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TEMPORAL AND SPATIAL BIOMONITORING OF HEAVY METALS IN
EASTERN AEGEAN COASTAL WATERS USING

Amphibalanus amphitrite

ABSTRACT

This biomonitoring study presents the spatial amdporal variations of heavy
metals (Hg, Cd, Pb, Cr, Cu, Zn, Mn and Fe) in th# sssues of Amphibalanus
amphitrite collected from different sites along tleastern Aegean coast. A.
amphitrite has been chosen as a strong candidatendmitoring heavy metals.
Sediment and seawater samples were collected éotdeeir metal contents to gain
more information on the environmental conditionsl gossible bioaccumulation
patterns. ANCOVA was used to show possible tempanal spatial differences in
the bioavailabilities of heavy metals to barnacléad the relationships of metal
concentrations in the soft tissues of barnaclesve¢éso compared as a function of
barnacle size. The physico-chemical characteri$tinge been measured in order to

characterize the sampling area.

The accumulation order of mean metal concentratinrisarnacles showed that
barnacles accumulate Cu in a higher degree thdn semtiment and seawater. The
highest mean values of Cu, Cr, Fe, Mn, Pb and Zrewbtained from Kusadasi-
Setur Marina and Izmir-Pasaport where recreatiboats are densely located and the
use of metal-based antifouling paints are high.r&hg&as a significant negative
relationship between concentrations of Hg, Cd, E&j, Mn and Zn and soft tissue
dry weight of barnacles. According to concentratiactor, A. amphitrite has ability
to accumulate metals several times more than seawaid sediments. It is
concluded that barnacles proved to be a good choidee used as a bioindicator
because of their strong accumulation capacity fanyrtrace metals.

Keywords: Biomonitoring; antifouling; metal contaminationAmphibalanus

amphitrite; barnacle; concentration factor; Easeegean coast.



DOGU EGE KIYI SULARINDA Amphibalanus amphitrite KULLANILARAK
AGIR METALLER iN MEVSIMSEL VE BOLGESEL BiYOIiZLENMESi

Oz

Bu izleme cakmasi, D@gu Ege kiyilari boyunca dért farkli bélgede sertstrdd
Uzerinde ygayan balica fouling turiG Amphibalanus amphitrite’ iyumusak
dokularindaki gir metallerin (Hg, Cd, Pb, Cr, Cu, Zn, Mn, ve Fé)ldesel ve
mevsimsel dgisimini sunar. Amphibalanus amphitritagir metallerin izlenmesi igin
glcli bir aday olarak secilgtir. Su ve sediment oOrnekleri, metal iceriklerini
saptamak, cevresel durum ve olasi biyoakimulasyalary hakkinda daha fazla
bilgi edinmek icin toplanmtir. Balanuslar tarafindan biriktirilenga metallerin,
biyolojik bulunurluluklarindaki mevsimsel ve bolggsfarkliliklari gostermek igin
kovaryans analizi kullanilngtir. Ayrica balanuslarin yungek dokularindaki metal
konsantrasyonlarini  biriktirmesi ile vicit bOyuglli arasindaki  ikki
karsilastiriimistir. Ornekleme alanini karakterize edebilmek iciar fornekleme

mevsiminde dort 6rnekleme istasyonun fiziko-kimygeaametreleri 6lculmgidr.

Balanuslardaki ortalama metal konsantrasyonlarakiimuilasyon sirasina goére,
bu organizmalarin bakiri (Cu), su ve sedimente gifga yiksek konsantrasyonda
biriktirdi gini gostermgtir. Cu, Cr, Fe, Mn, Pb ve Zn deki en yuksek ortsdametal
degerleri, dinlenme amagcli kullanilan yat ve tekneleyogun bir sekilde bulundgu
ve metal icerikli antifouling boyalarin kullanimmutiksek oldgu Kusadasi-Setur
Marina ve izmir-Pasaport'tan elde edilgti. Hg, Cd, Cu, Fe, Mn ve Zn
konsantrasyonlari ve balanuslarin ygadudokularinin kuru @rl g arasinda negatif
yonde bir ilski bulunmutur. Konsantrasyon faktoriine goére Amphibalanus
amphitrite, metalleri su ve sedimentten birkac¢ #alha fazla biriktirme yetegme
sahiptir. Bircok iz elementi biriktirmedeki guclirixtirme kapasitesinden dolayi

variimistir.

Anahtar Kelimeler: Biyolojik izleme; antifouling; metal kirlenmesi; Aphibalanus

amphitrite, balanus, konsantrasyon faktorugiD&ge kiyilari.
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CHAPTER ONE
INTRODUCTION

1.1 Introduction

Chemical contamination of marine environment isalevwide problem, but it is
particularly serious along the coasts of indusi& countries, where wastes derived
from a number of human activities reach the semeSof these wastes can represent

a threat to marine life and possibly to man asrsemer of seafood.

In contrast to conditions in the open ocean, sha#stuarine and coastal marine
waters continue to be extensively degraded by pamd nonpoint sources of
pollution. Systems characterized by a slow ratexzhange relative to their volume
(e.g. semi enclosed estuaries, embayments, mariag@s)most susceptible to
contaminant inputs. These systems typically haverg limited assimilative capacity
for pollutants, consequently certain unassimilateterials, such as syntethic toxic
organic compound can accumulate and persist fong periods of time posing a
potential long term danger to marine food webs. fifest common anthropogenic
wastes found in estuarine and coastal marine emvients are dredged spoils,
sewages, and industrial and municipal dischargesrrastrial source from mining,
intensive aquaculture, antifouling paints from shipintreated effluents, harbour

activities, urban and agricultural runoff along orajivers and estuaries and bays.

These wastes generally contain a wide range ofifaoits notably heavy metals,
petroleum hydrocarbons, chlorated hydrocarbonsic taxganic compounds and
other subtances. The continued discharged of indusvastes including PCBs,
heavy metals and other toxics, and the indireetas® of nitrates, phosphates and

pesticide products often result in toxic accumolagiin the marine food chain.

Aquatic systems are very sensitive to heavy metdlugants and the gradual
increase in the levels of such metals in aquaticirenment, mainly due to

anthropogenic sources, became a problem of pric@rgern.



This is due to their persistence as they are natllys eliminated either by

biodegradation or by chemical means, in contrastdet organic pollutants and also

their toxicity and their ability to accumulate imetbiota.

Metals coming from corrosion and certain additivesch as the products

antifouling (biocides and their halogenous orgaoampounds of degradation),

antiscaling (carbonic acids, polyphosphates), @atfing (detergents), anticorrosive

agents and others (sodium sulphite and sulphurd).athe potential impact on the

biotic communities of the estuaries appears by hjeat various levels, of

invertebrates and fish.

The aim of this study is;

to evaluate the concentration of Hg, Cd, PbQTr,Zn, Mn and Fe in
selected stations and marinas which have got lag®unts of
contaminated wastes derived from different heavytameources
especially antifouling paints,

to assess the relationships between metal contiensan the soft tissue
of A. amphitrite which were collected from hard substrate such asspi
docks and ports and particularly the water coluntime surficial
sediments and physicochemical parameters in therowding
environment,

to determine trends of spatial and tempowiations of heavy metal
concentrations in water column, sedimentAramphitrite,

to obtain a database now being compiled on lséngpecies for using
future ecotoxicological fieldwork,

to get information about environmental paramseteuch as dissolved
oxygen, salinity, conductivity, pH atenperature,

to clarify if there is any correlation between thetal concentration, and
environmental parameters and the corogldtetween sediment samples

with grain size and total organic carfo@C).

There are not any further studies that could bdezhout on the same or similar

topics along the eastern Aegean coast.



CHAPTER TWO
HEAVY METALS

2.1 Description of Heavy metals

Heavy metals are one of the most serious pollutentsur natural environment
due to their toxicity, persistence and bioaccunatatproblems (Tam & Wong,
2000). The term heavy metal has general or moreifgpeneanings. According to
one definition, the heavy metals are a group aheles between copper and lead on
the periodic table of the elements; having atomigigiwts between 63.546 and
200.590 gr and specific gravities greater thang/ent.

Heavy metals are metallic chemical elements thae learelatively high density
and they are highly toxic or poisonous at low conicdions. These anthropogically
derived inputs can accumulate in sediments paastlyulin coastal areas, in
invertebrates and in food webs. There is a lessvledge about the uptake of heavy
metals by ingestion with food or by close contadgthwcontaminated sediments
(Harris & Santos, 2000).

Table 2.1 Classification of elements accordingotadity and availability

Noncritical Toxic but very Very toxic and relatively
insoluble or very rare accessible
Na, C, F, K, P, Li, Mg Ti, Ga, Hf, La, Zr, Os Be, As, Au, Co, Se, H(g

Fe, Rb, Ca, S, Sr, H, GQIW, Rh, Nb, Ir, Ta, Ru, Re,Ni, Te, TI, Cu, Pb, Pd, Zn,
Al, O, Br, Si, N Ba Ag, Sb, Sn, Cd, Bi, Pt

The position of heavy metals in the periodic tadhe their different oxidation
stages and electronic orbital being filled in thena of the elements determine the

toxicity level for aquatic organisms.

The classification has been made according to tbgicity by Wood (1974) and

metals can be classified as (Table 2.1):



1- Noncritical
2- Toxic but very insoluble or very rare

3- Very toxic and relatively accessible.

Heavy metals are often referred to as trace metdien occur in low
concentrations in organisms. Although the traceairtetrm may imply the presence
of an essential requirement by organisms (Waldichl&74), some definitions
including “heavy” explain accumulation comes frondaustrial and mining activities
into coastal waters and estuaries at many sitegifHa Santos, 2000). Nevertheless,
the term of heavy metal is used synonymously widlte metal and includes both

essential and non-essential metals for organisms.

2.2 Heavy Metals in Agquatic Ecosystem

Heavy metals can be found in the following formshia aquatic system:
* In solution as inorganic ion and both inorganic anganic

complexes,

adsorbed onto surface,
* in solid organic particles,
« in coatings on detrial particles after coprecipitatwith and sorption

onto mainly iron and manganese oxides,

in lattice positions of detrial crystalline matéria
* precipitated as pure phases, possibly on detridgicfes (Kennish,
1997).

Although heavy metals exist in dissolved, colloidadd particulate phases in
seawater, the concentration of dissolved formews The heavy metals rapidly sorb

onto suspended particulate matter as they entarsv@{ennish, 1997).

The heavy metals removal during estuarine mixing accelerated through

precipitation or interactions with particle surfaceor flocculating colloids,



coprecipitation with organic, iron and manganeseérbys oxides, increased affinity
of the metals for anions in sea water and uptakerggnisms. Sediment which
adsorbed heavy metals often is suspended fromdttent during storms and other
turbulent periods (Kennish, 1997). Because of tha&ige load of trace metals,
sediments play an important role to control thegbachemical cycling of some
heavy metals. Thus, the bioavailability of evermaals fraction of the total sediment

load assumes considerable importance.

According to Kennish (1997) the bioavailabilty aocoihcentrations of metals in
sediments depend on many different processes,agich

e Mobilization of heavy metals to interstitial wegeand their chemical
speciations,

» transformation of metals,

» control exert by major sediment componengsg(, iron oxides and
organics) to which metals are preferdigtizound,

* competition between sediment metals for uptake st@rganisms,

* influences of bioturbation, salinity, redoxtg@atial or pH on these

processes.

2.3 Heavy Metal Inputs

Heavy metals derived from natural inputs and ambgenic emissions are
ubiquitous in the global environment (Nriagu, 198990; Blackmore, Morton &
Huang, 1998; De Wolf, Ulomi, Backeljau, Pratap &8, 2001). Heavy metals
represent a common type of chemical pollution inadig environment. They can be
found naturally in bedrock and sediment or theyld¢@nter the aquatic environment

from both natural and anthropogenic sources.

Natural sources include weathering of minerals swits (Merian, 1991) and also
rock erosion, and volcanic activity. Heavy metatdee the aquatic environment
naturally through weathering of the earth crustadidition to geological weathering,

human activities have also introduced large quastibf metals to localized area of



the sea, in some cases upsetting the natural stetady balance (Forstner &
Wittmann, 1983). Anthropogenic inputs are mainlpnfr industrial effluents,

domestic effluents, rural and urban storm wateofiuand spoil heaps (Agbozu &
Ekweozor, 2001) and sludge from treatment plardesemer waste, or even from

acidic rain.

Metals are introduced into the marine environmemtough river runoff,
atmospheric deposition, hydrothermal venting, degie remobilization and
anthropogenic activities (Libes, 1992). Industaald agricultural activities, as well
as urban effluents, are the major anthropogeniecesu which supply important
loads of toxic metals to the sea. The major biogeotcal processes, which regulate
the distribution and behavior of trace metals iavgger, are mixing of water bodies,
particle-water interaction (through biological uggaand adsorption-desorption) and
diagenetic processes in sediments (Bruland, 19B8str, 1990a). In coastal waters,
trace metal concentrations do not tend to correleté with nutrients, since external
inputs (terrestrial, anthropogenic, sedimentaryl &cal hydrography appears to
play a more important role than biogenic procesBe® to several biogeochemical
and sedimentological processes that occur thesezdlastal zone may act as a source
or sink of trace metals (Martin, Elbaz-Poulichetii€, Loye-Pilot & Han, 1989).

Metal mobility will depend on a variety of processéncluding chemical
(dissolution, desorption, complexation, precipdatiand adsorption), biological
(degradation, transformation, accumulation, faepesduction and filtration) and
physical ones (diffusion, phytolysis, aggregation &durying) (Luoma, Cain, Ho &
Hutchinson, 1983; Forstner, 1986).

Heavy metals occur under different forms in seaewahd only a fraction of their
total concentrations is readly available to orgamsigRainbow, 1985). Therefore,
measuring the levels of heavy metals in water adingents may not reflect the
actual toxicity of a given element. The total metahcentration in sea water, its
bioavailability and therefore its concentratiommarine organisms will be a function
of the element involved (e.g. essencial vs nonresakemetal), type of metal source

(e.g. urban vs industrial), total metal load ané ¢gnganism studied. Moreover, the



conjunction of these factors will cause completelifferent metal distribution
patterns among different areas. The study of medalcentrations in organisms
themselves can give more reliable informations d&e tioavailability and
consequently of the potential damage to the orgasisnetabolism and to the

environment in general (Bryan, Langston & Hummerstd 980).

2.3.1 Heavy Metalsin Water Column

Heavy metals can be transported between sedimehtwater column. The
behavior of heavy metals in the aquatic environmisnstrongly influenced by
adsorption to organic and inorganic particles. @esolved fraction of the heavy
metals may be transported through the water colvmrnhe processes of advection
and dispersion, while the particulate fraction nhaytransported with the sediments,
which are governed by sediment dynamics (Bourg/1%98rner & Millward, 1994,
Turner, Millward & Le Roux, 2001; Turner & Millward2002; Wu, Falconer & Lin,
2005).

Heavy metals are not fixed permanently in the sedimin fact, the variation of
the physico-chemical characteristics of the watduran (pH, salinity, temperature,
redox potential and the concentration of differerganic ligands) can release part of
the metal content trapped into the sediment towager column (Van Ryssen,
Leermakers & Baeyens, 1999; Wright & Mason, 1998) decome available to

living organisms.

Fine sediments, acting as a source (or sink) ferattganic chemical and heavy
metals entering (or leaving) the water column vgéddiments contaminated by the
heavy metals, pose a potential threat to the afeavironment. Resuspension of
contaminated bed sediments caused by strong tidedrds may release a significant
amount of heavy metals into the water column, gl desorption of contaminants
from their particulate phase can have a pronounicepgact on the aquatic
environment and ecosystem (Chen, Leva & Olivie99@; Lung & Light, 1996; Ng,
Turner, Tyler, Falconer & Millward, 1996; Mwanuzi &medt, 1999; Wu, Falconer



& Lin, 2005; Hartnett, Lin, Jones & Berry, 2006; g&a, Knap, Warwick, Rajar,
Hovat & Cetina, 2006).

Coastal sediments and estuarine have been widely tasevaluate water quality
because of a higher stability and lower variabibfythe sediments compared to the
water column. Furthermore, the sediments integitegeconcentration of pollutants
throughout time and therefore, this can be usefdtudy the historic evolution of
contamination and to predict its future effects I(@o, Ahlf & Forstner, 1996;
Soares, Boaventura & Machado, 1999; Ruiz-Fernanéitaire-Marcel, Péez-
Osuna, Ghaleb & Soto-Jiménez, 2003).

2.3.2 Heavy Metalsin Sediment

The study of the distribution of metals in sedinseist very important from the
point of view of environmental pollution becauseisgent concentrates metals from
aquatic systems, and represents an appropriateumeidi monitor contamination
(Moore & Ramamoorthy, 1993; Foster & Charleswori®96). Due to human
activities sediments are often polluted from indasteffluents, domestic effluents,
atmospheric deposition and antifouling paints frehips (Ottosen & Villumsen,
2006) and reported that the enrichment of traceehds in marine sediments may, in
general, originate from the following sources sugras subjacent sediments, through
diagenesis; suboxic shelf and slope sediments,oblyeirmal input, aeolian input,
fluvial runoff, seawater (Nijenhuis, Bosch, Sinrfweg Damste, Burmsack & De
Lange, 1999).

Industrial and urban activities contribute to theaduction of significant amounts
of pollutants (among them trace metals) into theimeaenvironment and affect
directly the coastal systems where they are quitieno deposited
(GESAMP/UNESCO, 1987, 1994; Salamons & Forstne84).9

Heavy metals, pesticides and other toxic substanaasbe absorbed from the

water column onto surfaces of fine particles aray tmove with the sediments. They



participate in various biogeochemical mechanismg ean affect the ecosystems
through bioaccumulation and biomagnification preess (GESAMP/UNESCO,
1987, 1994; Salamons & Forstner, 1984).

Particularly heavy metals accumulate in organicaith sediments. Therefore,
metal concentrations in sediment can be measursdy eand are much less
susceptible to accidental contamination. In addjteediments offer a degree of time
integration, overcoming effects of temporal changésheavy metal availability
(Luoma, 1990). During transport and/or depositimetals are subject to a variety of
processes associated with floods, tides and watienathey can be adsorbed by
clays and can form organic complexes or co-preatgpias inorganic mineral phases
(Thornton, 1983).

Marine sediments can be a sensitive indicator foth bspatial and temporal
monitoring of contaminants in the marine environm@ergin, Saydam, Basturk,
Erdem & Yoruk, 1991; Rowlatt & Lovell, 1994; Ballslull, Miller, Pirie & Proctor,
1997). Heavy metals tend to be trapped in the ageatvironment and accumulate in
the sediments and may be directly available totberidauna or released to the water
column through sediment resuspension, adsorptisorggon reactions, reduction-
oxidation reactions and degrading organisms. Sucbegses enhance the dissolved
concentration of trace metals in the environmeiat timeaten the ecosystem (Rivail
Da Silva Lamotte, Donard, Soriano-Sierra & Robert, 199 e3¥0& Turki, 1997;
Fang & Hong, 1999; Wright & Mason, 1999).

Organic matter and fine grained particles are kntavadsorb heavy metals. For
instance, metal ions adsorbed on small grain sasicplate matter are often
considered to be “bioavailable”, whereas metadsnplexed with organic matter or
included in amorphous metal oxides through pregijgih or coprecipitation are
likely to be less bioavailable; metals present iystalline structures are generally
unavailable for uptake (Dicks & Allen, 1983). Traost and sedimentation of
suspended materials is thus determining wheredhetion is mainly found (Ottosen

& Villumsen, 2006). Its role is very important inamine biogeochemical cycles and
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can influence the partitioning of heavy metals #meir potential bioavailability by
forming either soluble complexes or insoluble fledEorstner & Wittmann, 1983;
Chester, 1990a).

2.3.2 Heavy Metalsin Aquatic Organisms

Heavy metals are accumulated by many marine ongenis their body tissues.
These accumulated concentrations are easily mehaaceprovide a time-integrated
measure of metal supply over weeks, months or gears, according to the species

analysed.

Such organisms are biomonitors and are now usecelwido establish
geographical and/or temporal variations in the wadable concentrations of heavy
metals in coastal and estuarine waters (Bryan, $tang& Hummerstone, 1980;
Bryan, Langston, Hummerstone & Burt, 1985; Phillif880; Phillips & Rainbow,
1993). The term 'metal biomonitor' preferred temriatives such as 'bioindicators’,
'sentinel organisms' and 'biological monitorsislused to describe a species which
accumulates heavy metals in its tissues, and awlyss a measure of the
bioavailability of the metals in the ambient habi@oldberg, Bowen, Farrington,
Harvey, Martin, Parker, Risebrough, Robertson, Suler & Gamble, 1978; Martin
& Coughtrey, 1982; Hellawell, 1986; Phillips & R&aiow, 1993). The term
'bioindicator' is defined a species that denoteseamlogical effect by its mere
presence or absence, and 'biological monitors'tdetiegrees of ecological change
by behavioural, physiological or biochemical resggssuch as changes in scope for

growth, respiration rate or degree of lysosomenat€Phillips & Rainbow, 1993).

Biomonitors should fulfil several criteria (ButleAndren, Bonde, Jernelov &
Reisch, 1971; Bryan, Langston & Hummerstone, 1984jlips, 1980; Phillips &
Rainbow, 1993) such as they should be sedentasy, teaidentify, abundant, long
lived, available for sampling throughout the ydarge enough to provide sufficient
tissue for (individual) analysis, resistant to Hargl stress caused by laboratory

studies or field transplantations, tolerant of esqge to environmental variations in
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physico-chemical parameters such as salinity dmely should be a net accumulator
of the relevant metal. Barnacles have been shoviulftbomany of these criteria and
used to assess the bioavailability of metals inctheestal waters of many parts of the
world (Walker, Rainbow, Foster & Crisp, 1975; WhigeWalker, 1981; Anil &
Wagh, 1988; Powell & White, 1990).

For chosing suite biomonitors, the knowledge ofirth@ology is must be
identified. For example their methods of feedingeat of production of respiratory
or irrigatory currents, life history and breedirgason, length of life, age structure of
population, etc. can be investigated. This knowdedmn not be sufficient to
understand the kinetics of metal accumulation. 8ditenal questions can be
answered for example, does metal accumulation meati throughout life
sequentially adding a new metal to an existing bodg (Rainbow, 1987; Rainbow,
1990) or does the body metal content equilibratenéwv higher values with
increasing metal bioavailability, as apparently the amphipod crustacean

Gammarus pulex (Shutes, Ellis, Revitt & Bascombe, 1993).

Studies conducted during the last 10 years to dpvblomarkers of pollutant
exposure in the aquatic environment have indicdtecheed to integrate interactions
of abiotic factors (temperature, salinity, turbyditdiet, etc.) and biotic factors

(reproduction cycle, growth, age, sex, etc.) (Nor@ormier, Smith & Jones, 2000).

Heavy metals are used widely in industry and cderdhe environment via low-
dose continual influx. Over time this can lead tgn#gicant ‘enrichment’ of
ecosystems via bioaccumulation in plankton aneérfitteders and biomagnification
through the food chain. Heavy metals may damagedical systems by replacing
essential metals as cofactors, inhibiting enzynaéiteying membrane integrity and
causing physiological damage. Many organisms haveldped mechanisms to deal
with toxic metal loads, but these biological systeswan become stressed and
overloaded leading to cellular damage, usuallyoxalative processes (Phillips &
Rainbow, 1993). Heavy metal pollution in aquaticviemnment and subsequent

uptake in the food chain by aquatic organisms amdans put public health at risk,
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because it can result in morphological abnormalitieneurophysiological
disturbances, genetic alteration of cells (mutgfiteratogenesis and carcinogenesis.
In addition, heavy metals can affect enzymatic hadnonal activities, as well as
growth rate and increase mortality (Bubb & Lesi€&91).

Subsequently, diagenesis, physical disturbancéamnge in the physico-chemical
conditions (redox, temperature, low oxygen, higlplsur, ammonia concentrations
and salinity, etc.) may release them to becomeablaito living organisms, either
through ingestion or by absorption across integumenrespiratory surfaces. Metals
may also adsorb on to the surfaces of plants archadsn Furthermore, many
estuarine invertebrates process sediments as adowdte. While all metals are
naturally present in the aquatic environment (Ramb1990), it is their presence at
elevated concentrations which presents a potetitraat to aquatic life (Turner,
1990). Toxic metals in invertebrates is of condeenause they are the food of many
fish species consumed by man, especially for birdany of which feed on

invertebrates.

Bioconcentration of metals from water and biomagation of metal
concentrations through food chains is a factor @posure time, exposure
concentration, and size of the organism, waterriess, acclimation, feeding level,
and trophic level (Brooks & Mahnken, 2003).

The levels of heavy metals accumulated by marim@amsms are function not
only of water quality, but also of seasonal factakemperature, salinity, diet,
spawning and individual variation, among other dest Moreover, the levels of
metals accumulated in some marine organisms mawydwey orders of magnitude
above background concentrations, thus demonstratengotential of certain species

as bio-indicators of heavy metal pollution (Cha®39).

A trace metal has the potential to bind to any make with an affinity for that
metal. Since trace metals typically have an affifor sulphur and nitrogen (Nieboer

& Richardson, 1980), and proteins are made up ah@amacids, many of which
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contain sulphur and/or nitrogen, there is no slyertaf potential binding sites for
trace metals within cells (Rainbow, 1997a). Sudmisies make all trace metals
potentially toxic, binding to proteins or other raoliles and preventing them from

functioning in their normal metabolic role.

The trace metal has been detoxified (Mason & Jenkif95), detoxification often
involving binding to proteins such as metallothimseor to insoluble metaliferous
granules (Viarengo, 1989; Mason & Jenkins, 1995dston, Bebianno & Burt,
1998). Many trace metals cannot be immediatelyetgdror detoxified, for they are
required to play essential roles in metabolismcZor example is a key component
of many enzymes including carbonic anhydrase, amger is a functional part of
the respiratory protein haemocyanin, found in d¢ertaolluscs and arthropods,
particularly malacostracan crustaceans. Thus aineguantity of each essential
metal is required in the body (in metabolically italale form) to meet essential
metabolic needs and it is possible to make themaleéistimates of these quantities
(White & Rainbow, 1985, 1987; Rainbow, 1993). Anyther accumulation of these
essential trace metals in metabolically availablenf however, has the potential to
be toxic, with the subsequent need for excretiati@rdetoxification.

Non-essential metals, like cadmium, lead or mercwguld have no required
minimum concentration and need to be detoxifiecgxureted forthwith. Cadmium
has in fact been shown to play a metabolic roledrbonic anhydrase in certain
oceanic diatoms (Cullen, Lane, Morel & Sherrell99f but is still considered non-

essential for other organisms including aquatiertebrates.

Trace metals are also accumulated from other ssuncéuding food; in this case
the absorption of bioavailable forms the metalrafigestion in the alimentary tract.
A variable proportion of any trace metal taken uypa marine invertabrate will
remain passively adsorbed onto the outside of thma and not be available to

metabolic processes.
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Biomonitoring programmes should preferably analgie differences using data
for individual species. Nevertheless, it is stilspible, and may be necessary, to
make interspecific comparisons. These should, hewewvolve comparisons of
rank orders of sites, and each rank being derik@d flata for a single biomonitoring
species (Phillips & Rainbow, 1993).

Several biomonitoring programmes (such as US Muaksth, French RNO and
RINBIO) are based on a quantative bio-indicatorceq, using the ability of marine
bivalves (usually mussels) to concentrate and, uoeegain conditions, accumulate

contaminants in their tissues with respect to theiant level.

Mussels genera used as biomonitors in the developroé biomonitoring
programmes for heavy metals, especially speciebiyiflus as in the US Mussel
Watch Program (Goldberg al., 1978; Goldberg, Koide, Holdge, Flegal & Matrtin,
1983; Lauenstein, Robertson & O’Connor, 1990) andNW Europe, for example
Scandinavia (Phillips, 1977, 1978). There are sdumomonitoring species used for
biomonitoring, include the mussels of the generailMy (e.g. M. edulis and M.
galloprovincialis, M. trossulus) and Perna (e.gP. viridis and P. canadiculus),
oysters of the genera Ostrea (e60y.edulis) and Crassostrea (e.g. gigas andC.
virginica, C. margaritacea, C. brasiliana, C. angulta), Barnacles (e.gBalanus
amphitrite, B. uliginosus, T. sqguamosa) and C. mitella (Phillips & Rainbow, 1988;
Chan, Rainbow & Phillips, 1990; Rainbow & Smith,929 Rainbow, 1993), the
upper shore barnachthamalus stellatus (Weeks, Rainbow & Depledge, 1995) and
the talitrid amphipodPlatorchestia platensis (Rainbow & Phillips, 1993), the
tellinids, Scrobicularia plana and Macoma balthica (Bryan, Langston &
Hummerstone, 1980; Bryast al., 1985), the terebellid.anice conchilega, the
ragwormNereis (Hediste) diversicolor (Bryan & Hummerstone, 1973), the talitrid
amphipodsOrchestia gammerellus (Rainbow, Moore & Watson, 1989b; Moore,
Rainbow & Hayes, 1991)Talorchestia quoyana and Orchestia tennis (Rainbow,
Emson, Smith, Moore & Mladenov, 1993a).
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Bivalve molluscs are the organisms most often usedbiomonitoring metal
contamination (Fialkowsky & Newman, 1998). Filteetling macrobenthic
invertebrates can be conveniently used to moniterpaths and fates of pollutants
entering various bodies of water. The most widehplyed are bivalve molluscs,
upon which the Mussel Watch Program has been b@Seltlberget al., 1983;
Goldberget al., 1978). However, in recent years there has beawigg interest in
finding other organisms that can be used as bioimienisince it is not always
possible to find bivalve molluscs in all pollutedeas (Paulson, Sharack &
Zdanowicz, 2003; Kang, Choi, Oh, Wirght & Koh, 199Barnacles are smaller and
more difficult to dissect than bivalves. The spsaecurs gregariously on almost all
hard substrata throughout the sea, including tledissbf their dead, and specimens
are easy to collect. Nonetheless, they have begioged in several monitoring

programmes (Rainbow, 1995).

Barnacles are considered excellent metal biomani(Buelas-Inzunza & Paez-
Osuna, 2000). Laboratory research has shown tmaatlas are net accumulators of
metals (Rainbow & White, 1989). Barnacles are preda different types of
locations, with different degrees of pollution, #os group of organisms may be
considered ideal for biomonitoring programmes (Bsghzunza & Péez-Osuna,
1998). It is possible to assume that higher mataMailability in seawater leads to
greater accumulation of metals in barnacles. Tbeeefin the locations where
barnacles show high metal levels, the waters shoolttain relatively elevated
bioavailability (Paez-Osuna, Bojorquez-Leyva & Raselnzunza, 1999)Amphi-
balanus amphitrite has two important properties to be a suitable biwitor of metal
contamination: (1) it has a strong predispositomuptake and retain metals and (2)
accumulates metals above environmental levels @arli-rancescon, Polo & Bilio,
1978).

2.4 Using of Antifouling in Marine Ecosystem

Structures such as ships and marine platforms eflsag offshore rigs and jetties,

are under constant attack from the marine envirortmkhese structures need to be
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protected from the influences of the key elemefhth® marine environment such as
saltwater, biological attack and temperature flatins. Besides injectable biocides
in closed systems, methods of protecting marinactires must be capable of
expanding and contracting with the underlying stefaesist the ingress of water and
control the diffusion of ions. Protective organigatings can offer these functions
(Munger, 1984) and consequently are largely usedhe shipping industry to

increase the working life of systems and improseeéliability.

The use of antifouling coatings for protection fréime marine environment has a
long history. The antifouling paints are commonied to prevent the undesired
fouling. Especially for ships and boats biofoulingy a big problem. Because
biofouling increased drag which affects fuel conption dramatically, increases
carbon dioxide pollution and other air pollutardad increases the workload on the
machinery for maintaining speed; increased dry-dibekning and maintenance costs
when the ship is immobile; loss of manoeuverabititythe ship; and increased risk
of ecologic contamination by alien species (P1i&78; Rouhi, 1998; Callow &
Callow, 2002; Yebra, Kiil & Dam-Johansen, 2004).

It is assumed that vessel bottoms may gather ap@dg of fouling per fin six
months, increasing the fuel consumption of up t&50hen no antifouling paint is
applied (Haak, 1996; Reincke, Krinitz & Stachel929Nehring, 2000).

Biofouling can also lead to biocorrosion, reducitige lifetime of technical
structures in the marine environment. Paint coatiog ships are used for a wide
range of functions such as corrosion resistancgs e maintenance, appearance,
non-slip surfaces on decking as well as the prewmendf fouling on the hull by

unwanted marine organisms.

2.4.1 Description of Fouling and Colonization Process

Fouling is the unwanted growth of biological matérie.g., barnacles, algae or

molluscs, on the water-immersed surface of a vegéletn vessel hulls are clean and
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smooth, they travel faster through water and comsiless fuel. Fouling can be
removed when a vessel is dry-docked, which ocougsydwo to five years.

The settlement and accumulation of marine organisman inanimate substrate
can cause large penalties to engineered structiites.biological fouling has a
process. Growth stages which include an initiauaungation of adsorbed organics,

the settlement and growth of pioneering bactereating a biofilm matrix and the

subsequent succession of micro and macrofoulegsi@&i2.1).

CONDITIONING ATTACHMENT COLONISATION GROWTH

O, Fe™ . \\\ //

WATER CHANNELS

STEEL SUBSTRATE
1 minute to | 1 hour to 24 hours to 2 weeks to

1 hour 24 hours 1 week 1 month

- Microorganism. Spore Adsorbed organics

- Larvae |:| Extracellular polymeric substances (EPS) E Seawater

Figure 2.1 Schematic of critical biofouling stag€hambers, Walsh, Wood & Stokes, 2006).

The sequence of biofouling is not predictable duéhe exploitation of substrate
niches by higher fouling organisms. Biofilm fornmati is often a precursor to
subsequent fouling by macrofoulers. The successibnbiofouling has been
experimentally tested by removing initial algal day resulting in limited further
fouling. The presence of a biofilm has been reabrdehave a positive influence on
the settlement of some algal zoospores (Patel,o@alloint & Callow, 2003;
Faimali, Garaventa, Terlizzi, Chiantore & Cattanéetti, 2004) recorded that an
aging biofilm inhibited the settlement of barnaclesgeneral it is agreed that there is
a sequence of events to biofouling and the firagestis usually taken to be the

formation of a biofilm (Costerton, 1999).
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Table 2.2 Stages of attachment of marine organsmsirfaces immersed in sea water

Processes involved Attached organisms Nature of film | Approximate
formed initiation time

Stage 1

Essentially physical forces,“Adhesion” of organic moleculegConditioner. 1 min

such as electrostaticsuch as proteins, polysaccharides,
interactions, Van der Walls proteoglicans and possibly, some
forces and Brownian mao-inorganic molecules.
vement.
Stage 2

Reversible “adsorption” { Bacteria, such adPseudomonas |Microbial 1-24 h
menticned species, especig putrefaciens and Vibrio algino- pbiofilm.
by physical forces, an fyticos and diatoms (single-cell
subsequent dmbsion the| algae) such as Achnantes
interacting  together  wi| brevipes, Amphora coffeaeformis,

rotifers. Amphiprora paludosa, Licmopho-
ra abbreviate and Nifzschia
pusilla.
Stage 3
Arrangementmicroorganism Spores of Ulothrix zonata and |Biofilm. 1 week

with greater protection frg Enteromorpha intestinalis and
preddors, toxicants aI protozoans, including/aginicola
environmental alterationg sp., Zoothamniium sp. and Vorti-
making it easier to obita thq cella sp.

nutrients necessary fothe
attachment of oth
microorganisms.

Stage 4

Increase in the capture ofLarvae of macroorganisms, suchilm consisting| 2-3 weeks
more particles and orga-as Amphibalanus amphitrite jof attachment,
nisms, such as the larvae |ofCrustacea),Laomedia flexuosa [developmentof
marine macroorganisms, agCoelenterata), Electra crustu- marine inverteb-
a consequence of the prelenta (Bryozoa),Spirobis borealis [rates growth o
existence of the biofilm and (Polchaeta), Mytilus  edulis Macroalgae se¢-
the roughness created by théMollusca) and Syela coriacea weed

irregular microbial colonie$ (Tunicata).
that comprise it.

When a chemically inert substrate is immersed awsg¢er an almost immediate
accumulation of organic carbon residues adsorb treowetted surface and ions,
glycoproteins, humic and fulvic acids availablethe liquid phase (Table 2.2). The
forces that promote the adsorption and conditionofgthe surface include
electrostatic interactions and Van der Waal's faré@oneering microorganisms can
now attach to the surface forming a biofilm. Cobtacd colonisation between the
microorganism and the surface is promoted by theeement of water through
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Brownian motion, sedimentation and convective fpans although organisms can
also actively seek out substrates due to propulssamg flagella. Bacteria and other
colonising microorganisms secrete extracellularympearic substances (EPS) to
attach them strongly to the substrate therebyiatiethe local surface chemistry
which can stimulate further growth such as the uiémrent and settlement of

macroorganisms.

The biofilm generated is a mass of microorganisntstheir EPS which creates a
gel matrix providing enzymatic interaction, exchargf nutrients, protection against
environmental stress (Videla, 1996) and an inciekassistance to biocides (Morton,
Greenway, Gaylarde & Surman, 1998). Biofilms alserirupt the flow of ions from

water and from the substrate surface by actingdiffussion barrier.

The adhesion of species to a substrate is an iamgoaspect of biofouling for if
this process could be prevented, fouling could loatrolled. Adhesion and
settlement is also often a key stage in the lifeleyf marine organisms, so the
evolutionary pressure to colonise a surface istgiBae driving force of adhesion
can be considered as being made up of contribufimm the interfacial tension
between the organism and the substratum, orgamshihe liquid and between the

substratum and the liquid.

Biochemical conditioning describes the adsorptioh dissolved chemical
compounds (mostly macromolecules) to any surfacehe first moments after
contact with natural seawater. This instant (calienersion’) may be the extrusion
of a growing seagrass blade from its sheath, thmeapnce of a new crustacean
carapace after moulting, the emergence of a fresk surface after breakage or the
experimental immersion of a glass slide, etc. Ttvecentration process of organic
molecules at interfaces (solid/liquid, liquid/gas)urely physical and 'spontaneous’
(Baier, 1984). As this event reduces the randompéssolecular distribution, the
accompanying loss of entropy must be compensateal fgtable diminution of the
total free energy of the system. This latter phemoom is apparently due to the

replacement of a high energy solid/liquid interfdgea lower energy organic layer
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(Dexter 1976, 1978; Dexter & Lucas, 1985). The goson of macromolecules
begins within seconds after immersion and a dynamquclibrium is reached within a

few hours.

Substrata originally exhibiting a wide range offace free energy values seem to
adsorb the same kind of macromolecules (mostlyagsa@teins, proteoglucans and
polysaccharides) from seawater. By this process pigsical and chemical surface
properties converge so that low-energy (hydropholsiarfaces experience an
increase and high-energy (hydrophilic) surfaceseerehse of their gamma-values
(Baier, 1981).

2.4.2 Behaviour of Antifouling Paintsin Aquatic System

Little attention has been paid to the influencéhef different sea water parameters
on the performance of chemically active antifoulipgints. It has recently been
shown that chemical reactions and diffusion arerkeghanisms in the performance
of biocide-based antifouling paints, and that thesme be markedly affected by sea
water conditions (Kiil, Weinell, Pedersen, Dam-Juden, Arias & Codolar, 2002).

The above-mentioned paints are based on the retdasmveral biocides, which
are linked or, more often, embedded in a film-forghorganic matrix (Figure 2.3).
Sea water has to penetrate into the paint, dissuleh biocides and diffuse out into
the bulk phase again. To avoid the build-up of Idiftusion paths and consequently
decreasing release rates, the organic matrix igmed for slow reaction with sea
water (and sea water ions) within the paint po@sce this reaction has reached a
certain conversion at the sea water-paint interftee binder phase is released, thus
controlling the thickness of the biocide-depleteger (leached layer).
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Figure 2.3 Schematic illustration of the bebaviof a biocide-based antifouling system exposed
to sea water.

Many references to the influence of sea water patars on the performance of
A/F paints can be found in the open literature. Egample, the salinity value
influencese the dissolution of the most typical cdal pigment (CiD) the
dissolution of the most typical biocidal pigmentu(O) particles the reaction of
important binder components such as rosin (Rasgiagice & B. del Amo, 1990)
and the cleavage of the TBT groups in TBT-SPC pa(Hiil et al., 2002;Kiil,
Weinell, Pedersen & Dam-Johansen, 2001, 2002).

The influence of temperature is also significantitasffects the rate of all
chemical reactions, dissolution rates and transpoostesses associated with the
activity of chemically active A/F paints. The effeaf sea water pH on the release
rate of TBT groups from TBT-SPC paints was measurgdHong-Xi, Mei-ying,
Huai-min & Jing-hao, (1988) and subsequently useiid et al, (2001);2002) in
the modelling and analysis of such paints. In aolditthe severity of the biofoulingnal,
consequently, the antifouling requirements, and #émeironmental fate of the
released toxicants are affected by most of thesmmeters. Despite these facts, most
studies dealing with the development of new chellyicactive antifouling binders or

coatings lack studies on the behaviour of such systenwaters under conditions
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different from the “standard” or “average” ones.isTltould eventually lead to
biocide-based paints performing excellently undentain conditions but failing in
waters with different characteristics. Consequentlys useful to characterise the
environment faced by antifouling coatings by detaimng the range of values of the

most significant sea water variables.

2.4.3. Prevention of Fouling - Antifouling Paints

The hulls of ships and other artificial structutesve to be protected against
marine biofouling, i.e. the settlement and growtlammals and plants o submerged
surfaces (Evans & Hoagland, 1986; Kat,al., 2001). Some of the most important
problems related to biofouling on ships and boats &) increased drag which
affects fuel consumption dramatically, increasebaa dioxide pollution and other
air pollutants, and increases the workload on tlaemmery for maintaining speed;
(i) increased dry-dock cleaning and maintenancgscwhen the ship is immobile;
(i) loss of manoeuverability of the ship; and reased risk of ecologic
contamination by alien species (Rouhi, 1998; Caldowallow, 2002; Yebra, Kiil &
Dam-Johansen, 2004).

In recent decades and nowadays there are sevpea antifouling systems used
to protect ship hulls from marine fouling. Firsti@ology used prior to mid 19th
century such as wax, tar and asphalt (Callow, 1988% used as antifouling
products. In 700 B.C. Phoenicians and Carthagiaed €u and Greek and Romans
are also used Cu and they investigated the useadfdheating. In the 18th century
wooden sheating covered with mixture of tar, fat @itch and studded with metal
nails, whose heads, closely in contact with eabtlerateem to have formed a sort of
second metallic sheat. Several countries use cogpeating with copper and zinc
nails, sheating of zinc, lead, nickel, galvanizedek and copper - coated wood
sheating. Non-metalic sheating were also prefesueth as rubber, vulanite, cork and
others. In the mid 19th century, containing cop@esenic or mercury oxide as

toxicants dispersed linseed oil, shellac or rosimg, 1974).
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First antifouling paints used on steel hulls pritor 1960. The first type of
antifouling paints was based on the idea of dispgra powerful toxicant in a
polymeric binder. The others based on differentirhinous products and natural
resins. Meanwile new products were emerging, inolydhot plastic paints” with
natural binders and copper or other toxicants,t“prsventine compounds” which
were shellac-based products containing toxicantd waith the development of
polymer chemistry “cold plastic paints” which usddferent synthetic resins or
natural products alone or in mixtures (Ekama, Lon&eWolf, 1962). The latter
which was easier to apply by means of “airlessagipg, whichwas also developed
around that time, allowed dry docking intervalsupf to 18 months. Main types of
products used on steel hulls in the second hath@f20th century. These paints are

based on dispersion of toxicants in different typfegolymeric binders.

2.4.3.1 Toxic Pigments

All traditional antifouling paint types use coppesmplexes as their pigments.
However copper ions are not equally efficient agiall types of fouling organisms,
and the latter's sensivity to copper ions decreasesthe following order:
micrroorganisms, invertebrates, algae and macregh@¥oulvoulis, Scrimshaw &
Lester, 1999). Apart from copper oxides, use igna¢s made of zinc (II), iron (lI)
and titanium (IV) oxides, and in colour paints, pepthiocyanate, in view of their
good solubility characteristics (Vetere, Pérez, Rgnoli, Stupak & del Amo, 1997).
Among the latter, attention is drawn to tributyl{ifBT) and its derivates, which are
highly toxic to oysters, molluscs and crustaceaksoystein, 1973; Chromy &
Uhacz, 1978).

In marine areas throughout the world where reaseatiboats are densely located,
concentrations of copper in the water are beingdioio be in excess of government
standards, due to the hull coatings used on theats.bCopper-based hull coatings
are intended to be antifouling in that they rettirel growth of algae, barnacles and
tubeworms; but alternatives exist that can elingnahe harm that copper

contamination does to marine organisms. A variétyaticy options are available to
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mandate or provide economic incentives to switcthése less harmful alternatives.

Toxic hull paints are used worldwide to control tirewth of organisms such as
algae and barnacles on boats. This growth, knowoudisg, creates friction that can
decrease a boat's speed, maneuverability, and diiigiency. To prevent these
adverse effects of fouling, most bottom paints aonia copper biocide. Copper-
based antifouling paints are designed to leach eomoowly into the water
immediately surrounding a boat’s hull. Copper soateleased into the water when
boat hulls are cleaned. Unfortunately, the coppdoxic not only to the potentially
fouling organism but also to other organisms in tharine environment. This is
particularly true when copper is present in highaamtrations and there is growing
concern that copper pollution poses a major thi@dahe marine environment. The
problem is largely centered on major harbors wharge numbers of recreational

boats are densely located.

During the past two decades, organotin compounds haen the focus of much
research and concern, however, as late as 198%then that they were “unlikely
to create a serious long-term pollution hazard 'sveiil being expressed (Bennett,
1983). Wide distribution, high hydrophobicity, angersistence of organotin
compounds have raised concern about their bioadation, their potential
biomagnification in the food webs, and their adeezffects to the human health and
environment (Galloway, 2006; Nakanishi, 2007; Tasih, Mukai, Tanabe,
Sakayama, Miyazaki & Masuno, 1999; Veltman, Huigise van den Heuvel-Greve,
Vethaak & Hendriks, 2006).



CHAPTER THREE
STUDY AREA

3.1. Location of Study Area

The study area includes four different sites; Cahdg&), Izmir-Pasaport (P),
Izmir-Levent Marina (L) and Kusadasi-Setur Marikg (Figure 3.1). The study area
extends from Candarli in the north to Kusadashadoutheastern Aegean.
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Figure 3.1 The location of sampling points in thegéan Sea.
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The Aegean Sea situated between Turkey and Grewteanstitutes one of the
main parts of the Eastern Mediterranean. It coreprisoth the territorial waters of
these two countries and also international watérsan be described as a confluence
zone, where colder Black Sea waters coming fronD@aelanalles Strait (Canakkale)
meet the warmer waters of Eastern MediterraneaginoriThese enter the basin
through the southern straits. The Aegean Sea irembed with the Sea of Marmara
through the Dardanelles Strait, with the lonian 8eaugh the Kithira, Antikithira and
Elafonisos Straits and with the Levantine Sea thihothe Rhodes, Kassos and

Karpathos Straits.

Gulf of Izmir is situated on the eastern coast lted Aegean Sea. The gulf is
roughly “L” shaped. It has been divided into tbrareas according to their physical
characteristics; Outer Section, Middle Section bmeer Section. The Outer Section
is further divided into three sub-regions: Outectim (A), Outer Section (B) and
Outer Section (C). There are a series of islandallphto the west coast of the gulf.
The narrow Mordogan Strait, which is situated betvElzunada Island and the west
coast of the Bay, has a sill depth of 14m. Surimater of the Aegean Sea can flow
in the surface layer through the narrow MordogaraiSinto the small Gulbahce
Bay, which is situated at the southwest end of @wf of Izmir. Another very
important feature is the narrow Yenikale straiviesn the Inner Bay and the Middle
Bay. The physical and chemical characteristics atewchange drastically both sides
of the Yenikale sill. The depth in the Outer Bayabout 70 m. It decreases
significantly towards the Inner Bay to about 10 eptth Gediz Delta and saltpan area

are in the centre of the gulf.

The bottom sediments of the eastern Aegean Seaamposed of material
covering a wide range of grain size from silty ctaysandy gravel. Muds, are called
mixture of silt and clay, occur mainly off river mihs. The coarse-grained sediments
are mainly represented by abundant sand and gxel fractions, which are
composed of biogenic and terrigenic components.s&hdominated by biogenic
components are largely derived from the calcareceimains of species of

pelecypods, gastropods, foraminifers, ostracodgozmans, algae, echinoids and
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pteropods. The terrigenous components are genecaltgistent with geological
source on land and coast (Ergin, Bodur, Edigerg&d& Yilmaz, 1993).

Candarli Bay is located between®35” 55~ N latitude and 266" 55~ E
longitude in the eastern Aegean coast. The Gulfaah, has been strongly affected
by growing population and industrialization. Gréadustry settlements, located in
the coastal area of Candarli, have been dischatbeig solid and liquid wastes into
Bakircay or Candarli Gulf after limited treatmeite intensive maritime traffic and
untreated domestic discharges from 200,000 inhatisitaround the bay area are the
other factors that influence sea contaminatiorthtnpresent study, Candarli Station
is far away from industrial and the majority of arbsewage, receiving only local
wastes. It serves mainly the fisheries, contaimngumber and variety of boats.
Pasaport (3855' 55" N, 28 56' 55" E) is located near the harbour area and
influenced by maritime traffic and untreated donwegdischarges.

Levent Marina and Kusadasi Setur Marina is locéietveen (38 °24' 24" N and
37° 52' 00" N) latitudes and (27° 04' 09" E a® 25' 30" E) longitudes,
respectively. Kusadasi Setur Marina, one of thetnmportant marinas of Turkey,
which provides various services such as boat dg¢cknat repair and all kinds of
painting and maintenance, varnishing, epoxy-pogrestorks, boat covering,
sprayhood manufacture and repair, all kinds of maiachinery, generator and
outboard repair, plane, stainless metal and gatwamiworks, electric and electronic
equipment repair, bilge control, mounting and nmeance are available.

3.2. Hydrochemical Characteristics

The Aegean Sea is one of the most oligotrophicspafrthe Mediterranean Sea.
Although nitrogen and phosphorus levels are lowgemeral, concentrations of

nutrients are higher than the Mediterranean Seanme regions.

Very few published data are available on nutriesricentrations in the Aegean
Sea. Distribution of nutrients was investigated Fjligos (1986); Kucuksezgin,

Altay & Kontas (1995) in the Aegean Sea. Nutri@wels are generally higher in the
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northern Aegean than in the southern part. ThisaBdn may result from water

originating from the Marmara and the Black Sea.ridnt values increase with

increasing depth. There are many rivers, whichspart nitrogen and phosphorus
into the northern Aegean.The order of magnitudé&esth water inputs is 1000°fs

in total along the Aegean coastline and this valsehigher than in other

Mediterranean regions (IMST, 1997).

3.3. Hydrophysical Characteristics

Not only hydrochemical but also hydrophysical cletggstics are different in the
southern and northern parts of the Aegean. Lowiknmityaand temperatures were
observed in the Northern Aegean due to the inflaesfcblack Sea. Salty and warm
waters of the eastern Mediterranean Sea affecthBoutAegean waters. In the
beginning of the summer, Black Sea originated watasses move towards the
Edremit Bay ((IMST, 1997).

Surface water mass in the Aegean Sea forms a cetlotkwise gyre. At present,
warm (16-25 °C) and high salinity (39.2-39.5 pptediterranean water moves
northward along the west coast of Turkey. Thisawatass is placed westward south
the Strait of Dardanelle by the cooler and lowrsgliwater mass initially moves
west-northwest along the Northern Aegean Sea, ftbers southwards along the east

coast of Greece (Yasar, 1994). Water masses:

1-Aegean Sea surface water forms a 40-50 m thick erengith summer
temperatures ranging between 21-26 °C and wintepéeatures change between
10-16 °C in the Aegean Sea. Similar North-Soutldigre is also represented with
summer salinity values ranging between 30-39.5gm&lwinter salinities changed
between 36.1-39.2 psu.

2-Aegean Sea intermediate water mass (40-50 m ta3200n) has a smaller
north-south temperature gradient ranging betweeh81%C and 11-16 °C from the
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northern to southern Aegean Sea, respectively.dBahsalinity variations are very
low and the salinity changes between 39.0-39.2 psu.

3-Aegean Sea Bottom Water (below 200-300 m) is verfotm in temperature

(13-14°C) and salinity (39.1-39.2 psu) with little variatis between in summer
and winter (Yasar, 1994).
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Figure 3.2 Total monthly rainfall of Izmir ({[@& 2008-June 2009) (TurkStat,
Turkey’s Statistical Yearbook, 2008; 2009).

The annual rainfall distributions of Izmir from y12008 to June 2009 were given
in Figure 3.2. As for the seasonality of rainfalllemir, July-December 2008 was
represented dry to moderately rainy season andadadune 2009 was showed

heavily rainy to moderately rainy seas@murkStat, Turkey’'s Statistical Yearbook,
2008; 2009).

3.4. Geological Characteristics of Sampling Sites

Grain size analyses were performed using standewthg and settling procedures
(Hakanson & Jansson, 1983) in the eastern Aegearc&sest. Hydrometer method;
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based on records of the variation in density oftlisgt suspensions using a

hydrometer.

Table 3.1 Grain size distribution and organic nmrattentent of the sampling stations of surficial

sediments
Station Gravel Sand Silt Clay Organic
matter (%)
Summer 2008

Candarli 6.24 57.94 23.76 12.06 40.18

Izmir-Pasaport 0.40 11.52 54.94 33.14 37.65

Izmir-Levent Marina 1.12 27.59 62.82 8.47 27.97

Kusadasi-Setur Marina 0.23 12.17 58.11 29.49 17.60
Autumn 2008

Candarli 3.67 64.16 21.33 10.83 35.74

Izmir-Pasaport 0.76 13.93 53.22 32.09 41.46

Izmir-Levent Marina 1.13 23.67 67.76 7.44 12.22

Kusadasi-Setur Marina 0.26 11.38 58.62 29.74 5.41
Winter 2009

Candarli 9.19 64.45 17.40 8.96 30.47

Izmir-Pasaport 0.90 12.09 57.71 29.29 36.66

Izmir-Levent Marina 0.97 24.74 66.93 7.35 31.97

Kusadasi-Setur Marina 0.51 12.52 57.70 29.27 2.62
Spring 2009

Candarli 6.09 59.66 24.76 9.50 34.58

Izmir-Pasaport 0.54 11.79 63.37 24.30 39.50

Izmir-Levent Marina 1.23 22.86 57.87 18.03 38.03

Kusadasi-Setur Marina 0.25 13.57 55.16 31.02 3.66

These sedimentation methods require inexpensivaraps and cover a wide
range of grain sizes. The hydrometer method isappticable if less than 10% of the
sample passes the @& mesh. Textural classification of the sediment @amwas
based on the relative percentages of ck002 mm), silt (0.002-0.063 mm), sand
(0.063-2 mm) and graveb?2 mm). The amount of organic carbon and organi¢enat
are determined by spectrophotometrically in driediment samples following the
sulfochromic oxidation method. The accuracy of tmsthod is £0.017 % organic
matter (HACH Publication 3061, 1988).

The grain size composition of the Eastern Aegeastcsurficial sediments was

given in Table 3.1. The classification was perfadm®y grain size distribution.
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According to this classification Candarli was caeby sand while Izmir-Pasaport,
Izmir-Levent Marina and Kusadasi-Setur Marina weoxered by silt during all

sampling periods. With respect to organic matte) (@M), the highest and the
lowest (%) OM contents varied from 41.46 % in lzaRasaport in autumn to 2.62%
in Kusadasi-Setur Marina in winter and representgith the highest percentage
(average 38.82%) in Izmir-Pasaport and the lowestgntage (average 7.32%) in

Kusadasi-Setur Marina.

3.6. Previous studies

A lot of studies have been carried out on the coimadons and distribution of
heavy metals accumulation of seawater, sedimewtsramine biota in the world and

in the Aegean Sea.

Dassenakis, Andrianos, Depiazi, Konstantas, Kasab8bkellari & Scoullos,
(2003) investigated the heavy metal (Cu, Fe, Mn),|&wvels of sediments taken from
Euvoikos Gulf, Greece by using a sequential exttacschema and two single-step
methods for the determination of trace metals. @etto, Tortarolo, Frignani,
Bellucci, Albanese, Cuneo, Alvarado-Aguilar, PigaGollo, (2005) analysed As,
Cd, Cr, Cu, Hg, Pb and Zn in sediment samples aeltefrom Ligurian Sea, Italy.
Garcia-Cobelo & Prego, (2004) were measured heatglsn(Cu, Co, Cr, Fe, Ni, Pb
and Zn) taken from 35 surface sediment samplefienFerrol Ria (Galicia, NW
Spain). Morillo, Usero & Gracia, (2004) investigatsediment samples taken from
the southwest coast of Spain. Their study providalsiable information on the
potential mobility of heavy metals in marine sedmse Adamo, Arienzo, Imperato,
Naimo, Nardi & Stanzione, (2005) studied the hemstal pollution in the marine
sediments within the port of Naples, Italy. Theywlgsed As, Cd, Co, Cr, Cu, Mn,
Mo, Pb, Ti, V and Zn in the sediment samples. Ferr&provieri, Alberico, Lirer,
Prevedello & Marsella, (2006) analysed 90 surfigadiments taken from three
docks of the Naples Harbour (Levante, Granili, 8malz) which permits to compare
the distribution modes of heavy metals with grares, total organic carbon content
(TOC) and distribution patterns of benthic forarfera. Mendiguchia, Moreno,
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Manuel-Vez & Garcia-Vargas, (2005) studied the tsefan, Cu, Pb) and organic
matter concentrations in an arm-of-the-sea of thg & Cadiz (SW Spain) where
several intensive marine aquaculture facilities la@ated and they conclude that
marine aquaculture can increase the levels of argaatter and heavy metals in the

sediments.

Several studies have been carried out in the Ae§em Aksu, Yasar & Uslu,
(1998) analysed the concentrations of 42 elemeni®84i samples established that
surface sediments in Inner Izmir Bay display sigaifit enrichments in Ag, As, Cd,
Cr, Cu, Hg, Mo, P, Pb, Sb, Sn, V, and Zn, assodiateth notably high
concentrations of total organic carbon and sulp@@mbined inorganic and organic
geochemical data indicated that Inner Izmir Bayfasi sediments are extremely
polluted and probably pose high risk to the redidearine biological community.
Except for a few small regions, the Outer and Geérhzmir Bays show low levels of
heavy metal enrichments. Kucuksezgin, Kontas, Altejuturhan & Darilmaz,
(2006) investigated Hg, Cd, Cr and Pb and conceomisin the sediment of Izmir
Bay.

Heavy metal concentrations in marine organisms wesestigated different parts
of the Aegean Sea, Campanella, Conti, Cubadda & @&une, (2001) measured Cd,
Cr, Cu, Pb and Zn levels in the seagfassdonia oceanica (L.), Padina pavonica,
two gastropod mollusdglonodonta turbinata Born andPatella caerulae L. Lionetto,
Caricato, Giordano & Schettino, (2004) studied tiiah species, such adullus
barbatus and Trachurus mediterraneus and in musselsMytilus galloprovincialis).
Usero, Morillo & Gracia, 2005 determined trace neefas, Cr, Cu, Hg, Pb and Zn)
in the two most abundant species of bivalve mofiusiong the Atlantic coast of
southern Spaindonax trunculus andChamelea gallina) and in the sediments where
they live. Hamed & Emara, (2006) studied the lewdlshe heavy metals; copper
(Cu), zinc (Zn), lead (Pb), cadmium (Cd), chromi(@m), nickel (Ni), iron (Fe) and
manganese (Mn) were determined in coastal watdmmeats and soft tissues of the
gastropod limpetPatella caerulea, the bivalve andViullus barbatus from seven

different stations in the western coast of the Giluez.
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The heavy metal concentrations in several fish isperom Black Sea and
Aegean Sea were determined. Guner, Dincer, Alem@atgk & Tufekci, (1998);
Kucuksezgin, Uluturhan, Kontas & Altay, (2002); Topglu, Kirbasoglu & Gungor,
(2002); Dalman, Demirak & Balci, (2006) investightine heavy metals (Pb, Cd)
and trace elements (Cu, Zn) in fish and sedimentghe Bay of Gulluk in
Southeastern Aegean Sea (Turkey). Kucukseetal., (2006) studied the nutrient
concentrations of the water and heavy metal lewélsediment and fish samples
(Mullus barbatus) taken from Izmir Bay. The concentrations of heawgtals found
in fish varied for Hg: 4.5-520, Cd: 0.10-10 and Ptt0-491 Ag mg ke in Izmir
Bay. Heavy metal levels were lower than the resultfish tissues reported from

polluted areas of the Mediterranean Sea.

Much attention has been paid to the use of diftekemds of marine organisms
like barnacles as bioindicators for trace metallypi@n in marine waters. The
researchers have been done several studies ort¢hmalation of heavy metal in
barnacle species in different parts of the the avoRhilips & Rainbow, (1988)
collected Pernairidis, Capitulum mitella (Linnaeus),Tetraclita squamosa Bruguiere
(not distinguished into subspecieE sguamosa sguamosa Bruguiere andT.
squamosa japonica Pilsbry), and Balanus amphitrite amphitrite Darwin for
determining cadmium, chromium, copper, lead, zorcup to 18 sites in Hong Kong
coastal waters. Blackmore, Morton & Huang, (199&revfound 0.87-5.50 Cd,
28.97-2205 Cu, 38.83-277 Mn, 1521-10000 Zn mg,kdry mass in soft tissues of
Amphibalanus amphitrite taken from coastal waters of Xiamen, China. Fiaki &
Newman, (1998) observed accumulations of Cd, CuHge Pb, Sn and Zn in body
tissues and egg masses Ahphibalanus amphitrite. Rainbow, Amiard-Triquet,
Amiard, Smith & Langston, (2000) measured accunedlatace metal concentrations
(Cu, Zn, Fe, Cd, Pb, Mn, Ni) in the mus3ditilus trossulus and the barnacle
Balanus improvisus collected in the Gulf of Gdansk, Poland. Blackm&rBainbow,
(2001) investigated in 19 species of intertidal emabrates collected relatively
unpolluted area in Hong Kong for cadmium, copped ainc concentrations.
Rainbow & Blackmore, (2001) found 9.82-457 As, 0%85 Cd, 52.4-1810 Cu,
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14.5-95.4 Mn, 1.25-98.9 Ni, 2860-23300 Zn mg'kglry mass inAmphibalanus
amphitrite from Curimatau estuary, Natal, Brasil. Silva, 3m& Rainbow, (2006)
reported 5.13 mg k¢Cd, 23.6 mg kg'Cu, 9.6 mg kg' Mn, 9.1 mg kg'Ni, 1185 Zn
mg kg dry wt in Amphibalanus amphitrite. Morillo & Usero (2008) used barnacle
Amphibalanus amphitrite for biomonitoring of metals (As, Cd, Cu, Hg, Mni, ldnd
Zn) in two different littoral habitats in southe@pain, Huelva estuary and Algeciras
Bay. Water samples were collected from the sanes it the barnacles to assess
metal concentrations and to gain additional infdroma on the environmental
conditions. However, no detailed information wasikble for barnacle species
taken from Aegean margin and along the Turkishtsodsirkmen, M., Turkmen, A.,
Akyurt & Tepe, (2005) showed the levels of cadmiwhromium, cobalt, copper,
iron, lead, manganese, nickel, and zinc in sofiugs of thePatella caerulae and

Balanus sp. collected from the Iskenderun Bay.



CHAPTER FOUR
MATERIAL AND METHODS

4.1 Biology and Distribution of Amphibalanusa amphitrite (Darwin, 1854)

Figure 4.Amphibalanus (=Balanus) amphitrite, (Darwin, 1854).

Kingdom : Animalia
Phylum : Arthropoda
Subphylum : Crustacea
Class : Maxillopoda
Subclass : Thecostraca
Order : Sesilia
Suborder : Balamopha
Superfamilgalanoidea
Family alBnidae
Suiily : Balaninae
SpeciesBalanus amphitrite

(=Amphibalanus amphitrite). (Darwin, 1854).
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Amphibalanus amphitrite is a small, conical, sessile barnacle (to abo&itcim
diameter) (Figure 4.2a). Color is white or venyhligink, each plate carrying one or
a group of several vertical purple or dark pinkpsts that are broader at the basis.
Surface of test plates are longitudinally ribbelle Tnterlocking tergum and scutum,
the paired structures which cover the animal iresieeas pictured below (Figure
4.2b). A similar speciedalanus reticulatus Utinomi, is also an introduced species
and commonly occurs witB. amphitrite. It also has longitudinal purple or brown
stripes, but these stripes are intersected by dwtiak grooves, giving the surface of
the test plates a rough reticulated striation, kenB. amphitrite. It can also be
distinguished by examination of the tergum and woupictured below. Note the
more sharply pointed apex of the tergum and thegelted and narrower tergum spur

of B. reticulatus.

Balanus amphitrite. [A) Scutum. (B) Tergum.

a b

Figure 4.2aAmphibalanus amphitrite (=Balanus amphitrite) (Darwin, 1854). (b) Scutum and tergum.

In a barnacle, the body consists of the thorax withpairs of thoracic limbs
(cirri), a tiny abdomen and part of the head (tred cone with moutparts). It sits the
mantle cavity and is attached to the remainderhef iead that forms the mantle
cavity, the tissue lining the shell plates (inchglithe opercularplates) and any egg
masses lying in the mantle cavity.
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The opercular opening is diamond shape, but witmded corners. The scuta
carry a single purple or pink stripe, narrowing &ds the terga. The tergoscutal
flaps are distinctive. They are held flat, and ¢gmeund colour is mostly white but
tinged with faint pink or light yellow in old speuens. The flaps are crossed by four
strongly marked transverse bands of black or putpéecentre band at the micropyle
corresponds to the coloured dots in this location other barnacle species
(Southward, 2008).

Barnacles use the three posterior thoracic limbgaptorial feeding of larger
particles and microfiltration is performed usingageon the smaller anterior cirri
(Anderson, 1980; Hunt & Alexander, 1991). Barnacles/e specialized paired
appendages, called cirri that they use as a sceppaaching out into the water and
extracting food particles. When they cirri are dnavack, food is scraped off into the

mouth.

Barnacles are microphagous feeders, may ingest patentially metal-rich food
sources such as plankton and detritus, (RainbowiijgBh& Depledge, 1990) they
also pass large volumes of water across the petensabfaces by means of their
cirri and this process further facilitates metatake. Aquatic invertebrates will take
up trace metals into the body either from solutiomough permeable body surfaces
or from the gut. Recently it has become increagiagipreciated that uptake of trace
metals from the diet may be the major source ofateefor many aquatic
invertebrates (Wang, 2002), including barnaclesnly®iu & Qian, 1999a, 1999b;
Rainbow & Wang, 2001, 2005).

Barnacles are the most sedentrian crustaceansdethperate regions barnacles
are relatively easy to age for they typically rekeéarvae and thereafter recruit to the
parent population over a restricted period onceear.yMoreover, barnacles are
strong net accumulators of trace metals addinglsatwly absorbed from water or
suspended particle sources to existing permanedy btores of detoxified metal
(Rainbow, 1987; Rainbow & White, 1989). Accumulateadly metal contents are
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therefore on integrated measure of the bioavailabpply of the metal over a known
preceding period, in this case the lifetime of tlaenacle.

It is well known that one of the most importanttéas that play a significant role
in heavy metal accumulation in marine animals & riretabolic activity (Langston,
1990; Roesijadi & Robinson, 1994). It is also knotivat the metabolic activity of a
young individual is normally higher than that of alder individual. Thus, metal
accumulation was shown to be higher in youngerviddals than the older ones
(Rainbow, Huang, Songkai & Smith, 1993).

These barnacles are hermaphrodites, but croskzfaion occurs in dense
populations. In such cases, males deposit sperattljirinto the mantle cavity of
adjacent functional females via a long tube. Feetl eggs are brooded in the mantle
cavity, and it may be several months before the-fwimming planktonic larvae are
released (Edmonson, 1933). Fertilization occurmesnf March to September and
settlement to May to August. It is a very commonlifty species, now widely
distributed intertidally and sublittorally in sheded bays, estuaries and ports in all
tropical seas (Southward, 2008). Barnacles ardlsessd representatives occur in
most salinities, most shore types and at varyingrebs of exposure to wave action
(Wu, 1975).

The larval development of these organisms inclgilesaupliar instars and a non
feeding presettling cyprid instar. The anatomy fué typrid is different from the
preceding naupliar instars. The cypris larvae exgpthe substratum hunting a place

for attachment.

The attaching antennular segment consists of lakge, circular sucking disc
from the edge of which cement is secreted, anctitennular disc becomes attached
to the substratum. Two types of barnacle adhesiora tsubstratum have been
observed, namely temporary and permanent adheSiba. cyprid employs the
antennular disc, an adhesive organ, for temporé@acltament to the substratum.

Barnacle cement is used for permanent settlemehisaan underwater adhesive of
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insoluble protein complex. The cyprid after segflion a surface molts its carapace
and the body exoskeleton except for the embeddet$ & the antennule and

metamorphoses into an adult.

Barnacles lack a hepatopancreas and they accumalatals into granular
deposition in the body cells of the stratum pesttale (midgut epithelium). These
deposits are amorphous with spherical shape andetia ranging between 1-10
micrometer (Masala, Mclnnes & O’ Brien, 2002). Fegdbehavior of barnacles
may be determined by various factors such as waer direction, flow velocity,
type and location of substratum, predators, sysiemjaand more. The granules
contain pyrophosphate as the main anion and cal@snthe major cation. In
addition, a variety of other metals, such as Al, M@ and Zn accumulate in these
materials. C#,0; (calcium phyrophosphate) acts as traps for foreigtal ions that
could be exchanged with calcium and then incorgaratside the granules

This ion exchange appears to be facilitated byatm®rphous structure of the
deposits since the random network structure endb&esmovement of ions from the
granule into the solution and vice versa. It hasnb@so suggested that the formation
of these granules in intracellular membrane-boumtpartments is responsible for

their specific composition, morphology and amorphoature.

4.2 Water Collection and Analysis

Water samples were taken four times in June 2008 2009 from four sampling
sites, using 1 litre acid-leached polyethylenelbsitFor water samples, 1 N HMNO
was used to acidify the ion exchange techniquaigu€ihelex-100 resin was applied
for determining heavy metals in water samples. Mgrconcentration was measured
by anodic stripping voltammeter (ASV) at the ratgtigold electrode in seawater.
With a deposition time of 90 s the calibration @uis linear from 0.4 to 1pg I'; the
limit of quantification is 0.4ug I*. The method has primarily been drawn up for
investigating water samples. After appropriate slige the determination of

mercury is possible even in samples with a highd lo& organic substances. The
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concentration in the sample is determined by stahdeddition (METROHM
Application Bulletin 96/5 e, Determination of merguat the rotating gold electrode

by anodic stripping voltammetry).

4.3 Sediment Collection and Analysis

Sediment samples were taken by using Van-Veen @oab surface sediments.
After collection, the sediments were placed in ptitylene bags and frozen (-20).
Thereafter, samples were dried in oven at@0homoginezed and reduced to a fine
powder by using a sieve (§8n). Samples were digested in microwave digestion
system with a HN@HF-HCIO,-HCI acid mixture solutions (UNEP 1985b, c, d, e)
and they were analysed by flame and graphite fer#e&S (Varian Spectraa-300

plus), using manufacturer’s conditions and withkggound correction.

4.4 Barnacle Collection and Analysis

Amphibalanus amphitrite were sampled seasonally during June 2008 to Joo@ 2
from four different locations. Sixty organisms d¢fet different size (rostro-carinal
axis) were selected and collected from the intaltmbne at each station; they were
removed from the substratum with a stainless sterlper and placed in individual
clean polythene bags then transported in closéidgeeated containers and frozen at
-20°C. In the laboratory, identification of individgalvas done by direct examination
of morphological characteristics considering Sowttdv(2008). Their rostro-carinal
axis were measured and made different size groAipa.later date, barnacles were
defrosted, their bodies dissected out with newnktas steel instruments and the soft
parts (the body) were separated. Each replicat@lsawas weighed and then dried
to constant weight at 6@€ and weighed again (Ruelas-Inzunza & P4ez-O2000);
Rainbow, Wolowicz, Fialkowski, Smith & Sokolowski2000; Rainbow &
Blackmore, 2001).

The samples were digested in an automatic microwdiestion system

(Milestone 1200) because of the advantages ofeblmique, which include speed of



41

digestion and less possibility of contaminationidgiithe process. A portion of the
dry, finely powdered solid tissues (0.5-1 g) weceurately weighed in a dry, pre-
cleaned Teflon digestion vessel. Then samples @idesith 5:1 HNQ/HCIO, in a
microwave oven (UNEP, 1982, 1984, 1985a). All asasywere performed by flame
(Pb, Cr, Cu, Mn, Zn and Fe), graphite furnace (@aj cold vapour technique (Hg)
in AAS (Varian Spectraa-300 plus) for sediment siasp(Cd, Pb, Cr, Cu, Mn, Zn
and Fe) by flame AAS (Varian Spectraa-300 plus)viater samples and analyses
were performed by flame (Cu, Fe, Mn and Zn), co&bour (Hg) and graphite
furnace technique (Cd, Cr and Pb) in AAS (Variare@mma-300 plus) for barnacle
species by using the manufacturer’'s conditionswaitiadl background correction. The
detection limits for trace metals were: Hg: 0j@p kg*, Cd: 0.10ug kg*, Pb: 0.10
ug kg?, Cr: 0.06 pg @, Cu: 0.03 ug g, Zn: 0.01 pg d.

4.5 Quality Assurance

Accuracy and validity of the analytical processesravtested with a reference
material (homogenate muscle sample, IAEA-407, ftbm International Laboratory
of Marine Radioactivity, IAEA, Monaco). The valuebtained from the analysis of
three replicates of this sample (certified: observalues img g* dry wt + standard
deviation) were as follows: Hg, 0.22+0.024: 0.2D815; Cd, 0.19+0.019:
0.18+0.004; Pb, 0.12+0.06: 0.10+£0.012; Cr, 0.7320274+0.062; Cu, 3.28+0.40:
3.39+0.36; Zn, 67.1+3.8: 69.4+1.3.

Intercalibration sediment (IAEA-433) sample (frohetinternational Laboratory
of Marine Radioactivity, IAEA) were used as a cohtior the analytical methods.
The values obtained (g g* dry wt.) for the analysis of six replicates ofstisample
were as follows: Hg (certified 0.168, s.d: 0.01éurid 0.167, s.d: 0.012), Cd
(certified 0.153, s.d: 0.033; found 0.140, s.d26)) Cr (certified 136, s.d: 10; found
136.7, s.d: 2.0), Cu (certified 30.8, s.d: 2.6;Md80.8, s.d: 2.3), Pb (certified 26.0,
s.d: 2.7; found 27.0, s.d: 3.1), Zn (certified 181: 8.0; found 103, s.d: 1.9), Mn
(certified 316, s.d: 16; found 317, s.d: 1.7), Eeriified 40800, s.d: 1900; found
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40412, s.d: 293). Total Hg and Cd analyses weréopeed by cold vapor and
graphite furnace AAS, respectively in sediment dasip

4.6. Statistical Analyses

Metal concentrations in the bodies of marine orgjausi are dependent on the rates
of accumulation, excretion and diluting body growthhere is, therefore, the
potential for an effect of size on the body metaiaentration that has to be allowed
for in meaningful analyses of datA. amphitrite has been shown to demonstrate
significant effects of size on body metal concerdgres (Phillips & Rainbow, 1988;
Chan, Rainbow & Phillips, 1990; Rainbow & Smith, 929 Rainbow, Huang,
Songkai & Smith, 1993). Accumulated concentratians modelled by the power
function:

y=ax"
where y is the metal concentratiqmg(g-'), x is the mean body dry weight (g) and a
and b are constants. The data are, therefore, foyitahe, multiplicative. All data
were transformed logarithmically (to the based ttOjeduce deviations of the data
sets from normal distributions, creating an additdata set with skews removed.
Log-transformed regression relationships betweely lboirden and size were used to
compare the species. Data for Hg, Cd, Pb, Cr, @GuMA and Fe at each site will be
checked for significant regressions between metatentration (y) in pg fand

body dry weight (x) in g.

Statistical analysis was performed using STATISTHOAWIndows, Release 5.0,
Copyright StatSoft, Inc. 1995. ANCOVA compares rhetacentrations of bodies of
a barnacle species from several sites at stan@arthady dry weights. If there was a
significant effect of size on accumulated metalaaration for any data set for any
one site or for the whole data set of a particatatal, then analysis of covariance
(ANCOVA) was used to compare concentrations of timatal in that organism
between sites and sampling seasons, having chefitstdthat there was no
significant diference between regression coeffisar the data sets being compared.
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Homogeneity of variances was tested with the Cacheat of heavy metal contents

in tissues.

Spearman Rank Order Correlation test will be usedtieck for significant
relationships heavy metals in barnacle, sediment seawater. Pearson product
moment correlation test was applied to find the atrehship between

physicochemical parameters and metals in seawadelbanacle.

Multi Dimensional Scaling (non metric MDS) was useccompare the similarity
between sample weights and heavy metal profiledwd dimensional plot was
obtained which satisfies all the conditions imposgdrank, i.e. if sample 1 had a
higher similarity to sample 2 than sample 3, ipliaced closer to the former on the
plot than the later. PRIMER v3.1b was used for mtion. Hierarchical cluster
analysis (HCA), which identifies homogenous growgfssamples, was engaged,
according to the group average, between groups ehlmin samples. Prior to

analysis the raw data was transformed using th+dg transformation.



CHAPTER FIVE
RESULTS

5.1 Physico-Chemical Properties

The physico-chemical characteristics of four sangplstations for each season
have been measured in order to characterize ther waality parameters and to find
possible correlations between metal concentrataong some of these parameters.
These parameters included pH, salinity, condugtiviemperature and dissolved
oxygen (DO) and the results were given in Table Belarson correlation coefficients
between physicochemical parameters and heavy metatawater, sediment aAd
amphitrite were presented in Table 5.2, 5.3 and 5.4, resdygti

Table 5.1 Physicochemical parameters of the Eastegean coast

Site Period DO Salinity  Conductivity pH  Temperature
(mgll) (psu) (mSi/cm) (°C)
Candarli Summer 6.5 39.8 59.00 8.30 25.1
Autumn 6.9 39.7 59.60 8.38 20.2
Winter 7.9 38.7 58.60 8.47 16.7
Spring 7.1 39.5 59.40 8.19 22.7
Izmir-Pasaport Summer 3.2 40.8 60.70 7.98 26.0
Autumn 5.6 39.5 59.90 8.18 16.6
Winter 9.4 38.2 57.20 8.52 13.6
Spring 6.9 38.1 57.10 8.47 25.1
Izmir-Levent Marina Summer 4.7 39.2 58.70 8.24 24.0
Autumn 7.3 39.9 60.00 8.32 19.8
Winter 8.1 38.8 59.30 8.38 11.9
Spring 6.8 37.3 58.10 8.37 24.6
Kusadasi-Setur Marina  Summer 6.7 39.6 59.10 8.27 .2 25
Autumn 7.0 38.2 57.70 8.19 20.7
Winter 8.6 38.1 57.90 8.39 16.8
Spring 6.8 38.2 57.80 8.09 22.8

The pH which acceptable range normally changed dmtw5.5-8.5 according to
guideline suggested by WHO (1993) is an importadicator of the water quality
and the pollution in the aquatic system. The pHiealobtained from the stations
ranged between 7.98-8.52 indicate the moderatélgliaé nature of the seawater.

Low temperature value was measured as 11.9 °Cnait-l2vent Marina during

44



45

winter period while the highest value (26 °C) waarfd at the Izmir-Pasaport in the

summer period.

Table 5.2 Pearson correlation coefficients betwgysicochemical parameters and heavy metals in

seawaterNlarked correlations are significant at p<0.05)

Hg Cd Pb Cr Cu Zn Mn Fe
DO -0.67 0.11 -0.34  -0.46 0.04 0.31 0.21 0.12
Salinity 0.33 0.36 0.48 0.53 0.25 0.02 -0.03 0.12
Conductivity 0.19 0.10 0.20 0.24 0.14 0.10 -0.01 .120
pH -0.38 -0.04 -025 -0.26 -0.39  -0.29 0.34 -0.09
OoM 0.03 0.29 0.05 0.17 -0.43 -0.49 0.31-0.29
Temperature 0.26 -0.17 0.44 0.51 0.28 -0.51 -0.17 -0.23

Conductivity reflects the status of major ions ded from inorganic pollution and
is a measure of total dissolved solids and ionigpdcies in the water column.
Conductivity levels ranged between 57.10-60.70 omSiAt Izmir-Pasaport station.

There were not found big differences at other samgtations.

Table 5.3 Pearson correlation coefficients betwalgysicochemical parameters and heavy metals in

sediment sampledAarked correlations are significant at p<0.05)

Hg Cd Pb Cr Cu Zn Mn Fe
DO -0.15 0.07 -0.08 023 -0.14 -019  -0.050.12
Salinity 054 -0.11 -0.11 0.11 023 -001 0.010.12
Conductivity 043 -0.30 -0.25 0.10 0.30 0.02 -0.08.12
pH 0.07 029 0.29 023 033 021 0.04 -0.09
Temperature 0.01 -0.17 0.04 0.02 0.05 -0.11  0.09 23 0.

The lowest salinity value was measured 37.3 ps$znmir-Levent Marina in spring
period while the highest value was recorded in tZR@saport (40.8 psu) in summer
period. Seasonal salinity variations were very latmthe other sampling stations.
Salinity and conductivity values showed either @aging or decreasing trend with

each other due to high correlation (r=0.87, p<O)@&tween them.

DO concentration values at the stations varied fB&0 to 9.40 mg™. During
the cold period dissolved oxygen (DO) concentratiarere higher than the values
measured at the other periods. In this period tgkest DO level (9.4 mg') was

observed at the Izmir-Pasaport where the signifidaorease was determined for the
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summer period. Moreover, temperature and DO coraigonts showed a negative
correlation (r=-0.65, p<0.01) with each other.

Table 5.4 Pearson correlation coefficients betwgeysicochemical parameters and heavy metals in

A. amphitrite. (Marked correlations are significant at p<0.05)

Hg Cd Pb Cr Cu Zn Mn Fe
DO -0.78 -0.09 -0.19 -0.25 -0.24 -0.30 -0.26 -0.27
Salinity 0.36 0.38 0.23 -0.43 0.30 0.23 0.10 o0.01
Conductivity 0.22 0.37 -0.00 -0.33 0.31 0.35 0.02 -0.03
pH -0.14 -0.23 -0.10 -0.37 -0.33 -0.21 0.10 -0.32
OM 000 0.19 -0.11 -051 -0.13 0.24 0.27 -0.33

Temperature 0.17 -0.01 0.18 0.31 0.07 -0.20 280. 0.07

5.2 Heavy Metals in Sea Water

The results for the metal concentrations of wasen@es taken from the stations
during the sampling periods were summarised in&abb. Mercury concentrations
presented with the highest values in the summeogend the maximum valu@s
seawater samples were recorded in Izmir-Pasap®33Qg I*) and Levent Marina
(0.032ug 1), while the lowest one (0.01Q8) ') was obtained from Izmir-Levent
Marina in autumn period. Mercury levels measuredilinseasons have a similar
distribution trend except summer data which cawsatistically significant seasonal

differences (Figure 5.1a).

The mean cadmium concentration in water showedtslilyictuation from a
minimum mean value of 0.17 pg &t Izmir-Levent Marina and maximum mean one
0.24 pg T at Izmir-Pasaport station. The highest value wasasared in Izmir-
Pasaport (0.30 pg') in winter and the lowest value was determine&irsadasi-
Setur Marina (0.083 ug') in the same period where seasonal and spatitrpat

were not evidenced clearly (Figure 5.1b).
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Figure 5.1a Mercury levels in seawater during fifierént sampling periods (ug)l.
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Figure 5.1b Cadmium levels in seawater during cffie sampling periods (gl

(C: Candarli, P: Izmir-Pasaport, L: Izmir-Levent Me, K: Kusadasi-Setur Marina).
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Table 5.5 The mearsE and minimum-maximum concentrations of the heaeyals in seawater

during sampling periodsi§ 1)

Candarli lzmir-Pasaport Izmir-Levent M.  Kusadasi-Setur M.

Hg 0.012+0.001  0.017+0.005 0.016+0.005 0.013+0.002
0.010-0.013 0.011-0.033 0.010-0.032 0.012-0.017

Cd 0.24+0.004 0.24+0.020 0.17+0.040 0.20+0.040
0.23-0.25 0.19-0.30 0.13-0.22 0.083-0.25

Pb 1.5+0.36 1.4+0.29 1.1+0.29 1.8+0.85
1.0-2.5 0.91-2.2 0.66-1.9 0.53-4.3

Cr 1.2+0.71 0.98+0.43 0.77+0.48 1.0£0.70
0.37-3.3 0.44-2.4 0.25-2.1 0.19-3.1

Cu 3.0+0.85 0.83+0.36 1.4+0.15 4.9+1.45
1.0-4.9 0.50-1.2 0.84-2.4 2.2-8.1

Zn 3.7+0.88 4.8+2.24 5.4+1.61 8.5+£1.25
2.2-6.0 1.6-8.2 1.8-11 5.9-12

Mn 4.5+1.80 2.4+0.29 2.2+0.47 1.4+0.38
2.0-9.7 1.4-3.7 1.8-3.0 0.56-2.2

Fe 6.9+1.61 8.9+2.60 17.3+6.31 21.5+£8.90
3.3-9.8 3.9-16 4.6-35 7.1-45

The highest value of lead (4.3 it nd chromium (3.3 pg') were measured in
Kusadasi-Setur Marina and Candarli, respectively lamth of them recorded in the
summer period whereas the lowest value of Pb (@¢pB') and Cr (0.19 ug") were
determined in Kusadasi-Setur Marina in the wintarigd (Figure 5.1c-d ).
Concerning Pb, the highest mean level was fourlduatdasi-Setur Marina station
(1.8 pg M) and the lowest mean was measured (1.1u@lIzmir-Levent Marina.
Moreover, the highest mean level for chromium watimed from Candarli station
(1.2 ug I') and lowest mean concentration was measured at-Lawent Marina
(0.77 ng ). Seasonal differences in the concentrations ab twetals were
significant (Table 5.7).
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Figure 5.1c Lead levels in seawater during diffesampling periods (ug').
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Figure 5.1d Chromium levels in seawater duringedéht sampling periods (ug)!

(C: Candarli, P: Izmir-Pasaport, L: Izmir-Levent Me, K: Kusadasi-Setur Marina).
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Figure 5.1f Zinc levels in seawater during diffearsampling periods (ug').

(C: Candarli, P: Izmir-Pasaport, L: Izmir-Levent Me, K: Kusadasi-Setur Marina).
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Figure 5.1h Iron levels in seawater during differsampling periods (ug').

(C: Candarli, P: Izmir-Pasaport, L: Izmir-Levent Me, K: Kusadasi-Setur Marina).
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The copper concentrations in water indicated ingdrtvariations among
stations and the highest Cu value was determin&disadasi-Setur Marina where
the maximum concentration (8.14 ) as found in the summer period (Figure
5.1e). The lowest mean concentration of copper neasrded at Izmir-Pasaport
station (0.83 pg™) while the highest mean was found in Kusadasi+Sefarina
(4.85 pug 1. In addition to this, statistically significargrhporal pattern was not

observed.

The highest (8.5 pug') and the lowest (3.7 ug") mean value for zinc was
determined at Kusadasi-Setur Marina and Canda&dipectively. The minimum
Zn value was detected in Izmir-Pasaport (1.6 f)gahd maximum level (12 ug |
) was measured in Kusadasi-Setur Marina, both erhtvere recorded in spring
period (Figure 5.1f). During sampling periods, mamgse concentration peaked
only one time in winter at Candarli (9.7 [ Istation and minimum level was
found in Kusadasi-Setur Marina (0.56 {14.IConcentrations of Mn reached the
highest mean level in Candarli (4.5 it and the lowest mean (14 ) in
Kusadasi-Setur Marina. On the other hand, no sogmt temporal and spatial

variations were found along the eastern Aegeart.coas

Fe concentrations showed the highest mean vall€ugadasi-Setur Marina
(21.5 pg 1) and the lowest in Candarli (6.9 i§). Furthermore, the presence of
this metal in seawater was recorded minimum in @dn¢B.3 pg 1) in winter
and maximum (45 pg) in summer where no significant difference wasnfbu
Concerning zinc (Figure 5.1f) and iron (Figure 5,heir concentrations showed
an obvious increase in the selected stations frorthern to southern part of the

Aegean Sea.

Generally, the highest metal concentrations in ed#iit seasons were
determined in Kusadasi-Setur Marina, Candarli anairtPasaport where the
source of metals could be derived from not onlyinas but also industrial or

domestic pollution.
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The mean metal concentrations in seawater genedgigreased in the
following order: Fe>Zn>Mn>Cu>Pb>Cr>Cd>Hg in the A@ag coast (Table 5.5).
The orders were different for Candarli (Fe>Mn>Zn>Cu>Pb>Cd>Hg), lzmir-
Pasaport (Fe>Zn>Mn>Cr>Pb>Cu>Cd>Hg), Izmir-Leventrida (Fe>Zn>Mn>
Cu>Cr>Pb>Cd>Hg) and Kusadasi-Setur Marina (Fe>ZreRb»Cr>Mn>Cd>

HQ).

Table 5.6 Spearman rank-order correlation coefiisidor relationship between heavy metals in

seawatersNlarked correlations are significant at p<0.05)

“Variable| Hg

Hg 1.000| cCd

Cd 0.199 1.000( Pb

Pb 0.694 0507 1.000| Cr

Cr 0.647 0.569 0.790 1.000| Cu

Cu -0.041 0.260 0.274 -0.048 1.0Q Mn

Mn 0.225 0.363 0.098 -0.0190.565 1.000 Zn

Zn -0.154 0.371 0.020 0.325 -0.121 -0.166 1.000 Fe
Fe 0.582 0.099 0.395 0.179 0.3550.693 -0.287 1.000
Spearman’s rank correlation analysis was performed evaluate the

relationship between metal concentrations in seawdiable 5.6). This analysis

demonstrated a positive correlation between sontalpairs: Pb with Hg, Cd, Cr
and Cr with Hg, Cd and Mn with Cu, Fe and Hg with F

Table 5.7 Values of main effects ANOVA in waterwoin

Season Station

Water Column df F p level df F p level
Hg 3 6.920 * 3 0.911 ns
Cd 3 0.238 ns 3 1.019 ns
Pb 3 9.845 xk 3 1.090 ns
Cr 3 40.920 bl 3 1.457 ns
Cu 3 0.248 ns 3 5.505 *

Zn 3 1.046 ns 3 1.473 ns
Mn 3 0.829 ns 3 2.774 ns
Fe 3 0.518 ns 3 1.449 ns

* p<0.05, **p<0.01, *** p<0.001
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The main effects ANOVA results revealed that thegeral variations of metal
concentrations in seawater were significant for R, and Cr concentrations,
while no significant spatial variations were obsehfor all studied metals except
Cu (Table 5.7).

5.3 Heavy Metals in Sediment

The mean concentrations and maximum-minimum valisss pg ¢ dry
weight) of heavy metals in sediment samples cabtbdtom the stations during
four seasonal periods are given in Table 5.8.

The highest Hg level was found in sediment samptdkected from Izmir-
Levent Marina (4.3 pgd in autumn period; whereas the lowest concentratio
was measured at Kusadasi-Setur Marina (0.22f)dngspring (Figure 5.2a). On
a seasonal scale, mean values of Hg did not shgmifisant variation (Table
5.10). However, spatial variation was important dahe highest mercury level
which was observed at Levent Marina was approxiip&@ times higher than the
lowest value recorded at Kusadasi-Setur MarinaoAting to mean Hg levels in
sediment samples, higher mean values were obtéioedizmir-Pasaport (2.4 ug
g!) and Izmir-Levent Marina (2.0 pgyand the lowest mean concentration was
recorded in Kusadasi-Setur Marina (0.37 [ g

The obtained data from the Izmir-Pasaport wherehipeest mean value of Cd
of (1.9 ng @) was recorded represented with maximum valuesllisezsons
within stations whereas the lowest Cd concentratmrer the four sites was found
(0.11 pg @) at Kusadasi-Setur Marina station (Figure 5.2bpnétheless,
maximum Cd level was detected in Izmir-Pasapo (&g g') in winter period
while minimum level recorded in Kusadasi-Setur Mar{0.084 pg Q) in spring.
Apart from Izmir-Pasaport, all stations showed railsir distribution trend with
low concentration of Cd. Concentrations of cadmistmwed marked variations

among stations.
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Figure 5.2b Cadmium levels in sediment dyusampling periods (ug™y

(C: Candarli, P: Izmir-Pasaport, L: Izmir-Levemarina, K: Kusadasi-Setur Marina).
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Table 5.8 The mearsE and minimum-maximum concentrations of the heavyateén sediments

during sampling periodsig g* dry weight)

Candarli Izmir-Pasaport Izmir-Levent M. Kusadasi-Setur M.

Hg 1.5+0.25 2.4+0.20 2.0+£0.80 0.37+0.08
0.87-2.1 2.0-2.8 0.71-4.3 0.22-0.55

Cd 0.17+0.025 1.9+0.26 0.27+0.059 0.11+0.010
0.11-0.22 1.2-2.3 0.19-0.44 0.084-0.13

Pb 85+14 335+78 89+7.0 29+1.4
44-104 252-570 68-100 26-32

Cr 75+3.3 164+9.2 116+1.6 38+5.8
69-84 146-190 114-120 23-52

Cu 256+25 279122 272120 59+11.6
189-308 239-343 219-316 28-85

Zn 199+8.8 620+28 336+27 84+19
181-215 557-681 289-387 48-117

Mn 284+18 392+6.2 362+4.7 354+21
256-335 374-400 352-375 295-390

Fe 26149+2859 27875+1635 31246+631 995311461
18074-31253 25038-31861 29645-32550 6537-12864

The lead concentration of sediment samples cotleftem Izmir-Pasaport

represented with higher values in all seasons weifarding to other stations. In

that case, Izmir-Pasaport shows apparent spatikrpa for the sediment

samples. The mean lead value was extremely highelzair-Pasaport station

(335 ug ¢) where the value approximately 10 times greaten the lowest mean

value found at Kusadasi-Setur Marina (29 19 (Figure 5.2c). The maximum

lead value was measured in spring period in Izrageport as 570 pgigvhile

the minimum lead level was found in Kusadasi-Séflarina as 26 pg §in

winter.

Chromium concentrations reached the highest coratent in Izmir-Pasaport

(190 pg ) in spring while the lowest level of Pb found irus@adasi-Setur

Marina (23 pg @) in the same period (Figure 5.2.d). Furthermotepmium

levels showed significant spatial variations. Thighkr mean values were

measured at two stations from Izmir-Pasaport (164gf) and Izmir-Levent

Marina (116 pg @) located in Izmir Inner Bay, while the lowest mezmomium

value was measured at Kusadasi-Setur Marina (38*ug
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Figure 5.2c Lead levels in sediment during sampiegods (ug ).
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Figure 5.2d Chromium levels in sediment during smgperiods (ug 9).

(C: Candarli, P: I1zmir-Pasaport, L: Izmir-Levent Mea, K: Kusadasi-Setur Marina).
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Mean levels of copper in sediment samples werelynsanilar at all stations
except Kusadasi-Setur Marina where maxima and nainbmncentrations were
recorded in autumn (85 pug-gand in winter (28.27 pug¥, respectively (Figure
5.2e). There were no clear temporal patterns forc@ucentration in sediment
samples, furthermore, a significant spatial diffee was observed. Moreover,
higher average values were obtained from Izmir-pa$a279 pg d), lzmir-
Levent Marina (272 pg ) and Candarli (256 ug™y, whereas the lowest level

was measured in Kusadasi-Setur Marina (59 g g
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Figure 5.2e Copper levels in sediment during samgieriods (g §.

(C: Candarli, P: Izmir-Pasaport, L: Izmir-Levent Me, K: Kusadasi-Setur Marina).

The Zn values (681 pg™yin summer were found higher at Izmir-Pasaport
corresponding to the areas closest to the mainnudraa (Figure 5.2f). The
concentration of zinc in the sediments collectednfthe Kusadasi-Setur Marina
was particularly low and the lowest value (48.20¢tywas determined in spring
period compared with other sampling stations (Feduef).
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Figure 5.2f Zinc levels in sediment during sampliregiods (g 9).
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Figure 5.2g Manganese levels in sediment duringpiaqiperiods (g ).
(C: Candarli, P: Izmir-Pasaport, L: Izmir-Levent Me, K: Kusadasi-Setur Marina).
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As a result, the highest mean value was obtairad femir-Pasaport (620 ug
g!) and the lowest mean value was measured at Ktisstdéion (84 g g). The
presence of Zn showed significant variations amstagjons and the main source

of the variation derived from the values measureldinir-Pasaport.

Mn concentrations ranged from 256 i§ a Candarli in winter to 400 pg'g
at Izmir-Pasaport station in autumn. The highesanmealue was determined at
Izmir-Pasaport (392 pg™y and the lowest in Candarli 284 pg ¢Figure 5.29).
However, the values measured in Candarli wereivelgtiower than the other
stations. There was a significant spatial diffeeeamong stationsnoreover, no

significant temporal difference was determined agnsempling periods.
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Figure 5.2h Iron levels in sediment during sampfegiods (ug @).

(C: Candarli, P: Izmir-Pasaport, L: Izmir-Levent Me, K: Kusadasi-Setur Marina).

Concentrations of Fe in sediment samples showedkadachanges at all
stations. In contrast to this result, iron leveid dot show temporal differences.
The maximum and minimum iron concentrations weré¢aioled in summer

(32550 pg d) and spring (6537 g™y periods at Izmir-Levent Marina and
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Kusadasi-Setur Marina, respectively (Figure 5.2maddition to this, the highest
mean value was obtained from Izmir-Levent Marina2@ ug @) while the

lowest mean was measured in Kusadasi-Setur MatBiz0g g §).

The order of mean metal concentrations in sedimesdsrded in this study
decreased in the following order Fe>Mn>Zn>Cu>Pb>{>Cd for Aegean Sea.
The orders were different in Candarli (Fe>Mn>Cu>Rb>Cr>Hg>Cd) while
Izmir-Pasaport the sequence is Fe>Zn>Mn>Pb>Cu>CxtHlg The following
sequences were observed Fe>Mn>Zn>Cu>Cr>Pb>Hg>Cdrartiin>Zn>Cu>
Cr>Pb>Hg>Cd for Izmir-Levent Marina and Kusadasit$®larina, respectively.
In generally the order of metals in sediment sasplere not similar to the

sequences obtained from sea water with the exceptibe, Pb, Cu and Cr.

Spearman rank-order correlation analysis (p<0.@mahstrated that positive
correlation existed between some metal concentr&iilo sediment. According to
results, Hg with Cd, Pb, Cr, Zn; Cd with Pb, Cr,,@u, Fe; Pb with Cr, Cu, Zn,
Fe; Cr with Cu, Mn, Zn, Fe; Cu with Zn, Fe and ZithwFe showed positive
correlations in the sediment (Table 5.9). The mssbng correlation was
determined between lead and cadmium (r=0.947). &howed significant
correlations with chromium (r=0.944), cadmium (18@) and lead (r=0.874).
Chromium also showed marked correlations with cadm{r=0.877), mercury
(r=0.853) and lead (r=0.847). In the sediment samplhe relationship between
iron and copper was found considerably high (r=0)8&h the study area.
Significant correlations were observed between rimgeatter and heavy metals
except Mn, Fe (Table 5.9).
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Table 5.10 Values of main effects of ANOVA in sedimh

Season Station
Sediment  df F p level df F p level
Hg 3 2.26 ns 3 16.45 rxk
Cd 3 1.06 ns 3 65.01 rxk
Pb 3 0.81 ns 3 40.56 rxk
Cr 3 1.11 ns 3 53.47 rxk
Cu 3 0.60 ns 3 29.71 rxk
Zn 3 0.40 ns 3 38.77 rxk
Mn 3 1.36 ns 3 10.64 *x
Fe 3 0.57 ns 3 24.67 *hk

* p<0.05, **p<0.01, *** p<0.001. ns: non significant

Main effect ANOVA was applied on log transformedtelalata (Table 5.10).
According to main effect ANOVA results the metaladied in the sediment did
not show any significant temporal changes. Howewadlr,metal levels at the

sampling sites showed marked variations.
5.4 Heavy Metals in Barnacles

Mean and minimum-maximum concentrations (as figly weight, dry wt) for
eight metals in soft tissue @&. amphitrite were given in Table 5.11. Hg showed
slight fluctuations from a minimum value of 0.02 gi§in Izmir-Levent Marina and
maximum one 0.76 ug'gn Candarli in autumn where represented with highean
mercury level with regard to other sampling stadiomn this station seasonal
differences can be seen between autumn and wireods (Figure 5.3a). Hg

showed both seasonal and spatial variations dsangpling periods. (Table 5.12).

The concentrations of cadmium An amphitrite varied among the sampling sites
(p<0.001) with the lowest to the highest measuralties being 5.0-20.0 pg'gn

Izmir-Pasaport to Candarli in winter and springipes, respectively (Figures 5.3b).
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Figure 5.3a Mercury concentrations (mean+0.95 denite intervals) il. amphitrite.
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Figure 5.3b Cadmium concentrations (mean+0.95 denfie intervals) ik. amphitrite.

(C: Candarli, P: I1zmir-Pasaport, L: Izmir-Levent Mea, K: Kusadasi-Setur Marina).
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The highest mean concentration of CdAinamphitrite was mainly recorded in
Candarli (12.5 pg 9 from the Northern Aegean Sea during the sampfiedod:;
significantly the lowest mean value was obtainednfl_event Marina (6.7 ug¥yin
polluted Izmir Bay. Seasonal variation was only aripnt in Izmir-Pasaport where

the highest mean value was recorded in autumngéti® 54 pg g) (Figure 5.3b).

—+= SUMMER
AUTUMN

STATIONS

Figure 5.3c Lead concentrations (mean+0.95 confidéntervals) irA. amphitrite.

(C: Candarli, P: Izmir-Pasaport, L: Izmir-Levent Me, K: Kusadasi-Setur Marina).

A. amphitrite showed a wide range of Pb concentrations with ifsogmt
differences between seasoms@.001). Lead levels in organisms ranged between
19.6 pug @ at Candarli in summer and 0.97 pg gt Kusadasi-Setur Marina in
spring. At all stations, lead concentration wasorded higher in summer period
except Kusadasi-Setur Marina where mean Pb coratemtrreached its highest
value in winter (Figures 5.3c). Futhermore, thehbg mean value was found as 6.3
ng g' in Kusadasi-Setur Marina and the lowest mean vetscted as 3.67 ugtdn
Izmir-Pasaport and 3.7 ug'dn Izmir-Levent Marina.
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Figure 5.3d Chromium concentrations (mean=0.95idence intervals) ii\. amphitrite.

(C: Candarli, P: Izmir-Pasaport, L: Izmir-Levétarina, K: Kusadasi-Setur Marina).

Chromium concentrations in barnacle soft tissuesveld higher values in all
seasons at Kusadasi-Setur Marina with the maximaioevin spring (14.1 pg. In
addition, the lowest Cr concentration was obseate@andarli (1.66 ug¥ in spring
period where a seasonal decreasing trend was éeétéeigure 5.3d). The highest
mean concentration of Cr was recorded in Kusad#s86 pg @) while the lowest
mean value was obtained from Candarli (3.06 [ There was a significant
differences among stations in which Candarli regmésd with the lowest mean

concentration (3.06 pglyin the study area.

The barnacle showed a wide range of accumulateg Gacconcentrations in soft
tissues. The maximum Cu level was recorded at GAr@872 pg @) in autumn
while minimum concentration was recorded at Iznas&bort (27.6 pg in winter.
According to ANCOVA results, there were apparentisistent spatial (p<0.001) and
temporal (p<0.01) patterns (Table 5.9). Higher mealnes in autumn period were
determined both Izmir-Pasaport (1324.28 i) gnd Candarli (1450.97 pglp
(Figure 5.3e).
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Figure 5.3e Copper concentrations (mean=0.95 cendie intervals) ir\. amphitrite.
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Figure 5.3f Zinc concentrations (mean+0.95 confadeimtervals) imA. amphitrite.

(C: Candarli, P: 1zmir-Pasaport, L: Izmir-Levearina, K: Kusadasi-Setur Marina).
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The maximum Zn concentration was found at Izmirapast station (846 ug?y

in autumn period and such body concentration was times greater than those of
measured as minimum value at Candarli station (1g9") during the same period
(Figure 5.3f). According to ANCOVA there were nagrsficant differences among
stations for the Zn which was showed similar tremithin stations. Zn represented
with the highest average concentration at IzmiraPes (335 pg @) and the lowest
mean was measured in the body content of barnecliexted from Kusadasi station
(237 pg §) and Levent Marina (239.3 ug'y
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Figure 5.3g Manganese concentrations (mean0.%idence intervals) if\. amphitrite.

(C: Candarli, P: Izmir-Pasaport, L: Izmir-LewéMarina, K: Kusadasi-Setur Marina).

Minimum (9.9 pg @) and maximum (72.6 ug'y concentrations of Mn were
found in the data collected from Izmir-Pasapomvinter and Candarli in autumn,
respectively. The manganese concentrations didsigoificantly differ among
seasons and stations (Table 5.12). Hovewer, ie@sesal variation can be only

observed at Izmir-Pasaport because of the higheanmalue in spring period
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(Figure 5.3g). The highest mean concentration anstaipns were found in the
body content of barnacles collected from Pasapitht the values 31.2 pg'gand

the lowest mean 17.3 pg grom Kusadasi-Setur Marina.
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Figure 5.3h Iron concentrations (mean+0.95 confidantervals) inA. amphitrite.

(C: Candarli, P: Izmir-Pasaport, L: Izmir-Levétarina, K: Kusadasi-Setur Marina).

The minimum and maximum concentration of Fe rarugdeen 179-1064 pg'g
in samples collected from Candarli in autumn (Fegub.3h). The mean
concentrations of Fe iA. amphitrite recorded at all sites ranged from 438 |ig ig
Candarli to 698 pgin Kusadasi-Setur Marina during the study peridglightly
higher mean levels of Fe iA. amphitrite were observed at Izmir-Pasaport and
Kusadasi-Setur Marina in autumn. Iron values ditdsimw significant temporal and

spatial variations at all stations (Table 5.12).

Analysis of covariance (ANCOVA) was used to detdifferences between sites
for each of the sampling seasons and seasonataiitfes at each of the four sites in
terms of accumulated body metal burdens. In tha daslysis, metal concentrations

and season were considered as the dependent aapknttent variable, respectively,
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whereas mean weight was selected as the covafibéeedata set was normalized
using double log transformation [log body weigkitggainst log metal concentration
(y)] before ANCOVA test (Table 5.12).

Table 5.12 Effect of inter-season and inter-statiariations covariate size on the variability oftso

tissues imMAmphibalanus amphitrite

Season Station

Variable df F p level df F p level
Hg 3 3.367 * 3 59.617 *xk
Cd 3 1.008 ns 3 14.680 ok
Pb 3 9.515 *xk 3 0.377 ns
Cr 3 2.938 ns 3 19.090 *rk
Cu 3 7.126 e 3 16.317 *xk
Zn 3 7.184 i 1.914 ns
Mn 3 1.354 ns 3 1.055 ns
Fe 3 1.004 ns 3 2.282 ns

* p<0.05, ** p<0.01, *** p<0.001, ns: not significant

In consequence, the comparison of soft tissue crat@ns of metals
demonstrates that, there were significartO)(p5) seasonal variations for Hg, Pb, Cu
and Zn. Significant inter-site differences were eged for Hg, Cd, Cr and Cu
concentrations in the soft tissuesfofamphitrite. The test did not show statistically
significant spatial differences for Pb, Mn, Zn drel(Table 5.12).

There is a significant correlation (p<0.05) for centrations of Cd, Cu, Fe, Hg
and Zn in barnacles (Table 5.13). This analysisaietnated a significant positive
correlation (p<0.001) of Hg with Cd (R=0.638), 0R=0.804) and Zn (R=0.561).
The correlation coefficient obtained for Hg and &are positive but it had a low
confidence level. Fe with Cu (R=0.548) and Zn (B¥Q); Cu with Zn (R=0.620)
and Cd (R=0.552). The concentrations of all metalseawater were lower than in
barnacle samples. Comparison of rank orders o$ $itan seawater and barnacle

metal data using Spearman's rank correlation testealed that there was no
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significant correlation (p<0.05) except Cu/W-Hg/BR=0.518), Fe/W-Mn/B (R=-
0.506), Zn/W-Mn/B (R=-0.610) and Mn/W-Cr/B (R=-034

Table 5.13 Spearman rank-order correlation coeffits for relationship between heavy metals in
Amphibalanus amphitrite (Marked correlations are significant at p<0.05)

Variable Hg

Hg 1.000 Cd

Cd 0.638  1.000 Pb

Pb 0.066 0.011 1.000| Cr

Cr 0.127  -0.102  0.188 1.000 Cu

Cu 0.804 0552 0.030 0.310  1.000 | Mn

Mn 0.047 0011  0.050 -0.164  -0.038 1.000  zn

Zn 0561  0.297  0.049  0.230 0.620 0.267 1.000 Fe
Fe 0433 0141 0242 0.483 0.548 0.065 0.572 1.000

The mean metal concentration in barnacles recard#ds study decreased in the
following order; Cu>Fe>Zn>Mn>Cd>Cr>Pb>Hg for the gemn Sea coast. This
order showed changes according to stations. InriPasaport and Candarli, mean
value of metals sorted in decreasing order (Cu>Rekh>Cd>Cr>Pb>Hg) and
(Cu>Fe>Zn>Mn>Cd>Pb>Cr>Hg), respectively and showedrly similar tendency
with the Aegean Sea. The orders were different amit-Levent Marina
(Fe>Cu>Zn>Mn>Cr>Cd>Pb>Hg), while Kusadasi-Setur iMarthe sequence is
(Cu>Fe>Zn>Mn>Cr>Cd>Pb>Hg). In the southern parthaef Aegean Sea the order

changed by elevated Cr concentrations due to geallocharacteristic of this region.

The dendrogram was realized using transformategl X¥l) metal data obtained
from the different sites of the sampling area. Telasters with sub groups were
identified; the first one (G1), Hg constitute a gpoalone and joined to other group
with weak similarity and the second one has twonnsaib groups (G2 and G3) of
metals which constitute subgroups linked to eatlerovith higher similarity values.
The group G2 consists of Zn, Cu and Fe which aserdgml elements in organism
life and are closely linked to each other more &80 similarity (Figure 5.4).
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In another group (G3) including Cd, Pb and Cr cancbnsidered as xenobiotic
metals, with tendency to bioaccumulation, althoudjktributed in the marine
environment at low concentrations. Mn joined tostlgroup with %80 similarity

although it comes mainly from soil sources.
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Figure 5.4 Hierarchical dendogram for heavy mataampling sites from the Eastern Aegean coast.

5.5 Discussion

The pollution levels of the aquatic environmenthi®avy metals can be estimated
by analysing water, sediments, marine organismgsipbchemical parameters, OM
(%) content and grain size. In the present invatibg, higher values of dissolved
oxygen were recorded in winter which might be daetite cumulative effect of
higher wind velocity coupled with heavy rainfallcathe resultant freshwater mixing
(Govindasamy, Kannan & Azariah, 2000; Rajasegarp320Saravanakumar,
Rajkumar, Serebiah & Thivakaran, 2008). Seasonahtuan of dissolved oxygen is
mainly affected by freshwater flow, temperature arshlinity changes
(Saravanakumaeat al., 2008).

In this study, the surface water temperature shoamedncreasing trend from
winter (11.9 °C) to summer (26 °C) and was influmhdy the intensity of solar
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radiation, evaporation, freshwater influx and cogland mixing water. The highest
salinity value was found in summer season (40.§ pad the lowest (37.3 psu) in
spring period among all stations. The recorded driglalues could be attributed to
the low amount of rainfall (Turkish State Meteoilzal Service, 2009), higher rate
of evaporation and also due to neritic water domuea(Balasubramanian & Kannan,
2005; Sridhar, Thangaradjou, Senthil Kumar & Kann2@06; Asha & Diwakar,
2007). Conductivity levels ranged between 57.10®0mSi/cm from spring to
summer in Izmir-Pasaport station, respectively #mete were no big differences
found at other sampling stations. pH in surfaceevgatemained alkaline throughout
the study period and the pH represented with tgkdst value (8.52) in summer and
the lowest in winter (7.98). Generally, its seasaraiation could be due to GO
removal by photosynthesis through bicarbonate diedian, dilution of seawater by
freshwater influx, low primary productivity, redumt of salinity and temperature,
and decomposition of organic matter (Bragadeeswarajasegar, Srinivasan &
Kanagarajan, 2007). The recorded high summer pHeval the sampling stations
might be due to the high biological activity (Gogasamy, Kanan & Azariah, 2000)
and the occurrence of high photosynthetic activ({gridhar et al., 2006;
Saravanakumaat al., 2008).

Concerning the seasonal variations, higher meatet#gs in water column were
obtained from Pasaport and Levent Marina, locatetie inner part of the Izmir Bay
in summer period. In our study the distributionHg levels in water column (0.010-
0.033pg ™) were found similar with the data obtained fromlléii Bay in Eastern
Aegean Sea (Gavriil & Angilidis, 2005). However, Mglues (0.08-0.49g ) in
water samples collected inner part of the IzmirfGAkcali & Kucuksezgin, 2011)
were higher than our results. Furthermore, sedinsamhples showed stational
variations and both sediment and water column sesnplere represented with
higher mean values of Hg at the same samplingostti This means that
anthropogenic contribution to the heavy metal catregions at the inner part of the
Izmir Bay was clearly noticed in water and sedimsanhples. Spatial and temporal
variations of Hg inA. amphitrite species were much more evident. At Pasaport

station the highest mean accumulation of Hg canrdm®gnized in water, and
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sediment contrary to soft tissue dry weight (mesell 0.03-0.45 pgd. Fialkowsky

& Newman, (1998) obtained considerably higher val(iel-13 pg @) in Salton Sea,
Southern California than those reported in thisdgtuAnother study in Huelva
Estuary, the Hg values (0.2-2.1 ) gvere also found higher in barnacle soft tissues
(Morillo & Usero, 2008) (Figure 5.14).
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Figure 5.5a Linear regression between Hg (ffgdgy weight) and soft tissue dry
weight (g) ofA. amphitrite in Candarli.

Many parameters can affect mercury accumulatioh ssscspecimen size, sexual
maturity, sensitivity to seasonal changes, feediadits, trophic position, water
quality and environmental contamination (SzefemKB.-S., Kim, C.-K., Kim, E.-
H. & Lee, 2004) Metal concentrations in the bodies of marine orgasi are
dependent on the rates of accumulation, excretiot diluting body growth.
Therefore, there is potential for an effect of smethe body metal concentration
(Blackmore, Morton & Huang, 1998). In an effort itovestigate the relationship
between the tissue metal contenfoamphitrite and its soft tissue dry weight, linear
regression analyses were conducted, taking intoustcll metal pairs at each site.
In the present study, a significant negative catreh was found between Hg
concentration in barnacle soft tissue and its weadhall stations except Kusadasi-

Setur Marina (Figure 5.5a-c).
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Figure 5.5b Linear regression between Hg (U dry weight) and soft tissue dry

weight (g) ofA. amphitritein 1zmir-Pasaport.
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Figure 5.5c Linear regression between Hg (itgdyy weight) and soft tissue dry

weight (g) ofA. amphitrite in Izmir-Levent Marina.
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Cd levels in sediment samples collected from aliehs showed marked stational
differences and this is obviously seen that sampéd®n from Izmir-Pasaport
included higher concentrations than other statifumsall seasons. Moreover, the
higher mean Cd levels in water samples were alsodon Izmir-Pasaport and
Candarli. In the present study, the detected Cdldem sediment samples are close
to those found previously in sediments of port afphs-Italy, (Adameet al., 2005)
and Huelva Estuary-Spain (Morillo, Usero & Graciz)04). In our study, Cd
concentrations in sediment found a bit higher tthenvalues obtained from Ligurian
Sea-ltaly (Bertolottoet al., 2005) and Izmir Bay (Kucuksezgia al., 2006).
However, this results were lower than those obthifieom Mar Piccolo, a
semienclosed basin located near the city of Tarhalp (Calaceet al., 2005) and
other previous studies (Ferrae al., 2006; Vicente-Martorell, Galindo-Riafo,
Garcia-Vargas & Granado-Castro, 2009). In the otrsgudy, the recorded Cd
values in water column were lower than the previstuslies carried out in different
localities (Morillo, Usero & Gracia, 2005; Vicenkéartorell, et al., 2009; Akcali &
Kucuksezgin, 2011). A major source of cadmium ie tharine environment is
sewage and industrial activities such as manufaattipaints, plastics, ceramics and
batteries, alloysagricultural fertilizers, fossil fuels (Maruham ¥9Waalkes &
Misra, 1996). At lzmir-Pasaport station, high vauef cadmium concentration
should be derived from the polluted inner Izmir Besysubjected to urban sewage,
industrial activities and port operations. One da¢hat can affect the bioavailability
of many trace metals without a change in total ale&sl metal concentration is
salinity (Rainbow, 1997; Blackmore, Morton & Huant998). For example, the
metals zinc and cadmium are complexed by chlotitigs in higher salinity there is
greater chloride complexation and a reduction m akailability of the free metal
ion, widely considered to be the metal species navstilable for uptake from
solution (Campbell, 1995). Thus Zn and Cd bioavdliles may be higher in lower
salinities simply as a physico-chemical effect alirgsty change (Rainbow, 1997).
Variation in salinity did not significantly affe€@d uptake inA. amphitrite collected
from the low salinity site and both water and badwytent ofA. amphitrite showed a
weak correlation with salinity (p<0.05) (Table 5.8ource of Cd in barnacles

include dissolved metals in water column and orgghi metal rich food patrticles.
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EspeciallyA. amphitrite takes more of the smaller suspended particles €/Asaah,

1994). Therefore, it should be expected that oheartain Cd flux intA. amphitrite

is from food, the biomonitor should reflect the €ancentration in the dissolved
phase and ultimately in the total Cd concentratiothe environment. It may be that
the smaller particles taken b4 amphitrite have more significant geographical
differences in metal loadings for uptake and acdatian. In this study, a significant
negative correlation was found between Cd conctotran barnacle soft tissue and

its weight for only Izmir-Pasaport station (Figir&d).
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Figure 5.5d Linear regression between Cd @gdgy weight) and soft tissue dry

weight (g) ofA. amphitrite in 1zmir-Pasaport.

Although Cd values inA. amphitrite were found slightly higher than those
obtained from other studies (Phillips & Rainbow,8&9 Blackmore, Morton &
Huang, 1998; Fialkowsky & Newman, 1998; Rainbow &adkmore, 2001;
Blackmore, 2001; Silva, Smith & Rainbow, 2006), @dues (5.4-15.§i9g") were
approximately four times lower than those determhia¢ Mission Bay (58.9gY)
(Fialkowsky & Newman, 1998) and eleven times lotian that found in the Huelva
Estuary (168igg™) (Morillo & Usero, 2008) (Table 5.14).
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On a seasonal scale, the high values of Pb weoeded in early summer period
for water samples at all stations. This seasorfidrdnce within the water column
might be result of the rainy period (Figure 3.2 ahis can also be attributed to
atmospheric transport of the metal through wet dijom because atmosphere is a
very important Pb pathway to the sea and even ttoged marine systems. It is
estimated that the atmospheric fluxes of Pb aredwders of magnitude higher than
the fluvial fluxes (Martinet al., 1989. The highest mean lead value in sediment
samples was obtained at Izmir-Pasaport station evbeatial variation was notable.
The appearance of Pb may be the result of locdlrambgenic sources, i.e. urban
sewage runoff, industrial, the presence of portilifees, the deposition of
atmospheric Pb and the roads washing from raidfaihg the winter and the spring
time of the year, contribute significantly to thé Bading of marine sediments
(Stamatis, Nikolaos & Sylaios, 2006). The atmosgghpathway may represent a
major source of Pb to marine sediments. The highesin Pb levels iA. amphitrite
and in water column showed similar pattern and marn concentrations were
recorded at Kusadasi-Setur Marina station for boththem. Concerning Pb,
accumulation in barnacle (0.97-19.6 ud) gvas lower than the findings obtained
from studies conducted in contaminated Hong Kongstad waters and Turkish
coasts (Blackmore, 1996; Turkmeshal., 2005) where they found maximum values
as approximately 107 mg RgPb values im\. amphitrite were higher than the results
given by Rainbow & Blackmore, 2001 (Table 5.14).water samples Pb values
were lower than 2.6-17.8 pg'lreported by Vicente-Martorekét al. (2009). In
general, we can state that the concentration ahFediment samples were higher
than that given for Inner Izmir Bay (Aksu, Yasar @slu, 1998; Cihangir &
Kucuksezgin, 2003; Kucuksezgiret al., 2006; Duyusen & Akinci, 2008). In
accordance with our results, Ferraal., (2006) found higher Pb values in Naples
Harbour’s sediments. The results for sediment sasnpbllected from the estuary of
Tinto and Odiel rivers in Huelva-Spain, one of thest metallic polluted estuaries in
Europe (Vicente-Martorelkt al., 2009) were two times higher than the resultsrgive

in this study.
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Chromium levels in water samples at all stationswsd a significant seasonal
variation like Pb and it can be noticed that summwaues at all stations were
obviously presented with high Cr values in sea wadesides, higher mean values
both water and sediment samples were obtained faonir-Pasaport and Levent
Marina stations where OM (%) contents representéd lwigh levels (Table 3.1) and
the lowest mean Cr concentration found at KusaSatiw Marina station. Moreover,
Cr levels tended to correlate positively (p<0.01)hwOM (%). Our findings for
sediment were generally lower than that reportedAksu, Yasar & Uslu, (1998);
Cihangir & Kucuksezgin, (2003); Bertolottet al., (2005). However, in some
previous studies, Cr levels in sediment samplesede@d our measurements (Ferraro
et al., 2006; Kucuksezgiret al., 2006; Adamoet al., 2005; Duyusen & AKincl,
2008). In the current study, barnacles showed fsognit stational differences and the
average concentrations of Cr in barnacle soft thsue ranged between 3.06-10.65
Hg g* In the previous study, carried out in IskendeBaty and Hong Kong coastal
waters higher values were found than our resuliskfhienet al., 2005; Rainbow &
Blackmore, 2001) (Table 5.14).

Mean Cu levels both water and barnacle samples foarel relatively higher in
Kusadasi-Setur Marina and Candarli. The lowest measl was recorded in Izmir-
Pasaport for both water column and barnadiks.correlation between Cu and Zn in
water and sediment indicates a common contamingoomce, which is typical for
other anthropogenically impacted coastal areassdlesan be related to the element
pairs may have similar anthropogenic sources asigilalitions. Natural background
concentrations of Cu in seawater are estimated dsetw0.5 and 3 pg'] but
concentrations up to 21 pg In contaminated areas (Brooks & Waldock, 2009). In
our study, the highest Cu levels in seawater (21248 I*) which exceed the natural
background concentrations was measured in Kus&tdsi- Marina and these
obtained levels increased winter through to sumpeeiod (Figure 5.1e). This may
be due to boat docking, boat repairing activitied aorrosion of ships’ hulls which
generally have the antifouling coating (Dolgen, #dfan & Serifoglu, 2003).
Kusadasi-Setur Marina used as landing place haacht yapacity rising from 410

yachts in winter conditions through to 525 yachtsummer conditions.
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The copper distribution in soft dry tissue Afamphitrite presented both spatial
and temporal variations. There were similarly sffiects were determined for Cu in
Candarli, 1zmir-Pasaport (Figure 5.5e and f). Bales have a higher potential for
metal accumulation than other invertebrates (Rain&oWhite, 1989), for instance,
copper is accumulated from copper- and sulphur-delposits by barnacles (in
extreme copper rich environment). End products uticly copper-containing
metallothioneins accumulated as a result of thesgmal breakdown (Rainbow,
1987, 1998). Concentrations of Cu (108-1Q89g?) levels in present study were
generally low relative to previously reported vautr barnacles (Phillips &
Rainbow, 1988; Blackmore, Morton & Huang, 1998; @imore, 1996; Fialkowsky
& Newman, 1998; Rainbow & Blackmore, 2001; Morild Usero, 2008) (Table
5.14). Cu is the main component of antifouling pai@ones & Bolam, 2007) and is
also considered as an important anthropogenic sowfc Cu to the aquatic
environment (Warnken & Dunn, 2004). Other substarieached from the paints
that may have potentially adverse effect with ometlaer such as Zn and Pb
(Karlsson & Eklund, 2004; Karlsson, Breitholtz & lekd, 2006; Karlsson, Ytreberg
& Eklund, 2010).

Measured copper and zinc levels in sediment sanvpdee nearly similar along
the Aegean coast. Compared to other stations #mise attributed to organic matter
because the lowest organic matter value was red@tkusadasi-Setur Marina. It is
worth noting that there were a significant positindationships between organic
matter (%) and Cu (p<0.05), Zn (p<0.001). Deconpwsiof the organic matter are
found to release heavy metals back to sedimentsaaecuimulated; and this process
might be responsible for the strong associatioZmfand Cu with organic carbon
(Bardarudeen, Damodaran, Sajan & Padmalal, 199@&gidBs, the release of
organically bound heavy metals through influx fréamd runoff might have also
contributed elevated level of Zn and Cu, despiey thre meager in amount. Zn and
Cu are generally good indicators of anthropogenjouis (Forstner & Wittman,
1979).
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In this study, Cu levels for water samples wereilainreported by Vicente-
Martorell et al., (2009); and Cu results in water close to resalttained from
Algericas Bay (Spain) given by Morillo & Usero, (28). Cu values were lower than
the results obtained from Huvelva Estuary (Morillisero & Gracia, 2005; Morillo
& Usero, 2008) and from Naples Harbour-Italy (Adaehal., 2005). Results in this
study indicate that Cu levels in the sediment wegher than the previous studies
(Aloupi, Angelidis, Gabriel, Karantanelli, Koulouss Nikolaou, et al., 2007;
Cihangir & Kucuksezgin 2003; Aksu, Yasar & Uslu,989 Bertolottoet al., 2005;
Dassenakigt al., 2003; Calacet al., 2005). Especially higher Cu levels were found
in sediment samples taken from Harbour areas (fegreaal., 2006) and polluted

areas (Vicente-Martoredt al., 2009) in the Mediterranean Sea.

In this study, Zn values in sea water which excdetthe clean offshore levels
were recorded in marinas. The levels of Zn in séamean be as high as 450 I*
especially in polluted harbours. However, in cledfshore areas the values range
from 1 to 5ug I, and can even go down to 0.002 1" (UNEP, 1996d). The highest
average Zn concentrations A amphitrite was found in lzmir-Pasaport but lowest
value was measured in Kusadasi-Setur Marina. Thalrmencentration in barnacle
showed seasonal changes in flesh weight duringléivelopment of gonadic tissues
(Joiris, Holsbeek & Otchere, 2000). In additiorardmcles have higher metal levels
just before spawning in which fertilization occurém March to September
(Southward, 2008). And increase may be due toclfde differences that influence
uptake, storage and or excretion or body conditiblmsvever, zinc bioavailability is
affected by biotic (e.g. organism age and sizegrphistory of exposure, food
availability, metal bioavailability, season of sdmg, hydrodynamics of the
environment, size, sex, changes in tissue compas#easonal variations in weight
and reproductive condition) and abiotic factorg.(éemperature, salinity, pH, metal
concentration water hardness, dissolved organibocar (Blackmore, Morton &
Huang, 1998; Brock, 1998; Wang, Qiu & Qian, 1992899b). Barnacles are
particularly strong net accumulators of zinc in padncentrations compared to most
invertebrates (Rainbow, 1987, 1998).
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weight (g) ofA. amphitritein Izmir-Levent Marina.

Various metal concentrations # amphitrite were higher not only in polluted
environment such as Kusadasi-Setur Marina, lzm#apart and Izmir-Levent
Marina but also in less urbanised area, Candank. Soft dry tissues @&. amphitrite
also showed negative relationships@.01) between weight (g) and zZn (LQ) @t all
stations except Kusadasi-Setur Marina (Figure 9.5g-

Due to lack of a hepatopancreas in barnacle (Mabadinnes & O’ Brien, 2002)
it takes up available zinc from solution (Rainbow/hite, 1989) and has an ability
to detoxify in form of zinc pyrophosphate granul&sP.O;) in the body tissue
which are stored in the mid-gut region (Rainbow87,91998; Pullen & Rainbow,
1991). These granules are not excreted, and tlosvsaalbarnacles to accumulate
extremely high body concentrations of zinc e.g.,000 mg Zn @ dry weight
(Rainbow, 1987, 1998) with apparently no physiatagieffects. Our Zn values for
water were lower than the previous studies givenMwmyillo, Usero & Gracia,
(2005); Morillo & Usero, (2008) and Vicente-Marttret al., (2009). Zn levels in

sediment were similar to values measured in coasea of Ligurian Sea which is
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densely populated and characterised by the presdrecgariety of pollution sources
which are likely to release heavy metals into theirenment (Bertolottoet al.,
2005) and sediments taken from southwest coaspaih3Morillo, Usero & Gracia,
2004) and were higher than Dassenakeesal., (2003); Calaceet al., (2005);
Cihangir & Kucuksezgin, (2003); Aksu, Yasar & Us(998); lower than Adamet
al., (2005); Duyusen & Akinci, (2008).

Considering Mn, there was a significant statioreiation for sediment samples;
moreover, there were no clear spatial and temgbifgkences in water column. The
high dissolved Mn concentrations in the bottom weateust be considered as a result
of high availabilities of manganese (perhaps togethith iron) which may be
associated with elevated suspended load of ordhnicdah sediment particles
(Rainbow & Blackmore, 2001). In this study, the Bbncentrations in water column
were similar to the concentrations reported foreotboastal sites (Vicente al.,
2009) and our results were lower than the resuMsngby Morillo, Usero & Gracia,
(2005); Morillo & Usero, (2008). The most abundangetal-sorption phases in
sediment oxic horizons are Mn and Fe oxides. Ogearbon has also been shown
to sorb metals in both aerobic and anaerobic sediimerizons, whereas in anoxic
horizons, acid-volatile sulphides are the most irtepd binding phase for divalent
metals (Hagopian-Schlekat, Chandler & Shaw, 2004»). accumulation showed
negative correlations with gravel and sand andigwifscant correlations were found
for silt and clay (Table 5.9). Total Mn levels shempositive corelation with Cr in
sediment (R=0.565, p<0.05) (Table 5.9), and implred Mn-oxides in the surface

sediments may partly control the Cr level.

In sediment, comparatively, Mn levels found in tetsdy were higher than the
levels reported by Adamet al., (2005); Calaceet al., (2005) and our results were
similar that found by Dassenaké al., (2003). There was no clear spatial and
temporal differences observed for water and baenaenganese concentrations. The
potential of Mn for size-effects with regard to bacles collected from Candarli was
significant (Figure 5.5@g). In this study, the Mruwes forA. amphitrite (16.6-48.6ug

g™) represented with lower values than those pubdigheother authors (Blackmore,
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Morton & Huang, 1998; Blackmore, 1996; Rainbow &a&kmore, 2001; Morillo &
Usero, 2008; Augusto, Silva, Smith & Rainbow, 200&@ble 5.14).
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Figure 5.5j Linear regression between Mn (ug gry weight) and soft tissue dry
weight (g) ofA. amphitrite in Candarli.

No significant temporal variations were observedHe levels in water, sediment
and barnacle while there was a significant spaiaiation was observed for only
sediment samples (Table 5.10). Measured Fe lemetediment samples were high
except Kusadasi-Setur Marina where OM (%) levgisagented at low concetrations
compared to other stations. This can be relatedealistribution profiles of iron and
manganese adsorbed onto the surface of suspendmtepgAli & Fishar, 2005). In
this study, lower Fe levels in water samples weumél according to the results given
by other authors (Morillo, Usero & Gracia, 2005prparing our findings, Fe levels
measured in sediment samples were lower than twtseeported by Bertolottet
al., 2005. Similar values were found with the studyf@ened on Fe analyses of
sediment taken from Euvoikos Gulf, Greece, whichaisemi-enclosed system
receiving pollution loads from several urban andustrial sources and is affected by
a strong tidal current (Dassenakisal., 2003). The reported Fe values in our study

were found higher than the levels given by otheblisbed studies (Calacet al.,
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2005; Morilo, Usero & Gracia, 2004; Alougi al., 2007). The highest mean level of
Fe for water and barnacle was measured at samdisgmsfation (Kusadasi-Setur
Marina). On the other hand, the data set for ir@s whowed significant size-effect
for only Izmir-Pasaport (Figure 5.5k). The Fe valua barnacles were lower in
comparison with the obtained data taken from Hormand and Xiamen coastal
waters (Blackmore,1996; Blackmore, Morton & Huad®98) (Table 5.14). The
highest Fe values measured in this study excedaetkvels given by other studies
carried out in Iskenderun Bay (Turkmenal., 2005); in Curimatau Estuary-Natal,
Brasil (Silva, Smith & Rainbow, 2006) and in Sodtimerica, N. Brazil (Augustet
al., 2006).
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Figure 5.5k Linear regression between Fe (ug dry weight) and soft tissue dry
weight (g) ofA. amphitritein 1zmir-Pasaport.

The negative relationships between metal concemtisatand size found in this
study may be the difference in metabolic activitgtileen younger and older
barnacles. The net accumulation of heavy metaBnirorganism is a result of the
difference between uptake and depuration and shihe most important factor in
metal accumulation. Therefore, results of this gtothy also lead us to say that

heavy metal concentrations in the studied statiorsuch levels that the barnacles
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may control their tissue levels with the growth fC& Atli, 2003). If we compare
the metal levels and weight of the soft tissueait be seen that the slope for Hg, Cd,
Cu, Zn, Mn and Fe were generally greater in Iznasdport and Candarli stations,

which could be explained either by different biaéaality.

In order to assess the concentration factors (@#sAmphibalanus amphitrite,
analysis of the waters were performed which welteced at the same sites and
collection period. The CF may be used to evalula¢estate of conservation of an
ecosystem or to monitor its state (Conti and Cetct2®01). CF is the ratio of metal
concentration in the barnacle (g dry wt) to the concentration of metal in seawater
(mg ) over the sampling periods. CFs could be influenbg the passage of a

contaminant through the trophic chain.

Table 5.15. Concentration factors for Hg, Cd, Bb, Cu, Mn, Zn and Fe inAmphibalanus

amphitrite along the Aegean coast

Site Hg cd Pb Cr Cu Mn Zn Fe

Candarli 2.8x1H 5.1x1d 3.6x1¢ 2.6x1G 2.9x13 6.0x1G 6.9x1d 7.5x1d

lzmir- 5.9x10 3.7x1d 2.8x16 5.1x1G 6.5x1d 1.1x1d 7.7x1d 5.8x1d
Pasaport
lzmir- 2.1x10 2.2x10 4.8x10 8.3x1G 2.3x1G¢ 9.9x1G 4.3x1d 2.4x1d
Levent M.

Kusadasi- 2.4x1d 42x1d 35x10 1.0x1d 9.5x1d 1.2x1d 2.8x1d 3.2x1d
Setur M.

Concenration factor (CF) for Cd, Zn and Fe obsea®dd while Hg, Cr, Pb and
Mn varied from 16to 1 (Table 5.15). Concenration factor for Cu changetiveen
10" and 16 in A. amphitrite has the ability to accumulate metals several timese
than sea water because heavy metals, pesticidesthadtoxic substances can be
absorbed from the water column onto surfaces @& fiarticles (suspended material
and benthic fauna) and they move with the sedimérisy participate in various
biogeochemical mechanisms and can affect the elmmsgshrough bioaccumulation
and biomagnification processes (GESAMP/UNESCO, 19804; Salomons &
Forstner, 1984).



CHAPTER SIX
CONCLUSIONS

The use of biomonitors is well established in datemg geographical and/or
temporal variations in the available concentratiohtrace contaminants. Barnacles
are excellent biomonitors for using because thegukh be sedentary, easy to
identify, abundant, long lived, available for samglthroughout the year, tolerant of
exposure to environmental variations in physicortical parameters such as salinity

and they should be a net accumulator of the retavatal.

The highest mean metal concentrations of Hg anihGeawater were measured
in Izmir-Pasaport due to the industrial activiti#ae maximum levels of Pb, Cu, Zn,
Fe and Cr, Mn were measured in Kusadasi-Setur Mamd Candarli, respectively.
For sediment the highest mean concentrations ofGdg,Pb, Cr, Cu, Zn, Mn were
recorded in Izmir-Pasaport. The highest mean leviel®e was found at Izmir-Levent
Marina. The concentrations of heavy metals in sedinsamples were generally
lower in the sampling regions than the pollutedaaref the Mediterranean Sea
except mercury. In this study, metal levels in seeliment showed no significant
temporal variation, while all metals showed sigrafit local distributions.

The highest soft tissue mean concentrations offMigand Cd were recorded in
barnacles collected from Candarli whereas the lowesan concentrations were
measured in lzmir-Levent Marina and lzmir-Pasapogspectively. The highest
mean values of Cr, Fe and Mn, Zn were obtained fikarsadasi-Setur Marina and
Izmir-Pasaport, respectively. The maximum mean ll@feCu in barnacles was
mesured in Candarli. While mercury and copper sliowgnificant spatial and
temporal differences in barnacle soft tissue, Aand lead showed only seasonal;
cadmium and chromium indicated spatial variationsthis study according to
ANCOVA results. The manganese and iron values dil show significant
differences both the stations and sampling seasdsmdarnacles increase in size,

metal burdens are diluted, i.e. larger barnaclese Hawer metal concentrations.
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Barnacles collected from Eastern Aegean coast nmae tbeen larger and,

therefore, may have comparatively lower body medalcentrations.

Whilst microphagus feeders, such as barnacles,inggst potentially metal-rich
particles, they also pass large volumes of watersadhe permeable surfaces of their
cirri and this futher facilitates uptake (Rainbomdawhite, 1989). According to our
results, it is possible to assume that higher matavailability in seawater leads to

greater accumulation of metals in barnacles.

Since sediments and most of the barnacles show sigmficant temporal
variation in metal concentrations it would seeneljkthat environmental factors
(pH, salinity, suspended matter, temperature et@)not having a greater overall
influence on seasonality than biological factors etfgbolism, reproduction,
fluctations in tissue weighgfc.).

The mean metal concentrations in seawater geneatatllyeased in the following
order: Fe>Zn>Mn>Cu>Pb>Cr>Cd>Hg and in sediment: Nke>Zn>Cu>Pb>
Cr>Hg>Cd. The order of mean metal concentrationbamacles recorded in this
study decreased in the following order Cu>Fe>Zn>Md>Cr>Pb>Hg for the study
area. These results showed that barnacles accen@ilain a higher degree than both

sediment and seawater.

Generally, in the Mediterranean Sea, organic amadetrmetal pollution has
increased over the last 20 years and this has hperaeptible effect on marine
environments. The land based activities and thensive maritime traffic and
untreated domestic discharges, urban activitiegreranain source of heavy metals
in the study area. The study area can be divideddifferent type of regions, with
different degree of environmental pollution. In dnboh to metal levels investigated
in this region, our results indicate that the inaklzmir Bay especially harbour area

Is mostly affected by human activities.
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In marine areas throughout the world where reaseatiboats are densely located,
concentrations of copper in the water are beingdioto be in excess of government
standards, due to the hull coatings used on theats.bThe results suggest that the
amounts of Zn and Cu leached from anti-fouling [mimay attain toxic
concentrations in areas with high boat density. flilly account for potential
ecological risk associated with anti-fouling pain®u and Zn concentration were
high in all the barnacle species from the sampsiigs. It is concluded that the
barnacle is suitable candidates to be used in bdorng surveys of the Eastern
Aegean coast. Therefore, for monitoring prograre,interpretation of variations in
metal concentration in biomonitors would be impm\J®y looking at the potential
sources of metal and dietary routes of contamitrantfer in organisms This would
represent an important advance in the understandinmetal concentrations in

biomonitor organisms.
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