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Assessing environmental distribution and
stakeholder awareness of microplastics: A
case study in Dundalk Bay

STEPHEN KNEEL

Abstract

Microplastics have fast become a pollutant of ubiqustanature in the environment,
documented in pristine and remote regions worldwide and recently in humans. While studies
on microplastics in marine environments are more established, comparatively understudied is
the freshwater environment, with freshwatesearch generally focusing on larger rivers.
Further to thislittle work has been completed understanding the social aspect of microplastics
despite it being an anthropogenicadigused pollutant. Additionally, the majority of studies
completed on assessing microplastic presence are one dimensional in natung focusie
environmental compartment, however, microplastics released into the environment can interact
with numerous biota and travel between terrestrial, freshwater and marine systems. In light of
these factors the research in this théseseforepreseits a holistic approach to microplastic
pollution in Dundalk Bay and its associated freshwater inputs, while examining stakeholders
in Irish fishing relationship with plastic. An important nursery for all commercial fish species

in the Irish Sea, sustainirigpth a productive cockle and razor clam fishery and serving as a
vital overwintering refuge for thousands of seahitlds ecological and economic benefits of a
healthy ecosystem hereesanumerous. In spite of these factors Dundalk Bay has until now been
unstudied in terms of micptastics pollution and whilestshallow nature with many freshwater
inputs lend to a productive environment these factors may contribtite siccumulation of
microplastic here and it beig a hotspot for this pollutanthe results of this study indicate

that microplastics are polluting the marine environment and associated freshwater environment
of Dundalk Bay. Microplastics primarily fibrous in nature were documented in surface water,
sediment and G. duebeni examined in frester rivers as well as in marine intertidal sediments
and inhabitants of this shallow marine environment. Those surveyed within the Irish fishing
community were aware of microplastic pollution pertaining to aquatic environments moreso
than the terrestrighnd noticed litter frequently and in large quantities when taking part in
fishing activities but were also likely to remove it from the environment highlighting the role
that fishers can have in reducing secondary microplastic moilutn more remote
envronments.The ubiquitous presence of microplastics in environs studied in this thesis
highlight the need for mitigation with regards to this pollutant entering the environment.
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Chapter 1literature review
1.1 General Intoduction

1.1.1 Plastics; their uses amssues
Some of the properties that plastics are lauded for, such as temperature resistance, resilience to

abrasion, and hydrophobicity allow plastics to exist in the environment many years after their
purpose as a coasier good has been carried out. Todmstic types and their uses are wide
ranging with polyethylenthe highest volume global plastic availatlgh both high and low
density variants making up over igldplastit Eur o
production reaching 39D.Mt (Fig. 1-1, Plastics Europe, 2022Although many types of
polymers exist, polyethylene (PE), polyethylene terephthalate (PET), polypropylene (PP),
polystyrene (PS), polyvinylchloride (PVC) and polyurethane (PU) make up 75% of total plastic
demand (Bellaset al 2020). Other common types of plastics, their uses and densities are
diplsayed in table -1 below.However, just as plastic production has increased so too has
plastic waste and pollution to the detriment of the environment. Irih@gme countries the
perentage of total solid waste made up by plastic had increased from 1% in 1960 to over 10%
in 2005 (Wagner, 2017). Furthermore, only 9% of plastic waste has ever been recycled, while
12% has been incinerated with the remaining 79% accumulating in natusgéicos (Geyer

et al. 2017).

390.7 mt

in 2021

Figure 1-1: World Plastic production in 2021 (Plastics Europe, 2022)



Table 1-1: Commonly produced polymers, their associated densities and uses (Choon et al.,
2021).

Polymer Abbreviation Hl(ng':,?;?; ity M a{xw. fﬂi?;ln— Main Application
Polvethylene PE 0.91 0.97 Packaging
Polyester PES 1.24 2.3 Textiles
Polyethylene PET 137 1.45 Packaging
terephthalate
Polystyrene PS 1.01 1.04 Packaging
Expanded polystyrens EPS 0.016 0.640 Food packaging, construction
material
Ethylene vinyl acetate EVA 0.02 0.94 Others
Alkvd Al 1.67 2.1 Paints, fibers
Polyvinyl chloride PVC 1.16 1.58 Building and construction
Polymethyl PhMA 1.17 1.2 Electronics (touch screens)
methacrylate
Polyamide {nvlon) PA 1.02 1.05 Automotive, textiles
Polyacrylonitrile PAN 1.09 1.2 Textiles
Polyvinvl alcohol PVOH 1.19 1.31 Textiles
Acrylenitrile ABS 1.06 1.08 Electromics
butadiene styrene
Polyurethane PUR 0.03 0.1 Building and construction

1.1.2 Microplastics: An introduction and their spread
The term microplastic is a relatively new one, first coimedstudyt i t | ed fALost at

i's Al | tdnthe grelsemce bf micr@soopic plastic pieces in marine sediment and waters
in the UK (Thompsoret al 2004) (Fig. 1-2). Although not standardised with regard to size,

the term was used to describe plastic debris that was not readily visible to theegaked
Although stillunder debate, microplastic siziasses were defined lrrias and Nash (2019)
asiiMicroplastics are any synthetic solid particle or polymeric matrix, with regular or irregular
shape and with size ranging frong Im tmm, obeither pmary or secondary manufacturing

origin , whi ch ar e i mhe onhsa bfImeropiastics wahe envitonment was
estimated as 400 times greater than that of macroplastics in a study of the Belgian continental
shelf (Van Cauwenberglet al. 2013).Subsequentlynumerous reports hadcumenedthe
prevalence of microplastics and their distribution in various environments. Microplastic
ubiquity has been reported on in a large number of studies for example: in marine environments
(Pagteret al 202M; Martinet al 2017, freshwater system#kdoganet al 2023; Murphyet

al. 2022; Mani and Burkhardiolm, 2020)atmospherically (Kyriakoudes and Turner, 2023;
Driset al 2016, and in terresial soils (Tianet al 2022. Microplastics have beatocumeted

in various speciedDeoniziaket al. 2022; Joyceet al 2022;Nelmset al 2019) in mountain
ranges (Alleret al 2019) and in regionand speciesf the deep sea&Cpurtenenloneset al

2020; Courtendonest al. 2019.
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2004

0 "Lost at Sea: Where Is
All the Plastic? "

published, first to use

term "microplastic”.

2020
Microbeads
(Prohibition) Act 2019
which came into effect
on the 20th of February
2020in Ireland

Current plastic
production far outstrips
capacity to deal with
waste and reduction in
production necessary to
reduce volume of
microplastic entering
environment

Carpenter et al. {1972)
reports ingestion of
polyethylene pellets by

fish

Figure 1-2: A timeline of microplastics research, legislation and current environment status.

Microplastics found in thenvironment have one of two classifications; primary or secondary
Microplastics can be further characterised by their physical appearance and come in a variety
of forms. The shape of microplastics can sometimes give an important indication of its origin
or source. Where pellets are prevalent the area receives irgratsftustrial processes, fibres

are indicative of residual waters from items of clothing while fragments and other types
generally come from the breakdown of larger plastic items which can occur on beaches or the

seads s urdtalc2e2l).(THgseeange of plastics observed in the environment

Microplastic research
takes off, marine topics
outstrip research into

-

The European Commission ‘
introduced The Zero Pollution —

Action Plan which included '
reducing by 30% the amount of
microplastics released into the

environment among its 2030

compared to living organisms is shown below (Fi§)1
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Figure 1-3: Size range of plastic objects observed in the marine environment and some
comparisons with living material arverview of associated sampling methods and effects on
biota (GESAMP, 2015).

1.1.3 Primary Microplastics
Primary Microplastics are described as pieces of plastic that are microscopic in size and have

been manufactured specifically to be of these size ranges (typically less than 5mne} @Cole
2011). GESAMP described microplastics based on their origin pvighroduction pellets,
microbeads, micrgized powder and drug delivery all classed as primary microplastics
(GESAMP, 2015)Microplastics that have been produced intentionally (primary microplastics)
include; virgin pellets or preproduction pellets, microbeads that are present in cosmetic
products, abrasives used in air/wabast cleaning and powders that may be used as inks,
injection molding or medicine (Rio Mendoza and Balcer, 2018)me examples of
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microplastics present in brands of facial cleansers are displayed below-&igathaka and
Takada, 2016)

Figure 1-4. Examples of primary mioplastics (polyethylene) in facial cleansers (a)
transparent, irregular shapes (b) transparent and blue microspheres and transparent irregular
shapes. (Tanaka and Tanada, 2016).

1.1.4 Secondary Microplastics
Secondary microplastics are tiny plastic particlest thriginate from the degradation and

fragmentation of larger plastic litter in the environment (both at sea and on land) which can
occur through various methods such as Ultraviolet (UV) radiation or mechanical abrasion
(Rochmaret al. 2013; Ryaret al. 2009; Thompsomrt al 2004; Andrady, 2003). Secondary
microplastics that end up entering the marine environment are more likely to stem from the
degradation of macroplastics on land (beaches, etc.) than in the water body themselves where
exposure to bottJV radiation and mechanical erosion is minimal (Gregory and Andrady,
2003. In additionto UV radiation from the sun, plastdebris on beaches experiemekatively

high degradation rates due to abrasion action of waves and damage from rocks, stesied and

as well as high oxygen availability which all encourage fast rates of plastic degradation
(Andrady, 2011; Barnest al. 2009). Andrady (2015) underlined four key processes that help

to degrade or fragment ptassmaterial in the environmergplar U\tinduced photodegradation
reactions, thermal reactions including thermadation, hydrolysis of the plastic polymer and
microbial degradation. Of these four processes only the first is particularly effective at breaking
down plastic particles and is lired to plastics floatingonthecoe andés sur f ace and
(Cooper and Corcoran, 2010). At higher ambient temperatures there is a marked increase in
degradation rates for plastics as their activation energies for oxidation degradation are quite
low (Toch8 | ek and ‘2014 Hami hnkl BriecBard, 1991Plastics lying on beaches
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therefore undergo increased rates of photooxidation compared to those floating on the surface
of water bodies due to the fact they are not surrounded by the cooler water temperatures.
(Andrady, 2015).Factors that can degrade plastics in marine envirorsraet displayed
below.(Table :1).

Table 1-2: Comparison of the availability of weathering agents in the different zones within
the marine environment (Andrady, 2015).

Weathering agent Land Beach Surface water Deep water
or seliment

Sunlight Yes Yes Yes No
Sample temperaturHigh High Moderate Low
Oxygen levels High High High/moderate Low

Fouling (screensNo No Yes Yes
solar radiation)

Floating plastics in aquatic environments can also undergo biofouling by algewemebrate
species initially (Fazey and Ryan, 2016) (Fig)1This covering of the surface area can further
reduce the rate of degradation by UV radiation of the plastic. If heavy fouling occurs the density
of the plastic may become greater than theosunding seawater which results in sinking,
subsequent grazing may occur on the fouling species residing on the plastic causing it to move
back up in the water column as itscgehsedtpfd
floating plastic debs was confirmed by Stevees al (1996) and Stevens (1992). Biofouling

of microplastics can result in increased density which can be problematic when performing
density separations for microplastic extraction from environmental matrices. However,
observations made by Amaiaéttleret d. (2021) on density changes due to biofouling on
polyethylene postulated that sinking due to microbial biofilms alone may be more prevalent in
slow moving freshwaters than in marine environments as oscillations used to mimic movement
at sea dislodged loely attached clumps of cells and the polymer became buoyant again in

laboratory experiments.



1em

Figure 1-5: Fouling of Polyethylene after 2 weeks, 4 weeks and 12 weeks respectively in False
Bay, South Africa. (Fazey and Ry&2016).

Degradation rates of plastics is a variable that changes greatly between beaches, surface waters
of both saltwater and freshwater bodies and benthic regions in marine environments however
innate properties of specific plastics will also cdnmite to rates of degradationofFexample,

the presence of UV stabilisers in processed plastics help to extend their longevity in the
environment and reduce breakdown rates (Andrady, 2@ig.tothe ongoing weathering

(albeit slow in some cases) of plasticshe marine environment there exists a huge variety in

size, shape, colour and polymer type among secondary microplastangséhey can originate

from the breakdown of grlarge plastic itemSJetaléet al. 2018).



1.2 Interactions of Microplastics ithe environment; freshwater and transport
pathways

1.2.1 Rivers as transporters of plastic litter
To date the majority of papers written on the subject of microplastics are primarily focused on

marine ecosystem# literature review conducted by Ceztal (2020) found thatrom 2012

to 20202864 papers were published on microplastics and marine ecosystems while just 158
were based on freshwater ecosystefsor to this less than 4% of studies related to
microplastics were reportedly associated with freshwgteambert and Wagner, 2018vers

act as important transporters of plastic waste from the terrestrial environment to the marine one
with the quantities transported expectednitrease in the future (Jambeekal 2015). It is
estimated that 1.15 to41 million tonnes of plastic enterdhocean via river transport every

year and that 122 polluting rivers contributed more than 90% otafaé plastic inputs
(Lebretonet al. 2017). In some instances, macroplastics and microplastics can become trapped
in riverine or lacustrine environments and thus can affect these ecosystems (Gitirssi
2023; Hengstmanet al. 2021). Freshwater bodies can act as sources, transporters (rivers), and
sinks (isolated lakes, sediment of rivers) of microplastics andftinerbigh variabilities in
microplastics abundances can be expected (Keal 2018). It is estimated that only 2% o
primary microplastics in thecean were the result of marine anthropogenic activities with the
other 98% the result of ladghsed activities (Boucher and Friot, 2017). There exists a huge
range of microplastic concentrations reported in freshwater environments with a review of 183
studes by Luet al (2021) noting thamicroplastic concentrations span eight orders of
magnitude in freshwater (1.2 x'£@0 5.42 x 18 particles/m3) and six orders of magnitude in
sediments (8.1 x 18to 9.5 x 10 particles/kg).

Furthermorearound 80% ofnarine microplastics enter the ocean through riverine transport
(Maniet al 2015). Primary microplastic emissions from mainland China alone were estimated
at 737.29 Gg in 2015 with one sixth of this entering the aquatic environment @Vahg

2019). Modelling work on European rivers found that the majority of microplastics exported
by rivers to seas are from tyre and road wear particles (42%) and fibres (polyester etc.) (29%)
which are shed from items of clothing during washing (Siegiteal 2017).For example, the

mass release of iy and road wear particlesas estimatel for the Seine watershed at

1.8 g i n hlark (Unieertt al. 2019). Another sourceof microplastics tofreshwater
environments includestorm water ruroff which can dump microplastics from labdsed
activities such as agriculture into freshwater systems which is known to be a large contributor

of microplastics to waterways. It is therefore unsurprising that urban development close to or
8



on freshwater rivers leads to a high abundance of microplastics in these rivers and their
sediment (Shrutet al. 2019; Pengpt al 2018).Notably, higher microplastic abundances were
detected in freshwater downstream of cities with high populations in The Laurentian Great
Lakes of the United States (Eriksenal 2013).

1.2.2 Wastewater Treatment Plantsources and sinks of microplastics
While thereare many potential sources of terrestrial micraptasentering freshwater bodies

one particularly weltudied source are wastewater treatment plants (WWTPS) (e.g., ®idall

al. 2023; Montecinost al 2022; Becuccet al. 2021).Kay et al (2018) stuced microplastic

levels upstream and downstream of six WWTPs and found elevated levels of microplastics
downstream which was attributed to the discharge of treated sewage into the rivers, the study
also reported variations in the microplastic levels wisieemed to correlate to the population
equivalents served-hough WWTPs can remove the majority of microplastics from influent
water prior to effluent release with removal efficiencies up to 95% in some instdiabase

et al 2017 Talvitie 2015) and tertiary removal reported as removing an overall 87.3% to above
99.9% of microplastics (Tang and Hadibarata, 2021any millions of microplastics are
capable of still escaping froMW/WTPsand entering freshwater or marine bodies (8ual
2019).Field observations dVWTPs showed that river discharge was an impontaedium

for microplastics releasdrom theterrestrial environment to theeean (Shmidt et al. 2017).
Furthermorethere is an apparent difference in the shapes of mictogddlsat are captured by
WWTPs.BenDavidet al (2021) noted thahicroplasticremoval from raw wastewater can be

as high as 97%, however, fibres were less likely to be captured during treatment accounting for
only 74% of total microplastics in raw wastewater but accounting for 91% of microplastics in

treated effluent.

Sludge generated from WWTPs is applied to agricultural land in many countries and therefore
can enable the release of microplastics originally trapped by the WWTP processes to be
released into the environment and is a significant source of microplassesgament
(Mahonet al. 2017).

1.2.3 Microplastics and precipitation
Precipitation has been associated with microplastic pollution in freshwater bodies in a number

of studies. Microplastics were documented in rainfall over the Rocky Mountains indicating
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rainfall was a source of microplastic pollution of freshwdiedies (Wetherbeet al. 2019).
Concentrations of microplastics in freshwater bodies have been reported to increase due to
precipitation (Hitchcock, 2020; Xiat al 2020; Wonget al. 2020; Schmitet al 2018),
however, negative relationships between the wet season and microplastic abundances possibly
due to dilution effects have also been recorded (de Carealo2021; Barrowst al. 2018).
Additionally, atmospheric transportation and deposibf microplastics has been studiedhas

contributor of microplastic abundancesfreshwater bodies (Zhargg al. 2020).

1.2.4 Freshwater sediment and microplastics
Freshwater sediment can serve as both a sink and source of microplastics in the natural

environment. In dry seasons due to low fi@ates higher microplastic numbers may be present

in sedimentatherthan in surface waters as they settle (Mbedtial 2(20; Eoet al. 2019).
Converselyin wet seasons lower concentrations of microplastics in river sediments have been
noted following flood events that may wash and resuspend microplastics present in the
sediment l(iu et al 2019 Hurley et al. 2018). The realtionship between surface water and
sediment microplastic abundance is an unclear one (Talbot and Chang, 2022). Microplastics in
sediment may remain there for longer periods of time and represerelomgoncentrations

(Ding et al. 2019; Rochman, 2018)iu F. et al (2019) found no relationship between
microplastics from sediment samples and land use for stormwater retention ponds whereas
significant relationships were identified for land use and microplastic concentrations in water
samples (LiLS. et al. 2019).

1.2.5 Population pressures and relationship to microplastics in freshwater bodies
Population pressures also play an unclear role in microplastic abundances in freshwater

sediment. Microplastic abundances in river sediments in densely populatedf3baaghai
exhibited levels higher than those from sparsely populated areaseP&ng018). A similar

trend was observed in the sediment in rivers of the Tibet Plateau édi@n2019). Conversely,

two Irish locations in upland areas with low popiga densities had higher microplastic
abundances in sediment than three other locations with greater population pressures (Murphy
et al 2022). It has been pointed out that there is no simple relationship between either
population density or WWTP proxinyi{Tibbettset al. 2018). Additionally, current studies on

microplastic pollution of freshwater sediment are concentrated in densely populated areas and
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those that are generally economically developed which may be leading to a bias in assessing
microplastc pollution and that remote locations may be just as polluted but are currently
understudied (Yin and Zhao, 2023).

1.3 Interactions of Microplastics in the Marine Environment
Microplastics whose density is greater than that of seawater may sink down intersgiscand

accumulate there whereas those with low densities float on the suliém®-(Nufezet al

2021; Friaset al 2020). However, those less dense will eventually sink as a result of biofilm
formation (Lobelle and Cunliffe, 2011), expelled as faecal pellets @a@k2013) or through

the process of flocculation (Michedt al. 2018) meaning that marine sedimentonsidered

the ultimate sink of many pollutants (Woodatlal 2014). Furthermore, is suggested that
polymer density alone is not the most significant control on rplaestic particle fate within
aquatic environment(Razeghiet al 2021) Although microplastics have been recorded in
many marine environments, they are particularly problematic in coastal locations due to the
proximity of potential sources from the terrestrial environment and also tidal processes that can
encourage their deposition aadcumulation (Gragt al 2018; Weinsteiret al 2016; Ryaret

al. 2009). Microplastic abundances in marine environments display high variability which
besides the differences in environments can stem from differences in sampling methods,
separation techgues and in reporting units (Lindegeeal. 2020; Shinmet al. 2018). Marine
sediment is classed as a major sink for microplastics with a conservative estimate of 14 million
tonnes thought to residen the @ean floor (Barrettet al. 2020). Several studielsave
documented the presence of microplastics in d®ep sediment (Barre¢t al 2020;
Cunninghanet al 2020; Van Cauwenbergle¢ al. 2013b). Deefsea sediment samples of the
Indian Ocean, Atlantic Ocean and Mediterranean Sea was shown to have cardartauwels

up to four ordersf magnitudes greater than i@essurface water samples (Woodslal 2014)

which highlightedthis environ as the loagrm ultimate sink for microplastic debris.

1.3.1 Coastal Environs
Nearshore or intertidal habitats arenown as sites of potentially high microplastic

contamination given their proximity to terrestrial environments where as much as 80% of
marine litter originates{uropean Environment Agency, 2028dditionally, recent modelling

work indicates that appraxately 77% of positively buoyant marine plastic litter stemming
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from landbased sources spehgears beached or floating in coastal water (Oatrdd 2021).
Furthermoredegradation and fragmentation of plastic into microplastic form is expected to be
greatest in surface water and on beaches where the rate of seladltéd photodegradation

is greatest (Cooper and Corcoran, 20418 beaches are the most likely source of secondary
microplastics in marine environmen{Kataoka and Hinata, 2015; Kataok& al 2013
Andrady, 2011) Indeed, microplastic pollution has been noted in a large number of marine
intertidal locations (PerfetBolafio et al. 2022; Mendeset al 2021; Bucolet al 2020)
Microplastics have been documented in coaatal marineenvironments in numerous recent
studies and are found in varying concentrations worldwidg. 1-6, Nuneset al. 2023)
Intertidal locations in Ireland displayed a range of 0 to 553 particles per kilogram (M&ndes
al. 2021) Across Europe microplastaontamination has been found in various concentrations
in recent studiesConcentrations of microplastics of 53 + 7.6 items per kilogram have been
reported from the Black Sea which are similar to thosevered from the Southast of Spain,
64.06 £ 8.95 prticles per kilogram (Terat al. 2022 Bayoet al 2019).
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Figure 1-6: Presence of microplastics reported in coastal and marine waters worldwide (Nunes
et al 2023).
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1.4 Microplastics and their interactions with biota
Two hundred and twentgpeciesarenoted to ingesinicroplastican the natural environment

(Lusheret al 2017). There are numerous problems faced by biota ingesting microplastics.
Following ingestionmi cr opl asti cs can accumuskmdchanicaln an

obstruction preventing feeding and can illicit effects such as false satiation effecting the energy
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levels in individual animals (Anbumani and Kakkar, 20d8yanov ,12017) Furthermore,
microplastics are not homogenous particles, eachrdliffechemical composition both in terms
polymer type and additives present, for example, phthalate can be up to 50% of the weight of
PVC (Rochman, 2015). Due to their hydrophobic nature microplastics may absorb and
accumulate contaminants from the natuelvironment €.g.,PBDEs (Polybrominated
Diphenyl Ethery EDCs(Endocrine Disruptinghemical¥, and PPCP&harmaceutical and
Personal Care Produgtsalong with othePersistent Organic PollutafPOP$ in aqueous
mediawhich may then desorb when conditions become favourable such as being ingested by
an organism (Martiret al. 2022; Jooet al. 2021). Indeed, up to 81 different chemical
compounds have been found in microplastics in the Canary Islands (Cagtaaih@019).
Furthermore, greater ingestion of microplastics in seabirds has been linked to chemical
aromatic signal sm dimethyl sulfide release in microplastics (Savetal 2016) while an

increase in epithelial cysts was noted in plafgeding birds (Romaat al 2019).

1.4.1 Bioturbation and microplastics
Bioturbation or the processes by which animals alter theitdtalby influencing the sediment

structure of soft bottoms of the sdélaor include actions such as burrowing, ingestion,
defecation and ventilation which transport particles in the sediment matrix (Kristehaén
2012). Several microcosm experimen@vé demonstrated the vertical transportation of
microplastics into deeper sediment layers by various species (e.g. the wedgParlam
trunculus the Baltic clanMacoma balthicathe lugwormArenicola marinaand the brittlestar,
Amphiura filiformig (BenHaddadet al 2022 Coppocket al 2021;Gebhardt and Forster,
2018 Nakki et al. 2017. Benthic species can therefore lead to the increased burial and
sedimentation of microplastics in the marine environment (Copmick. 2021). The
cumulative effect of macrofauna communities is the net burial of microplastics (Cogtpaick
2021).

1.4.2 Microplastics and their entry to food webs

Zooplankton play a crucial role in the food chain as a major link between primary producers
and higher trophic levels (lkeda, 1985). Zooplankton are a-vgidging group of primary and
secondary consumers that includes both vertebrates and invertebrdtess soicroscopic
copepods, fish larvae and jellyfish which consume-flesting algae and other zooplankton.

The role that zooplankton play in marine food webs cannot be overlooked as they form a bridge
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for energy transfer between primary producers (@bgnkton) and larger predators which are
themselves then preyed upon by predators further up the food df@inzooplankton
microplastics represents a nutritless byproduct that is ingested alongside other food sources
leading to a reduction in primamproducer consumption and their associated nutrients by
zooplankton (Kvaleet al 2021).Because of their key role in the uptake of energy into food
webs it is important to understand the possible impacts and implications that the presence of
microplastic in aquatic environments can have on their health. Zooplankton, in addition to
energy transfer within food webs, are also key to the biological carbon puthgingdrives
photosynthetically fixed organic carbon from the surface to the intermediate gt deeans

and water bodiegTurner, 2015Steinberg and Landry2017 Turner, 2002 Longhurst and

Glen Harrison, 1989 Feeding in stface waterszooplankton produce faecal pellets which
sink and may be sequestered or remineralised by other zooplankton and through vertical
migration can return to waters at the surface (Turner, 20d8&astal waters are highly
productive and biodiversitrich ecosystems which are home to diverse species of zooplankton
(Anandaveluet al. 2020), however, thikelihood of exposure to microplastiésr organisms

in these environmenis enhanced (Cozat al 2014). Microplastic abundance lhigher here

dueto the proximity of coastal watetsthe terrestrial environment and where fishing pressure

is expected to be greatest both of which are sources of microplastic pollution to coastal waters
(Clark et al. 2016). Due to the fact that zooplankton are consubyehigher organisms, they

are potentially a starting point for microplastics entering the diets of a variety oespe
including humans (Fig.-X). Furthermore, modelling work has shown that zooplankton grazing

on microplastics could decrease water guluoxygen inventory by as much as 10% in the

North Pacific exacerbating the consequences of climate warming (&vale2021).
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Figure 1-7: The pathway that zooplankton may introduce microplastics to the diets of a wide
range of species on higher trophic levels including humans (Lubofsky, 2018).

1.5Microplasticsmore than plasticsassociated effects
Aside from the physical issues that can arise following ingestion of microplastics such as

blocking of the gastrointestinahct and false satiation, other issues can arise from the leaching
of chemicals present in the microplastics themselves. Plasticisers (additives) are chemicals
added to plastics during production to give them desirable properties for the role theywvill h

in industry as well as helping to extend their lifespans. Some effects plasticisers can have
include; thermal resistance (e.§BDES, increased flexibility and durability, buoyancy aids

and microbial resistance (e.g. Triclosan) (Thompsonal 2009 Browne et al 2007).
Unfortunately, these properties also increase the effect that plastics can have on the
environment as degradation times are increased and the leaching of these additives can occur,
some of which cahave undesirable effects on biotaaiy additives to plastics are classed as
EDCs two examples of which are Bisphes®|(BPA) and Phthalatedduman exposure to
endocrine disrupting chemicatan result in;birth defects, neurodevelopment conditions,
reproductive health impacts, obesity amétabolic disease@®ECD, 2023)In animals the
effects can be much more wide ranging, some respongg3@sin animals include but are

not limited to; imposex (masculinisation) of female sea snailsskgli thinning in sea birds,
effects on the immunsystem and reproductive organs, as well distorting of sex organs and

functions among alligators (Va al 2000).
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1.6 Viruses and microplastics
Biological substances can potentially proliferate on the surface of microplastics or indeed after

beingingestedor inhaled byorganisms together with microplasti@guoet al 2020; Lobelle

and Cunliffe, 2011)and therefore the potential of biological impacts on organisms from
microplastics may be of greater concern than chemical concerns assatiatedcroplasics.

In humandowever, this is a new research pathway of microplastic study. A variety of diseases
capable of infecting humans have been shown to survive days and even weeks on plastic
surfaces (Moresceet al 2021; Rzezutka and Cook, 2004). In laboratstydies aged
microplastics showed better protection of the virdscherichiacoli bacteriophage T4 in
comparison to pristine microplastics which may be due to increased surface roughness enabling
increased survival of the virus (Let al. 2022). WWTPs may have potential as breeding
grounds for microplastic coated viruses that an be discharged into downstream aquatic
environments given how they discharge both a large amount of microplasticst @u2019)

and viruses (Corpuet al. 2020).Notably,viruses such as rotavirus, hepatitis A and norovirus

are shed in high concenti@ns in the faeces of infected individuals and are commonly detected

in raw sewage, treated effluents, sludge or the surface waters of receivinbadsrFarkas

et al. 2018 laconelliet al. 2017 Pradoet al. 2019 Schlindweinet al 2010.

1.7 Microplastics entering the human diet
Dietary exposure amhicroplastics to humans is currently an area of prominent research as the

health effects of these pollutants on humans are unknél@wever,commonly contained
additives can have detrimental effects and sqgmbchlorinated biphenyls RCBs) and
polycyclic aromatic hydrocarbon®AHSs) are carcinogenic in nature. Commoigignsumed

food products such as table salt, sugar, honey, beer, water, edible fruits and vegetables have
been reported to contain microplasti€iveri Contiet al. 2020;R e n z | and Bl agkov
Liebezeit and Liebesgit, 2014,2013) and drinking water has been suggested as the main source
of microplastics to human diets (Senathiragalal 2021). Another welktudied entry route of
microplastics to human diets is the consumption of seafood, in particular, bivBivakes

are important filteffeeding organisms in many marine environments in addition to forming
part of the diet of many invertebrate and vertebrate species at different stages of their life cycle.
Bivalves also provide an importamtotein source for mampeople. Bivalvegprimarily clams,

mussels and oysters) accounted forrifion tonnes of coastal and marine animal aquaculture

in 2019 (FAO, 2016) Bivalves are a group of animals particularly at risk to the effects of
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microplastic exposure due to tfect they feed through the process ofréitton andprey size
similarity (Germanovet al. 2018 Wright et al 2013) The presence of microplastics in
surrounding water filtered by bivalves may result in their ingestion and illicit negative
responses irhe individual. The ingestion of microplastics by bivalisworthy of studyas in
general the entire bivalve is consumed and thus raises concern for human health implications
of microplastics furthermore bivalves are consumed by many different mapeeies which
can exacerbate their proliferation in marine and freshwater food \dps1(8). Beyond
bivalves, microplastics have been documented in organisms at several trophic levels and some
examples are displayed below (Teh-3).
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Figure 1-8: Diagram displaying the potential predafoey transfer network of microplastics
in marine food webs and the many routes that humans may be exposed.

Table 1-3: Microplastics documented in organismgldferent trophic levels.

Organism Reference

Zooplankton Botterellet al. 2022 Goswaniet al 2023;
Coleet al. 2013

Seabird Hydrobates pelagicus melitensis De Pascaligt al 2022

Seabirds (14 species) Navarroet al 2023
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Bivalvia: Meretrix meretrix, Tegillarca
granosa&, Perna viridig, Chlamys farres,
Mytilus galloprovinciali$, Crassostrea
gigas, Ruditapes philippinaruin

Wu et al 2022; Taet al. 2022; Ding et al.
2022

European pilchard (sardineé§4rdina
pilchardug, Gilt-headbream Sparus
aurata), Striped red mulletMullus
surmuletuy Common soleSolea solep

Ferranteet al. 2022

Swordfish Kiphias gladiug, Bluefin tuna
(Thunnus thynngs

Di Giacintoet al 2023

Human Placenta

Zhuet al 2023

Human Blood

Leslieet al 2022

Human Lungs

Jenneet al 2022

Human testis and semen

Zhaoet al 2023

1.8 Widely reported microplastic presence in bivalves
In recent decades much like other species of marine life thereeleas. reduction insome

population sizes of bivalvg§AO, 2016) with species of freshwater bivalves among the most
threatened with extinction groups in the wonldh 40% of the species being nearetitened,
threatened or extinct (Lopésma et al 2018) Microplastics in marine and freshwater
environments present a relatively new threat to these spécigmwing body of evidence
indicates the ubiquity of microplastic contamination of bivalyes., Aunget al 2022;
Baechleret al 2020; Hermabessiest al 2019)

Bivalves filter water for nutrients at different rates and exist in a variety of sizes (both species
dependent). Bivalves, in particular species of mussels have been commonly used as sentinel
organisms to monitor any anthropogenic pollutiormarine coastal environments in which

they commonly inhabfiLi et al 2016; Goldbergt al. 197§ and so the examination of bivalves

for microplastics may give an indication intovéds of microplastics in aquatecosystems.
Oysters, in addition to nasels are deemed ideal test organisms for the monitoring of
environmental pollutants due to their high accumulation of a wide range of these pollutants
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coupled with their sessile lifestyle (Xet al. 2016).Although capable fonseas biomonitoring
toolsfor microplastic pollution on a regional basis the lack of harmonisation in studies hinders
the effectiveness of comparing data on a global scale (&iad) 2022) in addition the huge
number of variables must be considered when comparing data setsabse lshicroplastic
pollution. The physiology of bivalves can be affected by the ingestion of microplastics; oysters
(Grassostrea gigagjisplayed changes in their feeding capacity and reproductive output when

exposed to polystyrene microspheres (Sussagebill 2016).

Differences between numbers of microplastics reported between studies is not unexpected.
Variationin microplasticsconcentrationdetween species of bivalves can depend on several
environmental factors including but not limited to; locatiorthe water column of the studied
species, waste management of the nearby terrestrial area and proximity of studied bivalves to
sources of microplastic pollution. However, several other factors can also lead to variation
between results such as; the drodigestion method of bivalve soft tissue, filtration mesh size
chosen postligestion, whether bivalves are allowed to filter clean water before examination

and also in reported unitsed(items/gram or items/individupl

1.8.1 Associated effects of microglics to bivalves
Body condition indices have generally been the target of microplastic ecotoxicity studies on

bivalves in the past, however there has been no noted impairment of these imdieeeral
species includingScrobicularia plangRibeiroetal. 2017) Ennacula tenuisndAbra nitida

(Bour et al. 2018) Mytilus eduligivon Mooset al. 2012) Crassostrea gigaéSussarellet al.

2016) Cerastoderma glaucuwr Limecola balthicaUrbanMalingaet al. 2021). Because of

the little or no effects on body condition noted in ecotoxicology studies, bivalve body condition
has been generalised as an insensitive marker of microplastic ecotoxicityetBadu2018).
Microplastics however can impact the behaviofibivalves living in sediment which in turn

can lead to knockn effects for benthic environments. The cocklerastoderma glaucum
which is a neasurface dwelling species emerged less often and in lower numbers from
sediment spiked with microplastiegiile the Baltic clamLimecola balthicaburied deeper in
similarly treated sediment than in controls with no microplastic presence (Wakmga et
a.2021) . The majority of microplastic contam
bivalves havébeen carried out in Asia and Europe (Detgal. 2022), Asia being the largest
producer of marine bivalves by far accounting for 85% of the worldwide market (Wijtman

al. 2019).
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Globalaquaculture productiostood atl10.2 million tonnes in 201@ith 17.1 million tonnes
coming from mollusc¢FAO, 201) and betwee20092014 marine bivalves accounted for
about 14% of the global marine productibncontrast to other fish typ&svalves are generally
consumed whole meaning that any microplastics indesitel present in the gastrointestinal
tract (GIT) will be consumed by humanas mentioned previouslyivalves are particularly
susceptible to ingestion of microplastics due to their extensive filter feeding, exposing them
not only to potential microplass in zooplankton but also to any microplastics in the water

columnand sedimenitself.

1.9 Taking ActionUN Sustainable Development Goals
The current trends of pushing the nine safe planetary boundaries for existence on Earth are

unsustainable. Novel etigs of which plastics are described as a particular subset of high
concern of chemicals are being produced and emitted at increasing rates and volumes into the
environmentThis production rate is currenthytstripping any efforts at safety assessmedt an
monitoring and are transgressing the planetary boundary with immediate action needed to
return us to a safe operating space (Perssah 2022).Trajectories show that global plastic

use is projected to triple between 2019 and 2060 from 430 Mt to MBI@ECD, 2022).
Furthermore, the chemicals associated with plastics are also largely unregulated with health
consequences known for only some of them and over 5,000 academic papers have been
published which describe plastielated harms to human heafttused on phthalates, flame
retardants and bisphenols (Merki and Charles, 2022). Two recent reviews of industrial,
scientific and regulatory data carried out to assess the number of chemicals used in plastics
(Aurisanoet al 2021; Wiesingeet al 2021)identified 13,000 chemicals potentially usied
plastics. Of these 13,000 chemicals, 3,200 were identified as chemicals of potential concern
based on existing hazard types (UNEP, 2022) and problematically 6,000 chemicals had no
hazard data available thuduminating the issues associated with exponential plastic
production and inferior disposal and management methods. The reviews also found that just

128 chemicals of concern are regulated under multilateral environment agreement®)Fig. 1
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Figure 1-9: Number of chemicals of concern found in plastics as per reviews of Wiesinger
al. (2021) and Aurisanet al (2021). Produced by UNEP, 2023.

In 2015, the United Nations adopted the Sustainable Development Goals (SDGsivassal

call to action to end poverty, protect the planet and ensure that by 2030 all people enjoy peace
and prosperity. There are 17 SDGs that are integrated together and actions on one SDG will
impact the others. While there has been no explicit dengiion of microplastics in any of the

17 UN SDGs, microplastipollution directly or indirectly impacts at least 12 UN SDGs and

it has become more needed than ever to evaluate the human and ecological health impacts of
these pollutants as well the threats to environmental, social and economic sustainability
(Walker,2021). A growing bodyf evidence shows that microplastics accumulate in organs
and tissues in aquatic organisms causing impaired development, oxidative stress,
inflammation, neurotoxicity and intestinal injuries (lheanaehal 2023) and affects their
behaviour when present ihdir environment (UrbaiMalingaet al 2021). Additionally, and
perhaps most troubling of all is that microplastics as outlined earlier have recently been
detected in human faeces (Schwabhbl 2019), lung tissue (Jennet al 2022), semen and

testis (Zhacet al. 2023), placentas (Ragusaal 2021) and breast milk (Ragustal 2022)

while the health effects of microplastics on humans are currently unknown.
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While not explicitly stated, two SDGs are particularly and implicaksociated with the
microplastics issue; 12 and 14. SDG 12 deals with responsible consumption and production
while SDG 14 is life below water. Key goals of SDG 12 that can lead to reduceaplastic

losses and entrinto the environmet via human behaour include;that 1. by 2030waste
generation will besubstantially reduakthrough prevention, reduon, recycling and reuse. 2.

by 2020, achieve the environmentally sound management of chemicals and wastes throughout
their life cycle and3. by 2030,ensure that people in all countries have relevant information
and awareness for sustainable development and lifestyles that are in harmony with nature. From
SDG 14 key points relatingo addressing the microplastics issue are; by 2025, that marine
pollution of all kinds is prevented and significantly reduced, especially fromdased
activities, including marie debris and nutrient pollution.yB020, sustainably manage and
protect marine and coastal ecosystems to avoid significant adverse impadtgngthening

their resilience and take action towards their restoration in order to achieve healthy and
productive oceans, and to increase scientific knowledge, develop research capacity and transfer
marine technology in order to improve ocean heattth b enhance the contribution of marine
biodiversity to the development of developing countries, inqadar small island developing

states and least developed countri€se role of managing plastic production, waste and
pollution in attaining the aforem&aned SDGs cannot be understated. It was estimated that in
2016 between 123 Mt of plastic waste generated reached aquatic ecosystems but this is
predicted to reach 53 Mt by 2030 (Boredteal 2020). It has been demonstrated that the plastic

life cycle contributes to climate change and biodiversity loss and is outside the safe operating
space of the planetary boundaries (Perssah2022), additionally, plastic waste and pollution
costs up to U$2.5 trillion per year based on reduced ecosystem sss\iBeaumongt al

2019).

As seen from the above SDG 12sinsicallylinked to the outcomes of SDG 14. For example,
from SDG 12, a reduction of plastic use would lead to a reduction of phasdte, which would
reduce the amount reaching landfills the natural environment such as marine systems
directly, potentially impactindpiota and environs found within, both in macrolitter or microliter
form. Therefore, in order to successfully achieve the goals of SDG 14 current human behaviour,
attitudes andawareness must be assessed in relation to SDG 12 as these will give an
understanding of shifts needed by society and the modified behaviours which can protect
freshwater and marine environments. Currently downstream strategies exist that mitigate

plastic pollution reaching the environment but these are viewed as ineffective in the face of
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current plastigproduction angbollution (Walker and Fequet, 2023). Waste generation outpaces
existing regulations and removal methods and this is particularly probtemateveloping
countries (Ferronato and Torretta, 2019). The majority of consumer plasgidssigned for
singleuse applications withimited recyclability thus leading to huge production and
increasing consumption trends and therefore waste genefBboarlleet al 2020; Lauet al

2020) . Given this Athrowaway cultureo which
of plastics began. It is important to examine the psychological aspects and behaviour of
consumers which currently exist suchtlasir motivation for using plastics, how they dispose

of them, how they view them and what they know about the harmful aspects of plastics after
they are disposed of. In order to deal with mismanaged plastic waste, the waste hierarchy can
be followed and emprises five steps: prevention, reuse, recyclimgrgyrecovery and
disposal (Diggle and Walker, 2020). Following this, a reduction in plastic use would supersede
efforts to reuse or recycle currently outstripped by plastic production and consumption rates.
The transition from unsustainable plastic productasmd consumption rates to renewable
products will require substantial changes in behaviour for industry, government and consumers
over the coming years (Walker and Fequet, 20EBis is a pertinent issue in the Republic of
Ireland currentlyThe Minister for the Environment, Climate and Communications of Ireland,
Eamon Ryanspeaking on the Sustainable Development Goals at the United Nations in New
York noted that while I rel and ha disappoihtingeved 8
to see that ware missing targets related to what should be quite basic issues in a developed
society, like municipal waste and consumptionand acknowl edged t he
renewable energy rollout (Department of the Environment, Climate and Communications,
2023).

1.10 Legislation ath policyon plastics and microplastics
In order to limit the introduction of waste material into the marine environment from terrestrial

sources the implementation of measures through combining existing and new legislation as
identified under waste strategies and marine litter agtians is he focus of descriptor 10 of

the Marine Strategy Framework Directi{@008/56/ECQ. Through the increase of reuse and
sustainability incentives ldm the EC (Waste ifective) regulations and Waste Management

Act Directive 2008/98/Efwhich include treatingvaste as a resource, the amount of litter that

is generated on land will be reduced. This in turn will limit the amount of waste that may enter

the marine environment or end up on coastlines around Ireland through river transport or
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blowing from coastal ladfills. The reduction in litter generation, will ultimately reduce the
introduction of secondary microplastics into the marine environment, which is accelerated on
coastlines and beaches (Andrady, 2011; Baeted 2009).In broader terms the European
Green Deal is designed to make the European Union climate neutral by 2050 which includes
decoupling resource use from economic growth which in turn will lead to a reduction in plastic
use, tackling plastic packaging use and its replacement with more abstaaiternatives

(European Commission, 2021).

Human behaviour has been identified as a major factor that is fundamentally linked to
awareness, perception, attitude, level of concern about marine litter, in addition to motivations
to engage in solutions to address this issue (Haetiey 2015; Reesnd Pond, 1995). On a
larger scale, different factors such as policies and legislations can influence behaviour which
can benefit or degrade the environment (Beehetrigl 2017). While the majority of society

will in general dispose of litter in a resmdble way this can depend on the environment they
are in and the behawo of others. \rious studies have shown that people are more likely to
litter in an already littered environment compared to a pristine one and are also less likely to
litter having wtnessed someone else picking up litBatoret al 2011, Keizer et al. 2008
Cialdini, 20031990. It has been noted that improved dittering behaviour at a personal

level could positively impact the behaviour of theger social system (Beehaeyal. 2017).
Currently, measures are being taken to reduce microplastic pollution with national
governments banning products such agohieads and singlese products. #aninternational

level the United Nations has made commitments to reduce plasticngnthe environment
through adressingsingle-use plastic productsoplution, the UN Environment Assembly
Resolution Marine Litter and Microplastics and the UN Sustain8l@deelopment Goals
(SDGs) (Walker, 2021)It is increasingly obvious that system change is required rather than
decisions by individuals in order to stem the amount of plastic waste being discharged into the
environment as production currently outstrips eggycling / reusing / refilling infrastructure

available.

In 2018, the governments of the European Union, Canada, Germany, Italy, the United Kingdom
and France signed the 0 Oc"esanmmitBflthe &% diming®@har t e
prevent plasticwaste and unnecessary use of single plastics while simultaneously
promoting recycling and research into plastic alternatives (Canada; Environment and Climate
Change, 2018). By working with industries and adopting specific policies they aimed to reach:
i) 100% recyclable or recoverable plastics by 2030; ii) by 2030 at least 50% of recycled content
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in plastic items; iii) at least 55% of recycled packaging by 2030 and 100% of all plastic

recovery by 2040 and iv) a reduction in the use of plastic microbeads

Microbeads from personal care products amare recentlymicrofibers from clothingare a

main focus of microplastic research as levels of concern are beginning to increase amongst the
general public over these microplastithis in turn has led to ineased legislation and policies
targeting this particular group of pollutants withcnebeads in particulathe target of new

legislation.

Microbeads were banned in Ireland underNherobeads (Prohibition) Act 201%hich came

into effect on the 200f February 2020Thislegislation prohibits production of personal care
products, cosmetics and cleaning products that contain microbeads in addition to banning the
import or export of said productghile making it an offence to dispose of products combg
microbeads into drains or aquatic environméBRA, 2019)This legislation follows a similar
banning in the UnitedKingdom of microbeads in 2018 (The Environmental Protection
(Microbeads) (England) Regulations 2017 No. 13TR)s ban does not inatle products that
protect from UV light such as sunscreen which are still allowed to contain microbeads. This
may be an oversight as products that contain microbeads such as cosmetics that end up washed
down drains in homes at least have the potentialapture in WWTPs while microbead
containing sunblocks may be washed from the body while in the marine environment directly
entering the ecosystem of coastal regions. Other countries that have introduced bans on
microbeads include; the US, Canada, New Zaghl&nance, India, Sweden and Taiwan (Fig.
1-10). Microbeads have been banned in personal care products such as gels, toothpastes and
scrubs since 2015 in the Netherlands (Fela, 2014) and since 2018 in the.R.8321-
MicrobeadFree Waters Act of 20)5Bans of this nature are direct measures to stop the
production of microplastics used in certain products reducing the amount of primary
microplastics that can impact on the environment and are examples of cutting plastic
production which are measures tihaive been called for by many (Bergmaetnal 2022).
Although the ban on microbeads is a positive step it is a very small one relative to the amount
of microplastics that enter waterbodies from other sources.

The tackling of the microplastics issue is not only an issue that should be dealt with by the Irish
government, it is also one that must be tackled under EU law. Descriptor 10: Marine Litter of
the European Union's Marine Strategy Framework Direct{i2@0856/EC) states that

properties and quantities of marine litter do not cause harm to the coastal and marine
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environmentnd furthermore that the amount of litter and its degradation products are reducing
overtime along coastlines and the marine environmEns descriptor must be met by every
member state with marine waters (including I
statuso (GES) i n t h(Bduropeam@ommissien, 20@8heBumpedny 2 0 2
Commission introducedhe Zero Pollubn Action Plampublished in May 202vhich includes

reducing by 30% the amount of microplastics released into the environment among its 2030
targetst Eur opean Commi ssi on, 2021)AnnekXMdbseia@i ng tF
by the European Chemicals Agency whedtimated thaturrently, more than 4Q00 tonnes

of intentionallypresent microplastics areeleased into the environment each yethe

European Commission adopted the microplastics ban on Septentbe&028 to estrict
intentionally added microplastics to products (ECR2823. The restriction would comprise

synthetic polymer microparticles below 5 mm and filllee particles below 15 mm that are

used in products on intention and may result in environmentakeeBais proposal however

fails to tackle the problem of secondary mpestics and instead focuses on primary

microplastics

Figure 1-10: Current global microbead policy interventions showing national bans (solid
green)(https://commons.wikimedia.org/w/index.php?curid=65416735

Currently, only 9% oplastics are recycled and 79% breied or released into the environment
(Garcia and Robertson, ZD1 Removal of micrdastics from the environmentvery difficult
and on a largscaleis not feasible, therefore prevention of their release into the environment
is paramount. To effectively counter microplastentry to the environment a shift from
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synthetic products is needed. While this is impractical for products where plastic is the most
effective material (medical use, packaging etc.) a change should be promoted to inhibit fast
fashion production and encourage natural fibre clothing procuremeich wiould limit

microplastic entry into the environment.

1.11 Thesis aims and objectives
The overall aimof this studywasto investigate theabundance and impaof microplastic

contaminationon the freshwater and marine environments, communities and economies of

Dundalk Bay anc€Catchment
Specificresearclobjectives were as follows:

1. Quantify and characterisemicroplastic contamination in surface watersand
macroinvertebratesf freshwater rer systemsflowing into Dundalk Bayover a 2year

period (Chapter 3).

2. Assess thenicroplasticcontaminationin coastal sedimentsndin the commercially and
ecologically important marine bivalv&erastoderma edulécommon cockle) and note
seasonavariations (Chapter 4)

3. Employ anhabitatlevel approach to assess microplastic pollution level within the lower
levels of the marine web of Dundalk Bay. Microplastic concentrations between spiicies
be assessedor intertidal and subtidal speciethat represented different feeding
mechanisms in order to ascertain which are most at risk of microplastic pollution in the Bay

and their potential serviceability as a biomonitor for microplag@tepter 5)

4. Gain insights into theelationship of community stakeholdglrish fisherswith plastic use,

and microplastic contamination (Chapter 6)
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1.12 Thesis outline
Fishers relationship with

microplastics is threefold
Microplastic Sources
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Figure 1-11: Overview of thesis structure and connections between capter
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Chapter 2Review of microplassasolation and identification
procedures

2.1 Diversity of methods used in microplastics research
Given the increase in the last decade of microplastics research there has been a simultaneous

increase not just in the nietds used to isolate microplastics from environmental matrices but
also in the reporting units which makes comparing studies difficult if not impossible. At least
eight different units are used when describing the numbers of microplastics found in water an
sediment (Luet al 2021) highlighting the lack of standardisation within the research field,
while several reviews have also highlighted this variatlarsiieret al 2020; Underwoodet

al. 2017 Weschet al. 2019. It has been noted that the rush to generate new and more detailed
data and establish baselines for microplastics contamination has not occurred in
synchronisation with the development of comparable methods and there has been an
exponential increase irew methods used from 2011 in particular (Risal 2021) (Fig. 21).
Furthermore, control methed must be implemented to minireisany microplastic
contamination of samples and blanks must be carried out to quantify contamination that may
have been intrasted due to laboratory procedures (Hermesesl. 2018). Many steps may be
taken to identify microplastics from environmental samples and a general stepwise procedure
is displayed below (Fig.-2).
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Figure 2-1: Annual increase of entirely, partially or somewhat novel methods in extracting
microplastics from Risget al. (2021).
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Figure 2-2: Diagram showing commonly used approaches for examination and extraction of
microplastics fromenvironmental samples from Budingt al (2018).

2.2 Watersamplingor microplastics
Across freshwater sampling campaigns for microplastics there sgyraficant lack of

uniformity. Differences exigh; sampling methodology, reporting units, digestioethods and
a great deal of heterogeneity is often quoted as a difficulty in comparing resultEl@riget

al. 2017, Hidalgo-Ruzet al 2012 Prataet al. 2019; Maiet al. 2018). Dfferences in units used
for reporting of microplastics varidsetween studies amé@sultsare afected by the different
protocols used, for example, micro particles per litre and particles Fearenincomparable

units used for surface water microplastics content.

Furthermore, there is a wide range of microplastics reported in freshwater bodies ranging from
almost none to several million cubic pieces per cubic metre and these differences can result
from factors such as sampling locations, human activities, natonalitons and sampling
approaches (Eerkédedranoet al. 2015). Water samples for both fresh and saltwater
environments are collected similarly using three main groups including; trawls, pump samplers
and bulk samples, each with their own pros and congeWer, differences in water densities
may lead to distinct differences in microplastic distributions in each environment ¢Pedta
2019). Additionally, among water typesudiedreported micrplastic concentrations differ
widely andthe fact that studies can specifically target different size classes contributes to this
variability (Koelmanset al 2019). Trawls and nets are generally deployed from boats in the
middle of a water body and towed behind the vessel, additionally théyedamg from bridges

that cross rivers and are two commonly used voluedeiced sampling methadShe area
sampled is calculated by multiplying the towing distance by the trawl width. A review of
sampling methods by Rist al (2021) found that net towgnwas the dominant method used

for water sampling used in 63% of studies, however, variation exists among this method with
16 net types noted. Towing of neuston and manta nets (333um) can samydarfee and
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surface water respectively. Plankton ne@0{im) are generally towed at a lower speed as they
can clog quicker. Mesh size of the selected nets plays an important factor both in composition
and concentrations of microplastics recovered from water samples. Verhaite(2017)
revealed concentratig almost a hundred times higher when using a nylon net over a manta
net when sampling water from the Ottawa River. Water samples takba DanubeRiver

using a 50Am mesh led to much lower microplastic concentrations than other studies using
meshseizes of approximately in 330m mesh at other locations (Lechmral 2014; Swet al.

2016; Andersoret al 2017). Additionally, when an §®n mesh was used 100,000 times the
amount of marine ligr was reported than when a g mesh was used (Lozano anadldt,

2009). Furthermore, an gt mesh has been shown to filter 250 timesarfibres than a net

with a 33Qum net (Driset al. 201&). Plankton nets can recover concentrations of microplastics

30 times higher than manta nets (Rxisl 2015). While an in@ased number of microplastics

will be recovered using a smaller meshed nets they can only be deployed for a small amount
of time due to their clogging from suspended organic and inorganic material present in the
water (Prataet al 2019) and therefore camly filter a smaller volume of water than nets with
larger mesh sizes. The review of microplastic sampling methods byePlt§2019) further
documents the advantages and disadvantages between methods currently in use to sample
microplastis form sednent and water (Tad2-1).

Pumps can also be used to retrieve wsdenples either eshore or orboard a research vessel,
however,ssues can arise with regards to the volume sangriddlso require a power source
(Tammingaet al. 2019;Dris et al 2018h Desforget al. 2014). Alternatively, water sampling

can be done via bulk sampling using batleontaines or buckes and one quarter of water
sampling studies reviewed by Rett al. (2021) used this methodology. Filtration is an extra
step thatis necessary to carry out following bulk water collection, however, it allows the
retention of microplastics smaller than the standard aperture of the mesh used in net tows or
sieve stacks used in pump sampling (Enéeed. 2015; Law and Thompson, 20MMai et al.

2018).

Sieve stacksisedwith bulk water samplingn-site in order to obtain a greater volume than
collecting samples to return to the lab. While this method can be labour intensive and suitable
for smalkmedium water volumes the use of sediadisieves can aid in sample refinement and

is useful for locations where sampling using trawling is impossible (Rtada 2019). For
example, the majority of rivers sampled as part of achieving research objective 1 (chapter 3)

for this thesis were tosmall for a boat taccess meaning equipment wasried to sites. Using
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sieve cascades of different mesh sizes for filtering water samples allows for size separation and

guantification of different size classes of microplastiagier and Gerdts, 2015).

Table 2-1: Methods to sample microplastics in water and sediment from Etatia (2019)
review.

Sample  Type Advantages Disadvantage

Water Neuston and Manta nets Easy to use; Expensive equipment;
Sample large volumes of water; Requires boat;
Largely used (good to compare between |ocations); Time-consuming;

Produces large numbers of microplastics for further testing.  Potential contamination by vessel and tow ropes;
Lower limit of detection is 333 ym.

Plankton net Easy to use; Expensive equipment;
Lowest limit of detection 100 ym; Requires boat;
Quick to use; Static sampling requires water flow;
Samples medium volumes of water. May become clogged or break;
Sampling of lower volumes of water than Manta trawl,
Sieving Does not require specialized equipment nor boat; Laborious and time consuming;
Easy to collect samples. Samples medium volumes;
Manual transfer of water with buckets
Pumps Samples large volumes of water; Requires equipment;
Effortless; Requires energy to work;
Allows choice of mesh size. Potential contamination by the apparatus;
May be difficult to carry between sampling locations.
Filtration or Sieving Easy to collect samples; Sampling of low volumes;
ex situ Known volume of water; Transportation of water samples to the lab;
Allows choice of mesh size. Potential contamination by the apparatus;
Time consuming depending on mesh size.
Sediment  Beach sediment collection Easy to implement; Variation with sampled area and depth.

Rapid sampling;
Allows collection of large volumes of sample or replicates.
Seabed collection (Grab sampler,  Easy to use; Expensive equipment;
box corer, gravity core) May allow replicates. Requires boat;
Variation with sampled area and depth;
Sampling may disturb sediment surface.

2.3 Sediment sample collection
Sediments are considered letggm sinks of microplastics (Rochman, 2018gkLial 2022).

Plastics greater in density than the surrounding water body will sink while those lighter shall

fl oat on the waterds surface or in the water
floating plastics can increase due to processes such as; biaofitmation and the adsorption

and accumulation of pollutants can result in microplastic presence in sedaent
Cauvenbergheet al. 2015a; Xuet al. 2020; Lobelle and Cunliffe, 2011)ust as difficulties

exist in comparing water microplastic abundancestdusampling methodologies, reporting

units and sample sizes so too are similar differences restricting comparisons of microplastic

abundances in sediment (lvleetal 2017) and the need for standardisation exists.

Freshwater and marine sediment has been collected with a wide range of sampling tools
dependant on the purpose of the study. In general, three different types are used. Corers to take
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depth samples generally of the bottom sediment of the water body drelseatere the
objective of the study is to track historic presence of microplastics (Terab2019; Vaughan

et al 2017). Grabs or grab samplers to collect surface sediment samples from the river or sea
floor and will provide data on the most receapdsition of microplastics on the riverbed (Alam

et al. 2019; Heet al. 2020; Rodriguest al 2018). Spades, shovels, spoons, trowels, spatulas
etc. (Jianget al 2019; Kleinet al 2015; Maniet al. 2019) can collect samples from the
riverbank and marineeaches which is used to obtain data that can reflectérnginterfacial
interaction between waters and the terrestrial environmene{Ml 2016). A review of 38
studies on freshwater sediment microplastic pollution by Yeingl (2021) noted a wl
variety of sampling unit used. Approximately half of the studies reviewed used the sampling
tool area as the sampling unigrying from 250Qcn?, 400cn? to 930cn? while other studies

used volume (I 3.5L) or weight of sediment (0.25kg) (Yanget al 2021). Selecting an
appropriate field sampling method will depend on the sediment matrix and the microplastic
size distributiontargeted Waldschlageret al 2022). Plastic tools should be avoided in
particular when sampling for sediment as friction of sharp sediment grains with the sampling

tool can cause abrasion and can increase in microplastics in the sediment (Acain2a2?2).

2.4 Assessing microplastics itai
The ubiquity of microplastics imarineand freshwater bodies has led to increased concern for

the ecological consequences of this new and varied pollomambth a species and ecosystem
level. This has led to a renewed interest in biota monitoringhi accurate determination of
microplastics abadances in ceans (Yusuét al 2022). Just as certain species have different
sensitivities to different elements (Zawadzdi al 2016) species may have preferential
ingestion, retention and encounteringesawith microplastics dependent on factors such as
feeding mechanisms, size and their positionaguatic environments ortrophic levels
(Walkinshawet al. 2020; Suret al 2019; Botterelket al 2019). Due to these factors special
attention should be gén to the biota selected depending on the aims of the study to give a
realistic overview of microplastic pollution in an ecosystem. Bessd (2019) reported a set

of protocols for effective selection of the appropriate species that have the pdteraaing

as sentinels for microplastic monitog in the aquatic environment:

1 Species that occur naturally in high abundance with a wide geographical range.
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1 Species thatare easily sampled and controlled in laboratory settin@sg.

macroinvertebratgs
1 Specieslready used ibiomonitoring in different research relative to marine pollution.
1 Species that have soes@onomic and ecological relevance.
1 Species that serve several functional / ecological roles, niches, feeding guilds.

The use of endangeté protected species for microplastics reseeraot advisabland ethical
guidelines and requirements should be followed (Bestaal 2019). For analysing
microplastics in larger animals it is often ideal to assess plastic ingestion without thefdeath
the animal (e.g., making birds regurgitate their stomach conterasencheet al 2019)or

by assessing it in animals that had died through other circumstances @talz019).

Species at lower trophic levels in general can be adequate indipatwes for monitoring of
pollutants due to their position of at the base of food chains (Von Mba$ 2012). The
monitoring of benthic communities is common practise for environmental impact assessments
in marine environments and these have been wsasisess the prevalence of disturbance and
pollution (Bilyard, 1987), heavy metals (Krestsal. 2016), nutrient loading (Naser, 2010) and

oil spills (Lee and Lin, 2013).

Shellfish and crustaceans that are consumed whole are particularstueedd (Dirg et al.

2022) due to their potential of transferring microplastics to humans. In agaatronments,

the most commonly studied organism in the literature for monitoring microplastics is the blue
musseMytilus edilugVandermersclet al 2015) Freshwagr vertebrates such as fish and birds

are investigated for microplastccontamination more than microorganisms or invadtds

(Cera and Scalici, 2021 Amongst freshwater invertebrates, bivalves are the main group
studiedin freshwater systemBor specieselectiona review by Weschkt al (2016) produced

four important steps that in order to conduct effective microptastanitoring of biota which

are: (1) suitable indicator species selection, (2) sampling and sample processing, (3panalytic
procedures and (4) preventative measures to ensure secondary contamination of the samples
does not occur. While one species has generally been used to assess microplastic pollution in
the literature, Pagteat al (202a) used an ecosyatbased approdcin Galway Baywhich

can be useful for microplastic pollution in an area devoid of sufficient numbers of suitable

bioindicators. By implementing thegoproachthe authors explored the community as a whole
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providing data forshort to longterm modelling,biomonitoring and decisiomaking for a
given area (Pagtet al. 20204).

Biota are investigatedh a number of ways for microplastics presence. Several species have
been investigated for; total body microplastic content (Hermabessiesk 2019), casing
content (Ehler®t al. 2020) and specific organ content or tissue (Di Giacital 2023). For

larger animals such as bigger fish specimens, birds and sea turtles, dissection and visually
sorting gastrantestinal tract is a common appoba(Markicet al 2020;Janardhanaret al

2022; Partoret al 2020). The investigation of the gastrointestinal tract of larger animals
enables an insight into the potential trophic transfer of microplastics from small species into
bigger ones. If the goalf the study, however, is to quantify human exposure to microplastics
via consumption then it is necessary to study the parts consumed by hargabsGiacinto

et al. (2023) documented microplastics in edible muscle of swordfi§phias gladiuy and
bluefin tuna Thunnus thynngsFor bivalves the entire soft tissue is commonly analysed for
microplastics as they are consumed whole bydms (Dinget al. 2022).When comparing
studies examining microplastics in bip@ifferences in pore size of thdtdr paper used,
digestion methods and control procedures used to isolate micreplasim environmental

samples can result in differences that neccasarily linketb environmental contamination.

2.5lsolating microplastics from nartomplex matrices
Regardless of sample matrexamined,a separation procedure is required in order to

effectively quantify the presence of microplastics as biological or inorganic material can mask

their detection. For bulkwvater samples vacuum filters with a Buchner furare the most

common which is carried out esitu (Lusheetal. 2020) . For o6cl eandé sam
water or small volumes of surface water or those containing little biological or inorganic
material (lvar Do Sul and Costa, 2014; Lusle¢ral 2014) no pretreatment is generally

required and these can be poured directly onto filter papers to assess microplastic presence.

Sievingis commorfor the extraction of microplastics from sedimenhertwet or dry in nature
and insitu on studies focuseah plastics that can be separated by eye with sieves of 1mm,
2mm or 5mm use (Karkanorachalket al. 2018).The use of sieve stacks will divide the sample
into easy to manipulate stdamples with some having less biological material presentting

in less further steps to purify and isolate microplastics (Lusttenl. 2020). Microfibre
guanitification for samples is notably difficulivalkinshawet al. (2022) noted that fibresith
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lengths up to 1700pum we@ptured on the 25um mesh having passed thraugghes with

larger pore sizes previouslit was postulated that while fibres are measured by their length
they are very small in diameter and may pass through larger mesh sizes when orientated
correctly (Barrowset al. 2017; Coverntoret al 2019). The ame was noted for fragments
greater than 100um in siz€his was explained due t@agicles with a large axial ratio passing
through sieves with coarse meshes when orientated correctly and also due to inconsistencies
across the filter in terms of pore stbat may be exacerbated by pressure from a vacuum pump

pulling fragments through mesh pores (Walkinstedal 2022).

As previouslymentioneda sieve cascade cée used with bulkwater sampling irsitu. This
method alone is not viable where the purpokthe study is to analyse microplastickmm
(Lusheret al 2020), it may have applications for citizen science projects however. For
example, dry sieving was used to quantify microplastics in marine sediments from the Irish
continental shelf using inteccked sieves of 250um, 400um and 500um and found to be
superior than density separation ussaglium polytungstate (SP,Thowever 250um was the

lower limit investigated (Martiret al. 2017).

2.6 Density separation techniques
Whilst sieving can removiarger organisit will not separate microplastics fromaterialof a

similar size range (Naket al 2022). In samples that contain biological material or large
amounts ofinorganics further sample clarification is needed to quantify microplastics
effecively. Density separation procedures are routinely used in separate microplastics from
sediment, digested biota and material trapped via vgat@pling,however the choice of salt
solution can vary (Folet al 2020;Mdller et al 202Q. Superdense solutios are made by
dissolving salts into water in which plastics that are less dense than the solution will float in.
The censity range of polymers can rang®85 g cmt for PP to 1.37 g crh for PET
encompassing LDPE (0.91 g &nHDPE (0.94 g cn) and PS1.05 g cm') (Omexus). Salts
commonlyused to make brine solutions are sodium chloride (NaCl) (e.g., Di and Wang, 2018;
Friaset al. 2016), sodium iodide (Nal) (e.g., Claessenal 2013; Di and Wang, 2018; Ling
et al 2017) and zinc chloride (Zngl(e.g., Liebezeit and Dubaish, 2012), Rodrigatsl.
2018; Hortoret al. 2017) while other salts are used to a lesser extent (e.g., calcium chloride,
zinc bromide) (Cutroneet al. 2021).Additionally, sodium tungstate dehydrate has also been
used to dkctively separate microplastics from marine sediments and is safer to use than other
salts (e.g. ZnG|Nal) (Pagteret al 2018).There are positives and negatives associated with
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each salto be considered prior to their selection for research worko@ated negatives can

be the environmental impacts, toxic nature, cost, reduced recovery etc efMaR019; Nabi

et al. 2022). Salts which have the highest recovery of plastics are also the most exgegsive
ZnCl, and Nal)which can prove unfeasible for projeetgh smaller budgets (Rodrigues al.

2020). For example, the high cost of Nal limits its use for significant volumesdahent
(Claessenst al 2013). D reduce associat@dststhe reuse of these solutions subsequent
samples is suggested (Rodrige¢sl 2020). ZnCi and Nal can be made up to form saturated
solution with a density of 1.8 g ch{Coppocket al. 2017; Williset al 2017) whereas NacCl

is used to make up a solution of 1.2g9nte.g.,Bayoet al 2019). Further issues arise with
the use of ZnC| whileit is effective in recoveringigh-densityplastics (e.g., PVGRET) it is
harmful and corrosive and incredibly toxic to aquatic life meaning that solutions are time
consuming to handle, cannge used for citizen science projects and is expensive to dispose of
(Nabi et al. 2022). ZnCd and Nal can be 4 10 times more expensive than NaCl solutions
(European ChemicalAgency ECHA) zinc chloride, 2020; ECHA sodium iodide, 2020). On
the othethand, commonly used deionized water and saturated NaCl solutions are effective at
separating lowdensity polymers such as polyethylene, polypropylene and polystyrene from
sediments and areheap, readily available ancomparatively environmentally friendly
(Masuraet al. 2015; Zhangt al. 2018). Density separation using NaCl is recommended by the
MSFD technical subgroup (2013) and the NOAA (Pedtal 2019). More recently, Gohkst

al. (2021) used potassium carbondteG0Os) with a density ofl.54g/cn? as a novel floating
solution for microplastic isolation from beach sediments, praising itsrbigvery rate, non

toxic nature and cheap cost which makes it particularly promising for long term anddatge
monitoring studies. Mean recovery rates withrepeated extractions were over 90% for PVC,
PET, PP and HDPE, furthermore;®0Os; was patrticularly lauded for its hazairge workflow

and troublefree disposal which also lends to citizen science engagements, additionally, it is
recyclable and can bétéred following use for future work3ohlaet al 2021)

The selection of salt solution for density separation is dependent on a pletlcoraditions

and requirements. dditionally, the sediment type under investigation can influence the
selection. Foexample, due to the presence of soil organic matter (SOM) the separation of
microplastics from soil environments such as agricultiields isexpected to be more difficult

than separating microplastics fincsandy beaches as SOM can bind soil partioigsther and
impactingthe efficiency of microplastic extractiofBlasing and Amelung2018; Heet al

2018)
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When using bulk watesr sedimensampling in can be useful to remove the water fraction. In
order to expdite gravity settling and separationentrifugation has been usedeviously
Centrifugation (35009 x 5 minutes) was used to isolate microplastics from marine sediment in
Belgium (Van Cauwenberghet al. 2013) and animal faeces aloRgenchi Belgiari Dutch
coastlins (Van Cauwenberghet al 2015b). A 93% recovery rate was reported for
centrifugation (2000g x 10 minutes) of marine sediments with density separation from Eastern
Asia and South Africa (Matsuguned al. 2017). Phoungt al (2018) used centrifugation for

the extraction of microplass from sediment in from the French Atlantic coast. More recently,
testing of various centrifugation speeds and times on different freshwater samples revealed
35009 for 5 minutes to be efficiettt settle the mineral and organic material, while preserving
the polymers and showing high microplastic recovering rates @38) (Monteiroet al. 2022).

From terrestrial samples, Grausial (2022) achieved 94% recovery of a range of polymers
from agricultural soil using centrifugation, while centrifugation wasd by Wet al (2021)

to isolate polypropylene particles from swine manure and achieved higher recoveries than

gravity separation.

2.70ilseparation; environmentally friendly, safe and cheap
Several novel methods have been trialled for microplastic separation from sediments.

Electrostatic separation (Felsimg al 2018), magnetic extraction (Grbet al. 2019) and
elutriation column optimisation (Claessazisal 2013; Hengstmanet al 2018)are all lesser
used methods. Oils have seen an increase in use in recent years for microplastic extraction from
sediment, soil and digested biota samples. Canola oil (Crieht@n2017; Crewet al 2020),
sunflower oil (Songet al 2022), olive oil (Sopetaniet al. 2020) and castor oil (Mamt al.
2019) haveall seen useHigh recovery of spiked microplastics using casidrand the
reduction of theirrelevent part of the matrices studieslas noted by Manet al. (2019)
Following the digestion of nasel tissue using 2., Songet al (2022) reported total
extraction recovery rates of PP, PVC and PET ranging from 95.6 + 5.083% using
sunflower oil A high recovery of microplastics of the polymers PS, PE, PVC, PET, PUT and
PC with a range of 90 97% wasobservedrom soil and compost samples when using olive
oil (Scopetanet al. 2020). Castor olhada mean recovery rate for a range of sizes angpsis

of 99 + 4% frommarine beach sedimentsgricultural soil, fuvial suspended surface solids

andmarine suspended surface soliiiani et al, 2019).
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2.8Digestiornprotocols
To successfully quantify microplastics from orgarich samples a digestion giocol is

generally necessary to break down organic material. Several different methpdssard in

the liertature. ie Food and Agriculture Organisati@i the United Nations (FAOjeport on
microplastics irfood tabulates large amount of these various agents used for the breakdown
of seafood (Gamarro and Costanzo, 20E#gestion protocolsan be tailored and selected

based on the material under investigation.

2.8.1 Biological digestions
Various enzymatic digestion protoctlave been employed to breakdown organic matter. Cole

et al (2014) utilised proteinageé to visualise microplastics from plankteith seawater with

a 97% by weight digestion of material present. The use of proteasecommended as a
standard method faextracting microplastics from mussel soft tissues (Cataeiral 2017).
Von Friesenet al. (2019) reported thapancreatic enzymes (PEz) in combination with
(tris(hydroxymethyl)aminomethane)/Tigydrochloridesolution were effective in digesting
tisste ofSerripes groenlandicu®r microplastic analysisand was superior than KOH
digestion in terms of organic matter removal and tihigleret al. (2017) used a mixture of
enzymes (protease, cellulase, chitinase) to breakdown material recovemdface water
samplingwhich reduce®8.3 + 0.1% of the sample matrikrypsin yielded the greatest weight
reduction ofMytilus edulisof 3 proteolytic digestive enzymésstedwith no olserved impacts
on microplastics (Courtergoneset al 2016). While he treatment of biological samples with
enzymes can be gentler on polymers than chentieatmentsthey still have drawbacks
limiting their applicability (Von Friesert al 2019).A cocktail of enzymes may be needed
which can increase the cost or thgedition may take a long time (up to 15 day$deret al.
2017). Some industrial enzymes are additionally very expensive (e.g., Prot€jraske et

al. 2014). Furthermore, some mutep procedures can increase the risk of sample

contamination or paxtle loss (Lusheet al. 2017).

2.8.2 Oxidising agents
Hydrogen peroxideH20») is a strong oxidisg agent known to break down organic matter

(Schranket al 2022). A solution of 30%1.0, has been used for the digestion of filtration
residues (Linet al 2018), sievd material (Zhanget al 2019) anddried sediment samples
(Penget al. 2017) Additionally, it has been used in some studies isolating microplastics from

biota (e.g. Songet al. 2022; Pazogt al 2020; Nalboneet al. 2021), however a reviewf o
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digestion protocols by Bat al (2022) foundH.0. was used the most in n@eafood studies.
CombiningH20> with ferric ion (Fe(ll)) catalyst (Fenton reaction) can increase the efficiency
of H20, digestion (Hurleyet al 2018; Tagget al. 2017; Masurat al. 2015). Avioet al (2015)

noted that whileH.O, was efficacious as a digestant for the intestinal tracts of mullet (Mugil
cephalus) its application led to only 70% retrieval of spiked microplastics which was linked to
excessive foaming, noted several dter studies (Lushest al. 2017. Furthermore, Pfeiffer

and Fischer (2020) found that®b at all tested concentrations did not yield good digestion
efficiencies of the test biogenic organic material when applied at room teomeezaen when

left for 7 days. twas noted that increasing the temperature improved digesti@am trease

in temperature to 7A.00°Ccancause a significant loss in weight and size ofd3Awell as a

loss of colour when applied even at room temperdDoanet al. 2Q20; Hurleyet al. 2018).

2.8.3 Alkaline and acidic digestion
The alkaline chemical potassium hydroxide (KOH) can be used to digest animal tissues via

hydrolysis and the denaturation of proteins and has been used for digesting soft tissues of
several marine biota (e.g., Pagétral 2021;Kihn et al. 2017; Tanaka and Takada, 2016).
KOH is recommended for the digestion of biota for microplastics as it does not affect most
polymer types with the exception of cellulose acetate (Dedtaait 2016;Kihn et al 2017).

The damage of KOH to microplasticsredatively mild when compared to treatments that use
other chemicals such as sodium hydroxide (NaOH), nitric acid @iN@d hydrochloric acid

(HCI) (Thiele et al. 2019). However, KOH and NaOH are not as successful when used for
digestion of sediment anvdater samples, as biogenic organic matter often originates from plant
material (leafs, wood, algae) and contains parts of shells or carpacee(@ua020). Pfeiffer

and Fischer, (2020) found that acid protocols usi@j and HNQ were the only agenthat
effectively digested calcareous material in the form of shells with a reduction af 20®%

in weight of material at all concentrations andtéel temperatures. Howeveacids are
generally avoideds common plasticsuch as Blyamide (PA) polyeser and polycarbonate

(PC) have low resistance to acids, even when they are at low concentrations (&usher
2017). Increased temperatures and concentrations of digestion chemicals resulted in
accelerated degradation of all tested polymers (Pfeifi@Fgscther, 2020). Damages associated
with acid use include the fusing of PS, PP, PEBW-density polyethyleneL©PE) andhigh-

density polyethyleneHDPE), a total loss of PA and colour changes to most poly(@atarino

et al 2017 Avio et al. 2015;Claessenst al. 2013).

40



Thieleet al (2019) recommended the use of 10% KOH &C4for 24 hours for the digestion

of shellfish tissue based @ost, expenditure of time and potentiagkth risk of the reagents
used. Dawsort al (2020) found there waso substantial changes in the chemical spectral
profiles of the polymers; PE, PS, Raypolyethesulfone (PESpllowing exposure with 10%
KOH at 40°C Karamiet al (2017) also evaluated and recommended the use of K@6f@t

but found that an increase to°@was associated with reduced reegvand surface damage

of PET.Marine biota with high lipid content can prove difficult for digestion using KOH as
potassiurrbased salts form a soft (liquid suspension) soap (Konkol astnBssen, 2015).
Some authors have suggested that 10% KOH may be avoided for using on samples with high
lipid content or fat deposits (Besshal. 2019), however, it may be necessary to studyicat
tissues such as liver and this saponification can ymcome by the addition of ethanol
(Dawsonet al 2020).Ethanol (EtOh) has been shown to have minimal effects on microplastics
(Herreraet al 2018; Courtendoneset al. 2017).Longer exposure timasith KOH (4 days),

have been reported have substardl visual impacts on textile microfibres for PET, polylactic
acid and modacrylic (Von Friesest al 2019) so this should be avoided when using for
digestion of soft tissue of biotdJltimately, the specific properties of samples under study
should be condered and these will determine the most suitable extraction protocol of

microplastics from biological tissue (Karlssenhal. 2017).

2.9Microplastic dentification and characterisation
It is necessary to distinguish synthetic material from organic material to confirm microplastic

presence, furthermore, microplastics may be categorised by a number of different shape and
colour profiles as well as by plastic type. These can help to detetimenerigin of the
microplastics in question. In earlier studies on microplastic presence visual sorting of
microplastics was the primary method used for water, sediment and biota samples and was
common for larger microplastics (e.g., Shatnal 2017; Lusker et al. 2017). Howeverfor
particles <50m visual microscopy alone is not advis€thanget al. 2020). In order to
enhance visual inspection techniques dying of microplastics can be carried out, normally using
Rose Bengal or Nile Red dyes. Fluorescgtatning is commonly carried out using Nile red
(Erni-Cassolaet al 2017 Shim et al 2016. While the method is fast and has a strong
fluorescence signal there are drawbacks assoaciatiedts use. Notablyjue to the fact the dye
molecules are just physically adsorbed to the microplastic surface they can dedgrii. easi
et al 2019). Furthermore, the low hydrophobicity of polymers such as PVC, PC and PET
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renders the dye incompatible with their staining (E2assolat al 2017). Rosé3engal stains
natural and noiplastic material like cotton, which may appear $mto plastic under the
microscope (Ziajahromet al 2017). Visual sorting cannot yield any chemical information of
the polymers found in samples (Lavetsal 2016) and the probability of misjudgements will
increase when the clarity and colour of plesthave been changed during extraction or

purification steps.

The most commonly used methods for polymer identification are Raman spectroscopy and
Fouriertransform infrared spectroscopy (FTIR), both of which are recommended by the
Marine Framework Directive Technical Subgroup on Marine Litter in European Seas (Hanke
et al 2013). Furthermore, it is necessary to analyse a subset of particles to determine the
origin and ensure that an overestimation of microplastics is not occuthiraygh
misidentification during microscopy. In environmental samples fibres are typically the
dominant shape profile of microplastics recovered and can outnumber microplesgtiepaf

other shape profiles by a factor of 10 across habitats from freshwater to the adesson

et al. 2017 Barrowset al. 2018 Hortonet al 2017. Additionally, microfibres can have very
small diameters sometimes ihe single micron size range which can make it difficult to

analyse for polymer composition (e.g., Alurrakteal 2022; Friagt al. 2010).

As the chemical analysis is time consuming, costly and may be dounédesl and in the
absence of automated kemlogy can require researchers to handpick suspected microplastics
to be manually analysed by Raman or FTIR spectroscopy a subsample is selected from
suspected microplastics for analysiNig et al 2019 G¢ n d o4t d@lu202Q. From the
literature a variety of subsamples are taken for chemical analysis. Ziajagirami(2017)
analysed 10% of suspected particles. Coverrgbral (2019) analysed 7/338 suspected
particles from oysters, 9/253 from clams, 10/295 from sediment and 18/289 found in water
samples. Baechlet al (2020) analysed 26 of 3053 suspected micstigle found in bivalves.
Li et al (2016) analysed 129 of 1519 suspected particles extracted from mussels. Kazour and
Amara, (2021) examined all sediment items and a subsample of water items using Raman
spectroscopy from the French coastline. Mainal. (2015) analysed 118 of 25956 suspected
particles recovered from water samples from the River Rhine which was designed to cover
putative plastic particles from a) every sampling location as well as b) from every category
found (fragments, fibres, sphersjeetc.). Eightyseven micro particles collected from surface
water from theThree Gorges Reservoir, China were analysed, however, the % of the total
microplastics recovered was not mentioned (Di and Wang, 2018t &u(2016) analysed
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113 particles 06% of the total recovered from surface water and sediment from Taihu Lake
in China, w leti dl. €202@) @x@mimed @0 microplastics recovered from the
gastrointestinal tract and stomach contents of the brown ®alo trutta from the River
Slang catchment in Ireland. Further evidence of the subjectivity of chemical analysis was
shown in Piarulliet al. (2019) where two separate scientists studied all filters and where there

was doubt over a particle being synthetic or natural itsetected foanalysis by FTIR.

2.9.1 Raman Spectroscopy for microplasttEntification
Raman spectroscopy is one of several identification methods used to determine the polymer of

microplastic under study. It is a vibrational spectroscopy technique based on thecitiglasti
scattering providing information on the molecular vibrations of a system in the form a
vibrational spectrum. The spectrum generated is similar to the fingerprint of chemical structure
thus enabling identification of the components in a sample {Aratial. 2018). Raman
spectroscopy has been used to identify microplastic polymers extracted from wastewater (e.g.,
Lareset al 2018), seawater (e.g., Karlssetnal 2017), freshwater (e.g., Di and Wang, 2018),
sediment (e.g., Lotst al. 2017) and aqu& organisms (e.g., Hortogt al 2018).In common

with FTIR, Raman techniques are in general-destructive, only require a small amount of
sample, have the potential for high throughput screening and are environmentally friendly.
Raman spectroscopy has better spatial resolution when contpaf@tR techniques as well

as wider spectral coverage, lower water interferences and narrow spectral bandsgtfabujo
2018). There are some drawbacks to using Raman spectroscopic analysis one being that
additives such as dyes or plasticizers can caiffeulties interpreting Raman signatures
(Navaet al. 2021). Raman spectroscopy additionally has an inherently low signal to noise ratio
and may cause sample heating due to the use of a laser as a light source which can result in
polymer degradation anshmple loss (Araujet al. 2018). Additionally, the Raman spectra
generated are simple / specific so that the preparation of samples can be simplifiext éfang
2023; Madejova, 2003). However, the high price of the equipment is a noted drawback (Fang
etal. 2023; Zadat al. 2018).A number of factors can hinder Raman analysis such as; signal
saturation due to high fluorescence (particularly true for bright microplastics), mismatched
results from databases or the absence of clear peaks in spectra chindereplastic
identification. Additionally, Raman signals have difficulty recognising chemical compounds
of darkcoloured particles due to melting or burning when the energy of the laser is absorbed

by the sample (Young and Elliot, 2016). Similar to thelgsis carried out by Khuyest al
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(2021) particles that were homogenous in shape and possessed clear colour were classed as

unidentified microplastics as they were likely anthropogenic in nature.

2.9.2 Difficulties in comparing results
The realworld difficulties associated with chemical identification of suspected microplastics

were encountered in the wotkrried out in chaptersi35 of this thesisThe following spectra

/ one similar to this was encountered in several environmental matrices studert astipis

thesis (Fig. ). Using the irFhouse libraries (SoPPand S.0PR-E) several possible matches

for polymers (e.g., PA, PE and Polyethylasabonate) were obtained. While the best match
using the online and commonly used libraries of OpenSpedyPaiblicSpectra similarly
matched over 70% with PA and several other polymers primarily based on the peaks just below
3000 cm® (Fig. 2-4) which is commonly associated with synthetic polymers, however the
region between 1000 chand 1500 cm peaks were much greater (FigpR It was postulated

that this may be due to some additives / dyes altering the spectra in this region, nevertheless,
several researchers who had recently published environmental microplastics research papers

using Raman aan identification tool were reached out to for their opinions on what it may be.
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Figure 2-3: Raman spectruraf polymer that was sent to other researchers to examine.
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Figure 2-5: Raman spectrumisplaying l@st match using PublicSpectra online library for this
polymer fttps://publicspectra.com/SpectralSedrch

One researcher suggested that the large peaks displaying were due to fluerdszewas
skewing the spectm generated and to leave theelasn the sample for longer to try and reduce
this effect. This was trialled but did not change the spectra generated. Another researcher

postulated that the fact that this spectrum was apgeparimultiple different environments
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possibly indicated that the microplastics were actings®t of environmental indicator for a
pollutant that was present and adsorbing to its surface especially if the microplastics were of
different shapes and colmu Alternatively, they suggested that the polymer was polyamide
and that there was interference from something on the surface (natural organic matter) or a
pigment in the plastic. A creator of one of the online spectra libraries gave their opinion
following analysis othe spectra through their software. They stated that they did ngtegit
matches and the best was a 70% match to a pharmaceuticalsseémulsifier of natural

origin. When queried with the hypothesis that it could be a polyamide with a dye or additive
included, they said that that was just as likely as their suggestion stating that amides and organic
matter are notoriously difficult to differentiate from each other. The polymer was also not noted
in any blanks that were analysed using Raman. The diy@fsanswers amongst researchers

that had used Raman for microplastic identification underlines the difficulty in comparing
identified polymers between studies. Where encountered this spectrum and those similar was
cl assed as an A u hdisplayed Rdmarectarapteristigsmighrother pokmers

but it could not belefinitely classed as one particular polymer.

2.10 Conclusion
As microplastic research is inundated with a diverse range of novel methodological approaches

and publications utilisingifferent processing and isolation steps (Lusteal 2020) there are
numerous methods available to choose from for researchers which can be tailored for their
specific research goals. Additionally, studies on environmental science should inherently aim
to be environmentally friendly in their approach (Matial 2019). In summary, it is likely

that no microplastics sampling technique will garner 100% accurate measwgdroent
environmental samples but by selecting an appropriate methodology coupteddeduate
controls and chemical composition analysis a reliable set of results can be protheed.
difficulties in achieving standardisation in microplastics sampling is highlighted in the work
presented in the following thesi8Vhile castor oil achieved good separation for marine
sediment sampled in chapteit4vas not viable for use in chapter 3 as stgmesent in the
riverine sediment blocked tls¢opcock in the filtration unit and potassium carbonate in beakers
were used istead, however both methods had comparabfety, cost and efficiency in

extracting microplastics from their respective substrate.
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3.1Abstract
Currently microplastisresearch in Irish freshwater environments is limited but growing with

a number of studies published in recent years (e.g.,Batalv 2 02 2 ; e@b2020n nor
This study assessed the rivers of a previously unstudied freshwater catchment forasticropl
pollution on the East Coast of Ireland. Microplastics were characterised from surface water
samples for two sites (headwater and outflow) on seven rivers (n = 14) for two sampling
campaigns (2019 and 202Q) (n = 28 total site visits)lSamples colleted from the first
campaign (mean = 1.6 + 2.24 MP&,Lmedian 0.81 MPs 1) had a significantly higher
concentration than those collected in the second sampling campaign (mean = 1.14 + 1.74 MPs
L1, median = 0.45 MPs1) andmay be attributed to the irgased rainfall observed during the

first sampling campaign. Additionally, one rivewhich displayed large differences in
microplastic concentrationa surface water samplégtween its headwater and outflsites

across both sampling campagnss sammd for Gammarus duebenn 2022 together with
riverbank sediment to determine if this difference was reflected in other freshwater parameters.
There were significant differences in microplastic conceiotnatin sediment between the
headwate(180 MPs kd) and outflow(370 MPs kd) study sitesout this was not the case for

G. duebenisamples(0.059 MPs mgtissueand 0.052 MPs mgtissdl Microplastics were

found in every sample taken and environmental matrix examined (water, sedi&ent,
dueben)). Finaly, we found higher microplastic concentrations were present in surface water
taken at both the urban sampling site and one rural site but we attributed elevated microplastic
concentrations to different causes; population pressure angl@mel respective. This study

adds to the growing body of knowledge of freshwater microplastic pollution and examines the
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levels of microplastics in rivers that flow into the Special Conservation Area (SAC) and Special
Protected Area (SPA) of Dundalk Bay which is unexaadiin terms of this pollutant.

Graphical abstract

1.2 micron
filter paper

30% H,0,

Figure 3-1: Graphical abstract showing workflow from sample collection to Raman
Spectroscopic analysis.
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3.2Introduction
Existing in two categories; primary and secondary, microplastics have become a contaminant

of emerging environmental conceand are defined aBany synthetic solidoarticle or
polymeric matrixwi t h regul ar or irregular shapod and
either primary or secondary manufacturing origmhich are insoluble in watér(Frias and

Nash 2019).To date the majority of papers written on slidject of microplastics are primarily
focused on marine ecosysterfte example a literature review conducted by Gdral (2020)

found that from 2012 to 2022864 papers were published on microplastics and marine
ecosystems while just 158 webased a freshwater ecosystemé/hile there has been an
increase in studies on freshwater microplastic polluhorcent yearthere has been relatively

little work carried out on Irish freshwater environments. Sediment in the River Barrow system
has been showto be contaminated with microplastics (Murpétyal 2022) microplastics

have been documented in the stomach contents and-gasstinal tract of brown troi§almo
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trutta) ( O 6 @taakD 2020)while a preliminary study detected microplastics in river, lake
and wastewatdrom several Irish location&edro and Cleary, 2013Ylicroplastics have also

been documented in the human body with some pigmented particles found in the placenta
(Raguseaetal. 2021).

Rivers act as important transporters of plastic waste from the terrestrial environment to the
marine one with the quantities transported expected to increase in the future (Jatddeck
2015). It is estimated that 1.15 to 2.41 million tonoeéplastic enter the ocean via river
transport every year (Lebreten al 2017). Furthermore, around 80% of marine microplastics
enter the ocean through riverine transport (Metnal. 2 0 1 5 ) . Model Il ing work
largest rivers found that the majiyrof microplastics exported by rivers to seas are from tyre
and road wear particles (42%) and fibres (polyester etc., 29%) which are shed from items of
clothing during washing (Siegfrieet al. 2017). Other sources of microplastics to freshwater
environmats include; storm water rewff which can dump microplastics from latdsed
activities into freshwater systems (Céal. 2023) and wastevater treatment plants (Conley

et al. 2019).For example, the mass releaseyoétand road wear particles was mstted for

the Seine wat er s hlgrd (Usice et hl. 2010y Asian lardhbopogeain t
pollutant it is therefore unsurprising that urban development close to or on freshwater rivers
leads to a high abundance of microplastics in these riverthamgediment (Kunet al. 2023;

Penget al. 2018). Not only can rivers serve as transporters of terrestrial plastic to the marine
environment but they can also hold them as temporary sinks. A study tracking the movement
of GPStagged bottles in the Seine observed that 100% of bottles were deposiieetbanks

for hours to weeks with dpnone bottle making it to thecean (Tramoet al 2020). The fact

that the tracked bottles were always found with other plastic types indicates that rivers can hold
macroplastic debris for long periods of timeuléiag in secondary microplastic formation in

the environment with the authors noting that cleaning activities should focivedranks and

not on the openaean (Tramot al. 2020).

Anthropogenic pressurie notedto increase the abundance of micrafilzs in waterways as

well as their diversity of types (Govendstral. 2020).Microplastics that end up in freshwater
systems can have various terrestrial origins. Several studies have evaluated the presence of
microplastics in wastewater treatment ple@MWTP) effluent with varying results. It has been
reported that WWTPs remove approximately between 90 and 95% of microplastics from their
influent (Leslieet al. 2012; Talvitie and Heinone2014). However, another study has shown

that microplastic removdfom raw wastewater can be as high as 97% where fibres were less
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likely to be captured during treatment accounting for only 74% of total microplastics in raw
wastewater but accounting for 91% of microplastics in treated efflueniiBeid et al 2021).

In countries such as Ireland where sludge from WWTP is used for agricultural applications as
biosolids, microplastics trapped during treatment of wastewater in sludge form may end up re
entering the freshwater environment if they are washed from fieldsivetobodies or lakes

due to precipitation. Approximately 98% of biosolids produced in Ireland are reused on
agricultural land and by 2040 sewage sludge production is expected to increase (bjst@%
Eireann, 2028

Recorded microplastic pollutiolevels in freshwater systenusffer greatly between studies
(e.g.Bordoet al. 2021;Rowleyet al.2020. These diferences may be due in partdiffering

waste management systems between countries and locations of rivers (with regard to possible
microplastic emission sourcedh European rivers there exists large variances in microplastic
exports due to differences in so@oonomic development among countries and regions and
the technological status of sewage treatment facilities (Siegftied 2017) Microplastics

unlike chemicals which dissolve in the water body, exhibit variation within the water column
with regards to distribution due their inherent properties and interactions with surrounding
substancegKye et al. 2023) Some physical factonelated to the water body which may
influence microplastic distribution in rivers include; riverbed morphology, water column
confluence depth and obstacles in the river as well as variations in river dis(Best&983

Walling and Moorehead 198 7Turbulent conditions and fast flow in the main river body can

lead to ncreased mixing of particles in the water column due to resuspension and transport
(Haberstrohet al 2021; Hurleyet al 2018; Ockelforcet al. 2020). On the other hand, lew
energy zones such as along river banks, bends in the river or dams can facilitate the deposition
of microplastics in sediment (Corcorahal. 2020; Crewet al. 2020; Watkinget al 2019).In

marine environs, surface sedinhénthe shore zone could reflect loteym interaction between

the aquatic and terrestrial environment and historic microplastic preseneg 4¥2016).

Microplastics are found in all freshwater systems and display-dawem distribution gradient
(Bellasiet al. 2020). In surface waters, the water column and in sedintbatdensity of plastic
affects the partitioning of material such as organic matter or contaminargs #Li2018).
Transport of microplastics in freshwater systems depend on hythody properties such as
size, density, shape, surface roughness and also conditions of the open channel flow of the river
(Freiet al 2019). Lower density plastics which are expected to float have been noted to sink
in freshwater bodies due to the oceuwnte of biofouling by algae and bacteria among other
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species (Corcoran 2015). In addition to sinking due to biofouling, lower density plastics can
also sink due to the process of aggregation which can occur with other microplastics or with
organic materiapresent in the water column (Leisgtral. 2021) as well as being egested as
part of a faecal pellet (Colet al 2016). Microplastics may then enter the hyporheic zone
potentially interacting with organisms found there or entering the groundwater $ystexath

a river (Freiet al. 2019).

Microplastic concentrations have been shown to span several orders of magnitude in different
locations (Xuet al. 2020). An example of the huge range of microplastics concentration
recorded in surface waters is the Tamar estuary in England which possessed 0.028 particles/m
(Sadri and Thompson 2014) and the Saigon River in Vietham where 1720000
microplastic fems/nf were found (Lahenst al. 2018). Freshwater sediments have also been
studied as a major sink of microplastics, effectively trapping microplastic particles before they
reach estuarine or marine envir on nmeeawatr. A
and sediment found a larger number of microplastics in the sediment than in the surface water,
0.4821.52 itemd_"* and 35.763185.33 item&g™ dry weightrespectively (Hwet al 2018). In
general, however, the comparison of data between stisdéficult and standardisation of
sampling and separation methods is lacking. Differences in reported concentrations may

therefore be due to methodologies used rather than reflecting true environmental abundances.

The majority of studies on microplasti in biota have focused on marine species with a
comparatively lower number assessing microplastic contamination amongst freshwater
species. Freshwater vertebrates such as fish and birds have been investigated for microplastic
contamination more than mmorganisms or invertebrates (Cera and Scalici, 2021). Amongst
freshwater invertebrates, bivalves are the main group that is studied in freshwater systems
(Cera and Scalici 2021). While bivalves have potential as bioindicators for microplastic
pollution ofaquatic ecosystems (Dirgg al. 2021, Staichalkt al 2021) the lack of diversity in
research represents an oversight in microplastic freshwater study. Arthropa (insects and
crustaceans) are a diverse group of species representing different feeding smeslzard
existing at different levels on food webs and therefore can be exposed to varying levels of
microplastics and pose as an entry point for these contaminants enter freshwater food webs.
Members of the arthropod family have been shown to consumeptastias in their natural
environment as well incorporate them into the building of their protective casinget(klel
2018; Windsoret al. 2019; Simmerman and Coleman Wasik, 2020; Elderd. 2019).The
varying sensitivities of certain macroinvertebrates groups to pollutants is well documented and
51

st



in Ireland theEnvironmental Protection Agency (EPA#as used the -@alue scale (1 (poor

quality)T 5 (high quality)) i n | gess svditer quality based ors i n c e
thewell-established sensitivities, abundance and diversity of macroinvertel#atpamary

consumers freshwater macroinvertebrates may represent starting points of microplastics
entering the food web as they are prey for argtpecies such as a fish, birds, amphibians and
reptiles, therefore, it is important to understand the uptake levels of microplastics to this group

of species in their natural environments. Additionally, fish larvae and plankton which serve as

an importah food source for many freshwater species can be outnumbered by floating
microplastics, at ratios up ©30:1and can exist in a similar size range in the water column
(Lechneret al. 2014 Steeret al. 2017.

Currently there still exists a lack of robust evidence that quantifies links from sources and the
fate of microplastics in freshwater bodies and the marine environment with less attention given
to smaller order rivers or streams (Dikareva and Sin&f19). As a contry that uses
wastewater treatment plant sludge as biosolids for agricultural applicatienfreshwater
environments of Ireland may be particularly at risk for microplastic pollution (Rasky.

2020). Only low numbers of freshwater studies on nplastic pollution in Ireland are
currently available €.g., Murphy et al. 2022 O 6 C o neh @ 2022). t is of paramount
importance to increase the number ofdetg carried out to better understand the leweéls
microplastic contamirteon in freshwater mvironments and potential threats posed by them.
Therefore, in order to understand the levels of microplastics present in rivers flowing into the
marine environment of Dundalk Bgpecial Area of Conservation and Special Protected
Area)thesurface water, sediment and thacroinvertebrate speci€dammarus duebenwere

examined

With these factors in mindhé overall aim of this study was to determine the extent of
microplastic contamination in river systems flowing into Dundalk Bay. Tieatives of this

study werghredold: 1) Tocharacteris and quantify the levels of microplastics present in river
surface water across two sampling campaigng note any differences between sampling
campaigns and locations of sites and explain théfehces2) Tocharacterie and quantify

the levels of microplastics riverbanksediment ands. duebeniin selected water bodies. 3)

To examine how microplastics characteristics reflect each other between the three matrices
studied.
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3.3Material and nethods

3.3.1 Study ge
In this studyseven rivers in the NortRast of Leinster that flow into Dundalk Bétyrough the

county of Louthon the east coast of Ireland were examined for the presence of microplastics.
Although the smallest in terms of geographiasda (approx.: 825k# the county of Louth
possesses the second highest population density in the country of Ireland at 155.9 inhabitants
km more than double the national average featuring urban centres and rural areas. Given this,
Louth is an ideal lo&tion to study microplastic presence in rivers that have both high and low
population pressures (<20>1000 inhabitants krf) and that flow into the economically and
environmentally important marine bay in Dunddalkundalk Bay is a large open shallow sea

bay and the extensive sand and mud flats have a rich fauna of bivalves, molluscs, marine worms
and crustaceans that help to support the large colonies of waterfowl that reside there in winter
months (Dundalk Bay SPA: 004026). Additionally, Dundalk Bay $i@sheavily regulated

cockle fishery thatgeneratéd8 0 , 500 aver age Vv @lsheres awma Plane s s e |
for cockle 20162020. Therivers investigated during this studpe Ramparts, Dee, Flurry,

Big, Glyde, Castletown and the Fanow through land with various uses. Peat bogs,
coniferous and mixed forests and industrial areas are present, however, the area inland is
dominated by agriculture while the town of Dundalk and its suburb Blackrock dominate the
coastline as urban areas (Corine Laaover, 2018 European Environment Agencie

largest urban centre is Dundalkie total population of the catchmentefiiblic of Irelanglis
approximately 115,900, with a population density of 83 people per KihTyBle Draft:

Newry, Fane, Glyde and BeCatchment Report, EPA, 2021).

Water sampling wasonducteaver the course of two regime&mpling for the first campaign

was carried out in September and October of 2019 while for the second campaign it was carried
out between 29 September 2020 and November of 2020 with one site sampled in January of
2021 (due to Covid 9 related disruptionsY.wo points along seven rivers wetedied along

t he r i v eforéssrface avatar snigroplastic abundance. Sediment @ndluebeni
collection was carried out on ti#5" of February 2022 from the river Flurry at both headwater

and outflow locationsln total, 14 sites were selected for water sampling (2 per river), one
upstream (headwater) location which was further inland than the @imgaliag site located
further downstream (outflow) (Fi@-2; Tade. 3-1, 3-2). Sites were selected based on ease of

access and near to their emergence points for headwater locations while for outflow sites this
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was at locations before the rivers enteredidhy. A map displaying the-@alues for theivers
sampled is located iAppendix A (Fig. 81).

Figure 3-2: Location of sampling sites on rivers flowing into Dundalk Bay.
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Table 3-1: Site Codes and Descriptors

Site
Code Site Name Q Value* Coordinates Catchment km?
Al River Big Headwater 4, Good 54.003511;6.2283468 7.7
A2 River Big Outflow 3-4, Moderate 54.039427;6.2421159 22.3
B1 River F|urry Headwater 3, Poor 54087064,‘63298153 Not available
B2 River Flurry Outflow 371 4, Moderate 54.033148;6.3452434 24.1
c1 Castletown River 4, Good 54.085142-6.495563 Not available
Headwater
co Castletown River 371 4, Moderate 54.026291;6.4292035 33.8
Outflow
Ramparts River No Q value 53.989324;6.4676632 7.2
D1 .
Headwater available
D2 Ramparts River Outflow No Q value 54.003594;6.3591319 22.2
available
E1l River Fane Headwater 3, Poor 54.069255;6.6642361 Not available
E2 River Fane Outflow 4, Good 53.951103;6.3895841 275.2
F1 River G|yde Headwater 371 4, Moderate 53.95584:6.6558974 87.9
F2 River Glyde Outflow 31 4, Moderate 53.896488;:6.3852067 359.9
Gl River Dee Headwater 3, Poor 53.802958;6.7188338 108.3
G2 River Dee Outflow 4, Good 53.857813;6.380868 317.7

*all data taken from 2020 EPA reports, the values included are from the doslasiost recergossible location to sampling locations that
is available.

Table 3-2: Flow rate data for rivers investigated. (Environmental Protection Agency,
https://gis.epa.ie/EPAMaps/\Wajer

River Mean Flow rates (m3/s) Min flow rate (m3/s) Max Flow rate (m3/s)
Big 0.54 0.04 3.22
Flurry 0.71 0.05 3.92
Castletown 0.1 0.01 0.58
Ramparts 0.36 0.03 2.01
Fane 4.85 0.42 211
Glyde 5.82 0.39 25.28
Dee 5.72 0.35 28.11

3.3.2 Study esganism:Gammarus duebeni
Not only do freshwater systems serve as transporters of microplashesit@environments

they can also function as sinks for microplastic pollution. Therefore, it is important to examine
microplastic contamination of freshwater environmental matrices and biota that reside in these

areas. The freshwater amphipddammarus duebeniwas chosen to assess microplastic
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contamination in the River Flurry as part of this stu@. duebeniare leafshredding
crustaceans found in Irish freshwater systems. They feed on organic detritus and are themselves
prey for freshwater fish. Although theare a benthic species, they can swim in the water
column and feed on floating plant material, this in turn means they are potentially susceptible
to microplastic contamination found in surface water of rivers and lakes and in the sediment of
them. Additionally, G. duebenhas been used in Irish Hidased microplastic studies in the past

and shown to consume microplastics and shred them to smaller sizes (Matdesa®t al.

2020, 2@9). Given its tolerance for a widange of salinityG. duebenhas potatial as both a
biomonitor of microplastic pollution of freshwater and marine environments, furthermore,
Gammarussp. are considered model ecotoxicological freshwater species (Consefialdi
2019) . To the best of t he entsuhe first invessigatiomiotavl e d g ¢

microplastic ingestion b. duebenin the natural environment.

3.3.3 Sample ollection
A bulk water sampling procikeire was carried out as follow&t each sampling site 200 litres

of surface water was collected using akdanightly coloured plastic bucket with the exception

of the outflow sites of theRivers Ramparts and Flurry where 20 litres were co#edct
respectively. A pilot studyevealed microplastic concentrations too numerous to count for
these two sites so a smaller volume was taken. Prior to sampling the bucket was rinsed out
using river water. Following thighe bucket was pushetbwn into the wateropen side up,
allowingit to fill with river water. Surface water at each site was passed through a series of 5
interlocked stainlessteel sieves of decreasing mesh size (5mm, 1mm, 500um, 100um and
50um). The use of buakts for surface water sampling haso beenused by Sureshet al.
(2020) Miller et al (2017)and morerecently Osoricet al (2021). The use of buckets to
collect a bulk sample of water ensure that smati@roplastics generally <3@n that are
missed by more commonly used nets are retained for an&g#iswing filtration, sieves were
covered in tinfoil and transported to the microplastic clean room for further andpdfs.
sieves and buckets were tapinsed withMilli -Q water prior to use in sample collection and
covered in tinfoil for transport to site.

In February 2022, sediment and macroinvertebrate samples were collected from the outflow
and headwateof the River Flurry The River Flurry was chosen to examine microplastic
presence in riverbank ai@l duebenas this river displayed a large difference in surface water

microplastics for the two sampling locations for both sampling campaigns while also hosting
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a G. duebenpopulation and safe access to the riverbanks. A metal trowel was used to collect
samples of sedimenti(icm) from the riverbank and these were stored in aluminium containers
and covered in foil before being transported to the lab and oven dried at 40%@bie
Freshwater macroinvertebrates were collected from the riverbed usimngue kick samples

from the faster flowing riffle habitats triplicate. Freshwater macroinvertebrates were stored

in plastic bags for transport to the laboratory. The dumatibtime between sampling and

storage ofs. duebenwas approximately 20 minutes.

3.3.4 Processingf water samples
In the laboratory, sieves were cleaned of any material which had been caught on them through

a combination of scraping using a metal spatuthrarsing the sieve using MilQ (0.22pm)

water. All of the material removed from the sieves was stored in a glass jawgshdd, 1%

nitric acid and triple rinsed with MilQ water) with a metal lid. Thiwas carried out for each
individual sieve withthe exception of the 5mm sieve, in this instaaog material caught was
discarded as 5mm is generally accepted as the upper size limit of microplastics (Arderson
al. 2016; Frias and Nash, 2019). Samples were stored in a cold room and further sample

treatment was carried out as soon as possible following sieve cleaning.

Centrifugation in combination with organic material digestion with 30% Hydrogen peroxide
(H202) was carried out (Di and Wang 201Bgebezeit and Dubaist2012). Briefly, samples
were centrifuged at 3500rpm in glass centrifuge tubes for 5 minutes (Cahah&022; Van
Cauwenberghet al. 2013). The supernatant was then vacuum filtered throughrglassibre

filter papers (GF/C; 1.2um; 47mm in diameter, Whatman, UK). The walls of the centrifuge
tube and vacuum filtration headpiece were rinsed with ¥lkvater to remove any attached
microplastics. Following supernatant vacufittration, filter papgers were placed in petri
dishes, covered and stored in a desiccator prior to visual inspection. The organic material
remaining in the centrifuge tubes following supernatant filtration was treated with 10ml
aliquots of 30% KO, which were then covered imfoil and digested at 40°C for 48 hours.
Vacuumfiltration of the digested pellets was carried out identically to the supernatant and filter

papers were stored in petri dishes in a desiccator for 24 hours prior to visual analysis.
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3.3.5 Processing of sedimesamples
Microplastics were extracted from river sediment using density separation. A protocol was

adapted from Gohlat al (2020) forthis extraction. Briefly, foureplicate 50g samples of
sediment were placed in 500ml| beakers to which 200ml of potassium carbosa@)(iith

a density of 1.54 g/chrwas added. Samples were mixed using a magnetic stirrer for 2 minutes,
covered with tinfoil and left for one hour tete. Following this, the supernatant was vacuum
filtered Whatman 182047 GF/C Glass Microfiber Filters, 1.2um, 4.7cifhe procedure was

repeated in order to obtain maximum possible extraction.

3.3.6 Processing db. duebermsamples
Upon returning to theabG. duebenwere stored in glass jars with Industrial Methylated Spirits

(IMS) and samples were then stored in a cold room prior to subsequent work. The methodology
was similar to that detailed in Avit al (2015). Preserved samples were emptied onto shallow
trays forG. duebenextraction using steel forceps. Individual organisms (n = 80) were carefully
removed from the tray and rinsed using Mli water in order to remove any potential
microplastics stucko the exterior of the organisms. Groups @b 5duebenivere selected to

form composite samples, weighed and then homogenised using a mortar and pestle. The
homogenised samples were poured into glass petri dishes for digestion, the mortar and pestle
weretriple rinsed using MilkQ water between homogenisations to avoid cross contamination

of potential microplastics between groups. Composite samples were digested with a 20 ml
volume of 30% HO-for a 24hour digestion at 40°C. Following the-Bdur digetion period,
digested samples were vacuum filtered onto filter papaitsaiman 182047 GF/C Glass
Microfiber Filters, 1.2um, 4.7cjrand placed in labelled petri dishes. Petri dishes which had
been used fo&. duebendigestions were rinsed using Mil water to ensure no material was

left behind.

3.3.7 Quality control rrasures
It is of the utmost importance to ensure good laboratory practises when analysing samples for

microplastics. Protocols for mitigating microplastic contamination were adhered to where
applicable from Hermsest al. (2018. As microplastics can shed from clothing, 100% cotton
lab coats were worn when condungfianalysis or handling samples. Mii (0.22um) water
wasused for the rinsing of sievesd other lab workvVacuum filtering ofwater samplesG.

duebenhomogenisation and sediment density separations wesared out under a laminar
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flow hood. All work conducted on samples including the aforementioned vatilixation

and sample handling wasarried o u't i n a fAch wasasad exclusivemofor w h i
microplastic wok. When sample processim@s carried out, a wet filter paper was t&it on

in the laminar flow hood in a petri disbr the same duration and visually examined under the
microscope for any microplastics thaaynhave settled on iAdditionally, blank solutions

were also processed in conjunction for samples. The results of these controls are displayed in
Appendix A (Tables; &, 83, 84, 85) and were considered negligible when compared to the
amount of microfastics recovered from each sample matrix thus no correction measurement
was carried outEquipment such as; tweezers, sieves and glassware were covered in tinfoil
when not in useOnly one individual was allowed in the clean room while sample processing

or microscopic workalso located within clean roomas carried out.

To avoid contamination of airborne microplastics sieves were transported to and from river
sites covered in foil. Buckets and glassware used for sample collection and analysis were tripl
rinsed using MilltQ water before use in the field. These measures were necessary to avoid
microplastic contamination from particles that may be present in the air and settle on equipment
leading to an overestimation of microplastic numbers. Fibrousoplastics which are present

in outdoor and indoor air have the potential to settle on equipment which may lead to an

overestimation of the amount present in a sample matrix (Gastzdr2018).

3.3.8 Microplastic dentification
All filters were sorted by visual inspection using an Olympus SZX7 stereomicroscope and

microplastics were noted, measured in size, described and photographed. FollowingeGewart
al. (2017), metal tweezers were used to check if suspected particles weoplastics based

on their texture.The structural integrity when touched or moved by tweezeas used to
identify suspected microplastiavoiding those with biological structur@surleyet al. 2018).
Organic and inorganic material such as algae aissgend to break or crumble when pressure

is applied using tweezers however microplastics resist this pressure and are stiffer in nature
(Keene and Turner 2023). This was particularly important when testing the nature of the
carapaces o6. duebenwhich an resemble transparent films visually. Microplastics were
categorised in terms of morphology as one of; fibres, films, fragments, microbeads or as a fibre
agglomeration. Microplastic colour was also noted and red, blue, green, transparent/white, and

blackmi cr opl astics were recorded while | ess ¢
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3.3.9 Ramandentification d polymers
A subsample of particles frosurface waterG. duebenand sediment samples collectgdre

analysed for polymer identification using RanspectroscopyNieetal 2 019; eG¢ndo] ¢
al. 2020) Display slides with double sided sticky tape attached were used to house
microplasticsfor Raman analysis. Using tweezetsspected microplastiagere transferred
from filter papers to the slides undée microscope and a small circle was drawn around the
now attached particle in order to enable quick location when analysing with Raman
spectroscopyHoriba LabRAM II, Horiba JobikYvon, France)The RamarSpectrometewas
equipped with a 600 groove mhdiffraction grating a confocal optical system, a Pekier
cooledCharged couple deviq€CD) detector, and an Olympus BX41 microscofeRriain

et al 202Q Loughlinet al 2021 and spectra were obtained at a range of 3500cm' ! using

a 532nm laser for polymer identification. Spectra obtained when analysing padittested

from G. duebeniwater and sediment were compared to a spectral reference library (KnowltAll,
Bio-Rad), an iFhouse extension of the library with additional spectra from environmental
plastics collected from thatertidal zoneand known virgin polymer types (purchased from
CARAT GmbH, Bocholt, Germany). In addition, SLoPP and SL-&HPraries Munnoet al

2020. The website 0Opaal 2D was gl ugedCto veghyepolymer type

for spectra captured via Ramahmttps://openanalysis.org/openspg@s well as the website

0 Publ i cl8tpse/mublicspebdtra.CcomFurthermore, the Infrared & Raman Users Group

(http://www.irug.org/searcispectraldatabaspwas also consulie

3.3.10 Statistical aalysis
Due to the different methods used $ampling watersediment&ndG. duebenthe data were

analysed sepately. Data from sediment samples, water samplesGaddiebensamples were
tested for normality using the Rydoiner normality test. Two sampldests were used to
assess if any statistically significant differences were presdat duebenisamples between

the two sample sites on the River Flurry both in terms of MBividual! and MR mg?! and

also to determine if concentration differences in sediment were significant. As data from the
surface water samples were deemed to not be nortisiijbuted ManAVhitney testing was
carried out to determine if the median concentrations of the two sampling campaigns were
significantly different, and if the median concentrations between the combined sampling
campaigns differed for headwater and awtflsites and for individual years. Krusksallis

testing was carried out for both sampling campaigns to determine if any locations had
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significantly difference microplastic levels. Significance was determined for all tests as P <
0.05. Statistical analsis was carried out using Microsoft Excel 2016 and Minitab Statistical

Softwareversion Minitab® 21.1.1 (64it)) with the latter used for graph building also

3.4Results
3.4.1 Microplasticsn river water

Microplasticswerefound in all samples,ecovered from every site and from both sampling
regimes for surface water of rivers that were assessed during thisvtiudyvariety of shapes
found (Fig3-3). The total volume of water sampled was approximately 2440 litres for each
sampling campaigrMicroplasticconcentratias ranged from 0.45 MP? to 8.55 MPL™ for
surface water sampled during the first campaign and fr@® KPL to 5.30 MPLfor the
second campaign. Levels of miptasticsfound in surface water decreased at 11 sampliag sit
between campaigns while there was an increase in concentration at 3 sites. Higher
concentrations of micpasticswere observed in surface water sampled from the outflow sites
on 4 of 7 rivers during the first campaign and 5 of 7 rivers during the dex@mpaigrn(Fig.

3-4; Fig. 3-5). Microfibres represented the majority microplasticsfound for every site for

both years, with a range of; 51.4990.6% and 67.4% 93.6% for the  and 29 sampling
campaigngFig. 3-6). In general, there was a loaburdance ofmicrobeads recovered from
both sampling campaigns. With the exception of the Fane Outflow location where 13.8% of
microplasticsrecovered werenicrobeadsmicrobeadsepresented a maximum o686 of the

total microplasticgecovered in the firstasnpling regime (range: 0%13.8%). For the @

sampling regime there was a range of 08% for microbeads recovered per site (B)g.

Although microplastics were recovered for all surface water samples, a significant median
microplastic concentratiowvariation between the two sampling campaigns was observed
(MannWhitney U, W = 257, P = 0.014). Samples collected from the first campaign (mean =
1.6 + 2.24 MPs 1}, median 0.81 MPst) had a significantly higher concentration than those
collected in thesecond sampling campaign (mean = 1.14 + 1.74 MPsnedian = 0.45 MPs

LY. No significant difference was found, however, when comparing median microplastic
concentrations for combined years between headwater and outflow sites\(Whaney U, W

=178, P=0.260) or the first and second sampling campaigns individually (Mémimey U,

W =45, P = 0.371, ManWhitney U, W = 47, P = 0.522) respectively. For the combined

sampling campaigns headwater sites were found to have a lower mean (0.62 £ 0.25; range:
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0.337 1.01 MPs %) and median microplastic concentration (0.61 MP} than the outflow
sites assessed (mean: 2.02 + 2.63; rangeiBZH MPs [; median; 0.74 MPs1). Kruskat
Walllis tests revealed that there were no significant differences ircaheentration of
microplastics of individual sites for eith#re first or second sampling campaign respectively
(P = 0.452, P = 0.45).
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Figure 3-3: Microplastics recovered in surface water; A: microbeads, B: fragn@nifares.

63



=
o

=
Al
o
T . I
()
(&) 6 4
£ ik I
> 4
n
£ 2 -
)
= 0 II, II, II, Il. II. II II III II. 1k = Year 1
1]
© ¢ S N &K P N S Year 2
—_ _ ,5\, XX \O X \O &Q/ '5\' ) \'Q, 3 &Q, S
s N F S P FF TS S
— Yo > Q [e) e S o
= & T TS

{;&\% G @@Q L@

e &

Location

Figure 3-4: Comparative microplastic concentrations (MP$ in surface water for rivers
flowing into Dundalk Bay for both sampling campaigns.
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Figure 3-5: Microplastic concentrations (MPs 1) of surface waters in rivers that enter
Dundalk Bay for first sampling campaign, A and second sampling campaign, B.

There was a similar colour profile of microplastics recovered from the surface water of rivers

sampled in this styd between campaigns. For the first sampling campaign the colour
breakdown was as follows: blue (31.3%), transparent/white (30.5%), red (12.2%), black

(11.7%) with the remaining 14.3% made up of green, reoltbured and other colours. The

colours of microfastics from

the second sampling campaign were as follows:
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transparent/white (25.3%), blue (24.2%)ack (20.5%), red (16.7%) witgreen, mult
coloured and other colours making up the remaining 13.3%. Microplastics <1mm in size made
up the majority of miroplastics recovered for both sampling campaign one and two consisting
of 64.4% and 62.7% of the total recovered respectiligroplastics in the smaller category
(<300um) consigd of an important component in size distribution of those recovered from
the 14 sites with a range of 12.8%45.9% and 14.1% 37.0% for the ¥ and 29 sampling

campaign respectively.

100
6
4
& Fibre Aggregations
20 M Beads
[] Fragments
B Films
0 H Fibres

s G ‘;‘9.& s"& S"q@ -*39.,@ &“"4@ o
e?q, N & e?‘ o e
RGO +oe°(@~e~@&&~e-\o$@ @‘@65?2&&
© ‘a’-@' @ & o
Q?; (-?': 6\ X
& @

A

oo
(=] [=]

% Abundance

(=]

Location

65



"Hi. N | n i
v 80 m I I H = 1 .
=
& ||
E 60
=
=
=4
= 40
[ Fibre Aggregations
20 [ Beads
[] Fragments
M Films
pl i I N NN O e N N O W [ Fibres

Ly oy
L oY o
‘a.g- S ‘e\ﬂ' O ‘E\Eﬂ Q'Q.. ,Q..?-' QLQ" ‘a@- ‘a\ﬁ- & 2
&® T .z.@'&ho??’ T @ e G“P & &
& = & & F o™
{\. L_"b {‘\ -
& @
Location

Figure 3-6: Shape profile of microplastics found in surface water for first sampling campaign;
A and forsecond sampling campaign B.

3.4.2 Polymer composition of microplastics recovered from surface water
A subsamplef suspected microplastics wasalysed using Raman spectroscopy from surface

water samples (n = 344, 10%) which resulted in positive matches for 277 suspected
microplastics. The majority of those selected were identified as synthetic in nature (Fig. 6).
Cellulose and mineral fragment®nstituted 9% of the total analysed. For 19% of those
identified the underlying polymer was masked by the presence of dyes such as indigo and
pigment violet 23 which are anthropogenic compounds. Interestingly some polymers such as
polyamides and polyestewith densities greater than that of freshwater and would be expected
to sink were noted. The proportion of polyesters identified between campaigns was similar,
however, there was a greater proportion of dyes identified in the second campaign.
Additionally, PP which constituted 8% of microplastics identified in the first campaign was
not identified amongst material in the second campaign. While there was a similar spread of
polymers found between headwater and outflow locations there was a greateigadtA

and polyesters in outflow locations, while cellulose and dyes constituted a greater proportion

at headwater sites.
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Figure 3-7: Composition of material recovered from surface water samples for both sampling
campaigns identified using Raman Spectroscopy.
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Figure 3-8: Comparison of identified material between both sampling campaigns. A; first
sampling campaign. B; second sampling campaign.
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Figure 3-9: Comparison of abundances of polymers identified between headwater and outflow
sites for both years.
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3.4.3 Microplastics in sediment art@. duebeni
Microplastics were recovered from bolieadwateandoutflow sediment samples taken on the

River Flurry. Two sample tests revealed a significant difference between the mean
concentrations of microplastics in sediment of the two sampling locations (P = OI0@7).
downstream location haahighermedianmicroplasticconcentratia (370 MPskg?) than the
updream location (18QMPs kg?') as well as a greater mean microplastic concentration
(downstream: 395 * 75.5 MPs kgange: 343 500MPs kg?, upstream: 190 + 52.9 MPskg

1 range: 140 to 260 MPs Kyjrespectively.

Two sample tests revealed there was no statistically significant differences found between
composite samples @. duebencollected from the headwater or outflow sample sites with
regards to microplastic concentration"h{§ = 0.062) or microplasticomposite! (P = 0.067).

From G. duebeniexamined from the outflow site 101 microplastics were noted (2.02 MPs
composite') while 41 were present i6. duebensampled from the headwater location (1.36
MPs composité). However, there was a sih differencein microplasticlevels inG. duebeni
specimendetween the two site6.059 MPs mgtissu(headwaterind 0.052 MPs mgtissue

1 (outflow) respectively.

Microplastic characteristics were compared between the water samples from the second
sampling campaigand those found i%G. duebeniand riverbank sediment to evaluate how
closely these other environmental matrices reflected those present in water. The shape profile
of microplastics recovered in sediment from both locations was similar to tatdfeben
sampled from both sites. Microfibres made up the majority of microplastics recovered in both
sediment an@. duebenfrom the downstream location consisting of 87% and 69% recovered

in both matrices with the remainder consisting of fragments, 13% andr&4péctively.
Similarly, microfibres were the dominant shape profile found in both sedimei@.aheebeni

at the headwater site (76% and 85% respectively), while fragments were found in both matrices
(5% and 15% of total). Films however were only presansediment samples from the
headwater location and consisted of 19% of the total microplastics recovered. Microfibres also
made up the majority of the microplastics recovered in surface water from the previous
sampling campaign for both headwater (79%qJ autflow / downstream sites (85%) cibg
following the trend of the sediment in particular, however shape abundances of microplastics

varied between matrices for other shape profileble. 33).
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Table 3-3: Comparison omicroplastic shape compositions and relative abundances for, water
G. duebenand sedimergamples.

Shape Flurry G. Flurry Flurry G. Flurry
Headwater duebeni headwater duebeni outflow
. Outflow .
water Headwater sediment Outflow sediment
Water
Fibre 79% 85% 76% 85% 69% 87%
Film 2% 0% 19% 5% 0% 0%
Fragment | 14% 15% 5% 8% 31% 13%
Bead 5% 0% 0% 2% 0% 0%

White / transparent microplastics were the most commonly recorded for both headwater and
outflow sediment samples accounting for 76% and tB%otal microplastics respectively,
however, they did not constitute a large proportion of those recovered from water samples in
the previous campaign for either headwater (19%) or outflow locations (24%). In sediment
black microplastics accounteorfl1% of the total microplastics recovered frowth sampling
locations while there was a greater spread of colours recovered from the downstream sediment
than the upstream site with red, blue, green and other colours detected. In contrasiltmuthe
breakawn found in rivebank sediment and water samplelsie microplastics were the most
common recovered fror®. duebenfor both upstream and downstream locations (60% and
38%) which was followed by black (25.7% and 32.%y. 3-10). For all matrices examined

white / transparent microplastics made up the smallest proportion of those f@snduebeni

tissue. There was a large difference in the colour composition of microplastics present in G.
duebeni compared to that observed in watmnples from the river Flurry. Blue and black
microplastics made up a combined 86% of those observ&l mluebeniat the headwater
location and 71% at the outflow location. Conversely, these made up just 44% of the

microplastics in surface water at theadwater location and 46% at the outflow location.
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Figure 3-10: Colour profile of microplastics recovered in surface water from the second
sampling campaign compared with those recovered @duébeniand sediment.

Microplastics in the <300unm size consisted of higher percentages of the total fougl in
duebenifrom both sites than those recovered in sediment or water sandplesaller
proportion of microplastics less300umwere recovered in sediment from either sampling site
than were present in water samples taken in sampling campaign two. The size ranges of
microplastics recovered from both sediment @ndiuebensamples are displayed belokid.

3-11).
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Figure 3-11: Comparison of microplastic size profiles between the three environmental
compartments studied on the river Flurry.

Raman analysis was conducted on a subsample of suspected microplastics from sediment (n =
50, 43%) with positive matches identified for 37 items. There was a greater spread of polymers
identified in sediment collected from the outflow siken the headwat site on the Rer

Flurry with 9 polymers positively identified. For both sites polyamide was the dominant
polymer identified and cellulose was only present sediment collected from the outflow location
(Fig. 312). A subsample of suspected microplasfits 45, 31%) were selected for Raman
analysis fronG. duebenof which positive matches were determined for 35 items. As noted in
sediment samples there was also a greater spread of anthropogenic material ider@ified in
duebenisamples collected from éhoutflow location in comparison to the headwater location.
Dyes made up a greater proportion of positively identified material (likely masking underlying
polymers identity) inG. duebenfound at both locations than that identified in river water or
sediment, highlighting a possible preference for this type of matekimunspecified polymer
described irchapter 2 (section 2.9.8j this thesis was also detected with greater frequency in

G. duebenthan in water samples and sediment and is likelygrolgle and some additive (Fig.
3-13). Examples of polymers identified from the three difference environmental emtie
shown(Fig. 3-14)
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Figure 3-12: Polymer composition in riverbank sediment sampled from both locationise
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3.5Discussion

The concentrations of microplastiasuhd in this studysampling campaign on@:457 8.55
MPsL, sampling campaign two: 0.23%.30 MP<L 1) are compared to other European studies
in the tablehat follows(Table. 34).
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Table 3-4: Microplastics levels present in rivers studmxmpared t@ther European rivers.

Rivers

Location

MPs L

Reference

The Castletown, Flurry, ramparts,
Dee, Glyde, Fane, Big
The Ebro

The Elbe

The Trent, Leen, Soar

The Ergene

The Thames

The Meuse and Dommel

The Antua

North-East Coast of Ireland

Spain

Germany

United Kingdom

Turkey

United Kingdom

The Netherlands

Portugal

76

0.4571 8.55, 0.23 5.30

0.0035 + 0.0014*

0.00557

0.0191 0.083

4.65+ 2.06, 6.90+ 5.16

10.911 18.83

0.0671 11.532

0.0581 1.265

Current Study

SimonSanchezt
al. (2019)

Schereret al (2020)

Stantoret al (2020)

Akdoganet al.
(2023)

Devereuxet al.
(2023)

Mintenig et al
(2020)

Rodrigueset al
(2018)



As noted byMa t j e gli(4023) mos freshwater studies on microplastibave
investigated pollution patterns in larger rivers (catchment area > 50,006r kimain
tributaries withcatchment areas 5000 kn?). Furthermore, it has been observed that
small and mediursized rather than largervars can have high microplastic levels
(Schereet al 2020;Hel3et al. 2018) The comparatively high levels of microplastics
found in some of the rivers examth@ this study; namely the Flurry and Ramparts
underline the importance of considering small streamd rivers as contributors of

microplastic pollution to marine environments.

The predominance of microfibres for every sample taken aatbsmtricesassessed

IS not surprising and is similar to the results of other studies. A review of freshwater
studies on microplastic presence found that microfibres constituted 59% of total
microplastic shapes recovered which was followed by fragments at 20%t (4.
2020).In the Rivers Rhine and the Danube fibres and fragments were the dominant
shape of microplastics found in the water phase (idefal 2018) however,
microplasticspheresand pellets dominated in other studies, possibly due to nearby
plastic prodiction Mani et al. 2015 Lechneret al. 2014) The dominance of
microfibres in general in freshwatasgpotentially due to the release of greywater from
domestic setting®r their escaping septic tanks (k¢ al 2022; Liuet al 2022).
Microfibres end p in greywater following the washing of textiles in domestic settings
due to the mechanical and chemical stresses that clothes undergo in washing machines
that have been shown to release millions of particles with increased washing load
weight (Volgareet al. 2021). Additionally, microfibres can be dispersed due to

precipitationespecially in urbn areas (Drist al 2016).

A significant difference in microplastic concentrations was observed between first and
second sampling campaigns which may be attributed to the increased rainfall during
the first sampling campaigithe total rainfall recorded at the nearest weather statio

in the study location for the first sampling campaign was 157.8mm while for the
second it was approximately 122.8mhtet Eireann, 2020, 2021Ideally, this would

be better examined as a factor for microplastic abundances between a dry season and

wet seaon, however, time constraints and the onset of Cb®ithade this impossible
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to conduct.Previous studies have linked wet periods and precipitation to increased
microplastic presence in freshwater bodidsen compared to drier spells (Xeh al.

2020; Piion-Colin et al. 2020; Wonget al. 2020).Increased microplastics in inland
waters in China after periods of rainfall were stated as probably due to increased runoff
from land which can deliver microplastics into waterbodies (¥iaal 2020)
Furthermore rainfall can directly affect the microplastic abundance in the surface
water of rivers, as previous work reported that there were plenty of microplastics
floating in the atmosphere (Klein and Fischer, 2019; Gaspati2018), microplastics

can adherectraindrops and land in river bodies directly. Temporal variation has been
documented where higher microplastic concentrations have been observed in surface

waters following rainfall in the past (Campanateal, 2020).

Microplastics in surface waters hawatso been correlated with urbanisation and

population density in previous studies on river systems (Katab&bh2019; Yonkos

et al. 2014; Maiet al 2021). A similar trend could be seen in this current study,
microplasticlevels were highest for both sampling campaigns at the outflow site on

the RampartRivers (5.30 and 8.55 MRs?). This site is located just past the urban

centre of Dundalk which has the highest population density of locations studied as part

of this wak. The headwater site of the Rampdtiger which is located in a rural area

(Kilkerley) had much lower micrgasticlevels in its surface water and was consistent

between sampling campaigns (0.55 and 0.81 MBsThese two sites are located in

exact oposites in the Irish settlement hierarchy classing (road network, population
density etc.) for County Lout h; Dundal k c
Kil kerl ey classed as a oOpRsticpaebench m drbad . Thi s
areas has bedmked to littering and insufficient waste management strategies in the

past Battulgaet al 2019 Mani and BurkhardHolm, 2020. A study on the Rhine

River in Germany found that microplastic concentration increases with its flow

towards thesea with the exception of the tidal zone (Mahal 2015) and this proved

to be the case for 9 of the total 14 studesfrom the two sampling campaigns.

Although no significant differences were detected for either sampling campaign at

individual sites, there was a biological difference noted with the concentrations of
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micropastics recalled at the Ramparts and Flurryadwates higher than othesites
studied.

For both marine and freshwatenvironments,the proximity to sources of
microplastics (effluent pipes, urban runoff and septic systems) can impact on the
amount of pastic found at a sample location (Catral 2016). It is suspected that
microplastics in the aquatic environment originate from WWTPs and-&a@je urban
development along freshwater rivers (Eerkéedrancet al. 2015, Conleet al. 2019).
There is a likelihood that greater numbers of microplastics may be found at freshwater
sampling locations near urban areas than at rural sites due to their proximity to sources
of microplastics and this proved to thee casdor the Ramparts outflowocation in
this study.However,the comparatively high microplastic abundandesated athe
outflow site on theRiver Flurrycannot be attributed to population density pressures
or urban land us€This site although located aruralareahad a comarable level of
microplasticdound in its surface waters as the outflow site ofRaenparts River for
both sampling campaigns (4.55 aBd 5 MPs L™). The sampling point is located
between land classed as agricultural areas and next to a road on omel siddieial
nonagricultural vegetated areas and sports and leisurigiéscon the other side.
There is an unclear link between microplastic pollution of water bodies and agriculture
(Talbot and Chang, 20223nd whileroad surface proximity to watbodies is a known
source of microplastics (Kallenbaehal 2021)thehigh level foundor both sampling
datesmay be due to the low elevation of the site (approximately 15 metres above sea
level) when compared to its headwater site (approximatelyizifes above sea level)
(Fig. 315). Other sitedocated on the same river courstsdied as part of this work
were located on agricultural land and close to roads and did not display this high
concentration for surface water miptasticswhile having amaximum elevation
differencebetween sampling locations lefss than 50 metres. The large difference in
elevation between sites on this river may account for the increased surfaqaasicro
levels at the outflow site due to increased washing aridcgrun-off of microplastics
as it flows. Notably, physical catchment characteristics and river morphology can
influence microplastic presence (elevation, slope etc.) however few studies have
directly addressed these links (Talbot and Chang, 2022). Increlapedf the riparian
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zone has been correlated with increased microplastic presence in surface water
sampl es pr e\t ab B020) whilg iG Austialian water bodies higher
microplastic concentrations were found in those located at lower elevéfioas al.

2020).

Flurry Headwater,
™ Elevation: 330ms

Year 17 1.01T MPs./ L

Year 2: 0.43 MPs / L

Flurry Outflow, Elevation: 15ms
Year 1: 455 MPs / L
Year 2: 5,15 MPs / L

Figure 3-15. Comparison of microplastic concentrations in surface waters at
headwater and outflow sites on river Flurry and associated elevations.

The use of stacked sieves with mesh sizes down to 50um enabled the capture of
microplastics of smaller sizes in this study. The majority of microplastic freshwater
studies on rivers have used trawls or nets to collect water samples, generally with a
mesh &e of 330um or larger (Deocarét al 2019; Campanalet al. 2020; Katoaka

et al 2019. Smaller microplastics (<300um) accounted for a range of 1248860%

and 14.1%- 37.0% of total microplastics captured for th& dnd 2¢ sampling
campaigns perver in the current study respectively, thus highlighting the importance

of using equipment with smaller mesh sizéiless thesieves or nets clgg
microplastics undaihe 330umwill be missed. Tis lower size range being particularly

important as aige bioavailable to zooplankton (Botteretlal. 2019). As microplastics
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decrease in size so too can their bioavailability (Vratral. 2017) and it is therefore

of paramount importance to quantify the levels present of smaller microplastics in Irish
freshwater environments. Similarly, to the findings of Walkingsleival (2022)

larger microplastics in particular microfibres were found on smaller mesh sieves and

it has been noted that this can be due to inconsistencies in mesh size across the filter /
sieve or due to fibres small width they can pass through coarser sieves when orientated
correctly (Barrowset al. 2017; Coverntoet al 2019. Microplastics smaller than the
smallest mesh size used (<50um), notably microbeads and fragments were recovered
in this study which was not expected. Their presence may be due to them becoming
trapped in aggregations of organic material, tangling with microfibres, becoming
trapped later in the sampling process as meshes became blocked or adhered to other

material caulgt on the sieves.

Microplastics presence in sediment was lower at the headwater site of the river Flurry
(195 MPsKgh) than at the outflow site (395 MPsKy In an lIrish context the
concentrations of microplastics recovered from sediment in this stedgéxhe upper

limit on the range reported for sediment from the river Barrow (155 MPsKg
(Murphy et al 2022). Similar to the current study fibres were the dominant shape
found and red, blue, white and black the dominant colours found in River Barrow
sadiment (Murphyet al. 2022). Particles less than 1mm in size were the dominant size
category recovered from both headwater and outflow locations in this current study
(60.5% and 72.2% respectively) and is in line with the size categories normally
recover@ from freshwater sediment (Yarg al 2021). The suite of polymers
recovered in sediment in this study Hagolymers (PETand nylon (PA)) in common

with another study that examined sediment in Irish rivers (Mugblay. 2022).

A wide range of microplastic concentrations is reported for freshwater sediment in
European rivers. Very low contamination of sediment was reported in the Carpathian
basin, Hungary with a range of 0.46 to 1.particlekg™® (Bordo et al 2021).
Similarly, the lowest concentration of microplastics in sediment from the Antua River,
Portugal was 18 items Kghowever, the upper limit reported was much higher at 629

items kg' (Rodrigueset al. 2018). The concentration of microplastics reported at the
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outflow site of theRiver Flurry surpass the lower limit of some other studies on
riverine sediment pollution, namely; the Rhilein River, 228 3763 items kg and

the Rhine River 260 + 10 to 11,070 + 600 item3 Kglein et al 2015; Maniet al.
2019). Otherstudies in Europe have reported higher concentrations in riverine
sediment namely; The Thames River, UK (66 item)s (ortonet al. 2017) and an
urban recipient in Norway (12,060200,000 items k¢) (Haaveet al. 2019).

The use of potassium carbongte€.COs) for density extraction from riverbank
sediment was advantageous as it is-toaxic and cheap (Gohlat al. 2021) which
increases its usability for citizen science projects and therefore increases the viability
of long-term monitoring of sediment iineshwater bodies. Furthermore, a wide range

of polymers were identified from sediment samples with densities rangirt. .9
glcm?for polyethylene to 1.3.4 g/cnt for polyester (Liet al 2018) and 1.5 g/cior

cellulose thus highlighting the efficacy extraction for environmental samples.

The presence of microplastics particularly of microfibre shape profi@. iduebeni
found in this study is evidence of the consumption of these microfibres in the natural
environment.G. duebenihave been showrotconsume microfibres in a lddased
study in both the presence and absence of {dateosCardena®t al 2021).This

was displayed, howeveih much higher concentrations than those found in the
previous two sampling campaigns on the river Flurry (6@@afibres mLt) (Mateos
Cardenagt al 2021).

The higher abundance of microplastics 3®0in G. duebenthan found in surface
water samples or riverbank sediment may indicate that these are being broken down
to smalle sizes when ingested. Me G. duebenihave been shown to fragment
microplastics to smaller sizes in the past, no evidence of fragmentation of polyester or
cellulose microfibres have been documented (Ma@siena®t al 2020; Mateos
Cardenaset al 2021). Further evidence of the stideng nature of this species for
microplastics was the lack of films found in their tissue which may be due to feeding
of G. duebenincreasing the coarseness of ingested patrticles, with films having a
smoother more defined thin and broad surface than irregularly shaped fragiinents.

must also be remembered that the smallest sieve used to extract microplastics from
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water samples was ffh in size and may have accounted for this observed difference,
furthermore, when attempting to quantgfiynallp a r t i ceméndength thgré can
be error introduced (Simmerman and Wasik, 2019).

Microplastics have been documented in several other spenfiefreshwater
macroinvertebrate®aetidae Heptageniidae@andHydropsychidaéad concentrations
ranging up to 0.1MP mgtissué!much lower than those reported in this study despite
the fact they were taken from sample sites near highly urbanised\Afi@asoret al
2019). In contrast, microplastics were reported in much higher concentrations (129 +
65.4 particles 'g tissue) in freshwater Tubifex worms in a major urban waterbody fed
by the River Irwell, Manchester, UK (Hurlegt al 2017). The mayflie
(Heptageniidag caddisflies idydropsychidag and amphipodsGammaridaghad a
mean MB g tissue of 15.1 + 10.0 in sites at a city limit but this decreased to a mean
MPs g? tissue of 5.5 + 3.1 in upstream locations (Simmerman and Wasik 2019).
Hurley et al. (2017) noted that imrofibres represented the most abundant shape of
microplastic found in Tubifex worms constituting 87% of the total with fragments
making up the remaining 13% which was similar to the shape profile ingestéd by
duebeniin this gudy (headwater: 85% microfibres, 15% fragments, outflow: 69%
microfibres, 31% fragmentsMicrofibres were also the most commonly documented
shape found in the bivalvé&nodonta anatingBerglundet al 2019) and dominated
microplastic composition in the gastropod speciek: varicus(65.8%),M.
tuberculata(100%), andr. fluviatilis (100%)with microplasticcontent ranging from
1.71 £ 0.46 g to 6.1 + 1.05 g (Akindele et al 2019).While both sites on the River
Flurry were located in rural areagthoutpopulation pressures contributing to elevated
microplastic levelshigh concentrations of microplastics were observed in the surface
water of the outflow site on the River Flurry yet not noticed in sam@leduebeni

This may indicate that G. dbeni are not grazing on microplastics as frequently as

other maroinvertebrate species are.

Interestingly,G. duebenisampled from the outflow site had a lower proportion of
microfibres in their tissue (69%) than was recovered in the surface water th&ing

previous sampling campaigns (84.6%, 85.4%). The opposite was seen at the headwater
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site with microfibres consisting of 85% of microplastics recovered.iduebenbut

lower proportions found in surface waters (77.2%, 79%). However, this may be due to
limitations in the dataset and lobgrm monitoring of botl. duebenand water may

be necessary to ascertain the true power of using this species as a reliable biomonitor
for microplasticsG. duebenivere on average larger in size at the outflow site (38.5mg

+ 320mg) than those at the headwater site (22.7mg + 25.1mg). The higher proportion
of microfibres found in smalleG. duebenthan larger ones in this study may be due

to the mechanical limitatianof the digestive tract accumulating microfibres for longer
periods in smaller specimens (decreased gut size trapping microfibres). Microfibres
have been shown to accumulate significantly more in the midgdgut section
compared to the foregut in shderm feeding experiments on this species in the past
(MateosCardenaset al 2021). While Mateof€ardenaset al (2021) showed that
microfibres accumulate in the gut @. duebenithe brine shrimp Artemia sp)
exhibited limited ingestion of microfibres the absence of food and fast egestion and
no ingestion when in the presence of food (Betal. 2020). Furthermore, a study on

the amphipodHyalella aztecafound that plastic microfibres were significantly more
toxic than plastic microbeads which wasiriauted to a slower egestion rate of
microfibres than beads (Aat al. 2015).

The larger abundances of microplastics coloured black or blue in combination with the
frequent detection of dyes i@. duebenin comparison to the proportions found in
sediment and water samples indicate a preferential selection for these types of material.
This may mean that colour may be an important cue for microplastic consumption in
the natural environment for this specig@fie increased presence of blue and black
microplastics inG. duebentissue may be due to predation of this more visible colour
which may be similar to traditional prey items colours (green, brown, etc.) than
transparent or white materidlhis could alsde due tohie presence of chemical dyes
and their associated scents, as it is theorised that food detection and consumption is
explained by chemosensory sensilla of scavenging amphigddgatans and
Smetacek2018) however, a thorough study on prefdiainfeeding based on colours
is needed to verify this. This species has been shown to equally prey on food items
contaminated with micr MptéosCartdenaesal 2022). 6c | eanb
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The presence of PA in all matrices examined indicatdésds are a significant source

of microplastics to the freshwater environment associated with Dundalk Bay and likely
stem from domestic washing sources as they are used in clothing, rugs and rope with
other sources (Zhet al 2019). Polyamide has been shown to reduce the fitméiss

first generation offreshwater notbiting midge Chironomus ripariusand genetic
adaptation to low microplastic concentrations (Khosrovegaral 2022), however
despite their high abundance ither matrices examined they were identified only

rarely inG. duebenin this study.

The differences between both colour composition and in polymer types fod in
duebenisamples and water samples likely indicate that alone this species is not ideal
as an indicator for microplastics pollution and will present a skewed subset of
microplastics from the freshwater environment. G. duebeni displayed an apparent
preferential ingestion of colured (blue / black microplastics) and those containing dyes
rather tlan polyamide or polyesters which were the most commonly reported polymers
found in water samplegor freshwater rivers the assessment of microplastics in a
variety of macroinvertebrates is likely necessary to ascertain a true reflection of

pollution in the surrounding environment.

The results of the microplastic composition found in riverbank sediment showing
similarity to those noted in the previous water sampling campaign, in particular they
were strongly related in terms of microfibre composition fathbsites. In freshwater
sediments fragments and fibers are typically the dominant shapes of microplastics,
however, films can also dominate (Yuahal 2023). The high proportion of fibers
found in the top layers of riverbank sediment compared to dtlages has been noted
previously, however, there is a lack of studies examining the vertical distribution of
microplastics with various shapes (Yuath al 2023). Piperagkaset al (2019
documented the dominance of fibrous microplastics in the surface layer of Greek
beaches in Northern Crete and fragments in deeper layers, implying that rounder and
denser microplastics could enter sediment more easily than longer and lighter ones.
Vertical coring would therefore be necessary to examine the distribution of

microplastics to deeper layers in riverine sediment and verify this hypothesis for the
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freshwater environment. The much greater levels of microplastics found in riverbank
sediment thanwsface water show the accumulation of microplastics at this terrestrial
interface. The highest concentrations of microplastics are found along the shoreline

and benthic sediments in fetad2Bhljvat er environ

The presence of microptcs in the sediment, water a@d duebenof the relatively
remote and uphill site at the headwater location on the River Flurry may be due to the
presence of nearby litter (Kurniawa al 2023) with the site a known hotspot for
illegal dumping and isext to a road used for the movement of logging equipment and
large vehicles (Vercauteraat al 2023). Forestry which occurs nearby has also been
linked to microplastics presence in the environment previously éLial 2022).
Additionally, atmospheric mroplastics transport and deposition driven by wind could
account for sme of the microplastics preseait this more remote location with the
long-range atmospheric transport of microplastics noted in urban and pristine locations
in Southeast Asia havirg deposition rate varying froiil4 to 689 MP/rflday (Hee

et al 2023).

Amongst polymers identified polyester and PA were the dominant found for both
sampling campaigns in water samples and identified more commonly than lower
density plastics such as PP or PE. This occurrence in surface water may be attributed
to hydrodynamicl conditions causing resuspension of denser microplastics via
turbulence in freshwater bodies and has been noticed before. The same was noted by
Akdoganet al (2023) in the Ergene River in Turkey where Polyethylene terephthalate
(a polyester) and PA madgp 55% of identified microplastics. Interestingly, the
inverse was noted in pond sediments examined in Denmark, buoyant microplastics
made up 83.5% of those recovered (Molazaekedl 2023). The high abundance of
microfibres in the form of polyesters, inding polyethylene terephthalate and PA in
water samples found in this study likely stem from the washing of these materials in
the catchment and entering the freshwater environment via greywater discharge or
septic tank release as these are commonly usddxtiles. Interestingly, lighter
polymers namely, PP and PE were noted in the riverbank sediment at both the

headwater and outflow study site the River Flurry, indicating that they may have been
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deposited here during flood conditions which may haveiwed during the storm
conditions present inFebruary 2022 prior to sampling. dditionally, these
microplasticshavedeposited here due to the washing of microplastics from land. The
presence of microplastics in riverine sediment indicate that it saseesink for these

contaminants, however, the exact length of time it does needs further study.

The prevalence of microplastics in these small order streams and rivers and observed
in G. duebenmay be due to the habits of the Irish public in combinatidh current
domestic wastewater infrastructure. Recent surveying commissioned by Uisce Eireann
(l'rish water wutility company) found that on
a biiflasbing wipes and other sanitary products which are soofaagcroplastics
into the sewage networlOMmorodion, 2023)A recent study into wipes labelled as
Afl ushabl ed noted that 50% of tested brand
mi croplastics i n t éal2020).rimcontbinatidh kvitithis(isc 6 Br i ai n
the fact that in 2021 over half of domestic septic tanks inspected failed coletry
A 20% fail rateof domestic septic tanks was recordaedlouthwith faulty septic tank
systemgapable of polluting rivers and posiisgues for drinking watesupplies (EPA,
2022) In Ireland there were 438,3019 individual septic tanks in use in 2016 (CSO,
Domestic Waste Water Treatment Systems 2022)ile recently a study in Flanders
found an average daily release of 1145 microplastics through domestic westewa
equalling a yearlyper capitadischarge of 418,00 the study are¢hus highlighting
the impact this can have on the freshwater environment (Vercawdemn2023)
These factors together could explain the presence of microplastics in the rivers
examined as part of this work. Further to this, the majority of Irish households and
business are currently improperly disposing of their waste with two thirds of the waste
going in the general waste bin that should be placed in recycling or composting units
(EPA, 2023). This improper disposal of plastic instead of recycling leads it to be
incinerated or sent to landfill with landfilling a known source of microplastics to the
environment (Silvaet al 2021) and it was estimated that 11% of plastic waste
generated globally in 2016 entered aquatic environments (Bomelk 2020).
Finally, the application of biosolids to agricultural lands adjacent to rivers may
contribute tomicroplastics in freshwater bodies noted in this area. A previous Irish
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study examining microplastic presence in water near to biosolid application sites found
1.6 MPs ! in water from the sulsurface drainage outflow pipe and 0.3 MP5ih
groundwatefHeereyet al. 2023).

3.6Conclusion
Currently the majority of microplasscresearch has been carried out on marine

environments and while there has been an increase in work on understanding
microplastic presence in rivers in recent years there still remains a gap in microplastic
knowledge between freshwater and marine systenhwieeds addressing and which
is understudied in an Irish context. Rivers, in particular, which are proposed to be the
major source of plastic waste marine environmentdeserve greater study. To date,
this has been poorly investigated when compared to marine waters (Akdogan &
Guven, 2019; Eekeledranoet al 2015; Schmidet al 2017).Microplastics were
recovered from every sample taken during the course of this stdiyfound in
sediment, water an@. duebenin the rivers that flow into Dundalk Bay (SAC and
SPA). Under descriptor 10 of the Marine Framework Strategy Directive for good
environmental status, properties and quantities of marine litter should not camse ha
to the coastal and marine environment. The ubiquitous presence of anthropogenic
microplastics in the surface water of the rivers entering Dundalk Bay represents a
threat to this environment. The increase in surface level concentrations closer to
DundalkBay in 4 of 7 and 5 of 7 rivers for both sampling campaigns respectively
indicates terrestrial inputs of microplastics, namely polyester and polyamide, into the
riverine network that enters the bay. Given the shallow nature of Dundalk Bay the
freshwater mputs may constitute a significant portion of microplastic pollution
entering it. Microfibres were the dominant shape found in all matrices sampled while
microbeads were documented with the rarest frequency. The contaminai@®n of
duebenat both upstreamnd downstream sites could lead to detrimental effects within
individuals as well as representing a potential entry point of microplastics entering
freshwater food webs for this area. The high levels of coloured microplastics present
in the tissue ofG. duebenimay indicate a preference for this type of material as
opposed to transparent or white coloured microplastics potentially due to mistaking
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these items as food. For both sampling campaigns the location with the highest
population pressure renderee thighest levels of microplastics in surface water which
would indicate population pressure leads to increased microplastic burden in rivers for
this catchment. Additionally, the"®2most polluted site, the outflow location on the
River Flurry may be dueotthe slope of the riparian zone and further studies should
include the elevations between sampling sites of waterbodies. Sediment samples
collected from the headwater and outflow riverbanks closely aligned in terms of
microfibre constitution with surfacevater collected from the previous year
highlighting it is potentialy trappingthis type of material. The behavior of the lIrish
public with respect to waste disposahforodion, 202Bin combination with domestic
wastewater infrastructur&PA, 2022)may be a source of microplastic pollution for

the rivers examined in this study. The use of the relatively cheap and safe potassium
carbonate for extraction of microplastics from sediment in this study lends itself for
increased accessibility for potentatizen scientist. Additionally, the use of a sieve
stack down to 50um led to the filtering of a large water volume (200L) and the retrieval
of microplastics smaller than 330um which can generally be missed when conducting
surveying with more traditionigiused nets or trawls. This study lends to the growing
body of knowledge of microplastic prevalence in Irish freshwater environments (e.g.,
O 6 Co renab 2019; Murphyet al 2022).This work is vital in order to develop a
strong and credible baseline fmicroplastic pollution in the Irish environment to aid

in future goverance and legislation which will likely be necessary to tackle this
relatively new type of pollutant which is likely ubiquitous in the Irish environment

with delitirous effects anticigad.
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Chapter 4Microplastic contamination of intertidal sediment
and cocklesGerasastoderma edyle
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Highlights

1 Microfibreswere the dominant shape found in both sediment and cockles

1 Lighter plastics PP and PE were only identified in cockles

1 The high level of microfibres found indicate a need for better wastewater

treatment facilities and legislation for thesscondary microplastics
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Graphical Abstract
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Figure 4-1: Workflow of current chapter from sample collection to polymer
identification.

4.1Abstract
Microplastic pollution represents a new threat to both mameronments and the

species that reside within them. This study examined the temporal concentrations of
microplastics found in the commerciallgnd ecologicallyimportant bivalve,
Cerasastoderma edubnd the presence of microplastics in sediment tal@n fwo

beach locations within the intertidal environment of tpecal Area of Conservation
(SAC) and SpecialProtected Area$PA) of Dundalk Bay, Ireland. A microplastic
range of 1.55 + 1.38 to 1.92 + 1.§0in cockles was reported. Microfibres dominated

the shapes of microplastics found in both sediment and cockles. A wider range of
polymers were identified in cockles than in sediment in this study. Given the ubiquity
of microfibres found amongst all matricdsis therefore important to investigate

further potential sources that can have impacts on the marine environment.

Keywords: Microplastics, marine pollutignemporal, bivalves, sediment
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4.2Introduction
Microplastcs or plastic particles <bmmexist as either primary or secondary

microplastics depending on their origin. They have been documented in a wide range
of organisms and are prevalent in a huge range of environments including previously
pristine environments such as desga sediment a@mpolarregions(Garzaet al 2023

Van Cauwenberghet al 2013; Peekert al 2018) Marine sediment can serve as
both a source and a sink of microplastic pollution as well as regulating microplastic
distribution in aquatic environmentdddinet al. 2021; Jambeclet al 2015; Woodall

et al. 2014). The assessment of microplastic pollution falls under descriptorti® of
Marine Strategy Framework Directive which states that anthropogenic litter should not
cause harm to the coastal or marine environment and that quantities of litter entering
these environments should be reducing overtime (MSFD 2008/56/EC). Microplastics
can adsorb organic and inorganic pollutants from their surrounding environment.
Polycyclic aromatic hydrocarbons (PAHSs), polychlorinated biphenyls (PCBSs),
organchalogenated pesticides, nonylphenol and dioxins have been detected in plastic
pellets from baches worldwide (Avi@t al. 2015; Ogatat al. 2009). If contaminated
microplastics are ingested they may desorb these pollutants into organisms under the
correct conditions (Bakiet al. 2014). Additionally, human pathogenic viruses have
been documenteash microplastics surviving up to 3 days in the environment (Moresco
et al 2022). Furthermore, exposure to pollutants that are known to adsorb to
microplastics such as polyaromatic hydrocarbons (PAptdychlorinated biphenyls
(PCBs) and oestrogenic compuals can delay the onset of oocyte maturation in
cockles and reduce their fecunditygtozzoet al 2007 Timmermanset al 1996;
Bowmeret al. 1994).

Although microplastics have been recorded in many marine environments, they are
particularly problematic in coastal locations due to the proximity of potential sources
from the terrestrial environment and also tidal processes that can encourage their
depogtion and accumulation (Gragt al. 2018; Weinsteiret al 2016; Ryanet al

2009). Microplastics have been documented in coastal environments in numerous
recent studies and are found in varying concentrations worldwide, although limited

studies have examed its presence in the Irish marine environmerg. (Pagteret al
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2021; Martinet al 2017). htertidal locations in Ireland weretedto have a range of

0 to 553 particles per kilogram (Mendesal 2021). Across Europenicroplastics

have been fouh in various concentrations in recent studies. Concentrations of
microplastics of 53 + 7.6 items per kilogram have been reported from the Black Sea
which are similar to those recovered from the Seaghkt of Spain, 64.06 + 8.95
particles per kilogram (Terzt al 2022; Bayoet al. 2019). Two recent studies on
microplastics in sediments from Europe reported concentrations of microplastics as
1.81 30.2 particles per kilogram in the Kiel fjord, Germany and as 0.0271
microplastics per gram in Oslofjord, Norway, respectively (Schredexl. 2021,
Bronzoet al 2021).

Microplastics have also been reportedniany speciesf shellfish which may have
implications for human health as some species can provide a direct route of
microplastics into human diets (et al. 2021). Recently, microstics have been
documented in a wide variety of bivalve species including species of; mussels (Ding
et al. 2021; Gedik and Eryasar, 2020; Wakkatl 2020; Hermabessiegt al 2019;
Mathalon and Hill, 2014), clams (Baechédral 2020), oyster (Aungt al. 2022; Cho

et al 2019; Tenget al. 2019; Rochmaset al 2015; Van Cauwenberghe and Janssen,
2014) and scallops (Set al. 2020; Cheet al 2019).While a lot of focus has been
given to species of musseVytilus edulis in particular) very little work has been
conducted on the commamckle (Cerastoderma eduleyith just two prior studes
examining the presence of microplastic in this sped®ein populationson the
French Channel coast (Hermabessegtral 2019) anda more recent one examining

the population in Portuguese lagoons (Botedhal. 2023)

Body condition indices have generally been the target of microplastic ecotoxicity
studies on bivalves in the past, however there has been no noted impairment of these
indices in several species includin§crobicularia plana(Ribeiro et al 2017)
Ennaculatenuisand Abra nitida (Bour et al. 2018) Mytilus edulis(von Mooset al.

2012) Crassostrea gigagSussarellet al 2016) Cerastoderma glaucuor Limecola
balthica (UrbanMalinga et al 2021). Because of the little or no effects on body

condition note in ecotoxicology studies, bivalve body condition has been generalised
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as an insensitive marker of microplastic ecotibxi(Bour et al 2018). Microplastics
however can impact the behaviour of bivalves living in sediment which in turn can
lead to effect$or benthic environments (Urbavlalingaet al 2021). Thenearsurface
dwelling speciesCerastoderma glaucur@merged less often and in lower numbers
from sediment spiked with microplastics while the Baltic clammecola balthica
buried deeper in similarly treated sediment than in controls with no microplastic
presence (UrbaMalinga et al 2021). A similar reduction in surface emergence or
increase in burial depths displayed in the bivalveSerastoderma glaucumand
Limecola balhica (UrbanMalinga et al. 2021) when exposed to microplastic
contaminategediment byC. edulean important species of bivalve found in Dundalk
Bay could have negative consequences for benthic habitats given the many ecosystem
roles thatC. eduléfulfils . Increased burial depth would leaddeeper fluidising of the
seabed for harvesting of cockles by fishers in Dundalk Bay (currently 5cm) and the
inability of seabirds in the area to feed effectively on th€he deeper fluidizing of

the seabed as is thase currently for razor clam harvesting up to a depth of 0.25m can
lead to a greater impact on benthic communities (Legbaet 2020)An increase in

the area fished to a greatdepthwould further jeopardiséensis magnus Pharus
legume the spinycockle Acanthocardiaspp), clamsVYenusspp).Chameliaspp. and

the endangered and lotiged Icelandic clamArctica islandicg in this SAC and SPA
where abundances of these species is already low with richness declining since 2017
and A. islandicanot recorded since 201@&hellfish Stocks and Fisheries Review,
2022).

This study represents a first look at temporal microplastic concentrations in a natural

noncultured population of commercially valuable bivalves in Irish fishing grounds.

The common cockleassessed in this study has potential as a biomonitor for

microplastic pollution at the watesediment interface in the marine environment for a

number of reasons, including; its proximity to coastlines, its large geographical range

and the fact it is eadp collect- generally residing in the top 5cm of marine sediment

(Santoset al 2022; Tyler-Walters,2007). FurthermoreC. eduleis monitored forE.

coli presence by the Sea FisiesrProtection Authority (SFPAWhile it is difficult to

draw direct comparisons between studies given that tissue digestion and identification
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methods vary (Bom and Sa, 202djcroplastics presence is increasingly documented
in marine species and further evidence of this is the presd#microplastics noted in
rarer species from more remote regionsdtial 2021) Futhermore, microplastics
were noted in &ide range of species inhabiting Dundalk Bay as evidenced in chapter
3 of this thesis.

A primary management goal is the mainterenf favourable conservation status of
intertidal habitats such as Dundalk Bay where cockle fishing occurs in order to reduce
the risk of recruitment failure in the future and ensure that conservation objectives for
designated habitats and species arg¢epted. The management plan for the cockle
fishery in the SAC and SPA Dundalk Bay is crucial given their potential effects on
designated habitats and birds (Shellfish Stocks arnfes Review, 2022).1e pre

fishery survey estimate of cockle biomass2d22 was 100 tonnes less than the
preceding year and fishermen agreed not to take the Total Allowable Catch (TAC) of
608 tonnes and the fishery remained closed due to low market prices (Shellfish Stocks
and Fisheries Review, 2022). The importance to astabyj a baseline of microplastic
presence in cockles in Dundalk Bay which can potentially be transferred to the seabirds
feeding on them is of paramount important¢en northern ful mars a|l
shearwaterghe abundance of resident microbiota associated with healthy hosts
decreased and conversely the abundance of microbes known to be involved in disease,
antibiotic resistance, plastic degradation and zoonotic pathogens incretisede

presence of micropics in the gu(Fackelmanret al 2023).

Previous studies carried out on assessmigroplastic presence i@. eduledid not
examine microplastic contamination of sediment despite the fact that sediment
dwelling bivalves have been shown to possess highiecentrations of microplastics
than water columiglwelling bivalves Cho et al. 2021 Ding et al. 2027 Liu et al
2021). Likely due to microplastics sinking as their density increasask@norachaki

et al 202).

The importance of a resilient cockle popuwatin Dundalk Bays threefold;1) the
economic value of the fisherfd 8 0 , 5 0 0 peavessein 202®, 2) supporting the

seabird population that feeds upon them dummgter, for example; overwintering
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oystercatchers Haematopus ostraleghdn the absence of mussel beds require
between an estimated 1@32kg cockle flesh per bird painter (Erset al. 2004) and

3) the ecosystem engineering roles it has in bioturbation, Jititeation and
biodeposition (Carsst al 2020). Due to the importance of cockles, both financially
and ecologically to the habitat of Dundalk Bay, it is of pawant importance to assess
the levels of microplastias boththis species and also in the sediment they reside in.
Recently measures have been introduced to preserve some of Dundalk Bay and the
species that residdereinwith the banning of fishing usgnany kind of dredge, beam
trawl or bottom otter trawl within a protected area which will hopefully lead to
increased abundances and diversity of marine species in this restricted zon{Fig. 4
SFPA, 2023
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The ams of this study were therefore; 1) to understand the quantities of microplastics
present in cockles found in Dundalk Bay and to gain an insight into the types of
polymers contaminating these species 2) to compare the quantities and polymer types
of micropastics found in the sediment of two intertidal locations within the bay and

3) to examine the relatedness of these microplastics between the two examined

matrices.

4.3Study aea
Dundalk Bay is a large shallow marine bay located on the east coast ofljrelan

approximately 70km north of the capital of Dublin (Fig3¥4 Dundalk Bay is
classified a special area of conservation (SAC), special protection area (SR¥)

the EU Birds and Habitats Directivesid a Ramsar site (no. 834). As an SPA,
approximately 23 species of bird are found there, while 6 unique habitats found in the
bay qualify it as a SAMundalk Bay is a classified Bivalve Mollusc Production Area
and it has supported a commercial dredge cogkérastoderma edu)dishery since

2001 TheDundalk Bayareais a prominehexporter of the common cockle which

reaches markets for human consumption in Spain. Landings of cockihatalk

Bayfor2 019 and 2020 were val ueahdweighedi5P 249, 500

and 1,127 tonnes respectivelx cockle permit is required to fish for cockles in
Dundalk Bay with the number of vessels permits limited to 28 based on the historical
fishing record of the vess@Consultation on Dundalk Cockle Natura Pemitolicy).
Additionally, razor clams and in particular cockles are consumed by seabirds residing
in thebay. As they are found closer to shore than razor ¢lanmds up to 70% othe

bay is exposed at low tidepckles are an important source of fdodwading birds
residing thergFig. 4-4). Dundalk Bay is internationally important for water birds,
supporting over 1% of the Northwest European/East Atlantic flyway populations of

the protected blackailed godwit Limosa limosa (https:/rsis.ramsar.org/ris/8R4

The shallow nature of Dundalk Bay is advantageous to cockle growth. Cockles found
in the bay need to survive only one winter to reach commercial size while in most
other areagrowth rates are lower and cockles need to survive over two winters to

reach commercial size (Shellfish stocks and fisheries review, 2021). Possible sources
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of microplagics to Dundalk Bay include; thregeastewater treatment plants along its
coast, the urdn centres of Dundalk and Blackrock as well as agricultural sources and
domestic settings further inland which can release microplastics that may be
transported by rivers that drain the catchment area and empty into the bay. These
microplastics can end wgeposited in the sediment of the bay or be ingested by faun
residing there. Blackrock beach represents a site near a secondary water treatment
plant and sees frequent beach usBwckmarshall beach is a more secluded site
however given the tidal movemernif the Bay can represent a site where microplastic
pollution is depositedSediment alone was collected from Blackrock beach in order to
assess the differences in microplastic levels in sediment due to population pressures
which are greater here than thwre secluded Rockmarshall beach which hosts a

cockle population.
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Figure 4-3: Intertidal beach locations of this study, cockles were collected from
Rockmarshall beach at the same site as sediment collection occurred.
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Figure 4-4. Estuaries, mudflats and sandflats of Dundalk Bay not covered by water at
low tide in blue, the cockle fishery area outlined in black. (Marine Institute, 2021).

4.4 Study @ganism
The common cockl¢Cerastoderma edujds one of the main neaultured bivalve

species harvested around the coastlines of Western Europe where densities of
populations can reach up to 10,000 individuals pér(@arsset al. 2020; Tyler
Walters, 2007). It also has a very wide distribution, being found on the coasts of
Northern Europe to those of West Africa (Hayward and Ryland, 1995). Cockles serve
as a major food source for a variety of crustaceans, fishes and also-iadisngith

the speciespecific predation varying in accordance with the size of the cockles,

bivalve larvae can even be ingested by bivalves including adult cockles through
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suspension feeding (André and Rosenberg, 1991). Cockles have been documented as
a key resource supporting overwintering wader populations in species such as
oystercatchers who require an estimated28%kg cockle flesh per bird per winter in

the absence of mussel beds (main alternative food source), insufficient food
availability leadsto effects such as; reduced individual body condition, increased
mortality and reduced population sizes (Ensal. 2004; Verhulsiet al 2004).The
importance of cockles in Dundalk Bay to sustaining the seabird population has been
demonstrated by AlbuixéeMarti (2021) where the highest percentageCofedule

DNA detected in seabird faeces samples from 6 intertidal sites nationwide were

highest in the two sampled from Dundalk Bay.

The roles that bivalves play as ecosystem engineers is an importantrsisticg of
functions including bioturbation, water filtration and sediment modifications.
Additionally, bivalves including cockles, perform biodepositional functions, filtering
both organic and inorganic particles from the water column and transferring
undigested particles to the sediment in faecal and pseudofaecal form {Udliaga

et al 2021). Bivalves can therefore link microplastic pollution of the overlying water
column and the bottom sediment of this environment, transporting these contaminants
to the benthic environment, while can themselves be particularly susceptible to direct
microplastic exposure given their feeding mechanisms (dg 8a2018).

Besides serving as a food source for many species, including humans, the role of
cockles in bertic habitats cannot be understated. The locomotion and burying activity
of cockles lead to a continuous mixing of particulates in sediment, additionally the
filtration and valve movements of the species increase pore water displacement and
the exchange o$olutes at the wateediment interface (MermilleBlondin et al

2005). Largescale experiments also showed that cockles in high densities enhance
sediment stability (sand) which is important to conserving and promoting the primary
productivity of softbottomed intertidal ecosystems (Donadial 2013). Cockles, in
addition to increasing sandy sediment stability also enhance nutrient uptake efficient
of the biofilm (Erikssonet al 2017). The primary influence of cockles on

biogeochemical dynamics in imt@lal sediments is through their biodeposition and
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bioturbation activities (Rakotomalakt al. 2015; MermillodBlondin et al 2004).
Cockles filter organic material from the water column and produce faeces and
psuedofaeces onto the sediment surface wdaohbe sedimented and become fuel for
the benthic microbial food web in deeper layers of substrate (Widdows and Navarro,
2007). Strikingly, the importance of the humble shellfish is commemorated in the
place name Cocklehill and most recently, since 20i8prm of a Cockle Picker
sculpture in Blackrock, Ireland by local artist Michéal McKedwig. 4-5). Thus, the
common cockleds i mportance to Dundalk

economic and social roles.

Figure 4-5: The <cockl e pickerds statue over|l
beach. Photographed by Mark Duffy and appearing in the Irish Independent newspaper
(23rd February 2019).

4 5Materials and rathods

4.5.1 Sampling
Cockles were collected for every month from February 2028nuary 2021. Fewer

cockles were collected for the Spring (n = 28) and Summer (n = 28) due toIBovid
restrictions than Autumn (n = 42) and Winter (n = 42). Cockles (n=&df3collected
by handraking from the intertidal area oRockmarshall beach on the North side of
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Dundalk Bay(54.002674, -6.3000154V), placed in metal food containers, labelled
and frozen at-20°C. Sedimentsfrom the intertidal zones wereollected from
Rockmarshalbeacl{54.002674, -6.3000154%V) andBlackrock beach53.961880,
-6.365124W) during 2021 (Fig4-3). These coordinates represent the central point of
the grids used to determine microplastic contamination on these beaches.

Sediment sampling was conducted simtlarthat described by Friast al. (2018).
Briefly, sediment was collected using a metal trowel (0<5cm) across 3 line transects
(hereafter referred to as; uppsrore, middleshore, lowestshore) located 50 metres
from each other and 3 points were samplass each transect line to give a total of

9 sampling points per beach irsguarelike formation. Care was taken when digging

up the sediment to avoid mixing deeper layers with the surface layer. Between
sampling points the trowel was rinsed with MiQi water (0.22um) to avoid cross

contamination. Samples were processed immediately upon returning to the laboratory.

4.5.2 Tissue digestion and microplastic extraction
Prior to microplasticextraction the biometric data of the cockles was recorded.

Digestion wa carried out using a protocol adapted from Theglal (2019). Briefly,
cockles were shucked, rinsed with Mi@) water (0.22um) and weighed before placing

in 500ml Erlenmeyer flasks with 200ml of 10% potassium hydroxide (KOH). Tinfoil
covered flasks we placed inside an incubator at@Cor 24 hours set to 250RPM,
after which they were left to cool at room temperature. The samples were neutralised
using 1M citric acid solution and vacutfittered onto clean filters (Whatman, 47mm
diameter GF/C 1.2umlgss microfiber). Filters were then placed in closed petri dishes

until further analysis was carried out.

4.5.3 Sediment sparation
Sedimentsampleswere ovendried at4(PC for 2448 hours depending on moisture

content Microplasticextraction from dried sampl&gs carried out according to Mani
et al. (2019).Briefly, 10g ofsedimentvas collected using a spatula and placed in a 1L

separation funnednd 100ml of Milli -Q water (0.22pumand 10nh of castor oilwere
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added. Separation faels were then shaken by hand for 1 minutethednner walls

of the funnel were rinsed with MilQ water (0.22um) to ensure all material was
returned to the bottom. The funnghs leftto settle for 15 minuteafter which the
underlying sediment layerag filteredfrom the separation funhand set aside. e
middle layer & water and upper layer of castor oil were vactifutared onto filter
papers (Whatman, 47mm diameter GF/C 1.2um glass microfiber). While the
separation funnel was being emptied théswaere rinsed with préiltered (Whatman,
47mm diameter GF/C 1.2um glass microfibédpoethanolo ensure all material was
removed The inner walls of the top part of the vacuum filtration wete then rinsed
with 70% ethanoto help to remove any castor oil left on top of the filter paper which
may obscure subsequent microplastic visualisation. For eatlfed points where

samples wereollectedper beach3 x 10g samples were analysed.

4.5.4 Grain size malysis
Sampleswereoved r i ed at 60 and 100g of dry sedi me

in a 6sieve stack (2mm (gravel), 1Imm (very coarse sand), 500um (coarse sand),
250pm (medium sand), 125um (fine sand) and 63um (very fine sand) and a receiver
for sediments <63um. Sediment waassified using an adaptation of the Wentworth

grain size classification (Fria al 2018).

4.5.5 Visual examination and Raman analysis
Filter papers containing both digested cockle tissue and material extracted from the

marine beach sediment was observedlemnan Olympus SZX7 microscope.
Microplastics were counted, measured and their respective colour and shape was
recorded. Microplastic colours were classified as; transparent/white, blue, red, green,
black, multicoloured or otherMicroplastics were meased along their largest
diameter.Finally, microplastics were designated a shape profile as fibre, fragment,
film or bead and characterised based on their response to metal tweezers (plastics
should not break under stress but should flex or pékdene andrurner, 2023).

Microscopic analysis was carried out by an individual researcher to allow consistent
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comparisons between shapes and colours. Microplastics from the sediment and cockle
samples were selected at random for characterisation and polymeigdéatifusing

Raman Spectroscopy.he RamanSpectrometewas equipped with a 608roove

mm' ! diffraction grating a confocal optical system, a Pekimoled CCD detector,

and an Olympus BX41 microscop® @Briain et al. 202Q Loughlin et al 2027 and
spectra were obtained at a range of iBBDO cm'! using a 532nm laser. Spectra
obtained when analysing particles extracted from ceckded sediment were
compared to a spectral reference library (KnowltAll,-Bad), an ifhouse extension

of the library with additional spectra from environmental plastics collected from the
intertidal zoneand known virgin polymer types (purchased from CARAT GmbH,
Bocholt, Germany]Mendeset al. 2021) In addition,SLoPP and SLoRE libraries
(Munnoetal 2020 wer e empl oyed, and the O6fingerpri:
used to identify th@olymer type. The websged Op8me c y 6 ¢t GlR02d)e r

(https:/bpenanalysis.org/opensperwasalsoused to verify polymer type for spectra

captured via Raman in addition to PublicSpectra

(https://publicspectra.com/SpectralSearéhiyrthermore, thénfrared & Raman Users

Group fttp://www.irug.org/searcspectraldatabaspwas also consulted.

4.5.6 Statistical analysis
Data was tested for normality using Anderdaarling test which determined that both

MPs g! and MPs ind* were nomparametric. MPs ‘4 values were successfully
transformed using Johnson transformation (P = 0.807) while MPsvialdies were

not. Oneway Analysis of Variance (ANOVA) tests and Tukey pbst analysis were

used to determinstatisticallysignificant differences between average microplastics
per gram wet weight (MPs®). The KruskaHWwallis test was carried out on the Ron
parametricdeterminingthat significant differences existed between the seasons in
terms of microplasticsnd?®. MannWhitney tests were then carried out for each
potential set of seasons to examine which were statistically different from each other.
Regression analysis was carried out on the average microplastics of cockles per
individual and gram wet weighand the seawater temperature. The-parametric

Spearman'sorrelation coefficientvas calculated to evaluate correlations between
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carried out orthe total cockle group (n = 140) to determine if there was a statistical
relationship between the weight of cockles and their microplastic corimi
Whitney tests were carried out to assess microplastic amounts in contamination
controls and those regered from cockles as prescribed by Dawsbal (2023).The

level of significance used for all tests was 0.A8BdersonDarling tests revealed that
distribution of microplastics in sediment followed normal distributiondoth beach
locations and onevay ANOVA tests was used to determine if the values of
microplastics from any points used to collect samples on each beach were significantly
different to each otheBtatistical analysis was carried out using Microsoft Excel 2016
and Minitab Statistical Sokare (version Minitab® 21.1.1 (64it) which was also

used for the creation of figures.

4.5.7 Quality control reasures
To ensure good laboratory practises when analysing samples for microplastics

protocols for mitigating microplastic contamination were adhered to where applicable
following Hermsenret al (2018). When conducting labwork00% cotton lab coats
were wornat al times All work conducted on samples including the aforementioned
vacuunifiltrationswer e carri ed out in a Aclean roomo
microplastic work exclusively by a lone operator. Equipment such as; tweezers, sieves
and glassware we covered in tinfoil when not in usadditionally the vacuum
filtration unit was covered in tinfoil when filtering digested cockle sediment
samplesWhile cockles were being dissected, a petri dish containing a filter paper was
placed adjacent to quifiy airborne contamination. Procedural blanks were carried
out at the same time as the digestion of cockle tissue and sediment separation. All
equipment used for sample collection and analysis were-tifged using MilliQ

water (0.22um) before userd glassware was left to dry upside down to avoid
airborne particles settling on thenThese measures were necessary to avoid
microplastic contamination from particles that may be present in the air and settle on
equipment leading to an overestimation of craplastic numbers. Fibrous
microplastics which are present in outdoor and indoor air have the potential to settle

on equipment which may lead to an overestimation of the amount present in a sample
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matrix (Gasperet al 2018). All solutions used in thistsdy were vacuunfiltered
through clean filter papers before use with sam@satman, 47mm diameter GF/C
1.2um glass microfiber). Despite following these procedures, it is often impossible to
completely mitigate microplastic contamination and it is therefore important to
quantify it. For each beach site, 6 oil separation blang&® warried out in order to
account for contamination while for each group of cockles (n=14) a solution blank was
also examinedAs with numerous other microplastic studies (e.g., Baeehkdr2020;
Rochmanet al 2019; Davidson and Dudas, 2016) contaaion results from the
blanksare displayed (Appendix B:able 86, Table 87) rather than subtracted from
environmental resultswhich is ill-advisable given the diversity available in
microplastic shape, size, colour and composition (Davedoal 2023). These are
intended to indicate the range of possible contamination levels present introduced from
laboratory proceduredannWhitney tests carried out for microplastic contamination

in terms of both MPs"§and MPs Ind found that amounts present in ¢ah blanks

were significantly lower than those present in environmental samples (P = 0.000, P =
0.000) respectively. The mean microplastic contamination for Rockmarshall and
Blackrock beaches accounted for 9.1% and 13.3% of the mean micrapiastiég

samples for each beach.

4.5.8 Biometric data
Biometric data of cockles analysed in this study were as follows: wet weight of cockles

ranged from 0.9g, (mean: 2.81g + 1.04), length ranged frodcn (mean: 2.86cm

+ 0.38cm) and the width ranged from 2.2cm (mean: 3.19cm * 0.42). The
differences between seasons are displayed belovig#4dl). The cockles in this study
were on average above the legal landing shell size width of 17mm and the effective
landing minimum size of 22mm which is used to separate Irish from UK fisheries
cockles on the market (Fishery Natura Plan for cocklergstodermaeduld in
Dundalk Bay, 2022025).
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Table 4-1: Biometric data of cockles for each study season.

Season Gram wet weight Length Width

Spring 2.71+0.71 3.04+0.32 3.33+0.31
Summer 2.62+0.85 2.83+0.33 3.16+0.35
Autumn 3.59+1.04 3.02+0.33 3.41+0.37
Winter 2.21+0.88 2.60+0.35 2.90+0.42

4 .6Results and dcussion

4.6.1 Microplastics in ackles
A total of 697microplasticavere visually isolated and sorted from 140 bivalves in this

study.Just two cockles analysed during this study were free of microplastics while the
vast majority hadmicroplastics present in their tissue resulting in a 98.6%
contamination rate of the cockles analys@&then assessingneanmicroplasticsper

gram wet weight (MPs™Y this value ranged from the lowestwinter 1.55 + 1.38

MPs g to a highest value ispring 1.82 + 0.99 MPsYfor cockles samplgdwo
outliers were also noted amongst cockles sampled in Autumn and Winter however the

reasms for these is unclegFig. 4-6).
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Figure 4-6: Seasonal microplastic contamination per gram wet weight of cockles.
Asterisks represent outliers. Circles with cross interior represent the mean. Solid
horizontal linegepresent the median. Blue rectangles represent the interquartile range
Q171 Q3 andwhiskers represent the range.

One-way ANOVA test at the 95% confidence interval showed that average Méfs g
cockles were not significantly different between season®.g83), although the
median and mean values for cockles harvestedimter were lower than the other
seasons. Cockles examined from a Portuguese lagoon displayed significant difference
in their microplastic concentrations between seasons and similadgvest reported
concentrations fowinter (Botelhoet al 2023). Similarly, four species of bivalves
studied by Dinget al. (2021) displayed no seasonal variation either in terms of
microplastics ¢ of microplastics ind. Cockles analysed in this study had generally
highermicroplasticconcentrations than reported in the same species along the French
Channel coasts ylermabessieret al (2019), which contained 0.94 + 0.31 items g

1 wet weight, however, cockles in thatidy were collected from areas withsmall
human population and loanthropogeni@ressures.This range fell within reported

median values fo€. edulesampled from a Portuguese lagoor0d@3 items o' and
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5.1 items §' and also mussel@l. galloprovincialig in the same stud9.77 items
g'lin January to 4.3 items Gin October(Botelhoet al. 2023.

Average microplasticper cockle(MPs ind') ranged from3.43 + 2.47 particles per
cockle in Winterto 6.90 = 3.68 particles per cockle amtumn(Fig. 4-7). Kruskall

Wallis testing revealed statistically significant differences between seasons in terms of
MPs ind! (P = 0.000). MamnWhitney tests carried out between seasons revealed that
the only seasons that did not significantly differ betw medians wergpring and
summer (P=0.422) but every other comparison displayed significant differences
between seasons with regard to this parameter. kwadd terms, however, Autumn

was the season that had biological significance compared tohresatasons studied

and the mean and median for this season was much greater than the others studied
(Fig. 4-7). One cockle sampled in Autumn reported the highest volume of
microplastics per individual with 17 revovered, another outlier was noted in Spring
cockles where 13 were recovered in one cockle (Fig§. €ockles were on average
larger for this season thahase collected in the other seasons which may help to
attribute to this difference, especially as MP<ligl not display significant differences
between seasons.h& higher abundances of microplastics in cockles collected in
autumn for this study highligls the potential entry to the human diet that these can
have as the cockle fishery closes on the first of November annually when it has been
preceded by 14 weeks open and cockles are harvested for human consumption in this

period @utumn).
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Figure 4-7: Seasonal microplastic contamination per individual for cockles. Asterisks
represent outliers. Circles with cross interior represent the mean. Solid horizontal lines
represent the median. Blue rectangles representtieuartile range Q1 Q3 and
whiskers represent the range.

These values are similar to some other reported microplastic levels noted for different
species of bivalve such as; 47% reported foM. eduliscollected from Chinese coasts

and 6.9 + 3.84eported foM. bilineatafrom Southeast India (let al. 2016; Patterson

et al 2019).In general, however, the upper values of individual contamination range
found in cockles in this studyaftumn) is higher than reported individual
contamination of bivalves than in other studies. Samples of the same species taken
along the French Coast also had lower levels of microplastics than those reported in
this current study with reported values®#6 N MP.int'gHermabessieret al

2019) while Botelheet al (2023) did not provide this data.

Microfibres werethe most commonly noted microplassbapeand accounted for
69.6% (n=485) of those recovered. Other shapes were identified with legaefrcy;
fragments (18.2%, & 127), films (11.2%, = 78) and finally beads were seen with
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the lowest frequency accounting for 1.01%<n7) of the total recovered. Fibre
proportionswere similarbetween seasons ranging from 67.5% of the total recovered
in autumn to 72.5% of the total recoveredyomingwhich could indicate a stable input

of this sort of microplastic into this marine environmeéckles from locations along
the coasts of Franceall comparativelJower microfibre levels than those analysed in
the current study and ranged from 2.4% to 45.5% per site per site (Hermabetssiere
al. 2019). Similarly, a lower proportion of fibres were documented in cockles collected
from a Portuguese d¢mon for bothwinter andsummer seasons studied with fibres
accounting for 50% and 38% of those recovered (Botellad 2023). The proximity

of the WWTP located on the Castletown Riveaynbe a source of microfibresenn

this study as its effluent lation is located just 3.5km from tha&cation cockles were
collected from for this studyn addition to the freshwater rivers whiaontain
microplastics in their surface waters as displayed in chapter 3 of this thesis

While the lowest proportion of micfibres were noted in cockles collectedaurtumn
andsummer(which had the highest averagga temperatusg, there was only a small
difference in the comparative proportions made up of fibete/een seasonshere

are several possible reasons for tdsurrence. Typically,wring hotter months, there

is less need for domestic tumialeying of clothes, the condensate of which is a source
of microfibres entering wastewater treatment facilities (Gaylagteal 2021).
Additionally, hotter sunnier periodsicrease the fragmentation of plastics into
microplastics, this is especially true for beaches where macroplastic items are exposed
to UV radiation and high oxygen availability leading to increased pbxitation
(Andrady, 2015) Macroplastic items haveelen observed by the author in close
proximity when collecting cockles throughout this studiurthermore, reduced
precipitation during the hotter periods inhibits the potential washing of microplastics
from terrestrial sources into riverhich typically rave lower flow rates at these times,
however, this reduction was not as pronounced due to weather conditions in the
country forsummer ancautumn.For the year 2020 an unseasonably strong Jetstream
dominated the weather in Ireland Bimmer which broughdbove average rainfall for

the season, and near to, or below average temperatures (Met Eireann, 2020).
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Although microfibre concentrations in cockles varied between seasons, microfibres
were still the dominant shape found every season, with fragmentsfilersd
representing a smaller proporti¢Rig. 4-8). This is in agreement with research on
marine species as a whole, as per Mizedjial (2017) microfibres constitute the
dominant shape category of microplastics consumed by marine fishes, crustaceans and
bivalves whilemicroplastic fragments, foams, and films represent a smaller proportion

of microplastics found in these species (Jakseai 2017).
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Figure 4-8: Shape composition of microplastics recovered from cockles for different
seasons.

Fibre contamination of cockles in this study was also similar to those fouydtiers
harvested from New South Waledich possessed fibre concentrations in the range
43% - 80% (Jaharet al 2019; Liet al 2018).The high proportion of microfibres
found in cockles despite the fact they possess gills that can trap particles prior to
transport to the mouth of the organism andestion may suggest, that just as
microfibres when orientated correctly can pass through the meshes of sieves

(Walkinshawet al. 2022) a similar phenomenooccurswith the gills of cockles.
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Zoonotic protozoan parasitg3oxoplasma gondiiCryptosporidium parvumand
Giardia enterica}hat can infect and harm humans and marine mammals were shown
to have a greater ability to associate with microfibres than with microbeads (&hang
al. 2022) The World Health Organisation recognises thesehqgEns as
underestimated causes of illness from shellfish consumption additionally they are
persistent in the marine environmeRurthermore faeces of seabirds feeding on
cockles found in Dundalk Bay have been shown to coMiino bacteria common to

both sediment and cockleAlbuixech-Marti et al 2021 thus highlighting the
potential for microplastics to act as vectors of disease transmission for this area.

It is implied that the amounts of microplastics in mussels increase with their growth
(Berglund et al 2019), as cockles are also filter feeders this relationship between
cockle wet weight and microplastic burden was examined. Based on the Spearman
correlation test there wasweak butstatistically significant relationship between

cockle weight and microplastic abundaigcerrelation = 0.438, P <0.00(ig. 4-9).
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Figure 4-9: Relationship between microplastic burden and weight of cockle.
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Filtration ratedfor seawater generally increase with cockle body size (increased gill
surface area), however factors such as; food availability, temperature and
physiological (mainly reproductive) conditions can also play a role (Sehaal1997;
Iglesiaset al 1996). Cockle filtration rates tend to be highest in the temperature range
of 8-20°C (Brock and Kofoed, 1987), especially for the spring season in order to
provide the energy necessary for gonad development (Newell and Bayne, 1980).
Filtration rates, hoever, strongly reduce in water temperatures less than 8°C even
with the abundant availability of food (Smaatlal 1997).

Thehighest amounts of microplastics were found in cockles harvessatuimn both

in terms of MPs g andMP ind!when the mean ater temperature in Dundalk Bay
was 14.3°C which was the highest average seasonal temp€@dard emperature

Info, 2022) The fact that there were no significant differences in microplastic
concentrations in terms of MP8 getween seasons may indictttatmicroplasticsn

this species are potentially escaping egestion and may have relatively long residual
times More likely, however, is that due to the shallow nature of Dundalk Bay (which
lends to the productivity of the cockle fishery) that even ihdoer mont hdés
filtration rates increase when submerged in a few inches of water which is rapidly
warmed by solar radiation during the ddyurthermore, the similar microplastic
concentrations between seasons may be due to a combination of envialfiactoits

for the marine environment of Dundalk Bayn warmer seasonshe temperature
increase leads to increased filtration rate of cockles which could increase the exposure
to microplastics present in the water while in colder seasons the filtradten r
decreases but the freshwater inputs increase as the flow rates increase ftnatvers
enter Dundalk Ba{EPA Hydronet, 2022)\hich can lead to an increase in terrestrially
based microplastics entering the Bahis may result ina similar microplastic
exposure level even as filtration rates decrelasghermorethe possibility of import

of microplastics from nearby coastal waters should not be excliderhne
Hernandezt al. 2021)as several studies in coastal environs have displagaéahpiort

of suspended particles from the sea during periods of low river discliBigsst al

2007 Falcao and Vale, 200¥ale, 1990.
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In bivalves collected in a Portuguese lagoon, median concentration of microplastics in
cockles were statistically lower iwinter thansummer and was attributed to the
temperature decreasewinter potentially triggering a lower filtration rate, resulting

in lower concentrations in the wheseft body tissues of organisms (Boteléal
2023).Given that sea temperature can be a factor governing cockle filtration rates, this
was examined as a predictor for microplastic concentrations and numbers in
individuals using regression analysis. However, this was not deemed to have an overall
strong impact on the relationship for either accounting for 33.3% of the variation in
MPs ind! and 16.7% of the variatidior MPsg™.

Although cockles do not select food based on sight and therefore colour unlike some
species of fishde Saet al 2015) it can be important to record the colours of
microplastics, as it can be an indication of their &pmnget al (2017)documented

that polystyrene that underwent lotgrm exposure of UV irradiation changed the
colour from white to yellow and became fragilerlansparent / whitenicroplastics
primarily fibrous in nature were the most commonly recovered in the current study,
accounting for50.1% (n=349) of totalmicroplasticsrecovered and were the
predominant colour found for every season studied. Blue microplastics were the next
most commonly recovered, and accounted for 22.8% (n=159). Black,(8:953,

red (n=344.99, green (n=182.6%), multi-coloured (n=111.6%) and other colours
(n=64, 9.2%) were also recovered (Fig¢:10).
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Figure 4-10: Seasonal microplastics colour composition found in cockles.

Documenting the size profile of microplastics is important as it can demonstrate their
bioavailability to organisms that encounter them. In this current shedgnajority of
microplastics werg1lmm in size for each season. The proportions within rasder
categorises (<1mm) differed between seagbig 411). These findings are in line
with the findings of Joycet al (2022) who found that microplastics <1 mm was the
most common size recordedtime benthic Dublin Bay prawmiNephrops norvegicus
Microplastics in the size categoryil5mm accounted for 38.3% of the total 697
microplastics recovered from bivalves respectiv@lscording to the microplastic size
classification method developed by the National Oceanic and Atmospheric
Administration, ®% of microplastics found iaquatic systems are between OO
1mm,29.8% of microplasticare between 1ral 2.5mm and 17.6% of microplastics
are between 2.5 and m@n (Revelet al 2018.
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Figure 4-11: Seasonal microplastic size composition found in cockles.

Microplasticsrecovered from cockles in this current study were generally larger than
those found in cockles and mussels on the channel coasts of France where 0.9% were
larger than 500um (Hermabése et al. 2019).However, larger particles have been
documented in this species previoudfarissonet al 2003 observed the uptake of
cellulose between 60 and 500um in this species and also sand grains of up to 600pum
present in the intestines. Additionally, Kristensen (1957) found that adults of the
species inhale bivalve larvae up to the size of 90Qumasalso been noted that for
particles with a high aspect ratio such as fibres ingestion is less constrained in bivalves
provided that one dimension is withihe size that can be ingested (Wetrdl 2019.

For example, when microspheres and microfibres weligetdled simultaneously to
oysters and mussels both species rejected significantly higher proportions of the
1000um diameter spheres than 1075um long fibres (\WWdrdl 2019). Larger
microplastics (> 25um) are likely to have relatively short transit timésvalves and

will primarily be concentrated in biodeposits (pseudofeces and faeces) (Ringwood,

2021). This however, means that cockles can act as transporters of microplastics in
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the water column to marine sediment and may have effects on other species found

there.

4.6.2 Microplastics in marine beackdiment
For each of the sampling points (n=9) per beach, the average microplastic content was

taken from the 3 x 10g samples that wenalgsed. The raw data is displayed in
boxplots for both beach locations and their respective nine sampling points below and
shows the variability between replicates (Figl 24 Fig. 413). The average number of
microplastics per beach was determined bingthe average number of microplastics

from the 3 x 10g samples analysed per point adding these now nine average 10g values

together and averaging them before extrapolating to RdPslry weight

From Rockmarshall beach, the maximum numbemafroplasics found in a 10g
replicate was 20 while for Blackrock beach the maximum number was 39
microplastics This is much lower than the study by Liebezeit and Dubaish (2012)
which recorded a maximum of 49@icroplastic in one 10g sediment sample.
Mathalon andHill (2014) reported microfibre concentrations ranging fromi 280 /

10g from Halifax Harbour beach, while bays and beaches of Huatulco, Mexico had
values ranging from D 69 microplastics per 10 g dry weight of sediment (Retatna

al. 2016). Oneway ANOVA testing found that there was no significant difference
between the mean microplastic concentrations for sampling points on each separate
beach, (Rockmarshall beach; P =9).@8Blackrock beach; B 0.48). While there were

no significant differences imicroplastic numbers between sampling points on the two
beaches there was high variability between replicta&en. This underlines the
potential of underor overestimating microplastics in the environment in instances
were replicates are not taken whibas previously been noted in another study on

microplastics in sediment of the Irish marine environment (Pagtar2020a).

119



Microplastics / 10g

w
o
I

[\¥]
o
|

—_
(=)
I

X 5 X 3 X 5
Qﬁ\ 2 c Q@\ X & qﬁ\ 2 &
8“’ & £ o@ 'Q‘\\ & o@ \‘\\
&b , bb (s) [2) & (s) of &
N o & &° o & &°
2 ¥ < *’g‘ & <
N & «

Figure 4-12: Microplastic levels of sediment from 9 sampling points on Blackrock
beach Circles with cross interior represent the mean. Solid horizontal lines represent
the median. Blue rectangles representrémge.
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Figure 4-13: Microplastic levels of sediment from 9 sampling points on Rockmarshall
beach Circles with cross interior represent the mean. Solid horizontal lines represent
the median. Blue rectangles representrémge.

Microplastics were recovered from every replicate sample taken from all locations.
Generally speaking, this is in line withost studies on beach or intertidal locations,
however some studies on shallow coastal environments have reported at least one
replicate where no microplastics were deteceed. (Ferreiraet al 2020; Sandret al

2019; Laglbaueet al. 2014).In total 344 microplastics were recovered from 270g of
beach sediment (1274 MPs Kdgw) from Rockmarshall beach on the North coast of
Dundalk Bay whilst 304 microplastics were recovered from beach sediment (1125 MP
kg? dw) from Blackrock Beach inner cskiine. Microplastics were recovered in a
variety of shapes, sizes and colours at both study sitiesofibres were the most
commonly observed shape of particle recovered at both locations. accounting for
83.1% and 82.5% of the total microplastics recedefrom Rockmarshall and
Blackrock beach respectively (Fig-14). The next most common particle shape
recovered at both beaches were fragments (Rockmarshall; 13.9%; Blackrock; 12.5%)
followed by films (Rockmarshall; 2.6%; Blackrock; 4.6%) and finally mierads

accounted for 0.003% of total microplastics recovered at both locations. The
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predominance of microfibres found in sediment in this study was similar to results
observed in other studies on Irish marine sediment (Mendes2&24l, Martinet al.

2017; Joyceet al 2022) and in the cockles analysed for microplastic contamination as
part of this study. A review of microplastic contamination of marine coastal
environments by Harris (2020) found that all but 3 of 13 studies that reported shape
composition of recovered microplastics from beaches had microfibre compositions
above 70%, and that the median number of microplastics that are fibres from 12 studies
on shallow coastal environments was 60%e presence of two nearby WWTPS to
both sampling locatisimay help to explain the high proportions of microfibres found

at both beach locations as they are less likely to be trapped in WWTPs than other
shapesBenDavid et al 2021).Although the WWTP plant located next to Blackrock
beach caters for a smallpopulation equivalent (PEpan the WWTP located nearer

to Rockmarshall beach it must be noted that this is a secondary treatment facility
compared to the WWTP located nearer to Rockmarshall beach which has tertiary
treatment but caters for a larger PE. Tdiéferences in microplastics removal
efficiency between these facilities has been noted previousytertiarly treatment
plants more effective at capturing microplas{iglagniet al. 2019; Lyareet al. 2020;

Tang and Haibarata, 2021; Edbal. 2020)
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Figure 4-14. Concentrations (MP¥g™) and shape composition of microplastics
recovered from sediment of Dundalk Bay and proximity to wastewater treatment
plants and rivers that enter the bay. The bay fills from the Soléim the tide comes

in, the direction of wicth is indicated with a blue arrow.

The majority of microplastics recovered from both beach sites were transparent / white
in colour and accounted for 53.7% (n=185) and 49.3% (n=150) of the total recovered
Rockmarshall and Blackrock sites respectively, material blue and black in colour were
the next most abundant with 57 (16.5%) and 43 (12.5%) items recovered at
Rockmarshall. Red (n=28, 8.1%), green (n=10, 2.9%), raltured (n=5, 1.4%) and
other colours (n=16, 4.6%) made up the colour profile of the remaining portion of
recovered items ém Rockmarshall beach. A similar pattern in colour composition
was seen in microplastics from Blackrock beach. Blue was the next most abundant
colour found there (n=63, 20.7%), followed by; red and black (both; n=25, 8.2%),

other (n=26, 8.5%), green (n=148,3%) and multcoloured (n=2, 0.6%). A similar
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colour profile of microplastics has been documented previously in marine sediments
with white, black, blue and transparent particles occurring frequently{Iaiamillo

et al 2021; Baptistat al 2019; Matin et al. 2017). As noted by Zhaet al (2022)

the influence of colour should also be considered when assessing the ecological risk
and toxicity of plastics in the environmetitmust be remembered ththe colour of a
plastic particle camot easily baised to deduce itgpe or origin as microplastics may
change colour to transparent or yellow due to weathering or sample processing and
also have originally been transparent in nature (Zreirg. 2020; Suet al. 2018)

Colour composition of sedimensampled from the same location as cockles
(Rockmarshall beach) was similar to that found in cockles. Colour composition was
also similar between both clams and sediment studied in a Southern Philippine Estuary

with black and blue particles dominatirBofifacio et al. 2022).

It is important to categorise the size distribution of reported microplastics as not only
does it enable discussion about potential bioavailability, but it also enables
understanding of their potential transport and dispersal in th@enenvironment via
currents and waves in relation to their hydraulic equivalence to natural sediment
particles (Harris, 2020Microplastics larger than 1mm made up the majority found at
Blackrock beach (54.9%) while they made up the minority (33.1%)dau sediment

at Rockmarshall beach. One possible reason for this difference is the very close
proximity of the WWTP located at Blackrock to the sampling location meaning that
microplastics are readily deposited in the upper layers of sediment here twithou
undergoing subsequent breakdown in the natural environmenoro $maller
microplastics, while the beach location at Rockmarshall is further from both WWTPs
on the coast of Dundalk Bayotentially receiving more degraded and therefore
smalleré o | dieroplastianFurther research is needed to test this hypotllesiggh

and the transport mechanisms for differently sized microplastics differ, moving either

as suspendeldad or bedload which can further fragment them (Hatris. 2020).
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4.6.3 Polymer aalysisof microplastics isolated from cockles
A subsample ofuspectednicroplastic{n =110, 15.7% wasrandomly selected from

cockles for polymer identification using Raman spectroscopy and matches were
identified for 85o0f these The most commonly ehtified were Polyamide (PA),
Polypropylene (PPandpolyestes (Fig. 4-15). Unspecified polymerare discussed in
chapter 2(section 2.9.2) fthis thesisMaterial of natural origin, namely, cellulose
made up 9% of the total identified using RanspectroscopySome examples of

identified polymers are displayed below (Figl@).

= Polypropylene

= Polyamide

®m Polyester
Natural Origin

= Pigment

= Additive

®m Polyethylene

= Other Synthethic
Polymers

= Unspecified polymers

Figure 4-15: Polymer composition of microplastics recovered from tissue. efdule.
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Figure 4-16: Examplesof polymers identified from cockles. A: polypropylene, B:
polyethylene, C: perfluoroalkoxy alkane, D: poly(ethyleel-hexene).

4.6.4 Polymer aalysisof microplastics isolated from marine beach sediment
A subsample ofuspected microplasti¢s = 144, 22.2% wasselected at random from

those recovered from beach sediments and positive matches were obtaltigtidor
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thesg(Fig. 4-17). The most commonly noted polymers were Bspecified polymers
and polyesterwhich made up 77% of those recovered. There avagder range of
polymers recovered from the sediment from Blackrock beach with 9 identified (PA,
PS, Polyethylene terephthalate (PET), Polyvinyl chloride (PVC), ethylene vinyl
alcohol (EVOH), Polycyclohexylenedimethylene terephthalate (PCT), Polystyrene
poly(ethylene propylene)blogbolystyrene (SEP) and a copolymer of poly(butylene
terephthalate and poly(tetramethylene glycol) (FBIMG). Cellulose made up the
majority of material of natural origin found in both cockles d®hchsediment.
Examples of sme polymers identified in sediment are displayed below. (Fig)4

® Polyamide

m Polyester
Natural Origin

® Pigment

® Other Synthethic

Polymers

= Unspecified
polymers

= Polystyrene

Figure 4-17: Polymer composition of microplastics recovered from intertidal beach
sediment.
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4.6.5 Comparison of identified polymers between matrices
While polyethylene and polypropylene were both recovered from cockle tissue it was

not recovered from the sediment of either beach and is likely due to their densities.
These polymers are thievo most commonly produced plastics accounting for
approximatelyd9% of plastics demand distribution by resin type in 2019 with many
widespread uses such as; packaging, agricultural film, piping, houseware and

automotive part¢Plastics Europe, 2020).

However, this is not a totally unprecedented occurrence, Marah (2017) noted

that PA was the dominant polymer recovered from marine sediment from the Irish
continental shelf while polypropylene made up just 3% of those identified.
Additionally, the presence of PE or PP was not detected in subtidal sediments taken
from the West of IrelandRagteret al 202G3). While both of these plastics are
commonly used in fishing equipment as components of nets, ropes or floats they have
a density lower than that of seawater whiclcaunts for their abundance icean
surfacesorét-Fergusoret al 2010 while beingless denséhanPA and PVC which

are also used in fishing gear (Lusle¢ral. 2017; Andrady, 2011PA and polyesters

were also frequently recovered from the bottom dwelllnglin Bay prawrNephrops
norvegicusand sediment from Irish fishing grounds in a recent study (Jeyeeé

2022).

Their presence in cockle tissue may be due to the feeding mechandmed with
this species filtering seawater for nutrients in and ingesting these buoyant polymers as
the tide comes in without them settling down to the sediment upperitaggeat
numbersCockles may thus give a representation of microplastic presenhe water

sediment interface in shallow marine environments.

While PA may have fishindpased sources they are also used in the production of
fabrics (Coyle et al. 2020) PA in the form of nylon 6 and 6,6 in combination with
polyester account for the largest global share of synthetic textile microfibres
(Castelvetroet al 2021) The factthatthe vast majority of microplastics recovered

from both cockles and sediment wdibrous in naturevhich leads to the likelihood
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that they stemmed from sources such as WTTP effluent or being washed from their
sludges when applied to land as bioso(idsrradiniet al 2019. A large portion of

both inflow and outflow microplastics to WWTPs were found to consist of textile
microplastics long et al. 2019,Murphy et al 2016).Polyester and PA are expected

to sink faster due to their high density and are mostly found in intertidal and subtidal
sediments (Botelhet al. 2023).Fibrous microplastics were also the dominant shape
found in surface waters studied in chapter 3 ofttiesis.

There was a wider range of polymers recovered identified in the tissue of cockles than
in the sediment of Dundalk Bay’P, PE, PCT, PA, PE, PETRoly(butylene
terephthalatepoly(tetramethylene glycollPBT-PTMG), Poly(ethyleneco-hexene),
anethylene copolymer, Poly(ethylenyl acetate), acrylic rubber were all identified.
Furthermore, titanium dioxide which is used in a broad range of plastics was detected
as well perfluoroalkyl alkane, a forever chemicaéhis wide range of recovered
polymers indicate thaf. edulemay be a suitable bioindicator species to be collected

in conjunction with sediment samples able to filtetbotioyant and sinking plastics.
However, alone it is unlikely to be effective as a biomonitor for these buoyantglasti
and it may be useful to collect a species that resides in the water body and has greater
access to more buoyant polymers such as PE and PP such as the Mussel,
galloprovincialis as demonstrated bgotelho et al. (2023)in conjunction withC.

edule

4.6.6 Grain sizemalysis
The sand grains from both beach locations varied in composition. At Rockmarshall,

the sediment consisted of gravel (0.02%), very coarse sand (0.08%), coarse sand
(0.52%), medium sand (35.63%), fine sand (60.05%), very fine sand (3a84Ps)It,

clay or colloids (0.36%). Sediment from Blackrock beach was finer in composition
and consisted of gravel (0.01%), very coarse sand (0.08%), coarse sand (0.42%),
medium sand (4.03%), fine sand (62.87%), very fine sand (30.72%) and silt, clay or
caloids (1.87%) The relationship between sediment grain size and microplastic load

has been examined ieweral studies.
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Mendeset al. (2021) established an association between finer sediment particles and
greater contamination of microplastics in Irishanne sediment while a lack of
relationship displayed between microplastic load and sediment grain size has been
noted in other studies such as; Mathalon and Hill (2014), Dastsain(2020), Alomar

et al. (2016) and Brownet al (2010). In this currenstudy however Rockmarshall

beach which had coarser overall sediment content than Blackrock beach had a greater
microplastic burden but this difference was not significant. Additionally, more
microplastics in the largeril5mm size range were recoveredm Blackrock beach
(54.33%) than from Rockmarshall beach (33.2286)y beaches in this very shallow

and flat bay it is therefore possible that the nearby presence of wastewater treatment
plants and the tidal movement in the bay are governing factors itwoptastics
presence in sediment, however, further study examining microplastic transport in this

area is needed to verify this.

4.7 Conclusion
In summation there were many advantages to the process undertaken to assess

microplastics in cockles and sediment of Dundalk Bay. Since the assessment of the
microplastic content in cockles was total body content (no organ specific digestion
was performed) in combiniah with the rapid freezing of the bivalve samples-(no
depuration) gives relevant environmental results as predators (crabs, seabirds etc.) do
not target specific organs or parts of cockles when preying upon them and can
themselves be exposed to the tatatroplastic content of cockle®redation of
contaminated prey items is one of the primary routes of microplastic exposure (Nelms
et al 2018).The use of castor oil for microplastic extraction from sedinerthis

study has numerous benefits. It has mommentally friendly disposal, a neoxic

nature enabling speedier use in lab and is cheap when compared to other density
separation salts such @aCl, or Nal and allowed the recovery of denser polymers
such aPVC andPET as noted byMani et al. 2019).These factors allow its use in
citizen science projects which are key in order to establish effective monitoring for

microplastics on both a local and national scale.
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The lack of a strong linear relationship between cockle weight and microplastenb

and biological differences between seasons indicates that cockles in this marine
environment ingest and likely egest microplastics persistently and microplastic

presence is likely a transient value and a reflection of surrounding microplastic levels,

they could however, serve as vectors for disease infecting this important shellfish.

Ecologically importantockle bedsn Dundalk Bayare a prominent source of food for
wading birdsand it is likely they are ingesting microplastics with the potential fo
transferring potential pathogenic bacteria to these species before being egested
themselves to other areas. This network of pathogen / microplastic transport between
cockles and seabirds for this area requires further skwdyhermore, populations of
cockles have been subject to mass mortality events in the past resulting from a variety
of causes, including: harsh winter conditions and exposure, overfishing, predation,
overfishing, failed recruitment, pollution and diseases (Ducret@l 1989). Due @

the vulnerability of cockles to a wide range of thretiis,contamination of cockles in
Dundalk Bay by microplastics represents a relatively new threat to this population of
vital shellfish that have an economic, ecological and historical importaticis t8PA

and SAC.

The results of this study show that cockles found in Dundalk Bay are contaminated
with microplastics and can lead to predators being exposed to microplastic
contaminationThey can als@xacerbate the contaminationather organisms fod

in the sediment of the bay through the egestion of microplastics they filter from the
water column To comprehendn full the impact that microplastics can have on
intertidal or shallow ecosystemkargescale mesocosm studies may be necessary.
While the mtential sources of microplastics to this environment are numerous and
likely include but are not limited to; fishirgctivities, littering,riverine inputs and

urban pressureand the effluent of WWTPs on the coastline of Dundalk Bay as
microfibres were the most frequently noted shape for both cockles and sediment.
Microfibres dominated the microplastic shape morphology present in surface water
samples present in rivers entering Dalk Bay reported in chapter 3 of this thesis thus

contributing tothe contamination of the marine environment.

132



Microfibres constituted the greatest proportiomo€roplasticsfound in cockles for
every season studied as part of this study, with a rahd@®.5 to 725% of total
abundances arttle majority of microplastics found in sediment at both beaches which
indicates that cockles have suitability in reflecting environmental microplastics types
for this area Recently, the potentially pathogenic groiibrio, was detected ig.

edule sediment and bird faecal samples where the oystercatdiaematopus
ostralegusand other waders were observed to be feeding on cakietertidal areas
around the Irish coasflbuixech-Marti et al. 2021).Microplastics have recently been
found in human blood and living lung tissue for the first time, the consumption of
bivalves contaminated with microplastics could therefore be a direct entry route of

these pollutants to humans.

The high concentrations ofianoplastics found at both sites (1274 microplastic$ kg
and 1125 microplastics Ky which is more than double thestimated safe limits of
sediment microplastic levels of 540 microplastics kgveraertet al. 2018)may be
linked to the shallow naturef this siteaccumulating these pollutants and Dundalk
Bay serving as a hotspot for microplastic pollutidhe assessment of microplastic
pollution falls under descriptor 10 of the Marine Strategy Framework Directive which
states that anthropogenic littshould not cause harm to the coastal or marine
environment and that quantities of litter entering these environments should be
reducing overtime (MSFD; 2008/56/ECTurrently there is no monitoring of
guantities of micro litter entering the marine enviremt in Ireland.As the first
country in the EU (following the UKs departure) to ban microbeads under the
Microbeads (Prohibition) Act 201&hich came into effect on the 2®f February
2020 Ireland was at the forefront of such actions against microplaside this is a
positive step in limiting microplastic pollution, microbeads make up only a very small
proportion ofmicroplasticsfound in Irish environments and natugadvironments in
general. Theesults of this study and others highlighting high proportional microfibre
levels in Irish marine environments and biota illustrate the need for policy and

legislative action against this form of pollution to the marine enwirent.
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5.1Abstract
The presence of microplastics is increasingly noted in marine species raising concerns

for their potential to disrupt ecosystems and affect marine functioning. In this study
microplastic presence is assessed in two different marine communities (intentidal
subtidal) found within theSpecial Protected Are§SPA) and Special Area of
Conservatior(SAC) of Dundalk Bay on the east coast of Ireland. Microplastics were
extracted from specimens using 10% potassium hydroxide (KOH) and a subsample
was analysed usg Raman spectroscopy, confirming their anthropogenic origin.
Microfibres were the most commonly found microplastic shape in 8 out of 9 species
assessed and polyamide (PA) was the most common polymer btse. was no
significant difference in micropldss ind! between environs but microplasticg g
were significantly greater ismallerintertidal species than subtidal ones indicating
greaterpotential fornegativeeffects from microplastic ingestiofhe differences in
concentration levels between species underline the importance of using an ecosystem
based approach in order to avoid under overestimating themicroplastic

contamination in biota for a study area
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5.2 Introduction
Microplastics or pmces of plastics regularly definecbmm in size have become

pollutants of environmental concern (Frias and Nash, 2019). Their small size makes
them especially problematic given their bioavailability to a wide range of organisms
and also the difficulty witltheir removal from the environment when compared to
macroplastic§DunhamCheatham and Arienzo, 202Brimary microplasticsthose
created to be of this small sjzand secondary microplastjchose formed via
breakdown of larger plastic materiare ncreasingly found in the environment with
secondary microplastics the more prevalent type found (elabd 2020). Recent
studies have shown microplastics to be ubiquitous in the marine environment with
their presence noted in; many species of marine arifi.usheret al 2018), near

shore environs (Harris, 2020 and references within), polar regions (Reeke2018;
Isobeet al 2017) and deepea sediment (Courteldeneset al. 2020). Microplastics

can be ingested by a wide variety of speesibiting different feeding mechanisms

in the marine environment and can be consumed both accidardlyas via filtration
feeding of bivalves(Rochmanet al 2015)and through misiderfiiing them as prey
items (De Séet al 2015). Microplastic contarmation of fieldcollected benthic
organisms including molluscs, crustaceans and polychaetes is noted (Magtia€lli
2021; Vecchiet al 2021;Sfrisoet al 2020).

When ingested and retained in gastrointestinal tracts of marine organisms
microplasticshave the capacity to damage or clog their tracts which can cause
malnutrition via reducing food intake or causing false satiatiWalKinshawet al

2020). Capable of injuring organisms that consume them and accumulating
environmental pollutants in additioto harbouring pathogengCholewid&ka et al.

2022) microplastics can cause ecosystewel effects, including the alteration of

biogeochemical cycles (Seeleyal. 2020; Gallowayet al. 2017).

Whil e the ter m fisthooined loyprhoangsoni (2004) evidesce of
marine biota interacting with microplastics and associated concerns had been
documented previously. Carpenttral (1972) noted 8 species of fish consuming
polystyrene spherules 0:22mm in diameter in coastal wasesf New England which

raised concerns of intestinal blockage and physical injury in smalleMishoplastic
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pollution to intertidal and shallowubtidalspecies is not to be overlooked as these
species play a key role many marine tropic food webs psmary and secondary
consumers the exchange of nutrients and energy between the benthic food web and
the pelagic food we{Sinhaet al 2021). e threat of microplastics to benthic species

Is particularly concerning since they contribute up to 90%igf prey biomass
(Hagerkdumeret al. 2019;Schindler and Scheuerell, 2Q0&eber and Traunspurger,
2015 leading to the possibility of larger fishes being exposed to microplastics through
contaminated prey raising concerns for bioaccumulation and biomagnification in
marine biota (Barbozat al 2018), with microplastics nadein the muscle tissue of

large predatory fish that are consumed by humans (Di Giaeina 2023).Many
species of edible demersal, pelagic and reef fish, sampled from across the globe, have
been found to ingest microplastics (Walkinshetnal. 2020 and references within).
Recently microplastics have been documented in benthic species from various marine
ecosystems exhibiting different feeding patterns (Sfetsal 2020; Coppoclet al

2021; Joyceet al 2022). Furthermore, ingestion of migpotastics by marine filter
feeders can have more severe effects on food chains as thbgiataselinéKhalid

et al. 2021). The ingestion of microplastics can lead to adverse effects such as
oxidative stress, cell damage, tissue inflammation, incregisecksidence times and

the leaching of chemical additives and sorbed contaminants (Vethaak and Leslie,
2016; Gray and Weinstein, 2017).

Microplastics have become the subject of increased environmental studies both
examining their presence in the natavironment and wilstaught biota and through
ecctoxicological lab work (e.g., Nunest al. 2023; Tranet al. 2023). While much
work has been carried out on species that have economic value to humans
(Walkinshawet al. 2020)less work, however, has beemducted on species that have
limited or nacommercial valugincluding species of invertebrateghis presents an
oversight in data acquisition as invertebrates serve as important prey species for
commercially valuable species as well as existing as pyisansumers in food webs
and may represent starting points for microplastics entering marine food Arebs.
example of such gaps in knowledge is the lack of microplastic contamination research
conducted on the deposit feedechinocardium cordaturdespite the fact it is among
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the most studied irregular echinoid for biology, ecology and morphology in general,
and is likely the most widely distributed extant echinoid (Mortensen, 1951; Hyman,
1955; Higgins, 1974). Furthermore, little research existsuthenting microplastic
presence in predatory gastropods despite the fact their typical prey species, bivalves
are one of the most widely studied group of marine species with respect to microplastic
presence (Dingt al. 2022). Furthermore, it has been g&sted that predators and
deposit feeders may be more susceptible to ingesting plastic particles on seabed
sediments Bour et al. 2018 Naji et al. 201§ as marine sediment is a sink for
microplastics (Masonet al 2022) A recent review of available literature by
Walkinshawet al (2020) indicated that microplasticeeamore prevalent in lower

trophic organisms.

Coastal ecosystems serve as important nursey zones for juveniles of many fish species
(Cheminéeet al. 2021).During their lifetime the juvenile habitat is often only a small

portion of the habitat thahdividuals of a fish species will occupy (Gibson, 1994,

Elliott and Dewailly, 1995). Howevethe threat posed by microplastic pollution and
exposure may be heightened in the juvenile
fishes are likely more pra@to misidentify microplastics as prey items (@tyl 2017)

in addition, they are more likely to experience mechanical interference in their feeding

and digestion processes t ha)nThdreaisaghgh si zed
likelihood that juvenile fish living in estuarine environments will interact with
microplastics as these habitats are usually located close to contamnination sources
(Naidooet al. 2015, 2016)Worringly, microplastic exposure resulted in the formation

of intestinal lesionsn the intertidal fish specieGirella laevifrons (Ahrendtet al
2020).Reatworld microplastic contamination is documented in juveniles previously,

for example;100% of juvenile fishes of 3 silverside species recovered from tidal pools
contained micropldgs in their stomachs (Mendazet al 2022) and 70% of

Patagonian blennie&leginops maclovingsontained microplastics (Mendoetal

2023).

Estuaries and earshore or intertidal habitatdeing first to receive river inflow

transporting contaminasitnto surface wateraresites of potentially high microplastic

137


https://www.sciencedirect.com/science/article/pii/S0048969722044606#bb0040
https://www.sciencedirect.com/science/article/pii/S0048969722044606#bb0235

contamination given their proximity to terrestrial environments where as much as 80%
of marine litter originatesHuropean Environment Agency, 2023; Brovatal 2010;
Wright et al 2013) Due to their proximity to the terrestrial environment, these
ecosystems are at a wider risk of anthropogenic pressures disturbing them.
Additionally, recent modelling work indicates that approximately 77% of positively
buoyant marine plastic litter stemnginfrom landbased sources spends 5 years
beached or floating in coastal water (Ongtlal. 2021). Furthermore, degradation and
fragmentation of plastic into microplastic form is expected to be greatest in surface
water and on beaches where the rate @rddV/-induced photodegradation is greatest
(Cooper and Corcoran, 201®urtermore microplastic pollution has been noted in a
large number of marine intertidal locations (PerfBtilafioet al 2022; Mendegt al.

2021, Bucol et al. 2020) andsurveys havdound the highest regionahacre and
microplasticconcentrations on the seafloor around estuarine injGdatganiet al

2000; Browneet al. 2010).

Soft-bottomed benthic environments can act as both a sink and source of microplastic
pollution (Brownetal. 2011). Microplastics can settle on the seabed as their density
increases due to a variety of processes and end up settling on the seabed such as;
biofilm formation (Lobelle and Cunliffe, 2011), egestion as part of a faecal pellet (Cole

et al. 2013), orflocculation and sinking as aggregates (Let@l 2015; Bergmanet

al. 2017; Michelset al 2018). However, wavanduced bottom currents in shallow
nearshore regions have the ability to resuspend this material in the overlaying water
body (Johnsoret d. 1987; Muchane, 1994As approximately only 10% of plastic
marine litter remains at the sea surface (Andrady, 2015) and it appears that only a small
amount of microplastics is reaching the deep environment (Harris, 2020) it is likely

that a large amount of microplastiddit settles in neashore shallow environments.

Fauna in benthic environments can interact with microplastics in a number of ways.
The sedimentiwelling brittlestar, Amphiura filiformis has been shown to bury
microfibres both by passively transporting wdawards when maintaining their
burrows but also through ingestion and egestion (Coppbek 2021). The cockle,

Cerastoderma glaucunemerged from sediment less often and in lower numbers in
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sediments containing large and medisized microplastics in gher concentrations
while the Baltic clamLimecola balthica burrowed into deeper sediment layers in
microcosms treated with microplastics than in control sediments (tMadinga et

al. 2021) Furthermore, a clear prey potential pathway of microplasticsbenthic
food webs has been shown where lobsteephrops norvegiciyged with fish that
had been fed with fishing nétased fibres were shown to accumulate microfibres in

their stomachgMurray and Cowie, 2011).

Temperature estuarine and coastatems serve as nursery areas for various fish and
crustacean species and as feeding groundsdstal and migratory birds (Bermein

al. 1988; Piersma, 1994, Zijlstra, 197R)is important therefore, to study the presence

of microgastics in speciesofind in shallow coastal environmentfsDundalk Bay as

it is a productive ecosystem serving as a nursery site for juveniles of large fish species
before they move onto deeper waters and hosting a range of organisms some of which
are of commercial value. dieed, Dundalk Bay is a vital nursery area for all the
commercial fish species in the Irish Sea and is anecdotally considered the most
important nursery area along teast oast of Irelandl(innaneet al 2029. This was
highlighted in numerous fish sun&yconducted showing that the fish species
composition irDundalk Bayshallow littoral zone and subtidal zone is primarily made

up of migrant marine species (Conradral. 2019. Gobiiformes(sand goby) and.
platessawere recorded amongst the ten most wwn species found in temperate

estuaries in a nationwide study on Irish coastal waters (Catrabr2019).

Dundalk Bay is a unique habitat in that it is a very large and shallow bay hosting an
extensive intertidal zone and also shallsmbtidalenvironment just before the Bay
opens into the Irish Sg@®undalk Bay SAC (site code 455)he shallow naturef
Dundalk Bay, affecting dilution factor, tipgoximity totheterrestrialenvironment and
presence ofishing activity means that fauna founefe arepotentially at heightened

risk tomicroplasticgKye et al 2023; Graca&t al 2017). Additionally, as chapter 3 of

this thesis displayed microplastics are transported in freshwater waters that flow into
this marine environmenthe marine communytof the bay is highly interlinked with

many species serving as food sources to the large populations of overwintering
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waterbird that reside here, additionally, overlapping prey spectra for many species
could result in similarheighteneanicroplastic expsure levels in the inshore region.
After a (re)colonisation period by post larval juveniles or by adult stages in summer,
shallowwater coastal bodies support abundant epibenthic assemblages exploiting
suitable food sources (Freitesal 2011). The intese use of these areas by various
epibenthic species combined with the similarities in prey spectra (Evan, 1983; Pihl,
1985) mean that microplastic contamination levels may be similar between species as

indiscriminate feeding occurs.

While marine speciefave been assessed for microplastic contamination in Irish
waters previouslye.g., Joycet al 2022; Pagteet al 2021) lesswork has been done

on speciesnhabitingshallow environments, highlightiregknowledge gap given that

the likelihood of interation with microplastic in these environs is greater.
Furthermore, the majority of microplastic studies examining contamination in biota
target one species which has the potential of unoleoverestimating microplastic
levels in the environment (Valeng al. 2022; Pagteet al. 2020b) while also being
focused on species of commercial value whereas a mix of commercially important and

not commercially important species are examined as part of this study.

The aims of this study therefore were to assaissoplastic concentrations in several
species found ithe shallow marine environment Bundalk Bay andxaminethe
relationship to the habitat (intertidal ssbtida) andfeeding mechanisnThe present
study investigates microplastic occurrence in $pecies of two different habitats
found within a bay environment; an intertidal site and a shaslobtidalzoneand
examines both commercial species and -oommercial speciesMicroplastic
presences assessed per individu@MPs individuat') and per gam wet weigh{MPs
gl) and trends related to the weight and length of fisiileexamined.

5.3Material and nethods

5.3.1 Study aea
The focus of this study were species foundDundalk Bay (Latitude: 53.9586

Longitude:-6.33845). Dundalk Bay is a semnclosed bay located on the East coast
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of Ireland.DundalkBay is bordered by the mountainous region of Cooley peninsula
to the North and the area of Annagassan to the South. While the hydraulics of the Bay
are dominated by thaa the rivers; Fane, Big, Castletown, Glyde and Dee are major
sources of freshwater the Bay environment. The Bay fills with water from the Irish
Sea from the South with the tide approaching in a clockwise manneinfidrday is
shallow, sandy and intertidal with up to 70% of its surface exposed during low tide.
The Bay is a classifiedhellfish production area for both razor clargsgis siliqua

which are collected from deeper waters and cocldesgstoderma edujeharvested

from the shallower areaBIM 2022, shellfish stocks and fisheries revigw here are
several potential source$ microplastics to this environment. These sources include;
the two urban wastewater treatment plants locatetti@bay, one othe coast of the
suburb Blackrock (&pulation equivalence & 7,300) and one at SoldigPintwhere

the Castletown River ¢ers Dundalk Bay (PE 61,000)n addition, potential
microplastic sourcesf concerrnto the Bay include; agricultural land where biosolids
have been applied (treated sewage sludge) which magffia river bodies or the

bay itself, theurban centres of ilndalkand the growing suburb of Blackrock to its
South and various commercial fishing activities that occur in the Bay. Dundalk Bay
qualifies as a Special Protected Area (SPA) (site code: 004026) and Special Area of
Conservation (SAC) (site code: 0004589ssessinga rich diversity of habitats
including: marine waters, saltmarshes, estuaries and extensive sand and mud flats
(extending over 4000 ha) which hawerich fauna of molluscs, polychaetes and
crustaceans that provide an important food source éorttbay 6 s wi ntering wa
(Dundalk Bay SPA (004026)Conservation objectives supporting document
Dundalk Bay is a Natura 2000 site and protects 23 specaerthe Nature Directive

and 6 habitat typesnderthe Habitats Directive (EUNISSite factsheet for Dundalk

Bay SAC). Currently, however, there are no Water Framework Directive HiglsSta
Rivers flowing into the Bay, with Louth one of only two counties in the ROI that have
no rivers of ecologically high status (EP2)21). Additionally, as shown in chapt&r
microplastics in thesurface watersf the rivers that enter Dundalk Bay have been
doaumented thus depositing terrestrial microplastics directlytointhis marine

environment. Furthermore, the contamination of the commercially and ecologically
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valuable bivalve, Cerastoderma edu)e collected from Dundalk Bay with
microplastics, which is a pyetem of several of the species examined in this work has
been shown in chapter #he juveniles of the commercially important species,
platessashelter in this environment before moving further offshore upon reaching
maturity. Approximately 574 t of plaice were caught and landed annually in mixed
demersal fisheries by Irish vessels between 2016 and 2018 and the species is mainly
caught as bycatcim coastal, shallow, sandy areas (Marine Institute, 2019; Gditver
al. 2020). The bivalveE. siliquais commercially important and landings of this
species were stable between 2@222 at approximately 500 tonnes per year with
Dundalk Bay one of two pduction areas that amount for the majority of total landings
nationwide (BIM 2022, Shellfish Stocks and Fisheries Review).

5.3.2 Study organisms Intertidal

5.3.2.1 Pleuronectes platessa
Newly metamorphosed plaiceleuronectes platessare abundant in shallowshore

waters from the shoreline to a depth of 10m and feed on small polychaete worms,
harpacticoid copepods, amphipods, crab larvae and small molluscs (Rijnsdorp and
Pastoors, 1995; Mariaeit al. 2011) and it is not uncommon to find juveniles of this
speces in sandy intertidal sho@ols (Wheeler, 1978; Frimodt, 1995). Competition
with gobiidae and epibenthic crustaceans has been attributed as the most likely
underlying mechanism responsible for observed growth reductiongmoup P.

platessa

5.3.2.2 Crangon crangon
Juvenile posskettlement brown shrimgC¢angon crangopmigrate to inshore nursery

areas for better foraging and protection from predators and typically remain here for
several weeks before returning to deeper offshore waters (Catttipsd 997). This
species will feed on most animal material including polychaetes, fish, molluscs and
small arthropods and also algae (Dolreeal 2001; Henderson & Holmes, 1987;

Kamermans & Huitema, 1994; Odt al 1999). Given its voracious appetite and
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indiscriminate feeding mechanism the selection of prey is noted to bdepeadent

and related to relative abundance of prey and cannibalism has also been noted in this

species (Pihl and Rosenberg, 1984). The major predators of both juveniles and adults
of this species are juvenile fish such as whitiMgeilangius marlangusand cod
(Gadus morhup(Kuhl, 1964; Tiews, 1965), however, smaller fish species such as the
sand gobygomatoschistus minutueed on small juveniles Hamerlynck & Cattrijsse,
1994;Salgado, Nogueira Cabral, & Costa, 2004). Furthermore, swimming crabs of the
genusLiocarcinusare noted predators of recently settled juveniles that have just
switched from the pelagic larval to the benthic phase with up to 50% of the foregut

content ofLiocarcinus holsatusonsisting of juvenilé€C. crangon(Choy, 1986).

5.3.2.3 CGobiidae
Gobies gobiidae are one of the most frequent group of botfeeding fish in the

Irish Sea and should be regarded as important predatforshallow marine
environments. Ahough their small size means they are not of commercial value in
terms of human diet (Berge and Hesthagen, 1981), gobies serve as intermediate
predators in marine food webs and serve as important prey for larger demersal fish and
predators of small benthand epibenthic organisms (Freittsal 2011). Sand gobies,

P. minutus are generalist and opportunistic predators and take prey items based on
their availability (Evans and Tallmark, 1985; Pihl, 1985; Salgstdd. 2004). Gobies
exhibit a feedingmdca ni s m k n-angdwa iatso filsayi ng down
the substrate until a prey comes along (Magnhagen, 1986) and filial cannibadism (
the predation on oneds own of FBagrstateih g)
al. 2009; Kvarnemet al 1998). The feeding ecology of the sand gBbyninutusand

the common gobk. micropshas been assessed in tipper Tagus estuary in Portugal.

It was notedthat P. microps preferentially ingested polychaetes, with isopods,

at

amphipods, bivalves and copepods taken as secondary prey items while the sand goby

had no dominant prey, although mysids were particularly important in the diet of this
species (Salgadet al. 2004).
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5.3.2.4 lLanice conchilega
The sand mason worrhanice conchilegais a polychaete worm that reaches lengths

up to 30cm and makes a tube of sand grains and shell fragments with a frayed end
which sticks up above the sand (Vlamiratkal 2023) and feeds via depotding

or suspension feeding displaying behavioural plasticity when the population density is
high (Buhr end winter, 1977; Buhr, 1976; Holtmaatral 1996).

5.3.3 Studyorganisms; Subtidal

5.3.3.1 Ensis siliqua
The razor clamEnsis siliquais an abundant marifevalve widely distributed on the

East Coast of Ireland (Fahy, 1999). It can be found in depths up to 58m, however, they
are thought to be most common in shallower watérgrd in depth (Costat al. 2010;
Encyclopaedia of Life, 2010; Fahy, 1999; Gaspat Blonteiro, 1998). The species is

of commercial value and is harvested via dredging by commercial fisheries in Spain,
Portugal and Ireland (Costet al. 2010), in Ireland, annual first sale value is
approxi mately u0u6m ( MaEnsissgp.ateltosgeriivedspeeies 2016) .
generally in excess of 10 years (Woolmer, 2007) and individuals of up to 19 years
recorded in Ireland (Fahy and Gaffney, 2001). They bury themselves vertically in the
substrate using their large and powerful foot and use Hghons for suspension
feeding on particulate organic matter, principally, phytoplankton (Be¢ah 2011).

Large densities OEnsissp. are believed to reduce growth rate and hinder settlement
as young razor clams struggle to compete for food and space and adults can be
predators of their own larvae (Hautehal 2011). Diving seabirds such as scoter,
Melanitta nigraand eider ducksomateria mollissimprey on razor clams (Aitken and
Knott, 2018). Exposed clams are also preyed upon by several species of crab, the
harbour crabliocarcinus depuratoamong them (Fraseat al 2018). Additionally,

the sand gobyP. minutus are known tattack exposed razor clams (Robinson and
Richardson, 1998; Murragt al 2014). The edible cral;ancer pagurusis thought

to be the main predator on this species in many areas €f@tk010) as it is able to
excavate them from the substrate in whiogy are buried (Hakt al. 1991) while the

starfish,Marthasterias glacialishas been observed extracting razor clams from their
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burrows (Breeret al. 2011). However, individuals exposed via dredging may be
susceptible for predation by a wider rangesdcies than would naturally target them
such as scavenging fauna or opportunistic predators such as crabs (Aitken and Knott,

2018) and their potential predator pressures are myriad.

5.3.3.2 Liocarcinus depurator
Portunid crabs or swimming crabs include ov@0 8nainly predatory species and the

diet of temperate species varies in relation to the lower diversity and seasonal
availability of prey in these regions unlike in tropical or-$rdpical regions (Choy,

1986; Careddwet al 2017). The harbour crabiocarcinus depuratomoccurs in the
waters of the Mediterranean and the Northeast Atlantic shelf and is one of the most
common portunid crabs found in these waters (Mori and Zunino, 1987; Adiedld

1988; Rufincet al. 2004) and due to this abundance can play adkeyin softbottom
community structuring via species suppression and being a prey species for fish and
other predators (Caredetial 2017). Harbour crab feeding ecology has been assessed
in the past. Free (1996) found crustaceans, molluscs, polychaetes, ophiuroids and
fishes constituted most of the diet of crabs sampled from the inner and outer channel
stations while predation on several groups of molluscs varied greatly among habitats
assessed iRia deArousa, SpainHarbour crabs sampled two different subtidal areas

of the Gulf of Gaeta, Italy found that polychaete worms, amphipods and bivalves were
consumed by crabs at both locations but in differing compositions (Caetdalu
2017).

5.3.3.3 Polinicegatenus
Naticid gastropods are a family of predatory smadidium sized marine snails

commonly known as moon shells or necklace shells, are distributed worldwide (Kabat,
1990). They are shallow infaunal living snails and have been a major source of mollusc
mortality since the Cretaceous era (Sohl, 1969). Prey are enveloped by the
mesopodium and orientated to a preferential position for drilling by the radula with

secretions of the accessory boring organ which depending on shell thickness can take
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hours to ays to complete, following drilling completion ingestion occurs via the
proboscis inserted through the drill hole (Carriker, 1981; Kelley and Hansen, 1993).
While naticid gastropods attack both infaunal and epibenthic prey, they always drill
their prey wihin the sediment (Mondal and Harries, 2013; Sohl, 1969; Carriker, 1981).
While generally actively preying in shallow to deep water there are instances of naticid
gastropods invading exposed intertidal areas and preying upon molluscs have also
been reportedGonor, 1965; Hughes, 1985; Savazzi and Reyment, 1989). Common
cockles,Cerastoderma edulare common prey species of gastropods of this order,
however, many types of bivalves are also consumed (Ansell 1982; Kirgisglyet

al. 2003) and cannibalism vkih naticid gastropods also occurs (Kelley and Hansen,
1993). For example, juveniles Bblinices catendeed on bivalves, other gastropods
and by cannibalism (Ansell, 1982). Naticid gastropods select larger prey as they
themselves increase in size (Edwsathd Huebner, 1997; Griffiths, 1981, Berry, 1982;
Rodrigueset al. 1987) and can shape the communities of-lsoftomed marine
environments by regulating the abundance of prey molluscs, @rigtov and

Varfolomeeva, 2019).

5.3.3.4 Echinocardium cordatum
Echinocardium cordatuma heart sea urchin, known colloquially as sea potatoes are

common in coastal waters of both Southern and Northern hemispheres and is likely
the most widely distributed extant echinoid (Mortensen, 1951; Hyman, 1955; Higgins,
1974), furthemore, it is among the most widely studied irregular echinoid in terms of
ecology, biology and morphology (Ridder and Saucéde, 2020 references vigthin).
cordatumcan be found from the intertidal zone down to the subtidal and depths of
approximately 250nmwith most populations well offshore (Ursin, 1960) and lives
buried in marine sediment usually from 4 to 20cm in depth (Ridder and Saucéde, 2020
references within). The urchin lives in a burrow that is connected to the surface of the
substrate by a verticdlinnel which is wider at the tofe. cordatumis an infaunal
deposit feeder, ingesting sediment in bulk from the sea floor and feeding on the
particulate organic matter occurring between the sediment grains (Brafield, 1978;

Morton, 1979). The biomass of the species varies with habitat type (Duireweld
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Jenness, 1984) but it may account for up to 60% of the total benthic biomass (e.g.,
Rees, 1954; Duineveld and Jenness, 1984; Nakamura, 2001) with the species being an
important contributor to the macrofaunal community (Daewal 1989). There are
seweral pronounced predators Bf cordatum namely; by asteroidsAgtropecteh
(Sloan, 1980) and demersal fish like plaice (Caeteal 1991) in offshore locations

and by gulls on shallowly buried individuals (Ridder and Saucéde, 2020). The species
is reldively longlived at 1020 years (Ursin, 1960; Buchanan, 1966; Duineveld and
Jenness, 1984). It is used for marine bioassays for assessing reburial activity an
survival due to chemical contamination of marine sediments (Bowmer, 1993; Daan
and Mulder, 1996Stronkhorstet al. 1999; Brilset al. 2002). In coastal European
waters it is routinely used for the assessment of sediment quality and screening
contaminated dredged material that is proposed for open water disposal (Stronkhorst
et al 2003)

5.3.3.5 Aphroditaaculeata
The marine annelid worm known as the sea mousghrodita aculeatais

distinguished by the conspicuous layer of long, fine chaetae forming a mat of felt that
cover the scales of the speci€sirrently there is limited information on this species
available with the observations by Mettam (1980) the most important. The species
feeds on worms both sedentary species and sessile ones, very young crabs and small
hermit crabs (Mettam, 1980). Observations of the species by Mettam (1980) found that
prey wee only taken when theyA( aculeata were buried and was capable of
consuming much larger prey than themselves with the feeding on the kilgrags

virens l i kened to fAa hedg¢arimarJhorsowadrsicomm. ng a st
cited in Mettam, 1980)A. aculeatais a known dietary component of the cloudy
catshark, Scyliorhinus torazamgPark et al 2019) and sharks of the Western
Mediterranean Sea (Barréa al. 2018).
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5.3.4 Field sampling and species selection
Subtidal species specimens were collectedobgl fishermen as bycatch from the

harvesting of cockles from Dundalk Bay via dredging (Bid., Table. 51). Benthic
invertebrates were collected immediately after thghdimen returnedo shore,
transported to the laboratory, sorted to species lewrapped in aluminium foil and
stored in metal food containers before being frozeAGHC for future analysis. The 5
species examined for microplastic contamination were; the polychapteodita
aculeate(sea mouse), the bivalvEnsis siliqua(razor clam), the cral,iocarcinus
depurator(blue-leg swimming crab) urchikchinocardium cordatur(sea potato) and

the gastropodolinices catenugecklace shell). Species recovered from the intertidal
area in the South of Dundalk Bay were collectedSeinenetting on a retreating tide,
beginning at a depth of approximately 50cm. Specimens were taken from the results
of 3 netting procedures. The 4 species assessed for microplastic pollution in the
intertidal inner shore area wer€rangon crangon(brown shrimp),Pleuronectes
platessa(plaice), gobiiformessp. and the protruding section of the tube of the sand
mason wormlLanice conchilegaBeach Seine nettingasconducted using a 30m x

3m net (10mm mesh size) to capture fish in littoral areas. The bottom of the net has a

weighted lead line to increase sediment disturbance and catch efficiency.

These species were selected as they represent different feedingamoaesurred in
different marine environments in Dundalk Bgptenitially exhibiting different
exposure levels to microplastics in order to give a balanced insight of microplastic
contamination levels for this environmefithe feeding modes represeniadiude;
filter-feeding E. siliqug), surfacedeposit feedingE. cordatun), opportunistic I(.
depurator, A. aculeaja(Hill, 2008; Mettam, 1980and active predation both within

the sediment K. catenus and above it F. platessa, gobiiformes, C. crangon
Additionally, the tubes of the sand mason wdtmconchilega were examined for
microplastic presence in order to see if they are incorporated into their construction as
grains of sand and pieces of shell are.

These species were selected as they septea diverse range of feeding strategies
which will help to gain an insight into what species are more prone to ingest

microplastics in shallow marine environments in close proximity to microplastic
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sources. In this study juveniles of the commerciallgantant specieB. platessavere
examined for microplastic pollution as past studies have documented their presence in
digestive tracts of adults collected in deeper waters (Wedtleth 2018), however,

there is a lack of knowledge on the presence in juveniles which is where the effects of
microplastic ingestion may be most severe. Two other spé&xidsiformessp. andC.
crangonwere also studied as they have overlapping diets witimjles ofP. platessa
occurring in the same marine habitats in order to establish if microplastic consumption
is heightened in juveniles &f. platessavhen compared to species with similar diets.
Previous work has suggested that deposit feeders may nkalg to ingest
microplastics given their feeding at the seafloor (&jal 2018), however, this has

not been documented i cordatundespite their importance in bioturbating marine
sediment and likely being the most widely distributed extant echi@iRigtler and
Saucéde, 2020). The razor cla,siliqua was studied for microplastic pollution in

this study as in chapter 4 of this thesis anofii@r-feeding bivalve, the common
cockle,C. edulehas been documented to contain microplastics, howieigetypically

found in shallower waters and &0 siliguamay have potential as a biomonitor for
microplastic presence in deeper marine environments. Predatory marine gastropods
are an understudied group of species in terms of microplastics reseqit thesfact

their prey species, bivalves are possibly the most widely studied group of species
(Ding et al. 2022) which represents a knowledge gap. Recently it has been shown that
microfibres can transfer to the carnivorous gastrdpershia clavigerathrough
feeding on mussels (Xet al 2022) thus highlighting potential routes of microplastic
trophic transfer in marine food webs. The sea mo#lseaculeatais a relatively
understudied polychaete, feeding below the sediment (Medtaah 1980) with an
opportunistic diet consisting of other polychaetes and small crustaceans but will also
feed on carrion, which can result in a diverse range of microplastic exposure pathways
via its feeding mechanisms. Freshwater invertebrates have beemettded
incorporating microplastics into their casings in several studies (8lgarez
Troncosoeet al. 2022;Ehleret al 2020; Tibbet®t al. 2018) while limited studies are
available on the presence of microplastics in tubes of marine worms (Piazzalla
2020; Knutseret al. 2020) in order to add to this body of work the tubes of the sand
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mason wornk. conchilegavere assessed in this stuéy overview of species studied

and collection method for each habitat is displayed in tafile 5

.IMertidal Sampling Location
. Subtidal Sampling Location ‘

T e VR
Figure 5-1: The SPA of Dundalk Bay highlighted in Green overlapping the area of
the SAC in brown. The area where bycatch was collected from indicated with a blue
circle and Sein@etting for intertidal species was carried out atltdwation marked

with a red cirte.
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Table 5-1: Species and their associated marine habitats in Dundalk Bay.

Environment Substrate Type Sampling  Species recoverel
method
Subtidal Soft-bottom Bottom Polinices catenus.
sand dredging Ensis Siliqua,
Echinocardium
cordatum,
Aphrodita
aculeate,
Liocarcinus
depurator
Intertidal Soft-bottom Seine Crangon crangon,
sand Netting Lanice
conchilega,

Pleuronectes
platessa,

Gobiiformessp.

5.3.5 Dissection, digestion argkamination of marine organisms
Following defrosting thebiometricsof all specieswvere recorded (weight in shell,

length, widtl). Dissection of species was carried out as per Eamd (2018). Forl.

depurator the carapace was cut open using surgicéssrs and soft tissue was
removed including gills and visceral maBssiliqguasamplesvere opened and all soft
tissue was removed for digestidh. cordatumshells were opened and all internal

material was removecd. crangonwere combined in groups @&f in order to form
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composite samples and underwent homogenisation using a mortar and Pestle.
catenuswere removed &rm their shells using tweeze#. aculeata, gobifformesp.,

P. platessandL. conchilegaubesunderwent no dissection.

Prior todigestion, the wet weight of material was recorded, rinsed with-Milliater
(0.22um) and placed in Erlenmeyer flasksgestion protocol was followed as per
Thieleet al (2019). Briefly, KOH 10% was used to digest all study organisitasks

were incubged at 40°C at 250 rpm in an oscillation chamber for 24 héursr to
filtration solutions were neutralised using 1M citric aéidr the speciek. siliquaand

E. cordatuman extra extraction step was necessary following digestion given the large
amounbf sediment present in these spedtes.these two specieslfowing digestion,

the supernatant was decanted for filtration slowly. When as little digested liquid as
possible was remaining, samples were placed in an oven at 40°C until this evaporated
Following this potassium carbonate ABOz) with a density of 1.54 g/chr(Gohlaet

al. 2021)was added to the remaining material, mixed with a magnetic stirrer for 2
minutes and left to settle for 15 minutes before the supernatant was filtered (Whatman,
47mmdiameter GF/C 1.2um glass microfiber). Filter papers were placed in labelled

petri dishes after filtration and stored in a desiccator prior to visual examination.

Once filter papers were adequately dried, they were examined under a microscope
(Olympus SZX7 andmicroplasticsvere countedAs per Gewrt et al. (2017) metal
tweezers were used to test th@nsistency of suspectedicroplastics. Plastics are
generally firmer than organic material sua$leaves or algae and inorganic material
such as a sandsurnble when pressure is applied and characterised based on their
response to metal tweezers (plastics should not break under stress but should flex or
bend) (Keene and Turner, 2028)d microplastics were measuréaterms of shape,
microplasticswere clasified as one of; fibre, films, fragments or be@wblours of
microplasticavere also noted and red, blue, green, transparent / white;auldtired

and bl ack were recorded while other | ess co
order to allow compasbns between shapes and colours of rplasticsmicroscope

work was carried out by an individual operator for this study
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5.3.6 Quality control reasures
All handling and processing of samples was completed by a lone operator in a

designatedlean room solely used for microplastic wamkwvhich only one individual

was allowed to work at any time. A 100% cotton lab coat was worn when conducting
all lab-work. In general, processing was carried out under a laminar flow hood in which
clean filterpapers were placed in open petri dishes in order to account for any potential
airborne contaminatiom sticky-mat was placedutside of the entrance into the clean
room (Mult-kL ay er Sti cky [/ T a<lBx@6irem which lelpel ok E Mat s
mitigate ©ntaminants entering on the gsoof the operatorThe clean room was
vacuumedefore the beginning of any lab work and following this work surfaces were
wiped down using 70% ethanol solution and M@liwater (0.22um) with cotton wipes
made from long stdé cotton yarn to eliminate freffoating fibres on fabric surfas
(Cleanroom wipes, Texwipe®All solutions used in the study were gdikered
(Whatman, 47mm diameter GF/C 1.2um glass microfiber) before use with samples.
Procedural blanksvere includedper set of samples processed in order to quantify
background contamination. All glassware and steel equipment was triple rinsed with
Milli -Q water (0.22um) and covered in aluminium foil when not in Results from
blanks and air controls were comparedcbncentrations found in study organisms
through paired-tests and found to be statistically different for all organisms as
prescribed by Dawsoet al (2023)and no correction methods have been applied to
them. Potential laboratosntroduced contaminain of each species is displayed in
Appendix C: Table 8.

5.3.7 Statistcal analysis
Microplastic abundances data (MPs ih@énd MPsg?l) was assessed for normality

using the Anderson Darling test. The results of both sets of data displayed that they

were not normally distributed. Both data sets were transformed using the Johnson
transformationA oneway ANOVA (analysis of variance) wasni@med to test how

these factorsvaried betweenspecies and how thegliffered based on feeding

mechanisma nd wher e di ff er en éehecsdestiogewasconduetdd. Tuk ey 6 s
Independent-tests were performed to assess if microplastics abundancesn®fPs
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and MPsg?) were significantly differently between habitats assessed (intertidal vs

subtidal). $atistical significance was acceptedbat = fér allGests.

Linear and polynomial regression analysis was carried out to examine the relationship
between length and microplastic burden for the spedessiliqua P. platessaA.
aculeataand gobiiformessp. and alsowet weight and microplastic burden for all
species examined in this studyata was analysed statistically using the Minitab
statistical software package (version Minitab® 21.1.1-{#)Y) and Microsoft Excel

2016.Minitab statistical software package was also used to create graphs of results

5.3.8 Raman nalysis
A subsample of microplastics from digested specimens was selected for

characterisation and polymer identification using Raman SpectrostbhpyRaman
Spectrometewas equipped with a 600 groove iindiffraction grating a confocal

optical system, a Pelti@mooled CCD detector, and an Olympus BX41 microsc@pe (

Briain et al. 202Q Loughlinet al. 2021 and spectra were obtained at a range of 100

3500 cm! using a 532nm laser. Spectra obtained when analysing padidiested

from marine species were compared to a spectral reference library (KnowltAll, Bio

Rad), an ifhouse extension of the library with additional spectra from environmental

plastics collected from thetertidal zoneand known virgin polymer types (purchased

from CARAT GmbH, Bocholt, Germany) (Mendes al 2021). In addition, SLoPP

and SLoPFE libraries Munno et al 2020 were empl oyed, and the

regionofeaclks pectrum was used to identify the po

Specy6 etGb 2081e(https://openanalysis.org/openspgciyi addition to

0 Publ i c Btips/publicspertra.Com/SpectralSedrgias also used to verify
polymer tyge. Furthermore, the Infrared & Raman Users Group

(http://www.irug.org/searcipectraldatabasewas also consulted.
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5.4 Results

5.4.1 Microplastics in subtidal and intertidal species
A total of 870microplasticswere extracted from 120 individuals and 10 composite

samples across the 9 different species examined. 330 microplastics were recovered
from species in the intertidal zone (n = 54) while 540 microplastics were recovered
from species inhabiting thehallow subtidalhabitat(n = 76).A variety of colours,

shapes and polymers were identified

In terms of MPs g!, species found in the subtidal environment had lower values
(average;1.36 + 1.94 MPs 4 than the intertidal (averagé2.02 + 8.34 MPs Y.
Fromspecies recovered from the subtigsvironment, the cralh, depuratorhad the
highest concentration of migstastics(4.28 + 4.0 MPs 9) while the bivalve E.
siliquahad the lowest (0.31 + 0.19 MP3S)gP. platessg14.8 + 5.58 MPs§) had the
highestmicroplasticcontamination of species found in the intertidal zone w@ile
crangon(5.81 + 2.83 MPs ¢ had the lowesOneway ANOVA testing with Tukeys
posthoc analysis revealetie mean microplastic concentrationsRofplatessavere
statistically significantly greater than all other species that had ingested microplastics
exceptGobiiformessp. and was similar to the concentrations found in the casings of
L. conchilega Concentrations of microplastias E. siliquawere significantlylower

than every other species except Aoraculeata(Fig. 52). Additionally, two outliers

were noted, one amongst depurator(14.33 MPs @) specimens studied and one
amongstP. catenug5.22 MPs ¢f) but the reason for these high numbers are unclear,
it may be possible that by increasing the sample size studied than these numbers may

be less of an outlie(Fig. 52).
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Figure 5-2: Differences inMPs g! between species. Asterisks represent outliers.
Circles with cross interior represent the mean. Solid horizontal lines represent the
median. Blue rectangles represent the interquartile rangé Q3 and whiskers
represehthe range. Species that share tetedo not hee significantly different
means.

Two samplé-tests carried out faviPs ind! when assessing habitats found that there
was no statistically significant difference between the subtidal and intertidal
community (P value = 0.386), however, ghivas not the case when assessing
concentrations (M&gt) and the habitats exhibited statistically significant differences

in this regard with intertidal values being greater (P = 0.000) §F8).
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Figure 5-3: Differencesof microplastics abundances between habitat type for MPs
ind (A) and MPs ¢ (B).

Specimens recovered from the subtidal habitat generally posseigbed MPs ind,
(range of;5.557 11 MPs individual, average7.11 + 4.72 MPsnd?) (n = 76).
Specimens examined from the intertidal habitat (n = 56) had a range df 6.83
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MPs individual! and had an average of 6.11 + 3.1 MPs individuatluding L.
conchilegacasings. The casings bf conchilegapossessed 1.37 migiasticscm™.
Oneway ANOVA anal ys i-hsc analysls datarhkined tidas MPp-fads t
were more closely related between species than MRéth the mean values oP.
catenuswere significantly different to those In depuratorandA. aculeata(Fig. 5

4). One specimen d?. catenudiad 24 microplastics present in its tissue mainly blue
fragments and it may be possible that these resulted from a larger particle that

fragmented during sample processing (Fig,)5.
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Figure 5-4: Differences in MPs ind between speciesampled from both subtidal and
intertidal habitats studied

Opportunistic feeding species / scavengers in this studgidpurator A. aculeatd
had significantly greater abundances of MPslitithn active predars or the deposit
feedingE. cordatunbut similar to those found in the filter feedBr siliqua In terms
of MPs g! there was statistically significamreatermicroplastic concentrationis
active predatorthan theother three groupsho were statitstically similar to each other
(Fig. 55).
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Despite differences imicroplastic concentrationsetweenspecies and in the total

recovered from each habitat simifaicroplasticshape profiles were found in both sets
159



of species from the intertidal and benthic habitatemvassessing them on a habitat
basis which was not evident when examining species &kKge5-6). From subtidal
speciedfibres accounted for the majority of anoplasticsfound in those examined
(58.9%), which was followed by fragments (27%), films (13.9%) and beads (0.2%). A
similar trend was noted in the miglasticsfrom the species ithe intertidal habitat

with fibres the majority of those recovered (60.9%) this was followed by fragments
(29.6%), films (8.7%) and beads (0.8%licrofibres were recovered from the tubes

of L. conchilegawith the greatest frequency accounting for 90.9%hoe recovered
which was followed by fragments (6.5%) and films (2.6%). Microfibres were the
dominant shape found in the 4 species studied in the intertidal zone accounting for a
range of: 55% ifP. platessdo 91% of those found in the casingd.otorchilega Of

the five species recovered from the subtidal habitat microfibres were the dominant
microplastic shape found in 4 ranging from: 49%irsiliquato 82% inL. depurator
Fragments made up the largest portion of microplastic recoveRedatenis(51.4%)
followed by fibres (43.2%). Fragments made up fiés2gest portion of microplastics

in 8 species studied, the aforementioned gastrdpociatenudeing the exceptian
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With regards to size composition wificroplastic recovered, this varied on a species
level (Fig. 57). Larger micrglasticsin the size range-2mm accounted for a range

of 21.6% E. cordatun) to 76.6% IL. conchilega of those recovered per species. The
predatorP. catenushad the largest portion of smalgrzedmicroplastics<300um of
species studied accounting for 57.7% of those recovered while the casihgs of
conchilegahad thesmallest portion, 10.2%-or subtidal and intertidal specimens, the
majority of microplastics recovered were <1lmm in size, accounting for 70.7% and

53.0% of those recovered respectively.
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Microplastics were found in a variety of colours across the 9 species s(kijed-

8). For species collected via Seine netting from the intertidal zone blue was the
dominantcolour (41.8%), followed by transparent / white (37%), black (8.8¥%agr
(6.1%) with green and red making up the remain®$% For subtidal species
transparent / white was ti@ostprominent colour (44.3%), followed by blue (25.6%),
black (14.3%), red6.5%), with the remainin®.3% consisting of green, muiti
coloured and other colours. Blue and transparent / white plasticswere the most
commonly found across all species studied which was followed by black and red
colours. Other colours, green amaulti-coloured particles were found with less

frequency.
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5.4.2 Raman nalysis results
A subsample of suspected microplastiess selected for Raman analysis (n = 125,

14.3%) and matches were identified for 95 microplastics. The majority of
microplastics (64%) identified were polyamides (PA) while Polyvinylchloride (PVC),
polyesters and other polymers made up 23% (F&). ®©nefibre was identified as
polyethylene and this was the only particle recovered with a density lower than that of
seawaterUnspecified polymergdescribed ir2.9.2) were also noticed he greatest
range of polymers that were positively identified were found in the filter fe&der,
siliqua (polybutylene (PBT)poly(tetramethylene terephthaladtpdly(tetramethylene
ether(PBT-PTMG), PA, PVC and an ethylene copolymer) wigtbiiformessp. and

P. platessahad three different polymers present in their tisgiiég. 510). Some
examples of identified microplastic polymers are displageidjure 511.

= PA

m Dye

" Polyester
PVC

= Other

B Unspecified Polymer

Figure 5-9: Polymer composition of microplastiescovered from biota samples.
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C. crangon
sEan E. cordatum L. conchilega
: 7% 9.1% 9.1%
143%
7.1%
71.4%
75.0%
72.7%
P. platessa A. aculeata %% L depurator
154%
1.7%

7.7%

45.5%

61.5% 58.3%

Gobiiformes sp. E. siliqua 839 P-catenus

143%

62.5%
14.3%
75.0%
Category
[ Acrylic rubber Il Butyl rubber [ Ethylene-copolymer
M PA Il Dye [ unspecified polymer
L] Pvc M pcT | PE
B PBT M PET

M PBT-PTMG [[] PMMA

Figure 5-10: Microplastic composition recovered in individual species.
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C: transparent polyethylene warped film frémaculeataD: transparent PBPTMG
fibre fromE. siliqua.

Linear regression analysis was conducted for weight versus the number of
microplastics present in all individual specid¢$owever, no strong trends were
identified indicating that weight was not a good predictonfi@roplasticsconsumed
or incorporated into mason worm casings. An improved fit was fourfddbiiformes
sp. when using a polynomial trendline?(R0.3966) (linear: R= 0.2983) which was
the best of all species examined indicating a fluctuating trend for this speeregth
was examined as a predicator for micro particle abundance for th&bsiiformes
sp.,P. platessathe bivalve E. siliquaand the casings &f. conchilegaNeither linear
nor polynomial regression analysis indicated that length was a godidtpreof micro
particle abundance in the aforementioned species@athiiformessp. presenting the
best relationship for both (linear?R 0.5699, polynomial: R= 0.7207% (Fig. 512).

Gobiiformessp.
14
12

10 R2=0.7209

Micro particle abundance

0 0.2 0.4 0.6 0.8 1
Length

Figure 5-12 Relationship between fish length and microplastic abundance in
Gobiidaesp.
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5.5 Discussion
Previous studies on marine species have idenitified microplastspeciesollected

from deeper waters around Ireland (Jogtal 2022; Pagteet al. 2021; Pagteret al
202) . To the best of the authorsd knowl edge
in shallower habitats on theastern Irish coasturther comparisons to other studies

on species in shallow marine environments are displayed inS&bleelow.
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Table 5-2: Microplastics recovered in species from other redanre / shallow environments compared to the results of this study.

Species

P. platessa, C.
crangon, L.
conchilega,

gobiiformessp.

Subtidal
Invertebrates

Twelve
invertebrate

species

Five
invertebrate

phyla

Bivalves,
gastropods and
crabs

Location

Dundalk Bay, Eas€oast Ireland
(Inner-bay)

Dundalk Bay, Eas€oast Ireland

(Outerbay)

Terra Nova Bay, Antartica

Galway Bay, West Coast of Ireland

Soft shores in Hong Kong

Depth /

Sampling
Method

where

unavailable

2-4m

25-140m

1591 m

Intertidal
digging and
hand
collection

MPs Ind!

Average 6.11 + 3.11

Average 7.11 £ 4.72

Average 1.0 items individudl

0.79 * 1.14 particles individual

0 to 18.4 particles individudl
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MPs g

Average 12.02 £
8.34

Average 1.36 +

1.94

.7 items mg' dw

N/A

0 to 9.68 particles|
gi

Main Polymers
recorded

PA, polyester,
unspecified polymer,

others

PA, Polyesters PVC,
unspecified polymer,

others

PA, PE

Cellulose, Polyvinyl

acetate (PVA)

Cellulose,
cellophane, PET, PA|

Main

Polymers
recorded

Current Study

Current Study

Sfrisoet al
(2020)

Pagteret al
(2021)

Xu et al
(2020)



Threespined
stickleback
Gasterosteus

aculeatu$

Bleak
(Alburnus

alburnug

Perch Perca

fluviatilis)

Roach Rutilus

rutilus)

Five fish
species

Common
periwinkle, Litt

orina littorea

Northern Baltic Sea, Finland

Charleston Harbour, Southeastern
Atlantic coast of thé&nited States of

America

Galway Bay, Ireland

Beach Seine
Netting

Trammel
and Seine
Netting

Hand
collection
from rocky
intertidal

shores

0.2+0.6

0.2+0.5

0.08+0.3

0.03+0.3

averageof 27 microplastics per

individual

0.59 iR. 809R
MPs/individual
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4

N/A

6 microplastics

per gram of fish.

21 microplastics

per gram of gut.

Average 2.14
MPs/gram

N/A

low-density

polyethylene,

ethylenepropylene

diene polypropylene

PS,polycarbonatgpo
lytetrafluoroethyleng

PVC, PES, PE,
nylon 6 (PA),

andviscose

Sainioet al
(2021)

Parkeret al.
(2020)

Doyleet al
(2019)


https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/gasterosteus-aculeatus
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/gasterosteus-aculeatus
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/alburnus-alburnus
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/alburnus-alburnus
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/perca-fluviatilis
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/perca-fluviatilis
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/rutilus-rutilus
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/rutilus-rutilus
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/united-states-of-america
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/united-states-of-america
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/propylene
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/dienes
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/polycarbonate
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/polytetrafluoroethylene
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/polytetrafluoroethylene
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/viscose

The dominance of microfibres in bathbtidaland intertidal communities is in line
with other studies assessing microplastic pollution of marine commuritagser

et al (2021) found that 98% of microplastics recovered from benthic communities
off the west coast of Ireland were microfibregdyile 88% of microplastics found

in the digestive tract contents of four fish specresifthe mrth-west Iberian shelf
were microfibres (Filgueirast al. 2021) Microfibres also consisted of 80% of
microplastics found in fish, 78% of those found in shrimp #8f of those found

in mussel species sampled from thergan Bay in the Caspian sea (Bagle¢ial
2020).Microfibres also were the dominant shape found in the intertidal gastropod,
Littorina littorea, sampled on the westbast of Ireland, consisting of % of
recovered microplastics (Doykd al 2019).Furthermore, microfibres dominated
the morphology of microplastics recovered in the other environmental matrices

examined in the course of thisesis.

The high proportion of blue and transpareshite microplastics found in both
communities is similar to other studies that reported colours in microplastics from
marine species. Pagtert al. (2021) found that 77% of riofibres were blue and
8%transparent found ithe benthic communities off the wesesbof Ireland. Blue

was also the prominent colour foundNiephrops norvegicum fishing grounds
around Ireland (Joycet al. 2022; Haraet al 2020)and off/whiteclear were the
dominant colour found in four species of coastal fish in the northerrcEda on

the coast of Finland (Sainét al. 2021).Blue microplastics were also the dominant
colour recorded in a review of 132 articles on marine vertebrates (l@gwali

2021) Blue microfibres were the dominant type found in commercial species and
bycatch in areas of the Southern Baltic Sea which was linked to fish acquisition

i .e., through nets used fHRoesihthamatineng ( Pi s|
environment have also been linked to the fragmentation of fishing ropes, nets and
lines inthe past Koongollaet al 2020). Blue and transparent microfibres were
also the main profile of microplastic found @ eduleexamined in Dundalk Bay

over four sampling seasons (Chapter 4). The presence of microfibres in species
found in Dundalk Bay i®f concern given recent laboratory work conducted on
estuarine species. Siddicgti al. (2023) found that larval mysids and juvenile fish
both exhibited behavioural impacts following exposure to polyester and

polypropylene microfibres and that these impastre amplified in treatments
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with lower salinities, additionally, growth for both species was affected in at least
one of three tested salinities at microfibre concentratiensw as 3 particles/ml.
Given that juveniles of botR. platessaand C. crangn in this study possessed
comparatively high levels of microfibres, it is possible that they are also
experiencing illicit affects both in terms of growth and behaviour due to this,

however, an irdepth laboratory experiment is needed to confirm thisrtheo

In terms of size of microplasscecorded, the majority found in organisms from

both habitats were less than 1mm in size which is in keeping with other studies

(Pagteret al 2020b; Fanget al 2020; Zhanget al 2020) There was a greater

percentag®f microplasticdarger than 1mm in size recorded in intertidpecies

than in subtidal ones. This may be due to the proximity to shore of this environment

and that microplastics may be entering the bay from terrestrial sources and may be

rel ati 9ebgf onewt hey breakdown to small er s

specimens were smaller than those recovered from the subtidal habitat studied.

In line with the findings of Foekemat al (2013),Glvenet al. (2017),Sainioet
al. (2021)and Pagteet al (202M) there was natrongrelationship between the
size of the study specimen either weight or lengthh and the number of
microplastics present ithe soft tissue examined. However, the high frequency of
occurrence amongst study specimens mawnnmhat increased damage of the
digestive tract especially in the smaller / juvenile specimens found in the intertidal
habitat may be occurrin@here was a higher occurrence of microplasticén
Dundalk Bay specimens thanin other recent studies of niae species
Microplastics were found in 9% of small coastal fish in the Northern Baltic Sea by
Sainioet al (2021) while 27.5% of fish caught within the urban area of Helsinki
had plastic occurrencPagteret al (2021) reported an incidence rate of548.of
invertebrates sampled within the infaunal benthic community on the west coast of
Ireland. Interestingly, a high frequency occurrence (83%) was also noted in benthic
invertebrates sampled from the remote region of Terra Nova Bay in the Ross Sea
of Antarctica (Sfriseet al 2020).Microplastics, however, were present in 99% of
5 fish species examined in an urbanised bay environment on the Southeastern
Atlantic Ocean coast of the United States (Paeked. 2020). Furthermore, 100%
of juveniles of thepatagonic silverside fis@dontesthesp. sampled from shallow
coastal waters contained microplastics (Mendezal 2022).The presence of
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microplastics in juvenil®. platessdound in this study is particularly troubling as
smaller sized gastrimtestnal tracts are more likely to sustain damagemfro
microplastics than adult fisMicroplastic fibres fed to juveniles bates calcarifer

led to an altering of gut microbiome community composition and several species
beneficial for host were inhibited (X&t al 2021).Fibres (23mm) although they
could be eliminated effectively were also shown to cause oxidative stress in

juveniles in the same study (X& al. 2021).

The high occurrence of microplagtiicn samples taken from Dundalk Bay when
compared tather studies may be due to a number of factors. The shallow nature
of Dundalk Bay may lead to an increased @nration of microplastepresent in

the waters here when comparediseper more dynamic bayt low tide much

of the bay is exposedsfreshwater inputs dominate which have been shown to
transport microplastics in chapter 3 of this thesrevidus work has shown that
microplastics can be diluted depending on the size of the ageatiomnment
(Barrowset al 2018). This would indicatehait although more microplastics may

be entering deeper coastal environments their concentration in the water column
gets reduced and therefore the likelihood to be ingested or inhaled by an organism

also does.

Fish specimens examined in this study wegeslied whole due to their small size.
While, this type of wholédody digestion is only practical for smaller sized
specimenst does, howeverprovide realistic environmental data in terms of
trophic transfer as the whole organism vgéinerallybe consume by predators
leading to a total transfer of atlicroplasticgoresent in the prey specidere is
growing evidence that microplastics can get transferred in the food @elims
et al. 2018 Farrell and Nelson, 20}3raising concern about detrimental

implicationsfor bioaccumulation from one trophic level to the hex

Excluding the casings of thie. conchilega the three species with the highest
microplastic concentrations were the intertidal f&bbiformessp.and juvenileP.
platessaas well as the brown shrim@. crangon which may reflect their
overlapping feeding behaviours. This is especially true betWeemangonand
juvenile P. platessaas there can be considerable diet overlap between these two

species later in #h summer (Evans, 1983) and all thregecies behavas
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generalists with respect to taking food items (Evans and Tallmark, 1979, 1984,
Evans 1983).The statistically higher conceations of microplastge found in
species from the intertidal habitat in this study may be due to the proximity of this
area tahe terrestrial environment which is the main source of plastic litter entering
the marine environmer(Sheavly and Register, 2007ntertidal sediment has
previously been shown to possess greater microplastic abundances than subtidal
sediment (Markiet al. 2023). h the Lagoon of Venice microplastic concentrations
of microplastics were higher in the inner part of the lagoon, where water tsurren
were low (Vianelloet al 2013) and upper intertidal areas showed higher
microplastic abundance in comparison to lower intertidal zones in Atlantic
Argentinean estuaries (Didaramilloet al. 2021).Intertidal sediment found in
Dundalk Bay exhibited tige the estimated safe level of microplastic loadings as
shown in chapter 4 of this the¢Bveraerket al 2018).

Interestingly the infaunal species. (aculeataE. siliqua E. cordatumP. catenup
studied had the lowest concentrations (MP$ present andhis may reflect
decreased levels of microptes sinking down to the subtidal areasthis bay
environment and thus being ingested by these spégiether potential reason for
this difference may be linked to their respective mobilityneegence behaviours.
More mobile species studied had greater mi@stc concentrations preseahin
more sessile organisms. The crabdepurator which is the most mobilerganism
collectedfrom the subtidal zone had the highest microplasiccentrabns and
similarly to the snailP. catenusan actively foragen shallower waters which
followed the crabNotably, somespecies of marine snail are known to forage in
the intertidal zone (Hayfordt al. 2021).In terms of microplastic concentration
abundance the next most mobile subtmigianism studievasA. aculeatewhich
has been noted to only take prey items when it is bukfiettém, 198). The least
mobile species analysed in this stuBly §iliqua E. cordatum also had the lowest
concentrabns ofmicroplasticgecorded. The razor clarg, siliqug sampled from
the NorthWest Mediterranean Sea reported higher contamination levels than those
reported in this study both in terms of MPSsand MPsnd? with values of 2.45 +
2.59 MPs ¢fand 2.5 + 13.2 MPsndiviudal™ respectively Expdsitoet al. 2022).

In keeping with the findings of this study Baatral (2018) noted that filter feeders
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also had the lowest levels of microplastics when compared to deposit feeders and

predators in Oslofjord.

The low numbers of microplastics reported in the fifesrding bivalve in this
study when compared to other study species underline that it magiéable as

a biologial indicator for monitoring microplastidés coastal environments even as
other bivalve species e,gMytilus edilusare considered suitable (Beyer al

2017) This in turn, may have attributed to low microplastic concentratiohs in
depuratorcompared to intertidal species as they can feed on exfossitiqua
following bed disturbance~(aseret al. 2019. Filter feeders areften presented as

the ideal biomonitor for microplastic pollution given the high volumes of water
they process (Walkinshaet al. 2020) However a recent review of microplastic
contamination in benthic invertebrates found that they are not more prone to
microplastic uptake than other species which was attributed as likely due
mechanistic differences between species that alter microplastic capture and
retention rates relative to other groups (Poeteal 2023). e findings of this

study support those obsedvin marine benthic invertebrates as whole.

Doyle et al (2019) reported that microplastics present in intertidal gastropods
collected on the West Coast of Ireland were composed mainly of fibres (97%) with
fragments consisting of only 3%oncentrationsfamicroplastics in the gastropod

P. catenusn this studywere also lower than those reported in the study by Doyle
et al (2019) orLittorina littorea, which have values of 2.14 MP3S gompared to

1.6 + 1.3 MPs g which was possibly linked to their feeding on fucoid algae that
may trap and hold MPs (Gutost al. 2015).This difference may also be linked to
their feeding in habitats closer to the terrestrial environment which increase

microplastic exposure.

The hidgh proportion of PA recovered in specimens of this study is not surprising
given that polyamides constitute about 44.7% of polymers discharged in the marine
environment fejiaset al 2023,Hamidianet al. 2021 Mofakhamiet al 202Q
Wanget al 2018. The presence of only one microplastic with a density less than
seawater identified in specimens would indicate that buoyant microplastics are
remaining in the surface water in Dundalk Bay and thus not being ingested or

interacting withepifaunal or infaunal species that were the subject of this study.
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Denser microplastics also dominated those found in marine sediment examined in
chapter 4 of this thesis. Buoyant microplastics may floasldfre and their density

may increase due to a nety of processes, notably polyethylene has been
documented in seawater at a depth of 22@@rRockall Trough in the North
Atlantic Ocean(CourteneJoneset al. 2017). PA (nylon) also made up 86% of
microplastics recovered in twelve invertebrate species sampled from the Ross Sea
in Antarctica (Sfriscet al. 2020).

The high occurrence of PA detected from specimens in Dundalk Bay is particularly
worrying. Recentwork has displayed that in real water matrices the chemicals
parabens can adsorb to PA which were noted to have potentially important
environmental implications since it may alter bioavailability of contaminants,
environmental fate, and biomagnificationdahioaccumulation of pollutants, as
well as toxicity to biotaNlejiaset al 2023). It can be difficult to establish links
between polymer characterisation and anthropogenic uses as polymers can be
attributed to a wide range of sources (Carr, 2017). Howd?&, polyester and

PVC are commonly used in textiles and the abundance of microfibres in species
studied as part of this work indicate that WWTPs located close to the coastline may
be emitting these types of microplastics into Dundalk Bay. Previousesthdve
documented the presence of microplastics in the effluent of WWTPs{lal

2019; Murphyet al. 2016). Additionally, domestic washing of textiles can release

microfibres into the environme(G a r a \etaaln2022;Ziajahromiet al 2018.

Fishing gear consists of various polymer types, including PA, PP and PE (Nelms,
et al. 2021) Significant microplastics can be generated from Abandoned, Lost, and
Discarded Fishing Gear. A study on ALDFG in Southern England found rope and
nets found on be&es had the potential to generd®¥ 7+ 431 microplastic pieces
m' 1 (Wright et al. 2021). It must be noted that not all fishing plastics such as ropes
generate microfibres though use. Nappéral (2022) demonstrated that the
abrasion of ropes used ondnd fishing vessels shed irregularly shaped and
fragmented rather than fibrous microplastics and that fragments found in marine
environments may have been misattributed to terrestrial sources. Given the fishing
pressures exerted on Dundalk Bay it is likéigt significant microplastics stem
both from fishing plastics in use and ALDFG on beaches in the area, however, it is
unclear the proportion that stems these sources.
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The potential transfer of microplastics between prey and predators is unclear and
likely varies between species. Growing evidence points towards the possibility that
microplastics can get transferred in the food chain (Farrell and Nelson, 2013,
Nelms et al 2018) which raises the concern for detrimental impacts due to
biomagnification in hgher species. However, Walkinshatval (2020) assessed

that microplastics do not biomagnify as feared and instead organisms towards the
base of the food chain at lower trophic levels are more contaminated with

microplastics potentially posing a greatereat to their health.

Regardless of th@rospect of biomagnificatiom marine food websthe high

prevalence of microplastics in organisms examined in this study, particularly in

juveniles of the commercially importaft. platessas of concern as they may

experience detrimental impacts suchnaschanical interference in their feeding

and digestion processes thanTh¢éaerager si zed
number oMMPs ind* for P. platessg5.58)found in this studyas tigher than other

studies examining microplastics in fish including those on the same species, 1.46
(Weldenetal 2018)andd . 9 N 1. 79 r eepal (2018 danditoythaMu r p h'y
observed irdemersal fiststudied byLusheretal. (2013)( 1. 2 N 0. 54) .

Filter feederqE. siliqug in this study displayedn average values (7.85 MP ind

1 between opportunistic feeders / scavengers (10.73 M® amdl active predators

(5.78 MP indY) and were statistically similar to all othé¥eding mechanism.

Additionally, they reported the largest spread of polymers in their soft tissue and

may have potential as bioindicators of polymers present in an environment

although they presented the lowest MPvglues of any species present. Asefil

feeders, it has been noted that any differences in microplastic ingestion are likely

due to microplastic distribution in their habitat (Walkinshetal 2020). Piarulli

et al. (2020) noted that suspension and facultative deposit feeding bivalves had a

lower microplastic occurrence (0.5% to 3%) than omnivores (95%) but contained

a much more variable distribution of microplastics. The presence of microfibres in

wild-caughtL. depuratorin this study lends to the possibility of impacts on this

species athe crabCarcinus maenashowed a reduction in food consumptioma

energy available for growth after ingestion of (PP) rope fibiéstiset al. 2015.

The presence of microplastics in the urcEingordatumn this study mg indicate

a microplastic buriabelow the seabed surface similarly to that carried out in
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brittlestars (Coppockt al 2021)both by passively transporting downwards when
maintaining their burrows but also through ingestion and egedtiben present
in dgnificant numbersthis speciescould lead to increased microplastic
sequestration in marine environments, howevenoae detailed study would be

needed to test this theory

5.6 Conclusion
The results of this study present a first look at microplastic pollutitmec$ubtidal

and intertidal communities in Dundalk Bay. The ubiquitous presence of
microplastics found in both groups of species in this Bay is evidence of the
anthropogenic preseeiexerted on the bafpescriptor 10 of the Marine Strategy
Framework DirectiveNISFD; 2008/56/E states that anthropogenic litter should
not ne@tively impactthe environment and microplastics were identified in all

subtidal and intertidal species studied as part of this work.

The differences between specisl feeding mechanisnrsterms of MPs g and

MPs ind? reaffirm the need for a mulipecies approadbr assessing microplastic
contamination levels for this shallow bay environment as documented by &agter
al. (2020b) and that studies that only examine one species may be awer
underestimating microplastic pollution level$he importance of examinn
Dundalk Bay using an ecosystaapproach are highlighted by the varying
concentrations of microplastics found between feeding mechanisms of species
examined in this current study. The examination of one species in this environment
to assess microplastievels would have resulted in skewed and underestimating
microplastic contamination. For example; by only studying the predatory
gastropodP. catenust would be observed that fragments are the dominant shape
of microplastic present, alternatively microplastic presence would have been noted
to be very low by only studying the filtdeeding bivalve E. siliqua even as

bivalves are considered ideal foicroplastic assessments.

The low occurrence of buoyant polymers in species studied coupled with previous
work examining microplastics in the sediment of Dundalk Bajicates that
buoyant plastics may for the most part be remaining at the sea surfmterdrally

floating offshore and sinking down to deeper waters due to changes in their.density
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The species selection in this study therefore likely biased the results of this study
resulting in this high occurrence of denser plastics being recoveredeEper
marine environments examining surfath@elling species in conjunction with
bottomdwelling species will likely render a truer picture of the types of polymers

present in the marine environment.

For subtidal species microplastic contamination lewetre potentially linked to

the mobility of the organisms and their foraging activities with the infaunal species
containing the lowest concentrations of microplastics while species capable of
foraging in shallower intertidal waters had higher concewinati Excluding the
tubes ofL. conchilegahe highest levels of MPs'gvere found inP. platessaC.
crangonandgobiformesof all species studied and may reflect their overlapping
feeding mechanisms although the concentrations foun®.irplatessawere
significantly greater. While the greatest diversity of microplastics were found in

the filter feederE. siliqua

This work presents a first examination of the microplastic pollution in the species
recovered from two difference hadis present within the SPA and SAC of
Dundalk Bay and the ubiquitous presence of microplastics is of concern for the
conservation goals of this shallow marine environment given the multiple purposes
that it performs. The noted high occurrence of microlier the majority of study
species is potentially due to inputs from wastewater treatment plants located on the
bay and riverine inputs which have been shown to carry microfibres in their surface
waters in chapter 3 of this theshMicroplastics stemmindrom terrestrial sources

may accumulate in this shallow environment leading to increased ingestion by
species found herePrevious studies have displayed that many of the lowest
occurrences of microplastic have been recorded in fish caught in offshore and mid
water trawls (Weldeet al 2018)and these results support that findiihile the
physical properties of Dundalk Bag a shallow marine environment with many
freshwater inputs support a productive nursery as well as providing food for the
thousands of seabirds that reside in the area and overwinter here, these properties
and its proximity to anthropogenic pressures nead to a heightened threat of

microplastics to species residing there.
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Chapter 6 Examining awareness, attitudes and behaviours of
stakeholders irrish fishing towards microplastic

This chapter isa reproduction of the following published manuscrifthe
published versioand survey issueid available in appendi®).
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Figure 6-1: Graphical abstract showing main messages Sonaey respondents.
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6.1 Abstract

This paper explores the awareness, knowledge, attitudes and behaviour of members
of the Irish fishing community towards environmental topics such as;
microplastics, plastic pollution and recycling. We conducted a mixed method
survey consisting of 26 questions (2021) involving members of the Irish fishing
community (fishers, aquaculturists etc.). Respondents were generally aware of
microplastics and the threats they can pose to different environmental matrices.
They noticed litte frequently when engaged in their fishing activities (0% never
noticed litter) and in large quantities (35% of respondents noticed over 10+ items)
but they were likely (likely 40% and highly likely 35%) to remove it from the
environment. Durability was g¢hmain reason for the selection of most fishing
plastics used by respondents (ranked first in 4 of 5 plastic items) while recyclability
played a lesser role. Respondents also viewed plastics as cheap and convenient
with these terms accounting for 48% ofsfitve connotations related to the word
O0plasticé, however, in gener al associated
the recycling of used fishing plastics were most frequently identified as being due
to a lack of knowledge on how to or a lack atifities. This study provides novel
insight into a previously unstudied cohort in Irish society towards plastics and
recycling and can serve as guidaneeftirther work on this group.

Key Words: Aquatic pollution; plastic; microplastc ;  fbehahoary ngiine.

6.2 Introduction
Marine litter, especially in plastic form, is a pollutant of increasing environmental

concern with around 8 to 10 million metric tonnes entering the ocean annually

(Smith and Vignieri, 2021). Ghofishing from discarded oabandoned fishing

gear (ghost gear) can be dangerous to mar
catch a large number of marine organisms attracting other creatures which in turn

become entangled in a proces®Wn as cyclic catching (Haveasal 2008; Link

etal2019) . Pl asticds |l ightweight, durabilit
ecological issues when released into aquatic environments namely marine wildlife

can mistake plastic waste for prey with most then dying of starvation &s the

stomachs fill with plastic (IUCN, 2022). Macroplastics (>5mm) (SAPEA, 2019)
183



such as nets, bottles and other larger pieces of debris can interact and potentially
harm marine life. Microplastics are particles of plastic which have an upper size
limit of 5mm (Autaet al. 2017; Andersort al 2016; Liet al. 2015).The number

of marine organisms that interact with microplastics is likely many times higher
than the approximately 700 species that are known to interact with larger marine
debris (e.g throughingestion and entanglement) (Gall and Thompson, 2015;
Gregory, 2009). Additionallymicroplastics have been shown to be present in
commercially important species consumed by humans worldwide such as oysters,
mussels, herring, mackerel and tuna etc. (Vanmw@aberghe and Janssen, 2014,
Rochmaret al 2015) and also in prawns found in Irish fishing grounds (Jeyce

al. 2022).

The Republic of Ireland (ROI) has a poor record of plastic waste management,
rated as the fifth worst country in the European Uniod)(&t recycling fastic
packaging (Eurostat, 20R1The ROI produces the"2most plastic packaging
waste in the EU per capita at 224.52kg, much higher than the EU average of
177.24kg per capita with264% recycled (Eurostat, 202 FFurthermore, 91% of
studied subtidal and intertidal Special Areas of Conservation (SACs) and Special
Protected Areas (SPASs) in the ROI were contaminated with microplastics (Mendes
et al 2021).

Plastic waste in the ocean is a major environmental threat and accounts fdr 85% o
marine litter (UN Environmental Programme, 2021). By the year 2050, it is
estimated that the mass of plastic debris in the oceans will surpass that of all fish
species combined (Jambeek al 2015). This projection may become reality
sooner due to thencreased plastic material in circulation as a result of the
disposable face masks, components of antigen tests and also increased use of PPE
in hospitals fom the COVID19 pandemic (Pengt al 2021). Irish coastal
locations that are polluted with more thane disposable face mask has increased
from 18% of 710 surveyed locations in 2020 to 21% of the same locations in 2021
(Coastwatch Europe, 2021) . Simul ations fr
that around 268,940 tonnes of floating marine litteriatde ocean ranging from
microplastics (<4.75mm) to macroplastics (>200mm) equating to the equivalent of
5.25 trillion pieces of plastic (Eriksest al 2014). There is a discrepancy between
the marine biomes surveyed for marine litter. Most global ssuidgye typically
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focused on floating debris on the surface layer of the ocean and stranded litter on

coastal beach locations (Madricaréb al. 2020), while the seabed has been
comparatively understudied (Debmtal 2013; Rizzoet al. 2022) in part du¢o

the difficulty in accessing this environment. Some areas of seafloor around
Europebds coasts can have up to e€d&, 000 pl a
2009), suggesting a less tangible but still very real threat to fisheries from plastic

litter. This is particularly problematic given that microplastics have been

documented in shellfishes sold for human consumption (Dahal2021).

The economic cost of marine plastic litter to nearly all marine ecosystem services
should not be underestimated. Using 2007 US$ values Beawrhaht(2019)
estimated economic costs genne of plastic litter in theagan to services such as
fisheries, ecreation and heritage were estimated as $$330000. Furthermore,
early studies of commercial and subsistence fishers found a largely negative view
of marine litter which they associated with; fouling, damage to gear and propeller
entanglement which aftted their catch as well as posed a safety hazard (Nash,
1992; Wallace, 1990). Fishers may also be impacted economically through
microplastic impacts on fish species. Intestinal blockage, physical damage,
histopathological alterations in the intestindsrmge in behaviour, change in lipid
metabolism and transfer to the liver are some observed effects of microplastics
i ngesti on ( J®he &ishdSeafobd, induty kriiploys nearly 16,000
people either directly or indirectly, has 1993 registeredelses296 registered
aquaculture sites and is worth approximately 1.3 billion euro (BIM, 2022).
Furthermorethere exists dozens of angling societies and clubs across the country
enabling people to take part in a leisurely outdoor activity which rely blediah
populations (Angling Ireland, 2022).

The ROI has taken steps to limit the introduction of plastic waste to the
envimnment and also to encourags temoval. These actions include; the
introduction of legislation relating to banning microbeads;oiducing levies on
plastic bags in shops and the establ i shme
Litter scheme in 2015 which is part of a European wide initiative. The ban on the
sale of certain single use produogsg(,straws, stirrers, cutlery) o into force

I nto July 2021 and soft pl astics have bee

recycling list since September 20Z3ver the last few years legislation regarding
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proper plastic waste management have been implemented D@eapated
Regulation (EU) 2020/2174At national level, the waste action plan of the ROI
(20202025) intends for packagy on the Irish market to be reusable or recyclable

by 2030 and introduce a deposit and return sch@&s#he first country in the EU
(following the United Kingdoms departure) to ban microbeansler the
Microbeads (Prohibition) Act 2019 (S.l. No. 36 @2B), art. 2which came into

effect on the 20 of February 2020, the ROI was at the forefront of action against
microplastics. However, this ban does not include products that protect from UV
light such as sunscreen which are still permitted to contairobeads. Microbead
containing sunblocks may be washed from people swimming in the marine
environment, directly entering coastal ecosystems. Furthermore, no such action has
been taken against products which can shed microplastic fibres such as polyester
clothing which are regarded as one of the main microplastic pollutants in the
environment (Herzket al 2021; Acharyeet al. 2021; Cole, 2016; Gaget al

2018).

One success story is the aforementioned Fishing for Litter initiative in ROI (BIM,

2022) whichwas established in 2015 with the support of the European Maritime

and Fisheries Fund. The scheme encourages commercial fishing ships to return any

waste material to shore that they might pull in during their fishing activities rather

than discarding baakverboard as might have been the case in the past. By the end

of 2019, 95% of trawlers (244 boats/ vesse
fishing ports had joined the programme. Large hardwearing bags are given to

trawlers for the collection of waste theollect from fishing and when full are

moved into a designated skip by harbour staff. To date 409 tonnes of marine litter

have been retrieved via this initiative (BIM, 2023).

In order to understand the pathways of plastic waste and microplastics as
brekdown products entering the environment and reduce those quantities it is
crucial to understand the role that humans play in the process. The human
dimension in plastic pollution and microplastics is threefold. Namely; plastics are
entirely anthropogenicni nature, microplastics can have a negative impact on
humans (ingestion of microplastics in diet, debris littering areas of natural beauty

etc.) and humans can help to address the problem (Pahl and Wyles, 2017).
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While studies have been carried out in plast on the knowledge levels, attitudes
and awareness of the public towards topics such as marine litter, marine threats,
plastic pollution and microplastics research gaps still exist. Very little work has
been carried out on understanding these aspeegmup that may be directly
exposed to issues around marine litter and in particular microplastic poliuion,
fishers. For example; stakeholder perceptions of marine plastic waste management
in the United Kingdom was examined across 22 different groups including; marine
advisors in government agencies, marine biologists, maritime researchers and
enquiries officerof a marine NGO (McNicholas and Cotton, 2019), however,
fishers were omitted from this study. Limited data is available on fishers and their
perceptions with regard to topics surrounding plastics with one study examining
fishmongers, commercial fishers damecreational fishers in a fishery in South
Australia showing that all three groups misperceived plastic pollution as less of an

iIssue locally thamternationally(Woottonet al 2021).

This knowledge gap needs to be addressed as the fishing industith ia starting
point of plastic entering the marine environment (lost fishing gear) and likely an
industry that may be affected by microplastic pollution in the future as
microplastics have been found in fishmeal for aquaculture and commercial fish
speces already (Thielet al. 2021; Di Giacintcet al. 2023). Abandoned, lost, or
otherwise discarded fishing gear (ALDFG) containing plastics accounts for another
27% of marine litter items found on European beaches (MAREIropean
Commission, 2018). It isunclear how much ALDFG enters the marine
environment every year. The figure of 640,000 tonnes listed by Food and
Agriculture Orgarsation of the United Nations is based on a 1975 estimate and
fails to account for the rapid expansion and modernisation af/ishing fleets
across the world (Richardsenal 2021). A median of 48.4 kt of fishing gear was
lost during fishing that amounted to 74% of marine capture globally in 2018
(Kuczenskiet al. 2021). The model did not include fishing gear that is abagdion

or discarded intentionally. Approximately 18% of marine plastic debris in the
ocean is attributed to the fishing industry (Andrady, 2011). Ghost gear is estimated
to account for approximately 10% of plastic litter in oceans however they form the
majority of macroplastics (>20cm) by weight found floating at the surface (>70%
by weight) (Erikeret al 2014). This larger fishing gear can break down to form
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thousands if not millions of microplastics both on shorelines and to lesser extent at
the surface offte sea. While as much as 80% of plastic that ends up in the marine
environment stems from terrestrial sources it is fishers and rAsased groups

that must deal with the consequences of this pollution (Andrady, 2011}. Post
mortems conducted on dead dofghfound washed ashore on the West Coast of
the ROI attributed their deaths to entanglement with fishing gear (IWDG, 2015).
Given the dangers posed by ALDFG it is important therefore to understand the
perceptions and attitudes that fishers have towapisssuch as recycling, marine
litter, microplastics and plastic. This in turn can lead to widely acceptable solutions
to help mitigate litter inputs from fishing activities into the both freshwater and

marine environments.

Fishers currently operate imaprld with multiple stakeholders and the way society
perceives environmental consequences of fishing is changing (OSPAR, 2018).
Given the fact that fishing gear is an important source of litter entering aquatic
environments and therefore microplastyEneation coupled with microplastics
presence being noted in many species of fish indicate that fishers are an important
group to assess with regards to their attitudes, awareness and behaviour towards

topics such as plastics, recycling and microplastics.

Understanding the views of Irish fishers on plastic pollution mitigation methods
I.e,, recycling as well as their behaviour towards litter they encounter during their
fishing activities will help to develop effective strategies to hopefully reduce the
leakag of fishing plastics into the aquatic environment. As noted by Woetton
al. (2021) understanding the perceptions of this group of important stakeholders
have on plastic pollution will hopefully generate solutions that can effectively
address this enviromental issue that are more easily accepted by multiple
stakeholders. The importance of studying the perceptions and attitudes to plastic
and microplastic pollution cannot be understated as they are largely unexplored
and deserving of more attention ais ituman behaviour that leads to its occurrence
in natural environments (Dengt al 2020). With this in mind, the views of
members of the Irish fishing community were examined in order to understand
their perceptions, awareness and behaviour aroundgglastd associated topics.
It is hoped that the findings of this work will aid in effective policy development
and help to mitigate plastic pollution entering the aquatic environment of Ireland.
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6.3 Research Aims
As far as the authors are aware this isfitst study of its type in the ROI which

examines the awareness and knowledge levels, attitudes and behaviours of
stakeholders involved in the Irish fishing community addressing the following

research questions:

1. How knowledgeable and aware are Irish fisredvout plastic and the impact

of plastic waste on the environment?
2. What are the attitudes of fishers toward plastic use in fishing and recycling?

3. What behaviours do Irish fishers exhibit with regard to plastic waste?

6.4 Methodology
A mixed method survey vgadesigned in order to answer the overlying research

guestions. Given that a deep understandi n:
desired, the mixed method approach of a combination of not only qualitative but

also quantitative data was selected aslist way to achieve this. Mixed method

surveying allows the combining of the two aforementioned types of data which can
complementach other and enables real experiences in qualitative responses to be

matched with quantitative data which helps to vadkdide results of the survey

(Cresswell and Cresswell, 2018). The coupling of two different data gathering

methods in this survey enable the re@lld observations of fishers from the

aquatic environment to be quantified and their interpretivism aroubgdcive

experiences and their own understanding of environmental topics such as recycling

and microplastics to be expanded on (Wesstl 2022).

6.5 Survey dvelopment angarticipants
The survey was initially developed and ref

research group. The survey was then formally piloted with a random sample of
fishers in September of 2020 trialling physical copies of the survey and minor
modifications wee made following this. Each respondent was asked 26 questions
which included demographic information followed by questions addressing the

awareness, knowledge, attitudes and behaviour of the respondents in relation to
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plastic pollution, plastic use in fislg and management of plastic waste. This study
was conducted amornigdividuals involved with fishing (both commercially and
recreationally), angling, fish processing and aquacuitutiee Republic of Ireland,
during the period from May to November 202lhose involved in scientific
research relating to fisheries were also eligible to participate. Participants that did

not match these criteria were excluded.

6.6 Sample Size
The revised survey was administered online via google forms from May 2021 to

November 2021 and distributed by email and social media platforms. To
specifically target stakeholders involved in the Irish Fishing community the survey
was published on the Inland Fisheries Ireland angling website
(www:/ffishinginireland.info/202 1/fishingipdate&ontributeto-researckinto-
plasticpollution-in-our-waterways/) and emailed tsubscribers othe firish

angling pdatenewsletteo.

6.7 Ethics and consent
The research underwent a full, thorough, internal, institutional ethical review in

Dundalk Institute of Technology and was conducted in accordance with Standard
Operating Procedures (SOPs), adapted from the model SOPs developed by the
Association of Reseah Ethics Committees (Association of Research Ethics
Committees (AREC) 2013). No information was withheld and the minimal risks
were clearly explained through informed consent. To ensure confidentiality,
anonymity was assured at all times. All data weoeest safely and securely in
accordance with institutional policies. The ethics committee at Dundalk Institute

of Technology approved the survey.

6.8 Data Analysis
Data were cleaned and analysed statistically using the Minitab statistical software

package (viesion Minitab® 21.1.1 (64it)). Descriptive analysis was conducted,

and data were reported as percentage and frequency. Answers to the open ended,;

OPl ease give your understanding of the
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a score out of six. Scoresf -2®0 i ndi cated no or l-4ttl e kno

indicated an adequate understanding of the topic and scd&resebe given to
answers which displayed a high level of understanding of the topic. The knowledge
scores data were tested for noryalising the AnderseDarling test, which
revealed it was noeparametric. Following this median knowledge score of
microplastics vs the age of participants was examined for significant differences
using KruskaHWallis test (significant if p value less tha.05) using Minitab
statistical analysi€Content analysis was carried out on opexed responses and
these were analysed in order to identify trends and themes and interpret the data

effectively. Graphs were constructed using Microsoft Excel 2016.

Data regarding participant attitudes towards plastics and recycling was also
collected. The terms were analysed through inductive content ar(@g@moradi

et al 2013 Dilkes-Hoffman 2019; Kinget al 2023). Word themes/stems or
synonyms were identified and then word frequency was determined for each
identified word/phrase. A word cloud was constructed from all words reported by
two or more participants usinditt f reel y available online
(http://www.wordart.com/). Font size was used to depict word frequency and font
colour to represent negative, positive and neutral connotations. Red was selected
to portray negative words/phrases, green fortpesivords/phrases and blue for
words/phrases deemed to be neutral / ambiguous (Vrain and L@, RVords

were classed as negative, positive or neutral / ambiguous thiadghdual
assessment and pastsessment comparison between the authors EHkEman

et al. 2019).

6.9 Results & Discussion

6.9.1 Demographic Information
In total 73 responses were received to the survey (70 males and 3 females), after

data cleaning, 72 responses remained for final analysis (70 males and 2 females).
The demographic analctivity breakdown of respalents are presented in Figure

6-2 below. Although there was a lower amount of respondents than hoped for, the
number of responses received is not dissimilar to that obtained when &vgles
(2019) surveyed the fishing communin the UK (n=97) (all male). This small

number of respondentsan be due to the difficulty of reaching this specialized
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community (e.g. fishers being at sea sometimds® d ay s (Wylesetal t i me)
2019) . From the aut hor smy withwms paticypae r i enc e
cohort can be difficult. Many fishers, especially older fishers have very little or no

online presence (lacking social media or email addresses), however, an online only
version was used following the pilot study results as whenpteiing physical

copies of the survey respondents were able to skip questions which led to patchy

data collection with incomplete surveys being returned. The online survey required

every question to be completed and so they had a 100% completiohhaiage

profile of respondents skewed towards the older age categorids435) , t hi s i s |
contrast to the results of a metaalysis of surveys which found that generally age

has a negative relationship with response rates @vVal 2022). Amongst

respadents, 63% had been involved in fishing activities for more than 20 years

which may bias data as not being representative of the Irish fishing industry as a

whole (.e., more traditional views and methods to handling litter may prevail)
Considering thain 2017 women made up just 7% of those employed in the Irish

seafood industry it was not surprising that 97% of respondents were male (Fisheries

and Aquaculture, 2017). The majority of respondents (7&8@cted angling as

their primary fishing activity ath 15% selected commercial fishing (F632).

Activity Experience Levels Age Category

Angling Aguaculture 0-5years 6-10years 18 - 24 25-34 35 -44

Commerdial Fishing Scientific Research 11 -15 years 16 - 20 years
u Other m 20+ years 45-54 m55-64 65+

Figure 6-2: Chosen activities, experience levels, and age categories of
respondents.

Just over half of respondents selected their location as counties with coastline
(53%) and with 66% reporting that thgyent a considerable amount of time in the
natural environment when partaking in their selected actoitgea-week or more

frequently. Additionally, 14% of responses were categorised as aspeaific
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Irish location and included terms such as 'Eire’, 'Southern Ireland’, 'South west', or
‘all over the country' for example. These ssmecific Irish locations likely refer to

vessels thakeave Irish coasts but travel far out to sea for fishing purposes.

6.9.2 lIrish fishers have a high level of awareness on plastic pollution
A majority of those surveyed (68%) stated that they had noticed an increase in the

use of plastics in their selected ait, 25% stated they had not while 7% said that
they did not know. This may be due to the fact that over the past few decades there
has been an increased reliance on plastic in fishing activities in the form of nets,
lines, ropes etc., with the lightneskjrability, buoyancy and low cost making it
ideal (Watsoret al 2006; Andrady, 2011, Woottoet al. 2021). While overall

there was a noted increase in the use of plastics in fishing activities amongst survey
respondents this was not always the case wdamined in relation to the
experience level of respondents. The majority of those involved in their fishing
activity for between 14115 years stated they had not noticed an increase in plastic
use in their activity, while half in the experience categorg-aD years said they
also had not. Conversely 75% of those
that they had noticed an increase while nearly 80% in the least experienced
category of 'éb years' also noticed an increase despite their relatsbst time

spent in their selected activity, this was however a smaller group than the

aforementioned ond-(g. 6-3).
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0- 5 years I
20+ years
16 - 20 years
6 - 10 years
11-15 years

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
% Frequency

Ag e Category

EYes ENo mDon't Know

Figure 6-3: Experience of respondents to survey and if they had noticed an
increase in plastic use their selected activity over time.

Waste material seems to be ubiquitous in environments where fishing occurs in
ROI. When fishers were asked 'when partaking in your selected fishing activity
how often would you notice the presence of items that mayassed as waste
material (e.g. plastic bags, water bottles, discarded fishing lines, etc.)?' 43% and
31% of respondents respectively stated 'Every time' or 'often’. A smaller portion
consisting of 22% of those surveyed said they noticed waste material only
‘occasionally’ while the final 4% stated they 'rarely’ did. Given than no respondents
stated they never saw litter this would mean that 100% of those surveyed noticed
litter when taking part in their fishing activity highlighting the ubiquity of litter in
aquatic environments (Fig-4). This is in line with other results that have
examined similar topics. For example, the MARLISCO survey (3748 respondents
from 16 European countries) found that most people reported that they noticed
marine litter on most or every visit to the coast #rad they said this situation was
deteriorating (MARIine Litter in Europe Seas: Social AwarenesS and CO
Responsibility, 2015). While 81% of members of the public declared they
witnessed plastic poll uti easeddatusgr dai | y o
(Henderson and Green, 2020). In the current study, participants were also asked to
numerate the amount of waste they normally notice when conducting their normal
fishing related activity; ‘when partaking in your selected fishing activity how many
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itemswould you normally notice that may be classed as waste material (e.g. plastic

bags, water bottles, discarded fishing lines, etc.)?". The largest amount of responses

fell into the '"10+ itemsditerastat®BH%% Thi s we
items' at25% and '7- 10 items' at 10% of total responses. The category with the

lowest amount of responses was 'O itemtsth had just 1 response (Figih

FREQUENCY OF AMOUNT OF ITEMS
NOTICING LITTER NOTICED
4%
43% 0 items
22% 29%
1-3 items
Every time 4-6
Often / items
Occasionally %// 1;:;'5
i Rarely 10% SEs 8 10+ items

Figure 6-4: Fishers interactions with litter in aquatic environments.

Fishers were found to have a high level of awareness on the topic of microplastics
(Fig. 6-5). Eighty five percent&5%) of respondents answered they had heard of
the term microplastics previously with 11% stating they had not and 4% stated they
'don't know' with a further breakdovathown in Figure . This is much higher

than reported by focus groups on the generhlipin the UK where very few of

the participants had heard of the term (Henderson and Green, 2020) and from UK
members of the public where 68% of survey respondents did not know what
microbeads were (Greenpeace, 2016). This may underline the fact fighers

vested interest in this environmental pollutant and are therefore more aware.
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Microplastics Knowledge

HNo mDon't know B Ves

Yes, Basic knowledge W Yes, Deeper Understanding  ® Yes, Little or no familiarity

Figure 6-5: The breakdown of respondents that had heard of the term microplastics
before and their subsequent knowledge levels

Some examples of highestoring responses include@®reakdown of plastic

particles suspended in waters at a microscopic lemeplastic which has been

broken up into small pieces so it is no longer visible and very difficult to take out

of the watet Examples of lowest scoring answers besides the null responses which
earned 0 as aicreplastics @re usadcin pradleects suéh as face

washeé aimshampoo,etd.. Of survey respondents that
what they thought micropléss were; 33% mentioned a source (breakdown /
designed) and i ncbhyprodaectfrop manafectarsy largéc h as; 0
plastic breaking dowdh afaudd ibshampadd . Additionally, 35% o
included a 061 ocat i onticssandanergiamedoefms suthfag ct 6 o f
@mall tiny plastic fragments, that fish usually @&asmab plastics that plankton

and aquatic life will feed dhn a mictoplastics are broken down particles of

larger plastic pieces which can enter the food chain bgdgeaten by organisms

or absorbed by organisras. I nterestingly Mmmseopia espondert
plastics in water which i mpact fish and agq
tothe ocean, notfreshwater, 1 ndi cati ng t hatablednéhg wer e mc

topic with regards to the marine environment than freshwater. This knowledge was

noted in those surveyed as a whole and was further evident in their responses to
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awareness of plastic pollution and microplastics in various environm@gtss(
6). Notably, microfibres were not mentioned in the responses of any who provided
responses to this question potentially indicating that fishers are unaware that

fishing gear and clothing can create microplastics.

Plastic in Oceansk
Plastic on Land Il
Microplastics and Aquatic Lifcuilli
Plastics and Aquatic lifel
Microplastic in Oceans Il
Plastic in Freshwater EnvironmentSil
Microplastics on land I

Microplastic in freshwater environmentsi

0% 10%20%30%40%50%60% 70% 80% 90%100%
% Frequency

Plastic Pollution: Types and Environments

m Not aware ® Somewhat aware m Aware ®Very Aware

Figure6-6:Respondent 6s awareness of plastic pol

Following this, the total scores of microplastic understanding and the mean score
per respondent were tallied for each age gréig 6-7). The age category group;
'55-64' had the higlst mean score for microplastic understanding amongst those
surveyed at 3.57. The lowest mean score was seen in the oldest age category
surveyed; the age category '65+' which had a mean score of just 2.8. The remaining
4 age categories (134, 2534, 3544, 4554) all returned mean scores of
microplastic knowledge of; 3, 2.63, 3.06 and 3.26 respectively. As data was
deemed to be not normally distributed via the AndeiBariing test for normality
KruskalFWallis analysis was carried out. This analysis fotimat there was no
statistical difference between the median knowledge values of each category (P =
0.927). The mean score for all age categories was 3.15+1.66 which falls into the
bracket of having basic knowledge of microplastics while the median sesrd w

which falls into the same score bracket.

197



65+

55-64
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Figure 6-7: Mean microplastic knowledge score for age categories.

The understanding and awareness of the impact of plastic pollution and
microplastics on various environmerdsad aquatic life was measured using a

Likert scale. Overall levels of awareness by fishers on all topics was generally quite
high(Fig.67) . Percentage responses in Oawared al
from 57% for the topi and oOvicropl asttics o
environmentsd to 89% f or Thid leigh tewelpof c : OPI a:
awareness may be due to the media coverage of topics such as the great pacific

garbage patch and footage of cetaceans interacting with plkastis in recent

years. When assessing the same environment (oceans) on the topic of microplastic

pollution awareness was still quite highwith%o f parti ci pants Oawar
a w a Mhasdifference in awareness levels may be due to the fact that macroplastic

or plastic pollution is a more tangible thing that can be witnessed with the naked

eye in natural environments while in general microplastics will not be visible to

participants m fishing-based activities without searching for them or using

specialised lab equipment. Despite these differences microplastic awareness was

still quite high especially for the topic;
in the media on research dhese topics and television shows.g, Food

Unwrapped: the plastic in our food, 2017, the Irish state broadcaster, RTE sharing

news items on microplastics e.ddow wet wipes and sanitary products are
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causi ng mar i(Mogisorp 80R0))didcusamgn these topics may be
creating this, perhaps unexpected, awareness amongst the cohort sufhéeyed.
indicates an awareness among respondents about the negative effects of plastic on
the environment, which is aligned with other studies (Féhal 2021;Kershaw

et al. 2011; Otsyinaet al 2018). This is eflected in the wordcloud (Fig.-80)
generated where the majority (53%) of phrases associated with plastics were
deemed negative. The potential impact of media, although unquantified in this

study, cannot be understated as media help to simplify complex scientific issues

and topicsandpresnt t hem in a O0storylined format i

with moral responsibility and interpretation (Entman, 1993; Gamson and
Modigliani, 1989). Furthermore, media outlets tend to sensationalise scientific

findings in order to make a more excitiog attractive story and for example;

Omi croplastics in the -ghruarbabni rog,d ysdic arrayk eosr adn

headline (Dempsteet al. 2022; Chakrabortyet al. 2017; Vélker et al 2020).
Additionally, the nature of global news and social media enables the blame and
guilt asociated with plastic use to Ishifted from individuals to other groups
(Woottonet al 2021).

Overall, microplastics on landolfowed by microplastics in freshwater
environments were the topics with the highest selection of 'not aware' at 25% and
19% respectively. The selection of not aware on the topic of microplastics on land
was twice as high when compared to the selectiombfiware on the topics of
microplastics in oceans and the topic of microplastic pollution interacting with
marine or riverine life (fish, insects, birds etc.) and links in with the understanding
of the term microplastics of several respondents. Whilesaglance it may appear

that fishers seem to be less aware of impacts or topics that they view as unrelated
to the area they carry out their primary fishing activity ire.( terrestrial
environment and microplastic impacts). The same was notétsh farmers who

felt they knew more about microplastics and plastic pollution in aquatic

environments than on land (Kirg al. 2023).

Respondents were asked to rank several different topics on how serious they view

the threat of plastic pollutiotowards themKig. 6-8). Overall, the perceived threat

of plastic pollution was high; this ranged from 68% (serious or very serious) for

the threat to 6humans6é or o6l andd to a
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pollution threat to the oceans th® topic with the highest amount of responses of
060seriousd6é or Overy seri ous O6-Hoffmanetal keepi ng
(2019) that 69% of members of the public rated plastic in the ocean as very serious.

The topic with the highest percegta ( 5 7 %) of responses in t
category was Ofreshwater and marine wil dl
the combined 6very seriousd and Oseriousbd
that I rish fi sher s @ctitiesrdepend bnahe dellbeiagol r ecr e e
fish stocks now and in the future. The responses of this cohort of Irish fishers is in
keeping with the views of the I rish publ:
concerned6é or oO6very co lsieanneahdealthlarmdut t he
marine life (EPA’ Plastics report, 2022). The threat of plastic pollution to humans

while still perceived as high albeit reduced compared to the aforementioned topics.
Receiving 68% of responsess 6i nantdhidss egti wdiys
categories was also similar to the responses of the EPA study of the general public

on the Opotenti al human health i mpactsd w

0extremely concernedd or Overy concernedd

Humans 1
Land

Freshwater and Marine Wildlife]

Topics

Oceans {

Freshwater Environmentg

Irish Fishing Industry

0% 20% 40% 60% 80% 100%
% Frequency

Not at all serious @ Somewhat serioustd Serious Very serious

Figure 6-8: Respondents ranking of threat of plastic pollution towards different
topics.
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6.9.3 lIrish fishers view plastic as convenient and cheap but damaging to the
environment
The next part of the surveytovamuppadtic t o

pollution and their general views of plastics. Responses to the following question;
6where do you think plastic pollution
categorised into the following; domestic, fishing, agricultural, littermther and
anthropogenic but nespecific (Fig 6-9) and sought to understand who Irish
fisher® v aseb@ing responsible for plastic pollution of aquatic environments.
Anthropogenic but nospecific was the most commonly seen response to sources
of plagic pollution in rivers/oceans with 29% of responses falling in this category.
Littering was the next most common response (21%) followed by; other (14%),
fishing (13%), domestic (12%&nd industry (6%)The category with the lowest
percentage of resporsaevas agricultur€5%). '‘People’ was the most common
answer, mentioned 11 times in responses while 'humans' were mentioned 5 times.
Anthropogenic sourcese.,'humans' or '‘people’ were the most common answers.
This would indicate that the majority of tleosurveyed understand that plastic
pollution is a human problem they seem to place the blame at the foot of individuals
l.e., 'careless leisure seekers' or 'lazy people' instead of larger sectors such as
industry and agriculture which were the two least commonly seen responses. This
would indicate that in the eyes of this cohort from the Irish fishing community a
disconnect exts between the polluting of waterbodies and larger scale activities.
Although blame for pollution of rivers/oceans was placed at the foot of individuals
no respondents said that they themselves caused littering and instead described
those that did causettlring as ‘'lazy’ or those lacking in education; 'lack of
education to bin properly'. This is in line with previous studéeg.(Campbellet

al. 2014; Santost al 2005; Slavinet al. 2012) that found despite generally
claiming not to be responsible fdittering themselves members of the public
identified beach users as the main source of marine litter. This blame allocation for
littering may stem from traditional schemes in the ROI where the emphasis for
litter management and recycling has been platetie foot of the public rather

than at that of corporations. An example of which was the introduction dbthe
centlevy on plastic bags at the point of sale for consumers in the ROI (Marlisco,
2002).
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12%

Domestic
13% Fishing
Agriculture
5% Industry
6% m Littering
14% Other

= Anthropogenic but non-specific

Figure 6-9: Perceied plastic pollution sources of aquatic environments.

Given that members of the Irish fishing community surveyed recognised that
fishing activities create plastic pollution in aguatic environments they may be open
to novel methods to reduce this occurrenge example on how to reduce the
amount of ALDFG generated is via radio frequency identification (RFID) tags
which can be installed on fishing gears such as buoys or highflyers of gillnets and
longlines as gear marks. The only RFID technology test fbinfisgear position
marking was a pilot study by Irish Fisheries Board (BIM, 2007) and found that off
the-shelf commercial equipment had a range of approximately 240m and may be
useful for the recovery of lost gear where the general location is known (He an
Suuronen, 2018). Furthermore, significant interest has been generated in ropeless
trap / pot fishing due to an increase in humpback whale entanglements and the 2017
North Atlantic right whale unusual mortality event (Myetsal 2019). A switch

to morehigh-tech fishing gear and tags may lead to a reduction in ALDFG, which
could be driven by the introduction of subsidies by government to fund this change
as evidenced by the 6Ghost Gear Progr amb
(DFO) Canada, 2021). The Gsio Gear Program funded by the Canadian
government has supported 49 projects under four program pillars: 1) ghost gear
retrieval; 2) responsible disposal; 3) uptake and piloting of technology to prevent
gear loss; and, 4) international leadership (Fishemes Oceans (DFO) Canada,
2021).
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Another openendedquesti on put t o respondent s; 0
words/ phrases you associate with plastics
interpretatiorthe results are presented as a word cloud. @it0). All of the

responses wereategorised as either positive, negative or neutral. Terms with
positive connotations made up 37% of the
10) andconvenience (n = 10) being the most common responses. The only other

tems t hat wer e menti oned more than once
6essential 6 with the | atter two terms rel
durability a recurring theme from fishers selection of using specific fishing plastics.

Themajority ofcomments, however, were deemed to be negative (53%).

Generae nvi ronment al concern (n = 39) (6dan
6envi rkoinineenrtd ) , association with Ilitter a
6 dumpi nthedlgngteam ahd persistent natur o f plastics (O6micr
Ondmegradabl ed) wer e t he key reasons
plasticsnegatively. These results were similar to those found in a study by Dilkes

Hoffman et al (2019) carried out on members of the public in which the same
qguestion was asked and l ed to positive
6convenienced and Ousefulnessd and negati\
Opol lutioné and 6éenvironmento. I n this rec¢
the public studiedby DilkesHoffmanet al (2019) in that they both recognise the

usefulness of plastic material but also see it as something that can have damaging

effects to the environment and human interaction with it. Additionally, 22% of

respondents included both agitive and negative response to this question which

reflects the duality of plastics in modern life and included responses such as;
6damagi ng, dur abl ed, 6cheap but not chee
Further inductive analysis was carried outlom positive and negative phrases that

fishers used to describe plastics. Amongst positive terms used by respondents, the

majority, 67%, were focused on the general usability or functionality of plastic,

19% on the end of life and the remaining 14% caiegd as general positive terms.

General negative terms made up the majority of the negative responses (46%),

followed by end of life issues / concerns (25%), the ubiquity of plastic / lack of

alternatives (15%) and environmental issues making up the memal4% of

phrases. The complete list of phrases mentioned along with frequency is displayed

in Table6-1.
203



Non degradable

Thoughtless Not Environmentally Friendly

RGUSE’

"9.".“ 'Crgmcycla ble
Damaging

Bad

Muiroy Bay

No Alternatives

not cheerful Detnmental
sposable
Killer
U

Blodeqradable nS|qcﬁrtIy

Positive Useless Lr'Dl e bI PainfulNon-toxic
Pollution ‘ez urapie Terrible  Dumping
Too Frevaient Persistent Rubbish e xcgead c
Litter C n n nt L
i (LOQVEN|E

IrresponsibleCarcinogenic " ® Env"onment Kmer

U n n Poison

ecessar

Perfect packaging Harmful

Recycle

Envionment

Easy

Cleaned

non-biodegradable

EAsy permanent

egative

Less Plastic Microplastlc

‘HandyEssential

Good Disqusting Jseful

Single Use™ ™

Everywhere
Lifelong

Ubiquitous

Indestructible

ong Lasting

Figure 6-10: Wordcloud displaying phrases fishers used to describe plastics.

Table 6-1: Phrases associated with plastics.

Positive
convenient
durable

good

cheap

easy cleaned
essential
useful

easy

handy
positive
recycle
reuse
biodegradable
non-toxic
depend on it

perfect packaging

Frequency Negative Frequency Neutral
10 litter 1 indestructible
4 dumping 1 ubiquitous
unnecessary 2 packaging
10 unsightly 1 developing countries
1 bad 1 mulroy Bay
2 damaging 3 disposable
1 not environmentally friendly 1 less plastic
1 pollution 1 long lasting
1 not enough alternatives 1 beach goers
1 too prevalent 1 no bin
5 not needed 1
1 ever lasting 1
1 Persistent 1
1 microplastic 1
1 non degradable 1
1 carcinogenic 1
single use 4
irresponsible 1
lazy 1
thoughtless 1
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should be banned
lifetime

negative

no alternative
non recyclable
everywhere
disgusting
terrible
detrimental
harmful

needless
permanent

crap
unnecessary

not cheerful
painful

useless

poisan

dirty

environment killer
rubbish

pollution

lifelong

bad
nonbiodegradable
longterm problem
not good

serious problem

damaging to environment

Fishers were asked to rate their level of concern towards the amount of plastic

currently used irfishing equipment with the highest proportion of respondents

( 33 %)

this regard (Fig6-11). The high levels of concern that Irish fishers feel towards

the current levels of plastic @sn fishing equipment coupled with the fact that the

saying

t hey

wer e

6concerned?®d

and

lack of alternatives for plastics was mentioned in their response to opinion on

plastics it is likely that they would be open to switching to more sustainable

replacement equipment as was noted in $takkers in an Australian fishery

(Woottonet al. 2021). However, this change could only occur if it was convenient,

easy and cheap for recreational and commercial fishers and fishmongers (Wotton

et al. 2021).
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Concerned Extremely Concemned
7
22% /////
3%
33%

Figure 6-11: Concern levels of Irish fishers on amount of plastic used in fishing
equipment.
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The behaviour of respondants towards plastic use in fishing, their recycling habits

and how they deal with litter ithe environment was also examined. Respondents

were asked; ‘when conducting your fishiogsed activity how likely are you to

remove waste materi al you notice from th
examined as comparative research on household wasteyemagiat found that

simply increasing awareness of environmental issues does not necessarily lead to

effective practices (Skorstad and Bjgrgvik, 2018). Responses fell onfmets

Likert scale that included the options; 'highly unlikely', ‘'unlikely', 'wasuikely'

and 'highly likely'. Respondents generally stated that they would be inclined to

remove waste material they noticed fréme natural environment (Fi¢-12).
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Highly Unlikely
1%

Unlikely
11%

Highly Likely
35%

Figure 6-12: Likelihood of removing waste froraquatic environment.

Following this, the relationship was examined between the likelihood of waste
removal and the fishing activity that respondents selected. Commercial fishers
were the most 60l i kel yé or o6highleg 1 i kel yé¢
carrying out their activity (91%). This was followed by aquaculture (75%) and
angling at 70% Kig. 613). The fact that commercial fishers, anglers and
aquaculturists were, for the most part, likely or highly likely to remove waste
material indicates themay have a level of care or understanding for the need to
preserve the environment they enjoy a leisure activity in or livelihood from.
Fishers may potentially be associating environmental care with direct economic
benefit, which is paralleled with coragent fisheries management (Asatteal

2018). These results would indicate that while fishers are noticing waste in the
environmentthey fish in both frequently and in medidarge volumes they are

also likely to remove aquatic litter from the envirommhé his may be due to their
direct experience from seeing litter frequently and understand the impacts it can
have and take responsibility for its removal. A recent study on marine litter and
fishers has shown that collecting waste material and storcamibe difficult on

board fishing vessels, especially smaller ones, due to issues such as; lacking
capacity and lacking time and personnel for doing so (Qsah2020). However,

interviews with fishers in the same study found that at least somesfigtoarght
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t hat 6whet her |l i tter i s taken ashore is
and collection from the environment will occur based on attitudes and is an

independent factor from vessel size in general.

2 Commerical Fishing [l 7

=

5]

<

< Other —

=

<z

2

o angiing | ]
Aquaculture _ _

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
% Frequency

m Highly Unlikely mUnlikely mUnsure m Likely ®Highly likely

Figure 6-13: Likelihood of fishers to remove waste based on their fishing activity.

Marine plastic pollution remains a global threat with discarded fishing gear a major
contributor(Kuczenskiet al 2021).Plastic is a major component fidhing gear
includinglines, netting, life jackets/waders, containers and lobster/crab pots, all of
which can represent a disposal problem. In this study, respondents were asked to
explain their reason for choosing certain plastic material for their selected fishing
activity. Durability played a major role in the use of all plastic items, ranking first
for all items save OLobster [/ crab potséd
use. Generally, recyclability and ease of disposal ranked mddwnghighest

ranks of & and 4" respectively out of 7 places) for reasons that fishers selected
plastic itemsfig. 6-14). This would indicate that end of life concerns do not play

a major part in plastic item selection by Irish fishers, with their decisions primarily
based on dnctional or economic incentives. Members of the Irish fishing
community chose plastics for use in their activities despite the fact that they are
broadly aware about the impacts plastic pollution can have and see litter frequently
during their activitiesand so awareness and knowledge is not really affecting their
behaviour. However, this awareness and knowledge may mean they are open to
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alternative material for fishing plastics. Although not explicitly linked to this
guestion on plastic use one individudfered up more information by selecting
other and commenting; 'l would like to recycle in or disposal in a skip but the
skipper directs me to dispose overboard'. This may indicate that human command
may be a barrier to proper recycling habits on boasth I5ea vessels. Although
recyclability did not rank in the top 2 reasons for the selection of any plastic
products by Irish fishers in this study, the Irish public in general have a noted high
willingness (89%) to use and buy plastic packaging and prediiat are made of
100% recycled plastic (EPA, 2022). The increased availability of fishing material
made of recycled products could therefore lead to a more circular system for Irish

fishing.

Lobster / crab pots—- i .

Life jackets / waders-- _

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Plastic Type

% Selection Reason

m Cost m Recyclabilitym Durability = Conveniences Ease of Disposail No Alternative m Other

Figure 6-14: Reasons for the kextion of different plastics by respondents.

Fishers were also asked to define the disposal methods they used for the
aforementioned 5 groups of plastic iterrgy( 6-15). The following options were
available for selection as answers; 'Pay for Dispogay for Recycle’, 'Repair /
reuse’, 'Domestic Waste Bin', 'Don't Know', 'l do not use these plastics' and 'Other".
For a true picture of how plastics are disposed of, the responses in the category; 'l
do not use these plastics' were excluded for fudhatysis.Totalling the disposal

methods of the 5 types of plastic items found that 72% of plastic items used were
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disposed of responsibly by fishers (Pay for disposal, pay for recycle, domestic

waste bin), however it is unclear whether waste was segekiggfishers disposing

of it. This is similar to a study carried out by Fillet al. (2021) on the waste

management of plastics used by members of the public which found the majority

of respondents (74%) segregated plastic waste and disposed of it in a responsible
manner.For a true picture of how unrecycled plastics are disposed of and to

facilitate a greater understanding of waste management behaviour respondents
could select the r espoNieothe wdsbetectdl2sa nd add
times for various types of plastic equipment just 44% of the 25 respondents
elaborated on whathey did with those plastics. Several responses mentioned

recycling in some form e.g. 'We put ashore to a recycle (bin) on pier head' and

'Recycle centre', two more responses mentioned burning of the plastics they use.

While most troublesome of all was tihesponse: 'Discard back into the sea, by

order of the skipper' indicating deliberate littering action of the natural
environment. While this responseisolationis worrying it must be noted that this

is an isolated response to the survey amongst agpgetf more environmentally
conscious respondents, it must also be not
of the skipper 6, suggests aningenerdr a seni
however, the majority of plastics used (72%) are disposezsponsibly indicating

that fishers are taking responsibility for the plastics they use.

Containers I [

Lines .

Damaged lobster / crab potsi [ |
Netting  INREG_G—_——— [ |

Damaged life jackets/wadersEm [ D |

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
% Frequency

m Pay for Disposal m Pay for Recycle Repair / reuse
Domestic Waste Bin E Don't Know H | do not use these plastics
H Other

Figure 6-15: How fishers dispose of different plastic types.

Fishers play a pivotal role in aquatic litter as they can easily addthoough

littering of marine or freshwater environmergsy.,through dumping at sea, or the
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losing of gear) as well as being in a unigue role of being able to retrieve marine or
aquatic litter from otherwise remote locations and habitats. It musnibembered

that barriers do exist to proper recycling in the fishing community be it logistical
constraints or through to human behaviour. For this reason, having proper facilities
and adequate infrastructure in place to make the disposal or recycliagefthat

can become marine litter as cheap and convenient as possible for this group of

stakeholders would be of value.

In lieu of this, respondents were asked to indicate the barriers to recycling they face

when trying to dispose of common fishing plest{Fig 6-16). Respondents could

select one of; OLack of facilitiesod, Dond
expensivebd, 6é6Contamination (Not accepted) ¢
these plastics' and 'l recycle these plastics' were exthodgain a true picture of

the barriers faced. 'Lack of facilities' received the highest proportion of responses
independent of the plastic equipment ranging from 33% to 55%. Netting was the

plastic material with the highest proportion of responses inttleeexpensive’

category with 17% of responses falling into this category. While 47% (n = 8) of
respondents that selected 6otherd6 wrote c
stated N/A. Two (n = 2) respondents stated there were no facilities to recycle

fishing line. Two (n = 2) other responses indicated some form of professional waste

di sposal however they were unsure of the
(waste material) coll ect eoopayOnd(h=l)pi er 6 a
respondens t at ed t hat 6t hey kept old waders t
O0Skipper says it's too time consuming to
None of the boats in Wicklow town use the skip, so all litter, like drinks bottles,

sweet wrappers, clinfgi | m, ol d ropes get t hhefastn overbo
that household waste from the vessels operating out of Wicklow town may be

ending up as marine litter is environmentally problematic particularly in plastic

form given the myriad impacts it mdave in this environment (UNEP, 2017).

This statement is in direct contrast from those gathered via interview from fishers

in Northern Norway (Olseetal 2 0 2 0) ; 0lt goes without say
our own trasho. The f aedges thdtthereigahskis r espor
available in the quay for their waste and yet their waste is still thrown overboard

whil e out at sea IS I n contrast to the heece
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for barriers to recycling, in that facilities are avhllmand unused. While the main

barrier to recycling different plastics were physical / logistical (lack of facilities)

(n =61, 43%),the®most sel ected barrier was a mor e

know how todé (n = 40, 2 8b&} ofthenlsh fislong ma y
community could benefit from educational courses or material detailing how to
recycle the equipment they use. Interviews with fishers and fishmongers in a South
Australian fishery also suggested there were a lack of approprigpesdi
locations, such as rubbish bins, throughout jetties and popular fishing spots which

hindered proper waste disposal (Wootabtral 2021).

Containers

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Plastic Item

H Lack of facilities m Don't know how to ® Other (Barrier to recycling)

m Time Consuming ® Too expensive m Contamination (Not Accepted)

Figure 6-16: Factors stopping the recycling of plastics used in fishutgities.

In order to determine the views of recycling amongst Irish fishers, respondents
were asked to list two words or phrases they associate with the topic. For ease of
interpretation responses are represented in the form of a word cloud-(FHg
Responses were classed as either positive, negative or neutral. Some responses
classed as neutral could also be described asieseript in nature for example

'bin' or ‘centre’. The largest portion (44%, n = 46) of terms were deemed as positive
innatry e with the descriptions 6good6é and
(22%, n = 23) were classed as negative in nature. The terms 'expensive' and

‘inconvenient’ were commonly used while issues around recycling facilities or
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receptacles were also memted. A significant proportion (35%, n = 36) of terms
were deemed as neutral (‘misunderstood’) or ambiguelgs, hempbased
products’, 'segregation’, 'plastics’). Inductive analysis of positive terms associated
with recycling found that the majority we general positive comments (67%)
followed by those emphasising the necessity of recycling (18%) and environmental
terms made up the remaining responses (15%). With regard to the negative phrases
associated with recycling the inconvenience and cost wasldminant theme
noticed (52%), which was followed by the limitations of recycling / factors
hindering more recycling (35%) and general negative phrases associated with
recycling made up the remaining 13% of comments. The complete list of responses
is dispayed in tables-2.

Needed

recycled plastic

responsibility D|dSllc5
bottle banks

af plastics lJI

rubbish
ity

Sée sense
dOﬂ't knOW please recycle
wwin Limited
reuse Inconvenient
Expensive
ecemisunderstood Time Consuming

GIeen  wsmtot Cheap
Essential

Figure 6-17: Wordcloud displaying phrases fishers used to describe recycling.

Table 6-2: Phrases associated with recycling.

Positive Frequency ‘ Negative Frequency ’ Neutral Frequency
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green

environment

worthwhile

very positive

progressive

good

healthy
important

good practise
achievable
green
environmentally

conscious

sensible
positive solution
good practise

needed

great idea
sustainability
easy
environmental
friendly

very important
positive

Try curb its use
extremely
important
renewable
reusable

very good
environment
saver

happy
friendly

helps
essential
cheerful

good idea
necessary

right thing to do
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N I N

S

[ =SS N}

L
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inconvenient

too many unrecyclable plastics

not enough public
receptacles

not enough

sceptical
expensive
inadequate
costly
misguided
complicated

lack of facility

difficult

recycling

Not sure which bin to use i

different materials in the one unil

not cheap
negative

time consuming

recycling centre refused to take

my plastics
not enforced

confusing
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limited
sometimes,

clear

Bin
Centre

why not get rid of the plastic

in the first place?
responsible
misunderstood

hemp based products
reuse better

plastic

reuse

not moving quick enough

reduce waste
clean before recycling
don't know

pick up and bin

segregation
proper facilities

more facilities

reduce
plastics
rubbish

see sense

bring your rubbish home
almost unavoidable
please recycle

hard plastic

bottle banks
recycled plastic

responsibility

benefits not
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6.10 Conclusion
This study provides novel i nsight i nto t

attitudes. This research work should serve as a guideline for views that do exist

within this niche group and is not intended to be representative of the whole Irish

fishing commuity. Thi s research presents a holisti
awareness of a number of environmental issues relating to an emerging pollutant

of environmental concerm.ge., microplastics. Amongst topics covered this study

assessed; attitudes towandcycling and plastic, the perceived threat level of

plastic pollution and the factors that hinder their recycling of plastic items they use

in their fishing practises.

Fishers can be a point source of microplastics entering aquatic environments as
theycan be shed from discarded or lost fishing gear. Fishers are in a unique position
for removing litter from remote regions and stop the production of secondary
microplastics in the natural environment. Fishers can potentially be affected
directly via micropastics impacting fish health or behaviour thus affecting
recreational or economic activities. Furthermore, the reported presence of
microplastic debris in seafood could lead to a consumer shift to different food
produce in order to avoid this pollutanttvifishmongers interviewed in a South
Australian fishery noting that if microplastics were found in fish they sold to
consumers it would wipe their business out (Wootinal 2022). While
stakeholders in an Australian fishery assessed by Woattoral (2022)
misperceived plastic pollution as less of an issue locally this was not the case for
Irish fishers surveyed as part of this survélose surveyed in this current study
placed the foot of the blame of plastic pollution in aquatic environments gt man
groups tlemselves included. Irisiishers were aware of microplastics and this may

be due to a recent increase in news articles around this topic and their own interest

in an environmental pollutant that been found in seafood around the world.

Whileal ar ge amount of the ROIO&s fishing vess
Litter Initiative there is as yet no particularly innovative retrieval or preventative

measures for marine litter in place in the ROI and further work is needed on this

especially adgt is an island nation. While the removal of litter from aquatic
environments is crucial it also important to address issues such as poor waste

management and unsustainable production and consumption habits which are the
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root causes of marine litter geagion. In order for fishing to develop sustainably,

fishers need the skills, knowledge and information to implement changes to more
sustainable fishing gear and disposal methods. The importance of assessing this
specialised group cannot be overlookediasther 6 s r el ati onship wit
and aquatic litter is a complicated one. Given that plastic production is expected to

increase in the future and that current waste strategies are inadequate to deal with

the production and consumption levels thequiibus presence of aquatic litter

encountered by lIrish fishers will continue.

Some limitations of this research are namely due to the smaller than anticipated
sample size, however, as previously noted by Wetes. (2019) this cohort can

be difficult to target with respect to surveying. Furthermore, this survey neglected
asking fishers what could encourage them from moving away from plastic products
in their recreational and commercial activities. This is an oversight on behalf of the
researchgroup;however, it can also stimulate further research questions for Irish
fishing in the future and improvements in the sustainability of fishing are achieved

in terms of biodegradable products and their efficacy.

The results of this study would suggest that ioved and designated rather than
general recycling facilities at access to fishing locations in combination with
information on how to recycle fishing materials commonly used by Irish fishers
could see a reduction in the amount of disused fishing equipim&ninay enter
landfills and also the natural environment. Furthermore, fishers bemoaned a lack
of alternatives to plastics available for them and were aware of the environmental
issues associated with using plastics thus indicating an openness to replacem
with more sustainable gear. Plastic was largely viewed as convenient by Irish
fishers and this convenience would need to be replicated in replacement materials.
Furthermore, any attempt to replace currently used and therefore potentially lost
plastic ishing gear with more sustainable or biodegradable materials would have
to ensure that these items are of equal or enhanced durability and quality in order
to lead to a shift away from plastic fishing materi&urthermore this new
equipment should bsimilarly priced as fishers stated they generally selected
fishing plastics due to these factors. Further engagement with this crucial and
understudied stakeholder group should be emphasised in order to develop effective
policies to reduce litter presence ageheration in aquatic environments.
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Chapter 7Discussion

7.1 Overview
The research conducted and described in this thesis aimed at assessing microplastic

contamination in Dundalk Bagndassociated freshwater environmargreviously
unstudied environment with respect to this pollutant in combination with
establishing a baseline of knowledge levels and attitudes towards plastics amongst
a cohort of stakeholders in Irish fishing. The reseamtl resultgresented in
chapters3 to 6 achieved theset objectives outlined at the start of this project. The
overall study provides a holistic assessment of microplastic pollution for this
important pecial Protected Area (SPAnd $ecial Area of Conservation (SAC)

by not only combining marine and freshemaresearch but also transdisciplinary
research on the social aspects related to microplastics. The discussion that follows
addresseghe main findings from each chapter and helps to connect.them
Furthermore specific recommendations for helping to adss and mitigate the
release omicroplastics to the environmeas well as further research that could

be conductedor the Dundalk Bay biomandmicroplastic research igeneralre

also mentioned.

7.2Achievingesearchobjectives
Theresults presented in this thesis highlight the impact of freshwater systems on

marine environments in terms of microplastic loadiragal the concern that
stakeholders in Irish fishing have to this relatively new pollutihese results
underpin that mi@plastics research should not occur in isolation and instead take
a holistic approach to understand exposure levels to organisms and to
understanding levels in one environmental compartmerthe majority of marine

litter stems from the terrestrial ensitment it was imperative to assess the levels
of microplastics present in the rivers that flow into the marine environment of

Dundalk Bay before examining species that reside there.

The cyclic nature and difficulty with addressing the issue of microptassic
highlighted through the connections between the research chapters evidenced in
this thesis. On the social sid#akeholders in Irish fishing were concerned by the

threat posed by this pollutant to a varierty of environments and biota with concern
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for the @ean most emphasised. The findings from research object®/aghlight
that those surveyed through research objective 4 are right to be concerned by

microplastics.

As plastic production increases in the future so too shall its occurrence in the
environment as waste strategies are inadequate to deal with the production and
consumption levels currently seen (Walked Fequet, 2023The fishing industry

Is both a starting point of plastic entering the marine environnidaq{eret al

2022; Wrightet al 202) and likely an industry that may be affected by
microplastic pollution in the futureas nicroplastics have been found in fishmeal

for aquaculture and commercial fish species alreatlyiele et al. 2021

Di Giacintoet al. 2023. As well aghrough reduced revenues via public perception

viewing seafood as full gdlastic and a product to avoid (Woottenal. 2022).

Microplastics in the form of microfibres afikely entering Dundalk Bay from
myriad sources. These sourcemy include; surface rwoff from articifical
surfaces, the washing of biosolids containing microplastics into water sources,
release from septic tanks, littering, fishing activites and ALDFG, WWTP effluent
Freshwater rivers entering Dundalk Bay are receivmnicroplastics from the
terrestrial environment and transporting them to this marine environment while
also storing some in sedimemurther to this, at low tide the seven freshwater
rivers will continue to transport microplastics into this environmenassessed
through research objective 1. In this shallow bay environment, it is likely that
microplastics are accumulating faster than in other more dynamic bays as there is
a lesser dilution factor reducing microplastic concentration$he high
concentrabns of microplastics present in the freshwater rivers entering Dundalk
Bay (research objegke one)expose organisms present in the marine environment

to terrestrialsourced microplastics (research objectives two and three)

Of potential significancéor stakeholders in Irish fishing is the high occurence and
concentrations of microplastics in the commercially valuallereastoderma
eduleand in juveniles of the fistRPleuronecteplatessa Microplastics are more

likely to cause harm to smallsizedfishes and juveniles than to larger ones thus
harming them in their developme(Xie et al 2021;J ovanov). The 2017

increased levels of microplastics found in individual cockleauitumn through
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research objective 2 also raises concerns of the plagsib transfer to humans

due to the fishing period that coincides with this increase.

Given that similar plymers, namely polyesters and polyamidesre detected in

both marine matrices examined as well as in the surface waters that flow into
DundalkBay it is likely that the freshwater rivers constitute a significant input of
microplastics to this environment. The high comparative levels of microplastics
found in intertidal sediment coupled with their presence in all examined species
indicate that thephysical properties of Dundalk Bay are creating a hotspot of
microplastic pollution accumulatingithpollutant here. &rther evidence of this is

the fact that microfibores made up the same percentage of total microplastics
recovered from both beaches Imiststudy.

Despite the concern that this cohort expressed over plastics (realising they damage
the environment) and their awareness of microplastics they still use plastic products
in their activities. There is also a clear disconnect between what skadeshm

Irish fishing consider as microplastics and what presents in the environment of
Dundalk Bay and its freshwaters most prominenilgose surveyedlescribed
microplastics within the context of microbeaddicrofibres were not mentioned
once e.g.,fifound in cosmetics, in products such as makeup, in shampoo etc.,
microbeads, used in products such as face wasltiess therefore likely that this
cohort are unaware that their fishiaguipmentieads to microplastic release into
aquatic environments eu as juveniles of commercial species and marine bivalves
from Dundalk Baypresent high levels of microplastics thus highlighting how

interconnected and difficult a problem microplastic pollution is to address.

This disconnect between what is most premélen aquatic envonments i.e.,
microplastics in the form of fibres and what stakeholders in fisfungeyed in this
researchi{who rely on a healthy aquatic environment for either recreationear
commercial interesjainderstandnicroplasics to beunderpins the role that media
may have in shaping views on environmental issues as well as recent legislation
banning microbeads in several prodymtsviding knowledgeFor example, with
regard to microplastics more media attention has been given taomads than to
microfibres stemming from textilesvhich likely feeds into this gap in

understanding.
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7.3Benefits of this research approaghd applicability to other studies
Beginning this project river sites were selected basedherhypothesis that

micropastic concentrations increased in rivers with their flow towards the Sea
(Mani et al. 2015 and that microplastic levels would be greater at the urban study
site than other more rural sites (Kueizal 2023) This site selection may have
been too simpligc an approach as microplastics levels were also heightened at the
rural outflow site along the River Flurry and several rivers had greater microplastic
levels in their surface waters at headwater sites than outflow Niteplastic

levels in surface ater is highly dynamic and altered by flow regimes, precipitation
and seasonality and pr ox ietrli2022; Hortoretpoi nt s o
al. 2017; Browne2015) It canalsobe influenced through atmospheric deposition
(Sunet al. 2022)so more study sites along the course of the rivers may have been
a better choice to fully understand the dynamics of microplastic transport and
accumulation along their courses. However, this study is intended to provide a
baseline for microplastics ineéHreshwater environment entering Dundalk Bag

would be more applicable for an-depth study on one river body than numerous
rivers which was the subject of this thesis.

The methods used to isolate microplastics in this study were selected based on
efficacy and replicability for citizen scientist projects, particularly in removing
microplastics from sediment samples. For comparability of the data from this study
to others 10% KOH and 30%&, were used to digest biota samples for analysis

of microplasic contamination. Tsangariet al. (2021) conducted an inter
laboratory comparison of both methods and found both were effective reagents
with 10% KOH being optimal. However, 30%® was used for the digestion of

G. duebenisamples and water surface saesphs KOHis not as efficient in
degrading material from the freshwater environment (Deiaal. 2020) While
standardisation is desirable for microplastics research in order to effectively
compare studies limits of methods must be appreciated also. The choice of 10%
KOH for chapter 4 and 5 of this thesis reflects the wider literature on isolating
microplagics from marine species which commonly use this chemical while the
use of HOzis commonly used in examining microplastics in samples pertaining
to the freshwater environmertinfortunately it is difficult if not impossible to

obtain equivalence betwedlifferent methods given the wide diversity of steps
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which can be changed (e.g., temperature, time, sample collection tool, chemical,
control methods etc}-or the isolation of microplastics from riverine and marine
sediments, castor oil and potassium cagte were used respectively. Both of these
have displayed good recovery rates from these matrices previdaty et al

2019; Gohleet al. 2021) and when tested with a variety of polymers in this study
Additionally, they arenontoxic, cheap and envirorentally friendly compared to
other density salts such &l or ZnCl, (Gohlaet al 2021)which are regularly
used in microplastics isolation from sedimemibngterm and smalscale
microplastic monitoring on a local scale may be achievable through the use of
citizen scientists which have been engaged in microplastidies previously
(Clark et al. 2023; Jonest al. 2022). Furthermore, these chemicals barsafely

used in schools for demonstrating microplastic isolation to studentee@ntbwer
comparative costalsolend themselves towardsicroplastic monitoring in less

developed countries which may have smaller budgets for project work.

While the ummost care was taken when processing of samples, blanks revealed
microplastic contamination occurring in sample processing for all chapters
pertaining to microplastic isolatioklfapters; three, four, fiyén thisthesis Blank
processings an importanttep in microplastic data reporting (Dawsetral 2023;
Hermsenet al 2018). In this study various methods were used to assess the
contamination of blanks with microplastics for each chapibe correction of
results is complicated hiie heterogenous ise of particles that fall under the label

of O6mi cr opl as izd, shage, colaur and potymeiunthernsore,
secondary microplastic formation occurring in the environment or due to the
separation process selected further add doversity of apgarance Alimi et al

2022 Corcoran, 2020Naik et al. 202Q Dawsonet al. 2018 Enderset al. 2017%.

While it is now commonly known that contamination of samples with
microplastics when processing occurs some studies still lack any form of
contamination control (e.gAmrutha and Warrier, 202Kedzierskiet al 2020;
Zhanget al 202Q. During the three microplastic isolation chapters the most
applicable method foensuringthe validity ofresults was used. For chapter one
blank controls highlighted that microplastics introduced via processing were
negligibleto volumesecovered in freshwater matrices. For biological samples in

chapter two and chapter three the mean microplastics detected in cockles / species
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and in blanlksamples were compared highlighting they were significantly different.
Finally, in chapter two the averagercentagehat contamination introduced via
sampling could have accounted for when examining marine sediment was
displayed with results. Further tiais, marine sedimentsere separated in a clake
systenreducing the possibility of airborne microplastics impacting on results.

Contamination camols were improvedthroughout the course of the thesis
Furthermore, following a visit to the cleanroom iseuby Dr. Ana Mendes in
University of Galway contamination prevention was strengthened. Thus,
contamination controls wemore vigoroudor the latter stages of this worle.,

for chapterfive than chaptethree with measures such as stickyats located
outside of the clean room and the uséoofy stablecottonyarnwipes for cleaning
surfacedntroduced For future research the controls used in chapter three of this
thesisshould be considered robust armild beusedn the absence of a specialised

clean room that can be utilized for microplastic isolation purposes

There was a noted preferential ingestion for coloured microplastics irGthis
duebenithan for transparent one¥his indicates that the presence of dyes or
additives facilitate the consumption of microplastics in this species that ultimately
means that this species alone is not adequate as a bioindicator and may result in
skewed colour profiles that is not repnetsgive of the microplastics in the
surrounding environment. Care should be taken when determining microplastics in
species that feed via chemosensory sensilla as similar differences may be noted. A
similar shortcoming in the use of freshwater macroinbeaies as bioindicators

has been noted previously as selective ingestion and egestion may bias the particle
size distribution recovered, thereby not giving a true representation of
microplastics in the environment (Waatlal. 2019). Additionally, as displyed by
laboratory experiments (Mate@ardena®t al. 2020)G. duebenican fragment
microplastics during feeding thus changing the shapes and sizes of microplastics
recovered which could result in differences in sizes and morphologies between
those ingeted and present in the surrounding environments. For example, the
presence of films was noted in water samples but nGt iduebenexamined in

this study.
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The intertidal bivalve specie€. edule displayed consistent microplastic
concentrations (MP 3 throughout the study period and this stability between cold
and warm seasons was likely due to the dynamics of the bay coupled with
microplastic inputs from the freshwater environment. A wider range of polymers
were identified inC. eduletissue than wasbserved in the sediment in chapter 4
and included the buoyant polymers PP and PE that were not identified in sediment.
This species has potential as a bioindicator for microplastics given its ease of
collection and wide geographical range. However, theseilts lead to the
recommendation that it would be advisable to collect another species of bivalve
that resides in the water column in additiorCtaedule As only a small proportion

of microplastics identified in this species were polyethylene or popypene
polymers despite their widespread use and production, it is likely that given its
position in the marine environme@. edulewill present denser microplastics
residing in the bottom water compartment such as PA or polyesters more frequently
thanpositively buoyant onesAs noted in chapter 5 of this thesis selecting more
than one species when attempting to gauge microplastic pollution in the
surrounding environment is likely a more appropriate method, however, the
purpose of this study was to exia@ how these levels differed between seasons in
this important species of bivalve. When attempting to understand microplastic
presence in a deeper marine environment it is likely that viable results would be
gathered by combining the sampling of a botebaelling bivalve in combination

with one found in the water column as these would present more dense and buoyant

polymers respectively.

The differences in microplastic concentrations (MPslzetween the nine species
examined when achieving research obje 3 of this thesis reaffirm the need to
examine multiple species for microplastic pollution as one is not enough to gain a
true perception of levels of contamination in marine ecosystems which has been
noted previously (Valentet al 2022; Pagteet d. 202Db). Further microplastic
studies should therefore take a mslbecies approach in assessing microplastic

contamination.

In terms of future research goals for Dundalk Bay and its associated environs with

regards to microplastic studjeseveral inteesting routes exisSedimenburying

bivalves have been documented displaying altered behaviours in sediment laden
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with microplastics in laboratory experiments (Urbdalinga et al. 2021). An
investigatiorto explore ifsimilar behaviours occur 8. edude would be beneficial

to understand the potential ecosystiewels effects that the high levels of
microplastics present in Dundalk Bay sediments may have on this envirgnment
given the importance of this bivalve to the ecology and economy of this area.
Further to thigs the possibility of research into microplastic the many species

of seabird that reside in Dundalk Bay to assess the microplastic loadings likely
occurring due to feeding on contaminated bivalves and other invertelastes
documentedn this thesisLaboratory experiments carried out on theduebeni
recently have yielded important results displaying this species feeding on
microplastiecontaminated food and fragmenting microplastics to smaller size
(MateosCardenast al. 202, 2020. Further research could examine the
propensity of this species to feed on a variety of coloured microplastids
chemical dyes that may trigger enhanced feeding atesthus their potential

strength as a biomonitor for microplastic in freshwater environments.

7.4Policy recommendations movingvard
The presence of microplastics in Dundalk Bay and the freshweatgéronment

associated with it add to the growing body of evidence that microplastic pollution
Is becoming pervasive in all environmental matric@®rryingly microplastics
have beerlocumented itungs faeces, semen and placenta of hunfZhaoet al
2023; Jenneret al. 2022; Yanret al 2022; Ragsaet al. 2021) In spite ofrecent
findings there iscurrentlyno regular environmental monitoring of this pollutant
conducted in Ireland, with the closest to such action befateal Bill from Green
Party Senat or inZxawhiehodked ®umbniitar all anicroplastics

in Irish water systemand ban certain microbea@&argent, 2019 he subsequent
Microbeads Prohibition Act 201that was introducethils to include monitoring

of environmental microplastics, thus limiting microplastics action on a legislative
basis to primarynicrobeads, whiclaccount for only a very small proportion of
overall environmental microplastics as highlighted byfthdings from research
objectives I 3 of this thesisThe monitoring of microplastic pollution should be
undertaken in the Irish environment as evidenced by the results of thisvitbsis
microplastic concentrations in sediment of Dundalk Bay currently twice the
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estimated safe loadintpvels Everaertet al 2018) likely impacting on the

functioning of this ecosystem.

While the EU Marine Strategy Framework Directive (2008/56/EC) addresses
marine litter under descriptor 10 in its goal of achieving good environmental status
(GES) it negtcts the issue of microplastics. Additionally, there exists no current
policies for the monitoring of plastic litter in freshwater environments despite the
fact that as much as 80% of marine litter stems ftoenterrestriaenvironment
(Mansfield et al. 2024; Hurleyet al. 2020;da Costeet al 2016 Jambecket al.

2015. Furthermore, tie third cycleof the River Basin Management Plans
(RBMPjg is overdue for publicationTheRBMPs set out goals for thgrotection

of theaquatic environmerdnd strategies for achieving them and is implemented
in all EU countries under the EU Water Framework DirecfNere also exists a

gap between EU and national law on water quality and what is currently
implemented at a ground levay local authoritiesA recent EPA report detailed

six local authoritiedailed to meet the required standard in each of the five water
National Enforcement Priorities (NER®)d here currently is no overarching local
authority data gathering and reporting system for envirotahenforcemenin
place(EPA, 2023) Due to tkese failings in current enforcemeittis unlikely that

any specialisednationwide monitoring program for microplastics in either
freshwater or marine environments is forthcoming in the near funoen the
results presented in chapter 3 of this thesis and those examined through an
extensive literature reviewthe freshwater environment is increasingly
contaminanted with microplastic pollution with macroinvertebrates, the base of
many food chains ingestintpgm in the natural environment with proven illicit
effects documented in laboratory studies. Therefore, it is advisable that monitoring
of microplastics occurs for water bodies concurrently with other monitoring

parameters that are already in place toraitecontamination levels nationwide.

Given the results presented in this thesis highlighting the ubiquitous presence of

microplastics in the freshwater and marine environments and biota studied coupled

with past studies conducted in Irelafedg., Murphyet al 2022; Pagteet al. 2021,

Mendeset al 2021; eDd Q@0)1 = dikely that microplastics are

pervasive in the majority if not all ecosystems nationwiiee to their smalkize,

it is not realistic to remove microplastics from the environment once they have
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been released especially as they can be broken down to form nanoplastics which
have increased bioavailability thereaf(dfonira et al. 2023; Zhacet al 2023)
Furthermore,tie removal of macroplastics or microplastics from the environments
fights the symptoms not the cause and fighting waste pollution should also fight
waste productionn light of these factors arttie lack ofconsistent monitoring for

this pollutant prevenative measureshould be encouraged to reduce their entry
into the environmerthrougha reduction in overall plastic use in general, however,
plastic use is trending upwards in the EU curreritlye findings from chapter 6
underline this need f@revenative measures as the juxtapositoftheawareness

and behaviour®ef stakeholders in Irish fishing waexamined. Those surveyed
generallyiewed plastics as damaging to the environment, howeversiaetsvith

its use due to a lack of alternatives availablele citing a lack of facilities and
information on how to recycl®bsolete equipmenin a sustainable manner
Increased information to improve the circularity of Irish fishing should be
promoted while resedndnto alternative material should be incentivisduch in

turn would reduce plastic use ang intry into the environment and subsequent

microplastic formation.

Between 2011 and 2021, the amount per capita of plastic packaging waste
generated in the Ethcreased by 26.7%Vhile plastic production is expected to
triple by 2060the setting up of the High Ambition Coalition to End Plastic
Pollution advocates for an ambitious and effective treaty that covers the entire
plastics lifecycle to end plastic potlon by 2040(European Commission, 2023)
and is a positive stept a domestic level there seems to exist a misalignment with
stated environmental targets and laws and with actions that are taken by
governmentWhile bans on singlase plastics such asttan-bud sticks, cutlery,
polystyrene containers and straws came into effect Dmective (EU) 2019/904

in July 2021(Single Use Plastics Directivendthe MicrobeadqProhibitior) Act
2019will reduce the amount of primary microplastics that enter the environment
no legislation has been adopted for the reduction in secondary microplastics,
namely microfibres which are the most common found in the environareht
stem from textilegHerweyes et al 2020) As was noted in the results of this
thesisstakeholders in Irish fishingere not aware of fibrous microplastics yet they

consisted of the majority recovered from Dundalk Bay and its environs thus
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representing a knowledge gap possibly tluen underreporting of this type of
microplastic in media in generdlhe fast fashion industry represents a source of
synthetic microfibres to the environment with theternational Union for
Conservation of Naturd (CN) calcukting that 35% ofmicroplastic pollution in

the aean stemming from the washing on synthetic textBesdde 2017; Boucher
and Friot, 201Y. Further amplifying this problem is the aforementioned media
focus which has been centred of microbeads giving less attention rafibries
which stem from these materials limiting the awareness of thisiissie general
public which is needed to lead to a change in consumer behavitis. is
particularly important as the general public does not possess the ecotoxicological
knowledge that scientists havélhe findings from chapter 6of this thesis
highlighting that stakeholders in Irish fishing are unaware of fibrous microplastics
was also recognised in a survey in consumer research conducted in thehd.S
findings of that survg notedthat alults who are familiar with microplastic
pollution are most likely to identify plastic bags (76%) and microbeads (61%) from
health and beauty products as contributorsnicroplastic pollution rather than
microfibres stemming from clothingP¢pe 2023). The results of chapter 6
highlighting the lack of information dtaholders in Irishfishing had on
microfibres concurrentlythe mostcommomly found in both the freshwater and
marine environmestexamined in this thesis coupled with the vast majority of the
literature detailing micofibres as the most prominent microplastic type in the
environmentunderlines the knowledge gap that exists between scientific findings
and the public.The disseminatiorof information pertaining to plastics and
microplastics shoulte at the forefront of efforts to reduce plastic pollution levels
as awareness is needed in order to lead to behaviourial @miftgreater efforts
should be made e scientific communitgnd governments in sharing research

outcomes on this topic.

Awareness and education on products that create microplastics should be at the
forefront of reducing the quantities entering the natural environment.
Unfortunately, Ireland is heading in the wgpdirection with regards to tackling
microfibre plastic pollutionThe recent welcoming and official opening of ultrafast
fashion brand SHEIN officen Dublin by the Minister for Enterprise, Trade and

Employment Simon Coveney iswsstep in reaching oungironmental goaland
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represents a direct contraventiohSustainable Development Goals (SDGs); 11
(sustainable cities and communities) and 12 (responsible consumption and
producton). It is also opposite to SDG! (life below water) and SDG 15 (life on
land) while being indirety misaligned for achieving SDGLO (reduced
inequalities)and SDG13 (climate actionYUN, 2015) In order to reduce the
volumes of microfibres entering the natural environment a redudtiothe
production of synthetic clothing is needed, however, this is unlikely to happen soon
as unpopular policies are rarely adopted by Governnfeatsremoving cheaper
clothing made from plastic polymers from shelves). The disproportionate focus and
emphasis plackon microbeads and their removal was a relatively easy and
welcome fix while targetinggenerally cheagr clothing to reduce microfibre
release to the environmenbuld for the most pariot besupportedy a generally

uniformed public.

Unlike other challenges the impacts wiicroplastic pollution are not directly
coupled to societal benefit and there exists only a finite amount of attention which
can be diverted to other caus@r. Richard Thompsorspeaking in Paris at
Limnoplast2023. The scientific community, governments and media have a duty
to better inform the public of the effects associated with microplastics and the
combined problems associated with the overuse of plastics in gasecatrent
trends of plastic use increasegecially in Ireland. Currently microplastics
emission to the environment is a secondagefit of incentives to reduce waste
creation.For example, th2023phasing out of singlase coffee cups in the town

of Killarney, Ireland which generated 23,000 syger week previously has reduced
their waste output by 18.5 tonnes of wastmually(Carroll, 2023) On a larger
scale the 2024 Olympic Games held in Paris will be the first major event without
singleuse plastic and visitors to the temporary competistes in the French
capital will only be admitted without plastic bottles (Reuters, 2023). As consumers
the scope for action is limited with personal and structural factors keeping
consumers from reducing plastic pollution (Wiefetkal. 2021) as was ned in
fishers surveyed as part of this themml the lack of alternative ngolastic gear
Furtherto this the results of a representative survey which found that 87% of
Europeans worry about the effects of plastic on the environment (European

Commission 2017).The onus thereforeshould be on governments to pressure
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companies to reduce and take control of their pl@sdduction and waste creation.

An example of which is the recent lawsuit by the state of New York against
PepsiCo over the plastic pdilon in Buffalo River following a survey of riverine
plastic litter found that 17.1% were produced by the company (Netler2023).

It has also been suggested that warning signs on plaeticictsof the ham they
cancause similar to warnings thatpgar oncigarettesshould be implemented

order to curb the current unsustainable use of plastics that currently(bexisest

al. 2022) A step in this direction has been adopted by the clothing company Levis
wi t h t he Redease plastic angcrofiires into the environment during
washing i ncluded under the AComposition & C:¢
synthetic polymersFurther measures could be the introduction of filters on
clothing websites in order to shop by material in $hene vein as filters such as
length, size, colour et@his could be a particularly powerful tool for use in Ireland
given the huge per capifaastic waste that is generatedarg double the EU
average standing at 61kilgrray, 2023. While just under 8 per cent of plastic
packaging generated in Ireland was recycled in 201 the country set to miss
mandatory EU recycling targettue to apply from 2025 for municipal waste,

packaging waste and plastic packaging wésRA, 2023).

There exists a gap between intention and behaviour with regards to environmental
action amongst the general public in Ireland. A recent Deloitte study of 1,000 Irish
consumers found that while 49% stated they were willing to take action or change
their befaviour with regards to climate action only 41% stated that they had purchased
sustainable goods in the last 4 weeks namely due to the perceived high cost of such
goods (Deloitte, 2023 hi s-ddsaygwap was al so evidenced i
thesis wheein surveyed fishermen described the cost being a limiting factor for
recycling used fishing plastics as well as a driving factor for plastic selection despite
the fact that there was some acknowledgement that fishing was a source of plastic
pollution towaterbodies. The recent introduction of the Return Scheme for recycling
cans and plastic bottles at supermarkets and the return of a deposit included in the
item cost originally will hopefully improve recycling rates for this sort of item
throughout the amntry however it terms of micraggtic pollution prevention it is

quite literally a drop in thea@an. As evidenced by the results of chapters 3, 4 and 5

of this thesidibres were the dominant microplastic type found likely stemming from
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the washing of tdiles (polyamides / nylons and polyesters). While reducing the stem

of secondary microplastics into the environment from the fragmentation of larger
visible plastic items can be achieved via effective waste management systems, beach
cleans and improvedeycling facilities, these measures are largely ineffective for the
trapping of microfibres. While microfiber emissions to the environment can be
reduced on an individual level through the purchasing offremadly, nonplastic
clothing items it is unlikel to yield the type of reduction on the large scale necessary

to protect the envonment. | believe that appragie legislative measures are the best
method to prevent microfiber pollution. This could include a phasitgimeline for
clothing companiesperating in Ireland to stop the use of plastic in their clothing
ranges rather than some form of tax on these types of goods as again the cost would
be likely shifted onto the consumer to cover. Improved media coverage on
microplastic issues and on thesowse of plastics in general are also necessary as their
consumption far outstrips measures to control #ission into the environment as

well as warning symbols on these products as we know that plastics both increase
greenhouse gas emissions and rdouite to loss of biodiversityAs plastic production

is expected to increase in the future urgent action is needed to reverse this trend and
this should begin with greater information dissemination to the general public and to

relevant government departmiston d e pl ast i ci sedo t he worl d.

In the face of seeminglybigquitous microplastic contamination of both biota and the
environment lhe words of FrencphilosophemRoland Barthes attending a plastic
exhibition in the midl950s ring fue today fiThe hierarchy of substances is
abolished: a single one replaces them al ¢ o n dhdiwhbie mvgrld can be

plasticised .

7.5 Takehome ecommendationgor future studies of this nature
1 The standardisation of microplastic research cessaryo improve result

comparability between studies, in terms of; controls, sampling, and units.
1 Research should take a holistic thngompartment approach rather than
examining one environmental matrix in isolation as spontaneous
contamination with micropktics does not occur.
1 Microplastics research should be conducted in as an environmentally

benign approach as possible especially for density seperations where less
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environmentally harmful approachs are possible, in turn this will improve
study comparabity with citizen science projects.

Greater effort is needed improve consumer awareness of microplastics
and the harm that overuse of plastics causes as an unsustainable resource.
Engagements with stakeholders in fishing activities should be encouraged
in order to look for solutions to this problem as this is likelygreup that

will see the greatest impact of microplastics.
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Chapter 8 Appendices

Appendix A: Supplementary matdrior chapter 1
Recovery Rate Testing

Potassium carbonate recovery was tested using 6 different common polymers; R
PET, LDPE, HDPE, PS, PP and PVC. 10 microplastics from each polymer were
added to samples of sediment and mixed in and extractions weesl caut twice

and this was repeated 3 times to generate mean recovery rates per extraction.

Al |l mi croplastics were generated from
1 A5-year old credit card was cut up to create PVC fragments.
1 HDPE fragments was creatddm a plastic petri dish
1 LDPE film was cut from a plastic bag for plastic petri dishes.
1 PS beads were taken from a bean bag and were placed in standing water

and exposed to natural weather conditions of the study area for a period of
3 months.

1 PP fragmats were taken from an old plastic flower pot which had been
storedin a greenhouse for a year previously.

1 Recycled PET fragments were taken from packaging from supermarket
bought tomatoes.

Table 8-1: Recovery rates for vanis polymer types using potassium carbonate
for density seperation.

Polymer Type Extraction Extraction
#1 #2

PET fragments 76.6%+5.7 93.3%+5.7

LDPE films 76.6%+5.7 86.6%+5.7

HDPE fragments 76.6%+5.7 93.3%+5.7

PS beads 80%zx10 96.6%+5.7

PP fragments 80%=10 93.3%+5.7
PVC fragments 86.6%+15.3 100%=0

Resilience testing: No particle loss or deformation was noted following 3@% H

at 40C following 24 hours of treatment and they were cleaned of attached debris,
notably, theenvironmentally exposed PS beads which were fouled before the
treatment.

Microplastic pieces oPET fragments, LDPE films, HDPE fragments, PS beads,
PP fragments, PVC fragments and polyester fibres were added to 10 litres-of Milli
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Q water with small sticksleaves, silt and mud added to mimic the material
collected in surface water. As mentionedidgilkingshawet al. (2022) fibres with
lengths greater than the mesh sizes were found on each sieve. For example, fibres
with length >2000um were found on the $0isieve having passed through the
sieve stack before this level. This would indicate that fibres may potentially be lost
due to sieving having passed through all sieves in a cascading sieve stack.

Raman analysis was conducted on microplastics recoeved blanks for all
sections pertaining to microplastics work (chapte#s) and Polyethylene and
cellulosewere commonly noted amonst those identifi@dile cellulose may have
stemmed from the 100% cotton labco#tss unclear where the laboratery
introducedpolyethyleneto controls originated

Table 8-2: Contamination controls for sampling campaign

Location Hydrogen Air Total Laboratory
Peroxide Contamination Induced
Treatment and Contamination
Centrifugation
Contamination

Ramparts 2 0 2

Headwater

Ramparts 0 0 0

Outflow

Flurry Headwater| 1 0 1

Flurry Outflow 3 0 3

Dee Headwater | 2 2 4

Dee Outflow 2 1 3

Fane Headwater | O 0 0

Fane Outflow 0 1 1

Big Headwater | O 0 0

Big Outflow 0 0 0

Glyde Headwater 1 0 1

Glyde Outflow 1 1 2

Castletown 2 0 2

Headwater

Castletown 2 0 2

Outflow

Sampling Campaign 1: Contamination Levels for samples, Mean: 1.5 + 1.29

Table 8-3: Contamination controls for sampling campain

Location Hydrogen Air Total Laboratory
Peroxide Contamination Induced
Treatment and Contamination

Centrifugation
Contamination
Ramparts 0 0 0
Headwater
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Ramparts 2 0 2
Outflow

Flurry Headwater| 3 0 3
Flurry Outflow 2 1 3
Dee Headwater | 0 0 0
Dee Outflow 1 0 1
Fane Headwater| 1 0 1
Fane Outflow 0 0 0
Big Headwater | O 1 1
Big Outflow 0 1 1
Glyde Headwater O 1 1
Glyde Outflow 0 3 3
Castletown 1 2 3
Headwater

Castletown 0 1 1
Outflow

Sampling Campaign 2: Contamination Levels for samples, Mean: 11415+

Table 8-4: Labratory introduced contamination Gf duebensamples.

Headwater samples 2 fibres

Outflow 1 fibre

G. duebenControls: Contamination for headwater samples: 0.3 Microplastics per
compositesample

G. duebeniControls: Contamination for outflow samples: 0.1 Microplastics per
compositesample

Table 8-5: Labratory introduced contamination of sediment samples.

Headwater samples 2 fibres

Outflow samples 2 fibres

SedimentControls Contamination for outflow / headflow samples: 0.5
microplastics introduced per replicate.
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Figure 8-1: Map displaying Qualues of rivers entering Dundalk Ba§EPA,
https://gis.epa.ie/EPAMaps/
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Appendix B: Supplementary material for chapter 2
SeaFisheries Protection Authority authorisation for collecting cockles.

AN CODARAS Uk SEA-FISHERIES
CHOSAINT PROTECTICOM | Headquartcrs, Mars Road,
IASCAISH MHARA AUTHORITY Slognoen, Clardity,

Cr. Ak, Iralars

[rundal k instiiv ke of Technology
Crundal k
Ireland

T -353 @ 22
as3rine

F +3%3 1n 23
S35EFHS
Wonne, PG,

2at January 2020
DSA 02/1020

DERCEATION TO CONDHMT FIEHING FOR SCIENTIFIC RESEARTCH

Dezar Or Linnane

Flease note that the S=a-Fisherdes Protection Suthcrity is pleased to agree o wour roguest for a
specific derogation to conducst flshing for scientific research subject to compliance with the

terms cullined below:
Weszel Details: Mame: Ma vessel, callacdon by hand.

Mature of trial: Ph scieatlflc research under DRIT
Type of sampding: Sampling by hand.
Species belng targeted: Cockles

Area coverage: Drundzlk Bay

Paricd: lanuary 2020-202 2ide pendent on weathe rfcond ticnsSsampling success)

Sciantific Staff: Stephen Kneel, Dr Carpline Gilleran Seephens, Or Suzanne Linnane, Br Alec

Ralstorm,

Plegse be gowised thar a copy of this document should Be retalined whille they are engaged

im thie scientif cwork.

Cirvally, | would lke to wish you amd your team every success wizh -he preject.

e

Christopher Tealty

Sea-Fisheries Gperaticns Manager
ccl [Mawval Service, SFPA-SWT, SFPA-Senicr Fort Ofticers]

Procedural blanks fanarinebeach sedimd; Oil, ethanol and water.
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Table 8-6: Contamination of procedural blanks for marine beach sediment: oil,
ethanol and water.

Blank Microplastics found
Rockmarshall Blank 1 1 fibre
RockmarshalBlank 2 Clean
RockmarshalBlank 3 2 fibres
Rockmarshall Blank 4 3 fibres
Rockmarshall Blank 5 1 fibre
Rockmarshall Blank 6 Clean
Rockmarshat 1.16 £1.16
Blackrock Blank 1 Clean
Blackrock Blank 2 2 fibres
Blackrock Blank 3 3 fibres
Blackrock Blank 4 1 fragment
BlackrockBlank 5 2 fibre
Blackrock Blank 6 1 fibre
Blackrock 1.5+1.04

Table 8-7: Controls for cockle processing.

Season a b c
Spring 1 fibre 1 fragment, 1 fibre 1.03
Summer 2 fibres 1 fibre, 1 fragment 2.07
Autumn 4 fibres,1 fragment 1 fibre 1.11
Winter 1 fibre, 1 fragment 1 fibre, 1 fragment 2.05

Controls for cockle processing = air contamination, b = solution and ¢ = potential
contamination / cockle
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Appendix C: Supplementary material for chapter 3
Table 8-8: Estimated processiAgtroduced contamination for each species.

Species Air Control Solution control | Total
Contamination per contamination per; Contamination
individual individual per individual

E. siliqua 0.2 0 0.2
A. aculeata 0 1 1
E. cordatum 0.05 1 1.1
L. depurator 0.625 1 1.63
P. catenus 0.095 2 2.1
C. crangon 0 2 2
P. platessa 0.05 2 2.1

L. conchilega 0 1 1
Gobiiformes 0 2 2
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Appendix D: Supplementary material for chapter 4

Ethics Approval for Survey issuance

L
Fm ol Bt B Eelkpicehia

Srbwed vl Heahit and Soeee

2™ June 2020

Mr. Stephen Kneel,

Centre for Freshwater & Environmental Studies,
School of Health and Science,

Dundalk Institute of Technology,

Dundalk,

Co. Louth

Re: Microplastics in Dundalk Bay.

Dear Stephen,

The School Ethics Committee reviewed the ethics application for the above study at its
meeting dated the 30" April 2020.. | acknowledge the amendments which you sent on

the 29" May 2020. This application is now approved.

Wishing you the best of luck in your research.

Yours Sincerely,

.
[

Dr.Edel Healy
Chair of 5chool of Health & Science Ethics Committee

cc. Dr. Suzanne Linnane/ Dr. Caroline Gilleran Stephens/Dr. Alec Rolston
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ARTICLE INFO ABSTRACT
Feyword: This paper explores the awareness, knowlsdge, attitodes and behaviour of members of the [rish fishing
Adquathe pllation community towards environmental topics such as; microplasiics, plastic polltion and recycling. We conducted

Plagite a mixned method survey consisting of 26 questions (2021) involving members of the Irish fishing community
::?:::mm {fishers, aquaculturiss etc.). Respondents were genemlly aware of microplastics and the threats they can pose
Marine to different environmental matrices. They noticed litter frequently when engaged in their fishing activities (0%
never noticed litter) and in large quantities (35% of respondents noticed over 104 items) bt they were likely
(likely 40% and highly likely 35%) to remove it from the environment. Durabdlity was the main reason for the
selection of most fishing plastics used by respondents (ranked first in 4 of 5 plastic items) while recyclability
played a lesser role. Respondents also viewed plastics as cheap and convenient with these terms acoounting for
48% of positive connotations related to the word ‘plastic’, hawever, in general asocisted plastic with negative
phrases. Barriers to the recycling of used fishing plastics were most frequently identified as being due to a kack
of knowledge on how to or a lack of facilities. This study provides novel insight into a previously unstudied
cohort in Irish society towards plastics and recycling and can serve as guidance for further work on this group.

1. Introduction Gregory, 2009). Additonally, microplastics have been shown to be
present in commercially important species consumed by humans world-
wide such as oysters, mussels, herring, mackerel and tuna ete. (Van
Cauwenberghe and Janssen, 2014; Rochman et al, 2015) and alio in
prawns found in Irish fishing grounds (Joyce e al, 2022),

The Republic of Ireland (ROI) has a poor record of plaste waste
management, rated as the fifth worst country in the European Union
(EU) at recycling plastic packaging recyeling just 28% of it below
the EU average of 38% (Eurostar, 2020} Additomally, almost two-
and-a-hall times more plastie packaging waste was sent for energy
recovery in 2020 than was recyced (EPA, 2022). Plastic waste s also
prevalent in the namral environment with, 91% of studied subridal and
intertidal Special Areas of Conservation (SACs) and Special Protected
Arest (SPAs) in the ROl contaminated with microplastics (Mendes
e al., 2021)

Plastie waste in the ocean & a major environmental threar and
accounts for 85% of marine litter (UN Environment Programme, 2021).

Marine limer, especially in plastic form, is a pollutant of inereasing
environmental concern with around 8 to 10 million metric onnes
entering the ocean annually (Smith and Vignier, 2021). Ghost-fishing
from discarded or abandoned fishing gear (ghost gear) can be dan-
gerous Io marine life. For example, ‘ghost’ nets, can catch a large
number of marine organisms attracting other creatures which in tum
become entangled in a process known as cyclic eatching (Havens et al.,
2008 Link et al, 2019). Plastic's lightweight, durability and resilience
1o degradation ereates ecological issues when relessed into aquatic
environments namely marine wildlife can mistake plastic waste for prey
with most then dying of starvation as their stomachs fill with plastie
{TUCN, 2022). Macroplasties (=5 mm) (SAPEA, 2019) such as mets,
bottles and other larger pieces of debris can interact and potentially
harm marine life. Microplastics are particles of plastie which have
an upper size limie of 5 mm (Auta er al, 2017 Anderson er al,
2016 Li et al, 2015). The number of marine organisms that interact

with mieroplastics is likely many times higher than the approximately
700 species that are known to interact with larger marine debris
{e.g through ingestion and eatanglement) (Gall and Thempson, 2015

By the year 2050, it is estimated that the mass of plastic debris in
the oceans will surpass that of all fish specles combined (Jambeck
et al, 2015). This projection may become reality sooner due to the
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