mining activities. Such results
are in accordance with the heavy metal contaminaifothe sediment samples in the same
area [10, 11], indicating that a substantial portad these metals is readily available to
limpets. It should be mentioned however that theakg mechanisms and assimilation of
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metals by limpets are largely dependent on theohlisd form of metals and the metal
portion accumulated in the algae on which theygfa5].

Table 3
Selected references of metal concentrations [mdy/kg.] of limpets from different geographical aréaman
values are presented)

Location Pb Zn Mn Cu Ni Cr Authors
Stratoni, lerissos Gulf 96 196 36 28 9 8 Preserndygt
Saronic Gulf, Greece,

including areas affected by Kontopoulos
naval and industrial 43-367 5.0-77.4 6.0-31.p 0.4-94
. et al [18]
operations, and a naturally
enriched heavy metal sitg
Central Aegean Sea, Milos Catsiki et al
island, Greece 31.9-56.511.3-32.1 7.6-12.0| 19.1-28.6 5.1-6.2 [13]
3 clean stations
Central Aegean Sea, Milos
island, Greece Catsiki et al
semienclosed gulf includin 432 23 7.9 16 52 [13]
the port
North Evoikos Gulf, Greecg, Kozanoglou
ferro-nickel smelting plant 40.2-71.9 5.7-12.6 5.0-32.7 and Katsiki

influence [19]
Canary Islands, Spain | 0.3-102 1.6-24.1 0.6-5.01 Berg[i‘;]a ety
Goury, La Hague, NW Miramand

France, slightly influence by 0.9-3.7 40-91 3.0-6.6| 0.6-2. 0.2-24and Bentley|
industrial activities [20]
Turkish eastern Ramelow
Mediterranean coastline,| 0.3-3.2 44-96 3.5-13.7 2.1-83]7 1.5-10.6 21]
sewage influence
. Shiber and
Ras Beirut, Lebanon 6.8-95/6 11.3-38.0.d-75.9 Shatila [16]
Gulf of Gaeta, Tyrrhenian| 87.4- Conti and
Seaentral Iltaly, small sca| 0.5-1.5 ' 10.2-19.2 0.7-1.0 | Cecchetti
’ o 117.1
anthropogenic activities [12]
Favignana Island (Silicy, Campanelia
Italy), stations not affected 0.14-0.27| 3.5-5.8 1.21-2.3% 0.19-0.46
- et al [14]
by human activities
western coast of the Gulf pf 56.5- Hamed and
Suez, land based and navab.2-70.9 ; 24.9-76.3 1.6-12.2| 3.1-9.9| 2.3-80
S 1914 Emara [17]
activities
Iskenderun Bay, NE Tarkmen et
Mediterranean Sea, | 4.3-14.5| 23.1-46.6 1.4-4.3 1.6-4.0| 3.6-12.2 4.8-8.3 al [23]
contaminated
Cravo and
South coast of Portugal, 34 1 39863| 42153 2.9-11.8 Bebianno
estuarine contaminated site 172.0 23]

It is of interest to compare the Pb, Zn and Cu eatrations in limpet samples from
Stratoni with the maximum published concentratiftmsd in organisms at other locations.
Our mean Pb concentration was similar to the highakie determined in samples from
a coast from Lebanon [16], which was considerdaetaontaminated by a highway adjacent
to the coast and by industrial and domestic waS#ghtly lower than ours were the Pb
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values found in the Gulf of Suez, Red Sea [17], rehitbe land based and intense naval
activities are the main sources of metal pollutidigher Zn and Cu content was manifested
in species collected from some areas along Saf®uif; Greece, ascribed to industrial and
naval activities, but also to metal rich naturabstuate [18]. Zinc values were similar to
those determined in organisms collected from théf G Suez [17], whereas the Cu
concentrations were lower than those in the caast Lebanon [16]. Overall, the measured
Pb, Zn and Cu concentrations are among the higivestreported in species Bétella sp.,
highlighting the Stratoni area to be a contaminaedine site.

Conclusions

The refurbishment of the Stratoni port, as a resfulhe mine development plans of the
owner company, brings up the urgent need to prowsadul baseline data of metal content
in individuals ofPatella sp., by which future local changes could be asges&esults of the
present study demonstrated that heavy metal (Pb,CZi loadings in Stratoni marine
ecosystem are high in comparison with a typicaltmmarine site in Greece and other
non-polluted geographical regions of the Meditegamarea. As a result, it can be stated
that bioaccumulation is at similar high levels witkher contaminated marine systems.
Furthermore, the very high Pb content, a non-egdemttal in relation to Zn and Cu that
can produce toxic effects on biological systems,ofsgreat concern with regard to
environmental health. This research also denotast tthe geochemical conditions and
particularly the presence of a natural substrate in heavy metals, contributes to elevated
metal levels in the soft tissuesidtella sp, presenting a trace metal assemblage thatecan b
interpreted in terms of environmental exposurés Buggested that the speciesPaftella
sp. are appropriate to be used for biomonitorirsaech and should be included in routine
monitoring programs regarding the Stratoni maricesgstem. Further studies of metal
levels in species odfatella sp. from the Stratoni area, including the investan of the
possible effects of seasonal changes on metal ntatiens and distribution are required.

Acknowledgments

The author is thankful to Mr. Dionysios Karabetgmrshis considerable help during the
collection of limpets in Artemida area. Dr |. Misis gratefully acknowledged for his
invaluable assistance during the chemical analyses.

References

[1] Rainbow PS. Biomonitoring of heavy metal avhiliy in the marine environment. Mar Pollut Bull.
1995;31:183-102.

[2] Pnhillips DJH. The use of biological indicatorganisms to monitor trace element pollution in marand
estuarine environments - A review. Environ Poli877;13:281-317.

[3] Navrot J, Amiel AJ, Kronfeld J. Patella VulgatA biological monitor of coastal metal pollution -
a preliminary study. Environ Pollut. 1974;7:303-308

[4] Lobel PB, Mogie P, Wright DA, Wu BL. Metal accwlation in four molluscs. Mar Pollut Bull.
1982;13:170-174.

[5] Cubadda F, Conti ME, Campanella L. Size - def@en concentrations of trace metals in four Meditgean
gastropods. Chemosphere. 2001;45:561-569.

[6] Pérez-Lépez M, Alonso J, Névoa-Valifias MC, MalgWJ. Assessment of heavy metal marine limpet,
Patella vulgate L., from Northwest Spain. J Emwir&ci Health Part A: Environ Sci Eng.
2003;38:2845-2856.



14¢€

Efstratios Kelepertzis

(71
(8]

[9]
[10]

[11]

[12]
[13]
[14]

[15]

[16]
[17]

(18]

[19]

[20]

[21]

[22]

[23]

Storelli MM, Marcotrigiano G. Biondicator orgams: Heavy metal pollution evaluation in the longea
(Mediterranean Sea-Italy). Environ Monit Asses€%002:159-166.

Cravo A, Foster P, Bebianno MJ. Minor and tratements in the shell of Patella aspera (Rodir@81L7
Environ Int. 2002;28:295-302.

http://mww.egoldfields.com, last accessed ataber 2011.

Stamatis N, loannidou D, Christoforidis A, Koakis E. Sediment pollution by heavy metals in the
Strymonikos and lerissos Gulfs, North Aegean Seae€e. Environ Monit Assess. 2002;80:33-49.
Sakellariadou F. The partitioning of major anatce elements among the geochemical fractiossdifnents
from the lerissos gulf and the adjacent area. Bnolleof the Geological Society of Greece.
1991;XXV:113-125.

Conti ME, Cecchetti G. A biomonitoring studyace metals in algae and molluscs from Tyrrheci@astal
areas. Environ Res. 2003;93:99-112.

Catsiki VA, Papathanassiou E, Bei F. Heavyahévels in characteristic benthic flora and faumahe
central Aegean Sea. Mar Pollut Bull. 1991;22:566-56

Campanella L, Conti ME, Cubadda F, Sucapan@r@ce metals in seagrass, algae and molluscs drom
uncontaminated area in the Mediterranean. Enviaiut?2001;11:117-126.

Bergasa O, Ramirez R, Collado C, HernandemBil, Gelado-Cabarello MD, Rodriguez-Somozas M,
Haroun RJ. Study of metals concentration levelPatella piperata throughout the Canary IslandsinSpa
Environ Monit Assess. 2007;127:127-133.

Shiber JG, Shatila TA. Lead, cadmium, coppérkel and iron in limpets, mussels and snails ftbecoast

of Ras Beirut, Lebanon. Mar Environ Res. 1978;1:138.

Hamed MA, Emara AM. Marine molluscs as biontors for heavy metals in the Gulf of Suez, Red Sea.
J Mar Syst. 2006;60:220-234.

Kontopoulos G, Catsiki VA, Rigas F. Heavy metistribution in coastal areas of Saronic Gulfiwibe aid

of the biological indicators Patella sp. and Sipdram sp. Proc of the'8Int Conf on Environ Sci and
Technol. Lemnos island, Greece; 2003:493-500.

Kozanoglou C, Catsiki VA. Impact of products a ferronickel smelting plant to the marine beatlife.
Chemosphere. 1997;34:2673-2682.

Miramand P, Bentley D. Heavy metal concentnagiin two biological indicators (Patella vulgatalducus
serratus) collected near the French nuclear fuetooessing plant of La Hague. Sci Total Environ.
1992;111:35-149.

Ramelow GW. A study of heavy metals in limp@®sitella sp.) collected along a section of thelsastern
Turkish Mediterranean Coast. Mar Environ Res. 198243-253.

Turkmen M, Turkmen A, Akyurt |, Tepe Y. LimpeRatella caerulea Linnaeus, 1758 and BarnaclenBal
sp., as biomonitors of trace metal availabilitiedskenderun Bay, Northern East Mediterranean Sed. Bul
Environ Contamin Toxic. 2005;74:301-307.

Cravo A, Bebianno MJ. Bioaccumulation of metah the soft tissues of Patella aspera: Applicatio
of metal/shell weight indices. Estuar Coast Sheif 3005;65:571-586.



Heavy metal baseline concentrations in soft tissfi€atella sp. from the Stratoni ... 14¢

BAZOWY POZIOM ZANIECZYSZCZE N METALAMI CI EZKIMI
W TKANKACH MI EKKICH Patella sp. WYSTEPUJACYCH
W PRZYBRZE ZNYCH OBSZARACH STRATONI, GRECJA

Abstrakt: W celu oceny zanieczyszczenia metalamizkimi przybrzenych wéd morskich Grecji raczaki

z gatunku skatoczepoWwatella sp. zostaly zebrane na zanieczyszczonym obszStratdni) oraz w pohtu
typowego miejsca kontrolnego (Artemida). Metqtomieniowej atomowej spektroskopii absorpcyjneadano
stezenia metali gizkich (Pb, Zn, Mn, Cu, Ni i Cr) w tkankach gkkich. Wysokie s{zenia Pb, Zn i Cu oznaczono
w prébkach skaloczepéw ze Stratoni, cozmowynika ze skladu geologiczno-mineralogicznego pedto
W przeciwigistwie do tego, stenie Mn, Ni i Cr w prébkach zebranych na obu olsziarg poréwnywalne ze
stezeniami opisanymi dla niezanieczyszczonych regiorséddziemnomorskich. Zwawszy na remont portu
Stratoni, ktéremu dxla towarzyszyly prace gornicze, wyniki te stangwistepna ocere poziomu zanieczyszczenia
metalami tych organizméw, co udlivia ocere przysziych, lokalnych zmian. Przypuszczalnie, ghiwPattella
sp. & odpowiednie do wykorzystania w badaniach biomaimgowych i powinny zosta uwzgkdnione
w badaniach biomonitoringowych morskiego ekosyst&tratoni. Wymagane jest prowadzenie dalszych bada
zawartdci metali w skaloczepacPattella sp. z obszaru Stratoni oraz ocena sezonowych zsiaen i ich
rozktadow.

Stowa kluczowe:metale ajzkie, skatoczepysrodowisko morskiePatella sp, poziom bazowy, Stratoni



