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Abstract

Microplastic particles present ubiquitously throughout the marine environment. To assess the
widespread environmental risk of the microplastic pollution in aquatic environment, a better
understanding of the distribution and accumulatsameeded. Blue msegls have been used as
sentinel species to monitor the microplastic pollution.

Total of 213 blue mussels were collected from three different sites of Oslo fjord. Microplastics
mussels interactiowasdeterminecn the basis of the lengtdf musselsThe number of MPs

found in individuals were compared among three size grbtrsm, 67 cm and 7 cm. The

effect of mussel size on MP consumptions were studied and compared among the mussels
collected from two substratewater column and sediment.

Microplastc particles were found in all the individuals with an average of 5.09 microplastics
per individual. Positive correlation was found between the length and the number of
microplastic particles in individuals from two sites. It was also recorded that thdesamp
collected from the sediments héebs number of microplastic particles than those from the

water column in two sample sites.
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Introduction:

1.1 History, definition and production of plastic

The invention of first plastic material in early twentieth century, paved the way for polymer
science and the development of plastic materials as we see themltaday.t he 19500 s
production of plastic started, and the global production of plastics increased approximately 10
fold from 1950 to 2020RlasticEurope 2018 Plastic materials are used in almost every
industrial area likepackaging,agriculture, automobile, electrical and electronic, building,
construction etc. and even in renewable energy se@tasticEurope 20)8 These products

are still used in daily lives and have a vital role in present market for different purposes
(Shashoua2008). The physkehemical properties of plastics likéess dense, durability,
resistance to degradation, low manufacturing cost and wide spread manufacture make plastic
substances more useable and more accessible to all people all over the worldstiRist @ie

now a global environmental threat as all types of plastics are widely present in aquatic
ecosystems as debris (Bergnadral. 2015; Wagneet al. 2018; Zeng 2018).

359 million tons of plastic were produced globally in 2018, which was 348&miltins in the
previous year 201{PlasticEurope 20)8The most common type of plastics manufactuned
Europewere polypropylene (PP), polyethylene (PE, in different densities), polyvinyl chloride
(PVC) etc. PlasticsEurope 2018). It has been estimétat] 32.5% of plastics were redgd

in 2018, 42.6% was used for tecoveryof the energy and 24.9%used forlandfills
(PlasticsEurope 2018)ue to long degradation timegtimatedetween hundreds tbousands

of yearg and improper disposition, thesanassemblén the environment (Barnes al. 2009).

Pl astic is an extensive family of di fferent
universally andas taving different definitionsThe most common one-ipetroleumbased

manmade synthetic polymers (UNEP 2015). According to IUPAC (International Union of

Pure and Applied Chemistryil,is defhredas@ gener i ¢ term used in th
material that may contain other substances to improve perffaangan and/ or (MWetduce ¢
et al 2012).1t includes both natural polymers like cellulose amitin etc.and synthetic

polymers like PP and PVC. It also includes someldaised semsynthetic materials like rayon

which is cellulose based but artifidiproduced.Fig. 1.1 describes the different sources of

the plastic.
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Fig. 1.1 Schematic presentation plasticsource Adaptedirom GESAMP, 2015

Remyet al. 2015, Wesctet al 2016a, andalvadr Cesaet al 2017 excludedhatural and
semisyntheticpolymersfrom plastic,while Lusheret al.2013; Woodalkt al.2014; Neve®t

al. 2015; Liet al 2016 included sensynthetic polymers. fis leads ta@wonfusionin reporting

of plasticsandcomparing relatedesultsbecame inconsisterAccording to GESAMP (2016),
plastic can be divided into three categorimgegory one ibioplasticdike cellulose and chitin
and these can be obtained from bio sources; category two is laialddrived like rayon etg.

and these can be obtained frbmmass then making derivative from these biomass (may be
also called semsynthetic);category three is callethio-basedplastics like biepolythene,
monomers used for this type are obtained from the biomass (GESAMP 2016).

1.2 Plastics to microplastic

In 2004, a renowned marine biologist, Richard Thompson, Professor at University of

Pl ymout h, used the term OMicroplasticdéd for |
gar baged. Since then this came mnmuntaandiisnf | ue
impact on the global environmestiarted to get attentiqi€oleet al.2011).

Di fferent studies used different ranges to ¢
the plastic particles<6 mm in size can be termed as microplasti(Arthur et al 2009).



According to GESAMP (2016), microplastics are to be less than 5mm and this was used in this
study. The abbreviated form of microplastiosMP 6 woul d be used hereaf
Different countries of the world may have diffatemethods of defining and classifying
microplastic particles according to their own environmental protocols. The types and shapes of
microplastic material are also important as these can determine the properties which affect the
environment. MPs are of mg different shapes and often used to group into a general category
by which sources can be determined (Helm 2017). Between 4 and 7 different types of MPs are
grouped on the basis of shap#iser, fiber bundle, fragment, sphere (or bead), pellet, filrd, an
foam and these shapes also helps to find the source identification (Rosethah2019). For
instances, fibers and fiber bundles are originated generally from clothing or even from carpet,
spheres from the personal care productsBait. some researehs (for instance, Sunét al.

2014)gr ouped fibres and tire f.ragments under t

1.2.1 Route of MPs to the marine environment

Microplastics can be grouped into two categepesary (produced in smaller size) and
secondaryproduced from primary by the interaction with UV&ld halineconditions, high
availability of oxygen, and direct exposure of sunlightheaquaticenvironment) (Colet al

2011). Primary MPs are produced in less than 5 mm size on purpose to udéiandi
industries like cosmetics, industrial scrubbers, further production of plastic products etc.
(Talvitie et al. 2017). According to the study by Lushet al. (2017), secondary MPs are
divided into two group®ne group originated from use like fé@s from clothings, fragments of

tires etc. and another group originated from the breakdown of larger plastics like plastic bags,
fishing gear etc.

Widespread transport and distribution of MPs to the larger distances are done by currents and
arethought to be contributed by the smaller siz& mm) along with low density of the MPs
(EerkesMedranoet al. 2015). The route of MPs to the environment can be observed by
studying of fragmentation and degradation of larger plastics (Browne 2015). Jitaelaléon

and fragmentation are classified on the basis of the cause of the degradation. There can be five
different ways of degradatierfi) caused by living organisrsodegradation, (ii) caused by
higher temperaturehermodegradation, (iii) caused bght-photodegradation, (iv) caused by
reacting with watehydrolysis and (v) oxidative reaction with the help of temperature
thermooxidative degradation (Andrady 2011). Terrestrial environment contributes

approximately 80% of all marine plastic littersndrady 2011). MPs found in the marine



environment are likely to be originated in the beach area for the marine environment (Andrady
2011).

Tourism, fish processing units, and aquaculture in coastal areas, contributes directly as source
of plastics to thenarine environment and these can be further degraded to MPs and added to
marine environment. (Colet al 2011). Theconceivableroutes of MPs from terrestrial
environment to the marine environment-angers, storms and natural disasters, untreated
sewage, road run offs, agricultural sludge, wastewater treatment plants (Browne 20&5; Dris

al. 2016; Duis & Coors 2016; Magnussenal. 2016; Salvador Cesat al 2017; Schmidet

al. 2017).

Macroplastics (>5 mm) which are dumped into the shoreline can be degraded by adverse
weather condition and can be another source for MPs and the route for these MPs are through
the sea recyclingorts and landfills (Autat al.2017).Sewage sludgeansported to the aquatic
environmentjs another type of possible potential source of MPs as it contains more MPs than
the effluent (Leslieet al. 2012, Alomaret al.2016).

Another possible explatian for the abundance of MPs is the melting of sn@me of the
important sourcéo the road dust particlés melting snowas large amounts of subkPs are
found in snowfrom the roadglversen2018. Pathway for MPs to the marine environmeah
be tre riversand rivers are considered jaatentially importansource(Claessenst al. 2011,
Duis & Coors 2016)Rain water run offs from the roads goes into tivers and possibly

another sourcef MPs inthe fjord water.
1.2.2 MPs in the marine environment

The availability of microplastics is a major threat to the coastal and marine environment (UNEP
2016). The demand and usage for plastic products are increasing with time and the amount of
the microplastic particlesimte ocean i s huge and i n numbers
year (Lebertoret al.2017). Abundance and availability of microplastic are tremenddBs.

92% of all the marine plastic debris is MPs and MP are considesed major global
environmentathreat (Erikseret al 2014).

Improper plastic littering, inappropriate disposition, and obviadding of plastics to the
environment always enormous and contributes to the accumulation of plastics in the marine
environment. Approximately 50% of all ptoced plastics are disposed after just single use

which is mainly coming from plastics used for packaging (Mathalon & Hill 2014). In Europe,



more amount of plastics is recycled than plastics used for landfilling in 2018. But, globally the
scenario is tot&} opposite mostly in China (PlasticsEurope 2018). As the plastics are used
globally for landfilling which is been done inappropriately, in most of the cases, plastics are
freed from the landfill site and becomes floating plastic litter in aquatic andnenari
environment (Barnest al 2009). Microplastic particles are found from the surface water of to
every water column of the ocean, even in sediments of ocean beds, marine biota, and other
different consumables sources (Westhl.2016).

Due to differentdensities, some plastics float others may sink (Andrady 2015). Weathering
and biofouling can change the density of the plastic (Galgaali 2015).Accumulationand
distribution of plastics in marine environment are also affected by natural evengrike
water current etc. and by anthropogenic activitieslikean activities, coastal usage etc. (Duis

& Coors 2016; Liet al 2016). Water current, water temperature and site location could be

another type of factors to consider.

Up to 80 per cent or saetimes more of thmarine accumulatedasteis plastic(Barneset al.
2009. It has been estimated that, this proportion is in betweed08®(Derraik 2002). It was
also estimated that, all ocean surface has over 0.25 million tons of plastic partiated flo
(Eriksenet al.2014) and this estimatiahi d n 6 t all plasticé predeat in the depth of water

column and sediments.

> 3 Mi lastics i ine bi | effect

The microplastic particles has been found in many species Zomplanktondo mammals,

affects different trophic levelof over 220 different species which ingestroplastic particles

with foods, and it is predicted that within 2050, 99% of all seabpdcies will ingest
microplastic particles with their food (Ter Halég al 2017). By ingesting microplastics,
marine organism may speed up the transference of microplastics in water columns present in
the sea, sea bed sediments and even the trophictleeeigh their egestion or excretion
(Santanaet al 2017). Microplastics may alsaccelerate thecolonization of different
microorganisms and invertebrates, helps lcempe transportation falien invasive species
becomes the medium for pathogen traission, which may increase the pollution risk factors

for marine and freshwater organisms and ecosystem (GESAMP. 2016)

How the biota interact with microplastics, is not been studied enough but from the laboratory
experiments, we may suggest that the exposo microplastics may have a collection of
negative health effects on marine biota. The size and shape play an important role in the



dispersion of MPs in any environment. For example, in marine aquatic systems, denser plastics
are more common in sedimertban lighter plasticare expected to float. Denser particles are
less likely to be picked up by wind and cannot dispersed easily (Roatrah2019). Other

factors like size and presence of a biofilm may also change the fate of MPs in the respective
environmen{Oberbeckmanet al.2015. How micro-plastics are transported is dependent on

the size of the MPs. MPs can be ingested by all animatsplankton to fish and birds in the
higher trophic level. Smaller sized MPs (<150mm) may able to leawaithentary canal gut

and may enter into cells (Lushet al 2017). the lesser the size of the MPs the higher the
chances to be in the cells. This can make MPS easier to be bio accumulated and or
biomagnificationed in food webs. Sizes of the MPs playsngortant role in terms of staying
inside the biota, for example fibers tends to retained in the alimentary canal for the longer
period of time (Rochmaet al 2019).

The toxicity of the MPs on the biota depends on different characteristics of the Rgdik

of the polymer, sizes, shape, and definitely the chemicals it would be intera(Buaitbet al.
2018).Thereis some polymer which are considered as more harmful than other types because
of their chemical constituents and or the additives witténpolymer (Lithneet al.2017).

Surface area to volume ratio of the MPs is another important are to consider. The larger the
ratio, the higher the sorption capacity of the MPs to the other harmful chemicals and this may
leas easier ingestiaasier for the organisms (Rochman 2015). Lushat (2017) suggested

that smaller microplastics are real concern for toxicity as their potential ability to transfer

between the tissues and cells of organisms (Lusthalr 2017).

Some other studies ayster, suggested higher immune response, less intake of food, impaired
growth rate, reduced wright, less energy release, apoptosis, higher stress level and improper
repairing pathways and definite adverse impacts on offspring (Sussdrall2016).

Cortrolled laboratory experiments demonstrated some adverse effects of MPs on biota. It has
been observed, MRffects feeding activity,induce inflammation and reduce te@ergy
reserves in marine worms (Wright et al. 2013). MPs could be transferred betwgdeao fevels

(Farrell & Nelson 2013; Setaét al.2014).

The plastic toxicity to biota is also a concern and several studies been done éTal2007;
Avio et al 2015; Hermabessieret al 2017). The toxicitymay come from the residual
monomers ofthe plastics, or additives, or the intermediates formed during the degradation

process, or absorbance ability of the plastics towards POP already present in water (Andrady



2011). Plastics can also accumulate metals present in sea water, whidhes gpe of threat
to organisnthat can ingest it (Ashtoet al 2010).

Biota always potentially interact with microplastic particles inabeaticenvironmentMore

than 230 different marine species from all trophic levels take up microplastics, and the
expogire and interaction may occur in different ways (Lusdteal 2017a). Being smaller in

size and the ability to be present in both presence both pelagic and benthic ecosystems, allow
them to be easily available for ingestion (Auwth al 2017). Some studseshow that
zooplankton, bivalves, mussels, fish, shrimps, oysters, lugworms and whales ingest
microplastic (Auteet al.2017; GESAMP 2015; Van Cauwenbergheal 2015a). Species like
mussels, fish etc. are being commercially harvested and make midogpéagotential part of

the human foodt has been reported that thtersn sewerswind and even the currenan bring

MPs into the aquatic environmefztalasiewiczet al. 2016, Murphyet al. 2016).Runoff can

transport out some MRes the marine environment through runoff (Ceteal.2011).
istributi  MPs

Distribution of the MPs is affected by wind flow which helps in the redistribution of MPs in
the layers of the water colum@dgllignonet al 2012). The distribution may also determine by
different oceanographic factors which has been observed in the Mediterranean étwher
2013). MPs (including beads and pellets) are reported in different sedimentary habitats in
European 8as andor instances, MPs were found in the sediment samples collected from the
NorderneyNorth SegDekiff et al 2014; Frieet al 2013).

Higher abundance of MPs was reported in the areas with low hydrodynamics sachpéess
collected from théagoonin Venice(Vianello et al 2013).Higher concentrations of MPs were
identified in sediments froBelgianharborsand it was due tthe reduced water movement
the harbor aregClaessenst al.2011). MPs were evedoundin deep offshore sediments (Van
Cauwenberghet al.2013 Fischeret al 2015) and indicated thtite deep seafloaan act like
sink for MPs Deep seafloor was found as a major sink for MPsdiyeothe researchs like
Woodallet al.2014(Woodallet al 2014).



1.3 Using Blue Mussels

Biomonitoring has been used to find the level of impact of microplastics on ecosystem and in
the organisms involved in that ecosystem (Westchl 2016). An ideal bioindicator mudte

widely distributed, have adequate knowledgeuwdlall biological systems, can predict pollution

alert pretty much early, have a specific function in the ecosystem, produce proper response to
the specific concentration of the pollutants and the degree of pollution, and have the ability to
detect the tic effects of specific pollutant (Goodsell al.2009). Seabirds and sea turtles are
used as bioindicators to monitor the plasti
ingested foods to find out the for the interaction between the land andhth&ssan example,

under OSPAR convention, in Northern Europe, a bird species, fukanandrus glacialig is

used as bioindicator, and to detect the plastic pollution, the digestive contents of this bird
species are used (Van Frane&eal 2011).

Blue mussels fulfilled all conditions to be used as ideal bioindicator. Firstly, they are globally
distributed, they are tolerant with all environmental parameters likggen, salinity,
tempeature food availability (Baynel 9 7 6 ; O6Conor , 1 9b@ratdry Seco
condition, they can accumulate chemical pollutants and provide the concentration and
bioavailability of the pollutants (Beyeat al. 2017). Third, Mussels can be used as food and
habtat for other specie$ourth, Mussels also transport route olfytants to the higher trophic

level in the marine food chain (Strand and Jacobsen 2005). Fifth, as food, mussels have been
serving humans for thousands of years (Beyea. 2017). So, mussels are getting concerned

in regard to assess human health ridke to marine pollution (UNEP, 201&)nd lastly,
mussels are commonlysed in manyenvironmental monitoring programs, k&S musses

watch project, MEDPOL, OSPAR (Beyeral.2017).

Mussels haveseven subspeciethey can interbreed and form differestibspecies which can

be widely distributed around the world (Beyral 2017). Different species of mussels have
different genetics and different genetic expressions for which they have different ways to deal
with microplastic materials as stressor (Wrightal. 2013. In this investigation we use blue
mussels Mytilus eduls) which is commonly used in laboratory investigations to detect
microplastic particles in ingested form.

Blue musselsNlytilus edulig have been used to investigate the presence of MPs and effects of
it on the organism (e.g. Farrell & Nelson 2013; Vamdeersclet al.2015). Blue mussels are

also commonly used for observing the toxicity and route of MPst(hl 2016). It has been

observed that after few hours of exposure, blue mussels showed inflammatory response and



particles were also taken up bhyetcells within that time (Von Moot al 2012). In another
study, MPs were translocated in their circulatory system in 72 hours and then stayed there for

more than 48 days but no significant change in their overall fithess (Bretverhe2008).

1.4MPs in the Norwegian marine environment

In 2014, MPs on surface water was first reported in the marine environment of Nordics between
Tromsg and Svalbard (7078 °N) in 2014 (Lusheet al. 2015). It has been estimated that,
annually 8000 tonnes (approximatelpf primary MPs are added to the Norwegian
environment and the biggest source of secondary microplastics in Norwegian environment is
the torn tires and road marking which is estimated approximately 5 000 tonnes annually (Sundt
et al.2014). To minimize tese MP pollution different steps were suggested in a report which
was published in 2016 (Suneit al. 2016). Another report indicated that, one of the important
source of MPs in Norway was Waste Water Treatment Plants; and in that report, the routes of
MPSto the ocean from WWTP eve demonstrated (Magnussetral. 2016.

In 2015, a major investigation on the presence of MPs in the Norwegian marine environment
was done by Lushet al.(2015). They collected samples from Svalbard rom both surface and
subsuface water and reported that more than 90% samples were found with MPs. This research
is first one to detect the MPs in Norwegian marine waters. This research also suggested that,
even though the sources of MPs were not confirmed, but they are origimatedthfe
degradation of the larger plastics and can be transported a long distance @iuH2015).

In another investigation, 81% of Northern FulmaFsilfharis glaciali§ from Norwegian

waters were detected to have plastics in their stomach; highmbenof plastics recorded was

106 in one individual (Herzket al.2016). MPs were reported in the fishes of Norwegian coast.

In the stomach of Atlantic cod demonstrated MPs were present (8ratke 2016). Blue
mussels have been used a bioindicator ggdoi detect MPs in several studies in Norway. But,
status of the numbers of MPs with the increased size of mussels were not done at the time of

this work was initiated.
1.5Potential sources oMPs in Oslo fjord (study area)

Study areas arsituated in the Osl@jords which is surrounded by urban environment. The
areas are close to the differgatential sourcedoth land and sdaased sources MPs with

anthropogenic impactémong the important sources of MPs to the fjordo the ocearthere



areRivers, wastewater treatment plants (WWTP), shipping industry and harbours (GESAMP
2016; Jambeck et al. 2015; Lusle¢al.2017b).

Rivers whichflow through residential and industry areas, offices, parks and svadsiain
cortributors to the MPs into the fjordhe water of the river Alnaelva, which flows into the
flord, contains different types of MPs (Bottolfsen 20¥G)other river Akerselvaalso run off
MPs with its water (Buenaventu?®17)

The outflow of theWastewater treatment plar®@/WTP) are frequensource ofMiPsto the
marine aquatienvironment (Caret al. 2016; Sunet al 2019) In case ofheavy rainfall
overflows are occurred in WWTPs are exceeded their capacity. Untreatedervatetdtreated
runoffs are also an important source of MPs to the aquatic enviror{Maghussoret al.
2016).Few large WWTPs of Oslo are connected to the fjord wBiekkelaget, Ormsund and

VEAS. Al most 36 million MPs of O 20 eesand 0. :

with runoff water from VEAS penourwith a retention of 9Y 99% of all particlegMagnusson
& Norén,2014)and as the rest of the smaller MPs cannot be retained by \WieP4| those
directly pass into the fjords or into oceans (Lusdteal 2017b).

The study area has lot of water traffiésrries and boat According to the GESAMP 2016,

the shipping industry is also considered an important sourc®Rg into the aquati
environment(GESAMP 2016).Boat maintenance and additives used in boats, different
anthropogenic activities in harbor and recreational activities are also an important source of
MPs which can be considered to be the reasons of higher MPs in sedimbet$jarfd. The

Port of Oslo has 50 to 70 ships with goods or passengers arriving each week (Oslo Havn KF
2011), with a distance to Hovedgya ranging from 500 to 1500 metres. A boat harbour is located
in a bay at the northeast side of Hoveddyaurist littering canalso beanothersource of MPs
(Syaktiet al 2017).

In the aquatieenvironment MPs aredistributed atamong thebeaches, water surface, water
column andn thebiota (Lusheket al.2017a) Blue musselsNlytilus edulig collected from the
water column and from the sediments of the Oslo fjord are wseddstigatepresence and
abundance of MPs in the biota posigdnn water column and sedimen#Ps are found both

in blue mussels(Mytilus edulis)and the samples from sediments (Besétyal. 2017;
Hengstmanret al. 2018; Lusheet al 2017a; Van Cauwenbergbeal 2015a)Sediments are
considered adfinal destinatio@of MP s . Bl ue mussels are also

1C
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species to study the abundance of MPs in the aquatic enwdninfbusheret al. 2017a;
Mathiesenet al. 2017). The habitat of the blue mussels is both in water columnnate
sediment (Lusheet al. 20173). Being a bivalve filter feeder, they also fed from btik
positions and so it should provide a better adenof the abundance of MPs in Oslo fjord.

This studyinvestigaté whether or not @ositivecorrelation between th&ze of blue mussels

and thenumberof MPs found in them. Larger sized mussels are ingesting for food compared
to the smallesized mussels. Larger mussels are considered to contain more MPs compared
than smaller the sized mussels (Bréteal. 2018). It has also been reported that, larger sized
mussels are more efficient ilmgest ancegest the MPs compared to the smaller ¢Beateet

al. 2018 and Catarinet al 2018).Van Cauwenberghet al (2015) reported thahusself 4
cmcan efficiently ingest and remove MPs compared to smaller dhesngestion of MPs by
blue mussels depends-aize, shape and density of the MiRs that implies whee would be

the position of MPavhether inthe water column or in the sediments&af Cauwenberghet

al. 2019. Generally MPs with low densities wouldloat in the water columand MPs with
high-density has @&endencyto sink and accumulate in the sedimewitjch allowthemto be

availablefor thefilter feederdike bluemusselg§Browneet al.2011).

Are there more MPs in blue mussetdlectedfrom the water columor from thesedimen?
Finding from this investigation wouldllow us to determine that which size of the mussels
would be aten withcaution along with from which position of the habitat they were collected
from. This type of investigatioon the correlation betweesize of mussels and numlMPs
would be a monitoring parameter which can help to mititfe®1P pollution and this typef

analysess needed tdiave betteunderstanthg onthe occurrence and distribution EiPs in

Oslo fjord

1.6 Aims of the study

The aim of this study was to contribute with empirical data on MP occurrence in Norwegian
marine biota, by using blue mussels as indicator species. Larger mussels filter a larger amount
of water, so we expected that, larger mussels would contain moregtagtio materialsMPs

with low densities are expected to float in the water column while MPs withd@ghities

have a tendency to sink and accumulate in the sedimbh&)ttherefore expected that mussels
collected from the water column and the sezhinwould contain differemtumbersof MPs

The aims of the study therefore where:
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1) to quantify the occurrence of microplastics in blue mussels from three sites in tHpfdslo

2) To investigate if thenusselsize affectsthe numbersof microplasticparticlesfound per

individual

3) To investigate if the amount of microplasticsnmussels collected froitine water column

differs from mussels collected from the sediment.

From Oslo fjord, total 21Samples were collected from two different positiomater column

and sediments. Three size groups were selected to investigatevitim, 67 cm and 78 cm.

Microplastics-mussels interactiowas addresseon the basis of the length of the mussels

this study. Theaumber of MPs found in samples among three size gnoaps comparedAs

long asit was not known thathe effect of mussel size on microplastic conptioms, the
comparison amonthe different sized mussels collected from different sitesot be said as
sitewise different. Mussels of different sizesere collectedand analyse for thenumber of

MPs in eachndividual. Then number of MPs found in th&rge musselsrerecomparedwith

number of MPs foundmaller mussels and tried to find if there are differences in the numbers
of microplastic ingestion in the mussels.

Blue mussels are distributed among different spatial zones of the aquatic environment. And the
concentration of the microplastics are varied among the mussels collected from different zones

of the aquatic environment.

2. Materials and methods:

2.1 Description of sampling area- Oslo fjord

The Oslofjord is a fjord that extends from the Skagerrak in a roughly northerly direction to
Oslo. Outer Oslofjord goes from the Feaerder lighthouse in the south to Hurumlandet, where the
flord divides into the Drammensijd and the inner Oslofjord.The outer part is2Z0kilometers

wide, and south of the Fulehuk lighthouse outside Ngttergy it is almost an ocean piece. Inner
Oslofjord, within the on&ilometer wide strait at Drgbak, the fjord is only three to five
kilometas wide. The fjord's length from Faerder to Oslo is approx. 100 km. From Faerder to
the innermost part of the Bunnefjord, its innermost southward arm, approx. 120 km. From
Fulehuk lighthouse to the bottom of the Bunnefjord the length is 100rkencountry'swo

most wateirich watercourses, Glomma and Drammenselva (Drammensvassdraget), culminate

in the outer Oslofjord. The rivers with estuary in the inner part of the fjord are comparatively
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shorter and with  correspondingly smaller water flow. Avdilable at:
https://snl.no/Indre_Oslofjord Store norske accessed: 10.02.2020).
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Fig. 2.1 Map of Oslo fjord(inner), with differentrivers dischargingnto fjord drawn in blue.
(Map modified from NVE Atlas 3)0

2.2 Sampling sites and collection of blue mussels

There were three sample site and sites were in the Oslo fjord, and the samples from these areas
were collected both from sediments and water coldrhree site®n Oslo fjord were selected

for sample collectin. Blue mussels iytilus edulig from these sites wemllected and then
analysed. Samples were collected from these sites in August 2019 as a part of one of the
N1 V A6 s-terrh eniergplastic monitoring program. NIVA is using blue mussels as an
indicatorof environmental pollutants and the sampling sites were chosen on the basis of basic
focus on high probable chances of being polluted. As the distriboftiie MPs in Oslo fjord
environment is not fully understood, the selection of sites was with lotadrtainties about

different human influences on the environment.
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Fig. 22 GPS location of three sample sites.

There are many different methodologies tested, developed and modified accordingly to
perform propermonitoring of the presence and abundance of microplastics in aquatic
environment. Blue mussels are sampled, chemically digested, filtered the dissolved tissue

material, then identifying the Mthrough visual identification.

Visual
identification

Freezing Thawing Dissection Incubation Filtartion

Fig. 2.3Flow chart of the maod

Sampling was doing according to the NIVA proceduhéch was developed accordance to the
method developed by Lushet al. 2017b Total 213 individuals were collected from all
designated sites from two positions at each of the threé sit@®r column and sediments.
Blue musselslo not grow in water columns. The samgtesn the water columwere collected
from the lining of the permanentmors of the jettiedottom of the pier statiorad from the
lower surface of the landing poréd the samples from the sediments were collected by
trawling, nets, and hand collection from shore (Lused.2017b).

From each sample sites anarfr ezh location, 1618 samples were collected. Sampling
technigque was dependent on the site location, the substrate they grew on and the position of the
mussels. Mussels which were close to the shoreline were collected by hand and mussels which

were submergednder water were collected by snorkeling.
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Just after the collection, at the sampling spot, sizes were measured and the collected in a big
bucket. Mussels were finally selected on two basic criteriootsvisibly damaged and closure

of the shells. Selealemussels were rinsed and then rinsed with field wa#rtihes. The
samples were sorted according to three different sized g&up8 nm, 60-69 mmand D-

79 mm for the analysis. Mussels were then measured with plastic calipers, roughly and
collected io plastic bags which were marked with sample size, position of the samples
collected and the site marked on them. Each group of samples was then sorted and put in
plastics bags and then into a cooling box to prevent clumping. After collection of samples,
boxes were transported to NIVA for further freezing2Q°C. Table 1 represents the sites,

positions and numbers of the mussmiBected.

Table 1
Site year Location (GPS) | No. of mussels | Position How it was
(water column| collected
/sedimenk
ORM Aug, 2019 Lat: 59.88708N | 82 both Snorkeling and
Lon:10.70553E hand
Site-3 Aug 2019 Lat: 59.89773N | 68 Both Snorkeling ang
Lon:10.72593E hand
Site-5 Aug 2019 Lat: 59.87673N | 63 Both Snorkeling and
Lon:10.75627 E hand

2.3. Dissection

Selected individuals were first taken out of the freezer and allowed those to be defrosted. Then
again, the length of the individuals was measured with a slide caliper. After defrost, soft tissue
was collected from the shells by opening the valves witlpsicand forceps. Except for the
toughd f onwuscies, all living tissues were extracted as the tough muscles are not easy to be
digested in the chemical and there is a less possibility for present microplastic particles there.
These muscles are not eveartpof their digestive system or the part of the filtering system.

After each collection, forceps and scalpel were rinsed with distilled water to avoid
contaminationSoft tissue®f mussels were collected in 100ml ymleaned glass beaker which

were rinse 3 times with distilled water and then were covered with aluminum foil. Then the
mass of the muscles was weighed which was basically the wet weight. On top of the cover foil
eachbeaker with soft tissues wemngarked properly.
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2.4 preparing and adding KCH

Filtered 10% KOH (w/v) solutionwas then added to each bealwsth the soft tissuel0%

KOH is ranged between 58 molar, with pH of 14 and was prepared at the temperature of
200 C (Dehautet al.2016). The volume of the KOH in each beaker is dependent on the mass
of each mu skKO#Ihds fowemnislks tolheakh.and safety esucost efficient and
enables a high throughput of samples (Bedital. 2018). Amount of KOH is ten times than the
soft tissue weightfor example for 3-4 gm weight of soft tissued0 mlof KOH was added;

for 4-5 gm weight of soft tissues, 50 ml of KQiras added; for gm weight of soft tissues,

60 ml of KOH was added and so on.

10% KOH is used for digestion as it is based on the research article by Bebh@016. It
was ensured that all the tissues were submerged under KOH solution and tozenithieni
evaporation foil cover wasways present. As control, foatean 106ml beakes containing

only 10% KOH (60 ml) were prepared

2.5 Incubation

The weight of the sampled mussels was varied. So, bigger sized beaker was used when the
weight of the musels were > 6 grams so that there was no spill inside the incubator. For each

batch to be incubated, four beakers with only 50 ml of 10% KOH were used as negative control.

The beakers were then left in incubator (New Brunswitkinnova® 44).) This setting/as
guided by the standard NIVA procedure which was based on Detali(2016).

2.6 Filtration

Each sample in the beaker was expected to be digested after 2{Dwhastet al.2016) To

isolate the MP patrticles for analysis, the samples were filtered. A vacuum filter was used and
the samples were passed through 47 mm Whatman® GF fibre filter papers. Before use, each
filter paper was examined under microscope for any other partiéles. funnel was rinsed

with distilled water 3 times to make sure that any adhering particles were washed away onto
the filter paper. Filter paper was also rinsed with a further spray of filtered distilled water to
wash through any residual on the sidehaf funnel. A glass dish was used to keep the top of

the filter funnel covered as much as possible to avoid contamination. The filter paper was
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immediatelyputinto a petri distwith lid on itand left for drying and further analysis. Filter
funnel wasthoroughlyrinsed with filtered distilled watefor 3-4 times at the time of each

filtration to prevent cross contamination.

Filter
holder Vacuum trap
. / Vacuum
Filter paper - pump
Filter /
flask -
_ == -l

Fig. 25 Schematic diagram ofacuum filtration with a pump.

2.7 Visual identification using microscope

Each filter paper was put under a stereo microscope (Nikon SMZ745T). Filter paper was kept
inside the petri dish while identifying MPs, and the lid of the petri dish was closed at the time
of identification so that the chances of contamination was mintmi2exes that designated
sections of the petri dish were drawn on the lid top of each petri dish using a fine marker. The
boxes helped to isolate areas of the filter paper for easier visual analysis. Any suspected MPs

were circled on the filter with a sqgfencil and then counted.

Themorphologicalcharacteristics (shape and size) of each particle were recorded. The shape
was considered as either fibpelletand othecommon shapekle filaments, bead#\t times,

the petri dish lid was opened to verify the presence of MPs, if there was visual uncertainty. At
the time of markings, it was also done. For each time of opening the lid a control was used

which was exposed simultaneously. It was done as #eaption of any airborne MPs.
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2.8 Measures to minimize contamination

MPs are everywhere and these can spread very easily through air, water. To minimize the

contamination, several measures were taken in each step of the procedure.

During the processingf the soft tissue material, separated laboratory space was used. The lab
coat was always worn and it was rubbed against the lint roller with sticky paper to get rid of
any fibre. Laboratory was regularly dusted before the procedure. Door was always closed
during the procedure to minimize airborne fibres. Gloves were worn all the time frequently

washed to avoid contamination. During thawing, the samples were covered with aluminum foil

and they remained like that till filtration.

At the time of dissectiorgfter each dissection, scalpel and forceps were rinsed with distilled
water. Glassware were used for measuring the soft tissue and incubation. Before use, glassware
was thoroughly r i ns ed|(ReverdelOsnfosisedivater. 808 KO8 . 22 ¢
soluion was filtered before use. Beaker lid was covered with aluminum foil till the soft tissue
measurement and it was covered again immediately. After pouring KOH solution the lid was

again back to minimize the airborne contamination.

To minimize contaminatio during filtration, before filtration, each filter paper was examined
under microscope for the presence of any particles. After filtration, each filter paper was kept
in a petri dish with lid on and the petri dish was marked properly with specific séihple
number. Marking was made at the periphery of the petri dish so for uninterrupted visual
inspection. The filter papers were kept in petri dishes with lids, where the ID markings were
madeon the sidgcircumference)pf the dish so that the lid could beg on during visual

inspection.

Lids of the petri dish were only open when it was required to minimize the contamination.
Every time the lids opened, a blank control was used as per the same time duration for any
airborne microplastic contaminatiddsualy the number of particles found in the blank control

is subtracted from the number of particles found in the sample. For example, if four fibres were
found in the sample, and at the time of identification, if one fibre was found in the blank control,

thenumber of fibres in sample was recorded as three.
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2.9 Data Analysis

In this study, data analysis was performed on the length, weight and no of MPs in the blue
mussel 6s individuals separately. To increas:¢
trends, having standard reporting units is important (Lushar 2017a). In this study, results

are presented as number of MPs individual increase the comparability with other studies.

Weight was used as another indicator for the size which is sitoilaormal procedure to

monitor environmental contaminants using blue. mussels (Bratie2018).

Data handling, making charésmd graphsand statistical analysis were performed in Microsoft

Excel along with SPSS. To identify the normal distribution of data, Shéyilkotest was
performedsee Appendix)As most of the data were not in naindistribution, KruskaWallis

testwas performedo find the statistical differences in the datt To find the correlation

between the databivariatec or r el ati on analysis was done
coefficientDunnés procedure was conduct endc wheeer mul t
signficant differences were observe&pearmad s correlation coeffic
investigate potentlaorrelationsThe significance level for correlati@amalyses was set to 95%

(p< 0.05) Mann-Whitney-U test £<0.05) was performea find out whethertte MPs collected

from water column and sediments were having the same distribution.
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3. Result

MPs found in the blue mussels are resulted and discussed sitd asknding of the visual
identification is correctetbr the blank and there was no MPs were recorded inlah&$The

results are discussed based site wise, on MPs individigdétion betwee increased number

of MPs with largessize, relation betwedength and weight and samples from which position
(either from water column or from sediment) has more MPs individusd the samples
collected from three different sites from two different positions and are grouped into three class
sizes from, the coefation between each size class with their weight and the number of MPs
found in each individual would be described. Three size cla8%&9) mm, 6170 mm and 71

80 mm would be annaed assize class A, B and C respectively.

3.1 Site ORM:

3.1.1 Samplegrom water column.

3.1.11 Length and the weight of the blue mussels

The mean length of the groupsB and Cis 55.45 mm (x 2.70), 66.05 (x 2.23) mm and 75.31
mm (£2.83) mm and mean weight 5.44g (£1.50), 8.65¢ (+1.31) andy{#6032) respectively.
Fig. 3.1 describes theorrelation betweethe length of the samples from water column of the
site ORM.
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Site: Site ORM, position: water column

R2 Linear = 0.368

12.007]

10.004
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Fig. 3.1Relation between the length aweightof blue musselsMytilus edulig.

There was a significant correlation between the length anddlghto f mu s s e | (Speal
rho 0618 p<0.05).KruskatWallis testshowedthe distribution of weight is significantly
different across the size groups Dunndés t est s h cerercebetwwebnethes i gni

groups A and Eand between Aand C.
3.11.2 MPs insampledlue mussels:

MP was found present in each of the individual at this Ba&al 209MPs was identifiedn 42
samples through the visual identification, witie highest number of MPs wa8 in a single
individual and lowest was 1 which were found in Size class C and size class A respectively.
With the least number of samples in size class C, has the highest nfililB per individual

9.18 (4.1 was also dund that the number of MPs is increasing with gslee of the blue

mussels.

The samples from this site and position, tmean numbeof MPs per individual was 4.97
(x3.74). During the identifiation, MPs were grouped into thrlkres pelletsand other NPs.
In total, % fibres were found which was 2Rof the total number of MPand 46 black colored

pelletswere present with 22 of the total number of MR§&ig. 3.2).
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13%
m Others

Fig. 3.2Distribution of different types of MP& the samples.
3.11.3 Length and MBof the blue mussels:

The mean length of the groups A, B and C is 55.45 mm (x+ 2.70), 66.05 (x 2.23) mm and 75.31
mm (£2.83) mm and mean numhbErMPs is 2.75(2.94), 4.26 (2.12 and 9.18 (+4.16) per
individuals in size groups A, B andr€spectivelyFig. 3.3).

Site: Site ORM, position: water column

R2 Linear = 0.417

209

MP

T T T T T T T
50.00 55.00 60.00 63.00 70.00 75.00 §0.00

length_mm

Fig.3.3 Rdation between the length and numbé&MPs in blue musseldytilus edulis.
There was a significant correlation between the length anchuingber of MPsmussel
( Spear mar3Rsp<0.09). KruskatWallis test showed the distribution of MPs is
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significantly different across the size
between the groups A andadd between Bnd C.

3.11.4 Weightand theno of MPs irthe blue mussels:

Themean weightvas5.449 (£1.50), 8.69 (x1.31) and 7.6@ (x1.32) in size class of A, B
and C respectively with the MPs is 2.75(x1.95), 4.26 (£2.15) and 9.18 (#édHctively
(Fig. 3.4)

Site: Site ORM, position: water column

2 Linear = 0.088

T T
200 4.00 6.00 8.00 10.00 12.00

weight_g

Fig.3.4 Rdation between thieength and numbesf MPs in blue musseldytilus edulig.
There was a significant correlation between tireight and the number of MPs mussel
( Spear ma.4#3@ p<0.05nhKryuskalWallis test showed the distribution of MPs is not

significantly differentacross the size groups.

3.1.2Samples fromsediment
3.1.21 Length and the weight of the blue mussels:

The mean lengths of the groups A, B and 6495 mm (£ 2.03), 64.05 (£ 2.0inm and 73.88
mm (x£3.20 and mean weight 5.25 g (x1.50), 7.68 g (x1.26) and 7.74 gZ)-fAe8pectively.
Fig. 3.5describes the correlation between the length of the sampleséaimenof the site
ORM.
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Site: Site ORM, position: sediment

R2 Linear = 0.369
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Fig. 35 Relation between the length and weight of blue musb#isl(s edulis.

There wasa significant correlation between the length and Wheight of MPs mussel
( Spear ma.678 $<0.05h KruskatWallis test showed the distribution of weight is
significantly different across the size gro

between the groups A and B and between A and C.
3.12.2 MPs in sampled blue mussels:

MPs werefound preent in each of the individual at this sit@tal 206 MPs wer&lentifiedin
40samples through the visual identification, wttle highest number of MPs wasihZ single
individual and lowest wa which were foundn size groupC andA respectively. Vith the

least number of samples in size class C, has the highest number of MPs per indigdual
(x2.85) andwas also found that the number of MPs is increasing with the size of the blue

mussels.

The total number of MPs across the size groups wésa2h a mean nufmer of MPs per
individual was 5.16:2.78) During the identification, MPs were grouped into thfieees,

pelletsand other MPs. In total, 4tbres were found which was 228of the total number of
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MPs, and45 black colored pelletsvere present with 2198 of the total number of MP$iQ.
3.6).

H Fibres
Pellets Pellets
13% Fibres m Others

68%

Fig. 36 Distribution of different types of MPs in the samples.
3.12.3 Length and MB of the blue mussels:

The mean lengths of the groups A, B and C is 54.95 mm 8)},460.05 (+ 2.01) mm and 73.88
mm (£3.20 and te mean numbeof MPs is 4.%+2.44), 4(£1.83) and B (¥2.82 per
individuals in size groups A, B and(€ig. 3.7)

Site: Site ORM, position: sediment

R2 Linear = 0157

MP

T T T T T T T
50.00 55.00 60.00 63.00 70.00 75.00 §0.00

length_mm

Fig.3.7 Rdation between the length and numb&MPs in blue musseldiytilus edulig.
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There was naignificant correlation between the length anel tumberof MPs found in each

muss el i ndividual s ( Sp e &nuskadWalis test $showedOthe3 0 2,
distribution of MPs is significantly fif er ent across the size grou
significant difference between the groups A and C and between B and C.

3.1.24 Weight and thaumberof MPs in the blue mussels:

Themean weight 5.25 g (x1.50), 7.68 g (+1.26) and 7.74 g (xin8d}e class of A, Band C
respectively with the MPs &5(+2.44), 4 (+1.83) and 7.8 (x2.82) per individuals in size groups
A, B and C(Fig. 3.8)

Site: Site ORM, position: sediment

R2 Linear = 7.265E-4

MP

—.|y=5.43+—[1.[]4"x|— .

200 400 B.IIJEI .00 1 DI.EID 1 2!00
weight_g
Fig.3.8 Relation between the weight andmberof MPs in blue musseldytilus edulig.
There washo significant correlation between the weight and humbenf MPs found in each
mussel individuals( Sp e ar ma-0.66s p=0.6B6).KruskaltWallis test showed the

distribution of MPs is not signdantly different across the size groups.

3.1.3. Comparing number of MPs per individuals collected from water column and
sediments.

The mean number of MPs per individual is 4.97(x3.74) and 5.15 (£2.78) in the samples
collected from water column antdas from sediment respectivelfzig. 3.9) and Fig. 3.9

shows the mean number of MPs from the site.
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Fig.3.9(a) Distributionof MPs in samplegb) mean number of MPs.
Mussels collected from thgedimentcontained significantly more MP particles thianthe

mussels collected from thveater column The distribution of the MPs the same across the
position(Mann-Whitney-U test, p<0.0h
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3.2 Site 3:

3.21 Samples from water column.
3.21.1 Length andhe weight of the blue mussels:

The mean lengths of the groups A, B ang 65.60mm (£ 2.09), 65.05 (£ 2.66) mm and 74.04
mm (+2.38) and mean weight 5.36 g (£B), 6.18 g (+1.28) and 8.44 (+1.35 respectively.
Fig. 3.10describes the correlation betwvethe length of the samples from water column of the

site-3.

Site: Site 3, position: water column

R2 Linear = 0.652

10.007

o B.00
ol
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o
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Fig. 310 Relation between the length and weight of blue musb#tsi(s edulis.

There was a significant correlation between the lengthl@d¢ight mussél Spear mano s
0.784, p<0.05)KruskalWallis test showed the distribution of weight is significantly different
across the size groups. Dunndés test showed

C and betwee and C.
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3.21.2 MPs in samptkblue mussels:

MP was found present in each of the individual at this site. T6@&MPs was identified i134
samples through the visual identification, with the highest number of MPs was 12 in a single
individual and lowest was 1 which were found ineS¢tass C and size class A respectively.
With the least number of samples in size cladsas the highest number of MRere {+£3.43)

per individualand it wasalso found that thotal number of MPs is increasing with the size of

the blue mussels.

The tdal number ofMPs across the size groups was 8th a mean number of MRzer
individual was 485 (+3.12. During the identification, MPs were grouped into thfieees,
pelletsand other MPs. In total, 3f#breswere found which was 28 of the total number of
MPs, and34 black colored pelletsvere present with 24 of the total number of MP$iQ.
3.11.

Others
19% m Fibres
Pellets Pellets
13% Fibres m Others

68%

Fig. 3.11Distribution of different types of MPs in the samples.
3.21.3Length and MB of the blue mussels:

The mean lengths of the groups A, B and C is 55.60 mm (x 2.09), 65.05 (+ 2.66) mm and 74.04
mm (x2.38) ad themean numbepf MPs is 2.08t0.99), 5.73(x2.06) and7 (x3.43 per
individuals in size groups A, B and(€ig.3.12)
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Site: Site 3, position: water column
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Fig.3.12 Rdation between the length and numlémMMPs in blue musselMytilus edulis.
There was a significant correlation between the lengthfmdumbeiof MPs found in each
mussel individuals( Sp e ar ma n6é4 p<0.05)oKrugkaltWallis test showed the
distributonof MPs is significantly different acr os
significant difference between tigegoups A and Eand betweei and C.

3.21.4 Weight and the no of MPs in the blue mussels:

The mean weightvas5.36 g (£1.03), 6.18 g (£28) and 8.41 g (£1.35 size class of A, B
and C respectively with the of MPs 2.0§+0.99), 5.73 (x2.05) and 7 (£3.43) per individuals
in size groups A, B and (Fig. 3.13)
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Site: Site 3, position: water column
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Fig.3.13 Relation between theeightand numbeof MPs in blue musseldytilus edulis.
There was a significant correlation between the weightlmdambenf MPs found in each
mussel individuals( Spear manos r h oKrudkat\Walli$ fest ghewd @& ) .

distribution of MPs is not significantlgifferent across the size groups.

3.22 Samples fromsediment
3.22.1 Length and the weight of the blue mussels:

The mean lengths of the groups A, B and 64.74mm (+ 254), 64.83 (= 1.85) mm and 72.73
mm (£3.11) and mean weight.30g (+0.69, 5.01 g (x1.02) and 6.5 (+1.76) respectively.
Fig. 314 describes the correlation between the length of the samples&dimenof the site

3.
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Site: Site 3, position: sediment

R2 Linear = 0.480
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Fig. 314 Relation between the length and weight of blue musbk&ftiigs edulis.

There was a significant correlation between the length and the wefgmusselwith
(Spear mands r hlgruskakwWalls 2est showed th€ istribution of weight is
significantly different across the siime grou

the distribution of weight in betwedhe groups A and C.
3.2.1.2 MPs in sampled blue mussels:

MP was found present in each of the individual at this site. T@&4MPs was identified in 34
samples through the visual identification, witie highest number of MPs was it0a single
individual and lowest was 1 which were found in Size class C and sige Al respectively.
With the least number of samples in size clasbas the highest number of MRere 5.91
(x2.66)per individual and it was also found that the total number of MPs is increasing with the

size of the blue mussels.

The total number of M&across the size groups was Midh a mean number of MRser
individual was 3.64+2.59. During the identification, MPs were grouped into thfibees,

pelletsand other MPs. In total, 1ffbres were found which was %l of the total number of

32



MPs, and 8 black colored pelletsvere present with 36 of the total number of MP$-iQ.
3.15.

Others
19% m Fibres
Pellets Pellets
13% i
Flbres m Others

68%

Fig. 3.15Distribution of different types of MPs in the samples.
3.2.1.3 Length and MPs of the blue mussels:

The mean lengths of the groups A, B and C is 54.74 nizrb6@), 64.83 (+ 1.85) mm and 72.73
mm (£3.11) andhite mean numbesf MPs is 1.66%0.77), 3.54(x2.01) and5.91 (+2.66) per
individuals in size groups A, B andr€spectivelyFig. 3.16)

Site: Site 3, position: sediment

R2 Linear = 0.360

5=

MP

y=-8.87+0.2%

T T T T T T T
a0.00 5500 60.00 63.00 70.00 75.00 80.00

length_mm

Fig.3.16 Relation between the letftgand numbeof MPs in blue musels Mytilus edulis.
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There was a significant positive correlation between the lengthhandimberof MPs found
ineachmuss¢l Spear manos r . .[Kousk@\Walidt@&st showed@he @iskribution of

MPs is significantly different across the siger o u p s . D wwed dhe signiBcant s h
differencebetweersize group# and C.

3.2.1.4 Weight and theumberof MPs in the blue mussels:

The mean weightvas4.30 g (£0.69), 5.01 g (£1.02) and 6.51 g (£1.inG3ize class of A, B
and C respectively with the no of MHAs66 (x0.77), 3.54 (¥2.01) and 5.91 (x2.G&)r
individuals in size groups A, B and(€ig. 3.17)

Site: Site 3, position: sediment

R2 Linear = 0.007

-

MP

47 - y=2.02+0.14%

400 B.IIJD g.00 1D.IDIZI
weight_g
Fig. 3.17 Relation between theeightand numbeof MPs in blue musselMytilus edulis.
There waso significant correlatn between the weight and the numbkeMPs found in each
mussel individuals( Spear manos r h o Krudkal2valls , test sho@ed 1the 3 )

distribution of MPs is not significantly different across the size groups.

3.2.3. Comparing number of MPs per individuals collected from water column and
sediments.

The mean number of MPs per individual 4.85(£3.12) and 3.64 (£2.59) in the samples
collected from water column and those from sediment respectivigly3.1&) and Fig. 3.18

b shows the mean number of MPs from the site.
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Fig.3.18(a) Distributionof MPs in samples, (b) mean number of the MPs.
Mussels collected from the water column contained significantly more MP particles than in the
mussels collected from the sediment. The distribution of thei§tRe same across the position
(MannWhitney-U test, p<0.05).
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3.3 Site5:

3.3.1 Samples fromwater column.
3.31.1 Length and the weight of the blue mussels:

The mean lengths of the groups A, B ang 65.76mm (£ 3.07), 65.78 (£ 3.)5nm and 73.93
mm (£2.02) and mean weight 3.64. (+0.88, 5.47 g (x1.63 and 7.61g (+0.64) respectively.
Fig. 3.19describes the correlation between the length of the samples from water column of the

site-b.

Site: Site 5, position: water column

R2 Lingar = 0.767

8.00-

6.007

y=-8.75+0.22"

weight_g

4.00-

2.00 T T T T T T T
50.00 55.00 60.00 65.00 70.00 75.00 80.00

length_mm

Fig. 319 Relation between the length and weight of blue musb#tsi(s edulis.

There was a significant correlation between the length and the vedightssel Spear manoé s
rho 0.849, p<0.05)KruskalWallis test showed the distribution of weight is significantly
di fferent across the size gr oupesenceinDthennd s

distribution of the weighbetween the groups A and C.
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3.31.2 MPs in sampled blue mussels:

MP was found present in each of the individual at this site. 2ateMPs was identified 31
samples through the visual identification, witle highest number of MPs was it¥a shgle
individual and lowest was ®hich were found in Size clags and size clasB respectively.
With the least number of samples in size clasbas the highest number of MRere 8.4(x+
3.15)per individual and it was also found that #mallest size group A ha the highest number

and size group has the least no of MPs.

The total number of MPs across the size groups 224swith a mean number of MRser
individual was 7.23+ 343). During the identification, MPs were grouped into thfieees,
pelletsand other MPs. In total,11fibres were found which was 14% of the total number of
MPs, and27 black colored pellets were present with 35% of the total number of MBs (
3.20.

Others
19% m Fibres
Pellets Pellets
13% i
Elbres m Others

68%

Fig. 3.20Distribution of different types of MPs in the samples.
3.31.3 Length and MPs of the blue mussels:

The mean lengths of the groups A, B and C is 55.76 mm (x 3.07), 65.78 (x 3.15) mm and 73.93
mm (£2.02) andite mean no of MPs is 8.482.75), 6(x3.68 and 74 (+3.62 per individuals
in size groups A, B and (Fig. 3.21)
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Site: Site 5, position: water column

R2 Linear = 0.013
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Fig.3.21 Rdation between the length and numbéMPs in blue musselMytilus edulis.
There was aosignificant correlation between the length amelhtumbeof MPsfound ineach
mussel I ndi vi dua-D.%73, p=9.853)KruskalWwallis test showed the

distribution of MPs ishot significantly different across the size groups.

3.3.1.4 Weight and theumberof MPs in the blue mussels:

The mean weightvasmean weighB8.61 g (£0.88), 5.47 g (¥1.63) and 7.61 g (x0.643ize
class of A, B and C respectively with the no of M$8.40 (+2.75), 6 (£3.68) and 7.4 (£3.62)
per individuals in size groups A, B andElg. 3.22)
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Site: Site 5, position: water column

R2 Linear = 0.028
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Fig.3.22 Rdation between the weight amdimberof MPs in blue musseldytilus edulis.
There waso significant correlatin between the weight and the numbeMPs found in each
mussel individuals( Sp e ar ma-0.223, p=0.830).KruskalWallis test showed the

distribution of MPs is not sighcantly different across the size groups.

3.32 Samples from sediment.
3.32.1 Length and the weight of the blue mussels:

The mean lengths of the groups A, B and 67.37mm (x 2.84), 64.56 (£ 2.09) mm and 72.18
mm (£2.44) and mean weight 3.83(+0.64), 4.80 g (£0.89) and 7.4¢% (+0.6%) respectively.
Fig. 3.23describes the correlation between the length of the samples&dimenof the site

5.
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Site: Site 5, position: sediment

R2 Linear = 0,686
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Fig. 323 Relation between the length and weight of blue musbk&fsiigs edulis.

There was a significant correlation between the lengthrend¢ightof themusselindividuals
(Spear manods r hkruskaltWallg %est showed th® &istribution of weigist
significantly different across the size grou

the distribution of the weight between the groups A amsh€in between the groups B and C

3.3.1.2 MPs in sampled blue mussels:

MP was found present gach of the individual at this site. Toal6 MPs was identified 132
samples through the visual identification, witie highest number of MPs was it®a single
individual and lowest was Which were found in Size clagdand size class B respectively.
With the least number of samples in size cl@ssas the highest number of MPs wér@
(x4.55) per individual and it was also found that the smallest size gibbps the highest

numberof MPs.

The total number of MPs across the size groups Ivéswith a mean number of MPs per
individual was5.18 (+3.58. During the identification, MPs were grouped into thfieees,

pelletsand other MPs. In total,11fdores were found which was 14% of the total number of
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MPs, and23 black colored pellets were present with 35% of the total number of MBs (
3.29.

Others
19% m Fibres
Ple:!;ts Pellets
2 Fibres m Others

68%

Fig. 3.24Distribution of different types of MPs in the samples.
3.3.1.3 Length and MPs of the blmeissels:

The mean lengths of the groups A, B and C is 57.37 mm (£ 2.84), 64.56 (x 2.09) mm and 72.18
mm (+2.44) andhe mean numbesf MPs is 6.54(£3.04), 3.18(x1.06 and6.9 (+4.55 per
individuals in size groups A, B and(€ig. 3.25)

Site: Site 3, position: sediment

F2 Linear = 3.419E-5
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Fig.3.25 Rdation between the length and numioéMPs in blue musselMytilus edulis.
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There waso significant correlation between the length amel tumbeonf MPs found in each
mussel S p e ar m®.048,=0.795. KruskalWallis test showed the distribution off\8

is not significantly different across the size groupsu nn6s t est showed
difference between the groups A and B and between B and C.

3.3.1.4 Weight and theumberof MPs in the blue mussels:

The mean weight was mean weightean weight 3.83 g (x0.64), 4.80 g (x0.89) and 7.45 g
(x0.645)in size class of A, B and C respectively with the no of MP8.5gl (£3.04), 3.18
(x1.06) and 6.9 (x4.5%)er individuals in size groups A, B andEg. 3.26)

Site: Site 5, position: sediment

R? Linear = 0.002
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Fig.326 Rdation between the weight and numibéMPs in blue musseldytilus edulis.
There was naignificant correlatin between the weight and the numbkeMPs found in each
mussell Sp e ar madAIHps=0.81 KruskatWallis test showed the dighution of MPs

is not significantly different across the size groups.
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3.3.3. Comparing number of MPs per individuals collected from water column and
sediments.

The mean number of MPs per individual 7.22 (xt3.43) and 5.5(£3.58) in the samples
collected from water column and those from sediment respectively. It shows that there is
significant difference in the number of MPs per individuglg.(3.278) and Fig. 3.27 b shows

the mean number of MPs from the site.
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(b)
Fig.3.27(a) Distribution of MPs in samples, (b) mean number of MPs.
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Mussels collected from the water column contained significantly more MP patrticles than in the
mussels collected from the sediment. The distribution of the MPstihe same across the

position(MannWhitney-U test, p<0.05).
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4. Discussion:

4.1 Assessment dhe method:

4.1.1 sampling and soft tissue collection

During the sampling, there was no issues to be concern@themames of the sites were used

by the NIVA, Oslo SiteORM, Site3 and Sites. After collection from thsesites, mussels

were rinsed with fjord water thoroughly to remove any fouling and pluéimto plastic bags.

And there might be a question arises, whether any MPs got into the sample through their gut
during rinsing or not. As, only the closed
closed during rinsing and transportationjtstan be said that no contamination has occurred.
Lusheret al.2017a, suggested that the depth of the collection site may affect the result as there
is a chance of watdyorne and atborne MPs (Lushegt al.2017a). In this study, samples are
collectad from different depths and this is another concern. Putting samples in the plastic bags
is another important issue to be considered for opportunistic contamination. During the
procedure, no MPs were found which might be originated from the plastic bsigg. plastic

bags is also supported by Phuatgl.2018

Using the dry or wet weight of the soft tissue is anotherafreancern Few researches support

the use of dry weight of soft tissue (for instances, Karlet@i. 2017). They also suggested

that dry weight is better for comparisons between studies Bayadr 2017 found using wet

weight is advantageous, but they also mentioned it as less reliable. So, elaborate researches are
still needed to find the appropriateness to use dry or wet weighe @bft tissue. During the

sample processing, lesser number of steps should be followed so that especially airborne
contamination can be minimized. The effect of drying on MPS is still unknown and drying
might make the MPs more brittle. As, wet weigtdsguccessfullyused in different studies

like- Van Cauwenberghet al. 2015; Liet al. 2016; Phuonget al. 2018, in this study wet

weight was used.

Use of 10% KOH solution was used to digest soft tissues in the study which was tested at
NIVA and was adpted from to Dehauttal. (2016). This method was tested efficightnd
so was used in this study. Some organic materials were left on filters which made the MPs

identification more challenging.
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4.1.2 Visuabnalysis

After filtration, with theaid of visual identification, MPs were quantified as the first step.
Visual analysis was done with the help of a microscope. Proper training is needed to identify
the MPs and nceiVIPs. The process itself is subjective, time consuming and intensively
laboriaus. This is used as a simplatial step identification of MPs (Hidalgdruzet al 2012;
Songet al. 2015; Phuonget al. 2018. According to HidalgeRuz et al. (2012), visually

identified MPs are later not confirmed as plastics it is about in 70% cases.
4.2 MPs in blue mussels from the Oslo fjord

All blue mu s s sampdesvere found contaminated by the MPs. The range of the number of
MPs per individuals 1-20. The average number of MPs in per individuals of blue mussels in
this study indicates that lumussels aDslo Fjord aremore contaminated than othielue
mussels in Norway (Table).1A higher averagemumberof MPs was found in the study
compared to the average fouinch study by Brate et al. (2018) (TableAs a larger area was
investigated with larger variations in environmental conditions in their stachould be

logical to assume that their results are influencethbyevariability of factors

This study revealed that blue mussels fl@sio fjordcontainednore MPs pemdividualthan

blue mussels in siilar studies worldwide (Table)1The following studies investigate larger
areas. Van Cauwenberghe et al. (2015a) found microplastic abundances relatively similar to
the findings in the Belgian coast and in the WKerethe samplesites were located close to
coastal harbourand there \ere higher shipping and industrial activity were preséfite
highest number of MPs which was 34 per individual were found in Canalatalon and

Hill (2014) which isalmost seven timesderin compareo this studyThe studied sitelsave
similarity to the sampling sites in Canaddich is surrounded by potentiadources for
contamination More researches should be done to determine the reasomise$er high

differences.
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Table-1. A selection of worldwide MPs studies performed on blue mussels.

Sample Area Average Comment Reference
concentration
Osilo fjord 5.18MP/ind. Range 120 MP/ind. Current study

Norwegian coast

1.5 MP/ind and 097
MP/g

Range 66.9 MP/ind.
and 67.9 MP/O

(Brateet al.2018)

United Kingdom

0.71 29 MP/g or 1.1
T 6.4 items/ind.

8 sites along the
coastal waters of U.K
investigated

Average not presente

(Li et al.2018)

China

2.2 MP/g (rang®.91
4.6)

2/3 of the coastline of
mainland in China
investigate®

(Li et al.2016)

North Sea coagif
France, Belgium and
the Netherlands

0.2 (+03) MP/g

Found from 6
sampling stations
along the coast in
2011

(Van Cauwenberghet
al. 2015a)

Belgian coast

0.37 MP/g ¢0.22)

(De Witteet al.2014)
@)

Canada

34 MP/ind.

(Mathalon & Hill
2014)

The uptake of MPs by the organisms is dependent on a collection of parameters present in the
organisms likesize, shape and density of the MPS that determine the position of MPs in the

water column or in the sediment, and hence thewabalability (VanCauwenberghet al.

2015a) Blue mussels are filter feeders and they have high capacity of MPs ind&#ttéla et

al. 2016) and they wemeportedtoi ng e st

mor e

number s

of

t he

0 . 1 70d)Digkaet al.2018). Larger blue musks have higher body mass which means

they have higher capability of their filtration (Navarro and Thompson 1996). The result
indicates that the larger sized mussels contained more number of MPs per individual except
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for the samples collected from the watelumn of Site5 which can be an indicator that the
floating type of MPs were not abundant in the sampled site or may be the absence of smaller
MPs on the sampled site.

MPs are found in all the sampld®tal 1104numberMPswere found in 213 samples across
three different size classes which were collected from two different positions.wdfes
grouped as fibrepelletsa n d 6 Whidh melusledfiber bundle, fagment, sphere (or bead)

film, and foam.Out of this total, 36 fibres wiich is the approximately 34% of the total MPs;

218 black pellets which was approximately 20% of the total MPs and MPs which were grouped

as others were 46% of the total MPs.

Fibres like plyesters and acrylics were the most common MPs in ssdgn former sewage
disposal plants (Brownet al.2011) and polyester was the most abundant polymer in mussels
(Catarinoet al. 2018) and was the second most abundant polymeeet(lal. 2016). In
Norwegian coast, polyester was also the most common polfjound in Atlantic cod (Brate

et al 2016). Both polyester and acrylic are raw material in clothing industry and could be the
possible source for the fibres. As there is fibres in the results, it can be suggested that, the
domestic waste water (e.g. framashing machines) is an important source of the fibres. Along
with WWTP, atmospheric fallout may be a significant source for fibres as these even can spread
through air (Driset al.2015). Another study by Cat al.(2017) showed high percentage (73%)

of fibres in the atmospheric fallou#o, it could be predicted thaie possible sources of fibres
found in the samplesouldbefrom theclothing and other textilespay also from any form of
disposed cotton wool, or from paper and or even from cigareite bhese fibres are expected

to be degraded more quickly compared to the other types of MPs, those were still in the mussels

and were not damaged by KOH solution.

In total, samples fromite-5 where the highest percentage (71.68%) of fibres were f&ited
3 has thesmallespercentagef thefibres(19%)may kefrom thenaturalsourcesvhich clearly
cannotindicatetheir exact sourcg but it is most likely due to human activitidsis indicates
the potential effect on the biota in the fjord. This could be an area of more researches to find
the effects ofanthropogenic particlege- cotton, viscose rayon, synthetic plastics étve

on biotaof Oslo fjord.

The black colored pelte found in the samples might be from run off form the road which
includes asphalt, wear and tear from timsddifferentroad markingsnd this group demands

high attention for further research@dagnussoret al. 2016).And as because of their black

48



color, UV cannot degrade thogeickly (Kole et al. 2017).This type of MPshadpotentiality
to have additives on them and in this way, these have effect on biota of Oslorfjes#®
additivesmay be hazardoudue to their toxicityto biotafrom greenalgae to water frogs to
rainbow trout(Stephensent al.2003a& Kole et al.2017)

Samplesollectedfrom the water column frorthe siteORM, showed clear indicaticdhat the
musselsize affects the numbersof microplastic particles It was 2.75 (£1.94 MPs per
individual, 4.27(x 2.12)MPs per individual and 9.1&4.16)MPs per individualen size class

A, B and C respectivelyn the samples from sediments this trend was not clearly observed as
4.5 (x2.44) MPs per individual 4(+1.83) MPs per individual and 7.8+2.85) MPs per
individual. In both cases the largest size class C has the highest number of the MPs per

individual.

Samplescollected from both water column and sediments fraie3 showed theclear
indication that thanusselsize affectsthe numbersof microplasticparticles Samplesfrom
water columnhad 2.08 (£0.99) MPs per individual, 5.72+2.05) MPs per individualand 7
(x3.43)MPs per individuals in size class A, B and C respectively. It was(2®67)MPs per
individual, 3.54(x2.01)MPs per individual and 5.982.66)MPs per individuals in size class

A, B and C respectively in the samples collected from sewlisn

Samples collected from both water column and sediments frorb sltd not show any
indication that thanusselsize affectsthe numbersof microplasticparticles.Samplesfrom
watercolumnhad8.4(£2.75)MPs per individual, §£3.68)MPs per individual and 7.&3.62)
MPs per individuals in size class A, B and C respectively. It was @35404) MPs per
individual, 3.18(x1.66) MPs per individual and 6.&4.55)MPs per individuals in size class

A, B and C respectively in the sampledlected from sediments.

So, the hypothesis that the mussel size affects the numbers of MPs can be rejected m two site
sitee ORM and siteb and it can be retained in siBeonly. This can be explained by tBeurces,
typesand sourcegoute to the fjordabundance and distributigimhiel et al.2003);interaction

with biota of the MPgbioavailability, transferring between the trophic levedsy how the

MPs can interact with meteorological and hydrological faatbthe environment ((Andrady
2011) Biological factors of blue mussel samplé filtration rate, ability to uptake of MPs,

hydrological issue (water temperature, pH, salifdy availability) and availabilityof foods
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might be also considered and could be interesting area for researchiesmobld enlighten

with clearer conceptions in these regards.

Samples collected from st@RM had 4.97(x3.74 MPs per individual ands 5.15(x2.78
MPs per individuakollected fromwater cdumn and sediments respectivefamples from
site-3 had 4.8%+3.12 MPs per individuahnd 3.64+2.59)MPs per individual collected from
water column and sediments respectively. Samples fronb dited 7.22(£3.43 MPs per
individual and 5.5+3.58 MPs per individual collected from wex column and sediments
respectivelySo, samples collected from the sediments had lower number of MPs compared to
those from water columin Site-3 and Sites. Site-ORM showedthat thesamples from
sediments contained more number of Npes individual

As MPs were present in all samples collected both from water columtheusédimentghe
distribution of the MPs in the sampled sites were abundéaing is due to the factors likgpes

of polymer which is responsible for differentradties, size and shape of the polym@isiel

et al. 2003) the different parametersof the aquatic environment likesalinity, water
temperature and bioma@sndrady 2011, Zhaet al.2014) the meteorological conditiorige-

rain and wind air temperatre (Kukulkaet al.2012)and the turbulencm the water(Reisser

et al. 2015).Movement of boats, wind and the surface currents may cause turbulence in the
water column and can redistribute MPs within the water column (Letredr2015).Higher
shippirg activity can contribute to thegher abundance of the MRsusheret al. 2015).The
turbulence alsaffectsthe redistribution of MPs in the water column (Baal.2018).

Due to higher densitypVC was found at the bottom layer in the water coluiDai et al.
2018). Dfferent physicalshapes oMPs are also responsible for their distribution in the water
column (Kooiet al.2016). Fibres were the most common type of MPs found indthen - ne ar
surfa@ @ a n- 6 t b e anofitha water celdmiiBagaewet al.2017).

Biofouling and the surface property of the M&so could be the reasdor the distribution of
MPsin water column and in the sedimditai et al. 2018).Physical characteristics MPs
like-rough surfacesifregular cracks and pores may increaseahiity of attachmentvith
foreign particledike- clay minerals oguartzgrains(Corcoran 201j and these may decrease
the buoyancy oMPs (Kowalskiet al 2016) Weatheringalsomay ontribute to the attachment
of MPs withmicroorganisms which helps in the formation of biofémd causes tmcrease
the densitiesof MPs which may affedhe buoyancy(Corcoran 2015, Fazey and Ryan 2016,
Harrisonet al.2011, Kaiseret al.2017, Kowalskiet al.2016, Longet al 2015).Floating MPs
can be sunk from the surface whioay be affected by the aggregations of algager
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(Bergmanret al.2017) Smaller sizedPsare nore likely to sink than large on¢Bai et al.
2018) and this was alsibservedy Fazey and Ryan (2016

However, sinking oMPsmay notalways resulteth theattachmentvith the benthic sediments
(Rummelet al.2017).This study showed inconsistence betweerathendancef MPsin the
water columrandin the sedimentdMPstend tosettlewith finest sediments ithe deepeparts
of the seavaterandin area with dwer depressiongBagaevet al. 2017). Abundanceof the
MPsin the sediments might be affectedtmth therate of sinkingof the MPsandthe physical
propertiesof the benthic sediment®ai et al. 2018)

MPswith greater densitiesink to the bottom of the sea (Andrady 20R&jsser et al2013,
Jorissen 2014).Sediments are considered as tbegterm sink for MPs aghey have the
potential to accumulatthose(Nuelle et al. 2014and Cdézar et al. 2014).High abundancef
MPs wageported within the sediments amdan beup to 3.3% of the weight of the sediment
in heavily effected se beaches (Van Cauwenbesiha. 2015a,Van Cauwenberghet al.
2015b, Boucheet al. 2016). Coastal shallow sediments along with the dsspsediments
areas are now established as the sinks for the MPs (Atrah2016, Phanet al.2014).

4.3 Correlation

One potentiatorrelation wasvestgated in this studythe correlation betweeéhe size (length
in mm) of the blue mussels and the no of MPs. Anatjuestion was tried to answethich
sampleshad more number of the MPs per individuatamples from water column arofn

sediments

A positivecorrelation betweethe size and the number of MPs per individwak expected.
Blue musselgollected from both the water column and the sediraettie same sitehould
be impacted by sonammonvariables. Howeveg positivesignificant correlation was found
betweerthe length and the numbet MPs per individual except for tiveater columrsamples
from the siteb. A reasonable assumption may the larger sized mussels have higher body
mass, higher filtration rate amigherability to retain more numbef MPs.According to Van
Cauwenberghe et al. (2015a), a blue mug@Hk0 mm)has a filtration rate of 2 L/h, amb
of MPSretainedin the blue mussat usually determined by intake andestion(Qu et al.
2018). $ndler MPsareexpected to béound in blue mussels (Brags al.2018;Li et al.2018;
Quet al.2018) andsediments are proposed as the final destinatidiRsin the environment
(Lusheret al.20173a).
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Since thdengthof the musel is correlated with stweight (which also are heavier mussels),
thelarger musselsontain more MPs per individudlarger mussels filter more water, and this
is why they also contain more MHABut the distribution of the MPs was not same across the
wet weight of all thendividuals sampledractors such agegradationyweathey wind, waves
alsocould have a greanpact and distribute the plastics randomly. According to (Lusher et al.
2017a), rural locations had mamemberof MPs available in the environmethian urban iad
industrial locations. Thisnight be seemednreasonable, but ihdicates thanfluence the

environmental variables which affect to@g-distance distribution of MPs
5 Conclusion

This study orMPs as an environmeniabllution confirms thaMPs wee present in all (100%)

the samples dilue musseldviPs were found in all the samples across all size groups collected
from all site and all positionsThe Larger sized mussels contain more number of MPs per
individuals.The numbeof MPs increased with éhsizes aass all the samples except the
samples collected from water column at-&tét was also found thatite-5 had a significant

higher noof MPsin thesamples collected from water column than-8itend siteb. The reason

for this difference is currently not understood, and further research on sources and pathways of
MPs in the inner Oslo Fjord is needed. Results fribms studyshow higher no of MPsn
comparison to other studies investigatBue samples calcted from sediment had less number

of MPs compared to the samples collected from the water column in H3eagitkin siteb.

Threeissueswere investigted in this study. Firstly, to find out the occurrence and abundance
of the MPs across the collectsdmplesand it was recorded that all samples had MPs present
in them Secondly the correlation betweehe lengh of the blue mussels and the numbgr
MPsper individua) wheresignificant correlation was fouraimong the samples collected from
water coimn of siteORM and from site8. MPsare assumed to accumulate fastelanger
sized musseland could be the reasag for this finding.Thirdly, to find out which samples
from two positions (water column drsediment) has the more numbéMPs per individual

and it has been found that samples freediments have less numl#rMPs per individual
among the samples collected from SBtand sites. Factorslike- temperature of the water,
airborne MPs,wind, waves and currents can have médaimpact, and might contribute to
random distribution oMPs Extendedresearchsare to be done for thHeetter understarlg

of the distribution oMPsand thecorrelationbetween different matrixes.
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