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Abstract

The presenstudy isanassessment of microplastic pollution in beach sedisferh theAttica
coastal area, Saronic Gulf and the island of Andf®g;lades Sediment sampling was
performed at the high tide line sélected stations during the summer of 202 1otal, twenty

five sediment samples from Attica and five samples from Andros Island were collected and
examined.The presenceof large microplastigparticles (1-5 mm) was investigated Their
abundane varied, ranging from0 to 8 items per 5 grams of dry sedimehiigher
concentrationsvere noticesn Voula, Agios Kosmas and FalifoNaftikos Omilosbheaches
Attica, and on Gialia beach theislandof Andros The possible relation between granulometry
and microplastic distribution wadsoexaminedwith greatemicroplasticconcentratioriound

in coarser sedimesnt Moreover, he morphology of detected microplastic&as recorded
fragmens, fibers, foams and filmsconsistedhe observednicroplasticshapesThe fragment
typewasdominantin samples from Attica, while fibers were man@merousn samples from
Andros Island.Regardng the color, black/grey, blue, green, purple, red, white/yellow,
transparent and colorful microplastics weareticed Green andblue particleswere more
common Additionally, the polymer compositionf selected microplastiowasinvestigated
using FT-IR analysis which revealed the probable presence of five polymers: Polystyrene,
Polypropylene Low-Density PolyethylenePolyvinyl Chlorideand EthyleneVinyl Acetate

The results of FAIR analysisshowed thafPolystyreneis possiblythe dominantdentified
polymer.Theprobableorigin of microplastic presenade thestudying areagasalsodiscussed.
Samples from the Saronic Gulf presented greateurrenceof microplastics, perhapue to

At t ihglapdpsilationand tothe proximity tomajor urban sourse
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1. Introduction

Nowadays, the abundance and distribution of plastics into the world are so extensive that the
scientific community uses them as key indicators of the recent and contemporary period,
defining a new hi sitooeanecdl ( &agn020h Buddlity and Pl a st
longevity arehe maindistinct properties of plastic, leading to fragmentation to smaller pieces

and finally in secalled microplasticenstead of degrading (Streianchiet al, 2020).

Plastic debris has been detected worldwide in all types of ecosystems and ifrosizes
picometers to many meteisccording tosizedefinition, plasticlitter can bemainly classified
asmacroplastics (over 25 mm), mesoplastic2$5mm), largemicroplastics (35 mm) small
microplastics (smaller thath mm) andalso nanoplastics (1,000 nm)(Figure 11). The
subgroup that has raised particular conéemicroplastics as theyare becomig ubiquitous

and persisterptollutantsin thenaturalenvironment (De Ruijteet al, 2019)
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Figurel.1: Size definition of plastics. Source: Stothra Bhashgaat, 2021.



Microplastics are defineds smaller plastic pieces or fragmentbat derive from physical
and/or photochemical fragmentation of larger plastic debris such as bags, clothes, household
items, building materials or fishing and aquaculture gear, as well as by accidental release of

plastic resirpellets used as raw materials in the plastics ind¢&mjeet al, 2011).

Microplastic pollution is among the global environmental concerns of ftiee2tury making
microplastics indicators of the AnthropocdReaset al.,2021).Plastics do not always behave
the same way, and that is why it is hard to know generically tregin and theirfinal
destination in the marin@nd coasta¢énvironmentde Haaret al, 2019).Microplastic debris
hasbeen foundn all potentialreservoirssuch agoastlines, sea surface, seafldmota as well

as the water column, sediments and sea ice (FigRréLaw, 2016).

Considering that the more abundant ecosystems are in coastal seas than in the open ocean,
microplasticsare more likely to enter the ecosystem in coastal Eeagawaet al, 2018).
Coastal food webs are more susceptible to the trophic transfer of microplastics than those in

other habitats (Brownet al.,2010).

deach sedimentare suggested to be lotgrm sinks and have a high potential to accumulate
microplastics (Martelliniet al, 2018). Being in immediate interaction with the sea, they
function as permanent dransient reservoirs of plastic debris duriitg drift history

(Karkanorachaket al, 2018).
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Figure 1.2: The mass balance of plastics in the marine environment. Source: Law, 2016.

The large gray arrows indicate fluxes into and out of the marine environment, including potential biodegradation
of plastics. The boxes indicate reservoirs of plastic debris, and the black arrows indicate potential pathways of
plastics between reservoifstagmentation of plastics caused by weathering and biological processes can occur

in all reservoirs, especially when exposed to sunlight (at the sea surface and along coastlines).



The importance of plastic debris in the marewed coastabnvironment was first noticed
visually as physical direct impacts on marine biota and seabirds, such as entanglement in ropes,
netting, severe harm and de@#igurel.3) (Martins and Sobral, 2011)lowadays, main focus

is set at the ingestion of microplasti@Sigure 1.4). Their ingestionby faunaand their
accumulation in lower trophic levels could potentially lead to cascading effects in madne

coastafood webs (Friagt al, 2014).
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Figurel.4: Microplastics found isidea fulmar. Source: Stothra Bhashyatral.,2021.



Plastics are increasingly toxic over time as they absorb compamdseir hydrophobic
surfaceswhile drifting in the sedHirai et al, 2011) serving as vectgrof contaminants to
marine organisms(Carberyet al, 2018). Rastic debris may contain, acowlate or adsorb
organic toxic substancesgcluding persistent organic pollutaresdheavymetals which may
leach to the seawater or may be ingestgdrganismgogether with the plastiRochmanet

al., 2013). Toxic, carcinogenic ananutagenic sorbed compounds or plastic additives and

plasticizers can be transferred and bioaccumulatedganisms (Rochmaet al, 2013).

More widespread ecological impacts are expected from microplastics rather than bigger
plastics (Rochmastal,2013) , as their small size dda,cilita
2013).The variation in sizes, shapes and colors of microplastics is of particular concern since
they could easily be mistaken for food by marine organisms and se@hiddtgo-Ruzet d.,
2012).Microplastics occur in size ranges that are similar to many organisms from benthos and
plankton communitiesThis strong overlap betweegize categories highlights the potential for

microplastic ingestion by a wide variety of organisms (Hiddkgz et al, 2012).

Lower fitness and reproductive failure are common impacts on marine biota, wéyclead

to changes in biogical community stucture (Derraik,2002). The direct effects of
microplastics ingestion include reduced feeding, blocking of the intestinal tract leading to
weight loss,impaired bodily functioningand starvatio{Wright et al, 2013). It could also
disrupt the endocrine, reproductive and circulatory systems, increase toxic load in smaller
organisms (Laglbauest al, 2014), cause cancers in fish (Rochneaial, 2013) andshorten

thelifespanof many organism@ANright et al, 2013).



The impact of plastion organismsaries according to the type and size of the debris and can
occur at different levels of biological organizatifffigures 1.5 and1.6), in a wide range of
habitats. The severity of interactions between organisms and plastic litter depends on the
physiology, feeding habit, size and behavior of the animal involved, the location of the animal
compared to plastic and the physical charactessif the plastic itself (Wernet al, 2016).

More than690 species have encountered marine plastic debris and at least 17% of impacted
species are listed on the IUCN Red List as near threatened or above (Gall and Thompson,

2015).
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Figure 1.5: Impacts of microplastics on biota reported at various levels of biological organization. Source:

SAPEA, Science Advice for Policy by European Academies 9.
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Figure 1.6: Demonstrated impacts of plastic marine debris as a function of debris size and affected level of

biological organizationSource: Law, 2016.

Each matrix cell represents the number of impacts caused only by plastic marine debris. Diamonds in cells indicat

correlative evidence supporting at least one impact.

Microplastics are highly bioavailable to organisms, either through direct ingestion or indirectly
by trophic transfer from contaminated pr&icroplastics enter the food web from the lower
levels(Figure 1.7) (Friaset al.,2014), with consequences on the pelagic biota (Kedzietski

al., 2019.
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Figure 1.7: A scenario whereby organic chemicals from plastic rhayransfered into lower trophic level

organisms (e.gzooplankton) via ingestiorSourceRochman 2015.

The acumulaion at much greater concentrations via biomagnification in higher trophic level organisms (e.g.
small fish and sharkshay ultimately lead to contamated seafood for humans as a result of plastic contamination
in marine foodvebs. The size of the arrows depicts how the body burden (i.e. bioaccumulation of chemicals) may

magnify in predators as compared to their prey.

Trophic transferepresents an indirect, yet potentially major, pathway of plastic ingestion for
any species whose feeding ecology involves the consumption of whole prey, including humans
(Nelms et al, 2018) Humans could suffer adverse health effects due to the exptmsure
microplastic§Figurel1.8) through unintentional ingestion via the food chain or inhalation and
the consequent leaching of polycyclic aromatic hydrocaidfight and Kelly, 2017)The

trophic transfer of microplastics couldlso have significant consequences gwafood as a

source of proteiiCarberyet al.,2018).
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Figure 1.8: Potential human health effects resulting from the ingestion of microplastics. SGarberyet al.,

2018.



Another concern related to plastic pollution in the marine environment is that small marine
organisms such as barnacles or mollusks may grow on plastic debris and then use the
lightweight material as means of transp@iigure1.9). This allows them for &velling to new

locations and eventually invading existing ecosystems (Allebpah, 2006).

Figure1.9: Barnacles colonizing plastic cup. SourceStothra Bhashyarat al.,2021.
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Tangible damages to humans caused by maniastic debris are difficult tobe estimatel
(Laglbaueret al, 2014). The tourism industry faces monetary loss due to both a decrease in
activity on polluted beaches and the costs of beach cleaning (Sheavly and Register, 2007).
Safety issues arise from fishing lines, medical waste, discarded syringes and passibly fr
bacterial contamination of discarded hygiene waste (Sheavly and Register, 2007). Fishermen
may also face damage to fishing gear, propeller entanglement and time losses due to gear
cleaning as a result of macroplastic pollution (van Franekat, 2005. It is still uncertain,

though, whether marine debris can reduce fish quality through debris ingestion or tainting (van
Franekeeet al, 2005). Moreover, indirect economic impacts result from the degradation of the

marine environmer(Laglbaueret al, 2014).

Regarding the polymer types, it is a real fact that Polystyrene is found abundantly at sea,
contains hazardous chemicals, and also is one of the six major polymers most produced and
consumed, contributing to environmental pollution (Rochetaai.,2013). It is likely the huge
guantities of Polystyrene plastic waste scattered throughout oceans to generate copious
guantities of degraded and eluted products, which may dissolve in any body of water or adsorb
on the surface of sandy soil (Saieloal, 2014). According to Kworet al (2015) Polystyrene

plastic marine and coastal pollution is an environmental concern.

Polystyrends a polymer that isow-cost,easy to process artdcan be easily converted into a
large number of senfinished products like foamendfilms. It is not biodegradabléSaidoet

al., 2003). Itis the material of choice for many applications including fpadkagingand
disposable consumer plastic goodsarious foamed products, like drinking cups, egg cartons,
trays, fastfood containers, cushionedackaging,thermal insulation housewares, toys
cosmetic containers, coverfixtures and also many edical applicationsare made of

Polystyrene (Polymer datade 2021).
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In addition, t has been shown th&tyrofoam, which i€xpandedPolystyreng can accumulate

mercuryif it is present in the environmegabidli et al, 2018).

Low-density Polyethyleneis also a very common polymen the natural environment
Carryout, grocery and mattresags squeezable bottle$oodand bubblgackagingindustrial,
trashandcan liners pallet sheetsmulch, agricultural and constructidilm, waste binsstretch
and shrinkwraps, shipping sackend aitdoor furnitureare made of it (Crawford and Quinn,

2017).

Polypropylends used to make fishing ndigianelloet al, 2013 and it is very common to end

on the beach. Polypropylene is characterized by low priceasel of processing, chemically
inertness and many other attractive properflé®e packaging industry is by far the largest
consumer oPolypropylendollowed by the textile and automotive industry. Products made of
Polypropylenanclude disposable cupsi@ cutlery, drinking straws, bottle caps, flexible food
packaging, garbage bags, houseware articles, crates, tapes,rta®e®ys, drainage pipes,

pump parts, automotive bumpers, chemical tanks, gas cans, medical components, carpet fibers,
sanitary poducts, filtersand atdoor furnitureamong countless other produdfolymer

database, 2021).

EthyleneVinyl Acetatecopolymers are used for a myriad of applications in the packaging and
plastic goods industries. Important applications inclsgi@ants in meat and dairy packaging
structures, footwear, wire and cable insulation, pipes, toys, corks, photovoltaic encapsulation,
medical packaging, hot melt adhesives, and lamination of glass to improve impact resistance

(Polymer database, 2021).
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Pdystyrene, Polypropylene, logensity Polyethylene anHthyleneVinyl Acetate are low
density plasticsAccording toGracaet al.(2017), low density polymerare constantly washed
ashore and offshore which potentially favor tifemgmentatiorin coastal zond.ow density
microplastic concentration in beach sediments may be underestimated using current methods

of microplastics separation due to their potentially very small(8racaet al., 2017).

Polyvinyl Chloride finds extensie use is in the building and construction industrys used

for water and sewage pipes, sidings, window frames, flooring, and wire and cable insulations.
Other important applications are footwear, sporting goods, toys, and automotive parts like
upholsery, floor mats, auto tops, and automotive wires and plastic {fralymer database,

2021).

In conclusion, a huge concern is whether plastics represent a risk to madneoastal
ecosystems analso tohuman health (Campanade al, 2020). With thecontinued growth of
plastics production worldwide, the impact on the natural environment warrant concern and
stimulate new research, not only to quantify plastics contamination and its biological, social

and economic impacts, but also to inform manages@ations (Law, 208).
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2. Literature Review

The Mediterranean Sea is one of the nmesdvily polluted seas worldwide, especially with
regard to plastic@~igure2.1) (Deudero and Alomar, 2015jlastic concentration in theasin

is similar to that of the inner accumulation zones of the subtropical ocean gyres (ledotti
2016). Mediterranearhas been proposed as the sixth greatest accumulation zone for marine

litter and the most affected regarding to microplagicg gitoetal., 2021).

According toSuariaand Aliani (2014) plastic debrisaccouns for 82% of observed marine
litter in the Mediterranearbasinand constitute the mostimportant part of floating marine
litter, comprising sometimes up to 10@%collecteditems Microplastics have bediound in
all Mediterranearcoastalcountries(Fytianoset al., 2021). Published cases for microplastic
occurrence irsomeMediterranean countriesamplingbeach sedimengre shownn Table

2.1

Beingthe Mediterranean Sea an important basthin the European waterepresenng one

of world's main shipping routesd due to its morphological and oceanographic features as a
closedbasin surrounded by densely populated countiresevaluatiorof plasticpollution is
mandatory to establish solid dataorder toapply mitigationmeasuregBaini et al, 2018).
There idittle information on trends of microplassit the Mediterranean Sead it is not clear
whether they ar&ransported in the same manner as lapigstics, especially fahe Eastern

part ofthe basin (Pedrotétal., 2019).

In a recent study (Lotst al, 2017) on the whole Mediterranean Sea, the western area of the
basin was observed to be less contaminated than the eastern one. In the eastern Mediterranean,
relatively higher levels ahicroplastics contamination were observed in the sampling stations

of Greece and Turkey than those measured in Israel.
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Duncanet al.(2018)showed that the beaches of Cyprus are exposed to veryniggbplastic
abundances, with the majority of them cogifinom industrial spills, followed by fragments
from the breakdown of larger plasticsidvbplasticswere found in all sampling pointat all

locations andlepths, with particularly high abundance in superficial sand.

The Adriatic Sea in themostnorthernarm of the Mediterranean Sea, has bestimated to be
affected by one of the most severe litter pollution among Mediterraneans@giartellini et

al., 2018).

Plastic concentration (g km2)

0
* 0to 50
* 50 to 200
200 to 500
* 500 to 900
® 900 to 2500

Figure2.1: Concentrations of plastic debrissnrface waters of the Mediterranean Sea at basin, zcamed in
the top right corner insetand @mpared to the plastic concentrations reported for ocelatslly. Source:

Fytianoset al, 2021
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Table 21.: An overview of studies examinirigeach sedimemicroplasticcontamination in some Mediterranean countries. The sampling location, sampling year, size definition

of microplastics, mean, maximum and minimum abundahesejominant shapeplorandpolymer ype and referenceare noted(D.W.: dry weight, PEPolyethylene, PET:

Polyethylene Terephthalate, PP: Polypropylene, PS: Rodyst)

Location Year Size Mean Min Max Dominant | Dominant Dominant Reference
Abundance Abundance Abundance Shape Color Polymer Type
Cyprus 2016 <5 mm 45,5 items/m (no data available)] (no data available) | fragments| (no data (no data Duncanet al.,2018
& pellets | available) available)
Dikili, 2015, <5 mm 248 items/kg D.W. | (no dataavailable) (no data available) fibers black & (no data Lotset al.,2017
Aegean Sea,| 2017 blue available)
Turkey
Dat - a| 2018 | 100 nm5 1,154.4 items/kg (no data available)| (no data available) | fragments white PE Yabanliet al.,2019
Peninsula, mm D.W.
South Aegean
Region,
Turkey
Lebanese 2018 <5mm | 2,433 items/kg D.W.| (no data available)| 4.68 items/g D.W. | fragments| blue& red PP Kazouret al.,2019
coastline,
Levantine
Basin
Tel Aviv, 2015, <5 mm 168 items/kg D.W. | (no data available)| (no dataavailable) fibers black & (no data Lotset al.,2017
Israel 2017 blue available)
Bosnia 2015, <5 mm 76 items/kg D.W. (no data available)| (no data available) fibers black & (no data Lotset al.,2017
2017 blue available)
Tel agl if 2015 O nmm (no data available) | (no data available)| 377.8 items/kg D.W. fibers clear (no data Blaskovicet al.,2017
Adriatic Sea, available)
Croatia
Gulf of 2012 O 5 177.8 items/kg D.W.| (no data available)| 444.4 items/kg D.W. fibers (no data (no data Laglbaueret al.,2014
Trieste, available) available)
Adriatic Sea,
Slovenia
Slovenian 2017 | 20 -8 9items/kg D.W. 0 items/kg D.W. 82.1 items/kg D.W. fibers white PET, PE& Korezet al.,2019
coast, Adriatic mm nylon 6
Sea
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Caorle area,| 2016 O 5 254.6 items/kg D.W.| 137 items/kg D.W.| 703 items/ kg D.W. fibers black & (no data Renziet al.,2018
Northern blue available)
Adriatic Sea,
Italy and
Slovenia
Lagoon of 2012 o 1 (no data available) | 672 items/kg D.W.| 2,175 items/kg D.W.| fragments| (no data PE& PP Vianelloet al.,2013
Venice, available)
Adriatic Sea,
Italy
Lido di Dante,| 2015, <5mm | 1,512 items/kg D.W.| (no data available)] (no data available) fibers black & (no data Lotset al.,2017
Italy 2017 blue available)
Central 2015 | 1-5mm 28.4 items/rA 0 items/md 75 items/m fibers red, nylon Mistri et al.,2017
Adriatic Sea, orange,
Italy green&
blue
Cecina, 2017 | 6 3 -8 1| (nodataavailable) | 72items/kg D.W. | 191 items/kg D.W. | fragments | white, blue (no data Blaskovicet al.,2018
Tuscany, mm & tan available)
Ligurian Sea,
Italy
Southern 2012 O 5 316.8 items/kg D.W.| 42 items/kg D.W. | 1,069 items/kg D.W.| fibers black, blue (no data Cannast al.,2017
Tuscany, & clear available)
Tyrrhenian
Sea, ltaly
Maremma 2015, O 5 349.6 items/kg D.W.| 45 items/kg D.W. | 1,069 items/kg D.W. fibers white & (no data Guerrantiet al.,2017
Regional Parkl 2016 clear available)
(marine area),
Tyrrhenian
Sea, ltaly
Aeoclian 2016 1 &m| 371.7items/kg D.W 0 items/kg D.W 1,037 items/kg D.W fibers green& (no data Fastelliet al.,2016
Archipelago's mm black available)
islands,
Southern
Tyrrhenian
sea, Italy
San Mauro, | 2015, <5 mm 84 items/kg D.W. (no data available)| (no data available) fibers black & (no data Lotsetal., 2017
Italy 2017 blue available)
Sicily, Italy 2015, <5 mm 160 items/kg D.W. | (no data available)] (no data available) fibers black & (no data Lotset al.,2017
2017 blue available)
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Malta 2015, 1-5mm | 4.81items/1.000 cfn| 0.72 items/1.000 10.81items/1.000 | fragments blue, PE Axiak et al.,2017
2016 (wet) cm® (wet) cm® (wet) white,
cream&
opaque
Northern 2017 0.1-5 316.03 items/kg D.W|  141.2 items/kg 461.25 items/kg fibers black, PE& PP Abidli et al, 2018
Tunisian coasl mm D.W. D.W. clear, blue
& white
Complex 2016 0.35 7,960 items/kg D.W. 3,400 items/kg 18,000 items/kg fibers clear, (no data Abidli et al.,2017
Lagoon mm D.W. D.W. white & available)
Channel of blue
Bizerte,
Tunisia
Gulf of 2017, <5 mm (no data available) 182.66 items/kg 649.33 items/kg fibers black, PE Tataet al.,2020
Annaba, 2018 D.W. D.W. white &
Algeria blue
Cassis, Francq 2015, <5 mm 124 items/kg D.W | (no data available)| (no data available) fibers black & (no data Lotset al.,2017
2017 blue available)
Gulf of Lion, 2016 <5 mm 112 items/kg D.W. | 12items/kg D.W. | 798 items/kg D.W. fibers (no data PE& PP Constanet al.,2019
France available)
Spanish 2014, <5mm | 113.2 items/kg D.W| 45.9 items/kg D.W| 280.3 items/kg D.W fibers transparent PS Filgueiraset al.,2019
Mediterranean 2015 & blue
continental
shelf
Barcelona, 2015, <5 mm 148 items/kg D.W | (no data available)| (no data available) fibers black & (no data Lotset al.,2017
Spain 2017 blue available)
Tarragona, 2018 0.55 10.7items/kgD.W 0.7itemgkg D.W 42 itemgkg D.W fragments| (no data PE& PP Exp- aalt2021
Spain mm available)
Balearic 2013 <5 mm (no data available) 100.8 items/kg 897.4 items/kg D.W | fibers& black & (no data Alomaret al.,2016
Islands, Spain D.W fragments blue available)
Denia, Spain| 2015, <5 mm 156 items/kg D.W | (no data available)| (no data available) fibers black & (no data Lotset al.,2017
2017 blue available)
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In 2004,KatsanevakisndKatsarouinvestigatedhie abundance and composition of debris in
shallowcoastal areas of Greecehey showed that plastic debris were the most dominant and
theyindicakd that plastic pollution is more intense in coastal are@key also found rgater
abundancefadebris in bays than in open areBspecially h the Saronic Gulthe abundance

of marine debris was higher than the rest of the Greek areas surveyed

Indeed Politikoset al (2017)demonstrated thalhe Saronic Guliis a main receptor gflastic,

using nodeled transport pathways of floating litleased on the dominant sea curreits.
addition, loakeimidist al (2014) had already found thiie Sarorg Gulf has very highlink

to fisherielasticlitter sourcege.g.synthetic ropes, fishing nets, fishing gestc,). They had
alsoassumd that the enclosed character of the Saronic Gulf and the relatively steep bottom

topography favor the accumulationpésticlitter there.

Tziourrouet al.(2019) examined sampl&®m two beaches of Salamina Islai&hronic Gulf
The results of microplastcharacterization agrdevith thar predictiondbased on the land uses
both locally and from across tl&reekmainland.The authors concluded that microplastic
distribution is réated to the increased anthropogenic saistrial activity but also to fishing

activities in this area.

Searyet al (2013) carried out a multiple phase microplastic assessment of the Greek marine
environment. Al 114 siteswvhich weresampled ir2009 foundcontaminated with microplastic
fibers The Attica peninsulandthe island ofkaria, Aegean Sea werlé most contaminated
locations In a second phase of this study2@11 dl 49 sampledocationsexhibitedagain
fibrous contamination The island of $fnos, Aegean Sedisplayed the highest microplastic
contaminationRhodes and Ikarislands (Aegean Sea), which wegampled botlin 2009 and

2011,showed an increased mean microplastic level
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Kaberi et al. (2013) assessed densities of midagficsalong the shoreline of Keksland,
Aegean Sea. They showadlirect relation to beach orientation and wind regime réitiaeito
proximity to land based source3hey concluded that the island v&ry vulnerable to
microplastic pollutiontransported from the open Aegean Sé&a addition, the authors
underlined the role of water circulation as the major mechanism of microplastic dispersion

worldwide.

De Ruijter et al. (2019) studied th@ccurrence and spatial distribution microplasticsin
Samos IslandAegean Sealong a lanesea transecT.he highest concentration wiicroplastic
was recordeddn the beach They indicatedthat transport by hydrodynamics aim situ
deposition by humans may be important proces$seslation to the different shapes, fragments
were more abundant on theach, while fibers were more abundant in ithkertidal zone,
suggesting a distribution probably governed not only by size butbglsoorphology and

perhapgy chemical composition.

Karkanorachaket al. (2018)examinedhe temporal and spatial distribution of plastic pellets
and fragmentalong the width of fousandybeaches, from shoreline to the upper gairt
Northern Creteduring 2013. Their densities varied throughout ther yea@ach beach, with

highest densities during the summer

Digka et al. (2018) studied microplastic pollutian the Northern lonian Sedicroplastics
were found in all beach sediment sampleBhe authors showethat microplastic particles

which areabundant in surface seawater, tend to accumotesediment.

According toSearyet al. (2013, dl Greek beaches are potentially polluted with microplastic
showing a trend of increasing mictagtic contamination over tim&xamples of published
cases for microplastic occurrence in Greek bea@h@sniningbeach sediment, are shown in

Table 2.2
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Table 2.2: An overview of studies examinibgach sedimermnicroplasticcontaminatiorin GreeceThe sampling location, sampling year, size definition of microplastics,

mean, maximum and minimum abundartbe, dominant shapendpolymer typeand referenceare noted(D.W.: dry weight, PEPolyethylene, PP: Polypropylene).

Location Year Size Mean Maximum Minimum Dominant Dominant Reference
Abundance Abundance Abundance Shape Polymer Type
Attica 2009 . 20.13 items/50 ml | (no dateavailable) | (no data available) (no data available)| Searyet al.,2013
peninsula O 5mm fibers
Ikaria Island 19.79 items/50 ml| (no data available)| (no data available) (no data available)
Sifnos Island | 2011 112.08 items/50 ml| (no data available)| (no dataavailable) (no data available)
Samos Island| 2017 <5 mm 11.5 items/kg D.W.| 37.2 items/kg D.W.| 1.1 items/kg D.W. fragments& (no data available)| De Ruijteret al.,
fibers 2019
Kea Island | 2012 mm O x| 329.13items/rh 300 items/r 0 items/nd PE Kaberiet al.,
. . . . fragments 2013
mm O x| 275.75items/rh (no data available)| (no data available)
Northern 2015, <5 mm (no data available)| 85 items/kg D.W. 5items/kg D.W. | fragments& films | (no data available)| Piperagka®t al,
Crete 2016 2019
Northern 2014 <1 mm 1,760 items/rh (no data available)| (no data available) filaments PE Digkaet al.,2018
lonian Sea | 2015 mm O©mmx| 56.7 items/m 95 items/rA 17 items/m fragments
Thermaic Gulf| 2017 O 5mm (nodata available)| 0.1 items/g D.W. | 0.02 items/g D.W. fragments PE& PP Sarigianniset al,
2019
Pilion 2015, <5mm 232 items/kg D.W.| (no data available)| (no data available) fibers (no data available)| Lotsetal.,2017
2017
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3. ResearchObjectives

The aim of tle presenstudy is a quantitative and qualitatisteidy ofmicroplasticsin ten(10)
beaches in Aica coastal areand three (3) beaches in Andros Islaldorder to fulfill this

aim, the following objectives haveeen set:

A To examine thedccurrenceabundancendspatial distribution ofarge microplastics
(1-5 mm)

A To recordtheir morphologiccharacteristicssuch ashapgtype)andcolor.

A To identify thér polymer type

A To compare and possibly correlate thmnulometry ofsampling sites with the
occurrencéabundancef microplastic pollution.

A To make some remarks about the possible origin of micromastic
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4. FT-IR Analysis

The analysis of microplastics in various environmental samplgsires thig identification
(Songet al, 2015).Confirming the polymer types of microplastican provide additional
information such ashe origin and further behaviorSonget al, 2014).Knowledge of the
polymer composition is ofignificant importanceas ®rption capacities for toxic chemicals

change according to polymer type (Leteal, 2014).

The use of spectroscopy is strongly recommepal&tican determin@chemical composition
with high reliability (Hidalgo-Ruz et al, 2012) Visual and stereoscopic sortingmaichless

reliable compared to this method.

Infrared spectroscopfor microplastic analysiss based on the comparison of the infrared
spectrum of a sampleith spectra of known polymei®oro | ® s , ®). Theinfrared
radiation excites the molecular vibrationghich depend on the composition and molecular
structure of the substanemdare specific for each wavelengitRo r t o | @918)Hfeer e z
amount of energyransmittedby the samplas measuredthus obtaining the characteristic
infraredspectra. Thesmfraredspectrashowdifferent band pattern®r each plastic polymer

(Portol @818)P®r e z

FourierTransforminfrared (FFIR) spectroscopis atechnique from whicharticles of plastic
polymers are precisely identifig® o r t o | &618)FTIR eam not only reliably classify
the polymer forms of micropl asti c qgchemicat al s o

weatheringby evaluating their oxidation strengi@orcoranret al, 2009).

For microplasticanalysis, attenuated totaflectance (ATR)s commonly used in FFIR (Xu

et al., 2019).ATR is aninfrared sampling technique that provides excellent quality data in
conjunction with the best possible reproducibility of amyrared sampling technique
(PerkinElmer 2005) andaffords weltresolved and less intenbands(Xu et al.,2019).
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According to the techoal report of PerkinElmerin 2005, @ ATR accessory operates by
measuring the changes that occur in a totally internally reflected infrared beam when the beam
comes into contact with a sample (Figdr&). An infrared beam is directed onto an optically
dense crystal with a high refractive index at a certain angle. This internal reflectance creates an
evanescent wave that extends beyond the surface of the crystal into the sample held in contact
with the crystal. This evanescent wave protrudes only a fevonsdeyond the crystal surface

and into the sample. In regions of the infrared spectrum where the seanplaitsenergy, the
evanescent wave will be attenuated or altered. The attenuated energy from each evanescent
wave is passed back to tiidraredbeam, which then exits the opposite end of the crystal and

is passed to the detector in the spectrometer. The system then generates an infrared spectrum.

Sample in contact

/ ‘Nith evanescent wave

\ Infrared \ ATR

Beam Crystal
Figure4.1: A multiple reflection ATR systenSourcePerkinElmer, 2005

To Detector

|
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For thetechnique to be successful, the following two requirements must hehmetample
must be in direct contact with the ATR crysaald the refractive index of the crystal must be
significantly greater than that of the sample or else internal reflectaricewilccur(the light

will be transmitted rather than internally reflected in the crystal

A baseline correction method allevan acceleration history to be modified to minimize the
overall drift of the displacement obtained from the time integratidheofjiven acceleration.

An ATR correction functions also included. It simply applies a linear ramp to the ATR
spectrum in order to approximate the relative band intensities that would be found in a

transmission experiment.

In general, dentifying unknown particlesfrom field samples using an automated mapping of
ATR FT-IR is adifficult processThe spectra gbarticlesare difficult to match with those of
the scientific literaturavith high percentages, due to therface conditiorof microplastics
(Songet al, 2015).Themore degradedue tothe environmental conditionsicroplastics are,
the more peaks in infrared spectra are fodadned ofnew functional groups opolymer

surface(Tziourrouet al, 2019).
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5. Materials and Methods

This study was conductedliringJuy and Augus®021, samplingtensandy beaches in #i¢a

coastal areand three sandy beaches in the island of Andros, Cyclades

5.1.Environmental Setting of Sampling Areas
The Saronc Gulf, located in the South Aegean Seaasemienclosed gulfvhich practically
constitutesthe marine gateway of the Athens greater metropoltaaand the alongshore
outskirts. It is characterized by extremmartime navigation, tourism fisheries and
industrialzation.In the northern part of thgulf, llisos andCephissusiversflow, resulting in

the creation of large riverine deposits.

The southern coast of Athens is usually referred to as the $\Rtieiera. These beaches are
famous destinations for both local people and tourigtsir proximity to Athens means that
they are often crowded, especially during summgios Kosma, Edem, Loutra of Alimos,
Faliro - Naftikos Omilos, Palaio Falird?hloidos Glyfada- Coast A, Glyfada Coast B,

Asteria and Voula beaches were selectgdédimensampling.

Andros is one of the closest islands in Athand constitutes a very famous tourist destination

in the summerThree beachesialia, Liopesi and Fellowereselected to beampled.

In 2011, heavy rain caused an informal waste disposal site to cdhafiedros Islang with
most of the material tumbling into the séafact, dversfound a reef of plastic bags on the

bottom where the landfill had crumbled into the waters.

Figureb5.1.1 shows a map of the samplisges taken from Google Eartlrigure5.1.2 shows
a set of 6 photographs which are examples of beaches sd@irment sampling took place

Tables 5.1 and5.2 presentata for each sampling station
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Figure5.1.1: Map of sampling sitesSource: Google Earth.
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