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Assessing environmental distribution and 

stakeholder awareness of microplastics: A 

case study in Dundalk Bay 
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Abstract 
Microplastics have fast become a pollutant of ubiquitous nature 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 freshwater research generally focusing on larger rivers. 

Further to this, little work has been completed understanding the social aspect of microplastics 

despite it being an anthropogenically-caused pollutant. Additionally, the majority of studies 

completed on assessing microplastic presence are one dimensional in nature focusing on one 

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 thesis therefore presents 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, sustaining both a productive cockle and razor clam fishery and serving as a 

vital overwintering refuge for thousands of seabirds, the ecological and economic benefits of a 

healthy ecosystem here are numerous. In spite of these factors Dundalk Bay has until now been 

unstudied in terms of microplastics pollution and while its shallow nature with many freshwater 

inputs lend to a productive environment these factors may contribute to the accumulation of 

microplastics here and it being a hotspot for this pollutant. The 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 freshwater 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 terrestrial and 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 pollution in more remote 

environments. 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 1: Literature review 

1.1 General Intoduction  

1.1.1 Plastics; their uses and Issues 

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 consumer good has been carried out. Today plastic types and their uses are wide-

ranging with polyethylene the highest volume global plastic available with both high- and low-

density variants making up over 28% of Europe’s demand in 2021, and world-wide plastic 

production reaching 390.7 Mt (Fig. 1-1, Plastics Europe, 2022). Although 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 (Bellasi et al. 2020). Other common types of plastics, their uses and densities are 

diplsayed in table 1-1 below. However, just as plastic production has increased so too has 

plastic waste and pollution to the detriment of the environment. In high-income countries the 

percentage 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 natural ecosystems (Geyer 

et al. 2017). 

 

Figure 1-1: World Plastic production in 2021 (Plastics Europe, 2022). 
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Table 1-1: Commonly produced polymers, their associated densities and uses (Choon et al., 

2021). 

 

 

1.1.2 Microplastics: An introduction and their spread 

The term microplastic is a relatively new one, first coined in a study titled “Lost at Sea: Where 

is All the Plastic?” on the presence of microscopic plastic pieces in marine sediment and waters 

in the UK (Thompson et 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 the naked eye. 

Although still under debate, microplastic size classes were defined by Frias and Nash (2019) 

as “Microplastics are any synthetic solid particle or polymeric matrix, with regular or irregular 

shape and with size ranging from 1 μm to 5 mm, of either primary or secondary manufacturing 

origin, which are insoluble in water”. The mass of microplastics in the environment was 

estimated as 400 times greater than that of macroplastics in a study of the Belgian continental 

shelf (Van Cauwenberghe et al. 2013). Subsequently, numerous reports have documented the 

prevalence of microplastics and their distribution in various environments. Microplastics 

ubiquity has been reported on in a large number of studies for example: in marine environments 

(Pagter et al. 2020b; Martin et al. 2017), freshwater systems (Akdogan et al. 2023; Murphy et 

al. 2022; Mani and Burkhardt-Holm, 2020) atmospherically (Kyriakoudes and Turner, 2023; 

Dris et al. 2016), and in terrestrial soils (Tian et al. 2022). Microplastics have been documented 

in various species (Deoniziak et al. 2022; Joyce et al. 2022; Nelms et al. 2019) in mountain 

ranges (Allen et al. 2019) and in regions and species of the deep sea (Courtenen-Jones et al. 

2020; Courtene-Jones et al. 2019).  
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Figure 1-2: A timeline of microplastics research, legislation and current environment status. 

 

Microplastics found in the environment 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 inputs from industrial 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 

sea’s surface (Ugwu et al. 2021). The size range of plastics observed in the environment 

compared to living organisms is shown below (Fig. 1-3). 
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Figure 1-3: Size range of plastic objects observed in the marine environment and some 

comparisons with living material and overview 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 5mm) (Cole et al. 

2011). GESAMP described microplastics based on their origin with preproduction pellets, 

microbeads, micro-sized 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/water-blast cleaning and powders that may be used as inks, 

injection molding or medicine (Rio Mendoza and Balcer, 2018). Some examples of 
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microplastics present in brands of facial cleansers are displayed below (Fig. 1-4, Tanaka and 

Takada, 2016) 

 

Figure 1-4: Examples of primary microplastics (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 particles that originate 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 

(Rochman et al. 2013; Ryan et al. 2009; Thompson et 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 both UV radiation and mechanical erosion is minimal (Gregory and Andrady, 

2003). In addition to UV radiation from the sun, plastic debris on beaches experience relatively 

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

as well as high oxygen availability which all encourage fast rates of plastic degradation 

(Andrady, 2011; Barnes et al. 2009). Andrady (2015) underlined four key processes that help 

to degrade or fragment plastic material in the environment; solar UV-induced photodegradation 

reactions, thermal reactions including thermo-oxidation, 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 limited to plastics floating on the ocean’s surface and on beaches 

(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 (Tocháček and Vrátníčková, 2014; Hamid and Pritchard, 1991). Plastics lying on beaches 

https://link.springer.com/chapter/10.1007/978-3-319-16510-3_3#CR47
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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 environments are displayed 

below. (Table 1-1). 

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 sediment 

Sunlight Yes Yes Yes No 

Sample temperature High High Moderate Low 

Oxygen levels High High High/moderate Low 

Fouling (screens 

solar radiation) 

No No Yes Yes 

 

Floating plastics in aquatic environments can also undergo biofouling by algae and invertebrate 

species initially (Fazey and Ryan, 2016) (Fig. 1-5). This 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 the surrounding 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 its density decreases. This slow cyclic ‘maritime life-cycle’ of 

floating plastic debris was confirmed by Stevens et 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 Amaral-Zettler et al. (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 loosely attached clumps of cells and the polymer became buoyant again in 

laboratory experiments.  



7 
 

 

Figure 1-5: Fouling of Polyethylene after 2 weeks, 4 weeks and 12 weeks respectively in False 

Bay, South Africa. (Fazey and Ryan, 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 contribute to rates of degradation. For example, 

the presence of UV stabilisers in processed plastics help to extend their longevity in the 

environment and reduce breakdown rates (Andrady, 2011). Due to the ongoing weathering 

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

size, shape, colour and polymer type among secondary microplastics because they can originate 

from the breakdown of any large plastic item (Setälä et al. 2018).  

 



8 
 

1.2  Interactions of Microplastics in the 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 ecosystems. A literature review conducted by Cera et al. (2020) found that from 2012 

to 2020 2864 papers were published on microplastics and marine ecosystems while just 158 

were based on freshwater ecosystems. Prior to this less than 4% of studies related to 

microplastics were reportedly associated with freshwaters (Lambert and Wagner, 2018). 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 (Jambeck et al. 2015). It is 

estimated that 1.15 to 2.41 million tonnes of plastic enter the ocean via river transport every 

year and that 122 polluting rivers contributed more than 90% of the total plastic inputs 

(Lebreton et al. 2017). In some instances, macroplastics and microplastics can become trapped 

in riverine or lacustrine environments and thus can affect these ecosystems (Ghinassi et al. 

2023; Hengstmann et al. 2021). Freshwater bodies can act as sources, transporters (rivers), and 

sinks (isolated lakes, sediment of rivers) of microplastics and therefore high variabilities in 

microplastics abundances can be expected (Klein et al. 2018). It is estimated that only 2% of 

primary microplastics in the ocean were the result of marine anthropogenic activities with the 

other 98% the result of land-based activities (Boucher and Friot, 2017). There exists a huge 

range of microplastic concentrations reported in freshwater environments with a review of 183 

studies by Lu et al. (2021) noting that microplastic concentrations span eight orders of 

magnitude in freshwater (1.2 × 10−3 to 5.42 × 105 particles/m3) and six orders of magnitude in 

sediments (8.1 × 10−1 to 9.5 × 105 particles/kg). 

Furthermore, around 80% of marine microplastics enter the ocean through riverine transport 

(Mani et 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 (Wang et al. 

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 (Siegfried et al. 2017). For example, the 

mass release of tyre and road wear particles was estimated for the Seine watershed at 

1.8kg inhabitant−1 yr−1 (Unice et al. 2019). Another source of microplastics to freshwater 

environments include storm water run-off which can dump microplastics from land-based 

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 
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on freshwater rivers leads to a high abundance of microplastics in these rivers and their 

sediment (Shruti et al. 2019; Peng et 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 (Eriksen et al. 2013).  

 

1.2.2 Wastewater Treatment Plants: sources and sinks of microplastics  

While there are many potential sources of terrestrial microplastics entering freshwater bodies 

one particularly well-studied source are wastewater treatment plants (WWTPs) (e.g., Ridall et 

al. 2023; Montecinos et al. 2022; Becucci et al. 2021). Kay et al. (2018) studied 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 which seemed to correlate to the population 

equivalents served. Though WWTPs can remove the majority of microplastics from influent 

water prior to effluent release with removal efficiencies up to 95% in some instances (Talvitie 

et al. 2017; Talvitie 2015) and tertiary removal reported as removing an overall 87.3% to above 

99.9% of microplastics (Tang and Hadibarata, 2021), many millions of microplastics are 

capable of still escaping from WWTPs and entering freshwater or marine bodies (Sun et al. 

2019). Field observations of WWTPs showed that river discharge was an important medium 

for microplastics releases from the terrestrial environment to the ocean (Schmidt et al. 2017). 

Furthermore, there is an apparent difference in the shapes of microplastics that are captured by 

WWTPs. Ben-David et al. (2021) noted that microplastic removal 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 microplastics post-treatment 

(Mahon et 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 

https://www.sciencedirect.com/science/article/pii/S0043135417310515#bib137
https://www.sciencedirect.com/science/article/pii/S0043135417310515#bib137
https://www.sciencedirect.com/science/article/pii/S0043135417310515#bib138
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rainfall was a source of microplastic pollution of freshwater bodies (Wetherbee et al. 2019). 

Concentrations of microplastics in freshwater bodies have been reported to increase due to 

precipitation (Hitchcock, 2020; Xia et al. 2020; Wong et al. 2020; Schmidt et al. 2018), 

however, negative relationships between the wet season and microplastic abundances possibly 

due to dilution effects have also been recorded (de Carvalho et al. 2021; Barrows et al. 2018). 

Additionally, atmospheric transportation and deposition of microplastics has been studied as a 

contributor of microplastic abundances in freshwater bodies (Zhang et 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 flow rates, higher microplastic numbers may be present 

in sediment rather than in surface waters as they settle (Mbedzi et al. 2020; Eo et al. 2019). 

Conversely, in 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 (Liu et al. 2019; Hurley et al. 2018). The relationship 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 represent long-term concentrations 

(Ding et al. 2019; Rochman, 2018). Liu 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 (Liu S. 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 populated areas of Shanghai 

exhibited levels higher than those from sparsely populated areas (Peng et al. 2018). A similar 

trend was observed in the sediment in rivers of the Tibet Plateau (Jiang et al. 2019). Conversely, 

two Irish locations in upland areas with low population 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 proximity (Tibbetts et 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 

microplastic 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 into sediments and 

accumulate there whereas those with low densities float on the surface (Alfaro-Núñez et al. 

2021; Frias et al. 2020). However, those less dense will eventually sink as a result of biofilm 

formation (Lobelle and Cunliffe, 2011), expelled as faecal pellets (Cole et al. 2013) or through 

the process of flocculation (Michels et al. 2018) meaning that marine sediment is considered 

the ultimate sink of many pollutants (Woodall et al. 2014). Furthermore, it is suggested that 

polymer density alone is not the most significant control on microplastic particle fate within 

aquatic environments (Razeghi et 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 and accumulation (Gray et al. 2018; Weinstein et al. 2016; Ryan et 

al. 2009). Microplastic abundances in marine environments display high variability which 

besides the differences in environments can stem from differences in sampling methods, 

separation techniques and in reporting units (Lindeque et al. 2020; Shim et al. 2018). Marine 

sediment is classed as a major sink for microplastics with a conservative estimate of 14 million 

tonnes thought to reside on the ocean floor (Barrett et al. 2020). Several studies have 

documented the presence of microplastics in deep-sea sediment (Barret et al. 2020; 

Cunningham et al. 2020; Van Cauwenberghe et al. 2013b). Deep-sea sediment samples of the 

Indian Ocean, Atlantic Ocean and Mediterranean Sea was shown to have contamination levels 

up to four orders of magnitudes greater than in sea surface water samples (Woodall et al. 2014) 

which highlighted this environ as the long-term ultimate sink for microplastic debris.   

 

1.3.1 Coastal Environs  

Near-shore or intertidal habitats are known as sites of potentially high microplastics 

contamination given their proximity to terrestrial environments where as much as 80% of 

marine litter originates (European Environment Agency, 2023). Additionally, recent modelling 

work indicates that approximately 77% of positively buoyant marine plastic litter stemming 
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from land-based sources spend 5 years beached or floating in coastal water (Onink et al. 2021). 

Furthermore, degradation and fragmentation of plastic into microplastic form is expected to be 

greatest in surface water and on beaches where the rate of solar UV-induced photodegradation 

is greatest (Cooper and Corcoran, 2010) and beaches are the most likely source of secondary 

microplastics in marine environments (Kataoka and Hinata, 2015; Kataoka et al. 2013; 

Andrady, 2011). Indeed, microplastic pollution has been noted in a large number of marine 

intertidal locations (Perfetti-Bolaño et al. 2022; Mendes et al. 2021; Bucol et al. 2020).   

Microplastics have been documented in coastal and marine environments in numerous recent 

studies and are found in varying concentrations worldwide (Fig. 1-6, Nunes et al. 2023). 

Intertidal locations in Ireland displayed a range of 0 to 553 particles per kilogram (Mendes et 

al. 2021). Across Europe microplastic contamination has been found 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 South-East of Spain, 

64.06 ± 8.95 particles per kilogram (Terzi et al. 2022; Bayo et al. 2019).  

 

Figure 1-6: Presence of microplastics reported in coastal and marine waters worldwide (Nunes 

et al. 2023). 

 

1.4 Microplastics and their interactions with biota 
Two hundred and twenty species are noted to ingest microplastics in the natural environment 

(Lusher et al. 2017). There are numerous problems faced by biota ingesting microplastics. 

Following ingestion, microplastics can accumulate in an organism’s organs, cause mechanical 

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, 2018; Jovanović, 2017). Furthermore, 

microplastics are not homogenous particles, each differs in chemical 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 natural environment (e.g., PBDEs (Polybrominated 

Diphenyl Ethers), EDCs (Endocrine Disrupting Chemicals), and PPCPs (Pharmaceutical and 

Personal Care Products), along with other Persistent Organic Pollutant (POPs)  in aqueous 

media which may then desorb when conditions become favourable such as being ingested by 

an organism (Martín et al. 2022; Joo et al. 2021). Indeed, up to 81 different chemical 

compounds have been found in microplastics in the Canary Islands (Camacho et al. 2019). 

Furthermore, greater ingestion of microplastics in seabirds has been linked to chemical 

aromatic signal from dimethyl sulfide release in microplastics (Savoca et al. 2016) while an 

increase in epithelial cysts was noted in plastic-feeding birds (Roman et al. 2019).  

 

1.4.1 Bioturbation and microplastics  

Bioturbation or the processes by which animals alter their habitats by influencing the sediment 

structure of soft bottoms of the sea floor include actions such as burrowing, ingestion, 

defecation and ventilation which transport particles in the sediment matrix (Kristensen et al. 

2012). Several microcosm experiments have demonstrated the vertical transportation of 

microplastics into deeper sediment layers by various species (e.g. the wedge clam Donax 

trunculus, the Baltic clam Macoma balthica, the lugworm Arenicola marina and the brittlestar, 

Amphiura filiformis) (Ben-Haddad et al. 2022; Coppock et al. 2021; Gebhardt and Forster, 

2018; Näkki et al. 2017). Benthic species can therefore lead to the increased burial and 

sedimentation of microplastics in the marine environment (Coppock et al. 2021). The 

cumulative effect of macrofauna communities is the net burial of microplastics (Coppock et al. 

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 (Ikeda, 1985). Zooplankton are a wide-ranging group of primary and 

secondary consumers that includes both vertebrates and invertebrates such as microscopic 

copepods, fish larvae and jellyfish which consume free-floating algae and other zooplankton. 

The role that zooplankton play in marine food webs cannot be overlooked as they form a bridge 

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/pbde
https://www.sciencedirect.com/science/article/pii/S0025326X22004805#bb0030
https://www.sciencedirect.com/science/article/pii/S0025326X22004805#bb0160
https://www.sciencedirect.com/science/article/pii/S0025326X22004805#bb0160
https://www.sciencedirect.com/science/article/pii/S0025326X22004805#bb0235
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for energy transfer between primary producers (phytoplankton) and larger predators which are 

themselves then preyed upon by predators further up the food chain. For zooplankton 

microplastics represents a nutritionless by-product that is ingested alongside other food sources 

leading to a reduction in primary producer consumption and their associated nutrients by 

zooplankton (Kvale et 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 

microplastics in aquatic environments can have on their health. Zooplankton, in addition to 

energy transfer within food webs, are also key to the biological carbon pumping that drives 

photosynthetically fixed organic carbon from the surface to the intermediate and deeper oceans 

and water bodies (Turner, 2015; Steinberg and Landry, 2017; Turner, 2002; Longhurst and 

Glen Harrison, 1989). Feeding in surface waters, zooplankton 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, 2015). Coastal waters are highly 

productive and biodiversity-rich ecosystems which are home to diverse species of zooplankton 

(Anandavelu et al. 2020), however, the likelihood of exposure to microplastics for organisms 

in these environments is enhanced (Cózar et al. 2014). Microplastic abundance is higher here 

due to the proximity of coastal waters to the 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 consumed by higher organisms, they 

are potentially a starting point for microplastics entering the diets of a variety of species 

including humans (Fig. 1-7). Furthermore, modelling work has shown that zooplankton grazing 

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

North Pacific exacerbating the consequences of climate warming (Kvale et al. 2021). 

https://www.frontiersin.org/articles/10.3389/fmars.2022.894372/full#B116
https://www.frontiersin.org/articles/10.3389/fmars.2022.894372/full#B104
https://www.frontiersin.org/articles/10.3389/fmars.2022.894372/full#B114
https://www.frontiersin.org/articles/10.3389/fmars.2022.894372/full#B69
https://www.frontiersin.org/articles/10.3389/fmars.2022.894372/full#B69


15 
 

 

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). 

 

1.5 Microplastics: more than plastics, associated effects  
Aside from the physical issues that can arise following ingestion of microplastics such as 

blocking of the gastrointestinal tract 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 they will have 

in industry as well as helping to extend their lifespans. Some effects plasticisers can have 

include; thermal resistance (e.g. PBDEs), increased flexibility and durability, buoyancy aids 

and microbial resistance (e.g. Triclosan) (Thompson et al. 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 can have undesirable effects on biota. Many additives to plastics are classed as 

EDCs, two examples of which are Bisphenol-A (BPA) and Phthalates. Human exposure to 

endocrine disrupting chemicals can result in; birth defects, neurodevelopment conditions, 

reproductive health impacts, obesity and metabolic diseases (OECD, 2023). In animals the 

effects can be much more wide ranging, some responses to EDCs in animals include but are 

not limited to; imposex (masculinisation) of female sea snails, egg-shell thinning in sea birds, 

effects on the immune system and reproductive organs, as well distorting of sex organs and 

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

being ingested or inhaled by organisms together with microplastics (Guo et 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 associated with microplastics. 

In humans however, 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 (Moresco et al. 2021; Rzezutka and Cook, 2004). In laboratory studies aged 

microplastics showed better protection of the virus, Escherichia coli bacteriophage T4 in 

comparison to pristine microplastics which may be due to increased surface roughness enabling 

increased survival of the virus (Lu et al. 2022). WWTPs may have potential as breeding 

grounds for microplastic coated in viruses that can be discharged into downstream aquatic 

environments given how they discharge both a large amount of microplastics (Sun et al. 2019) 

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

are shed in high concentrations in the faeces of infected individuals and are commonly detected 

in raw sewage, treated effluents, sludge or the surface waters of receiving water bodies (Farkas 

et al. 2018; Iaconelli et al. 2017; Prado et al. 2019; Schlindwein et al. 2010).  

 

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

health effects of these pollutants on humans are unknown. However, commonly contained 

additives can have detrimental effects and some polychlorinated biphenyls (PCBs) and 

polycyclic aromatic hydrocarbons (PAHs) are carcinogenic in nature. Commonly-consumed 

food products such as table salt, sugar, honey, beer, water, edible fruits and vegetables have 

been reported to contain microplastics (Oliveri Conti et al. 2020; Renzi and Blašković, 2018; 

Liebezeit and Liebezeit, 2014,2013) and drinking water has been suggested as the main source 

of microplastics to human diets (Senathirajah et al. 2021). Another well-studied entry route of 

microplastics to human diets is the consumption of seafood, in particular, bivalves. Bivalves 

are important filter-feeding 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 important protein source for many people. Bivalves (primarily clams, 

mussels and oysters) accounted for 16 million tonnes of coastal and marine animal aquaculture 

in 2015) (FAO, 2016). Bivalves are a group of animals particularly at risk to the effects of 

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/escherichia
https://www.sciencedirect.com/science/article/pii/S0269749122008089#bib15
https://www.sciencedirect.com/science/article/pii/S0269749122008089#bib15
https://www.sciencedirect.com/science/article/pii/S0269749122008089#bib25
https://www.sciencedirect.com/science/article/pii/S0269749122008089#bib43
https://www.sciencedirect.com/science/article/pii/S0269749122008089#bib47
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microplastic exposure due to the fact they feed through the process of filtration and prey size 

similarity (Germanov et 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 in the individual. The ingestion of microplastics by bivalves is worthy of study as in 

general the entire bivalve is consumed and thus raises concern for human health implications 

of microplastics, furthermore bivalves are consumed by many different marine species which 

can exacerbate their proliferation in marine and freshwater food webs (Fig. 1-8). Beyond 

bivalves, microplastics have been documented in organisms at several trophic levels and some 

examples are displayed below (Table 1-3). 

 

Figure 1-8: Diagram displaying the potential predator-prey transfer network of microplastics 

in marine food webs and the many routes that humans may be exposed. 

 

Table 1-3: Microplastics documented in organisms at different trophic levels. 

Organism  Reference 

Zooplankton  Botterell et al. 2022; Goswani et al. 2023; 

Cole et al. 2013. 

Seabird (Hydrobates pelagicus melitensis) De Pascalis et al. 2022 

 

Seabirds (14 species) Navarro et al. 2023 
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Bivalvia: Meretrix meretrix1, Tegillarca 

granosa2, Perna viridis2, Chlamys farreri3, 

Mytilus galloprovincialis3, Crassostrea 

gigas3, Ruditapes philippinarum3 

Wu et al. 20221; Ta et al. 20222; Ding et al. 

20213 

European pilchard (sardine) (Sardina 

pilchardus), Gilt-head bream (Sparus 

aurata), Striped red mullet (Mullus 

surmuletus), Common sole (Solea solea) 

Ferrante et al. 2022 

Swordfish (Xiphias gladius), Bluefin tuna 

(Thunnus thynnus) 

Di Giacinto et al. 2023 

Human Placenta Zhu et al. 2023 

 

Human Blood Leslie et al. 2022 

 

Human Lungs Jenner et al. 2022 

 

Human testis and semen Zhao et al. 2023 

 

 

1.8 Widely reported microplastic presence in bivalves 
In recent decades much like other species of marine life there has been a reduction in some 

population sizes of bivalves (FAO, 2016) with species of freshwater bivalves among the most 

threatened with extinction groups in the world with 40% of the species being near threatened, 

threatened or extinct (Lopes-Lima et al. 2018). Microplastics in marine and freshwater 

environments present a relatively new threat to these species. A growing body of evidence 

indicates the ubiquity of microplastic contamination of bivalves (e.g., Aung et al. 2022; 

Baechler et al. 2020; Hermabessiere et 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 pollution in marine coastal environments in which 

they commonly inhabit (Li et al. 2016; Goldberg et al. 1978) and so the examination of bivalves 

for microplastics may give an indication into levels of microplastics in aquatic ecosystems. 

Oysters, in addition to mussels 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 (Xie et al. 2016). Although capable for use as biomonitoring 

tools for microplastic pollution on a regional basis the lack of harmonisation in studies hinders 

the effectiveness of comparing data on a global scale (Ding et al. 2022) in addition the huge 

number of variables must be considered when comparing data sets on bivalve microplastic 

pollution. The physiology of bivalves can be affected by the ingestion of microplastics; oysters 

(Grassostrea gigas) displayed changes in their feeding capacity and reproductive output when 

exposed to polystyrene microspheres (Sussarellu et al. 2016).  

Differences between numbers of microplastics reported between studies is not unexpected. 

Variation in microplastics concentrations between species of bivalves can depend on several 

environmental factors including but not limited to; location in the 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 chosen digestion method of bivalve soft tissue, filtration mesh size 

chosen post-digestion, whether bivalves are allowed to filter clean water before examination 

and also in reported units used (items/gram or items/individual).  

 

1.8.1 Associated effects of microplastics 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 indices in several 

species including; Scrobicularia plana (Ribeiro et al. 2017), Ennacula tenuis and Abra nitida 

(Bour et al. 2018), Mytilus edulis (von Moos et al. 2012), Crassostrea gigas (Sussarellu et al. 

2016), Cerastoderma glaucum or Limecola balthica (Urban-Malinga et 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 ecotoxicity (Bour et al. 2018). 

Microplastics however can impact the behaviour of bivalves living in sediment which in turn 

can lead to knock-on effects for benthic environments. The cockle, Cerastoderma glaucum 

which is a near-surface dwelling species emerged less often and in lower numbers from 

sediment spiked with microplastics while the Baltic clam, Limecola balthica buried deeper in 

similarly treated sediment than in controls with no microplastic presence (Urban-Malinga et 

al. 2021). The majority of microplastic contamination studies into both ‘wild’ and ‘farmed’ 

bivalves have been carried out in Asia and Europe (Ding et al. 2022), Asia being the largest 

producer of marine bivalves by far accounting for 85% of the worldwide market (Wijsman et 

al. 2019).   
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Global aquaculture production stood at 110.2 million tonnes in 2016 with 17.1 million tonnes 

coming from molluscs (FAO, 2018) and between 2009-2014 marine bivalves accounted for 

about 14% of the global marine production. In contrast to other fish types bivalves are generally 

consumed whole meaning that any microplastics ingested and present in the gastrointestinal 

tract (GIT) will be consumed by humans. As mentioned previously, bivalves are particularly 

susceptible to ingestion of microplastics due to their extensive filter feeding, exposing them 

not only to potential microplastics in zooplankton but also to any microplastics in the water 

column and sediment itself. 

 

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

unsustainable. Novel entities 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 

environment. This production rate is currently outstripping any efforts at safety assessment and 

monitoring and are transgressing the planetary boundary with immediate action needed to 

return us to a safe operating space (Persson et al. 2022). Trajectories show that global plastic 

use is projected to triple between 2019 and 2060 from 430 Mt to 1,312 Mt (OECD, 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 plastic-related harms to human health focused 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 

(Aurisano et al. 2021; Wiesinger et al. 2021) identified 13,000 chemicals potentially used in 

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 thus illuminating 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 agreements (Fig. 1-9).  
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Figure 1-9: Number of chemicals of concern found in plastics as per reviews of Wiesinger et 

al. (2021) and Aurisano et al. (2021). Produced by UNEP, 2023. 

 

In 2015, the United Nations adopted the Sustainable Development Goals (SDGs) as a universal 

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 consideration of microplastics in any of the 

17 UN SDGs, microplastics pollution 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 body of evidence shows that microplastics accumulate in organs 

and tissues in aquatic organisms causing impaired development, oxidative stress, 

inflammation, neurotoxicity and intestinal injuries (Iheanacho et al.  2023) and affects their 

behaviour when present in their environment (Urban-Malinga et al. 2021). Additionally, and 

perhaps most troubling of all is that microplastics as outlined earlier have recently been 

detected in human faeces (Schwabl et al. 2019), lung tissue (Jenner et al. 2022), semen and 

testis (Zhao et al. 2023), placentas (Ragusa et al. 2021) and breast milk (Ragusa et al. 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 implicitly associated 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 reduced microplastic 

losses and entry into the environment via human behaviour include; that 1. by 2030 waste 

generation will be substantially reduced through prevention, reduction, recycling and reuse. 2. 

by 2020, achieve the environmentally sound management of chemicals and wastes throughout 

their life cycle and 3. 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 relating to addressing the microplastics issue are; by 2025, that marine 

pollution of all kinds is prevented and significantly reduced, especially from land-based 

activities, including marine debris and nutrient pollution. By 2020, sustainably manage and 

protect marine and coastal ecosystems to avoid significant adverse impacts, via strengthening 

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 health and to enhance the contribution of marine 

biodiversity to the development of developing countries, in particular small island developing 

states and least developed countries. The role of managing plastic production, waste and 

pollution in attaining the aforementioned SDGs cannot be understated. It was estimated that in 

2016 between 19-23 Mt of plastic waste generated reached aquatic ecosystems but this is 

predicted to reach 53 Mt by 2030 (Borelle et al. 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 (Persson et al. 2022), additionally, plastic waste and pollution 

costs up to US$2.5 trillion per year based on reduced ecosystem services (Beaumont et al. 

2019).  

As seen from the above SDG 12 is intrinsically linked to the outcomes of SDG 14. For example, 

from SDG 12, a reduction of plastic use would lead to a reduction of plastic waste, which would 

reduce the amount reaching landfills or the natural environment such as marine systems 

directly, potentially impacting biota 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 and awareness 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 



23 
 

current plastic production and pollution (Walker and Fequet, 2023). Waste generation outpaces 

existing regulations and removal methods and this is particularly problematic in developing 

countries (Ferronato and Torretta, 2019). The majority of consumer plastics are designed for 

single-use applications with limited recyclability thus leading to huge production and 

increasing consumption trends and therefore waste generation (Borrelle et al. 2020; Lau et al. 

2020). Given this “throwaway culture” which has been so prevalent since the mass production 

of plastics began. It is important to examine the psychological aspects and behaviour of 

consumers which currently exist such as their 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 comprises five steps: prevention, reuse, recycling, energy recovery 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 production and consumption rates to renewable 

products will require substantial changes in behaviour for industry, government and consumers 

over the coming years (Walker and Fequet, 2023). This is a pertinent issue in the Republic of 

Ireland currently. The Minister for the Environment, Climate and Communications of Ireland, 

Eamon Ryan, speaking on the Sustainable Development Goals at the United Nations in New 

York noted that while Ireland had achieved 80% of its associated targets it was “disappointing 

to see that we are missing targets related to what should be quite basic issues in a developed 

society, like municipal waste and consumption” and acknowledged the need for greater 

renewable energy rollout (Department of the Environment, Climate and Communications, 

2023). 

 

1.10 Legislation and policy on 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 action plans is the focus of descriptor 10 of 

the Marine Strategy Framework Directive (2008/56/EC). Through the increase of reuse and 

sustainability incentives (from the EC (Waste Directive) regulations and Waste Management 

Act Directive 2008/98/EC) which include treating waste 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 landfills. 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; Barnes et al. 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 sustainable alternatives 

(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 (Hartley et al. 2015; Rees and Pond, 1995). On a 

larger scale, different factors such as policies and legislations can influence behaviour which 

can benefit or degrade the environment (Beeharry et al. 2017). While the majority of society 

will in general dispose of litter in a responsible way this can depend on the environment they 

are in and the behaviour of others. Various 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 witnessed someone else picking up litter (Bator et al. 2011, Keizer et al. 2008; 

Cialdini, 2003,1990). It has been noted that improved anti-littering behaviour at a personal 

level could positively impact the behaviour of the larger social system (Beeharry et al. 2017). 

Currently, measures are being taken to reduce microplastic pollution with national 

governments banning products such as microbeads and single-use products. At an international 

level the United Nations has made commitments to reduce plastic entering the environment 

through addressing single-use plastic products pollution, the UN Environment Assembly 

Resolution Marine Litter and Microplastics and the UN Sustainable Development 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 any recycling / reusing / refilling infrastructure 

available.  

In 2018, the governments of the European Union, Canada, Germany, Italy, the United Kingdom 

and France signed the ‘Ocean Plastic Charter’ during the 45th summit of the G7 aiming to 

prevent plastic waste and unnecessary use of single-use 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 

https://www.sciencedirect.com/science/article/pii/S0025326X17303387#bb0470
https://www.sciencedirect.com/science/article/pii/S0025326X17303387#bb0305
https://www.sciencedirect.com/science/article/pii/S0025326X17303387#bb0105
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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 and more recently microfibers from clothing are a 

main focus of microplastic research as levels of concern are beginning to increase amongst the 

general public over these microplastics. This in turn has led to increased legislation and policies 

targeting this particular group of pollutants with microbeads in particular the target of new 

legislation.  

Microbeads were banned in Ireland under the Microbeads (Prohibition) Act 2019, which came 

into effect on the 20th of February 2020. This legislation prohibits production of personal care 

products, cosmetics and cleaning products that contain microbeads in addition to banning the 

import or export of said products while making it an offence to dispose of products containing 

microbeads into drains or aquatic environments (EPA, 2019). This legislation follows a similar 

banning in the United Kingdom of microbeads in 2018 (The Environmental Protection 

(Microbeads) (England) Regulations 2017 No. 1312). This ban does not include 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 potential of capture 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 Zealand, France, 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 U.S (H.R.1321 - 

Microbead-Free Waters Act of 2015). Bans 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 that have been called for by many (Bergmann et al. 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 Directive (2008/56/EC) states that: 

properties and quantities of marine litter do not cause harm to the coastal and marine 
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environment and furthermore that the amount of litter and its degradation products are reducing 

overtime along coastlines and the marine environment. This descriptor must be met by every 

member state with marine waters (including Ireland) in order to achieve “good environmental 

status” (GES) in their marine waters by 2020 (European Commission, 2008). The European 

Commission introduced The Zero Pollution Action Plan published in May 2021 which includes 

reducing by 30% the amount of microplastics released into the environment among its 2030 

targets (European Commission, 2021). Following the publication of the ‘Annex XV dossier’ 

by the European Chemicals Agency which estimated that currently, more than 42,000 tonnes 

of intentionally-present microplastics are released into the environment each year, the 

European Commission adopted the microplastics ban on September 25th 2023 to restrict 

intentionally added microplastics to products (ECHA, 2023). The restriction would comprise 

synthetic polymer microparticles below 5 mm and fiber-like particles below 15 mm that are 

used in products on intention and may result in environmental release. This proposal however 

fails to tackle the problem of secondary microplastics 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% of plastics are recycled and 79% are buried or released into the environment 

(Garcia and Robertson, 2017). Removal of microplastics from the environment is very difficult 

and on a large-scale is not feasible, therefore prevention of their release into the environment 

is paramount. To effectively counter microplastics entry to the environment a shift from 

https://commons.wikimedia.org/w/index.php?curid=65416735
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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 procurement which would limit 

microplastic entry into the environment.  

 

1.11 Thesis aims and objectives  
The overall aim of this study was to investigate the abundance and impact of microplastic 

contamination on the freshwater and marine environments, communities and economies of 

Dundalk Bay and Catchment. 

Specific research objectives were as follows:  

1. Quantify and characterise microplastic contamination in surface waters and 

macroinvertebrates of freshwater river systems flowing into Dundalk Bay over a 2-year 

period (Chapter 3).  

 

2. Assess the microplastic contamination in coastal sediments and in the commercially and 

ecologically important marine bivalve, Cerastoderma edule (common cockle) and note 

seasonal variations (Chapter 4).  

 

3. Employ an habitat-level approach to assess microplastic pollution level within the lower 

levels of the marine web of Dundalk Bay. Microplastic concentrations between species will 

be assessed for intertidal and subtidal species that 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 microplastics (Chapter 5). 

 

4. Gain insights into the relationship of community stakeholders, Irish fishers with plastic use, 

and microplastic contamination (Chapter 6).
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1.12 Thesis outline 

 

Figure 1-11: Overview of thesis structure and connections between chapters
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Chapter 2: Review of microplastics isolation 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 methods 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 and 

sediment (Lu et al. 2021) highlighting the lack of standardisation within the research field, 

while several reviews have also highlighted this variation (Lusher et al. 2020; Underwood et 

al. 2017; Wesch et al. 2016). 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 in new methods used from 2011 in particular (Rist et al. 2021) (Fig. 2-1). 

Furthermore, control methods must be implemented to minimise any microplastic 

contamination of samples and blanks must be carried out to quantify contamination that may 

have been introduced due to laboratory procedures (Hermsen et al. 2018). Many steps may be 

taken to identify microplastics from environmental samples and a general stepwise procedure 

is displayed below (Fig. 2-2).  

 

Figure 2-1: Annual increase of entirely, partially or somewhat novel methods in extracting 

microplastics from Rist et al. (2021). 

https://www.sciencedirect.com/science/article/pii/S0269749121017565#bib57
https://www.sciencedirect.com/science/article/pii/S0269749121017565#bib85
https://www.sciencedirect.com/science/article/pii/S0269749121017565#bib85
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Figure 2-2: Diagram showing commonly used approaches for examination and extraction of 

microplastics from environmental samples from Budimir et al. (2018). 

 

2.2 Water sampling for microplastics 
Across freshwater sampling campaigns for microplastics there is a significant lack of 

uniformity. Differences exist in; sampling methodology, reporting units, digestion methods and 

a great deal of heterogeneity is often quoted as a difficulty in comparing results (e.g., Elert et 

al. 2017; Hidalgo-Ruz et al. 2012; Prata et al. 2019; Mai et al. 2018). Differences in units used 

for reporting of microplastics varies between studies and results are affected by the different 

protocols used, for example, micro particles per litre and particles per km2 are incomparable 

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, natural conditions and sampling 

approaches (Eerkes-Medrano et 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 cons, however, differences in water densities 

may lead to distinct differences in microplastic distributions in each environment (Prata et al. 

2019). Additionally, among water types studied reported microplastic concentrations differ 

widely and the fact that studies can specifically target different size classes contributes to this 

variability (Koelmans et al. 2019). Trawls and nets are generally deployed from boats in the 

middle of a water body and towed behind the vessel, additionally they can be hung from bridges 

that cross rivers and are two commonly used volume-reduced sampling methods. The area 

sampled is calculated by multiplying the towing distance by the trawl width. A review of 

sampling methods by Rist et al. (2021) found that net towing was 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 (333µm) can sample near-surface and 

https://www.sciencedirect.com/science/article/pii/S0048969721017617#bb0150
https://www.sciencedirect.com/science/article/pii/S0048969721017617#bb0150
https://www.sciencedirect.com/science/article/pii/S0048969721017617#bb0265


31 
 

surface water respectively. Plankton nets (100µm) 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. Vermaire et al. (2017) 

revealed concentrations almost a hundred times higher when using a nylon net over a manta 

net when sampling water from the Ottawa River. Water samples taken in the Danube River 

using a 500µm mesh led to much lower microplastic concentrations than other studies using 

mesh seizes of approximately in 330µm mesh at other locations (Lechner et al. 2014; Su et al. 

2016; Anderson et al. 2017). Additionally, when an 80µm mesh was used 100,000 times the 

amount of marine litter was reported than when a 450µm mesh was used (Lozano and Mouat, 

2009). Furthermore, an 80µm mesh has been shown to filter 250 times more fibres than a net 

with a 330µm net (Dris et al. 2018a). Plankton nets can recover concentrations of microplastics 

30 times higher than manta nets (Dris et al. 2015). While an increased 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 (Prata et al. 2019) and therefore can only filter a smaller volume of water than nets with 

larger mesh sizes. The review of microplastic sampling methods by Prata et al. (2019) further 

documents the advantages and disadvantages between methods currently in use to sample 

microplastics form sediment and water (Table 2-1).  

Pumps can also be used to retrieve water samples either on-shore or on-board a research vessel, 

however, issues can arise with regards to the volume sampled and also require a power source 

(Tamminga et al. 2019; Dris et al. 2018b; Desforges et al. 2014). Alternatively, water sampling 

can be done via bulk sampling using bottles, containers or buckets and one quarter of water 

sampling studies reviewed by Rist et al. (2021) used this methodology. Filtration is an extra 

step that is 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 (Enders et al. 2015; Law and Thompson, 2014; Mai et al. 

2018).  

Sieve stacks used with bulk water sampling on-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 small-medium water volumes the use of sequential sieves can aid in sample refinement and 

is useful for locations where sampling using trawling is impossible (Prata et al. 2019). For 

example, the majority of rivers sampled as part of achieving research objective 1 (chapter 3) 

for this thesis were too small for a boat to access meaning equipment was carried to sites. Using 
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sieve cascades of different mesh sizes for filtering water samples allows for size separation and 

quantification of different size classes of microplastics (Löder and Gerdts, 2015). 

Table 2-1: Methods to sample microplastics in water and sediment from Prata et al. (2019) 

review. 

 

 

2.3  Sediment sample collection  
Sediments are considered long-term sinks of microplastics (Rochman, 2018; Li et al. 2022). 

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

float on the water’s surface or in the water column (Andrady, 2011). However, the density of 

floating plastics can increase due to processes such as; biofilm formation and the adsorption 

and accumulation of pollutants can result in microplastic presence in sediment (Van 

Cauwenberghe et al. 2015a; Xu et al. 2020; Lobelle and Cunliffe, 2011). Just as difficulties 

exist in comparing water microplastic abundances due to sampling methodologies, reporting 

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

abundances in sediment (Ivleva et al. 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 or beaches where the 

objective of the study is to track historic presence of microplastics (Turner et al. 2019; 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 recent deposition of microplastics on the riverbed (Alam 

et al. 2019; He et al. 2020; Rodrigues et al. 2018). Spades, shovels, spoons, trowels, spatulas 

etc. (Jiang et al. 2019; Klein et al. 2015; Mani et al. 2019) can collect samples from the 

riverbank and marine beaches which is used to obtain data that can reflect long-term interfacial 

interaction between waters and the terrestrial environment (Yu et al. 2016). A review of 38 

studies on freshwater sediment microplastic pollution by Yang et al. (2021) noted a wide 

variety of sampling unit used. Approximately half of the studies reviewed used the sampling 

tool area as the sampling unit, varying from 250 cm2, 400 cm2 to 930 cm2 while other studies 

used volume (1 – 3.5L) or weight of sediment (0.2 -5kg) (Yang et al. 2021). Selecting an 

appropriate field sampling method will depend on the sediment matrix and the microplastic 

size distribution targeted (Waldschläger et 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 (Adomat et al. 2022).  

 

2.4  Assessing microplastics in biota 
The ubiquity of microplastics in marine and freshwater bodies has led to increased concern for 

the ecological consequences of this new and varied pollutant on both a species and ecosystem-

level. This has led to a renewed interest in biota monitoring for the accurate determination of 

microplastics abundances in oceans (Yusuf et al. 2022). Just as certain species have different 

sensitivities to different elements (Zawadzki et al. 2016) species may have preferential 

ingestion, retention and encountering rates with microplastics dependent on factors such as 

feeding mechanisms, size and their position in aquatic environments or trophic levels 

(Walkinshaw et al. 2020; Sun et al. 2019; Botterell et al. 2019). Due to these factors special 

attention should be given to the biota selected depending on the aims of the study to give a 

realistic overview of microplastic pollution in an ecosystem. Bessa et al. (2019) reported a set 

of protocols for effective selection of the appropriate species that have the potential for acting 

as sentinels for microplastic monitoring in the aquatic environment: 

 Species that occur naturally in high abundance with a wide geographical range.  
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 Species that are easily sampled and controlled in laboratory settings (e.g. 

macroinvertebrates).  

 Species already used in biomonitoring in different research relative to marine pollution.  

 Species that have socio-economic and ecological relevance.  

 Species that serve several functional / ecological roles, niches, feeding guilds.  

The use of endangered / protected species for microplastics research is not advisable and ethical 

guidelines and requirements should be followed (Bessa et al. 2019). For analysing 

microplastics in larger animals it is often ideal to assess plastic ingestion without the death of 

the animal (e.g., making birds regurgitate their stomach contents (Provencher et al. 2019) or 

by assessing it in animals that had died through other circumstances (Nelms et al. 2019). 

Species at lower trophic levels in general can be adequate indicator species for monitoring of 

pollutants due to their position of at the base of food chains (Von Moos et al. 2012). The 

monitoring of benthic communities is common practise for environmental impact assessments 

in marine environments and these have been used to assess the prevalence of disturbance and 

pollution (Bilyard, 1987), heavy metals (Kress et al. 2016), nutrient loading (Naser, 2010) and 

oil spills (Lee and Lin, 2013).  

Shellfish and crustaceans that are consumed whole are particularly well-studied (Ding et al. 

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

the most commonly studied organism in the literature for monitoring microplastics is the blue 

mussel Mytilus edilus (Vandermersch et al. 2015). Freshwater vertebrates such as fish and birds 

are investigated for microplastics contamination more than microorganisms or invertebrates 

(Cera and Scalici, 2021). Amongst freshwater invertebrates, bivalves are the main group 

studied in freshwater systems. For species selection, a review by Wesch et al. (2016) produced 

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

are: (1) suitable indicator species selection, (2) sampling and sample processing, (3) analytical 

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, Pagter et al. (2020a) used an ecosystem-based approach in Galway Bay which 

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

bioindicators. By implementing this approach, the authors explored the community as a whole, 
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providing data for short to long-term modelling, biomonitoring and decision-making for a 

given area (Pagter et al. 2020a).  

Biota are investigated in a number of ways for microplastics presence. Several species have 

been investigated for; total body microplastic content (Hermabessiere et al. 2019), casing 

content (Ehlers et al. 2020) and specific organ content or tissue (Di Giacinto et al. 2023). For 

larger animals such as bigger fish specimens, birds and sea turtles, dissection and visually 

sorting gastro-intestinal tract is a common approach (Markic et al. 2020; Janardhanam et al. 

2022; Parton et 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 goal of the study, however, is to quantify human exposure to microplastics 

via consumption then it is necessary to study the parts consumed by humans, e.g., Di Giacinto 

et al. (2023) documented microplastics in edible muscle of swordfish, (Xiphias gladius) and 

bluefin tuna (Thunnus thynnus). For bivalves the entire soft tissue is commonly analysed for 

microplastics as they are consumed whole by humans (Ding et al. 2022). When comparing 

studies examining microplastics in biota, differences in pore size of the filter paper used, 

digestion methods and control procedures used to isolate microplastics from environmental 

samples can result in differences that not neccasarily linked to environmental contamination.  

 

2.5 Isolating microplastics from non-complex matrices 
Regardless of sample matrix examined, a separation procedure is required in order to 

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

their detection. For bulk-water samples vacuum filters with a Buchner funnel are the most 

common which is carried out ex-situ (Lusher et al. 2020). For ‘clean’ samples such as drinking 

water or small volumes of surface water or those containing little biological or inorganic 

material (Ivar Do Sul and Costa, 2014; Lusher et al. 2014) no pre-treatment is generally 

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

Sieving is common for the extraction of microplastics from sediment either wet or dry in nature 

and in-situ on studies focused on plastics that can be separated by eye with sieves of 1mm, 

2mm or 5mm used (Karkanorachaki et al. 2018). The use of sieve stacks will divide the sample 

into easy to manipulate sub-samples with some having less biological material present resulting 

in less further steps to purify and isolate microplastics (Lusher et al. 2020). Microfibre 

quanitification for samples is notably difficult. Walkinshaw et al. (2022) noted that fibres with 
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lengths up to 1700µm were captured on the 25µm mesh having passed through meshes with 

larger pore sizes previously. It 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 (Barrows et al. 2017; Covernton et al. 2019). The same was noted for fragments 

greater than 100µm in size. This was explained due to particles 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 size that may be exacerbated by pressure from a vacuum pump 

pulling fragments through mesh pores (Walkinshaw et al. 2022).  

As previously mentioned, a sieve cascade can be used with bulk water sampling in-situ. This 

method alone is not viable where the purpose of the study is to analyse microplastics <1mm 

(Lusher et 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 interlocked sieves of 250µm, 400µm and 500µm and found to be 

superior than density separation using sodium polytungstate (SPT), however 250µm was the 

lower limit investigated (Martin et al. 2017).  

 

2.6  Density separation techniques  
Whilst sieving can remove larger organics it will not separate microplastics from material of a 

similar size range (Nabi et al. 2022). In samples that contain biological material or large 

amounts of inorganics further sample clarification is needed to quantify microplastics 

effectively. Density separation procedures are routinely used in separate microplastics from 

sediment, digested biota and material trapped via water sampling, however the choice of salt 

solution can vary (Fok et al. 2020; Möller et al. 2020). Super-dense solutions are made by 

dissolving salts into water in which plastics that are less dense than the solution will float in. 

The density range of polymers can range; 0.85 g cm-1 for PP to 1.37 g cm-1 for PET 

encompassing LDPE (0.91 g cm-1), HDPE (0.94 g cm-1) and PS (1.05 g cm-1) (Omexus). Salts 

commonly used to make brine solutions are sodium chloride (NaCl) (e.g., Di and Wang, 2018; 

Frias et al. 2016), sodium iodide (NaI) (e.g., Claessens et al. 2013; Di and Wang, 2018; Ling 

et al. 2017) and zinc chloride (ZnCl2) (e.g., Liebezeit and Dubaish, 2012), Rodrigues et al. 

2018; Horton et al. 2017) while other salts are used to a lesser extent (e.g., calcium chloride, 

zinc bromide) (Cutroneo et al. 2021). Additionally, sodium tungstate dehydrate has also been 

used to effectively separate microplastics from marine sediments and is safer to use than other 

salts (e.g. ZnCl2, NaI) (Pagter et al. 2018). There are positives and negatives associated with 
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each salt to be considered prior to their selection for research work. Associated negatives can 

be the environmental impacts, toxic nature, cost, reduced recovery etc. (Mani et al. 2019; Nabi 

et al. 2022). Salts which have the highest recovery of plastics are also the most expensive (e.g., 

ZnCl2 and NaI) which can prove unfeasible for projects with smaller budgets (Rodrigues et al. 

2020). For example, the high cost of NaI limits its use for significant volumes of sediment 

(Claessens et al. 2013).  To reduce associated costs, the reuse of these solutions on subsequent 

samples is suggested (Rodrigues et al. 2020). ZnCl2 and NaI can be made up to form saturated 

solution with a density of 1.8 g cm-1 (Coppock et al. 2017; Willis et al. 2017), whereas NaCl 

is used to make up a solution of 1.2g cm-1) (e.g., Bayo et al. 2019). Further issues arise with 

the use of ZnCl2, while it is effective in recovering high-density plastics (e.g., PVC, PET) it is 

harmful and corrosive and incredibly toxic to aquatic life meaning that solutions are time-

consuming to handle, cannot be used for citizen science projects and is expensive to dispose of 

(Nabi et al. 2022). ZnCl2 and NaI can be 4 – 10 times more expensive than NaCl solutions 

(European Chemicals Agency (ECHA) zinc chloride, 2020; ECHA sodium iodide, 2020). On 

the other hand, commonly used deionized water and saturated NaCl solutions are effective at 

separating low-density polymers such as polyethylene, polypropylene and polystyrene from 

sediments and are cheap, readily available and comparatively environmentally friendly 

(Masura et al. 2015; Zhang et al. 2018). Density separation using NaCl is recommended by the 

MSFD technical subgroup (2013) and the NOAA (Prata et al. 2019). More recently, Gohla et 

al. (2021) used potassium carbonate (K2CO3) with a density of 1.54 g/cm3 as a novel floating 

solution for microplastic isolation from beach sediments, praising its high recovery rate, non-

toxic nature and cheap cost which makes it particularly promising for long term and large-scale 

monitoring studies. Mean recovery rates without repeated extractions were over 90% for PVC, 

PET, PP and HDPE, furthermore, K2CO3 was particularly lauded for its hazard-free workflow 

and trouble-free disposal which also lends to citizen science engagements, additionally, it is 

recyclable and can be filtered following use for future work (Gohla et al. 2021)  

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

and requirements. Additionally, the sediment type under investigation can influence the 

selection. For example, due to the presence of soil organic matter (SOM) the separation of 

microplastics from soil environments such as agricultural fields is expected to be more difficult 

than separating microplastics from sandy beaches as SOM can bind soil particles together and 

impacting the efficiency of microplastic extraction (Bläsing and Amelung, 2018; He et al. 

2018).  
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When using bulk water or sediment sampling in can be useful to remove the water fraction. In 

order to expedite gravity settling and separation, centrifugation has been used previously. 

Centrifugation (3500g x 5 minutes) was used to isolate microplastics from marine sediment in 

Belgium (Van Cauwenberghe et al. 2013) and animal faeces along French–Belgian–Dutch 

coastlines (Van Cauwenberghe et 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 (Matsuguma et al. 2017). Phoung et al. (2018) used centrifugation for 

the extraction of microplastics from sediment in from the French Atlantic coast. More recently, 

testing of various centrifugation speeds and times on different freshwater samples revealed 

3500g for 5 minutes to be efficient to settle the mineral and organic material, while preserving 

the polymers and showing high microplastic recovering rates (93 ± 6%) (Monteiro et al. 2022). 

From terrestrial samples, Grause et al. (2022) achieved 94% recovery of a range of polymers 

from agricultural soil using centrifugation, while centrifugation was used by Wu et al. (2021) 

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

gravity separation.  

 

2.7 Oil separation; environmentally friendly, safe and cheap  

Several novel methods have been trialled for microplastic separation from sediments. 

Electrostatic separation (Felsing et al. 2018), magnetic extraction (Grbic et al. 2019) and 

elutriation column optimisation (Claessens et al. 2013; Hengstmann et 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 (Crichton et al. 2017; Crew et al. 2020), 

sunflower oil (Song et al. 2022), olive oil (Scopetani et al. 2020) and castor oil (Mani et al. 

2019) have all seen use. High recovery of spiked microplastics using castor oil and the 

reduction of the irrelevant part of the matrices studied was noted by Mani et al. (2019). 

Following the digestion of mussel tissue using H2O2, Song et al. (2022) reported total 

extraction recovery rates of PP, PVC and PET ranging from 95.6 ± 5.09% - 100% using 

sunflower oil. A high recovery of microplastics of the polymers PS, PE, PVC, PET, PUT and 

PC with a range of 90 – 97% was observed from soil and compost samples when using olive 

oil (Scopetani et al. 2020). Castor oil had a mean recovery rate for a range of sizes and polymers 

of 99 ± 4% from marine beach sediments, agricultural soil, fluvial suspended surface solids 

and marine suspended surface solids (Mani et al, 2019).  

 



39 
 

2.8 Digestion protocols  
To successfully quantify microplastics from organic-rich samples a digestion protocol is 

generally necessary to break down organic material. Several different methods are present in 

the liertature. The Food and Agriculture Organisation of the United Nations (FAO) report on 

microplastics in food tabulates a large amount of these various agents used for the breakdown 

of seafood (Gamarro and Costanzo, 2022). Digestion protocols can be tailored and selected 

based on the material under investigation.  

2.8.1 Biological digestions 

Various enzymatic digestion protocols have been employed to breakdown organic matter. Cole 

et al. (2014) utilised proteinase-K to visualise microplastics from plankton-rich seawater with 

a 97%< by weight digestion of material present. The use of protease is recommended as a 

standard method for extracting microplastics from mussel soft tissues (Catarino et al. 2017). 

Von Friesen et al. (2019) reported that pancreatic enzymes (PEz) in combination with 

(tris(hydroxymethyl)aminomethane)/Tris hydrochloride solution were effective in digesting 

tissue of Serripes groenlandicus for microplastic analysis and was superior than KOH 

digestion in terms of organic matter removal and time. Löder et al. (2017) used a mixture of 

enzymes (protease, cellulase, chitinase) to breakdown material recovered via surface water 

sampling which reduced 98.3 ± 0.1% of the sample matrix. Trypsin yielded the greatest weight 

reduction of Mytilus edulis of 3 proteolytic digestive enzymes tested with no observed impacts 

on microplastics (Courtene-Jones et al. 2016). While the treatment of biological samples with 

enzymes can be gentler on polymers than chemical treatments, they still have drawbacks 

limiting their applicability (Von Friesen et al. 2019). A cocktail of enzymes may be needed 

which can increase the cost or the digestion may take a long time (up to 15 days) (Löder et al. 

2017). Some industrial enzymes are additionally very expensive (e.g., Proteinase-K; Cole et 

al. 2014). Furthermore, some multi-step procedures can increase the risk of sample 

contamination or particle loss (Lusher et al. 2017).  

 

2.8.2 Oxidising agents 

Hydrogen peroxide (H2O2) is a strong oxidising agent known to break down organic matter 

(Schrank et al. 2022). A solution of 30% H2O2 has been used for the digestion of filtration 

residues (Lin et al. 2018), sieved material (Zhang et al. 2019) and dried sediment samples 

(Peng et al. 2017). Additionally, it has been used in some studies isolating microplastics from 

biota (e.g., Song et al. 2022; Pazos et al. 2020; Nalbone et al. 2021), however a review of 
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digestion protocols by Bai et al. (2022) found H2O2 was used the most in non-seafood studies. 

Combining H2O2 with ferric ion (Fe(II)) catalyst (Fenton reaction) can increase the efficiency 

of H2O2 digestion (Hurley et al. 2018; Tagg et al. 2017; Masura et al. 2015). Avio et al. (2015) 

noted that while H2O2 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 in several other studies (Lusher et al. 2017). Furthermore, Pfeiffer 

and Fischer (2020) found that H2O2 at all tested concentrations did not yield good digestion 

efficiencies of the test biogenic organic material when applied at room temperature even when 

left for 7 days. It was noted that increasing the temperature improved digestion but an increase 

in temperature to 70–100°C can cause a significant loss in weight and size of PA as well as a 

loss of colour when applied even at room temperature (Duan et al. 2020; Hurley et 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., Pagter et al. 2021; Kühn 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 (Dehaut et al. 2016; Kühn et al. 2017). 

The damage of KOH to microplastics is relatively mild when compared to treatments that use 

other chemicals such as sodium hydroxide (NaOH), nitric acid (HNO3), and hydrochloric acid 

(HCl) (Thiele et al. 2019). However, KOH and NaOH are not as successful when used for 

digestion of sediment and water samples, as biogenic organic matter often originates from plant 

material (leafs, wood, algae) and contains parts of shells or carpaces (Duan et al. 2020). Pfeiffer 

and Fischer, (2020) found that acid protocols using HCl and HNO3 were the only agents that 

effectively digested calcareous material in the form of shells with a reduction of 99.5 – 100% 

in weight of material at all concentrations and tested temperatures. However, acids are 

generally avoided as common plastics such as Polyamide (PA), polyester and polycarbonate 

(PC) have low resistance to acids, even when they are at low concentrations (Lusher et al. 

2017). Increased temperatures and concentrations of digestion chemicals resulted in 

accelerated degradation of all tested polymers (Pfeiffer and Fischer, 2020). Damages associated 

with acid use include the fusing of PS, PP, PET, low-density polyethylene (LDPE) and high-

density polyethylene (HDPE), a total loss of PA and colour changes to most polymers (Catarino 

et al. 2017; Avio et al. 2015; Claessens et al. 2013).  
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Thiele et al. (2019) recommended the use of 10% KOH at 40ºC for 24 hours for the digestion 

of shellfish tissue based on cost, expenditure of time and potential health risk of the reagents 

used. Dawson et al. (2020) found there was no substantial changes in the chemical spectral 

profiles of the polymers; PE, PS, Rayon, polyethersulfone (PES)following exposure with 10% 

KOH at 40°C. Karami et al. (2017) also evaluated and recommended the use of KOH at 40°C 

but found that an increase to 60°C was associated with reduced recovery and surface damage 

of PET. Marine biota with high lipid content can prove difficult for digestion using KOH as 

potassium-based salts form a soft (liquid suspension) soap (Konkol and Rasmussen, 2015). 

Some authors have suggested that 10% KOH may be avoided for using on samples with high 

lipid content or fat deposits (Bessa et al. 2019), however, it may be necessary to study fat-rich 

tissues such as liver and this saponification can be overcome by the addition of ethanol 

(Dawson et al. 2020). Ethanol (EtOh) has been shown to have minimal effects on microplastics 

(Herrera et al. 2018; Courtene-Jones et al. 2017). Longer exposure times with KOH (4 days), 

have been reported to have substantial visual impacts on textile microfibres for PET, polylactic 

acid and modacrylic (Von Friesen et al. 2019) so this should be avoided when using for 

digestion of soft tissue of biota. Ultimately, the specific properties of samples under study 

should be considered and these will determine the most suitable extraction protocol of 

microplastics from biological tissue (Karlsson et al. 2017).  

 

2.9 Microplastic identification 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 determine the origin 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., Shim et al. 2017; Lusher et al. 2017).  However, for 

particles <500µm visual microscopy alone is not advised (Zhang et al. 2020). In order to 

enhance visual inspection techniques dying of microplastics can be carried out, normally using 

Rose Bengal or Nile Red dyes. Fluorescent staining is commonly carried out using Nile red 

(Erni-Cassola et al. 2017; Shim et al. 2016). While the method is fast and has a strong 

fluorescence signal there are drawbacks associated with its use. Notably, due to the fact the dye 

molecules are just physically adsorbed to the microplastic surface they can desorb easily (Lv 

et al. 2019). Furthermore, the low hydrophobicity of polymers such as PVC, PC and PET 

https://www.sciencedirect.com/science/article/pii/S0269749119329562#bib15
https://www.sciencedirect.com/science/article/pii/S0269749119329562#bib39


42 
 

renders the dye incompatible with their staining (Erni-Cassola et al. 2017). Rose-Bengal stains 

natural and non-plastic material like cotton, which may appear similar to plastic under the 

microscope (Ziajahromi et al. 2017). Visual sorting cannot yield any chemical information of 

the polymers found in samples (Lavers et al. 2016) and the probability of misjudgements will 

increase when the clarity and colour of plastics have been changed during extraction or 

purification steps.  

The most commonly used methods for polymer identification are Raman spectroscopy and 

Fourier-transform 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 their 

origin and ensure that an overestimation of microplastics is not occurring through 

misidentification during microscopy. In environmental samples fibres are typically the 

dominant shape profile of microplastics recovered and can outnumber microplastic particles of 

other shape profiles by a factor of 10 across habitats from freshwater to the marine (Anderson 

et al. 2017; Barrows et al. 2018; Horton et al. 2017). Additionally, microfibres can have very 

small diameters sometimes in the single micron size range which can make it difficult to 

analyse for polymer composition (e.g., Alurralde et al. 2022; Frias et al. 2010).  

As the chemical analysis is time consuming, costly and may be access-limited and in the 

absence of automated technology can require researchers to handpick suspected microplastics 

to be manually analysed by Raman or FTIR spectroscopy a subsample is selected from 

suspected microplastics for analysis (Nie et al. 2019; Gündoğdu et al. 2020). From the 

literature a variety of subsamples are taken for chemical analysis. Ziajahromi et al. (2017) 

analysed 10% of suspected particles. Covernton et al. (2019) analysed 7/338 suspected 

particles from oysters, 9/253 from clams, 10/295 from sediment and 18/289 found in water 

samples. Baechler et al. (2020) analysed 26 of 3053 suspected microplastics 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. Mani et al. (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, spherules, etc.). Eighty-seven micro particles collected from surface 

water from the Three Gorges Reservoir, China were analysed, however, the % of the total 

microplastics recovered was not mentioned (Di and Wang, 2018). Su et al. (2016) analysed 

https://www.sciencedirect.com/science/article/pii/S0269749120363284#bib3
https://www.sciencedirect.com/science/article/pii/S0269749120363284#bib3
https://www.sciencedirect.com/science/article/pii/S0269749120363284#bib6
https://www.sciencedirect.com/science/article/pii/S0269749120363284#bib26
https://www.sciencedirect.com/science/article/pii/S0025326X22009031#bb0535
https://www.sciencedirect.com/science/article/pii/S0025326X22009031#bb0280
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113 particles or 6% of the total recovered from surface water and sediment from Taihu Lake 

in China, while O’Connor et al. (2020) examined 30 microplastics recovered from the 

gastrointestinal tract and stomach contents of the brown trout, Salmo trutta, from the River 

Slaney catchment in Ireland. Further evidence of the subjectivity of chemical analysis was 

shown in Piarulli et al. (2019) where two separate scientists studied all filters and where there 

was doubt over a particle being synthetic or natural it was selected for analysis by FTIR.  

2.9.1 Raman Spectroscopy for microplastics identification  

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 the inelastic light 

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 (Araujo et al. 2018). Raman 

spectroscopy has been used to identify microplastic polymers extracted from wastewater (e.g., 

Lares et al. 2018), seawater (e.g., Karlsson et al. 2017), freshwater (e.g., Di and Wang, 2018), 

sediment (e.g., Lots et al. 2017) and aquatic organisms (e.g., Horton et al. 2018). In common 

with FTIR, Raman techniques are in general non-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 compared to FTIR techniques as well 

as wider spectral coverage, lower water interferences and narrow spectral bands (Araujo et al. 

2018). There are some drawbacks to using Raman spectroscopic analysis one being that 

additives such as dyes or plasticizers can cause difficulties interpreting Raman signatures 

(Nava et 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 and sample loss (Araujo et al. 2018). Additionally, the Raman spectra 

generated are simple / specific so that the preparation of samples can be simplified (Fang et al. 

2023; Madejová, 2003). However, the high price of the equipment is a noted drawback (Fang 

et al. 2023; Zada et 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 hindered microplastic 

identification. Additionally, Raman signals have difficulty recognising chemical compounds 

of dark-coloured particles due to melting or burning when the energy of the laser is absorbed 

by the sample (Young and Elliot, 2016). Similar to the analysis carried out by Khuyen et 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 real-world difficulties associated with chemical identification of suspected microplastics 

were encountered in the work carried out in chapters 3 – 5 of this thesis. The following spectra 

/ one similar to this was encountered in several environmental matrices studied as part of this 

thesis (Fig. 2-3). Using the in-house libraries (SLoPP and SLoPP-E) several possible matches 

for polymers (e.g., PA, PE and Polyethylene-carbonate) were obtained. While the best match 

using the online and commonly used libraries of OpenSpecy and PublicSpectra similarly 

matched over 70% with PA and several other polymers primarily based on the peaks just below 

3000 cm-1 (Fig. 2-4) which is commonly associated with synthetic polymers, however the 

region between 1000 cm-1 and 1500 cm-1 peaks were much greater (Fig 2-5). 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 as an identification tool were reached out to for their opinions on what it may be.  

 

Figure 2-3: Raman spectrum of polymer that was sent to other researchers to examine. 
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Figure 2-4: Raman spectrum showing region around 3000cm-1 matching to PA of unspecified 

polymer using PublicSpectra (https://publicspectra.com/SpectralSearch). 

 

 

Figure 2-5: Raman spectrum displaying best match using PublicSpectra online library for this 

polymer (https://publicspectra.com/SpectralSearch). 

 

One researcher suggested that the large peaks displaying were due to fluorescence that was 

skewing the spectrum generated and to leave the laser on 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 appearing in multiple different environments 

https://publicspectra.com/SpectralSearch
https://publicspectra.com/SpectralSearch
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possibly indicated that the microplastics were acting as a sort of environmental indicator for a 

pollutant that was present and adsorbing to its surface especially if the microplastics were of 

different shapes and colours. 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 of the spectra through their software. They stated that they did not get great 

matches and the best was a 70% match to a pharmaceutical used as an emulsifier 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 diversity of answers 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 

classed as an “unspecified polymer” as it displayed Raman characteristics with other polymers 

but it could not be definitely classed as one particular polymer.   

 

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

and publications utilising different processing and isolation steps (Lusher et al. 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 (Mani et al. 2019). In summary, it is likely 

that no microplastics sampling technique will garner 100% accurate measurements from 

environmental samples but by selecting an appropriate methodology coupled with adequate 

controls and chemical composition analysis a reliable set of results can be produced. The 

difficulties in achieving standardisation in microplastics sampling is highlighted in the work 

presented in the following thesis. While castor oil achieved good separation for marine 

sediment sampled in chapter 4 it was not viable for use in chapter 3 as stones present in the 

riverine sediment blocked the stopcock in the filtration unit and potassium carbonate in beakers 

were used instead, however both methods had comparable safety, cost and efficiency in 

extracting microplastics from their respective substrate.  
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Chapter 3: Comparative assessment of microplastics in sediment, 
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3.1 Abstract 
Currently microplastics research in Irish freshwater environments is limited but growing with 

a number of studies published in recent years (e.g., Barrow et al. 2022; O’Connor et al. 2020). 

This study assessed the rivers of a previously unstudied freshwater catchment for microplastic 

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 2020-21) (n = 28 total site visits). Samples collected from the first 

campaign (mean = 1.6 ± 2.24 MPs L-1, median 0.81 MPs L-1) had a significantly higher 

concentration than those collected in the second sampling campaign (mean = 1.14 ± 1.74 MPs 

L-1, median = 0.45 MPs L-1) and may be attributed to the increased rainfall observed during the 

first sampling campaign. Additionally, one river, which displayed large differences in 

microplastic concentrations in surface water samples between its headwater and outflow sites 

across both sampling campagns, was sampled for Gammarus duebeni in 2022 together with 

riverbank sediment to determine if this difference was reflected in other freshwater parameters. 

There were significant differences in microplastic concentrations in sediment between the 

headwater (180 MPs kg-1) and outflow (370 MPs kg-1) study sites but this was not the case for 

G. duebeni samples (0.059 MPs mgtissue-1 and 0.052 MPs mgtissue-1). Microplastics were 

found in every sample taken and environmental matrix examined (water, sediment, G. 

duebeni). Finally, 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 and land-slope respectively. 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 unexamined in terms of this pollutant.  

Graphical abstract 

 

Figure 3-1: Graphical abstract showing workflow from sample collection to Raman 

Spectroscopic analysis. 

 

Keywords 

Microplastics, rivers, sediment, freshwater pollution, macroinvertebrates  

 

3.2 Introduction 
Existing in two categories; primary and secondary, microplastics have become a contaminant 

of emerging environmental concern and are defined as “any synthetic solid particle or 

polymeric matrix, with regular or irregular shape and with size ranging from 1 μm to 5 mm, of 

either primary or secondary manufacturing origin, which are insoluble in water” (Frias and 

Nash, 2019). To date the majority of papers written on the subject of microplastics are primarily 

focused on marine ecosystems, for example a literature review conducted by Cera et al. (2020) 

found that from 2012 to 2020, 2864 papers were published on microplastics and marine 

ecosystems while just 158 were based on freshwater ecosystems. While there has been an 

increase in studies on freshwater microplastic pollution in recent years there has been relatively 

little work carried out on Irish freshwater environments. Sediment in the River Barrow system 

has been shown to be contaminated with microplastics (Murphy et al. 2022), microplastics 

have been documented in the stomach contents and gastro-intestinal tract of brown trout (Salmo 
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trutta) (O’Connor et al.0 2020) while a preliminary study detected microplastics in river, lake 

and wastewater from several Irish locations (Cedro and Cleary, 2015). Microplastics have also 

been documented in the human body with some pigmented particles found in the placenta 

(Ragusa et al. 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 (Jambeck et al. 

2015). It is estimated that 1.15 to 2.41 million tonnes of plastic enter the ocean via river 

transport every year (Lebreton et al. 2017). Furthermore, around 80% of marine microplastics 

enter the ocean through riverine transport (Mani et al. 2015). Modelling work on Europe’s 

largest 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 (Siegfried et al. 2017). Other sources of microplastics to freshwater 

environments include; storm water run-off which can dump microplastics from land-based 

activities into freshwater systems (Cho et al. 2023) and waste-water treatment plants (Conley 

et al. 2019). For example, the mass release of tyre and road wear particles was estimated for 

the Seine watershed at 1.8kg inhabitant−1 yr−1 (Unice et al. 2019). As an anthropogenic 

pollutant it is therefore unsurprising that urban development close to or on freshwater rivers 

leads to a high abundance of microplastics in these rivers and their sediment (Kunz et al. 2023; 

Peng et 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 GPS-tagged bottles in the Seine observed that 100% of bottles were deposited on riverbanks 

for hours to weeks with only one bottle making it to the ocean (Tramoy et 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 time resulting in secondary microplastic formation in 

the environment with the authors noting that cleaning activities should focus on riverbanks and 

not on the open ocean (Tramoy et al. 2020).  

Anthropogenic pressure is noted to increase the abundance of microplastics in waterways as 

well as their diversity of types (Govender et al. 2020). Microplastics that end up in freshwater 

systems can have various terrestrial origins. Several studies have evaluated the presence of 

microplastics in wastewater treatment plant (WWTP) effluent with varying results. It has been 

reported that WWTPs remove approximately between 90 and 95% of microplastics from their 

influent (Leslie et al. 2012; Talvitie and Heinonen, 2014). However, another study has shown 

that microplastic removal from 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 effluent (Ben-David 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 fields into river bodies 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 by 80% (Uisce 

Éireann, 2023).  

Recorded microplastic pollution levels in freshwater systems differ greatly between studies 

(e.g. Bordo et al. 2021; Rowley et al. 2020). These differences may be due in part to differing 

waste management systems between countries and locations of rivers (with regard to possible 

microplastic emission sources). In European rivers there exists large variances in microplastic 

exports due to differences in socio-economic development among countries and regions and 

the technological status of sewage treatment facilities (Siegfried et al. 2017). Microplastics 

unlike chemicals which dissolve in the water body, exhibit variation within the water column 

with regards to distribution due to their inherent properties and interactions with surrounding 

substances (Kye et al. 2023). Some physical factors related 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 discharge (Best 1988; 

Walling and Moorehead 1987). Turbulent conditions and fast flow in the main river body can 

lead to increased mixing of particles in the water column due to resuspension and transport 

(Haberstroh et al. 2021; Hurley et al. 2018; Ockelford et al. 2020). On the other hand, low-

energy zones such as along river banks, bends in the river or dams can facilitate the deposition 

of microplastics in sediment (Corcoran et al. 2020; Crew et al. 2020; Watkins et al. 2019). In 

marine environs, surface sediment in the shore zone could reflect long-term interaction between 

the aquatic and terrestrial environment and historic microplastic presence (Yu et al. 2016). 

Microplastics are found in all freshwater systems and display a top-down distribution gradient 

(Bellasi et al. 2020). In surface waters, the water column and in sediments, the density of plastic 

affects the partitioning of material such as organic matter or contaminants (Li et al. 2018). 

Transport of microplastics in freshwater systems depend on hydrodynamic properties such as 

size, density, shape, surface roughness and also conditions of the open channel flow of the river 

(Frei et al. 2019). Lower density plastics which are expected to float have been noted to sink 

in freshwater bodies due to the occurrence of biofouling by algae and bacteria among other 

https://www.sciencedirect.com/science/article/pii/S0269749119352200#bib8
https://www.sciencedirect.com/science/article/pii/S0269749119352200#bib55


51 
 

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 material present in the water column (Leiser et al. 2021) as well as being egested as 

part of a faecal pellet (Cole et al. 2016). Microplastics may then enter the hyporheic zone 

potentially interacting with organisms found there or entering the groundwater system beneath 

a river (Frei et al. 2019).  

Microplastic concentrations have been shown to span several orders of magnitude in different 

locations (Xu et 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/m3 

(Sadri and Thompson 2014) and the Saigon River in Vietnam where 172,000-419,000 

microplastic items/m3 were found (Lahens et al. 2018). Freshwater sediments have also been 

studied as a major sink of microplastics, effectively trapping microplastic particles before they 

reach estuarine or marine environments. A study on the Yangtze River Delta’s surface water 

and sediment found a larger number of microplastics in the sediment than in the surface water, 

0.48-21.52 items L-1 and 35.76-3185.33 items kg-1 dry weight respectively (Hu et al. 2018). In 

general, however, the comparison of data between studies is difficult 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 microplastics 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 microorganisms 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 of aquatic ecosystems (Ding et al. 2021, Staichak et 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 mechanisms and 

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 consume microplastics in their natural 

environment as well incorporate them into the building of their protective casings (Nel et al. 

2018; Windsor et al. 2019; Simmerman and Coleman Wasik, 2020; Ehlers et al. 2019). The 

varying sensitivities of certain macroinvertebrates groups to pollutants is well documented and 
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in Ireland the Environmental Protection Agency (EPA) has used the Q-value scale (1 (poor 

quality) – 5 (high quality)) in Irish rivers since the 1970’s to assess water quality based on 

the well-established sensitivities, abundance and diversity of macroinvertebrates. As primary 

consumers freshwater macroinvertebrates may represent starting points of microplastics 

entering the food web as they are prey for higher species 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 important food source for many freshwater species can be outnumbered by floating 

microplastics, at ratios up to ∼30:1 and can exist in a similar size range in the water column 

(Lechner et al. 2014; Steer et 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 Simon, 2019). As a country that uses 

wastewater treatment plant sludge as biosolids for agricultural applications, the freshwater 

environments of Ireland may be particularly at risk for microplastic pollution (Rolsky et al. 

2020). Only low numbers of freshwater studies on microplastic pollution in Ireland are 

currently available (e.g., Murphy et al. 2022; O’Connor et al. 2022). It is of paramount 

importance to increase the number of studies carried out to better understand the levels of 

microplastic contamination in freshwater environments 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 Bay (Special Area of Conservation and Special Protected 

Area) the surface water, sediment and the macroinvertebrate species, Gammarus duebeni, were 

examined.  

With these factors in mind the overall aim of this study was to determine the extent of 

microplastic contamination in river systems flowing into Dundalk Bay. The objectives of this 

study were threefold: 1) To characterise and quantify the levels of microplastics present in river 

surface water across two sampling campaigns and note any differences between sampling 

campaigns and locations of sites and explain these differences. 2) To characterise and quantify 

the levels of microplastics in riverbank sediment and G. duebeni in selected water bodies. 3) 

To examine how microplastics characteristics reflect each other between the three matrices 

studied.    

 

https://cdnsciencepub.com/doi/full/10.1139/er-2021-0048#core-ref111
https://cdnsciencepub.com/doi/full/10.1139/er-2021-0048#core-ref167
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3.3 Material and methods 

3.3.1 Study site  

In this study, seven rivers in the North-East of Leinster that flow into Dundalk Bay through the 

county of Louth on the east coast of Ireland were examined for the presence of microplastics. 

Although the smallest in terms of geographical area (approx.: 825km2), the county of Louth 

possesses the second highest population density in the country of Ireland at 155.9 inhabitants 

km-2 more than double the national average featuring urban centres and rural areas. Given this, 

Louth is an ideal location to study microplastic presence in rivers that have both high and low 

population pressures (<20 - >1000 inhabitants km-2) and that flow into the economically and 

environmentally important marine bay in Dundalk. Dundalk 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 hosts a heavily regulated 

cockle fishery that generated €80,500 average value per vessel for 2020 (Fisheries Natura Plan 

for cockle 2016-2020). The rivers investigated during this study, the Ramparts, Dee, Flurry, 

Big, Glyde, Castletown and the Fane, flow 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 Land Cover, 2018 European Environment Agency). The 

largest urban centre is Dundalk. The total population of the catchment (Republic of Ireland) is 

approximately 115,900, with a population density of 83 people per km² (3rd Cycle Draft: 

Newry, Fane, Glyde and Dee Catchment Report, EPA, 2021).  

Water sampling was conducted over the course of two regimes; Sampling for the first campaign 

was carried out in September and October of 2019 while for the second campaign it was carried 

out between 29th September 2020 and November of 2020 with one site sampled in January of 

2021 (due to Covid-19 related disruptions). Two points along seven rivers were studied along 

the river’s course for surface water microplastic abundance. Sediment and G. duebeni 

collection was carried out on the 25th of February 2022 from the river Flurry at both headwater 

and outflow locations. In total, 14 sites were selected for water sampling (2 per river), one 

upstream (headwater) location which was further inland than the other sampling site located 

further downstream (outflow) (Fig. 3-2; Table. 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 



54 
 

was at locations before the rivers entered the bay. A map displaying the Q-values for the rivers 

sampled is located in Appendix A. (Fig. 8-1).  

 

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 km2 

A1 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 Flurry Headwater 3, Poor 54.087064, -6.3298153 Not available 

B2 River Flurry Outflow  3 – 4, Moderate 54.033148, -6.3452434 24.1 

C1 
Castletown River 

Headwater  

4, Good 54.085142, -6.495563 Not available  

C2 
Castletown River 

Outflow  

3 – 4, Moderate 54.026291, -6.4292035 33.8 

D1 
Ramparts River 

Headwater  

No Q value 

available  

53.989324, -6.4676632 7.2 

D2 Ramparts River Outflow  
No Q value 

available 

54.003594, -6.3591319 22.2 

E1 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 Glyde Headwater  3 – 4, Moderate 53.95584, -6.6558974 87.9 

F2 River Glyde Outflow  3 – 4, Moderate 53.896488, -6.3852067 359.9 

G1 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 closest and most recent possible location to sampling locations that 

is available.  

 

Table 3-2: Flow rate data for rivers investigated. (Environmental Protection Agency, 

https://gis.epa.ie/EPAMaps/Water). 

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 21.1 

Glyde  5.82 0.39 25.28 

Dee 5.72 0.35 28.11 

 

3.3.2 Study organism: Gammarus duebeni  

Not only do freshwater systems serve as transporters of microplastics to marine 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 amphipod, Gammarus duebeni, was chosen to assess microplastic 

https://gis.epa.ie/EPAMaps/Water
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contamination in the River Flurry as part of this study. G. duebeni are leaf-shredding 

crustaceans found in Irish freshwater systems. They feed on organic detritus and are themselves 

prey for freshwater fish. Although they are 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. duebeni has been used in Irish lab-based microplastic studies in the past 

and shown to consume microplastics and shred them to smaller sizes (Mateos-Cárdenas et al. 

2020, 2019). Given its tolerance for a wide-range of salinity G. duebeni has potential as both a 

biomonitor of microplastic pollution of freshwater and marine environments, furthermore, 

Gammarus sp. are considered model ecotoxicological freshwater species (Consolandi et al. 

2019). To the best of the author’s knowledge this study represents the first investigation into 

microplastic ingestion by G. duebeni in the natural environment.   

 

3.3.3 Sample collection  

A bulk water sampling procedure was carried out as follows: At each sampling site 200 litres 

of surface water was collected using a pink brightly coloured plastic bucket with the exception 

of the outflow sites of the Rivers Ramparts and Flurry where 20 litres were collected 

respectively. A pilot study revealed 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 this, the bucket was pushed down into the water, open side up, 

allowing it to fill with river water. Surface water at each site was passed through a series of 5 

interlocked stainless-steel sieves of decreasing mesh size (5mm, 1mm, 500µm, 100µm and 

50µm). The use of buckets for surface water sampling has also been used by; Suresh et al. 

(2020), Miller et al. (2017) and more recently Osorio et al.  (2021). The use of buckets to 

collect a bulk sample of water ensure that smaller microplastics generally <300µm that are 

missed by more commonly used nets are retained for analysis. Following filtration, sieves were 

covered in tinfoil and transported to the microplastic clean room for further analysis. Both 

sieves and buckets were triple rinsed with Milli-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 headwater of the River Flurry. The River Flurry was chosen to examine microplastic 

presence in riverbank and G. duebeni as this river displayed a large difference in surface water 

microplastics for the two sampling locations for both sampling campaigns while also hosting 

https://www.frontiersin.org/articles/10.3389/fenvs.2021.719274/full#B85
https://www.frontiersin.org/articles/10.3389/fenvs.2021.719274/full#B85
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a G. duebeni population and safe access to the riverbanks. A metal trowel was used to collect 

samples of sediment (1–5cm) 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°C overnight. 

Freshwater macroinvertebrates were collected from the riverbed using 2-minute kick samples 

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

in plastic bags for transport to the laboratory. The duration of time between sampling and 

storage of G. duebeni was approximately 20 minutes.  

 

3.3.4 Processing of 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 spatula and rinsing the sieve using Milli-Q (0.22µm) 

water. All of the material removed from the sieves was stored in a glass jar (acid-washed, 1% 

nitric acid and triple rinsed with Milli-Q water) with a metal lid. This was carried out for each 

individual sieve with the exception of the 5mm sieve, in this instance any material caught was 

discarded as 5mm is generally accepted as the upper size limit of microplastics (Anderson et 

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 

(H2O2) was carried out (Di and Wang 2018; Liebezeit and Dubaish, 2012). Briefly, samples 

were centrifuged at 3500rpm in glass centrifuge tubes for 5 minutes (Canensi et al. 2022; Van 

Cauwenberghe et al. 2013). The supernatant was then vacuum filtered through glass microfibre 

filter papers (GF/C; 1.2µm; 47mm in diameter, Whatman, UK). The walls of the centrifuge 

tube and vacuum filtration headpiece were rinsed with Milli-Q water to remove any attached 

microplastics. Following supernatant vacuum-filtration, filter papers 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% H2O2 which were then covered in tinfoil and digested at 40ºC for 48 hours. 

Vacuum-filtration 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 sediment samples 

Microplastics were extracted from river sediment using density separation. A protocol was 

adapted from Gohla et al. (2020) for this extraction. Briefly, four replicate 50g samples of 

sediment were placed in 500ml beakers to which 200ml of potassium carbonate (K2CO3) with 

a density of 1.54 g/cm3 was added. Samples were mixed using a magnetic stirrer for 2 minutes, 

covered with tinfoil and left for one hour to settle. Following this, the supernatant was vacuum 

filtered (Whatman 1822-047 GF/C Glass Microfiber Filters, 1.2um, 4.7cm). The procedure was 

repeated in order to obtain maximum possible extraction.  

 

3.3.6 Processing of G. duebeni samples 

Upon returning to the lab G. duebeni were 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 Avio et al. (2015). Preserved samples were emptied onto shallow 

trays for G. duebeni extraction using steel forceps. Individual organisms (n = 80) were carefully 

removed from the tray and rinsed using Milli-Q water in order to remove any potential 

microplastics stuck to the exterior of the organisms. Groups of 5 G. duebeni were 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 

were triple rinsed using Milli-Q water between homogenisations to avoid cross contamination 

of potential microplastics between groups. Composite samples were digested with a 20 ml 

volume of 30% H2O2 for a 24-hour digestion at 40ºC.  Following the 24-hour digestion period, 

digested samples were vacuum filtered onto filter papers (Whatman 1822-047 GF/C Glass 

Microfiber Filters, 1.2um, 4.7cm) and placed in labelled petri dishes. Petri dishes which had 

been used for G. duebeni digestions were rinsed using Milli-Q water to ensure no material was 

left behind. 

 

3.3.7 Quality control measures  

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 Hermsen et al. (2018). As microplastics can shed from clothing, 100% cotton 

lab coats were worn when conducting analysis or handling samples. Milli-Q (0.22 µm) water 

was used for the rinsing of sieves and other lab work. Vacuum filtering of water samples, G. 

duebeni homogenisation and sediment density separations were all carried out under a laminar 
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flow hood. All work conducted on samples including the aforementioned vacuum-filtration 

and sample handling was carried out in a “clean room” which was used exclusively for 

microplastic work. When sample processing was carried out, a wet filter paper was left out on 

in the laminar flow hood in a petri dish for the same duration and visually examined under the 

microscope for any microplastics that may have settled on it. Additionally, blank solutions 

were also processed in conjunction for samples. The results of these controls are displayed in 

Appendix A (Tables; 8-2, 8-3, 8-4, 8-5) and were considered negligible when compared to the 

amount of microplastics recovered from each sample matrix thus no correction measurement 

was carried out. Equipment such as; tweezers, sieves and glassware were covered in tinfoil 

when not in use. Only one individual was allowed in the clean room while sample processing 

or microscopic work (also located within clean room) was 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 triple-

rinsed using Milli-Q 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. 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 matrix (Gasperi et al. 2018). 

 

3.3.8 Microplastic identification 

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

microplastics were noted, measured in size, described and photographed. Following Gewart et 

al. (2017), metal tweezers were used to check if suspected particles were microplastics based 

on their texture. The structural integrity when touched or moved by tweezers was used to 

identify suspected microplastics, avoiding those with biological structures (Hurley et al. 2018). 

Organic and inorganic material such as algae or sands tend 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 of G. duebeni which can 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 

black microplastics were recorded while less common colours were classed as “other”.  
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3.3.9 Raman identification of polymers 

A subsample of particles from surface water, G. duebeni and sediment samples collected were 

analysed for polymer identification using Raman spectroscopy (Nie et al. 2019; Gündoğdu et 

al. 2020). Display slides with double sided sticky tape attached were used to house 

microplastics for Raman analysis. Using tweezers suspected microplastics were transferred 

from filter papers to the slides under the microscope and a small circle was drawn around the 

now attached particle in order to enable quick location when analysing with Raman 

spectroscopy (Horiba LabRAM II, Horiba Jobin-Yvon, France). The Raman Spectrometer was 

equipped with a 600 groove mm−1 diffraction grating, a confocal optical system, a Peltier-

cooled Charged couple device (CCD) detector, and an Olympus BX41 microscope (Ó Briain 

et al. 2020; Loughlin et al. 2021) and spectra were obtained at a range of 100–3500 cm−1 using 

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

from G. duebeni, water and sediment were compared to a spectral reference library (KnowItAll, 

Bio-Rad), an in-house extension of the library with additional spectra from environmental 

plastics collected from the intertidal zone and known virgin polymer types (purchased from 

CARAT GmbH, Bocholt, Germany). In addition, SLoPP and SLoPP-E libraries (Munno et al. 

2020). The website ‘Open Specy’ (Cowger et al. 2021) was also used to verify polymer type 

for spectra captured via Raman (https://openanalysis.org/openspecy/) as well as the website 

‘PublicSpectra’ (https://publicspectra.com/). Furthermore, the Infrared & Raman Users Group 

(http://www.irug.org/search-spectral-database) was also consulted.  

 

3.3.10 Statistical analysis 

Due to the different methods used for sampling water, sediments and G. duebeni the data were 

analysed separately. Data from sediment samples, water samples and G. duebeni samples were 

tested for normality using the Ryan-Joiner normality test. Two sample t-tests were used to 

assess if any statistically significant differences were present in G. duebeni samples between 

the two sample sites on the River Flurry both in terms of MPs individual-1 and MPs mg-1 and 

also to determine if concentration differences in sediment were significant. As data from the 

surface water samples were deemed to not be normally distributed Mann-Whitney 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 outflow sites and for individual years. Kruskall-Wallis 

testing was carried out for both sampling campaigns to determine if any locations had 

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/spectrometer
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/grating-spectra
https://www.sciencedirect.com/science/article/pii/S0025326X21008365#bb0255
https://www.sciencedirect.com/science/article/pii/S0025326X21008365#bb0255
https://www.sciencedirect.com/science/article/pii/S0025326X21008365#bb0200
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/intertidal-zone
https://www.sciencedirect.com/science/article/pii/S0025326X21008365#bb0250
https://www.sciencedirect.com/science/article/pii/S0025326X21008365#bb0250
https://openanalysis.org/openspecy/
https://publicspectra.com/
http://www.irug.org/search-spectral-database
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significantly difference microplastic levels. Significance was determined for all tests as P < 

0.05.  Statistical analysis was carried out using Microsoft Excel 2016 and Minitab Statistical 

Software version Minitab® 21.1.1 (64-bit)) with the latter used for graph building also. 

 

3.4 Results  

3.4.1 Microplastics in river water  

Microplastics were found in all samples, recovered from every site and from both sampling 

regimes for surface water of rivers that were assessed during this study with a variety of shapes 

found (Fig 3-3). The total volume of water sampled was approximately 2440 litres for each 

sampling campaign. Microplastic concentrations ranged from 0.45 MP L-1 to 8.55 MP L-1 for 

surface water sampled during the first campaign and from 0.23 MP L-1 to 5.30 MP L-1 for the 

second campaign. Levels of microplastics found in surface water decreased at 11 sampling sites 

between campaigns while there was an increase in concentration at 3 sites. Higher 

concentrations of microplastics were 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 second campaign (Fig. 

3-4; Fig. 3-5). Microfibres represented the majority of microplastics found for every site for 

both years, with a range of; 51.4% - 90.6% and 67.4% - 93.6% for the 1st and 2nd sampling 

campaigns (Fig. 3-6). In general, there was a low abundance of microbeads recovered from 

both sampling campaigns. With the exception of the Fane Outflow location where 13.8% of 

microplastics recovered were microbeads, microbeads represented a maximum of 5.5% of the 

total microplastics recovered in the first sampling regime (range: 0% - 13.8%). For the 2nd 

sampling regime there was a range of 0% - 6.9% for microbeads recovered per site (Fig. 5). 

Although microplastics were recovered for all surface water samples, a significant median 

microplastic concentration variation between the two sampling campaigns was observed 

(Mann-Whitney U, W = 257, P = 0.014). Samples collected from the first campaign (mean = 

1.6 ± 2.24 MPs L-1, median 0.81 MPs L-1) had a significantly higher concentration than those 

collected in the second sampling campaign (mean = 1.14 ± 1.74 MPs L-1, median = 0.45 MPs 

L-1). No significant difference was found, however, when comparing median microplastic 

concentrations for combined years between headwater and outflow sites (Mann-Whitney U, W 

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

W = 45, P = 0.371, Mann-Whitney 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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0.33 – 1.01 MPs L-1) and median microplastic concentration (0.61 MPs L-1) than the outflow 

sites assessed (mean: 2.02 ± 2.63; range: 0.23 – 8.55 MPs L-1; median; 0.74 MPs L-1). Kruskal-

Wallis tests revealed that there were no significant differences in the concentration of 

microplastics of individual sites for either the 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: fragments, C: fibres. 
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Figure 3-4: Comparative microplastic concentrations (MPs L-1) in surface water for rivers 

flowing into Dundalk Bay for both sampling campaigns.  

 

Figure 3-5: Microplastic concentrations (MPs L-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 study 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, multi-coloured and other colours. The 

colours of microplastics from the second sampling campaign were as follows: 
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transparent/white (25.3%), blue (24.2%), black (20.5%), red (16.7%) with green, multi-

coloured and other colours making up the remaining 13.3%. Microplastics <1mm in size made 

up the majority of microplastics recovered for both sampling campaign one and two consisting 

of 64.4% and 62.7% of the total recovered respectively. Microplastics in the smaller category 

(<300µm) consisted 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 1st and 2nd sampling 

campaign respectively. 
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Figure 3-6: Shape profile of microplastics found in surface water for first sampling campaign; 

A and for second sampling campaign B. 

3.4.2 Polymer composition of microplastics recovered from surface water  

A subsample of suspected microplastics was analysed 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 fragments constituted 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 polyesters with 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 greater proportion of PA 

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. 

 

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 and G. duebeni 

Microplastics were recovered from both headwater and outflow sediment samples taken on the 

River Flurry. Two sample t-tests revealed a significant difference between the mean 

concentrations of microplastics in sediment of the two sampling locations (P = 0.007). The 

downstream location had a higher median microplastic concentration (370 MPs kg-1) than the 

upstream location (180 MPs kg-1) as well as a greater mean microplastic concentration 

(downstream: 395 ± 75.5 MPs kg-1; range: 340 – 500 MPs kg-1, upstream: 190 ± 52.9 MPs kg-

1; range: 140 to 260 MPs kg-1) respectively.  

Two sample t-tests revealed there was no statistically significant differences found between 

composite samples of G. duebeni collected from the headwater or outflow sample sites with 

regards to microplastic concentration mg-1 (P = 0.062) or microplastics composite-1 (P = 0.067). 

From G. duebeni examined from the outflow site 101 microplastics were noted (2.02 MPs 

composite-1) while 41 were present in G. duebeni sampled from the headwater location (1.36 

MPs composite-1). However, there was a small difference in microplastic levels in G. duebeni 

specimens between the two sites, 0.059 MPs mgtissue-1 (headwater) and 0.052 MPs mgtissue-

1 (outflow) respectively.  

Microplastic characteristics were compared between the water samples from the second 

sampling campaign and those found in G. duebeni and 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 that of G. duebeni 

sampled from both sites. Microfibres made up the majority of microplastics recovered in both 

sediment and G. duebeni from the downstream location consisting of 87% and 69% recovered 

in both matrices with the remainder consisting of fragments, 13% and 31% respectively. 

Similarly, microfibres were the dominant shape profile found in both sediment and G. duebeni 

at the headwater site (76% and 85% respectively), while fragments were found in both matrices 

(5% and 15% of total). Films however were only present in sediment 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%) and outflow / downstream sites (85%) closely 

following the trend of the sediment in particular, however shape abundances of microplastics 

varied between matrices for other shape profiles (Table. 3-3).  
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Table 3-3: Comparison of microplastic shape compositions and relative abundances for water, 

G. duebeni and sediment samples. 

Shape  

 

Flurry 

Headwater 

water 

G. 

duebeni 

Headwater 

Flurry 

headwater 

sediment 

 

Flurry  

Outflow 

Water 

G. 

duebeni 

Outflow 

Flurry 

outflow 

sediment  

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 75% of total 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 accounted for 11% of the total microplastics recovered from both 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 contrast to the colour 

breakdown found in riverbank sediment and water samples, blue microplastics were the most 

common recovered from G. duebeni for both upstream and downstream locations (60% and 

38%) which was followed by black (25.7% and 32.6%) (Fig. 3-10). For all matrices examined 

white / transparent microplastics made up the smallest proportion of those found in G. duebeni 

tissue. There was a large difference in the colour composition of microplastics present in G. 

duebeni compared to that observed in water samples from the river Flurry. Blue and black 

microplastics made up a combined 86% of those observed in G. duebeni at the headwater 

location and 71% at the outflow location. Conversely, these made up just 44% of the 

microplastics in surface water at the headwater 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 in G. duebeni and sediment. 

 

Microplastics in the <300µm in size consisted of higher percentages of the total found in G. 

duebeni from both sites than those recovered in sediment or water samples. A smaller 

proportion of microplastics less <300µm were 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 and G. duebeni samples are displayed below (Fig. 

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 site than the headwater site on the River 

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. 3-12). A subsample of suspected microplastics (n = 45, 31%) were selected for Raman 

analysis from G. duebeni of which positive matches were determined for 35 items. As noted in 

sediment samples there was also a greater spread of anthropogenic material identified in G. 

duebeni samples collected from the outflow location in comparison to the headwater location. 

Dyes made up a greater proportion of positively identified material (likely masking underlying 

polymers identity) in G. duebeni found at both locations than that identified in river water or 

sediment, highlighting a possible preference for this type of material. An unspecified polymer 

described in chapter 2 (section 2.9.2) of this thesis was also detected with greater frequency in 

G. duebeni than in water samples and sediment and is likely polyamide and some additive (Fig. 

3-13). Examples of polymers identified from the three difference environmental matrices are 

shown (Fig. 3-14) 
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Figure 3-12: Polymer composition in riverbank sediment sampled from both locations on the 

river Flurry. 

  

 

Figure 3-13: Polymer composition of material recovered from G. duebeni from both locations 

on the river Flurry. 
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Figure 3-14: Raman spectrum of identified polymers. A: polyester from G. duebeni, B: 

polytetrafluoroethylene from sediment, C: polypropylene from surface water, D: polyamide 

from sediment. 
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3.5 Discussion  
The concentrations of microplastics found in this study (sampling campaign one: 0.45 – 8.55 

MPs L-1, sampling campaign two: 0.23 – 5.30 MPs L-1) are compared to other European studies 

in the table that follows (Table. 3-4).  
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Table 3-4: Microplastics levels present in rivers studied compared to other European rivers. 

Rivers 

 

Location 

 

MPs L-1 Reference 

 

The Castletown, Flurry, ramparts, 

Dee, Glyde, Fane, Big 

North-East Coast of Ireland 0.45 – 8.55, 0.23 – 5.30 Current Study 

The Ebro  Spain  0.0035 ± 0.0014 −1 Simon-Sánchez et 

al. (2019) 

The Elbe  Germany 0.00557 Scherer et al. (2020) 

The Trent, Leen, Soar United Kingdom  0.019 – 0.083 Stanton et al. (2020) 

The Ergene Turkey 4.65 ± 2.06, 6.90 ± 5.16 Akdogan et al. 

(2023) 

The Thames  United Kingdom 10.91 – 18.83 Devereux et al. 

(2023) 

The Meuse and Dommel 

 

The Netherlands 0.067 – 11.532 Mintenig et al. 

(2020) 

The Antua Portugal  0.058 – 1.265  Rodrigues et al. 

(2018) 
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As noted by Matjašič et al. (2023) most freshwater studies on microplastics have 

investigated pollution patterns in larger rivers (catchment area > 50,000 km2 or main 

tributaries with catchment areas > 5000 km2). Furthermore, it has been observed that 

small and medium-sized rather than larger rivers can have high microplastic levels 

(Schere et al. 2020; Heß et al. 2018). The comparatively high levels of microplastics 

found in some of the rivers examined in this study; namely the Flurry and Ramparts 

underline the importance of considering small streams and rivers as contributors of 

microplastic pollution to marine environments.  

The predominance of microfibres for every sample taken across all matrices assessed 

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% (Li et al. 

2020). In the Rivers Rhine and the Danube fibres and fragments were the dominant 

shape of microplastics found in the water phase (Heß et al. 2018), however, 

microplastic spheres and pellets dominated in other studies, possibly due to nearby 

plastic production (Mani et al. 2015; Lechner et al. 2014). The dominance of 

microfibres in general in freshwaters is potentially due to the release of greywater from 

domestic settings or their escaping septic tanks (Le et al. 2022; Liu et al. 2022). 

Microfibres end up 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 (Volgare et al. 2021). Additionally, microfibres can be dispersed due to 

precipitation especially in urban areas (Dris et 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 campaign. The total rainfall recorded at the nearest weather station 

in the study location for the first sampling campaign was 157.8mm while for the 

second it was approximately 122.8mm (Met Éireann, 2020, 2021). Ideally, this would 

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

wet season, however, time constraints and the onset of Covid-19 made this impossible 

https://www.sciencedirect.com/science/article/pii/S0048969720333866#bb0155
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to conduct. Previous studies have linked wet periods and precipitation to increased 

microplastic presence in freshwater bodies when compared to drier spells (Xia et al. 

2020; Piñon-Colin et al. 2020; Wong et 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 (Xia et al. 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; Gasperi et al. 2018), microplastics 

can adhere to raindrops 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 (Campanale et al, 2020). 

Microplastics in surface waters have also been correlated with urbanisation and 

population density in previous studies on river systems (Kataoka et al. 2019; Yonkos 

et al. 2014; Mai et al. 2021). A similar trend could be seen in this current study, 

microplastic levels were highest for both sampling campaigns at the outflow site on 

the Ramparts Rivers (5.30 and 8.55 MPs L-1). This site is located just past the urban 

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

of this work. The headwater site of the Ramparts River which is located in a rural area 

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

between sampling campaigns (0.55 and 0.81 MPs L-1). These two sites are located in 

exact opposites in the Irish settlement hierarchy classing (road network, population 

density etc.) for County Louth; Dundalk classed as a ‘Regional Growth Centre’ and 

Kilkerley classed as a ‘Rural Node’. This increased microplastic presence in urban 

areas has been linked to littering and insufficient waste management strategies in the 

past (Battulga et al. 2019; Mani and Burkhardt-Holm, 2020). A study on the Rhine 

River in Germany found that microplastic concentration increases with its flow 

towards the sea with the exception of the tidal zone (Mani et al. 2015) and this proved 

to be the case for 9 of the total 14 study sites from 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 

https://www.sciencedirect.com/science/article/pii/S0269749121019758#bib5
https://www.sciencedirect.com/science/article/pii/S0269749121019758#bib62
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microplastics recorded at the Ramparts and Flurry headwaters higher than other sites 

studied.  

For both marine and freshwater environments, the proximity to sources of 

microplastics (effluent pipes, urban runoff and septic systems) can impact on the 

amount of plastic found at a sample location (Carr et al. 2016). It is suspected that 

microplastics in the aquatic environment originate from WWTPs and large-scale urban 

development along freshwater rivers (Eerkes-Medrano et al. 2015, Conley et 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 be the case for the Ramparts outflow location in 

this study. However, the comparatively high microplastic abundances located at the 

outflow site on the River Flurry cannot be attributed to population density pressures 

or urban land use. This site although located in a rural area had a comparable level of 

microplastics found in its surface waters as the outflow site of the Ramparts River for 

both sampling campaigns (4.55 and 5.15 MPs L-1). The sampling point is located 

between land classed as agricultural areas and next to a road on one side and artificial 

non-agricultural vegetated areas and sports and leisure facilities on the other side. 

There is an unclear link between microplastic pollution of water bodies and agriculture 

(Talbot and Chang, 2022), and while road surface proximity to water bodies is a known 

source of microplastics (Kallenbach et al. 2021) the high level found for both sampling 

dates may be due to the low elevation of the site (approximately 15 metres above sea 

level) when compared to its headwater site (approximately 330 metres above sea level) 

(Fig. 3-15). Other sites located on the same river courses studied as part of this work 

were located on agricultural land and close to roads and did not display this high 

concentration for surface water microplastics while having a maximum elevation 

difference between sampling locations of less than 50 metres. The large difference in 

elevation between sites on this river may account for the increased surface microplastic 

levels at the outflow site due to increased washing and surface run-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). Increased slope of the riparian 
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zone has been correlated with increased microplastic presence in surface water 

samples previously (Grbić et al. 2020), while in Australian water bodies higher 

microplastic concentrations were found in those located at lower elevations (Su et al. 

2020).  

 

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 50µm 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 size of 330µm or larger (Deocaris et al. 2019; Campanale et al. 2020; Katoaka 

et al. 2019). Smaller microplastics (<300µm) accounted for a range of 12.8% - 45.9% 

and 14.1% - 37.0% of total microplastics captured for the 1st and 2nd sampling 

campaigns per river in the current study respectively, thus highlighting the importance 

of using equipment with smaller mesh sizes. Unless the sieves or nets clog, 

microplastics under the 330µm will be missed. This lower size range being particularly 

important as a size bioavailable to zooplankton (Botterell et al. 2019). As microplastics 
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decrease in size so too can their bioavailability (Vroom et al. 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 Walkingshaw et al. (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 (Barrows et al. 2017; Covernton et al. 2019). Microplastics smaller than the 

smallest mesh size used (<50µm), 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 caught on the sieves.  

Microplastics presence in sediment was lower at the headwater site of the river Flurry 

(195 MPsKg-1) than at the outflow site (395 MPsKg-1). In an Irish context the 

concentrations of microplastics recovered from sediment in this study exceed the upper 

limit on the range reported for sediment from the river Barrow (155 MPsKg-1) 

(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 

sediment (Murphy et 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 

recovered from freshwater sediment (Yang et al. 2021). The suite of polymers 

recovered in sediment in this study had 2 polymers (PET and nylon (PA)) in common 

with another study that examined sediment in Irish rivers (Murphy et al. 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 1.62 particlesKg-1 (Bordo et al. 2021). 

Similarly, the lowest concentration of microplastics in sediment from the Antuá River, 

Portugal was 18 items kg-1, however, the upper limit reported was much higher at 629 

items kg-1 (Rodrigues et al. 2018). The concentration of microplastics reported at the 
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outflow site of the River Flurry surpass the lower limit of some other studies on 

riverine sediment pollution, namely; the Rhine-Main River, 228 – 3763 items kg-1 and 

the Rhine River 260 ± 10 to 11,070 ± 600 items kg-1 (Klein et al. 2015; Mani et al. 

2019). Other studies in Europe have reported higher concentrations in riverine 

sediment namely; The Thames River, UK (66 items g-1) (Horton et al. 2017) and an 

urban recipient in Norway (12,000 – 200,000 items kg-1) (Haave et al. 2019).  

The use of potassium carbonate (K2CO3) for density extraction from riverbank 

sediment was advantageous as it is non-toxic and cheap (Gohla et al. 2021) which 

increases its usability for citizen science projects and therefore increases the viability 

of long-term monitoring of sediment in freshwater bodies. Furthermore, a wide range 

of polymers were identified from sediment samples with densities ranging 0.9-1.0 

g/cm3 for polyethylene to 1.3-1.4 g/cm3 for polyester (Li et al. 2018) and 1.5 g/cm3 for 

cellulose thus highlighting the efficacy of extraction for environmental samples.  

The presence of microplastics particularly of microfibre shape profile in G. duebeni 

found in this study is evidence of the consumption of these microfibres in the natural 

environment. G. duebeni have been shown to consume microfibres in a lab-based 

study in both the presence and absence of food (Mateos-Cárdenas et al. 2021). This 

was displayed, however, in much higher concentrations than those found in the 

previous two sampling campaigns on the river Flurry (600 microfibres mL-1) (Mateos-

Cárdenas et al. 2021). 

The higher abundance of microplastics <300µm in G. duebeni than found in surface 

water samples or riverbank sediment may indicate that these are being broken down 

to smaller sizes when ingested. While G. duebeni have been shown to fragment 

microplastics to smaller sizes in the past, no evidence of fragmentation of polyester or 

cellulose microfibres have been documented (Mateos-Cárdenas et al. 2020; Mateos-

Cárdenas et al. 2021). Further evidence of the shredding nature of this species for 

microplastics was the lack of films found in their tissue which may be due to feeding 

of G. duebeni increasing the coarseness of ingested particles, with films having a 

smoother more defined thin and broad surface than irregularly shaped fragments. It 

must also be remembered that the smallest sieve used to extract microplastics from 
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water samples was 50µm in size and may have accounted for this observed difference, 

furthermore, when attempting to quantify small particles < 50μm in length there can 

be error introduced (Simmerman and Wasik, 2019).  

Microplastics have been documented in several other species of freshwater 

macroinvertebrates. Baetidae, Heptageniidae and Hydropsychidae had concentrations 

ranging up to 0.14 MP mg tissue−1 much lower than those reported in this study despite 

the fact they were taken from sample sites near highly urbanised areas (Windsor et al. 

2019). In contrast, microplastics were reported in much higher concentrations (129 ± 

65.4 particles g–1 tissue) in freshwater Tubifex worms in a major urban waterbody fed 

by the River Irwell, Manchester, UK (Hurley et al. 2017). The mayflies 

(Heptageniidae), caddisflies (Hydropsychidae), and amphipods (Gammaridae) had a 

mean MPs g-1 tissue of 15.1 ± 10.0 in sites at a city limit but this decreased to a mean 

MPs g-1 tissue of 5.5 ± 3.1 in upstream locations (Simmerman and Wasik 2019). 

Hurley et al. (2017) noted that microfibres 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 ingested by G. 

duebeni in this study (headwater: 85% microfibres, 15% fragments, outflow: 69% 

microfibres, 31% fragments). Microfibres were also the most commonly documented 

shape found in the bivalve, Anodonta anatina (Berglund et al. 2019) and dominated 

microplastic composition in the gastropod species: L. varicus (65.8%), M. 

tuberculata (100%), and T. fluviatilis (100%) with microplastic content ranging from 

1.71 ± 0.46 g-1 to 6.1 ± 1.05 g-1 (Akindele et al. 2019). While both sites on the River 

Flurry were located in rural areas without population pressures contributing to elevated 

microplastic levels, high concentrations of microplastics were observed in the surface 

water of the outflow site on the River Flurry yet not noticed in sampled G. duebeni.. 

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

other macroinvertebrate species are.  

Interestingly, G. duebeni sampled from the outflow site had a lower proportion of 

microfibres in their tissue (69%) than was recovered in the surface water during the 

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 in G. duebeni but 

lower proportions found in surface waters (77.2%, 79%). However, this may be due to 

limitations in the dataset and long-term monitoring of both G. duebeni and water may 

be necessary to ascertain the true power of using this species as a reliable biomonitor 

for microplastics. G. duebeni were 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 smaller G. duebeni than larger ones in this study may be due 

to the mechanical limitations of 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 midgut-hindgut section 

compared to the foregut in short-term feeding experiments on this species in the past 

(Mateos-Cárdenas et al. 2021). While Mateos-Cárdenas et al. (2021) showed that 

microfibres accumulate in the gut of G. duebeni, the brine shrimp (Artemia sp.) 

exhibited limited ingestion of microfibres in the absence of food and fast egestion and 

no ingestion when in the presence of food (Bour et al. 2020). Furthermore, a study on 

the amphipod Hyalella azteca found that plastic microfibres were significantly more 

toxic than plastic microbeads which was attributed to a slower egestion rate of 

microfibres than beads (Au et al. 2015).  

The larger abundances of microplastics coloured black or blue in combination with the 

frequent detection of dyes in G. duebeni in 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 species. The increased presence of blue and black 

microplastics in G. duebeni tissue 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 material. This could also be due to the presence of chemical dyes 

and their associated scents, as it is theorised that food detection and consumption is 

explained by chemosensory sensilla of scavenging amphipods (Havermans and 

Smetacek, 2018), however, a thorough study on preferential feeding based on colours 

is needed to verify this. This species has been shown to equally prey on food items 

contaminated with microplastics as ‘clean’ food items (Mateos-Cárdenas et al. 2022).  
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The presence of PA in all matrices examined indicates textiles 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 (Zhu et al. 2019). Polyamide has been shown to reduce the fitness in the 

first generation of freshwater non-biting midge Chironomus riparius and genetic 

adaptation to low microplastic concentrations (Khosrovyan et al. 2022), however 

despite their high abundance in other matrices examined they were identified only 

rarely in G. duebeni in this study.  

The differences between both colour composition and in polymer types found in G. 

duebeni samples 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 than polyamide or polyesters which were the most commonly reported polymers 

found in water samples. For 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 for both sites. In freshwater 

sediments fragments and fibers are typically the dominant shapes of microplastics, 

however, films can also dominate (Yuan et al. 2023). The high proportion of fibers 

found in the top layers of riverbank sediment compared to other shapes has been noted 

previously, however, there is a lack of studies examining the vertical distribution of 

microplastics with various shapes (Yuan et al. 2023). Piperagkas et 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 

https://www.sciencedirect.com/science/article/pii/S0048969723047769#bb0560
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freshwater environment. The much greater levels of microplastics found in riverbank 

sediment than surface water show the accumulation of microplastics at this terrestrial 

interface. The highest concentrations of microplastics are found along the shoreline 

and benthic sediments in freshwater environments (D’Avignon et al. 2021).  

The presence of microplastics in the sediment, water and G. duebeni of the relatively 

remote and uphill site at the headwater location on the River Flurry may be due to the 

presence of nearby litter (Kurniawan et al. 2023) with the site a known hotspot for 

illegal dumping and is next to a road used for the movement of logging equipment and 

large vehicles (Vercauteren et al. 2023). Forestry which occurs nearby has also been 

linked to microplastics presence in the environment previously (Liu et al. 2022). 

Additionally, atmospheric microplastics transport and deposition driven by wind could 

account for some of the microplastics present at this more remote location with the 

long-range atmospheric transport of microplastics noted in urban and pristine locations 

in Southeast Asia having a deposition rate varying from 114 to 689 MP/m2/day (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 hydrodynamical conditions causing resuspension of denser microplastics via 

turbulence in freshwater bodies and has been noticed before. The same was noted by 

Akdogan et al. (2023) in the Ergene River in Turkey where Polyethylene terephthalate 

(a polyester) and PA made up 55% of identified microplastics. Interestingly, the 

inverse was noted in pond sediments examined in Denmark, buoyant microplastics 

made up 83.5% of those recovered (Molazadeh et al. 2023). The high abundance of 

microfibres in the form of polyesters, including 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 used in textiles. 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 have occurred during the storm 

conditions present in February 2022 prior to sampling. Additionally, these 

microplastics have deposited here due to the washing of microplastics from land. The 

presence of microplastics in riverine sediment indicate that it serves as a sink 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. duebeni may be due to the habits of the Irish public in combination with current 

domestic wastewater infrastructure. Recent surveying commissioned by Uisce Éireann 

(Irish water utility company) found that one in five Irish adults are “using the toilet as 

a bin” – flushing wipes and other sanitary products which are sources of microplastics 

into the sewage network (Omorodion, 2023). A recent study into wipes labelled as 

“flushable” noted that 50% of tested brands contained a mixture of cellulose and 

microplastics in the form of PET (Ó’Briain et al. 2020). In combination with this is 

the fact that in 2021 over half of domestic septic tanks inspected failed countrywide. 

A 20% fail rate of domestic septic tanks was recorded in Louth with faulty septic tank 

systems capable of polluting rivers and posing issues for drinking water supplies (EPA, 

2022). In Ireland there were 438,3019 individual septic tanks in use in 2016 (CSO, 

Domestic Waste Water Treatment Systems 2022). While recently a study in Flanders 

found an average daily release of 1145 microplastics through domestic wastewater 

equalling a yearly per capita discharge of 418,000 in the study area thus highlighting 

the impact this can have on the freshwater environment (Vercauteren et al. 2023). 

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 (Silva et al. 2021) and it was estimated that 11% of plastic waste 

generated globally in 2016 entered aquatic environments (Borrelle et al. 2020). 

Finally, the application of biosolids to agricultural lands adjacent to rivers may 

contribute to microplastics 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 L-1 in water from the sub-surface drainage outflow pipe and 0.3 MPs L-1 in 

groundwater (Heerey et al. 2023).  

 

3.6 Conclusion 
Currently the majority of microplastics research 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 systems which needs addressing and which 

is understudied in an Irish context. Rivers, in particular, which are proposed to be the 

major source of plastic waste to marine environments deserve greater study. To date, 

this has been poorly investigated when compared to marine waters (Akdogan & 

Guven, 2019; Eekes-Medrano et al. 2015; Schmidt et al. 2017). Microplastics were 

recovered from every sample taken during the course of this study and found in 

sediment, water and G. duebeni in 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 cause harm 

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 

Dundalk Bay 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 inputs 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 contamination of G. 

duebeni at both upstream and 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 of G. duebeni may 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 rendered the highest levels of microplastics in surface water which 

would indicate population pressure leads to increased microplastic burden in rivers for 

this catchment. Additionally, the 2nd most polluted site, the outflow location on the 

River Flurry may be due to the 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 surface water collected from the previous year 

highlighting it is potentially trapping this type of material. The behavior of the Irish 

public with respect to waste disposal (Omorodion, 2023) in combination with domestic 

wastewater infrastructure (EPA, 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 potential citizen scientist. Additionally, the use of a sieve 

stack down to 50µm led to the filtering of a large water volume (200L) and the retrieval 

of microplastics smaller than 330µm which can generally be missed when conducting 

surveying with more traditionally used nets or trawls. This study lends to the growing 

body of knowledge of microplastic prevalence in Irish freshwater environments (e.g., 

O’Connor et al. 2019; Murphy et al. 2022). This work is vital in order to develop a 

strong and credible baseline for microplastic 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 anticipated.   
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Highlights  

 Microfibres were the dominant shape found in both sediment and cockles 

 Lighter plastics PP and PE were only identified in cockles 

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

treatment facilities and legislation for these secondary microplastics 
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Graphical Abstract  

 

Figure 4-1: Workflow of current chapter from sample collection to polymer 

identification. 

 

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

species that reside within them. This study examined the temporal concentrations of 

microplastics found in the commercially and ecologically important bivalve, 

Cerasastoderma edule and the presence of microplastics in sediment taken from two 

beach locations within the intertidal environment of the Special Area of Conservation 

(SAC) and Special Protected Area (SPA) of Dundalk Bay, Ireland. A microplastic 

range of 1.55 ± 1.38 to 1.92 ± 1.00 g-1 in 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 matrices it is therefore important to investigate 

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

 

Keywords: Microplastics, marine pollution, temporal, bivalves, sediment 

 



92 
 

4.2 Introduction 
Microplastics or plastic particles <5mm, exist 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 deep-sea sediment and polar regions (Garza et al. 2023; 

Van Cauwenberghe et al. 2013; Peeken et al. 2018). Marine sediment can serve as 

both a source and a sink of microplastic pollution as well as regulating microplastic 

distribution in aquatic environments (Uddin et al. 2021; Jambeck et al. 2015; Woodall 

et al. 2014). The assessment of microplastic pollution falls under descriptor 10 of the 

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 (PAHs), polychlorinated biphenyls (PCBs), 

organo-halogenated pesticides, nonylphenol and dioxins have been detected in plastic 

pellets from beaches worldwide (Avio et al. 2015; Ogata et al. 2009). If contaminated 

microplastics are ingested they may desorb these pollutants into organisms under the 

correct conditions (Bakir et al. 2014). Additionally, human pathogenic viruses have 

been documented on 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 (PAHs), polychlorinated biphenyls 

(PCBs) and oestrogenic compounds can delay the onset of oocyte maturation in 

cockles and reduce their fecundity (Matozzo et al. 2007; Timmermans et al. 1996; 

Bowmer et 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 

deposition and accumulation (Gray et al. 2018; Weinstein et al. 2016; Ryan et al. 

2009). Microplastics have been documented in coastal environments in numerous 

recent studies and are found in varying concentrations worldwide, although limited 

studies have examined its presence in the Irish marine environment (e.g., Pagter et al. 
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2021; Martin et al. 2017). Intertidal locations in Ireland were noted to have a range of 

0 to 553 particles per kilogram (Mendes et al. 2021). Across Europe, microplastics 

have been found 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 South-east of Spain, 64.06 ± 8.95 

particles per kilogram (Terzi et al. 2022; Bayo et al. 2019). Two recent studies on 

microplastics in sediments from Europe reported concentrations of microplastics as 

1.8 – 30.2 particles per kilogram in the Kiel fjord, Germany and as 0.02 – 1.71 

microplastics per gram in Oslofjord, Norway, respectively (Schroder et al. 2021; 

Bronzo et al. 2021).  

Microplastics have also been reported in many species of shellfish which may have 

implications for human health as some species can provide a direct route of 

microplastics into human diets (Li et al. 2021). Recently, microplastics have been 

documented in a wide variety of bivalve species including species of; mussels (Ding 

et al. 2021; Gedik and Eryasar, 2020; Wakkaf et al. 2020; Hermabessiere et al. 2019; 

Mathalon and Hill, 2014), clams (Baechler et al. 2020), oyster (Aung et al. 2022; Cho 

et al. 2019; Teng et al. 2019; Rochman et al. 2015; Van Cauwenberghe and Janssen, 

2014) and scallops (Sui et al. 2020; Cho et al. 2019). While a lot of focus has been 

given to species of mussel (Mytilus edulis, in particular) very little work has been 

conducted on the common cockle (Cerastoderma edule) with just two prior studies 

examining the presence of microplastic in this species. One in populations on the 

French Channel coast (Hermabessiere et al. 2019) and a more recent one examining 

the population in Portuguese lagoons (Botelho et al. 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 including; Scrobicularia plana (Ribeiro et al. 2017), 

Ennacula tenuis and Abra nitida (Bour et al. 2018), Mytilus edulis (von Moos et al. 

2012), Crassostrea gigas (Sussarellu et al. 2016), Cerastoderma glaucum or Limecola 

balthica (Urban-Malinga et al. 2021). Because of the little or no effects on body 

condition noted in ecotoxicology studies, bivalve body condition has been generalised 
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as an insensitive marker of microplastic ecotoxicity (Bour et al. 2018). Microplastics 

however can impact the behaviour of bivalves living in sediment which in turn can 

lead to effects for benthic environments (Urban-Malinga et al. 2021). The near-surface 

dwelling species, Cerastoderma glaucum emerged less often and in lower numbers 

from sediment spiked with microplastics while the Baltic clam, Limecola balthica 

buried deeper in similarly treated sediment than in controls with no microplastic 

presence (Urban-Malinga et al. 2021). A similar reduction in surface emergence or 

increase in burial depth as displayed in the bivalves Cerastoderma glaucum and 

Limecola balthica  (Urban-Malinga et al. 2021) when exposed to microplastic-

contaminated sediment by C. edule an important species of bivalve found in Dundalk 

Bay could have negative consequences for benthic habitats given the many ecosystem 

roles that C. edule fulfils. Increased burial depth would lead to deeper 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 them. The deeper fluidizing of 

the seabed as is the case currently for razor clam harvesting up to a depth of 0.25m can 

lead to a greater impact on benthic communities (Legare et al. 2020) An increase in 

the area fished to a greater depth would further jeopardise Ensis. magnus, Pharus 

legume, the spiny cockle (Acanthocardia spp), clams (Venus spp). Chamelia spp. and 

the endangered and long-lived Icelandic clam (Arctica islandica) in this SAC and SPA 

where abundances of these species is already low with richness declining since 2017 

and A. islandica not recorded since 2018 (Shellfish Stocks and Fisheries Review, 

2022). 

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

non-cultured population of commercially valuable bivalves in Irish fishing grounds. 

The common cockle, assessed in this study has potential as a biomonitor for 

microplastic pollution at the water-sediment interface in the marine environment for a 

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

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

(Santos et al. 2022; Tyler-Walters, 2007). Furthermore, C. edule is monitored for E. 

coli presence by the Sea Fisheries Protection Authority (SFPA). While it is difficult to 

draw direct comparisons between studies given that tissue digestion and identification 
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methods vary (Bom and Sá, 2021), microplastics presence is increasingly documented 

in marine species and further evidence of this is the presence of microplastics noted in 

rarer species from more remote regions (Li et al. 2021). Futhermore, microplastics 

were noted in a wide range of species inhabiting Dundalk Bay as evidenced in chapter 

3 of this thesis. 

A primary management goal is the maintenance of 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 are protected. 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 and Fisheries Review, 2022). The pre-

fishery survey estimate of cockle biomass in 2022 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 establishing a baseline of microplastic 

presence in cockles in Dundalk Bay which can potentially be transferred to the seabirds 

feeding on them is of paramount importance. In northern fulmars and Cory’s 

shearwaters the 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 increased with the 

presence of microplastics in the gut (Fackelmann et al. 2023).  

Previous studies carried out on assessing microplastic presence in C. edule did not 

examine microplastic contamination of sediment despite the fact that sediment-

dwelling bivalves have been shown to possess higher concentrations of microplastics 

than water column-dwelling bivalves (Cho et al. 2021; Ding et al. 2021; Liu et al. 

2021). Likely due to microplastics sinking as their density increases (Karkanorachaki 

et al. 2021). 

The importance of a resilient cockle population in Dundalk Bay is threefold; 1) the 

economic value of the fishery, (€80,500 average per vessel in 2020), 2) supporting the 

seabird population that feeds upon them during winter, for example; overwintering 

https://www.sciencedirect.com/science/article/pii/S026974912300951X#bib10
https://www.sciencedirect.com/science/article/pii/S026974912300951X#bib19
https://www.sciencedirect.com/science/article/pii/S026974912300951X#bib41
https://www.sciencedirect.com/science/article/pii/S026974912300951X#bib41
https://www.sciencedirect.com/science/article/pii/S026974912300951X#bib35
https://www.sciencedirect.com/science/article/pii/S026974912300951X#bib35
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oystercatchers (Haematopus ostralegus) in the absence of mussel beds require 

between an estimated 105-232kg cockle flesh per bird per winter (Ens et al. 2004) and 

3) the ecosystem engineering roles it has in bioturbation, water-filtration and 

biodeposition (Carss et al. 2020). Due to the importance of cockles, both financially 

and ecologically to the habitat of Dundalk Bay, it is of paramount importance to assess 

the levels of microplastics in both this species and also in the sediment they reside in. 

Recently measures have been introduced to preserve some of Dundalk Bay and the 

species that reside therein with the banning of fishing using any 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 zone (Fig. 4-2; 

SFPA, 2023). 

 

Figure 4-2: Dundalk Bay protected area highlighted in yellow 

(https://www.sfpa.ie/Who-We-Are/News/Details/sea-fisheries-protection-authority-

publishes-reference-map). 

 

file://///users/katiecundelan/Library/Containers/com.apple.mail/Data/Library/Mail%20Downloads/9A86707A-76A1-48AB-862D-EEF65F7C0729/Dundalk%20Bay%20protected%20area%20highlighted%20in%20yellow%20(https:/www.sfpa.ie/Who-We-Are/News/Details/sea-fisheries-protection-authority-publishes-reference-map).
file://///users/katiecundelan/Library/Containers/com.apple.mail/Data/Library/Mail%20Downloads/9A86707A-76A1-48AB-862D-EEF65F7C0729/Dundalk%20Bay%20protected%20area%20highlighted%20in%20yellow%20(https:/www.sfpa.ie/Who-We-Are/News/Details/sea-fisheries-protection-authority-publishes-reference-map).
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The aims 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 microplastics 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.  

 

4.3 Study area  
Dundalk Bay is a large shallow marine bay located on the east coast of Ireland, 

approximately 70km north of the capital of Dublin (Fig. 4-3). Dundalk Bay is 

classified a special area of conservation (SAC), special protection area (SPA) under 

the EU Birds and Habitats Directives and 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 SAC. Dundalk Bay is a classified Bivalve Mollusc Production Area 

and it has supported a commercial dredge cockle (Cerastoderma edule) fishery since 

2001. The Dundalk Bay area is a prominent exporter of the common cockle which 

reaches markets for human consumption in Spain. Landings of cockle for Dundalk 

Bay for 2019 and 2020 were valued at €1,249,500 and €2,254,000 and weighed 595 

and 1,127 tonnes respectively. A 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 vessel (Consultation on Dundalk Cockle Natura Permits Policy). 

Additionally, razor clams and in particular cockles are consumed by seabirds residing 

in the bay. As they are found closer to shore than razor clams, and up to 70% of the 

bay is exposed at low tide, cockles are an important source of food for wading birds 

residing there (Fig. 4-4). Dundalk Bay is internationally important for water birds, 

supporting over 1% of the Northwest European/East Atlantic flyway populations of 

the protected black-tailed godwit (Limosa limosa). (https://rsis.ramsar.org/ris/834). 

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 areas growth rates are lower and cockles need to survive over two winters to 

reach commercial size (Shellfish stocks and fisheries review, 2021). Possible sources 

https://rsis.ramsar.org/ris/834
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of microplastics to Dundalk Bay include; three wastewater treatment plants along its 

coast, the urban 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 up deposited in the sediment of the bay or be ingested by fauna 

residing there. Blackrock beach represents a site near a secondary water treatment 

plant and sees frequent beach users. Rockmarshall beach is a more secluded site 

however given the tidal movements of the Bay can represent a site where microplastic 

pollution is deposited. Sediment 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 the more 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. 



100 
 

 

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 organism  
The common cockle (Cerastoderma edule) is one of the main non-cultured bivalve 

species harvested around the coastlines of Western Europe where densities of 

populations can reach up to 10,000 individuals per m2 (Carss et 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 wading-birds with 

the species-specific 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 estimated 105-232kg cockle flesh per bird per winter in 

the absence of mussel beds (main alternative food source), insufficient food 

availability leads to effects such as; reduced individual body condition, increased 

mortality and reduced population sizes (Ens et al. 2004; Verhulst et al. 2004). The 

importance of cockles in Dundalk Bay to sustaining the seabird population has been 

demonstrated by Albuixech-Martí (2021) where the highest percentage of C. edule 

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 important one, consisting 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 (Urban-Malinga 

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 (de Sá et al. 2018). 

Besides serving as a food source for many species, including humans, the role of 

cockles in benthic 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 of solutes at the water-sediment interface (Mermillod-Blondin et al. 

2005). Large-scale experiments also showed that cockles in high densities enhance 

sediment stability (sand) which is important to conserving and promoting the primary 

productivity of soft-bottomed intertidal ecosystems (Donadi et al. 2013). Cockles, in 

addition to increasing sandy sediment stability also enhance nutrient uptake efficient 

of the biofilm (Eriksson et al. 2017). The primary influence of cockles on 

biogeochemical dynamics in intertidal sediments is through their biodeposition and 
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bioturbation activities (Rakotomalala et al. 2015; Mermillod-Blondin et al. 2004). 

Cockles filter organic material from the water column and produce faeces and 

psuedofaeces onto the sediment surface which can be 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 2018, in form of a Cockle Picker 

sculpture in Blackrock, Ireland by local artist Michéal McKeown (Fig. 4-5). Thus, the 

common cockle’s importance to Dundalk Bay is threefold, having environmental, 

economic and social roles.  

 

Figure 4-5: The cockle picker’s statue overlooking Dundalk Bay from Blackrock 

beach. Photographed by Mark Duffy and appearing in the Irish Independent newspaper 

(23rd February 2019). 

 

4.5 Materials and methods 

4.5.1 Sampling 

Cockles were collected for every month from February 2020 – January 2021. Fewer 

cockles were collected for the Spring (n = 28) and Summer (n = 28) due to Covid-19 

restrictions than Autumn (n = 42) and Winter (n = 42). Cockles (n=140) were collected 

by hand raking from the intertidal area of Rockmarshall beach on the North side of 
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Dundalk Bay (54.002674N, -6.3000154W), placed in metal food containers, labelled 

and frozen at -20ºC. Sediments from the intertidal zones were collected from 

Rockmarshall beach(54.002674N, -6.3000154W) and Blackrock beach (53.961880N, 

-6.3651247W) during 2021 (Fig. 4-3). These coordinates represent the central point of 

the grids used to determine microplastic contamination on these beaches. 

Sediment sampling was conducted similar to that described by Frias et al. (2018). 

Briefly, sediment was collected using a metal trowel (0<5cm) across 3 line transects 

(hereafter referred to as; upper-shore, middle-shore, lower-shore) located 50 metres 

from each other and 3 points were sampled across each transect line to give a total of 

9 sampling points per beach in a square-like 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 Milli-Q water (0.22µm) to avoid cross-

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

 

4.5.2 Tissue digestion and microplastic extraction  

Prior to microplastic extraction the biometric data of the cockles was recorded. 

Digestion was carried out using a protocol adapted from Thiele et al. (2019). Briefly, 

cockles were shucked, rinsed with Milli-Q water (0.22µm) and weighed before placing 

in 500ml Erlenmeyer flasks with 200ml of 10% potassium hydroxide (KOH). Tinfoil 

covered flasks were placed inside an incubator at 40ºC for 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 vacuum-filtered onto clean filters (Whatman, 47mm 

diameter GF/C 1.2µm glass microfiber). Filters were then placed in closed petri dishes 

until further analysis was carried out. 

 

4.5.3 Sediment separation  

Sediment samples were oven dried at 40ºC for 24-48 hours depending on moisture 

content. Microplastic extraction from dried samples was carried out according to Mani 

et al. (2019). Briefly, 10g of sediment was collected using a spatula and placed in a 1L 

separation funnel and 100ml of Milli-Q water (0.22µm) and 10ml of castor oil were 
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added. Separation funnels were then shaken by hand for 1 minute and the inner walls 

of the funnel were rinsed with Milli-Q water (0.22µm) to ensure all material was 

returned to the bottom. The funnel was left to settle for 15 minutes after which the 

underlying sediment layer was filtered from the separation funnel and set aside. The 

middle layer of water and upper layer of castor oil were vacuum-filtered onto filter 

papers (Whatman, 47mm diameter GF/C 1.2µm glass microfiber). While the 

separation funnel was being emptied the walls were rinsed with pre-filtered (Whatman, 

47mm diameter GF/C 1.2µm glass microfiber) 70% ethanol to ensure all material was 

removed. The inner walls of the top part of the vacuum filtration unit were then rinsed 

with 70% ethanol to help to remove any castor oil left on top of the filter paper which 

may obscure subsequent microplastic visualisation. For each of the 9 points where 

samples were collected per beach, 3 x 10g samples were analysed.  

 

4.5.4 Grain size analysis 

Samples were oven-dried at 60℃ and 100g of dry sediment was weighed and placed 

in a 6-sieve stack (2mm (gravel), 1mm (very coarse sand), 500µm (coarse sand), 

250µm (medium sand), 125µm (fine sand) and 63µm (very fine sand) and a receiver 

for sediments <63µm. Sediment was classified using an adaptation of the Wentworth 

grain size classification (Frias et 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 observed under an 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, multi-coloured or other. Microplastics were measured 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 bend) (Keene and Turner, 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 polymer identification using 

Raman Spectroscopy. The Raman Spectrometer was equipped with a 600 groove 

mm−1 diffraction grating, a confocal optical system, a Peltier-cooled CCD detector, 

and an Olympus BX41 microscope (Ó Briain et al. 2020; Loughlin et al. 2021) and 

spectra were obtained at a range of 100–3500 cm−1 using a 532nm laser. Spectra 

obtained when analysing particles extracted from cockles and sediment were 

compared to a spectral reference library (KnowItAll, Bio-Rad), an in-house extension 

of the library with additional spectra from environmental plastics collected from the 

intertidal zone and known virgin polymer types (purchased from CARAT GmbH, 

Bocholt, Germany) (Mendes et al. 2021). In addition, SLoPP and SLoPP-E libraries 

(Munno et al. 2020) were employed, and the ‘fingerprint’ region of each spectrum was 

used to identify the polymer type. The websites ‘Open Specy’ (Cowger et al. 2021) 

(https://openanalysis.org/openspecy/) was also used to verify polymer type for spectra 

captured via Raman in addition to PublicSpectra 

(https://publicspectra.com/SpectralSearch). Furthermore, the Infrared & Raman Users 

Group (http://www.irug.org/search-spectral-database) was also consulted.  

 

4.5.6 Statistical analysis  

Data was tested for normality using Anderson-Darling test which determined that both 

MPs g-1 and MPs ind-1 were non-parametric. MPs g-1 values were successfully 

transformed using Johnson transformation (P = 0.807) while MPs ind-1 values were 

not. One-way Analysis of Variance (ANOVA) tests and Tukey post-hoc analysis were 

used to determine statistically significant differences between average microplastics 

per gram wet weight (MPs g-1). The Kruskall-Wallis test was carried out on the non-

parametric determining that significant differences existed between the seasons in 

terms of microplastics ind-1. Mann-Whitney 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 weight and the seawater temperature. The non-parametric 

Spearman's correlation coefficient was calculated to evaluate correlations between 

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/spectrometer
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/grating-spectra
https://www.sciencedirect.com/science/article/pii/S0025326X21008365#bb0255
https://www.sciencedirect.com/science/article/pii/S0025326X21008365#bb0200
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/intertidal-zone
https://openanalysis.org/openspecy/
http://www.irug.org/search-spectral-database
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/correlation-coefficient
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carried out on the total cockle group (n = 140) to determine if there was a statistical 

relationship between the weight of cockles and their microplastic content. Mann-

Whitney tests were carried out to assess microplastic amounts in contamination 

controls and those recovered from cockles as prescribed by Dawson et al. (2023). The 

level of significance used for all tests was 0.05. Anderson-Darling tests revealed that 

distribution of microplastics in sediment followed normal distribution for both beach 

locations and one-way 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 other. Statistical analysis was carried out using Microsoft Excel 2016 

and Minitab Statistical Software (version Minitab® 21.1.1 (64-bit) which was also 

used for the creation of figures.  

 

4.5.7 Quality control measures  

To ensure good laboratory practises when analysing samples for microplastics 

protocols for mitigating microplastic contamination were adhered to where applicable 

following Hermsen et al. (2018). When conducting labwork 100% cotton lab coats 

were worn at all times. All work conducted on samples including the aforementioned 

vacuum-filtrations were carried out in a “clean room” which was specifically used for 

microplastic work exclusively by a lone operator. Equipment such as; tweezers, sieves 

and glassware were covered in tinfoil when not in use, additionally the vacuum-

filtration unit was covered in tinfoil when filtering digested cockle or sediment 

samples. While cockles were being dissected, a petri dish containing a filter paper was 

placed adjacent to quantify 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 triple-rinsed using Milli-Q 

water (0.22µm) before use, and glassware was left to dry upside down to avoid 

airborne particles settling on them. 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. 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 (Gasperi et al. 2018). All solutions used in this study were vacuum-filtered 

through clean filter papers before use with samples (Whatman, 47mm diameter GF/C 

1.2µm 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 blanks were carried out in order to 

account for contamination while for each group of cockles (n=14) a solution blank was 

also examined. As with numerous other microplastic studies (e.g., Baechler et al. 2020; 

Rochman et al. 2019; Davidson and Dudas, 2016) contamination results from the 

blanks are displayed (Appendix B: Table 8-6, Table 8-7) rather than subtracted from 

environmental results which is ill-advisable given the diversity available in 

microplastic shape, size, colour and composition (Dawson et al. 2023). These are 

intended to indicate the range of possible contamination levels present introduced from 

laboratory procedures. Mann-Whitney tests carried out for microplastic contamination 

in terms of both MPs g-1 and MPs Ind-1 found that amounts present in control 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 microplastics in 10g 

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 0.9-7g, (mean: 2.81g ± 1.04), length ranged from 2-4cm (mean: 2.86cm 

± 0.38cm) and the width ranged from 2.3-4.2cm (mean: 3.19cm ± 0.42). The 

differences between seasons are displayed below (Table 4-1). 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 cockle (Cerastoderma edule) in 

Dundalk Bay, 2021-2025). 
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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 

 

4.6 Results and discussion  

4.6.1 Microplastics in cockles 

A total of 697 microplastics were 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 had microplastics present in their tissue resulting in a 98.6% 

contamination rate of the cockles analysed. When assessing mean microplastics per 

gram wet weight (MPs g-1) this value ranged from the lowest in winter 1.55 ± 1.38 

MPs g-1 to a highest value in spring 1.82 ± 0.99 MPs g-1 for cockles sampled, two 

outliers were also noted amongst cockles sampled in Autumn and Winter however the 

reasons for these is unclear (Fig. 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 lines represent the median. Blue rectangles represent the interquartile range 

Q1 – Q3 and whiskers represent the range. 

 

One-way ANOVA test at the 95% confidence interval showed that average MPs g-1 of 

cockles were not significantly different between seasons (P=0.283), although the 

median and mean values for cockles harvested in winter were lower than the other 

seasons. Cockles examined from a Portuguese lagoon displayed significant difference 

in their microplastic concentrations between seasons and similarly had lowest reported 

concentrations for winter (Botelho et al. 2023). Similarly, four species of bivalves 

studied by Ding et al. (2021) displayed no seasonal variation either in terms of 

microplastics g-1 of microplastics ind-1. Cockles analysed in this study had generally 

higher microplastic concentrations than reported in the same species along the French 

Channel coasts by Hermabessiere et al. (2019), which contained 0.94 ± 0.31 items g -

1 wet weight, however, cockles in that study were collected from areas with a small 

human population and low anthropogenic pressures.  This range fell within reported 

median values for C. edule sampled from a Portuguese lagoon of 0.83 items g−1 and 
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5.1 items g−1 and also mussels (M. galloprovincialis) in the same study 0.77 items 

g−1 in January to 4.3 items g−1 in October (Botelho et al. 2023).  

Average microplastics per cockle (MPs ind-1) ranged from 3.43 ± 2.47 particles per 

cockle in Winter to 6.90 ± 3.68 particles per cockle in autumn (Fig. 4-7). Kruskall-

Wallis testing revealed statistically significant differences between seasons in terms of 

MPs ind-1 (P = 0.000). Mann-Whitney tests carried out between seasons revealed that 

the only seasons that did not significantly differ between medians were spring and 

summer (P=0.422) but every other comparison displayed significant differences 

between seasons with regard to this parameter. In real-world terms, however, Autumn 

was the season that had biological significance compared to the other seasons 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. 4-7). Cockles were on average 

larger for this season than those collected in the other seasons which may help to 

attribute to this difference, especially as MPs g-1 did not display significant differences 

between seasons. The higher abundances of microplastics in cockles collected in 

autumn for this study highlights 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 (autumn).  
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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 represent the interquartile 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; 1.5-7.6 reported for M. edulis collected from Chinese coasts 

and 6.9 ± 3.84 reported for M. bilineata from Southeast India (Li et al. 2016; Patterson 

et al. 2019). In general, however, the upper values of individual contamination range 

found in cockles in this study (autumn) 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 of 2.46 ± 1.16 MP ind-1 (Hermabessiere et al. 

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

Microfibres were the most commonly noted microplastic shape and accounted for 

69.6% (n=485) of those recovered. Other shapes were identified with lower frequency; 

fragments (18.2%, n = 127), films (11.2%, n = 78) and finally beads were seen with 
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the lowest frequency accounting for 1.01% (n = 7) of the total recovered. Fibre 

proportions were similar between seasons ranging from 67.5% of the total recovered 

in autumn to 72.5% of the total recovered in spring which could indicate a stable input 

of this sort of microplastic into this marine environment. Cockles from locations along 

the coasts of France had comparatively lower microfibre levels than those analysed in 

the current study and ranged from 2.4% to 45.5% per site per site (Hermabessiere et 

al. 2019). Similarly, a lower proportion of fibres were documented in cockles collected 

from a Portuguese lagoon for both winter and summer seasons studied with fibres 

accounting for 50% and 38% of those recovered (Botelho et al. 2023). The proximity 

of the WWTP located on the Castletown River may be a source of microfibres seen in 

this study as its effluent location is located just 3.5km from the location cockles were 

collected from for this study in addition to the freshwater rivers which contain 

microplastics in their surface waters as displayed in chapter 3 of this thesis.  

While the lowest proportion of microfibres were noted in cockles collected in autumn 

and summer (which had the highest average sea temperatures), there was only a small 

difference in the comparative proportions made up of fibres between seasons. There 

are several possible reasons for this occurrence. Typically, during hotter months, there 

is less need for domestic tumble-drying of clothes, the condensate of which is a source 

of microfibres entering wastewater treatment facilities (Gaylarde et al. 2021). 

Additionally, hotter sunnier periods increase 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 photo-oxidation 

(Andrady, 2015). Macroplastic items have been observed by the author in close 

proximity when collecting cockles throughout this study. Furthermore, reduced 

precipitation during the hotter periods inhibits the potential washing of microplastics 

from terrestrial sources into rivers which typically have lower flow rates at these times, 

however, this reduction was not as pronounced due to weather conditions in the 

country for summer and autumn. For the year 2020 an unseasonably strong Jetstream 

dominated the weather in Ireland for summer which brought above average rainfall for 

the season, and near to, or below average temperatures (Met Éireann, 2020).   
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Although microfibre concentrations in cockles varied between seasons, microfibres 

were still the dominant shape found every season, with fragments and films 

representing a smaller proportion (Fig. 4-8). This is in agreement with research on 

marine species as a whole, as per Mizraji et al. (2017) microfibres constitute the 

dominant shape category of microplastics consumed by marine fishes, crustaceans and 

bivalves while microplastic fragments, foams, and films represent a smaller proportion 

of microplastics found in these species (Jabeen et al. 2017).  

 

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 found in oysters 

harvested from New South Wales which possessed fibre concentrations in the range 

43% - 80% (Jahan et al. 2019; Li et 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 and ingestion may suggest, that just as 

microfibres when orientated correctly can pass through the meshes of sieves 

(Walkinshaw et al. 2022), a similar phenomenon occurs with the gills of cockles. 

https://aslopubs.onlinelibrary.wiley.com/doi/full/10.1002/lol2.10122#lol210122-bib-0057
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Zoonotic protozoan parasites (Toxoplasma gondii, Cryptosporidium parvum, and 

Giardia enterica) that can infect and harm humans and marine mammals were shown 

to have a greater ability to associate with microfibres than with microbeads (Zhang et 

al. 2022). The World Health Organisation recognises these pathogens as 

underestimated causes of illness from shellfish consumption additionally they are 

persistent in the marine environment. Furthermore, faeces of seabirds feeding on 

cockles found in Dundalk Bay have been shown to contain Vibrio bacteria common to 

both sediment and cockles (Albuixech-Martí 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 was a weak but statistically significant relationship between 

cockle weight and microplastic abundance (correlation = 0.438, P <0.000) (Fig. 4-9).  

 

Figure 4-9: Relationship between microplastic burden and weight of cockle. 
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Filtration rates for 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 (Smaal et al. 1997; 

Iglesias et 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, however, strongly reduce in water temperatures less than 8°C even 

with the abundant availability of food (Smaal et al. 1997).  

The highest amounts of microplastics were found in cockles harvested in autumn both 

in terms of MPs g-1 and MP ind-1 when the mean water temperature in Dundalk Bay 

was 14.3°C which was the highest average seasonal temperature (Sea Temperature 

Info, 2022). The fact that there were no significant differences in microplastic 

concentrations in terms of MPs g-1 between seasons may indicate that microplastics in 

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 in colder month’s cockle 

filtration rates increase when submerged in a few inches of water which is rapidly 

warmed by solar radiation during the day. Furthermore, the similar microplastic 

concentrations between seasons may be due to a combination of environmental factors 

for the marine environment of Dundalk Bay. In warmer seasons, the 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 filtration rate 

decreases but the freshwater inputs increase as the flow rates increase for rivers that 

enter Dundalk Bay (EPA Hydronet, 2022) which can lead to an increase in terrestrially 

based microplastics entering the Bay. This may result in a similar microplastic 

exposure level even as filtration rates decrease. Furthermore, the possibility of import 

of microplastics from nearby coastal waters should not be excluded (Lozano-

Hernández et al. 2021) as several studies in coastal environs have displayed the import 

of suspended particles from the sea during periods of low river discharges (Dias et al. 

2007; Falcão and Vale, 2003; Vale, 1990).  

https://www.sciencedirect.com/science/article/pii/S026974912300951X#bib17
https://www.sciencedirect.com/science/article/pii/S026974912300951X#bib17
https://www.sciencedirect.com/science/article/pii/S026974912300951X#bib22
https://www.sciencedirect.com/science/article/pii/S026974912300951X#bib70
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In bivalves collected in a Portuguese lagoon, median concentration of microplastics in 

cockles were statistically lower in winter than summer and was attributed to the 

temperature decrease in winter potentially triggering a lower filtration rate, resulting 

in lower concentrations in the whole-soft body tissues of organisms (Botelho et al. 

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-1 and 16.7% of the variation for MPs g-1.  

Although cockles do not select food based on sight and therefore colour unlike some 

species of fish (de Sá et al. 2015), it can be important to record the colours of 

microplastics, as it can be an indication of their age. Song et al. (2017) documented 

that polystyrene that underwent long-term exposure of UV irradiation changed the 

colour from white to yellow and became fragile. Transparent / white microplastics 

primarily fibrous in nature were the most commonly recovered in the current study, 

accounting for 50.1% (n=349) of total microplastics recovered 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 (n=62, 8.9%), 

red (n=34, 4.9%), green (n=18, 2.6%), multi-coloured (n=11, 1.6%) and other colours 

(n=64, 9.2%) were also recovered (Fig. 4-10).  
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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 study the majority of 

microplastics were <1mm in size for each season. The proportions within these smaller 

categorises (<1mm) differed between seasons (Fig. 4-11). These findings are in line 

with the findings of Joyce et al. (2022) who found that microplastics <1 mm was the 

most common size recorded in the benthic Dublin Bay prawn, Nephrops norvegicus. 

Microplastics in the size category 1 – 5mm accounted for 38.3% of the total 697 

microplastics recovered from bivalves respectively. According to the microplastic size 

classification method developed by the National Oceanic and Atmospheric 

Administration, 50% of microplastics found in aquatic systems are between 500µm – 

1mm, 29.8% of microplastics are between 1 and 2.5mm and 17.6% of microplastics 

are between 2.5 and 5.0mm (Revel et al. 2018).  
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Figure 4-11: Seasonal microplastic size composition found in cockles. 

 

Microplastics recovered 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 500µm (Hermabessiere et al. 2019). However, larger particles have been 

documented in this species previously. Karlsson et al. 2003 observed the uptake of 

cellulose between 60 and 500µm in this species and also sand grains of up to 600µm 

present in the intestines. Additionally, Kristensen (1957) found that adults of the 

species inhale bivalve larvae up to the size of 900µm. It has also been noted that for 

particles with a high aspect ratio such as fibres ingestion is less constrained in bivalves 

provided that one dimension is within the size that can be ingested (Ward et al. 2019). 

For example, when microspheres and microfibres were delivered simultaneously to 

oysters and mussels both species rejected significantly higher proportions of the 

1000µm diameter spheres than 1075µm long fibres (Ward et al. 2019). Larger 

microplastics (> 25µm) are likely to have relatively short transit times in bivalves 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 beach sediment 

For each of the sampling points (n=9) per beach, the average microplastic content was 

taken from the 3 x 10g samples that were analysed. The raw data is displayed in 

boxplots for both beach locations and their respective nine sampling points below and 

shows the variability between replicates (Fig. 4-12, Fig. 4-13). The average number of 

microplastics per beach was determined by taking the 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 MPs kg-1 dry weight.  

From Rockmarshall beach, the maximum number of microplastics 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 496 microplastics in one 10g sediment sample. 

Mathalon and Hill (2014) reported microfibre concentrations ranging from 20 – 80 / 

10g from Halifax Harbour beach, while bays and beaches of Huatulco, Mexico had 

values ranging from 0 – 69 microplastics per 10 g dry weight of sediment (Retama et 

al. 2016). One-way ANOVA testing found that there was no significant difference 

between the mean microplastic concentrations for sampling points on each separate 

beach, (Rockmarshall beach; P = 0.29) (Blackrock beach; P = 0.48). While there were 

no significant differences in microplastic numbers between sampling points on the two 

beaches there was high variability between replicates taken. This underlines the 

potential of under- or overestimating microplastics in the environment in instances 

were replicates are not taken which has previously been noted in another study on 

microplastics in sediment of the Irish marine environment (Pagter et al. 2020a).  
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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 represent the range.   
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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 represent the range.   

Microplastics were recovered from every replicate sample taken from all locations. 

Generally speaking, this is in line with most studies on beach or intertidal locations, 

however some studies on shallow coastal environments have reported at least one 

replicate where no microplastics were detected (e.g., Ferreira et al. 2020; Sandre et al. 

2019; Laglbauer et al. 2014). In total 344 microplastics were recovered from 270g of 

beach sediment (1274 MPs Kg-1 dw) from Rockmarshall beach on the North coast of 

Dundalk Bay whilst 304 microplastics were recovered from beach sediment (1125 MP 

kg-1 dw) from Blackrock Beach inner coastline. Microplastics were recovered in a 

variety of shapes, sizes and colours at both study sites. Microfibres were the most 

commonly observed shape of particle recovered at both locations. accounting for 

83.1% and 82.5% of the total microplastics recovered from Rockmarshall and 

Blackrock beach respectively (Fig. 4-14). 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 microbeads 

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 (Mendes at al. 2021; Martin et al. 

2017; Joyce et 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%. The presence of two nearby WWTPS to 

both sampling locations may 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 

shapes (Ben-David et al. 2021). Although the WWTP plant located next to Blackrock 

beach caters for a smaller population equivalent (PE) than 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. The differences in microplastics removal 

efficiency between these facilities has been noted previously with tertiarly treatment 

plants more effective at capturing microplastics (Magni et al. 2019; Lyare et al. 2020; 

Tang and Haibarata, 2021; Edo et al. 2020).  
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Figure 4-14: Concentrations (MPs Kg-1) 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 South when the tide comes 

in, the direction of which 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%), multi-coloured (n=5, 1.4%) and 

other colours (n=16, 4.6%) made up the colour profile of the remaining portion of 

recovered items from 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=13, 4.3%) and multi-coloured (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 (Díaz-Jaramillo 

et al. 2021; Baptista et al. 2019; Martin et al. 2017). As noted by Zhao et al. (2022) 

the influence of colour should also be considered when assessing the ecological risk 

and toxicity of plastics in the environment. It must be remembered that the colour of a 

plastic particle cannot easily be used to deduce its type 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 (Zhang et al. 2020; Su et al. 2018). 

Colour composition of sediment sampled 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 dominating (Bonifacio 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 the marine environment via 

currents and waves in relation to their hydraulic equivalence to natural sediment 

particles (Harris, 2020). Microplastics larger than 1mm made up the majority found at 

Blackrock beach (54.9%) while they made up the minority (33.1%) found in 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 without 

undergoing subsequent breakdown in the natural environment to form smaller 

microplastics, while the beach location at Rockmarshall is further from both WWTPs 

on the coast of Dundalk Bay, potentially receiving more degraded and therefore 

smaller ‘older’ microplastics. Further research is needed to test this hypothesis though 

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

as suspended-load or bedload which can further fragment them (Harris et al. 2020).  
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4.6.3 Polymer analysis of microplastics isolated from cockles  

A subsample of suspected microplastics (n = 110, 15.7%) was randomly selected from 

cockles for polymer identification using Raman spectroscopy and matches were 

identified for 85 of these. The most commonly identified were Polyamide (PA), 

Polypropylene (PP), and polyesters (Fig. 4-15). Unspecified polymers are discussed in 

chapter 2 (section 2.9.2) of this thesis. Material of natural origin, namely, cellulose 

made up 9% of the total identified using Raman spectroscopy. Some examples of 

identified polymers are displayed below (Fig. 4-16). 

 

Figure 4-15: Polymer composition of microplastics recovered from tissue of C. edule. 
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Figure 4-16: Examples of polymers identified from cockles. A: polypropylene, B: 

polyethylene, C: perfluoroalkoxy alkane, D: poly(ethylene-co-1-hexene). 

 

4.6.4 Polymer analysis of microplastics isolated from marine beach sediment 

A subsample of suspected microplastics (n = 144, 22.2%) was selected at random from 

those recovered from beach sediments and positive matches were obtained for 112 of 
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these (Fig. 4-17). The most commonly noted polymers were PA, unspecified polymers 

and polyesters which made up 77% of those recovered. There was a wider 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)block-polystyrene (SEP) and a copolymer of poly(butylene 

terephthalate and poly(tetramethylene glycol) (PBT-PTMG). Cellulose made up the 

majority of material of natural origin found in both cockles and beach sediment. 

Examples of some polymers identified in sediment are displayed below. (Fig. 4-18). 

 

 

Figure 4-17: Polymer composition of microplastics recovered from intertidal beach 

sediment. 
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Figure 4-18: Examples of polymers identified from sediment. A: polyester, B; 

polystyrene, C; polystyrene-poly(ethylene propylene)block-polystyrene, D; pigment 

violet 23 (dioxazine). 
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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 the two most commonly produced plastics accounting for 

approximately 49% of plastics demand distribution by resin type in 2019 with many 

widespread uses such as; packaging, agricultural film, piping, houseware and 

automotive parts (Plastics Europe, 2020).  

However, this is not a totally unprecedented occurrence, Martin et al. (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 Ireland (Pagter et al. 2020a). 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 which accounts for their abundance in ocean 

surfaces (Morét-Ferguson et al. 2010) while being less dense than PA and PVC which 

are also used in fishing gear (Lusher et al. 2017; Andrady, 2011). PA and polyesters 

were also frequently recovered from the bottom dwelling Dublin Bay prawn Nephrops 

norvegicus and sediment from Irish fishing grounds in a recent study (Joyce et al. 

2022).  

Their presence in cockle tissue may be due to the feeding mechanism involved 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 upper layer in great 

numbers. Cockles may thus give a representation of microplastic presence at the water-

sediment interface in shallow marine environments.  

While PA may have fishing-based 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 

(Castelvetro et al. 2021). The fact that the vast majority of microplastics recovered 

from both cockles and sediment were fibrous in nature which leads to the likelihood 

https://www.sciencedirect.com/science/article/pii/S0272771420301736#bib36
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that they stemmed from sources such as WTTP effluent or being washed from their 

sludges when applied to land as biosolids (Corradini et 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 (Botelho et al. 2023). Fibrous microplastics were also the dominant shape 

found in surface waters studied in chapter 3 of this thesis.  

There was a wider range of polymers recovered identified in the tissue of cockles than 

in the sediment of Dundalk Bay. PP, PE, PCT, PA, PE, PET, Poly(butylene 

terephthalate)-poly(tetramethylene glycol) (PBT-PTMG), Poly(ethylene-co-hexene), 

an ethylene copolymer, Poly(ethylene-vinyl 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 chemical. This wide range of recovered 

polymers indicate that C. edule may be a suitable bioindicator species to be collected 

in conjunction with sediment samples able to filter both buoyant and sinking plastics. 

However, alone it is unlikely to be effective as a biomonitor for these buoyant plastics 

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, M. 

galloprovincialis as demonstrated by Botelho et al. (2023) in conjunction with C. 

edule. 

 

4.6.6 Grain size analysis 

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 (3.34%) and silt, 

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 

colloids (1.87%). The relationship between sediment grain size and microplastic load 

has been examined in several studies.  

https://www.sciencedirect.com/science/article/pii/S0304389420323542?via%3Dihub#bb5


131 
 

Mendes et al. (2021) established an association between finer sediment particles and 

greater contamination of microplastics in Irish marine 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), Dodson et al. (2020), Alomar 

et al. (2016) and Browne et al. (2010). In this current study, 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 larger 1 – 5mm size range were recovered from Blackrock beach 

(54.33%) than from Rockmarshall beach (33.22%). For 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 for microplastics 

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 combination 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 total microplastic content of cockles. Predation 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 sediment in this 

study has numerous benefits. It has environmentally friendly disposal, a non-toxic 

nature enabling speedier use in lab and is cheap when compared to other density 

separation salts such as ZnCl2 or NaI and allowed the recovery of denser polymers 

such as PVC and PET as noted by (Mani 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 microplastic burden 

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 important cockle beds in Dundalk Bay are a prominent source of food for 

wading birds and it is likely they are ingesting microplastics with the potential for 

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 study. Furthermore, 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 (Ducrotoy et al. 1989). Due to 

the vulnerability of cockles to a wide range of threats, the 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 importance to this SPA 

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 

contamination. They can also exacerbate the contamination of other organisms found 

in the sediment of the bay through the egestion of microplastics they filter from the 

water column. To comprehend in full the impact that microplastics can have on 

intertidal or shallow ecosystems, large-scale mesocosm studies may be necessary.  

While the potential sources of microplastics to this environment are numerous and 

likely include but are not limited to; fishing activities, littering, riverine inputs, and 

urban pressures and 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 Dundalk Bay reported in chapter 3 of this thesis thus 

contributing to the contamination of the marine environment.  
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Microfibres constituted the greatest proportion of microplastics found in cockles for 

every season studied as part of this study, with a range of 67.5 to 72.5% of total 

abundances and the 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 group, Vibrio, was detected in C. 

edule, sediment and bird faecal samples where the oystercatcher, Haematopus 

ostralegus and other waders were observed to be feeding on cockles at intertidal areas 

around the Irish coast (Albuixech-Martí 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 of microplastics found at both sites (1274 microplastics kg-1 

and 1125 microplastics kg-1) which is more than double the estimated safe limits of 

sediment microplastic levels of 540 microplastics kg-1 (Everaert et al. 2018) may be 

linked to the shallow nature of this site accumulating these pollutants and Dundalk 

Bay serving as a hotspot for microplastic pollution. The assessment of microplastic 

pollution falls under descriptor 10 of the 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). Currently there is no monitoring of 

quantities of micro litter entering the marine environment in Ireland. As the first 

country in the EU (following the UKs departure) to ban microbeads under the 

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

2020 Ireland was at the forefront of such actions against microplastics. While this is a 

positive step in limiting microplastic pollution, microbeads make up only a very small 

proportion of microplastics found in Irish environments and natural environments in 

general. The results 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 environment.  
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5.1 Abstract 
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 (intertidal and 

subtidal) found within the Special Protected Area (SPA) and Special Area of 

Conservation (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 using 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 noted. There was no 

significant difference in microplastics ind-1 between environs but microplastics g-1 

were significantly greater in smaller intertidal species than subtidal ones indicating 

greater potential for negative effects from microplastic ingestion. The differences in 

concentration levels between species underline the importance of using an ecosystem-

based approach in order to avoid under- or overestimating the microplastic 

contamination in biota for a study area.  
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5.2 Introduction  

Microplastics or pieces of plastics regularly defined <5mm 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 with their removal from the environment when compared to 

macroplastics (Dunham-Cheatham and Arienzo, 2022). Primary microplastics, those 

created to be of this small size, and secondary microplastics, those formed via 

breakdown of larger plastic material, are increasingly found in the environment with 

secondary microplastics the more prevalent type found (Hale et al. 2020). Recent 

studies have shown microplastics to be ubiquitous in the marine environment with 

their presence noted in; many species of marine animals (Lusher et al. 2018), near-

shore environs (Harris, 2020 and references within), polar regions (Peeken et al. 2018; 

Isobe et al. 2017) and deep-sea sediment (Courtene-Jones et al. 2020). Microplastics 

can be ingested by a wide variety of species exhibiting different feeding mechanisms 

in the marine environment and can be consumed both accidently, such as via filtration 

feeding of bivalves, (Rochman et al. 2015) and through misidentifying them as prey 

items (De Sá et al. 2015). Microplastic contamination of field-collected benthic 

organisms including molluscs, crustaceans and polychaetes is noted (Martinelli et al. 

2021; Vecchi et al. 2021; Sfriso et al. 2020).  

When ingested and retained in gastrointestinal tracts of marine organisms 

microplastics have the capacity to damage or clog their tracts which can cause 

malnutrition via reducing food intake or causing false satiation (Walkinshaw et al. 

2020). Capable of injuring organisms that consume them and accumulating 

environmental pollutants in addition to harbouring pathogens, (Cholewińska et al. 

2022) microplastics can cause ecosystem-level effects, including the alteration of 

biogeochemical cycles (Seeley et al. 2020; Galloway et al. 2017).  

While the term ‘microplastic’ was first coined by Thompson (2004) evidence of 

marine biota interacting with microplastics and associated concerns had been 

documented previously. Carpenter et al. (1972) noted 8 species of fish consuming 

polystyrene spherules 0.1 – 2mm in diameter in coastal waters of New England which 

raised concerns of intestinal blockage and physical injury in smaller fish. Microplastic 
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pollution to intertidal and shallow subtidal species is not to be overlooked as these 

species play a key role in many marine tropic food webs as primary and secondary 

consumers in the exchange of nutrients and energy between the benthic food web and 

the pelagic food web (Sinha et al. 2021). The threat of microplastics to benthic species 

is particularly concerning since they contribute up to 90% of fish prey biomass 

(Hägerbäumer et al. 2019; Schindler and Scheuerell, 2002; Weber 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 (Barboza et al. 2018), with microplastics noted in the muscle tissue of 

large predatory fish that are consumed by humans (Di Giacinto et al. 2023). Many 

species of edible demersal, pelagic and reef fish, sampled from across the globe, have 

been found to ingest microplastics (Walkinshaw et al. 2020 and references within). 

Recently microplastics have been documented in benthic species from various marine 

ecosystems exhibiting different feeding patterns (Sfriso et al. 2020; Coppock et al. 

2021; Joyce et al. 2022). Furthermore, ingestion of microplastics by marine filter 

feeders can have more severe effects on food chains as they are their baseline (Khalid 

et al. 2021). The ingestion of microplastics can lead to adverse effects such as 

oxidative stress, cell damage, tissue inflammation, increased gut residence 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 natural environment and wild-caught biota and through 

eco-toxicological lab work (e.g., Nunes et al. 2023; Tran et al. 2023). While much 

work has been carried out on species that have economic value to humans 

(Walkinshaw et al. 2020) less work, however, has been conducted on species that have 

limited or no-commercial value, including species of invertebrates. This presents an 

oversight in data acquisition as invertebrates serve as important prey species for 

commercially valuable species as well as existing as primary consumers in food webs 

and may represent starting points for microplastics entering marine food webs. An 

example of such gaps in knowledge is the lack of microplastic contamination research 

conducted on the deposit feeder, Echinocardium cordatum despite the fact it is among 

https://www.frontiersin.org/articles/10.3389/fenvs.2019.00017/full#B62
https://www.frontiersin.org/articles/10.3389/fenvs.2019.00017/full#B75
https://www.frontiersin.org/articles/10.3389/fenvs.2019.00017/full#B75
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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 exists documenting 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 (Ding et al. 2022). Furthermore, it has been suggested that predators and 

deposit feeders may be more susceptible to ingesting plastic particles on seabed 

sediments (Bour et al. 2018; Naji et al. 2018) as marine sediment is a sink for 

microplastics (Mason et al. 2022). A recent review of available literature by 

Walkinshaw et al. (2020) indicated that microplastics are more prevalent in lower 

trophic organisms.  

Coastal ecosystems serve as important nursey zones for juveniles of many fish species 

(Cheminée et al. 2021). During their lifetime the juvenile habitat is often only a small 

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

Elliott and Dewailly, 1995). However, the threat posed by microplastic pollution and 

exposure may be heightened in the juvenile stage of a fish’s life cycle. Smaller sized 

fishes are likely more prone to misidentify microplastics as prey items (Ory et al. 2017) 

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

and digestion processes than larger sized fishes (Jovanović, 2017). There is a high 

likelihood that juvenile fish living in estuarine environments will interact with 

microplastics as these habitats are usually located close to contamnination sources 

(Naidoo et al. 2015, 2016). Worringly, microplastic exposure resulted in the formation 

of intestinal lesions in the intertidal fish species Girella laevifrons (Ahrendt et al. 

2020). Real-world microplastic contamination is documented in juveniles previously, 

for example; 100% of juvenile fishes of 3 silverside species recovered from tidal pools 

contained microplastics in their stomachs (Mendoza et al. 2022) and 70% of 

Patagonian blennies (Eleginops maclovinus) contained microplastics (Mendoza et al. 

2023).  

Estuaries and near-shore or intertidal habitats, being first to receive river inflow 

transporting contaminants into surface waters, are sites of potentially high microplastic 

https://www.sciencedirect.com/science/article/pii/S0048969722044606#bb0040
https://www.sciencedirect.com/science/article/pii/S0048969722044606#bb0235
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contamination given their proximity to terrestrial environments where as much as 80% 

of marine litter originates (European Environment Agency, 2023; Browne et al. 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 stemming from land-based sources spends 5 years 

beached or floating in coastal water (Onink et al. 2021). Furthermore, degradation and 

fragmentation of plastic into microplastic form is expected to be greatest in surface 

water and on beaches where the rate of solar UV-induced photodegradation is greatest 

(Cooper and Corcoran, 2010). Furtermore, microplastic pollution has been noted in a 

large number of marine intertidal locations (Perfetti-Bolaño et al. 2022; Mendes et al. 

2021; Bucol et al. 2020) and surveys have found the highest regional macro- and 

microplastic concentrations on the seafloor around estuarine inputs (Galgani et al. 

2000; Browne et al. 2010).  

Soft-bottomed benthic environments can act as both a sink and source of microplastic 

pollution (Brown et al. 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), or flocculation and sinking as aggregates (Long et al. 2015; Bergmann et 

al. 2017; Michels et al. 2018). However, wave-induced bottom currents in shallow 

nearshore regions have the ability to resuspend this material in the overlaying water 

body (Johnson et al. 1987; Muchane, 1994). As 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-sea environment (Harris, 2020) it is likely 

that a large amount of microplastic litter settles in near-shore shallow environments.  

Fauna in benthic environments can interact with microplastics in a number of ways. 

The sediment-dwelling brittlestar, Amphiura filiformis, has been shown to bury 

microfibres both by passively transporting downwards when maintaining their 

burrows but also through ingestion and egestion (Coppock et al. 2021). The cockle, 

Cerastoderma glaucum, emerged from sediment less often and in lower numbers in 
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sediments containing large and medium-sized microplastics in higher concentrations 

while the Baltic clam, Limecola balthica, burrowed into deeper sediment layers in 

microcosms treated with microplastics than in control sediments (Urban-Malinga et 

al. 2021). Furthermore, a clear prey potential pathway of microplastics into benthic 

food webs has been shown where lobsters (Nephrops norvegicus) fed with fish that 

had been fed with fishing net-based fibres were shown to accumulate microfibres in 

their stomachs (Murray and Cowie, 2011).  

Temperature estuarine and coastal systems serve as nursery areas for various fish and 

crustacean species and as feeding grounds to coastal and migratory birds (Berman et 

al. 1988; Piersma, 1994; Zijlstra, 1972). It is important therefore, to study the presence 

of microplastics in species found in shallow coastal environments of Dundalk 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. Indeed, 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 the east coast of Ireland (Linnane et al. 2022). This was 

highlighted in numerous fish surveys conducted showing that the fish species 

composition in Dundalk Bay shallow littoral zone and subtidal zone is primarily made 

up of migrant marine species (Connor et al. 2019). Gobiiformes (sand goby) and P. 

platessa were recorded amongst the ten most common species found in temperate 

estuaries in a nationwide study on Irish coastal waters (Connor et al. 2019).  

Dundalk Bay is a unique habitat in that it is a very large and shallow bay hosting an 

extensive intertidal zone and also shallow subtidal environment just before the Bay 

opens into the Irish Sea (Dundalk Bay SAC (site code 455). The shallow nature of 

Dundalk Bay, affecting dilution factor, the proximity to the terrestrial environment and 

presence of fishing activity means that fauna found here are potentially at heightened 

risk to microplastics (Kye et al. 2023; Graca et al. 2017). Additionally, as chapter 3 of 

this thesis displayed microplastics are transported in freshwater waters that flow into 

this marine environment. The marine community of 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 similar, heightened microplastic exposure levels in the inshore region. 

After a (re-)colonisation period by post larval juveniles or by adult stages in summer, 

shallow-water coastal bodies support abundant epibenthic assemblages exploiting 

suitable food sources (Freitas et al. 2011). The intense 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 species have been assessed for microplastic contamination in Irish 

waters previously (e.g., Joyce et al. 2022; Pagter et al. 2021) less work has been done 

on species inhabiting shallow environments, highlighting a knowledge gap given that 

the likelihood of interaction 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 under- or overestimating microplastic 

levels in the environment (Valente et al. 2022; Pagter et 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 assess microplastic concentrations in several 

species found in the shallow marine environment of Dundalk Bay and examine the 

relationship to the habitat (intertidal vs subtidal) and feeding mechanism. The present 

study investigates microplastic occurrence in the species of two different habitats 

found within a bay environment; an intertidal site and a shallow subtidal zone and 

examines both commercial species and non-commercial species. Microplastic 

presence is assessed per individual (MPs individual-1) and per gram wet weight (MPs 

g-1) and trends related to the weight and length of fishes are examined.  

 

5.3 Material and methods 

5.3.1 Study area 
The focus of this study were species found in Dundalk Bay (Latitude: 53.9586 

Longitude: -6.33845). Dundalk Bay is a semi-enclosed bay located on the East coast 



141 
 

of Ireland. Dundalk Bay 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 the sea, the rivers; Fane, Big, Castletown, Glyde and Dee are major 

sources of freshwater to the Bay environment. The Bay fills with water from the Irish 

Sea from the South with the tide approaching in a clockwise manner. The inner-bay is 

shallow, sandy and intertidal with up to 70% of its surface exposed during low tide. 

The Bay is a classified shellfish production area for both razor clams (Ensis siliqua) 

which are collected from deeper waters and cockles (Cerastoderma edule) harvested 

from the shallower areas (BIM 2022, shellfish stocks and fisheries review). There are 

several potential sources of microplastics to this environment. These sources include; 

the two urban wastewater treatment plants located on the bay, one on the coast of the 

suburb Blackrock (Population equivalence (PE) 7,300) and one at Soldiers Point where 

the Castletown River enters Dundalk Bay (PE 61,000). In addition, potential 

microplastic sources of concern to the Bay include; agricultural land where biosolids 

have been applied (treated sewage sludge) which may run-off to river bodies or the 

bay itself, the urban centres of Dundalk and 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: 000455) possessing a rich diversity of habitats 

including: marine waters, saltmarshes, estuaries and extensive sand and mud flats 

(extending over 4000 ha) which have a rich fauna of molluscs, polychaetes and 

crustaceans that provide an important food source for the bay’s wintering waterfowl 

(Dundalk Bay SPA (004026): Conservation objectives supporting document). 

Dundalk Bay is a Natura 2000 site and protects 23 species under the Nature Directive 

and 6 habitat types under the Habitats Directive (EUNIS -Site factsheet for Dundalk 

Bay SAC). Currently, however, there are no Water Framework Directive High Status 

Rivers flowing into the Bay, with Louth one of only two counties in the ROI that have 

no rivers of ecologically high status (EPA, 2021). Additionally, as shown in chapter 3 

microplastics in the surface waters of the rivers that enter Dundalk Bay have been 

documented thus depositing terrestrial microplastics directly into this marine 

environment. Furthermore, the contamination of the commercially and ecologically 

https://www.npws.ie/sites/default/files/publications/pdf/4026_Dundalk%20Bay%20SPA%20Supporting%20Document_V1.pdf
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valuable bivalve, Cerastoderma edule, collected from Dundalk Bay with 

microplastics, which is a prey item of several of the species examined in this work has 

been shown in chapter 4. The juveniles of the commercially important species, P. 

platessa shelter 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 bycatch in coastal, shallow, sandy areas (Marine Institute, 2019; Oliver et 

al. 2020). The bivalve, E. siliqua is commercially important and landings of this 

species were stable between 2020-2022 at approximately 500 tonnes per year with 

Dundalk Bay one of two production 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 plaice, Pleuronectes platessa, are abundant in shallow inshore 

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; Mariani et al. 2011) and it is not uncommon to find juveniles of this 

species in sandy intertidal shore-pools (Wheeler, 1978; Frimodt, 1995). Competition 

with gobiidae and epibenthic crustaceans has been attributed as the most likely 

underlying mechanism responsible for observed growth reduction in 0-group P. 

platessa.  

 

5.3.2.2  Crangon crangon 

Juvenile post-settlement brown shrimp (Crangon crangon) migrate to inshore nursery 

areas for better foraging and protection from predators and typically remain here for 

several weeks before returning to deeper offshore waters (Cattrijsse et al. 1997). This 

species will feed on most animal material including polychaetes, fish, molluscs and 

small arthropods and also algae (Dolmer et al. 2001; Henderson & Holmes, 1987; 

Kamermans & Huitema, 1994; Oh et al. 1999). Given its voracious appetite and 
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indiscriminate feeding mechanism the selection of prey is noted to be size-dependent 

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 whiting (Merlangius marlangus) and cod 

(Gadus morhua) (Kühl, 1964; Tiews, 1965), however, smaller fish species such as the 

sand goby (pomatoschistus minutus) feed on small juveniles Hamerlynck & Cattrijsse, 

1994; Salgado, Nogueira Cabral, & Costa, 2004). Furthermore, swimming crabs of the 

genus Liocarcinus are 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 of Liocarcinus holsatus consisting of juvenile C. crangon (Choy, 1986).  

 

5.3.2.3  Gobiidae 

Gobies, gobiidae, are one of the most frequent group of bottom-feeding fish in the 

Irish Sea and should be regarded as important predators of shallow marine 

environments. Although 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 benthic and epibenthic organisms (Freitas et al. 2011). Sand gobies, 

P. minutus, are generalist and opportunistic predators and take prey items based on 

their availability (Evans and Tallmark, 1985; Pihl, 1985; Salgado et al. 2004). Gobies 

exhibit a feeding mechanism known as “sit-and-wait” laying down at the bottom of 

the substrate until a prey comes along (Magnhagen, 1986) and filial cannibalism (i.e., 

the predation on one’s own offspring) is exhibited by male gobies (Chin-Baarstad et 

al. 2009; Kvarnemo et al. 1998). The feeding ecology of the sand goby P. minutus and 

the common goby P. microps has been assessed in the upper Tagus estuary in Portugal. 

It was noted that P. microps preferentially ingested polychaetes, with isopods, 

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 (Salgado et al. 2004).  
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5.3.2.4  Lanice conchilega 

The sand mason worm, Lanice conchilega, is 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 (Vlaminck et al. 2023) and feeds via deposit feeding 

or suspension feeding displaying behavioural plasticity when the population density is 

high (Buhr end winter, 1977; Buhr, 1976; Holtmann et al. 1996).  

 

5.3.3 Study organisms – Subtidal 

5.3.3.1  Ensis siliqua 

The razor clam, Ensis siliqua, is an abundant marine bivalve 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 waters 3 – 7m in depth (Costa et al. 2010; 

Encyclopaedia of Life, 2010; Fahy, 1999; Gaspar and Monteiro, 1998). The species is 

of commercial value and is harvested via dredging by commercial fisheries in Spain, 

Portugal and Ireland (Costa et al. 2010), in Ireland, annual first sale value is 

approximately €6m (Marine Institute, 2016). Native Ensis spp. are longer lived species 

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 their siphons for suspension 

feeding on particulate organic matter, principally, phytoplankton (Breen et al. 2011).  

Large densities of Ensis sp. 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 (Hauton et al. 2011). Diving seabirds such as scoter, 

Melanitta nigra and eider duck, Somateria mollissima prey on razor clams (Aitken and 

Knott, 2018). Exposed clams are also preyed upon by several species of crab, the 

harbour crab, Liocarcinus depurator among them (Fraser et al. 2018). Additionally, 

the sand goby, P. minutus, are known to attack exposed razor clams (Robinson and 

Richardson, 1998; Murray et al. 2014). The edible crab, Cancer pagurus, is thought 

to be the main predator on this species in many areas (Tuck et al. 2010) as it is able to 

excavate them from the substrate in which they are buried (Hall et al. 1991) while the 

starfish, Marthasterias glacialis, has been observed extracting razor clams from their 
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burrows (Breen et al. 2011). However, individuals exposed via dredging may be 

susceptible for predation by a wider range of species 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 over 300 mainly 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 sub-tropical regions (Choy, 

1986; Careddu et al. 2017). The harbour crab Liocarcinus depurator occurs 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; Abelló et al. 

1988; Rufino et al. 2004) and due to this abundance can play a key-role in soft-bottom 

community structuring via species suppression and being a prey species for fish and 

other predators (Careddu et al. 2017). Harbour crab feeding ecology has been assessed 

in the past. Freire (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 in Riá de Arousa, Spain. Harbour 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 (Careddu et al. 

2017). 

 

5.3.3.3  Polinices catenus 

Naticid gastropods are a family of predatory small-medium 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 days 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 within 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 reported (Gonor, 1965; Hughes, 1985; Savazzi and Reyment, 1989). Common 

cockles, Cerastoderma edule are common prey species of gastropods of this order, 

however, many types of bivalves are also consumed (Ansell 1982; Kinglsey-Smith et 

al. 2003) and cannibalism within naticid gastropods also occurs (Kelley and Hansen, 

1993). For example, juveniles of Polinices catena feed on bivalves, other gastropods 

and by cannibalism (Ansell, 1982). Naticid gastropods select larger prey as they 

themselves increase in size (Edwards and Huebner, 1997; Griffiths, 1981; Berry, 1982; 

Rodrigues et al. 1987) and can shape the communities of soft-bottomed marine 

environments by regulating the abundance of prey molluscs (e.g., Aristov and 

Varfolomeeva, 2019). 

 

5.3.3.4  Echinocardium cordatum 

Echinocardium cordatum, a 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), furthermore, it is among the most widely studied irregular echinoid in terms of 

ecology, biology and morphology (Ridder and Saucéde, 2020 references within). E. 

cordatum can be found from the intertidal zone down to the subtidal and depths of 

approximately 250m with 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 vertical funnel which is wider at the top. E. cordatum is 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 (Duineveld and 
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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 (Dauwe et al. 1989). There are 

several pronounced predators of E. cordatum, namely; by asteroids (Astropecten) 

(Sloan, 1980) and demersal fish like plaice (Carter et al. 1991) in offshore locations 

and by gulls on shallowly buried individuals (Ridder and Saucéde, 2020). The species 

is relatively long-lived at 10-20 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, 1996; Stronkhorst et al. 1999; Brils et 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  Aphrodita aculeata 

The marine annelid worm known as the sea mouse, Aphrodita aculeata is 

distinguished by the conspicuous layer of long, fine chaetae forming a mat of felt that 

cover the scales of the species. Currently 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 were only taken when they (A. aculeata) were buried and was capable of 

consuming much larger prey than themselves with the feeding on the king rag, Nereis 

virens, likened to “a hedgehog swallowing a snake” (Gunnar Thorson pers comm. 

cited in Mettam, 1980). A. aculeata is a known dietary component of the cloudy 

catshark, Scyliorhinus torazame (Park et al. 2019) and sharks of the Western 

Mediterranean Sea (Barría et al. 2018).  
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5.3.4 Field sampling and species selection 

Subtidal species specimens were collected by local fishermen as bycatch from the 

harvesting of cockles from Dundalk Bay via dredging (Fig. 5-1, Table. 5-1). Benthic 

invertebrates were collected immediately after the fishermen returned to shore, 

transported to the laboratory, sorted to species level, wrapped in aluminium foil and 

stored in metal food containers before being frozen at -20°C for future analysis. The 5 

species examined for microplastic contamination were; the polychaete, Aphrodita 

aculeate (sea mouse), the bivalve, Ensis siliqua (razor clam), the crab, Liocarcinus 

depurator (blue-leg swimming crab) urchin Echinocardium cordatum (sea potato) and 

the gastropod, polinices catenus (necklace shell). Species recovered from the intertidal 

area in the South of Dundalk Bay were collected via Seine-netting 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 were; Crangon crangon, (brown shrimp), Pleuronectes 

platessa (plaice), gobiiformes sp. and the protruding section of the tube of the sand 

mason worm, Lanice conchilega. Beach Seine netting was conducted 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 feeding modes and occurred in 

different marine environments in Dundalk Bay potenitially exhibiting different 

exposure levels to microplastics in order to give a balanced insight of microplastic 

contamination levels for this environment. The feeding modes represented include; 

filter-feeding (E. siliqua), surface-deposit feeding (E. cordatum), opportunistic (L. 

depurator, A. aculeata) (Hill, 2008; Mettam, 1980) and active predation both within 

the sediment (P. catenus) and above it (P. platessa, gobiiformes, C. crangon). 

Additionally, the tubes of the sand mason worm (L. conchilega) 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 represent a 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 commercially important species P. platessa were 

examined for microplastic pollution as past studies have documented their presence in 

digestive tracts of adults collected in deeper waters (Welden et al. 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 species, Gobiiformes sp. and C. 

crangon were also studied as they have overlapping diets with juveniles of P. platessa 

occurring in the same marine habitats in order to establish if microplastic consumption 

is heightened in juveniles of P. platessa when compared to species with similar diets. 

Previous work has suggested that deposit feeders may more likely to ingest 

microplastics given their feeding at the seafloor (Naji et al. 2018), however, this has 

not been documented in E. cordatum despite their importance in bioturbating marine 

sediment and likely being the most widely distributed extant echinoid (Riddler and 

Saucéde, 2020). The razor clam, E. siliqua, was studied for microplastic pollution in 

this study as in chapter 4 of this thesis another filter-feeding bivalve, the common 

cockle, C. edule has been documented to contain microplastics, however, it is typically 

found in shallower waters and so E. siliqua may 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 research despite the fact 

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 gastropod Reishia clavigera through 

feeding on mussels (Xu et al. 2022) thus highlighting potential routes of microplastic 

trophic transfer in marine food webs. The sea mouse, A. aculeata is a relatively 

understudied polychaete, feeding below the sediment (Mettam et al. 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 been documented 

incorporating microplastics into their casings in several studies (e.g., Alvarez 

Troncoso et al. 2022; Ehler et al. 2020; Tibbets et al. 2018) while limited studies are 

available on the presence of microplastics in tubes of marine worms (Piazzolla et al. 

2020; Knutsen et al. 2020) in order to add to this body of work the tubes of the sand 
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mason worm L. conchilega were assessed in this study. An overview of species studied 

and collection method for each habitat is displayed in table 5-1.  

 

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 Seine-netting for intertidal species was carried out at the location marked 

with a red circle.  
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Table 5-1: Species and their associated marine habitats in Dundalk Bay. 

 

 

5.3.5 Dissection, digestion and examination of marine organisms 

Following defrosting the biometrics of all species were recorded (weight in shell, 

length, width). Dissection of species was carried out as per Fang et al. (2018). For L. 

depurator, the carapace was cut open using surgical scissors and soft tissue was 

removed including gills and visceral mass. E. siliqua samples were opened and all soft 

tissue was removed for digestion. E. cordatum shells were opened and all internal 

material was removed. C. crangon were combined in groups of 5 in order to form 

Environment Substrate Type Sampling 

method 

Species recovered  

 

Subtidal  

 

Soft-bottom 

sand 

Bottom 

dredging 

 

Polinices catenus, 

Ensis Siliqua, 

Echinocardium 

cordatum, 

Aphrodita 

aculeate, 

Liocarcinus 

depurator 

Intertidal  

 

Soft-bottom 

sand 

Seine 

Netting 

Crangon crangon, 

Lanice 

conchilega, 

Pleuronectes 

platessa, 

Gobiiformes sp. 
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composite samples and underwent homogenisation using a mortar and pestle. P. 

catenus were removed from their shells using tweezers. A. aculeata, gobifformes sp., 

P. platessa and L. conchilega tubes underwent no dissection.  

Prior to digestion, the wet weight of material was recorded, rinsed with Milli-Q water 

(0.22µm) and placed in Erlenmeyer flasks. Digestion protocol was followed as per 

Thiele et al. (2019). Briefly, KOH 10% was used to digest all study organisms. Flasks 

were incubated at 40ºC at 250 rpm in an oscillation chamber for 24 hours. Prior to 

filtration solutions were neutralised using 1M citric acid. For the species E. siliqua and 

E. cordatum an extra extraction step was necessary following digestion given the large 

amount of sediment present in these species. For these two species following digestion, 

the supernatant was decanted for filtration slowly. When as little digested liquid as 

possible was remaining, samples were placed in an oven at 40ºC until this evaporated. 

Following this potassium carbonate (K2CO3) with a density of 1.54 g/cm3 (Gohla et 

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, 

47mm diameter GF/C 1.2µm 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) and microplastics were counted. As per Gewert et al. (2017) metal 

tweezers were used to test the consistency of suspected microplastics. Plastics are 

generally firmer than organic material such as leaves or algae and inorganic material 

such as a sands crumble 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, 2023) and microplastics were measured. In terms of shape, 

microplastics were classified as one of; fibre, films, fragments or bead. Colours of 

microplastics were also noted and red, blue, green, transparent / white, multi-coloured 

and black were recorded while other less common colours were classed as “other”. In 

order to allow comparisons between shapes and colours of microplastics microscope 

work was carried out by an individual operator for this study. 
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5.3.6 Quality control measures 

All handling and processing of samples was completed by a lone operator in a 

designated clean room solely used for microplastic work in which 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 filter papers were placed in open petri dishes in order to account for any potential 

airborne contamination. A sticky-mat was placed outside of the entrance into the clean 

room (Multi-Layer Sticky / Tacky EnviroTack™ Mats - 18x36 inch) which helped to 

mitigate contaminants entering on the shoes of the operator. The clean room was 

vacuumed before the beginning of any lab work and following this work surfaces were 

wiped down using 70% ethanol solution and Milli-Q water (0.22µm) with cotton wipes 

made from long stable cotton yarn to eliminate free-floating fibres on fabric surfaces 

(Cleanroom wipes, Texwipe®). All solutions used in the study were pre-filtered 

(Whatman, 47mm diameter GF/C 1.2µm glass microfiber) before use with samples. 

Procedural blanks were included per set of samples processed in order to quantify 

background contamination. All glassware and steel equipment was triple rinsed with 

Milli-Q water (0.22µm) and covered in aluminium foil when not in use. Results from 

blanks and air controls were compared to concentrations found in study organisms 

through paired t-tests and found to be statistically different for all organisms as 

prescribed by Dawson et al. (2023) and no correction methods have been applied to 

them. Potential laboratory-introduced contamination of each species is displayed in 

Appendix C: Table 8-8.  

 

5.3.7 Statistical analysis  

Microplastic abundances data (MPs ind-1 and MPs g-1) 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 

transformation. A one-way ANOVA (analysis of variance) was performed to test how 

these factors varied between species and how they differed based on feeding 

mechanisms and where differences occurred Tukey’s post-hoc testing was conducted. 

Independent t-tests were performed to assess if microplastics abundances (MPs ind-1 
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and MPs g-1) were significantly differently between habitats assessed (intertidal vs 

subtidal). Statistical significance was accepted at ɑ = 0.05 for all tests. 

Linear and polynomial regression analysis was carried out to examine the relationship 

between length and microplastic burden for the species; E. siliqua, P. platessa, A. 

aculeata and gobiiformes sp. and also wet weight and microplastic burden for all 

species examined in this study. Data was analysed statistically using the Minitab 

statistical software package (version Minitab® 21.1.1 (64-bit)) and Microsoft Excel 

2016. Minitab statistical software package was also used to create graphs of results.  

 

5.3.8 Raman analysis 
A subsample of microplastics from digested specimens was selected for 

characterisation and polymer identification using Raman Spectroscopy. The Raman 

Spectrometer was equipped with a 600 groove mm−1 diffraction grating, a confocal 

optical system, a Peltier-cooled CCD detector, and an Olympus BX41 microscope (Ó 

Briain et al. 2020; Loughlin et al. 2021) and spectra were obtained at a range of 100–

3500 cm−1 using a 532nm laser. Spectra obtained when analysing particles extracted 

from marine species were compared to a spectral reference library (KnowItAll, Bio-

Rad), an in-house extension of the library with additional spectra from environmental 

plastics collected from the intertidal zone and known virgin polymer types (purchased 

from CARAT GmbH, Bocholt, Germany) (Mendes et al. 2021). In addition, SLoPP 

and SLoPP-E libraries (Munno et al. 2020) were employed, and the ‘fingerprint’ 

region of each spectrum was used to identify the polymer type. The website ‘Open 

Specy’ (Cowger et al. 2021, (https://openanalysis.org/openspecy/) in addition to 

‘PublicSpectra’ (https://publicspectra.com/SpectralSearch) was also used to verify 

polymer type. Furthermore, the Infrared & Raman Users Group 

(http://www.irug.org/search-spectral-database) was also consulted.  

 

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/spectrometer
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/grating-spectra
https://www.sciencedirect.com/science/article/pii/S0025326X21008365#bb0255
https://www.sciencedirect.com/science/article/pii/S0025326X21008365#bb0255
https://www.sciencedirect.com/science/article/pii/S0025326X21008365#bb0200
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/intertidal-zone
https://www.sciencedirect.com/science/article/pii/S0025326X21008365#bb0250
https://openanalysis.org/openspecy/
https://publicspectra.com/SpectralSearch
http://www.irug.org/search-spectral-database
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5.4  Results  

5.4.1 Microplastics in subtidal and intertidal species 

A total of 870 microplastics were 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 the shallow subtidal habitat (n = 76). A variety of colours, 

shapes and polymers were identified.  

In terms of MPs g-1, species found in the subtidal environment had lower values 

(average; 1.36 ± 1.94 MPs g-1) than the intertidal (average; 12.02 ± 8.34 MPs g-1). 

From species recovered from the subtidal environment, the crab, L. depurator had the 

highest concentration of microplastics (4.28 ± 4.0 MPs g-1) while the bivalve, E. 

siliqua had the lowest (0.31 ± 0.19 MPs g-1). P. platessa (14.8 ± 5.58 MPs g-1) had the 

highest microplastic contamination of species found in the intertidal zone while C. 

crangon (5.81 ± 2.83 MPs g-1) had the lowest. One-way ANOVA testing with Tukeys 

post-hoc analysis revealed the mean microplastic concentrations of P. platessa were 

statistically significantly greater than all other species that had ingested microplastics 

except Gobiiformes sp. and was similar to the concentrations found in the casings of 

L. conchilega. Concentrations of microplastics in E. siliqua were significantly lower 

than every other species except for A. aculeata (Fig. 5-2). Additionally, two outliers 

were noted, one amongst L. depurator (14.33 MPs g-1) specimens studied and one 

amongst P. catenus (5.22 MPs g-1) 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 outlier. (Fig. 5-2).  
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Figure 5-2: Differences in MPs g-1 between species. Asterisks represent outliers. 

Circles with cross interior represent the mean. Solid horizontal lines represent the 

median. Blue rectangles represent the interquartile range Q1 – Q3 and whiskers 

represent the range. Species that share a letter do not have significantly different 

means. 

 

Two sample t-tests carried out for MPs ind-1 when assessing habitats found that there 

was no statistically significant difference between the subtidal and intertidal 

community (P value = 0.386), however, this was not the case when assessing 

concentrations (MPs g-1) and the habitats exhibited statistically significant differences 

in this regard with intertidal values being greater (P = 0.000) (Fig. 5-3).  
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Figure 5-3: Differences of microplastics abundances between habitat type for MPs 

ind-1 (A) and MPs g-1 (B). 

 

Specimens recovered from the subtidal habitat generally possessed higher MPs ind-1, 

(range of; 5.55 – 11 MPs individual-1, average; 7.11 ± 4.72 MPs ind-1) (n = 76). 

Specimens examined from the intertidal habitat (n = 56) had a range of 5.58 – 6.42 
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MPs individual-1 and had an average of 6.11 ± 3.1 MPs individual-1 including L. 

conchilega casings. The casings of L. conchilega possessed 1.37 microplastics cm-1. 

One-way ANOVA analysis and Tukey’s post-hoc analysis determined that MPs ind-1 

were more closely related between species than MPs g-1 with the mean values of P. 

catenus were significantly different to those in L. depurator and A. aculeata. (Fig. 5-

4). One specimen of P. catenus had 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. 5-4). .  

 

Figure 5-4: Differences in MPs ind-1 between species sampled from both subtidal and 

intertidal habitats studied. 

Opportunistic feeding species / scavengers in this study (L. depurator, A. aculeata) 

had significantly greater abundances of MPs ind-1 than active predators or the deposit 

feeding E. cordatum but similar to those found in the filter feeder, E. siliqua. In terms 

of MPs g-1 there was statistically significant greater microplastic concentrations in 

active predators than the other three groups who were statitstically similar to each other 

(Fig. 5-5). 
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Figure 5-5: Microplastic levels between feeding mechanisms, A: MPs ind-1 per 

individual. B: MPs g-1. 

 

Despite differences in microplastic concentrations between species and in the total 

recovered from each habitat similar microplastic shape profiles were found in both sets 
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of species from the intertidal and benthic habitats when assessing them on a habitat-

basis which was not evident when examining species alone (Fig. 5-6). From subtidal 

species fibres accounted for the majority of microplastics found 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 microplastics from the species in the 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%). Microfibres were recovered from the tubes 

of L. conchilega with the greatest frequency accounting for 90.9% of those 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% in P. platessa to 91% of those found in the casings of L. conchilega. Of 

the five species recovered from the subtidal habitat microfibres were the dominant 

microplastic shape found in 4 ranging from: 49% in E. siliqua to 82% in L. depurator. 

Fragments made up the largest portion of microplastic recovered in P. catenus (51.4%) 

followed by fibres (43.2%). Fragments made up the 2nd largest portion of microplastics 

in 8 species studied, the aforementioned gastropod, P. catenus being the exception.  
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Figure 5-6: Microplastic shape compositon for individual species (A) and between 

habitats (B). 
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With regards to size composition of microplastics recovered, this varied on a species 

level (Fig. 5-7). Larger microplastics in the size range 1-5mm accounted for a range 

of 21.6% (E. cordatum) to 76.6% (L. conchilega) of those recovered per species. The 

predator, P. catenus, had the largest portion of smaller-sized microplastics <300µm of 

species studied accounting for 57.7% of those recovered while the casings of L. 

conchilega had the smallest portion, 10.2%. For subtidal and intertidal specimens, the 

majority of microplastics recovered were <1mm in size, accounting for 70.7% and 

53.0% of those recovered respectively.   
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Figure 5-7: Size breakdown of microplastics recovered for individual species (A) and 

on a habitat basis (B). 
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Microplastics were found in a variety of colours across the 9 species studied (Fig. 5-

8). For species collected via Seine netting from the intertidal zone blue was the 

dominant colour (41.8%), followed by transparent / white (37%), black (8.8%), other 

(6.1%) with green and red making up the remaining 6.3%. For subtidal species 

transparent / white was the most prominent colour (44.3%), followed by blue (25.6%), 

black (14.3%), red (6.5%), with the remaining 9.3% consisting of green, multi-

coloured and other colours. Blue and transparent / white microplastics were the most 

commonly found across all species studied which was followed by black and red 

colours. Other colours, green and multi-coloured particles were found with less 

frequency. 
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Figure 5-8: Colour composition of microplastics in individual species (A) and based 

on habitat (B). 
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5.4.2 Raman analysis results  

A subsample of suspected microplastics was 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% (Fig 5-9). One fibre was identified as 

polyethylene and this was the only particle recovered with a density lower than that of 

seawater. Unspecified polymers (described in 2.9.2) were also noticed. The greatest 

range of polymers that were positively identified were found in the filter feeder, E. 

siliqua (polybutylene (PBT), poly(tetramethylene terephthalate)–poly(tetramethylene 

ether (PBT-PTMG), PA, PVC and an ethylene copolymer) while gobiiformes sp. and 

P. platessa had three different polymers present in their tissues (Fig. 5-10). Some 

examples of identified microplastic polymers are displayed in figure 5-11.  

 

Figure 5-9: Polymer composition of microplastics recovered from biota samples. 
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Figure 5-10: Microplastic composition recovered in individual species. 
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Figure 5-11: Microplastics identified in marine organisms. A: transparent polyester 

fibre from E. cordatum. B: Transparent polyamide film from a tube of L. conchilega. 

3363µm 

514µm 

481µm 

1510µm 
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C: transparent polyethylene warped film from A. aculeata. D: transparent PBT-PTMG 

fibre from E. siliqua. 

Linear regression analysis was conducted for weight versus the number of 

microplastics present in all individual species. However, no strong trends were 

identified indicating that weight was not a good predictor for microplastics consumed 

or incorporated into mason worm casings. An improved fit was found for Gobiiformes 

sp. when using a polynomial trendline (R2 = 0.3966) (linear: R2 = 0.2983) which was 

the best of all species examined indicating a fluctuating trend for this species. Length 

was examined as a predicator for micro particle abundance for the fish; Gobiiformes 

sp., P. platessa, the bivalve; E. siliqua and the casings of L. conchilega. Neither linear 

nor polynomial regression analysis indicated that length was a good predictor of micro 

particle abundance in the aforementioned species with Gobiiformes sp. presenting the 

best relationship for both (linear: R2 = 0.5699, polynomial: R2 = 0.7207) (Fig. 5-12).  

 

Figure 5-12: Relationship between fish length and microplastic abundance in 

Gobiidae sp. 
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5.5  Discussion 
Previous studies on marine species have idenitified microplastics in species collected 

from deeper waters around Ireland (Joyce et al. 2022; Pagter et al. 2021; Pagter et al. 

2020b). To the best of the authors’ knowledge this study is the first to examine species 

in shallower habitats on the eastern Irish coast. Further comparisons to other studies 

on species in shallow marine environments are displayed in table 5-2 below.  



171 
 

Table 5-2: Microplastics recovered in species from other near-shore / shallow environments compared to the results of this study. 

Species 

 

Location Depth / 

Sampling 

Method 

where 

unavailable 

MPs Ind-1 MPs g-1 Main Polymers 

recorded 

Main 

Polymers 

recorded 

P. platessa, C. 

crangon, L. 

conchilega, 

gobiiformes sp. 

Dundalk Bay, East-Coast Ireland 

(Inner-bay) 

<1m Average 6.11 ± 3.11 Average 12.02 ± 

8.34 

PA, polyester, 

unspecified polymer, 

others 

Current Study  

Subtidal 

Invertebrates 

Dundalk Bay, East-Coast Ireland 

(Outer-bay) 

2-4m Average 7.11 ± 4.72 Average 1.36 ± 

1.94 

PA, Polyesters PVC, 

unspecified polymer, 

others 

Current Study 

Twelve 

invertebrate 

species 

Terra Nova Bay, Antartica 25-140m Average 1.0 items individual−1 .7 items mg−1 dw PA, PE Sfriso et al. 

(2020) 

 

Five 

invertebrate 

phyla 

Galway Bay, West Coast of Ireland 15–91 m 0.79 ± 1.14 particles individual− N/A Cellulose, Polyvinyl 

acetate (PVA) 

Pagter et al. 

(2021) 

Bivalves, 

gastropods and 

crabs 

 

 

Soft shores in Hong Kong Intertidal 

digging and 

hand 

collection 

 

0 to 18.4 particles individual−1 0 to 9.68 particles 

g− 

Cellulose, 

cellophane, PET, PA. 

Xu et al. 

(2020) 
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Three-spined 

stickleback 

Gasterosteus  

aculeatus) 

 

Bleak 

(Alburnus 

alburnus) 

 

Perch (Perca 

fluviatilis) 

 

Roach (Rutilus 

rutilus) 

Northern Baltic Sea, Finland 

 

Beach Seine 

Netting 

0.2 ± 0.6 

 

 

 

 

0.2 ± 0.5 

 

 

0.08 ± 0.3 

 

 

0.03 ± 0.3 

N/A N/A Sainio et al. 

(2021) 

Five fish 

species 

Charleston Harbour, Southeastern 

Atlantic coast of the United States of 

America 

Trammel 

and Seine 

Netting 

average of 27 microplastics per 

individual 

6 microplastics 

per gram of fish. 

21 microplastics 

per gram of gut. 

low-density 

polyethylene, 

ethylene propylene  

diene, polypropylene 

Parker et al. 

(2020) 

Common 

periwinkle, Litt

orina littorea 

 

Galway Bay, Ireland 

 

Hand 

collection 

from rocky 

intertidal 

shores 

0.59 ± 0.90–2.40 ± 2.11 

MPs/individual 

Average 2.14 

MPs/gram 

PS, polycarbonate, po

lytetrafluoroethylene,

 PVC, PES, PE, 

nylon 6 (PA), 

and viscose 

Doyle et 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
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The dominance of microfibres in both subtidal and intertidal communities is in line 

with other studies assessing microplastic pollution of marine communities. Pagter 

et al. (2021) found that 98% of microplastics recovered from benthic communities 

off the west coast of Ireland were microfibres, while 88% of microplastics found 

in the digestive tract contents of four fish species from the north-west Iberian shelf 

were microfibres (Filgueiras et al. 2021). Microfibres also consisted of 80% of 

microplastics found in fish, 78% of those found in shrimp and 78% of those found 

in mussel species sampled from the Gorgan Bay in the Caspian sea (Bagheri et al 

2020). Microfibres also were the dominant shape found in the intertidal gastropod, 

Littorina littorea, sampled on the west coast of Ireland, consisting of 97% of 

recovered microplastics (Doyle et al. 2019). Furthermore, microfibres dominated 

the morphology of microplastics recovered in the other environmental matrices 

examined in the course of this thesis.  

The high proportion of blue and transparent/white microplastics found in both 

communities is similar to other studies that reported colours in microplastics from 

marine species. Pagter et al. (2021) found that 77% of microfibres were blue and 

8% transparent found in the benthic communities off the west coast of Ireland. Blue 

was also the prominent colour found in Nephrops norvegicus in fishing grounds 

around Ireland (Joyce et al. 2022; Hara et al. 2020) and off/white-clear were the 

dominant colour found in four species of coastal fish in the northern Baltic Sea on 

the coast of Finland (Sainio et al. 2021). Blue microplastics were also the dominant 

colour recorded in a review of 132 articles on marine vertebrates (Ugwu et al. 

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 for trawling (Piskuła and Astel, 2023). Fibres in the marine 

environment have also been linked to the fragmentation of fishing ropes, nets and 

lines in the past (Koongolla et al. 2020). Blue and transparent microfibres were 

also the main profile of microplastic found in C. edule examined in Dundalk Bay 

over four sampling seasons (Chapter 4). The presence of microfibres in species 

found in Dundalk Bay is of concern given recent laboratory work conducted on 

estuarine species. Siddiqui et al. (2023) found that larval mysids and juvenile fish 

both exhibited behavioural impacts following exposure to polyester and 

polypropylene microfibres and that these impacts were 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 concentrations as low as 3 particles/ml. 

Given that juveniles of both P. platessa and C. crangon 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 in-depth laboratory experiment is needed to confirm this theory.  

In terms of size of microplastics recorded, the majority found in organisms from 

both habitats were less than 1mm in size which is in keeping with other studies 

(Pagter et al. 2020b; Fang et al. 2020; Zhang et al. 2020). There was a greater 

percentage of microplastics larger than 1mm in size recorded in intertidal species 

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 

relatively ‘new’ before they breakdown to smaller sizes, especially given that these 

specimens were smaller than those recovered from the subtidal habitat studied.  

In line with the findings of Foekema et al. (2013), Güven et al. (2017), Sainio et 

al. (2021) and Pagter et al. (2020b) there was no strong relationship between the 

size of the study specimen - either weight or length - and the number of 

microplastics present in the soft tissue examined. However, the high frequency of 

occurrence amongst study specimens may mean that increased damage of the 

digestive tract especially in the smaller / juvenile specimens found in the intertidal 

habitat may be occurring. There was a higher occurrence of microplastics in the 

Dundalk Bay specimens than in other recent studies of marine species. 

Microplastics were found in 9% of small coastal fish in the Northern Baltic Sea by 

Sainio et al. (2021) while 27.5% of fish caught within the urban area of Helsinki 

had plastic occurrence. Pagter et al. (2021) reported an incidence rate of 48.5% 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 (Sfriso et 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 (Parker et al. 2020). Furthermore, 100% 

of juveniles of the patagonic silverside fish Odontesthes sp. sampled from shallow 

coastal waters contained microplastics (Mendoza et al. 2022). The presence of 
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microplastics in juvenile P. platessa found in this study is particularly troubling as 

smaller sized gastro-intestinal tracts are more likely to sustain damage from 

microplastics than adult fish. Microplastic fibres fed to juveniles of Lates calcarifer 

led to an altering of gut microbiome community composition and several species 

beneficial for host were inhibited (Xie et al. 2021). Fibres (2-3mm) although they 

could be eliminated effectively were also shown to cause oxidative stress in 

juveniles in the same study (Xie et al. 2021).  

The high occurrence of microplastics in samples taken from Dundalk Bay when 

compared to other studies may be due to a number of factors. The shallow nature 

of Dundalk Bay may lead to an increased concentration of microplastics present in 

the waters here when compared to deeper more dynamic bays. At low tide much 

of the bay is exposed as freshwater inputs dominate which have been shown to 

transport microplastics in chapter 3 of this thesis. Previous work has shown that 

microplastics can be diluted depending on the size of the aquatic environment 

(Barrows et al. 2018). This would indicate that 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 were digested whole due to their small size. 

While, this type of whole-body digestion is only practical for smaller sized 

specimens it does, however, provide realistic environmental data in terms of 

trophic transfer as the whole organism will generally be consumed by predators 

leading to a total transfer of all microplastics present in the prey species. There is 

growing evidence that microplastics can get transferred in the food chain (Nelms 

et al. 2018; Farrell and Nelson, 2013) raising concern about detrimental 

implications for bioaccumulation from one trophic level to the next.  

Excluding the casings of the L. conchilega, the three species with the highest 

microplastic concentrations were the intertidal fish Gobiformes sp. and juvenile P. 

platessa as well as the brown shrimp C. crangon, which may reflect their 

overlapping feeding behaviours. This is especially true between C. crangon and 

juvenile P. platessa as there can be considerable diet overlap between these two 

species later in the summer (Evans, 1983) and all three species behave as 

https://www.sciencedirect.com/science/article/pii/S0160412019335949#b0235
https://www.sciencedirect.com/science/article/pii/S0160412019335949#b0235
https://www.sciencedirect.com/science/article/pii/S0160412019335949#b0095
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generalists with respect to taking food items (Evans and Tallmark, 1979, 1984; 

Evans 1983). The statistically higher concentrations of microplastics found in 

species from the intertidal habitat in this study may be due to the proximity of this 

area to the terrestrial environment which is the main source of plastic litter entering 

the marine environment (Sheavly and Register, 2007). Intertidal sediment has 

previously been shown to possess greater microplastic abundances than subtidal 

sediment (Markic et al. 2023). In the Lagoon of Venice microplastic concentrations 

of microplastics were higher in the inner part of the lagoon, where water currents 

were low (Vianello et al. 2013) and upper intertidal areas showed higher 

microplastic abundance in comparison to lower intertidal zones in Atlantic 

Argentinean estuaries (Díaz-Jaramillo et al. 2021). Intertidal sediment found in 

Dundalk Bay exhibited twice the estimated safe level of microplastic loadings as 

shown in chapter 4 of this thesis (Everaert et al. 2018).   

Interestingly the infaunal species (A. aculeata, E. siliqua, E. cordatum, P. catenus) 

studied had the lowest concentrations (MPs g-1) present and this may reflect 

decreased levels of microplastics sinking down to the subtidal areas in this bay 

environment and thus being ingested by these species. Another potential reason for 

this difference may be linked to their respective mobility / emergence behaviours. 

More mobile species studied had greater microplastic concentrations present than 

more sessile organisms. The crab, L. depurator, which is the most mobile organism 

collected from the subtidal zone had the highest microplastic concentrations and 

similarly to the snail, P. catenus can actively forage in shallower waters which 

followed the crab. Notably, some species of marine snail are known to forage in 

the intertidal zone (Hayford et al. 2021). In terms of microplastic concentration 

abundance the next most mobile subtidal organism studied was A. aculeate which 

has been noted to only take prey items when it is buried (Mettam, 1980). The least 

mobile species analysed in this study (E. siliqua, E. cordatum) also had the lowest 

concentrations of microplastics recorded. The razor clam, E. siliqua, sampled from 

the North-West Mediterranean Sea reported higher contamination levels than those 

reported in this study both in terms of MPs g-1 and MPs ind-1 with values of 2.45 ± 

2.59 MPs g-1 and 12.5 ± 13.2 MPs indiviudal-1 respectively (Expósito et al. 2022). 

In keeping with the findings of this study Bour et al. (2018) noted that filter feeders 

https://www.sciencedirect.com/science/article/pii/S0048969716309731#bb0740
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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 filter-feeding bivalve in this 

study when compared to other study species underline that it may be unsuitable as 

a biological indicator for monitoring microplastics in coastal environments even as 

other bivalve species e.g., Mytilus edilus are considered suitable (Beyer et al. 

2017). This in turn, may have attributed to low microplastic concentrations in L. 

depurator compared to intertidal species as they can feed on exposed E. siliqua 

following bed disturbance (Fraser et al. 2018). Filter feeders are often presented as 

the ideal biomonitor for microplastic pollution given the high volumes of water 

they process (Walkinshaw et 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 (Porter et al. 2023). The findings of this 

study support those observed in 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%. Concentrations of microplastics in the gastropod 

P. catenus in this study were also lower than those reported in the study by Doyle 

et al. (2019) on Littorina littorea, which have values of 2.14 MPs g-1 compared to 

1.6 ± 1.3 MPs g-1 which was possibly linked to their feeding on fucoid algae that 

may trap and hold MPs (Gutow et al. 2015). This difference may also be linked to 

their feeding in habitats closer to the terrestrial environment which increase 

microplastic exposure.  

The high 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 (Mejías et al. 2023, Hamidian et al. 2021, Mofakhami et al. 2020, 

Wang et 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 with epifaunal or infaunal species that were the subject of this study. 

https://www.sciencedirect.com/science/article/pii/S2352186423002729#b25
https://www.sciencedirect.com/science/article/pii/S2352186423002729#b41
https://www.sciencedirect.com/science/article/pii/S2352186423002729#b51
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Denser microplastics also dominated those found in marine sediment examined in 

chapter 4 of this thesis. Buoyant microplastics may float off-shore and their density 

may increase due to a variety of processes, notably polyethylene has been 

documented in seawater at a depth of 2200m at Rockall Trough in the North 

Atlantic Ocean (Courtene-Jones et al. 2017). PA (nylon) also made up 86% of 

microplastics recovered in twelve invertebrate species sampled from the Ross Sea 

in Antarctica (Sfriso et al. 2020).  

The high occurrence of PA detected from specimens in Dundalk Bay is particularly 

worrying. Recent work 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 biomagnification and bioaccumulation of pollutants, as 

well as toxicity to biota (Mejías et 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). However, PA, 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. Previous studies have 

documented the presence of microplastics in the effluent of WWTPs (Liu et al. 

2019; Murphy et al. 2016). Additionally, domestic washing of textiles can release 

microfibres into the environment (Šaravanja et al. 2022; Ziajahromi et al. 2016).  

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 beaches had the potential to generate 1277 ± 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. Napper et al. (2022) demonstrated that the 

abrasion of ropes used on board 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 likely that 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.  

https://pubmed.ncbi.nlm.nih.gov/?term=%C5%A0aravanja+A&cauthor_id=35408015
https://www.sciencedirect.com/science/article/pii/S0048969720330618#bb0220


179 
 

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 higher species. However, Walkinshaw et al. (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 greater threat to their health.  

Regardless of the prospect of biomagnification in marine food webs, the high 

prevalence of microplastics in organisms examined in this study, particularly in 

juveniles of the commercially important P. platessa is of concern as they may 

experience detrimental impacts such as mechanical interference in their feeding 

and digestion processes than larger sized fishes (Jovanović, 2017).  The average 

number of MPs ind-1 for P. platessa (5.58) found in this study was higher than other 

studies examining microplastics in fish including those on the same species, 1.46 

(Welden et al. 2018) and 0.9 ± 1.79 reported by Murphy et al. (2017), and to that 

observed in demersal fish studied by Lusher et al. (2013) (1.2 ± 0.54). 

Filter feeders (E. siliqua) in this study displayed on average values (7.85 MP ind-

1) between opportunistic feeders / scavengers (10.73 MP ind-1) and active predators 

(5.78 MP ind-1) and were statistically similar to all other feeding 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 MP g-1 values of any species present. As filter 

feeders, it has been noted that any differences in microplastic ingestion are likely 

due to microplastic distribution in their habitat (Walkinshaw et al. 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-caught L. depurator in this study lends to the possibility of impacts on this 

species as the crab, Carcinus maenas showed a reduction in food consumption and 

energy available for growth after ingestion of (PP) rope fibres (Watts et al. 2015). 

The presence of microplastics in the urchin, E. cordatum in this study may indicate 

a microplastic burial below the seabed surface similarly to that carried out in 

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/demersal-fish
https://www.sciencedirect.com/science/article/pii/S0269749117351813?via%3Dihub#bib38
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/carcinus-maenas
https://www.sciencedirect.com/science/article/pii/S1470160X21010359#b0270
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brittlestars (Coppock et al. 2021) both by passively transporting downwards when 

maintaining their burrows but also through ingestion and egestion. When present 

in significant numbers this species could lead to increased microplastic 

sequestration in marine environments, however, a more detailed study would be 

needed to test this theory.  

 

5.6  Conclusion 
The results of this study present a first look at microplastic pollution of the subtidal 

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 pressure exerted on the bay. Descriptor 10 of the Marine Strategy 

Framework Directive (MSFD; 2008/56/EC) states that anthropogenic litter should 

not negatively impact the environment and microplastics were identified in all 

subtidal and intertidal species studied as part of this work. 

The differences between species and feeding mechanisms in terms of MPs g-1 and 

MPs ind-1 reaffirm the need for a multi-species approach for assessing microplastic 

contamination levels for this shallow bay environment as documented by Pagter et 

al. (2020b) and that studies that only examine one species may be over- or 

underestimating microplastic pollution levels. The importance of examining 

Dundalk Bay using an ecosystem-approach 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 microplastic levels would have resulted in skewed and underestimating 

microplastic contamination. For example; by only studying the predatory 

gastropod, P. catenus it 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 filter-feeding bivalve, E. siliqua even as 

bivalves are considered ideal for microplastic assessments.  

The low occurrence of buoyant polymers in species studied coupled with previous 

work examining microplastics in the sediment of Dundalk Bay indicates that 

buoyant plastics may for the most part be remaining at the sea surface or potentially 

floating offshore and sinking down to deeper waters due to changes in their density. 

https://www.sciencedirect.com/science/article/pii/S0048969721033490#bb0310
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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 recovered. For deeper 

marine environments examining surface-dwelling species in conjunction with 

bottom-dwelling species will likely render a truer picture of the types of polymers 

present in the marine environment.  

For subtidal species microplastic contamination levels were 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 concentrations. Excluding the 

tubes of L. conchilega the highest levels of MPs g-1 were found in P. platessa, C. 

crangon and gobiformes of all species studied and may reflect their overlapping 

feeding mechanisms although the concentrations found in P. platessa were 

significantly greater. While the greatest diversity of microplastics were found in 

the filter feeder, E. siliqua.  

This work presents a first examination of the microplastic pollution in the species 

recovered from two difference habitats 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 microfibers for 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 thesis. Microplastics stemming from terrestrial sources 

may accumulate in this shallow environment leading to increased ingestion by 

species found here. Previous studies have displayed that many of the lowest 

occurrences of microplastic have been recorded in fish caught in offshore and mid-

water trawls (Welden et al. 2018) and these results support that finding. While the 

physical properties of Dundalk Bay as 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 may lead to a heightened threat of 

microplastics to species residing there.
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Chapter 6: Examining awareness, attitudes and behaviours of 

stakeholders in Irish fishing towards microplastic 
 

This chapter is a reproduction of the following published manuscript (The 

published version and survey issued is available in appendix D).  
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Figure 6-1: Graphical abstract showing main messages from survey 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 litter 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 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 accounting for 48% of positive connotations related to the word 

‘plastic’, however, in general associated plastic with negative phrases. Barriers to 

the recycling of used fishing plastics were most frequently identified as being due 

to a lack 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.  

Key Words: Aquatic pollution; plastic; microplastic; fishers’ behaviour; marine. 

 

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). Ghost-fishing from discarded or abandoned fishing 

gear (ghost gear) can be dangerous to marine life. For example, ‘ghost’ nets, can 

catch a large number of marine organisms attracting other creatures which in turn 

become entangled in a process known as cyclic catching (Havens et al. 2008; Link 

et al. 2019). Plastic’s lightweight, durability and resilience to degradation creates 

ecological issues when released into aquatic environments namely marine wildlife 

can mistake plastic waste for prey with most then dying of starvation as their 

stomachs fill with plastic (IUCN, 2022). Macroplastics (>5mm) (SAPEA, 2019) 
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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 (Auta et al. 2017; Anderson et al. 2016; Li et 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., through ingestion and entanglement) (Gall and Thompson, 2015; 

Gregory, 2009). Additionally, microplastics have been shown to be present in 

commercially important species consumed by humans worldwide such as oysters, 

mussels, herring, mackerel and tuna etc. (Van Cauwenberghe and Janssen, 2014; 

Rochman et al. 2015) and also in prawns found in Irish fishing grounds (Joyce et 

al. 2022). 

The Republic of Ireland (ROI) has a poor record of plastic waste management, 

rated as the fifth worst country in the European Union (EU) at recycling plastic 

packaging (Eurostat, 2021). The ROI produces the 2nd most plastic packaging 

waste in the EU per capita at 224.52kg, much higher than the EU average of 

177.24kg per capita with 62.4% recycled (Eurostat, 2021). Furthermore, 91% of 

studied subtidal and intertidal Special Areas of Conservation (SACs) and Special 

Protected Areas (SPAs) in the ROI were contaminated with microplastics (Mendes 

et al. 2021).  

Plastic waste in the ocean is a major environmental threat and accounts for 85% of 

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 (Jambeck et al. 2015). This projection may become reality 

sooner due to the increased plastic material in circulation as a result of the 

disposable face masks, components of antigen tests and also increased use of PPE 

in hospitals from the COVID-19 pandemic (Peng et al. 2021). Irish coastal 

locations that are polluted with more than one disposable face mask has increased 

from 18% of 710 surveyed locations in 2020 to 21% of the same locations in 2021 

(Coastwatch Europe, 2021). Simulations from 24 sampling expedition’s estimate 

that around 268,940 tonnes of floating marine litter are in the ocean ranging from 

microplastics (<4.75mm) to macroplastics (>200mm) equating to the equivalent of 

5.25 trillion pieces of plastic (Eriksen et al. 2014). There is a discrepancy between 

the marine biomes surveyed for marine litter. Most global studies have typically 
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focused on floating debris on the surface layer of the ocean and stranded litter on 

coastal beach locations (Madricardo et al. 2020), while the seabed has been 

comparatively understudied (Debrot et al. 2013; Rizzo et al. 2022) in part due to 

the difficulty in accessing this environment. Some areas of seafloor around 

Europe’s coasts can have up to 10,000 plastic items per hectare (Thompson et al. 

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 (Daniel et al. 2021).  

The economic cost of marine plastic litter to nearly all marine ecosystem services 

should not be underestimated. Using 2007 US$ values Beaumont et al. (2019) 

estimated economic costs per tonne of plastic litter in the ocean to services such as 

fisheries, recreation and heritage were estimated as $3300-$33,000. 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 affected 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 intestines, change in behaviour, change in lipid 

metabolism and transfer to the liver are some observed effects of microplastics 

ingestion (Jovanović, 2017). The Irish Seafood industry employs nearly 16,000 

people either directly or indirectly, has 1993 registered vessels, 296 registered 

aquaculture sites and is worth approximately 1.3 billion euro (BIM, 2022). 

Furthermore, there exists dozens of angling societies and clubs across the country 

enabling people to take part in a leisurely outdoor activity which rely on stable fish 

populations (Angling Ireland, 2022).  

The ROI has taken steps to limit the introduction of plastic waste to the 

environment and also to encourage its removal. These actions include; the 

introduction of legislation relating to banning microbeads, introducing levies on 

plastic bags in shops and the establishment of Bord Iascaigh Mhara’s Fishing for 

Litter scheme in 2015 which is part of a European wide initiative. The ban on the 

sale of certain single use products (e.g., straws, stirrers, cutlery) came into force 

into July 2021 and soft plastics have been have been reintroduced to the ROI’s 

recycling list since September 2021. Over the last few years legislation regarding 
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proper plastic waste management have been implemented (e.g., Delegated 

Regulation (EU) 2020/2174 . At national level, the waste action plan of the ROI 

(2020-2025) intends for packaging on the Irish market to be reusable or recyclable 

by 2030 and introduce a deposit and return scheme. As the first country in the EU 

(following the United Kingdoms departure) to ban microbeads under the 

Microbeads (Prohibition) Act 2019 (S.I. No. 36 of 2020), art. 2 which came into 

effect on the 20th 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 contain microbeads. 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 (Herzke et al. 2021; Acharya et al. 2021; Cole, 2016; Gago et al. 

2018).  

One success story is the aforementioned Fishing for Litter initiative in ROI (BIM, 

2022) which was 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 back overboard as might have been the case in the past. By the end 

of 2019, 95% of trawlers (244 boats/vessels) operating from the ROI’s 12 main 

fishing ports had joined the programme. Large hardwearing bags are given to 

trawlers for the collection of waste they collect 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 

breakdown 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 anthropogenic in 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).  

https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=uriserv%3AOJ.L_.2020.433.01.0011.01.ENG&toc=OJ%3AL%3A2020%3A433%3ATOC
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=uriserv%3AOJ.L_.2020.433.01.0011.01.ENG&toc=OJ%3AL%3A2020%3A433%3ATOC
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While studies have been carried out in the past 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 aspects in a group that may be directly 

exposed to issues around marine litter and in particular microplastic pollution, i.e., 

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 officer of 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 and recreational fishers in a fishery in South 

Australia showing that all three groups misperceived plastic pollution as less of an 

issue locally than internationally (Wootton et al. 2021).   

This knowledge gap needs to be addressed as the fishing industry is both a 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 

species already (Thiele et al. 2021; Di Giacinto et al. 2023). Abandoned, lost, or 

otherwise discarded fishing gear (ALDFG) containing plastics accounts for another 

27% of marine litter items found on European beaches (MARE - European 

Commission, 2018). It is unclear how much ALDFG enters the marine 

environment every year. The figure of 640,000 tonnes listed by Food and 

Agriculture Organisation of the United Nations is based on a 1975 estimate and 

fails to account for the rapid expansion and modernisation of many fishing fleets 

across the world (Richardson et al. 2021). A median of 48.4 kt of fishing gear was 

lost during fishing that amounted to 74% of marine capture globally in 2018 

(Kuczenski et al. 2021). The model did not include fishing gear that is abandoned 

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) (Eriken et 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 of the sea. While as much as 80% of plastic that ends up in the marine 

environment stems from terrestrial sources it is fishers and marine-based groups 

that must deal with the consequences of this pollution (Andrady, 2011). Post-

mortems conducted on dead dolphins found 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 towards topics such 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 in a world 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 microplastics generation 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 

leakage of fishing plastics into the aquatic environment. As noted by Wootton et 

al. (2021) understanding the perceptions of this group of important stakeholders 

have on plastic pollution will hopefully generate solutions that can effectively 

address this environmental 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 as it is human behaviour that leads to its occurrence 

in natural environments (Deng et 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 around plastics and 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 is the first 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 fishers about 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 was designed in order to answer the overlying research 

questions. Given that a deep understanding of fishers’ attitudes and concerns was 

desired, the mixed method approach of a combination of not only qualitative but 

also quantitative data was selected as the best way to achieve this. Mixed method 

surveying allows the combining of the two aforementioned types of data which can 

complement each other and enables real experiences in qualitative responses to be 

matched with quantitative data which helps to validate the results of the survey 

(Cresswell and Cresswell, 2018). The coupling of two different data gathering 

methods in this survey enable the real-world observations of fishers from the 

aquatic environment to be quantified and their interpretivism around subjective 

experiences and their own understanding of environmental topics such as recycling 

and microplastics to be expanded on (Wasti et al. 2022).  

 

6.5 Survey development and participants 

The survey was initially developed and refined by consultation within the authors’ 

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 were 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 fishing and management of plastic waste. This study 

was conducted among individuals involved with fishing (both commercially and 

recreationally), angling, fish processing and aquaculture in the Republic of Ireland, 

during the period from May to November 2021. Those 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://fishinginireland.info/2021/fishing-updates/contribute-to-research-into-

plastic-pollution-in-our-waterways/) and emailed to subscribers of the “Irish 

angling update newsletter”.  

 

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 Research 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 were stored 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 (version Minitab®  21.1.1 (64-bit)). Descriptive analysis was conducted, 

and data were reported as percentage and frequency. Answers to the open ended; 

‘Please give your understanding of the term microplastic?’ were graded and given 
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a score out of six. Scores of ‘0-2’ indicated no or little knowledge of the topic, 3-4 

indicated an adequate understanding of the topic and scores 5-6 were given to 

answers which displayed a high level of understanding of the topic. The knowledge 

scores data were tested for normality using the Anderson-Darling test, which 

revealed it was non-parametric. Following this median knowledge score of 

microplastics vs the age of participants was examined for significant differences 

using Kruskall-Wallis test (significant if p value less than 0.05) using Minitab 

statistical analysis. Content analysis was carried out on open-ended 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 analysis (Vaismoradi 

et al. 2013; Dilkes-Hoffman, 2019; King et 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 using the freely available online program ‘wordart’ 

(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 for positive words/phrases and blue for 

words/phrases deemed to be neutral / ambiguous (Vrain and Lovett, 2020). Words 

were classed as negative, positive or neutral / ambiguous through individual 

assessment and post-assessment comparison between the authors (Dilkes-Hoffman 

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 and activity breakdown of respondents 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 Wyles et al. 

(2019) surveyed the fishing community in the UK (n=97) (all male). This small 

number of respondents can be due to the difficulty of reaching this specialized 

https://www.sciencedirect.com/science/article/pii/S0921344919303854#bib0170
https://www.sciencedirect.com/science/article/pii/S0921344919303854#bib0170
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community (e.g. fishers being at sea sometimes 6–10 days at a time) (Wyles et al. 

2019). From the authors’ own experience communicating with this particular 

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 when completing 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% completion rate. The age 

profile of respondents skewed towards the older age categories (35-44≤), this is in 

contrast to the results of a meta-analysis of surveys which found that generally age 

has a negative relationship with response rates (Wu et al. 2022). Amongst 

respondents, 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 (i.e., more traditional views and methods to handling litter may prevail). 

Considering that in 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 (75%) selected angling as 

their primary fishing activity and 15% selected commercial fishing (Fig. 6-2).  

 

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 they spent a considerable amount of time in the 

natural environment when partaking in their selected activity (once-a-week or more 

frequently). Additionally, 14% of responses were categorised as a non-specific 
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Irish location and included terms such as 'Eire', 'Southern Ireland', 'South west', or 

'all over the country' for example. These non-specific Irish locations likely refer to 

vessels that leave Irish coasts but travel far out to sea for fishing purposes.  

 

6.9.2 Irish 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 activity, 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 lightness, durability, buoyancy and low cost making it 

ideal (Watson et al. 2006; Andrady, 2011, Wootton et 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 when examined in relation to the 

experience level of respondents. The majority of those involved in their fishing 

activity for between 11-15 years stated they had not noticed an increase in plastic 

use in their activity, while half in the experience category of 6-10 years said they 

also had not. Conversely 75% of those in the ‘20+ years’ experience category stated 

that they had noticed an increase while nearly 80% in the least experienced 

category of '0-5 years' also noticed an increase despite their relatively short time 

spent in their selected activity, this was however a smaller group than the 

aforementioned one (Fig. 6-3). 
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Figure 6-3: Experience of respondents to survey and if they had noticed an 

increase in plastic use in 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 may be classed 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. 6-4). 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 and that they said this situation was 

deteriorating (MARine Litter in Europe Seas: Social AwarenesS and CO-

Responsibility, 2015). While 81% of members of the public declared they 

witnessed plastic pollution on a ‘daily’ or ‘weekly’ basis in UK-based focus groups 

(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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items would 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+ items’ at 35%. This was followed by; '1-3 items' at 29%, '4-6 

items' at 25% and '7 - 10 items' at 10% of total responses. The category with the 

lowest amount of responses was '0 items' which had just 1 response (Fig 6-4).  

 

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 (85%) 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 breakdown shown in Figure 6-5. This is much higher 

than reported by focus groups on the general public in 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 fishers have a 

vested interest in this environmental pollutant and are therefore more aware.  
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Figure 6-5: The breakdown of respondents that had heard of the term microplastics 

before and their subsequent knowledge levels.  

Some examples of highest-scoring responses included: 'Break-down of plastic 

particles suspended in waters at a microscopic level' or 'plastic which has been 

broken up into small pieces so it is no longer visible and very difficult to take out 

of the water'. Examples of lowest scoring answers besides the null responses which 

earned 0 as a score include: ‘microplastics are used in products such as face 

washes’ and ‘in shampoo, etc.’. Of survey respondents that gave a description to 

what they thought microplastics were; 33% mentioned a source (breakdown / 

designed) and included phrases such as; ‘by-product from manufacturing’, ‘large 

plastic breaking down’ and ‘found in shampoo’. Additionally, 35% of responses 

included a ‘location / area of effect’ of microplastics and mentioned terms such as; 

‘small tiny plastic fragments, that fish usually eat’, ‘small plastics that plankton 

and aquatic life will feed on’ and ‘microplastics are broken down particles of 

larger plastic pieces which can enter the food chain by being eaten by organisms 

or absorbed by organisms’. Interestingly one respondent stated ‘Microscopic 

plastics in water which impact fish and aquatic life. Most I’ve seen has been related 

to the ocean, not freshwater’, indicating that they were more knowledgeable on the 

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 



197 
 

awareness of plastic pollution and microplastics in various environments (Fig. 6-

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.  

 

Figure 6-6: Respondent’s awareness of plastic pollution in various environments. 

 

Following this, the total scores of microplastic understanding and the mean score 

per respondent were tallied for each age group (Fig. 6-7). The age category group; 

'55-64' had the highest 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 (18-24, 25-34, 35-44, 45-54) 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 Anderson-Darling test for normality 

Kruskall-Wallis analysis was carried out. This analysis found that 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 score was 4 

which falls into the same score bracket. 
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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 environments and aquatic life was measured using a 

Likert scale. Overall levels of awareness by fishers on all topics was generally quite 

high (Fig. 6-7). Percentage responses in ‘aware’ and ‘very aware’ categories ranged 

from 57% for the topics; ‘Microplastics on land’ and ‘microplastics in freshwater 

environments’ to 89% for the topic: ‘Plastic in the ocean’. This high level of 

awareness may be due to the media coverage of topics such as the great pacific 

garbage patch and footage of cetaceans interacting with plastic items in recent 

years. When assessing the same environment (oceans) on the topic of microplastic 

pollution awareness was still quite high with 75% of participants ‘aware’ or ‘very 

aware’. This difference 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 in 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; ’Microplastics in oceans’. Recent emphasis 

in the media on research on these topics and television shows (e.g., Food 

Unwrapped: the plastic in our food, 2017, the Irish state broadcaster, RTÉ sharing 

news items on microplastics e.g. ‘How wet wipes and sanitary products are 
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causing marine pollution’ (Morrison, 2020)) discussing these topics may be 

creating this, perhaps unexpected, awareness amongst the cohort surveyed. This 

indicates an awareness among respondents about the negative effects of plastic on 

the environment, which is aligned with other studies (Filho et al. 2021; Kershaw 

et al. 2011; Otsyina et al. 2018). This is reflected in the wordcloud (Fig. 6-10) 

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 topics and present them in a ‘storyline’ format in which audiences can engage 

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 exciting or attractive story and for example; 

‘microplastics in the human body’ makes an attention-grabbing, scary or ‘clickbait’ 

headline (Dempster et al. 2022; Chakraborty et al. 2017; Völker et al. 2020). 

Additionally, the nature of global news and social media enables the blame and 

guilt associated with plastic use to be shifted from individuals to other groups 

(Wootton et al. 2021).  

Overall, microplastics on land followed 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 selection of not aware 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. While at first glance 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 in (i.e., terrestrial 

environment and microplastic impacts). The same was noted in Irish farmers who 

felt they knew more about microplastics and plastic pollution in aquatic 

environments than on land (King et al. 2023).   

Respondents were asked to rank several different topics on how serious they view 

the threat of plastic pollution towards them (Fig. 6-8). Overall, the perceived threat 

of plastic pollution was high; this ranged from 68% (serious or very serious) for 

the threat to ‘humans’ or ‘land’ to a high of 86% for oceans. This ranking of plastic 

https://onlinelibrary.wiley.com/authored-by/ContribAuthorRaw/V%C3%B6lker/Carolin
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pollution threat to the oceans as the topic with the highest amount of responses of 

‘serious’ or ‘very serious’ is in keeping with the findings of Dilkes-Hoffman et al. 

(2019) that 69% of members of the public rated plastic in the ocean as very serious. 

The topic with the highest percentage (57%) of responses in the ‘very serious’ 

category was ‘freshwater and marine wildlife’ and obtained 81% of responses in 

the combined ‘very serious’ and ‘serious’ categories. This likely reflects the fact 

that Irish fishers’ livelihoods and recreational activities depend on the wellbeing of 

fish stocks now and in the future. The responses of this cohort of Irish fishers is in 

keeping with the views of the Irish public in general, as 85% were ‘extremely 

concerned’ or ‘very concerned’ about the impacts of plastic on ocean health and 

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 responses in this study in the ‘very serious’ and ‘serious’ 

categories was also similar to the responses of the EPA study of the general public 

on the ‘potential human health impacts’ which received 74% of responses in the 

‘extremely concerned’ or ‘very concerned’ categories.  

 

Figure 6-8: Respondents ranking of threat of plastic pollution towards different 

topics. 
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6.9.3 Irish fishers view plastic as convenient and cheap but damaging to the 

environment  

The next part of the survey sought to understand fishers’ attitudes towards plastic 

pollution and their general views of plastics. Responses to the following question; 

‘where do you think plastic pollution in rivers / the ocean is coming from?’ were 

categorised into the following; domestic, fishing, agricultural, littering, other and 

anthropogenic but non-specific (Fig. 6-9) and sought to understand who Irish 

fishers’ view as being responsible for plastic pollution of aquatic environments. 

Anthropogenic but non-specific was the most commonly seen response to sources 

of plastic 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%), and industry (6%). The category with the lowest 

percentage of responses was agriculture (5%). 'People' was the most common 

answer, mentioned 11 times in responses while 'humans' were mentioned 5 times. 

Anthropogenic sources i.e., 'humans' or 'people' were the most common answers. 

This would indicate that the majority of those surveyed understand that plastic 

pollution is a human problem they seem to place the blame at the foot of individuals 

i.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 exists 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 cause littering as 'lazy' or those lacking in education; 'lack of 

education to bin properly'. This is in line with previous studies (e.g., Campbell et 

al. 2014; Santos et al. 2005; Slavin et al. 2012) that found despite generally 

claiming not to be responsible for littering 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 placed at the foot of the public rather 

than at that of corporations. An example of which was the introduction of the 15-

cent levy on plastic bags at the point of sale for consumers in the ROI (Marlisco, 

2002).  
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Figure 6-9: Perceived plastic pollution sources of aquatic environments. 

Given that members of the Irish fishing community surveyed recognised that 

fishing activities create plastic pollution in aquatic environments they may be open 

to novel methods to reduce this occurrence. An 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 for fishing gear 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 and 

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 (Myers et al. 2019). A switch 

to more high-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 ‘Ghost Gear Program’ in Canada (Fisheries and Oceans 

(DFO) Canada, 2021). The Ghost 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 (Fisheries and Oceans (DFO) Canada, 

2021).  
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Another open-ended question put to respondents; ‘please list below two 

words/phrases you associate with plastics (either positive or negative)’. For ease of 

interpretation the results are presented as a word cloud (Fig. 6-10). All of the 

responses were categorised as either positive, negative or neutral. Terms with 

positive connotations made up 37% of the total comments with cost ‘cheap’ (n = 

10) and convenience (n = 10) being the most common responses. The only other 

terms that were mentioned more than once were; ‘recycle’, ‘durable’ and 

‘essential’ with the latter two terms relating to the functionality of plastics and 

durability a recurring theme from fishers selection of using specific fishing plastics. 

The majority of comments, however, were deemed to be negative (53%). 

General environmental concern (n = 39) (‘damaging to the environment’, 

‘environment killer’), association with litter and pollution (n =7) (‘unsightly’, 

‘dumping’) and the long-term and persistent nature of plastics (‘microplastic’, 

‘non-degradable’) were the key reasons that respondents viewed 

plastics negatively. 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 

question was asked and led to positive answers such as; ‘cost (cheap)’, 

‘convenience’ and ‘usefulness’ and negative responses including; ‘waste/rubbish’, 

‘pollution’ and ‘environment’. In this regard fishers are a reflection of members of 

the public studied by Dilkes-Hoffman et 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 a positive and negative response to this question which 

reflects the duality of plastics in modern life and included responses such as; 

‘damaging, durable’, ‘cheap but not cheerful’ and ‘carcinogenic, convenient’. 

Further inductive analysis was carried out on the 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% categorised 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 remaining 14% of 

phrases. The complete list of phrases mentioned along with frequency is displayed 

in Table 6-1.  
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Figure 6-10: Wordcloud displaying phrases fishers used to describe plastics. 

 

Table 6-1: Phrases associated with plastics. 

Positive Frequency Negative Frequency Neutral Frequency  

convenient 10 litter  1 indestructible 1  

durable 4 dumping 1 ubiquitous 1  

good 1 unnecessary 2 packaging 1  

cheap 10 unsightly  1 developing countries 1  

easy cleaned 1 bad 1 mulroy Bay 1  

essential 2 damaging 3 disposable 1  

useful 1 not environmentally friendly  1 less plastic 1  

easy 1 pollution 1 long lasting 2  

handy 1 not enough alternatives 1 beach goers 1  

positive 1 too prevalent 1 no bin 1  

recycle 5 not needed 1    

reuse 1 ever lasting 1    

biodegradable 1 Persistent 1    

non-toxic 1 microplastic 1    

depend on it  1 non degradable 1    

perfect packaging 1 carcinogenic 1    

  single use 4    

  irresponsible 1    

  lazy 1    

  thoughtless                  1           
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  should be banned                                              1   

  lifetime 1    

  negative 3    

  no alternative 1    

  non recyclable 2    

  everywhere 1    

  disgusting 1    

  terrible 1    

  detrimental 1    

  harmful 1    

  needless 1    

  permanent 1    

  crap 1    

  unnecessary 1    

  not cheerful 1    

  painful 1    

  useless 1    

  poison  1    

  dirty 1    

  environment killer  1    

  rubbish 2    

  pollution 2    

  lifelong 1    

  bad 1    

  nonbiodegradable 1    

  longterm problem  1    

  not good 1    

  serious problem 1    

  damaging to environment 1    

 

Fishers were asked to rate their level of concern towards the amount of plastic 

currently used in fishing equipment with the highest proportion of respondents 

(33%) saying they were ‘concerned’ and only 14% were ‘not at all concerned’ in 

this regard (Fig. 6-11). The high levels of concern that Irish fishers feel towards 

the current levels of plastic use in fishing equipment coupled with the fact that the 

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 stakeholders in an Australian fishery 

(Wootton et 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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Figure 6-11: Concern levels of Irish fishers on amount of plastic used in fishing 

equipment. 

 

6.9.4 Fisher’s interactions with litter and fishing plastics 

The behaviour of respondants towards plastic use in fishing, their recycling habits 

and how they deal with litter in the environment was also examined. Respondents 

were asked; 'when conducting your fishing-based activity how likely are you to 

remove waste material you notice from the natural environment?’. This was 

examined as comparative research on household waste management found that 

simply increasing awareness of environmental issues does not necessarily lead to 

effective practices (Skorstad and Bjørgvik, 2018). Responses fell onto a 5-point 

Likert scale that included the options; 'highly unlikely', 'unlikely', 'unsure', 'likely' 

and 'highly likely'. Respondents generally stated that they would be inclined to 

remove waste material they noticed from the natural environment (Fig. 6-12). 
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Figure 6-12: Likelihood of removing waste from aquatic 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 ‘likely’ or ‘highly likely’ to remove litter they encounter while 

carrying out their activity (91%). This was followed by aquaculture (75%) and 

angling at 70% (Fig. 6-13). The fact that commercial fishers, anglers and 

aquaculturists were, for the most part, likely or highly likely to remove waste 

material indicates they may 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 competent fisheries management (Asche et al. 

2018). These results would indicate that while fishers are noticing waste in the 

environment, they fish in both frequently and in medium-large volumes they are 

also likely to remove aquatic litter from the environment. This 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 storing it can be difficult on-

board fishing vessels, especially smaller ones, due to issues such as; lacking 

capacity and lacking time and personnel for doing so (Olsen et al. 2020). However, 

interviews with fishers in the same study found that at least some fishers thought 
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that ‘whether litter is taken ashore is much about attitudes’, as in, waste removal 

and collection from the environment will occur based on attitudes and is an 

independent factor from vessel size in general.  

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 (Kuczenski et al. 2021). Plastic is a major component of fishing gear 

including lines, 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 ‘Lobster / crab pots’ where cost played the greatest role in their 

use. Generally, recyclability and ease of disposal ranked medium-low (highest 

ranks of 3rd and 4th respectively out of 7 places) for reasons that fishers selected 

plastic items (Fig. 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 functional 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 activities and 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 

question on plastic use one individual offered up more information by selecting 

other and commenting; 'I 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 board Irish Sea 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 products that 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. 

 

Figure 6-14: Reasons for the selection of different plastics by respondents.

  

 

Fishers were also asked to define the disposal methods they used for the 

aforementioned 5 groups of plastic items (Fig. 6-15). The following options were 

available for selection as answers; 'Pay for Disposal', 'Pay for Recycle', 'Repair / 

reuse', 'Domestic Waste Bin', 'Don't Know', 'I do not use these plastics' and 'Other'. 

For a true picture of how plastics are disposed of, the responses in the category; 'I 

do not use these plastics' were excluded for further analysis. Totalling the disposal 

methods of the 5 types of plastic items found that 72% of plastic items used were 

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Lines

Netting

Life jackets / waders

Containers

Lobster / crab pots

% Selection Reason 

P
la

st
ic

 T
yp

e

Cost Recyclability Durability Convenience Ease of Disposal No Alternative Other



210 
 

disposed of responsibly by fishers (Pay for disposal, pay for recycle, domestic 

waste bin), however it is unclear whether waste was segregated by fishers disposing 

of it. This is similar to a study carried out by Filho et 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 response ‘other’ and add a comment. While 'other' was selected 25 

times for various types of plastic equipment just 44% of the 25 respondents 

elaborated on what they 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 the response: 'Discard back into the sea, by 

order of the skipper' indicating deliberate littering action of the natural 

environment. While this response in isolation is worrying it must be noted that this 

is an isolated response to the survey amongst a plethora of more environmentally 

conscious respondents, it must also be noted the language of this response ‘by order 

of the skipper’, suggests an order a senior authority to litter the sea. In general, 

however, the majority of plastics used (72%) are disposed of responsibly indicating 

that fishers are taking responsibility for the plastics they use.  

Figure 6-15: How fishers dispose of different plastic types. 

Fishers play a pivotal role in aquatic litter as they can easily add to it through 

littering of marine or freshwater environments (e.g., through dumping at sea, or the 
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losing of gear) as well as being in a unique role of being able to retrieve marine or 

aquatic litter from otherwise remote locations and habitats. It must be remembered 

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 recycling of items that 

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 plastics (Fig. 6-16). Respondents could 

select one of; ‘Lack of facilities’, Don’t know how to’, ‘Time consuming’, ‘Too 

expensive’, ‘Contamination (Not accepted)’, or ‘Other’.  The options 'I do not use 

these plastics' and 'I recycle these plastics' were excluded to gain 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 in the 'too expensive' 

category with 17% of responses falling into this category. While 47% (n = 8) of 

respondents that selected ‘other’ wrote comments, two (n = 2) of these simply 

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 

disposal however they were unsure of the details stating; ‘I do not recycle, it’s 

(waste material) collected on the pier’ and ‘waste disposal company. One (n = 1) 

respondent stated that ‘they kept old waders to use as patches’ while finally 

‘Skipper says it's too time consuming to dispose of it even in a skip at the quay. 

None of the boats in Wicklow town use the skip, so all litter, like drinks bottles, 

sweet wrappers, cling film, old ropes get thrown overboard unfortunately.’ The fact 

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 may have in this environment (UNEP, 2017). 

This statement is in direct contrast from those gathered via interview from fishers 

in Northern Norway (Olsen et al. 2020); ‘It goes without saying we take care of 

our own trash’. The fact that this respondent acknowledges that there is a skip 

available in the quay for their waste and yet their waste is still thrown overboard 

while out at sea is in contrast to the heavily selected category of ‘lack of facilities’ 
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for barriers to recycling, in that facilities are available and unused. While the main 

barrier to recycling different plastics were physical / logistical (lack of facilities) 

(n = 61, 43%), the 2nd most selected barrier was a more personal option of ‘don’t 

know how to’ (n = 40, 28%) and so may indicate that members of the Irish fishing 

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 appropriate disposal 

locations, such as rubbish bins, throughout jetties and popular fishing spots which 

hindered proper waste disposal (Wootton et al. 2021). 

 

Figure 6-16: Factors stopping the recycling of plastics used in fishing activities. 

 

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 (Fig. 6-17). 

Responses were classed as either positive, negative or neutral. Some responses 

classed as neutral could also be described as non-descript in nature for example 

'bin' or 'centre'.  The largest portion (44%, n = 46) of terms were deemed as positive 

in nature with the descriptions ‘good’ and ‘easy’ recurring. The minority of terms 

(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 mentioned. A significant proportion (35%, n = 36) of terms 

were deemed as neutral ('misunderstood') or ambiguous (e.g., 'hemp-based 

products', 'segregation', 'plastics'). Inductive analysis of positive terms associated 

with recycling found that the majority were 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 was the dominant 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 displayed in table 6-2.  

 

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 1 inconvenient 2 limited  2 

worthwhile 1 too many unrecyclable plastics 1 

sometimes, benefits not 

clear 1 

very positive 1 

not enough public recycling 

receptacles 1 Bin 2 

progressive 1 not enough 1 Centre 1 

  sceptical 1 

why not get rid of the plastic 

in the first place?  1 

good 4 expensive 2 responsible  1 

healthy 1 inadequate  1 misunderstood 2 

important 1 costly  1 hemp based products 1 

good practise 1 misguided  1 reuse better 1 

achievable 1 complicated 1 plastic  1 

green    2 lack of facility 1 reuse  3 

environmentally 

conscious  1 difficult 1 not moving quick enough 1 

sensible  1 

Not sure which bin to use if 

different materials in the one  unit  1 reduce waste 1 

positive solution  1 not cheap  2 clean before recycling  1 

good practise 1 negative 1 don't know  2 

needed 2 time consuming  2 pick up and bin  1 

great idea 2 

recycling centre refused to take 

my plastics  1 segregation  1 

sustainability 1 not enforced  1 proper facilities  1 

easy  4 confusing  1 more facilities  1 

environmental 

friendly 2   reduce 1 

very important  1   plastics  1 

positive  1   rubbish  1 

Try curb its use  1   see sense 1 

extremely 

important  1   bring your rubbish home 1 

renewable 1   almost unavoidable  1 

reusable 1   please recycle  1 

very good  1   hard plastic  1 

environment 

saver  1   bottle banks  1 

happy  1   recycled plastic  1 

friendly  1   responsibility  1 

helps 1     

essential  2     

cheerful 1     

good idea  1     

necessary  1     

right thing to do  1     
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6.10 Conclusion  
This study provides novel insight into this understudied and unique group’s 

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 community. This research presents a holistic first look at Irish fisher’s 

awareness of a number of environmental issues relating to an emerging pollutant 

of environmental concern, i.e., microplastics. Amongst topics covered this study 

assessed; attitudes towards recycling 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 

they can 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 microplastics 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 pollutant with fishmongers interviewed in a South 

Australian fishery noting that if microplastics were found in fish they sold to 

consumers it would wipe their business out (Wootton et al. 2022). While 

stakeholders in an Australian fishery assessed by Wootton et al. (2022) 

misperceived plastic pollution as less of an issue locally this was not the case for 

Irish fishers surveyed as part of this survey. Those surveyed in this current study 

placed the foot of the blame of plastic pollution in aquatic environments at many 

groups themselves included. Irish fishers 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.   

While a large amount of the ROI’s fishing vessels are involved in the Fishing for 

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 as it 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 generation.  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 overlooked as fisher’s relationship with microplastics 

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 the ubiquitous presence of aquatic litter 

encountered by Irish fishers will continue.  

Some limitations of this research are namely due to the smaller than anticipated 

sample size, however, as previously noted by Wyles et al. (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 

research group; 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 improved 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 equipment that may 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 replacement 

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 fishing 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 material. Furthermore, this new 

equipment should be similarly 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 and generation in aquatic environments.  
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Chapter 7: Discussion 
 

7.1  Overview  
The research conducted and described in this thesis aimed at assessing microplastic 

contamination in Dundalk Bay and associated freshwater environment a previously 

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 research and results presented in 

chapters 3 to 6 achieved the set objectives outlined at the start of this project. The 

overall study provides a holistic assessment of microplastic pollution for this 

important Special Protected Area (SPA) and Special Area of Conservation (SAC) 

by not only combining marine and freshwater research but also transdisciplinary 

research on the social aspects related to microplastics. The discussion that follows 

addresses the main findings from each chapter and helps to connect them. 

Furthermore, specific recommendations for helping to address and mitigate the 

release of microplastics to the environment as well as further research that could 

be conducted for the Dundalk Bay biome and microplastic research in general are 

also mentioned.  

 

7.2 Achieving research objectives 
The results presented in this thesis highlight the impact of freshwater systems on 

marine environments in terms of microplastic loadings and the concern that 

stakeholders in Irish fishing have to this relatively new pollutant. These results 

underpin that microplastics 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 compartment. As the majority of marine 

litter stems from the terrestrial environment 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 microplastics is 

highlighted through the connections between the research chapters evidenced in 

this thesis. On the social side, stakeholders 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 ocean most emphasised. The findings from research objectives 1-3 highlight 

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 (Walker and Fequet, 2023). The fishing industry 

is both a starting point of plastic entering the marine environment (Napper et al. 

2022; Wright et al. 2021) 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 species already (Thiele et al. 2021; 

Di Giacinto et al. 2023). As well as through reduced revenues via public perception 

viewing seafood as full of plastic and a product to avoid (Wootton et al. 2022). 

Microplastics in the form of microfibres are likely entering Dundalk Bay from 

myriad sources. These sources may include; surface run-off 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 receiving microplastics from the 

terrestrial environment and transporting them to this marine environment while 

also storing some in sediment. Further to this, at low tide the seven freshwater 

rivers will continue to transport microplastics into this environment as assessed 

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 concentrations. The high 

concentrations of microplastics present in the freshwater rivers entering Dundalk 

Bay (research objective one) expose organisms present in the marine environment 

to terrestrial-sourced microplastics (research objectives two and three).  

Of potential significance for stakeholders in Irish fishing is the high occurence and 

concentrations of microplastics in the commercially valuable, Cereastoderma 

edule and in juveniles of the fish, Pleuronectes platessa. Microplastics are more 

likely to cause harm to smaller-sized fishes and juveniles than to larger ones thus 

harming them in their development (Xie et al. 2021; Jovanović, 2017). The 

increased levels of microplastics found in individual cockles in autumn through 

https://www.sciencedirect.com/science/article/pii/S2666916123000245#b67
https://www.sciencedirect.com/science/article/pii/S2666916123000245#b19
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research objective 2 also raises concerns of the possibility of transfer to humans 

due to the fishing period that coincides with this increase.  

Given that similar polymers, namely polyesters and polyamide, were detected in 

both marine matrices examined as well as in the surface waters that flow into 

Dundalk Bay 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 the physical properties of Dundalk Bay are creating a hotspot of 

microplastic pollution accumulating this pollutant here. Further evidence of this is 

the fact that microfibres made up the same percentage of total microplastics 

recovered from both beaches in this study.  

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 stakeholders in 

Irish fishing consider as microplastics and what presents in the environment of 

Dundalk Bay and its freshwaters most prominently. Those surveyed described 

microplastics within the context of microbeads. Microfibres were not mentioned 

once, e.g., “found in cosmetics, in products such as makeup, in shampoo etc., 

microbeads, used in products such as face washes”.  It is therefore likely that this 

cohort are unaware that their fishing equipment leads to microplastic release into 

aquatic environments even as juveniles of commercial species and marine bivalves 

from Dundalk Bay present high levels of microplastics thus highlighting how 

interconnected and difficult a problem microplastic pollution is to address.  

This disconnect between what is most prevalent in aquatic environments i.e., 

microplastics in the form of fibres and what stakeholders in fishing surveyed in this 

research (who rely on a healthy aquatic environment for either recreation or their 

commercial interests) understand microplastics to be, underpins the role that media 

may have in shaping views on environmental issues as well as recent legislation 

banning microbeads in several products providing knowledge. For example, with 

regard to microplastics more media attention has been given to microbeads than to 

microfibres stemming from textiles which likely feeds into this gap in 

understanding.  
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7.3 Benefits of this research approach and applicability to other studies  
Beginning this project river sites were selected based on the hypothesis that 

microplastic 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 (Kunz et al. 2023). This site selection may have 

been too simplistic 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 sites. Microplastic 

levels in surface water is highly dynamic and altered by flow regimes, precipitation 

and seasonality and proximity to point sources (D’Avignon et al. 2022; Horton et 

al. 2017; Browne, 2015). It can also be influenced through atmospheric deposition 

(Sun et 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 in the freshwater environment entering Dundalk Bay and 

would be more applicable for an in-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% H2O2 were used to digest biota samples for analysis 

of microplastic contamination. Tsangaris et al. (2021) conducted an inter-

laboratory comparison of both methods and found both were effective reagents 

with 10% KOH being optimal. However, 30% H2O2 was used for the digestion of 

G. duebeni samples and water surface samples as KOH is not as efficient in 

degrading material from the freshwater environment (Duan et al. 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 

microplastics from marine species which commonly use this chemical while the 

use of  H2O2 is commonly used in examining microplastics in samples pertaining 

to the freshwater environment. Unfortunately it is difficult if not impossible to 

obtain equivalence between different 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). For the isolation of microplastics from riverine and marine 

sediments, castor oil and potassium carbonate were used respectively. Both of these 

have displayed good recovery rates from these matrices previously (Mani et al 

2019; Gohla et al. 2021) and when tested with a variety of polymers in this study. 

Additionally, they are non-toxic, cheap and environmentally friendly compared to 

other density salts such as NaI or ZnCl2 (Gohla et al. 2021) which are regularly 

used in microplastics isolation from sediment. Long-term and small-scale 

microplastic monitoring on a local scale may be achievable through the use of 

citizen scientists which have been engaged in microplastic studies previously 

(Clark et al. 2023; Jones et al. 2022). Furthermore, these chemicals can be safely 

used in schools for demonstrating microplastic isolation to students and their lower 

comparative costs also lend themselves towards microplastic monitoring in less 

developed countries which may have smaller budgets for project work.  

While the utmost care was taken when processing of samples, blanks revealed 

microplastic contamination occurring in sample processing for all chapters 

pertaining to microplastic isolation (chapters; three, four, five) in this thesis. Blank 

processing is an important step in microplastic data reporting (Dawson et al. 2023; 

Hermsen et al. 2018). In this study various methods were used to assess the 

contamination of blanks with microplastics for each chapter. The correction of 

results is complicated by the heterogenous suite of particles that fall under the label 

of ‘microplastics’ varying in size, shape, colour and polymer. Furthermore, 

secondary microplastic formation occurring in the environment or due to the 

separation process selected further add to a diversity of appearance (Alimi et al. 

2022; Corcoran, 2020; Naik et al. 2020; Dawson et al. 2018; Enders et 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.g., Amrutha and Warrier, 2020; Kedzierski et al. 2020; 

Zhang et al. 2020). During the three microplastic isolation chapters the most 

applicable method for ensuring the validity of results was used. For chapter one 

blank controls highlighted that microplastics introduced via processing were 

negligible to volumes recovered in freshwater matrices. For biological samples in 

chapter two and chapter three the mean microplastics detected in cockles / species 

https://www.sciencedirect.com/science/article/pii/S030438942202012X#bib2
https://www.sciencedirect.com/science/article/pii/S030438942202012X#bib2
https://www.sciencedirect.com/science/article/pii/S030438942202012X#bib13
https://www.sciencedirect.com/science/article/pii/S030438942202012X#bib52
https://www.sciencedirect.com/science/article/pii/S030438942202012X#bib19
https://www.sciencedirect.com/science/article/pii/S030438942202012X#bib3
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and in blank samples were compared highlighting they were significantly different. 

Finally, in chapter two the average percentage that contamination introduced via 

sampling could have accounted for when examining marine sediment was 

displayed with results. Further to this, marine sediments were separated in a closed 

system reducing the possibility of airborne microplastics impacting on results.  

Contamination controls were improved throughout the course of the thesis. 

Furthermore, following a visit to the cleanroom in use by Dr. Ana Mendes in 

University of Galway contamination prevention was strengthened. Thus, 

contamination controls were more vigorous for the latter stages of this work i.e., 

for chapter five than chapter three with measures such as sticky mats located 

outside of the clean room and the use of long stable cotton yarn wipes for cleaning 

surfaces introduced. For future research the controls used in chapter three of this 

thesis should be considered robust and could be used in the absence of a specialised 

clean room that can be utilized for microplastic isolation purposes.  

There was a noted preferential ingestion for coloured microplastics in this G. 

duebeni than for transparent ones. This 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 representative 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 macroinvertebrates 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 (Ward et al. 2019). Additionally, as displayed by 

laboratory experiments (Mateos-Cárdenas et al. 2020) G. duebeni, can fragment 

microplastics during feeding thus changing the shapes and sizes of microplastics 

recovered which could result in differences in sizes and morphologies between 

those ingested and present in the surrounding environments. For example, the 

presence of films was noted in water samples but not in G. duebeni examined in 

this study.  
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The intertidal bivalve species C. edule displayed consistent microplastic 

concentrations (MP g-1) 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 in C. edule tissue than was observed 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, these results lead to the 

recommendation that it would be advisable to collect another species of bivalve 

that resides in the water column in addition to C. edule. As only a small proportion 

of microplastics identified in this species were polyethylene or polypropylene 

polymers despite their widespread use and production, it is likely that given its 

position in the marine environment C. edule will present denser microplastics 

residing in the bottom water compartment such as PA or polyesters more frequently 

than positively buoyant ones. As 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 examine 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 bottom dwelling 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 (MPs g-1) between the nine species 

examined when achieving research objective 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 (Valente et al. 2022; Pagter et al. 2020b). Further microplastic 

studies should therefore take a multi-species approach in assessing microplastic 

contamination. 

In terms of future research goals for Dundalk Bay and its associated environs with 

regards to microplastic studies, several interesting routes exist. Sediment-burying 

bivalves have been documented displaying altered behaviours in sediment laden 



225 
 

with microplastics in laboratory experiments (Urban-Malinga et al. 2021). An 

investigation to explore if similar behaviours occur in C. edule would be beneficial 

to understand the potential ecosystem-levels effects that the high levels of 

microplastics present in Dundalk Bay sediments may have on this environment, 

given the importance of this bivalve to the ecology and economy of this area. 

Further to this is the possibility of research into microplastics in 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 invertebrates as 

documented in this thesis. Laboratory experiments carried out on the G. duebeni 

recently have yielded important results displaying this species feeding on 

microplastic-contaminated food and fragmenting microplastics to smaller size 

(Mateos-Cárdenas et al. 2022, 2020). Further research could examine the 

propensity of this species to feed on a variety of coloured microplastics and 

chemical dyes that may trigger enhanced feeding rates and thus their potential 

strength as a biomonitor for microplastic in freshwater environments.  

 

7.4 Policy recommendations moving forward 
The presence of microplastics in Dundalk Bay and the freshwater environment 

associated with it add to the growing body of evidence that microplastic pollution 

is becoming pervasive in all environmental matrices. Worryingly microplastics 

have been documented in lungs, faeces, semen and placenta of humans (Zhao et al. 

2023; Jenner et al. 2022; Yan et al. 2022; Ragusa et al. 2021). In spite of recent 

findings there is currently no regular environmental monitoring of this pollutant 

conducted in Ireland, with the closest to such action being a failed Bill from Green 

Party Senator Grace O’Sullivan in 2016 which looked to monitor all microplastics 

in Irish water systems and ban certain microbeads (Sargent, 2019). The subsequent 

Microbeads Prohibition Act 2019 that was introduced fails to include monitoring 

of environmental microplastics, thus limiting microplastics action on a legislative 

basis to primary microbeads, which account for only a very small proportion of 

overall environmental microplastics as highlighted by the findings from research 

objectives 1 – 3 of this thesis. The monitoring of microplastic pollution should be 

undertaken in the Irish environment as evidenced by the results of this thesis with 

microplastic concentrations in sediment of Dundalk Bay currently twice the 

https://pubmed.ncbi.nlm.nih.gov/?term=Mateos-C%C3%A1rdenas+A&cauthor_id=32732882
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estimated safe loading levels (Everaert et 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 neglects 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 from the terrestrial environment 

(Mansfield et al. 2024; Hurley et al. 2020; da Costa et al. 2016; Jambeck et al. 

2015). Furthermore, the third cycle of the River Basin Management Plans 

(RBMPs) is overdue for publication. The RBMPs set out goals for the protection 

of the aquatic environment and strategies for achieving them and is implemented 

in all EU countries under the EU Water Framework Directive. There also exists a 

gap between EU and national law on water quality and what is currently 

implemented at a ground level by local authorities. A recent EPA report detailed 

six local authorities failed to meet the required standard in each of the five water 

National Enforcement Priorities (NEPs) and there currently is no overarching local 

authority data gathering and reporting system for environmental enforcement in 

place (EPA, 2023). Due to these failings in current enforcement, it is unlikely that 

any specialised nationwide monitoring program for microplastics in either 

freshwater or marine environments is forthcoming in the near future. From the 

results presented in chapter 3 of this thesis and those examined through an 

extensive literature review, the freshwater environment is increasingly 

contaminanted with microplastic pollution with macroinvertebrates, the base of 

many food chains ingesting them 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 to ascertain contamination 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 Ireland (e.g., Murphy et al. 2022; Pagter et al. 2021; 

Mendes et al. 2021; O’Connor et al. 2020) it is likely that microplastics are 

pervasive in the majority if not all ecosystems nationwide. Due to their small size, 

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 thereafter (Monira et al. 2023; Zhao et al. 2023). 

Furthermore, the removal of macroplastics or microplastics from the environments 

fights the symptoms not the cause and fighting waste pollution should also fight 

waste production. In light of these factors and the lack of consistent monitoring for 

this pollutant, preventative measures should be encouraged to reduce their entry 

into the environment through a reduction in overall plastic use in general, however, 

plastic use is trending upwards in the EU currently. The findings from chapter 6 

underline this need for preventative measures as the juxtaposition of the awareness 

and behaviours of stakeholders in Irish fishing was examined. Those surveyed 

generally viewed plastics as damaging to the environment, however, persisted with 

its use due to a lack of alternatives available while citing a lack of facilities and 

information on how to recycle obsolete equipment in a sustainable manner. 

Increased information to improve the circularity of Irish fishing should be 

promoted while research into alternative material should be incentivised which in 

turn would reduce plastic use and its entry into the environment and subsequent 

microplastic formation.  

Between 2011 and 2021, the amount per capita of plastic packaging waste 

generated in the EU increased by 26.7%. While plastic production is expected to 

triple by 2060 the 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 pollution by 2040 (European Commission, 2023) 

and is a positive step. At a domestic level there seems to exist a misalignment with 

stated environmental targets and laws and with actions that are taken by 

government. While bans on single-use plastics such as cotton-bud sticks, cutlery, 

polystyrene containers and straws came into effect from Directive (EU) 2019/904 

in July 2021 (Single Use Plastics Directive) and the Microbeads (Prohibition) Act 

2019 will 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 environment and 

stem from textiles (Herweyers et al. 2020). As was noted in the results of this 

thesis, stakeholders in Irish fishing were 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 due to an underreporting of this type of 

microplastic in media in general. The fast fashion industry represents a source of 

synthetic microfibres to the environment with the International Union for 

Conservation of Nature (IUCN) calculating that 35% of microplastic pollution in 

the ocean stemming from the washing on synthetic textiles (Brodde 2017; Boucher 

and Friot, 2017). Further amplifying this problem is the aforementioned media 

focus which has been centred of microbeads giving less attention to microfibres 

which stem from these materials limiting the awareness of this issue in the general 

public which is needed to lead to a change in consumer behaviour. This is 

particularly important as the general public does not possess the ecotoxicological 

knowledge that scientists have. The findings from chapter 6 of this thesis 

highlighting that stakeholders in Irish fishing are unaware of fibrous microplastics 

was also recognised in a survey in consumer research conducted in the U.S.. The 

findings of that survey noted that adults who are familiar with microplastic 

pollution are most likely to identify plastic bags (76%) and microbeads (61%) from 

health and beauty products as contributors to microplastic pollution rather than 

microfibres stemming from clothing (Pope, 2023). The results of chapter 6 

highlighting the lack of information stakeholders in Irish fishing had on 

microfibres, concurrently the most commonnly found in both the freshwater and 

marine environments examined in this thesis coupled with the vast majority of the 

literature detailing micofibres as the most prominent microplastic type in the 

environment underlines the knowledge gap that exists between scientific findings 

and the public. The dissemination of information pertaining to plastics and 

microplastics should be at the forefront of efforts to reduce plastic pollution levels 

as awareness is needed in order to lead to behaviourial shifts and greater efforts 

should be made by the scientific community and 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 wrong direction with regards to tackling 

microfibre plastic pollution. The recent welcoming and official opening of ultrafast 

fashion brand SHEIN office in Dublin by the Minister for Enterprise, Trade and 

Employment Simon Coveney is a misstep in reaching our environmental goals and 
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represents a direct contravention of Sustainable Development Goals (SDGs); 11 

(sustainable cities and communities) and 12 (responsible consumption and 

production). It is also opposite to SDG 14 (life below water) and SDG 15 (life on 

land) while being indirectly misaligned for achieving SDG 10 (reduced 

inequalities) and SDG 13 (climate action) (UN, 2015). In order to reduce the 

volumes of microfibres entering the natural environment a reduction in the 

production of synthetic clothing is needed, however, this is unlikely to happen soon 

as unpopular policies are rarely adopted by Governments (i.e., removing cheaper 

clothing made from plastic polymers from shelves). The disproportionate focus and 

emphasis placed on microbeads and their removal was a relatively easy and 

welcome fix while targeting generally cheaper clothing to reduce microfibre 

release to the environment would for the most part not be supported by a generally 

uniformed public.  

Unlike other challenges the impacts of microplastic pollution are not directly 

coupled to societal benefit and there exists only a finite amount of attention which 

can be diverted to other causes (Dr. Richard Thompson speaking in Paris at 

Limnoplast 2023). 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 general as current 

trends of plastic use increase, especially in Ireland. Currently microplastics 

emission to the environment is a secondary benefit of incentives to reduce waste 

creation. For example, the 2023 phasing out of single-use coffee cups in the town 

of Killarney, Ireland which generated 23,000 cups per week previously has reduced 

their waste output by 18.5 tonnes of waste annually (Carroll, 2023). On a larger 

scale the 2024 Olympic Games held in Paris will be the first major event without 

single-use plastic and visitors to the temporary competition sites 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 (Wiefek et al. 2021) as was noted in 

fishers surveyed as part of this thesis and the lack of alternative non-plastic gear. 

Further to 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 therefore, should be on governments to pressure 
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companies to reduce and take control of their plastic production and waste creation. 

An example of which is the recent lawsuit by the state of New York against 

PepsiCo over the plastic pollution in Buffalo River following a survey of riverine 

plastic litter found that 17.1% were produced by the company (Nerkar et al. 2023). 

It has also been suggested that warning signs on plastic products of the harm they 

can cause similar to warnings that appear on cigarettes should be implemented in 

order to curb the current unsustainable use of plastics that currently exists (Luo et 

al. 2022). A step in this direction has been adopted by the clothing company Levis 

with the sentence “Releases plastic microfibres into the environment during 

washing” included under the “Composition & Care” section of clothes made of 

synthetic polymers. Further measures could be the introduction of filters on 

clothing websites in order to shop by material in the same vein as filters such as 

length, size, colour etc. This could be a particularly powerful tool for use in Ireland 

given the huge per capita plastic waste that is generated, nearly double the EU 

average standing at 61kg (Murray, 2023). While just under 28 per cent of plastic 

packaging generated in Ireland was recycled in 2021 with the country set to miss 

mandatory EU recycling targets due to apply from 2025 for municipal waste, 

packaging waste and plastic packaging waste (EPA, 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 behaviour 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). This “say-do” gap was also evidenced in the results of this 

thesis wherein 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 to waterbodies. 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 country however it terms of microplastic pollution prevention it is 

quite literally a drop in the ocean. As evidenced by the results of chapters 3, 4 and 5 

of this thesis fibres were the dominant microplastic type found likely stemming from 
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the washing of textiles (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 improved recycling 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 of eco-friendly, non-plastic 

clothing items it is unlikely to yield the type of reduction on the large scale necessary 

to protect the environment. I believe that appropriate legislative measures are the best 

method to prevent microfiber pollution. This could include a phasing-out timeline for 

clothing companies operating 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 the overuse of plastics in general are also necessary as their 

consumption far outstrips measures to control their emission into the environment as 

well as warning symbols on these products as we know that plastics both increase 

greenhouse gas emissions and contribute to loss of biodiversity. As 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 departments to “deplasticise” the world.  

 In the face of seemingly ubiquitous microplastic contamination of both biota and the 

environment the words of French philosopher Roland Barthes attending a plastics 

exhibition in the mid-1950s ring true today: “The hierarchy of substances is 

abolished: a single one replaces them all,” concluding, “the whole world can be 

plasticised”.  

 

7.5  Take-home recommendations for future studies of this nature 

 The standardisation of microplastic research is necessary to improve result 

comparability between studies, in terms of; controls, sampling, and units.  

 Research should take a holistic multi-compartment approach rather than 

examining one environmental matrix in isolation as spontaneous 

contamination with microplastics does not occur.  

 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 comparability with citizen science projects.  

 Greater effort is needed to 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 likely the group that 

will see the greatest impact of microplastics.   
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Chapter 8: Appendices 

Appendix A: Supplementary material for 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 were carried out twice 

and this was repeated 3 times to generate mean recovery rates per extraction.  

All microplastics were generated from “naturally” aged plastic items. 

 A 5-year old credit card was cut up to create PVC fragments.  

 HDPE fragments was created from a plastic petri dish 

 LDPE film was cut from a plastic bag for plastic petri dishes.  

 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.  

 PP fragments were taken from an old plastic flower pot which had been 

stored in a greenhouse for a year previously.  

 Recycled PET fragments were taken from packaging from supermarket-

bought tomatoes.  

Table 8-1: Recovery rates for various polymer types using potassium carbonate 

for density seperation. 

Polymer Type Extraction 

#1 

 

Extraction 

#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%±10 

 

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 30% H2O2 

at 40ºC following 24 hours of treatment and they were cleaned of attached debris, 

notably, the environmentally exposed PS beads which were fouled before the 

treatment. 

Microplastic pieces of PET 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 sticks, leaves, silt and mud added to mimic the material 

collected in surface water. As mentioned by Walkingshaw et al. (2022) fibres with 

lengths greater than the mesh sizes were found on each sieve. For example, fibres 

with length >2000µm were found on the 50µm sieve 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 recovered from blanks for all 

sections pertaining to microplastics work (chapters 3-5) and Polyethylene and 

cellulose were commonly noted amonst those identified, while cellulose may have 

stemmed from the 100% cotton labcoats it is unclear where the laboratory-

introduced-polyethylene to controls originated.  

Table 8-2: Contamination controls for sampling campaign 1. 

Location Hydrogen 

Peroxide 

Treatment and 

Centrifugation 

Contamination 

Air 

Contamination  

Total Laboratory 

Induced 

Contamination 

 

Ramparts 

Headwater  

2 0 2 

Ramparts 

Outflow 

0 0 0 

Flurry Headwater 1 0 1 

Flurry Outflow  3 0 3 

Dee Headwater 2 2 4 

Dee Outflow  2 1 3 

Fane Headwater  0 0 0 

Fane Outflow 0 1 1 

Big Headwater 0 0 0 

Big Outflow  0 0 0 

Glyde Headwater 1 0 1 

Glyde Outflow 1 1 2 

Castletown 

Headwater 

2 0 2 

Castletown 

Outflow 

2 0 2 

Sampling Campaign 1: Contamination Levels for samples, Mean: 1.5 ± 1.29  

 

Table 8-3: Contamination controls for sampling campaign 2. 

Location Hydrogen 

Peroxide 

Treatment and 

Centrifugation 

Contamination 

Air 

Contamination  

Total Laboratory 

Induced 

Contamination 

 

Ramparts 

Headwater  

0 0 0 
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Ramparts 

Outflow 

2 0 2 

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 0 1 1 

Big Outflow  0 1 1 

Glyde Headwater 0 1 1 

Glyde Outflow 0 3 3 

Castletown 

Headwater 

1 2 3 

Castletown 

Outflow 

0 1 1 

Sampling Campaign 2: Contamination Levels for samples, Mean: 1.43 ± 1.16 

 

Table 8-4: Labratory introduced contamination of G. duebeni samples. 

Headwater samples  

 

 

2 fibres 

Outflow  

 

1 fibre 

G. duebeni Controls: Contamination for headwater samples: 0.3 Microplastics per 

composite sample 

G. duebeni Controls: Contamination for outflow samples: 0.1 Microplastics per 

composite sample 

 

Table 8-5: Labratory introduced contamination of sediment samples. 

Headwater samples  

 

2 fibres 

Outflow samples 

 

2 fibres 

Sediment Controls: Contamination for outflow / headflow samples: 0.5 

microplastics introduced per replicate. 
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Figure 8-1: Map displaying Q-values of rivers entering Dundalk Bay. (EPA, 

https://gis.epa.ie/EPAMaps/). 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://gis.epa.ie/EPAMaps/
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Appendix B: Supplementary material for chapter 2  
Sea-Fisheries Protection Authority authorisation for collecting cockles. 

 

 

 

 

Procedural blanks for marine beach sediment; 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 

Rockmarshall Blank 2 Clean 

Rockmarshall Blank 3 2 fibres 

Rockmarshall Blank 4 3 fibres 

Rockmarshall Blank 5 1 fibre 

Rockmarshall Blank 6 Clean 

Rockmarshall*  1.16 ± 1.16  

Blackrock Blank 1 Clean 

Blackrock Blank 2 2 fibres 

Blackrock Blank 3 3 fibres 

Blackrock Blank 4 1 fragment 

Blackrock Blank 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. a = air contamination, b = solution and c = potential 

contamination / cockle 
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Appendix C: Supplementary material for chapter 3 
Table 8-8: Estimated processing-introduced contamination for each species. 

 

 

 

 

 

 

  

Species  Air Control 

Contamination per 

individual  

Solution control 

contamination per 

individual  

Total 

Contamination 

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  
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Published version of chapter 6 in Resources, Environment and Sustainability 

(2023).  
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Survey Issued to stakeholders in Irish fishing  

 



257 
  



258 
  



259 
  



260 
  



261 
  



262 
  



263 
  



264 
  



265 
 SS 



266 
  



267 
  



268 
  



269 
 

References  
Acharya, S., Rumi, S.S., Hu, Y., Abidi, N., 2021. Microfibers from synthetic textiles as 

a major source of microplastics in the environment: A review. Textile Research 

Journal 91, 2136–2156. https://doi.org/10.1177/0040517521991244 

Adomat, Y., Kahl, M., Musche, F., Grischek, T., 2022. Evaluation of microplastics 

sediment sampling techniques—efficiency of common methods and new 

approaches. Microplastics and Nanoplastics 2, 27. https://doi.org/10.1186/s43591-

022-00047-x 

Ahrendt, C., Perez-Venegas, D.J., Urbina, M., Gonzalez, C., Echeveste, P., Aldana, M., 

Pulgar, J., Galbán-Malagón, C., 2020. Microplastic ingestion cause intestinal 

lesions in the intertidal fish Girella laevifrons. Marine Pollution Bulletin 151, 

110795. https://doi.org/10.1016/j.marpolbul.2019.110795 

Akdogan, Z., Guven, B., 2019. Microplastics in the environment: A critical review of 

current understanding and identification of future research needs. Environmental 

Pollution 254, 113011. https://doi.org/10.1016/j.envpol.2019.113011 

Akdogan, Z., Guven, B., Kideys, A.E., 2023. Microplastic distribution in the surface 

water and sediment of the Ergene River. Environmental Research 234, 116500. 

https://doi.org/10.1016/j.envres.2023.116500 

Alam, F.C., Sembiring, E., Muntalif, B.S., Suendo, V., 2019. Microplastic distribution 

in surface water and sediment river around slum and industrial area (case study: 

Ciwalengke River, Majalaya district, Indonesia). Chemosphere 224, 637–645. 

https://doi.org/10.1016/j.chemosphere.2019.02.188 

Albuixech-Martí, S., Lynch, S.A., Culloty, S.C., 2021. Connectivity dynamics in Irish 

mudflats between microorganisms including Vibrio spp., common cockles 

Cerastoderma edule, and shorebirds. Sci Rep 11, 22159. 

https://doi.org/10.1038/s41598-021-01610-x 

Alfaro-Núñez, A., Astorga, D., Cáceres-Farías, L., Bastidas, L., Soto Villegas, C., 

Macay, K., Christensen, J.H., 2021. Microplastic pollution in seawater and marine 

organisms across the Tropical Eastern Pacific and Galápagos. Sci Rep 11, 6424. 

https://doi.org/10.1038/s41598-021-85939-3 

https://doi.org/10.1177/0040517521991244
https://doi.org/10.1186/s43591-022-00047-x
https://doi.org/10.1186/s43591-022-00047-x
https://doi.org/10.1016/j.marpolbul.2019.110795
https://doi.org/10.1016/j.envpol.2019.113011
https://doi.org/10.1016/j.envres.2023.116500
https://doi.org/10.1016/j.chemosphere.2019.02.188
https://doi.org/10.1038/s41598-021-01610-x
https://doi.org/10.1038/s41598-021-85939-3


270 
 

Alimi, O.S., Claveau-Mallet, D., Kurusu, R.S., Lapointe, M., Bayen, S., Tufenkji, N., 

2022. Weathering pathways and protocols for environmentally relevant 

microplastics and nanoplastics: What are we missing? Journal of Hazardous 

Materials 423, 126955. https://doi.org/10.1016/j.jhazmat.2021.126955 

Allen, S., Allen, D., Phoenix, V., Le Roux, G., Jiménez, P., Simonneau, anaëlle, Binet, 

S., Galop, D., 2019. Atmospheric transport and deposition of microplastics in a 

remote mountain catchment. Nature Geoscience 12. 

https://doi.org/10.1038/s41561-019-0335-5 

Alomar, C., Estarellas, F., Deudero, S., 2016. Microplastics in the Mediterranean Sea: 

Deposition in coastal shallow sediments, spatial variation and preferential grain 

size. Mar Environ Res 115, 1–10. https://doi.org/10.1016/j.marenvres.2016.01.005 

Alurralde, G., Isla, E., Fuentes, V., Olariaga, A., Maggioni, T., Rimondino, G., Tatián, 

M., 2022. Anthropogenic microfibres flux in an Antarctic coastal ecosystem: The 

tip of an iceberg? Marine Pollution Bulletin 175, 113388. 

https://doi.org/10.1016/j.marpolbul.2022.113388 

Alvarez Troncoso, R., Gutierrez Rial, D., Villar, I., Ehlers, S., Soto, B., Mato, S., 

Garrido, J., 2023. Microplastics in water, sediments and macroinvertebrates in a 

small river of NW Spain. Limnetica 43, 1. https://doi.org/10.23818/limn.43.13 

Amaral-Zettler, L.A., Zettler, E.R., Mincer, T.J., Klaassen, M.A., Gallager, S.M., 2021. 

Biofouling impacts on polyethylene density and sinking in coastal waters: A 

macro/micro tipping point? Water Research 201, 117289. 

https://doi.org/10.1016/j.watres.2021.117289 

Amrutha, K., Warrier, A.K., 2020. The first report on the source-to-sink characterization 

of microplastic pollution from a riverine environment in tropical India. Science of 

The Total Environment 739, 140377. 

https://doi.org/10.1016/j.scitotenv.2020.140377 

Anandavelu, I., Robin, R.S., Purvaja, R., Ganguly, D., Hariharan, G., Raghuraman, R., 

Prasad, M.H.K., Ramesh, R., 2020. Spatial heterogeneity of mesozooplankton 

along the tropical coastal waters. Continental Shelf Research 206, 104193. 

https://doi.org/10.1016/j.csr.2020.104193 

https://doi.org/10.1016/j.jhazmat.2021.126955
https://doi.org/10.1038/s41561-019-0335-5
https://doi.org/10.1016/j.marenvres.2016.01.005
https://doi.org/10.1016/j.marpolbul.2022.113388
https://doi.org/10.23818/limn.43.13
https://doi.org/10.1016/j.watres.2021.117289
https://doi.org/10.1016/j.scitotenv.2020.140377
https://doi.org/10.1016/j.csr.2020.104193


271 
 

Anbumani, S., Kakkar, P., 2018. Ecotoxicological effects of microplastics on biota: a 

review. Environ Sci Pollut Res Int 25, 14373–14396. 

https://doi.org/10.1007/s11356-018-1999-x 

Anderson, A.G., Grose, J., Pahl, S., Thompson, R.C., Wyles, K.J., 2016. Microplastics 

in personal care products: Exploring perceptions of environmentalists, 

beauticians and students. Marine Pollution Bulletin 113, 454–460. 

https://doi.org/10.1016/j.marpolbul.2016.10.048 

Anderson, P.J., Warrack, S., Langen, V., Challis, J.K., Hanson, M.L., Rennie, M.D., 

2017. Microplastic contamination in Lake Winnipeg, Canada. Environ Pollut 

225, 223–231. https://doi.org/10.1016/j.envpol.2017.02.072 

Andrady, A.L., 2003. Plastics and the Environment.  

Andrady, A.L., 2011. Microplastics in the marine environment. Marine Pollution 

Bulletin 62, 1596–1605. https://doi.org/10.1016/j.marpolbul.2011.05.030 

Andrady, A.L., 2015. Persistence of Plastic Litter in the Oceans, in: Bergmann, M., 

Gutow, L., Klages, M. (Eds.), Marine Anthropogenic Litter. Springer International 

Publishing, Cham, pp. 57–72. https://doi.org/10.1007/978-3-319-16510-3_3 

André, C. and R. Rosenberg 1991. Adult-larval interactions in the suspension-feeding 

bivalves Cerastoderma edule and Mya arenaria. Mar. Ecol. Prog. Ser. 71(3):227-

234. https://doi.org/10.1016/0077-7579(92)90035-D 

Ansell, A.D., 1982. Experimental studies of a benthic predator-prey relationship. II. 

Energetics of growth and reproduction, and food-conversion efficiencies, in long-

term cultures of the gastropod drill Polinices alderi (Forbes) feeding on the bivalve 

Tellina tenuis da Costa. Journal of Experimental Marine Biology and Ecology 61, 

1–29. https://doi.org/10.1016/0022-0981(82)90019-3 

Araujo, C.F., Nolasco, M.M., Ribeiro, A.M.P., Ribeiro-Claro, P.J.A., 2018. 

Identification of microplastics using Raman spectroscopy: Latest developments 

and future prospects. Water Res 142, 426–440. 

https://doi.org/10.1016/j.watres.2018.05.060 

Aristov, D., Varfolomeeva, M., 2019. Moon snails Amauropsis islandica can shape the 

population of Baltic clams Limecola balthica by size-selective predation in the 

high-latitude White Sea. Polar Biol 42, 2227–2236. 

https://doi.org/10.1007/s00300-019-02597-y 

https://doi.org/10.1007/s11356-018-1999-x
https://doi.org/10.1016/j.marpolbul.2016.10.048
https://doi.org/10.1016/j.envpol.2017.02.072
https://doi.org/10.1016/j.marpolbul.2011.05.030
https://doi.org/10.1007/978-3-319-16510-3_3
https://doi.org/10.1016/0077-7579(92)90035-D
https://doi.org/10.1016/0022-0981(82)90019-3
https://doi.org/10.1016/j.watres.2018.05.060
https://doi.org/10.1007/s00300-019-02597-y


272 
 

Asche, F., Garlock, T.M., Anderson, J.L., Bush, S.R., Smith, M.D., Anderson, C.M., 

Chu, J., Garrett, K.A., Lem, A., Lorenzen, K., Oglend, A., Tveteras, S., 

Vannuccini, S., 2018. Three pillars of sustainability in fisheries. Proc Natl Acad 

Sci U S A 115, 11221–11225. https://doi.org/10.1073/pnas.1807677115 

Au, S.Y., Bruce, T.F., Bridges, W.C., Klaine, S.J., 2015. Responses of Hyalella azteca 

to acute and chronic microplastic exposures. Environ Toxicol Chem 34, 2564–

2572. https://doi.org/10.1002/etc.3093 

Aung, T., Batish, I., Ovissipour, R., 2022. Prevalence of Microplastics in the Eastern 

Oyster Crassostrea virginica in the Chesapeake Bay: The Impact of Different 

Digestion Methods on Microplastic Properties. Toxics 10, 29. 

https://doi.org/10.3390/toxics10010029 

Aurisano, N., Weber, R., Fantke, P., 2021. Enabling a circular economy for chemicals 

in plastics. Current Opinion in Green and Sustainable Chemistry 31, 100513. 

https://doi.org/10.1016/j.cogsc.2021.100513 

Auta, H.S., Emenike, C.U., Fauziah, S.H., 2017. Distribution and importance of 

microplastics in the marine environment: A review of the sources, fate, effects, and 

potential solutions. Environment International 102, 165–176. 

https://doi.org/10.1016/j.envint.2017.02.013 

Avio, C.G., Gorbi, S., Milan, M., Benedetti, M., Fattorini, D., d’Errico, G., Pauletto, 

M., Bargelloni, L., Regoli, F., 2015. Pollutants bioavailability and toxicological 

risk from microplastics to marine mussels. Environ Pollut 198, 211–222. 

https://doi.org/10.1016/j.envpol.2014.12.021 

Avio, C.G., Gorbi, S., Regoli, F., 2015. Experimental development of a new protocol 

for extraction and characterization of microplastics in fish tissues: First 

observations in commercial species from Adriatic Sea. Marine Environmental 

Research, Particles in the Oceans: Implication for a safe marine environment 111, 

18–26. https://doi.org/10.1016/j.marenvres.2015.06.014 

Baechler, B.R., Granek, E.F., Hunter, M.V., Conn, K.E., 2020. Microplastic 

concentrations in two Oregon bivalve species: Spatial, temporal, and species 

variability. Limnology and Oceanography Letters 5, 54–65. 

https://doi.org/10.1002/lol2.10124 

https://doi.org/10.1073/pnas.1807677115
https://doi.org/10.1002/etc.3093
https://doi.org/10.3390/toxics10010029
https://doi.org/10.1016/j.cogsc.2021.100513
https://doi.org/10.1016/j.envint.2017.02.013
https://doi.org/10.1016/j.envpol.2014.12.021
https://doi.org/10.1016/j.marenvres.2015.06.014
https://doi.org/10.1002/lol2.10124


273 
 

Bagheri, T., Gholizadeh, M., Abarghouei, S., Zakeri, M., Hedayati, A., Rabbaniha, M., 

Aghaeimoghadam, A., Hafezieh, M., 2020. Microplastics distribution, abundance 

and composition in sediment, fishes and benthic organisms of the Gorgan Bay, 

Caspian sea. Chemosphere 257, 127201. 

https://doi.org/10.1016/j.chemosphere.2020.127201 

Bai, C.-L., Liu, L.-Y., Hu, Y.-B., Zeng, E.Y., Guo, Y., 2022. Microplastics: A review 

of analytical methods, occurrence and characteristics in food, and potential 

toxicities to biota. Science of The Total Environment 806, 150263. 

https://doi.org/10.1016/j.scitotenv.2021.150263 

Bakir, A., Rowland, S.J., Thompson, R.C., 2014. Enhanced desorption of persistent 

organic pollutants from microplastics under simulated physiological conditions. 

Environmental Pollution 185, 16–23. https://doi.org/10.1016/j.envpol.2013.10.007 

Barnes, D.K.A., Galgani, F., Thompson, R.C., Barlaz, M., 2009. Accumulation and 

fragmentation of plastic debris in global environments. Philos Trans R Soc Lond 

B Biol Sci 364, 1985–1998. https://doi.org/10.1098/rstb.2008.0205 

Barrett, J., Chase, Z., Zhang, J., Holl, M., Willis, K., Williams, A., Hardesty, B., Wilcox, 

C., 2020. Microplastic Pollution in Deep-Sea Sediments From the Great Australian 

Bight. Frontiers in Marine Science 7. https://doi.org/10.3389/fmars.2020.576170 

Barría, C., Navarro, J., Coll, M., 2018. Feeding habits of four sympatric sharks in two 

deep-water fishery areas of the western Mediterranean Sea. Deep Sea Research 

Part I: Oceanographic Research Papers 142, 34–43. 

https://doi.org/10.1016/j.dsr.2018.09.010 

Barrows, A.P.W., Cathey, S.E., Petersen, C.W., 2018. Marine environment microfiber 

contamination: Global patterns and the diversity of microparticle origins. 

Environmental Pollution 237, 275–284. 

https://doi.org/10.1016/j.envpol.2018.02.062 

Barrows, A.P.W., Christiansen, K.S., Bode, E.T., Hoellein, T.J., 2018. A watershed-

scale, citizen science approach to quantifying microplastic concentration in a 

mixed land-use river. Water Res 147, 382–392. 

https://doi.org/10.1016/j.watres.2018.10.013 

https://doi.org/10.1016/j.chemosphere.2020.127201
https://doi.org/10.1016/j.scitotenv.2021.150263
https://doi.org/10.1016/j.envpol.2013.10.007
https://doi.org/10.1098/rstb.2008.0205
https://doi.org/10.3389/fmars.2020.576170
https://doi.org/10.1016/j.dsr.2018.09.010
https://doi.org/10.1016/j.envpol.2018.02.062
https://doi.org/10.1016/j.watres.2018.10.013


274 
 

Barrows, A.P.W., Neumann, C.A., Berger, M.L., Shaw, S.D., 2017. Grab vs. neuston 

tow net: a microplastic sampling performance comparison and possible advances 

in the field. Anal. Methods 9, 1446–1453. https://doi.org/10.1039/C6AY02387H 

Bator, R.J., Bryan, A.D., Wesley Schultz, P., 2011. Who Gives a Hoot?: Intercept 

Surveys of Litterers and Disposers. Environment and Behavior 43, 295–315. 

https://doi.org/10.1177/0013916509356884 

Battulga, B., Kawahigashi, M., Oyuntsetseg, B., 2019. Distribution and composition of 

plastic debris along the river shore in the Selenga River basin in Mongolia. 

Environ Sci Pollut Res 26, 14059–14072. https://doi.org/10.1007/s11356-019-

04632-1 

Bayo, J., Rojo, D., Olmos, S., 2019. Abundance, morphology and chemical composition 

of microplastics in sand and sediments from a protected coastal area: The Mar 

Menor lagoon (SE Spain). Environmental Pollution 252, 1357–1366. 

https://doi.org/10.1016/j.envpol.2019.06.024 

Beaumont, N.J., Aanesen, M., Austen, M.C., Börger, T., Clark, J.R., Cole, M., Hooper, 

T., Lindeque, P.K., Pascoe, C., Wyles, K.J., 2019. Global ecological, social and 

economic impacts of marine plastic. Marine Pollution Bulletin 142, 189–195. 

https://doi.org/10.1016/j.marpolbul.2019.03.022 

Becucci, M., Mancini, M., Campo, R., Paris, E., 2022. Microplastics in the Florence 

wastewater treatment plant studied by a continuous sampling method and Raman 

spectroscopy: A preliminary investigation. Science of The Total Environment 808, 

152025. https://doi.org/10.1016/j.scitotenv.2021.152025 

Beeharry, Y.D., Bekaroo, G., Bokhoree, C., Phillips, M.R., Jory, N., 2017. Sustaining 

anti-littering behavior within coastal and marine environments: Through the 

macro-micro level lenses. Marine Pollution Bulletin 119, 87–99. 

https://doi.org/10.1016/j.marpolbul.2017.04.029 

Bellasi, A., Binda, G., Pozzi, A., Galafassi, S., Volta, P., Bettinetti, R., 2020. 

Microplastic Contamination in Freshwater Environments: A Review, Focusing on 

Interactions with Sediments and Benthic Organisms. Environments 7, 30. 

https://doi.org/10.3390/environments7040030 

https://doi.org/10.1039/C6AY02387H
https://doi.org/10.1177/0013916509356884
https://doi.org/10.1007/s11356-019-04632-1
https://doi.org/10.1007/s11356-019-04632-1
https://doi.org/10.1016/j.envpol.2019.06.024
https://doi.org/10.1016/j.marpolbul.2019.03.022
https://doi.org/10.1016/j.scitotenv.2021.152025
https://doi.org/10.1016/j.marpolbul.2017.04.029
https://doi.org/10.3390/environments7040030


275 
 

Ben-David, E.A., Habibi, M., Haddad, E., Hasanin, M., Angel, D.L., Booth, A.M., 

Sabbah, I., 2021. Microplastic distributions in a domestic wastewater treatment 

plant: Removal efficiency, seasonal variation and influence of sampling technique. 

Science of The Total Environment 752, 141880. 

https://doi.org/10.1016/j.scitotenv.2020.141880 

Ben-Haddad, M., Abelouah, M.R., Hajji, S., De-la-Torre, G.E., Oualid, H.A., Rangel-

Buitrago, N., Ait Alla, A., 2022. The wedge clam Donax trunculus L., 1758 as a 

bioindicator of microplastic pollution. Marine Pollution Bulletin 178, 113607. 

https://doi.org/10.1016/j.marpolbul.2022.113607 

Berge, J.A., Hesthagen, I.H., 1981. Effects of epibenthic macropredators on community 

structure in an eutrophicated shallow water area, with special reference to food 

consumption by the common goby Pomatoschistus microps. Kieler 

Meeresforschungen - Sonderheft 5, 462–470. 

Berglund, E., Fogelberg, V., Nilsson, P.A., Hollander, J., 2019. Microplastics in a 

freshwater mussel (Anodonta anatina) in Northern Europe. Sci Total Environ 697, 

134192. https://doi.org/10.1016/j.scitotenv.2019.134192 

Bergman, M.J.N., van der Veer, H.W., Zulstra, J.J., 1988. Plaice nurseries: effects on 

recruitment. Journal of Fish Biology 33, 201–218. https://doi.org/10.1111/j.1095-

8649.1988.tb05574.x 

Bergmann, M., Almroth, B.C., Brander, S.M., Dey, T., Green, D.S., Gundogdu, S., 

Krieger, A., Wagner, M., Walker, T.R., 2022. A global plastic treaty must cap 

production. Science 376, 469–470. https://doi.org/10.1126/science.abq0082 

Bergmann, M., Wirzberger, V., Krumpen, T., Lorenz, C., Primpke, S., Tekman, M.B., 

Gerdts, G., 2017. High Quantities of Microplastic in Arctic Deep-Sea Sediments 

from the HAUSGARTEN Observatory. Environ. Sci. Technol. 51, 11000–11010. 

https://doi.org/10.1021/acs.est.7b03331 

Berry, A.J., 1982. Predation by Natica maculosa Lamarck (Naticidae: Gastropoda) upon 

the trochacean gastropod Umbonium vestiarium (L.) on a Malaysian shore. Journal 

of Experimental Marine Biology and Ecology 64, 71–89. 

https://doi.org/10.1016/0022-0981(82)90068-5 

https://doi.org/10.1016/j.scitotenv.2020.141880
https://doi.org/10.1016/j.marpolbul.2022.113607
https://doi.org/10.1016/j.scitotenv.2019.134192
https://doi.org/10.1111/j.1095-8649.1988.tb05574.x
https://doi.org/10.1111/j.1095-8649.1988.tb05574.x
https://doi.org/10.1126/science.abq0082
https://doi.org/10.1021/acs.est.7b03331
https://doi.org/10.1016/0022-0981(82)90068-5


276 
 

Bessa, F., Frias, J., Kögel, T., Lusher, A., Andrade, J.M., Antunes, J., Sobral, P., Pagter, 

E., Nash, R., O’Connor, I., Pedrotti, M.L., Kerros, M.E., León, V., Tirelli, V., 

Suaria, G., Lopes, C., Raimundo, J., Caetano, M., Gago, J., Viñas, L., Carretero, 

O., Magnusson, K., Granberg, M., Dris, R., Fischer, M., Scholz-Böttcher, B., 

Muniategui, S., Grueiro, G., Fernández, V., Palazzo, L., de Lucia, A., Camedda, 

A., Avio, C.G., Gorbi, S., Pittura, L., Regoli, F., Gerdts, G., 2019. Harmonized 

protocol for monitoring microplastics in biota. Deliverable 4.3. (Report). JPI-

Oceans BASEMAN Project. https://doi.org/10.13140/RG.2.2.28588.72321/1 

Best, J.L., 1988. Sediment transport and bed morphology at river channel confluences. 

Sedimentology 35, 481–498. https://doi.org/10.1111/j.1365-3091.1988.tb00999.x 

Beyer, J., Green, N.W., Brooks, S., Allan, I.J., Ruus, A., Gomes, T., Bråte, I.L.N., 

Schøyen, M., 2017. Blue mussels (Mytilus edulis spp.) as sentinel organisms in 

coastal pollution monitoring: A review. Marine Environmental Research 130, 338–

365. https://doi.org/10.1016/j.marenvres.2017.07.024 

Bilyard, G.R., 1987. The value of benthic infauna in marine pollution monitoring 

studies. Marine Pollution Bulletin 18, 581–585. https://doi.org/10.1016/0025-

326X(87)90277-3 

BIM, 2023. Fishing for Litter. BIM. URL https://bim.ie/fisheries/sustainability-and-

certification/fishing-for-litter/  

BIM, 2007. BIM Studies and Pilot Projects in Support of the Common Fisheries Policy. 

Lot 3: Evaluation of Various Marker Buoy Techniques for the Marking of Passive 

Fishing Gears. FISH/2007/03/Lot No. 3. Bord Iascaigh Mhara (Ireland) (2007) 

http://ec.europa.eu/fisheries/documentation/studies/marker_buoy_techniques_en.

pdf 

BIM-The-Business-of-Seafood-2022.Pdf. Accessed October 6, 2022. https://bim.ie/a-

seafood-way-of-life/facts-and-figures/ 

Bläsing, M., Amelung, W., 2018. Plastics in soil: Analytical methods and possible 

sources. Science of The Total Environment 612, 422–435. 

https://doi.org/10.1016/j.scitotenv.2017.08.086 

https://doi.org/10.13140/RG.2.2.28588.72321/1
https://doi.org/10.1111/j.1365-3091.1988.tb00999.x
https://doi.org/10.1016/j.marenvres.2017.07.024
https://doi.org/10.1016/0025-326X(87)90277-3
https://doi.org/10.1016/0025-326X(87)90277-3
https://bim.ie/fisheries/sustainability-and-certification/fishing-for-litter/
https://bim.ie/fisheries/sustainability-and-certification/fishing-for-litter/
https://www.sciencedirect.com/science/article/pii/S0025326X18301218#bbb0020
http://ec.europa.eu/fisheries/documentation/studies/marker_buoy_techniques_en.pdf
http://ec.europa.eu/fisheries/documentation/studies/marker_buoy_techniques_en.pdf
https://bim.ie/a-seafood-way-of-life/facts-and-figures/
https://bim.ie/a-seafood-way-of-life/facts-and-figures/
https://doi.org/10.1016/j.scitotenv.2017.08.086


277 
 

Bom, F.C., Sá, F., 2021. Concentration of microplastics in bivalves of the 

environment: a systematic review. Environ Monit Assess 193, 846. 

https://doi.org/10.1007/s10661-021-09639-1 

Bonifacio, P.S.P., Metillo, E.B., Romano, E.F., 2022. Microplastic in Sediments and 

Ingestion Rates in Three Edible Bivalve Mollusc Species in a Southern Philippine 

Estuary. Water Air Soil Pollut 233, 455. https://doi.org/10.1007/s11270-022-

05926-w 

Bordós, G., Urbányi, B., Micsinai, A., Kriszt, B., Palotai, Z., Szabó, I., Hantosi, Z., 

Szoboszlay, S., 2019. Identification of microplastics in fish ponds and natural 

freshwater environments of the Carpathian basin, Europe. Chemosphere 216, 

110–116. https://doi.org/10.1016/j.chemosphere.2018.10.110 

Borrelle, S.B., Ringma, J., Law, K.L., Monnahan, C.C., Lebreton, L., McGivern, A., 

Murphy, E., Jambeck, J., Leonard, G.H., Hilleary, M.A., Eriksen, M., 

Possingham, H.P., De Frond, H., Gerber, L.R., Polidoro, B., Tahir, A., Bernard, 

M., Mallos, N., Barnes, M., Rochman, C.M., 2020. Predicted growth in plastic 

waste exceeds efforts to mitigate plastic pollution. Science 369, 1515–1518. 

https://doi.org/10.1126/science.aba3656 

Botelho, M.J., Vale, C., Marques, F., Moreirinha, C., Costa, S.T., Guilhermino, L., 

Joaquim, S., Matias, D., Candeias, M., Rudnitskaya, A., 2023. One-year variation 

in quantity and properties of microplastics in mussels (Mytilus galloprovincialis) 

and cockles (Cerastoderma edule) from Aveiro lagoon. Environmental Pollution 

333, 121949. https://doi.org/10.1016/j.envpol.2023.121949 

Botterell, Z.L.R., Beaumont, N., Dorrington, T., Steinke, M., Thompson, R.C., 

Lindeque, P.K., 2019. Bioavailability and effects of microplastics on marine 

zooplankton: A review. Environmental Pollution 245, 98–110. 

https://doi.org/10.1016/j.envpol.2018.10.065 

Botterell, Z.L.R., Bergmann, M., Hildebrandt, N., Krumpen, T., Steinke, M., 

Thompson, R.C., Lindeque, P.K., 2022. Microplastic ingestion in zooplankton 

from the Fram Strait in the Arctic. Science of The Total Environment 831, 154886. 

https://doi.org/10.1016/j.scitotenv.2022.154886 

https://doi.org/10.1007/s10661-021-09639-1
https://doi.org/10.1007/s11270-022-05926-w
https://doi.org/10.1007/s11270-022-05926-w
https://doi.org/10.1016/j.chemosphere.2018.10.110
https://doi.org/10.1126/science.aba3656
https://doi.org/10.1016/j.envpol.2023.121949
https://doi.org/10.1016/j.envpol.2018.10.065
https://doi.org/10.1016/j.scitotenv.2022.154886


278 
 

Boucher, J., Friot, D., 2017. Primary microplastics in the oceans: A global evaluation 

of sources. IUCN International Union for Conservation of Nature. 

https://doi.org/10.2305/IUCN.CH.2017.01.en 

Bour, A., Avio, C.G., Gorbi, S., Regoli, F., Hylland, K., 2018. Presence of microplastics 

in benthic and epibenthic organisms: Influence of habitat, feeding mode and 

trophic level. Environmental Pollution 243, 1217–1225. 

https://doi.org/10.1016/j.envpol.2018.09.115 

Bour, A., Haarr, A., Keiter, S., Hylland, K., 2018. Environmentally relevant 

microplastic exposure affects sediment-dwelling bivalves. Environ Pollut 236, 

652–660. https://doi.org/10.1016/j.envpol.2018.02.006 

Bour, A., Hossain, S., Taylor, M., Sumner, M., Carney Almroth, B., 2020. Synthetic 

Microfiber and Microbead Exposure and Retention Time in Model Aquatic 

Species Under Different Exposure Scenarios. Frontiers in Environmental Science 

8. 

Bowmer, T., Jenner, H.A., Foekema, E., Van Der Meer, M., 1994. The detection of 

chronic biological effects in the marine intertidal bivalve cerastoderma edule, in 

model ecosystem studies with pulverised fuel ash: reproduction and 

histopathology. Environ Pollut 85, 191–204. https://doi.org/10.1016/0269-

7491(94)90086-8 

Brandon, J.A., Jones, W., Ohman, M.D., 2019. Multidecadal increase in plastic particles 

in coastal ocean sediments. Science Advances 5, eaax0587. 

https://doi.org/10.1126/sciadv.aax0587 

Breen, M., Howell, T., Copland, P., 2011. A report on electrical fishing for razor clams 

(ensis sp.) and its likely effects on the marine environment, Marine Scotland 

Science Report. Breenetal2011_MSSR03.pdf 

Brock, V., Kofoed, L.H., 1987. Species Specific Irrigatory Efficiency in Cardium 

(Cerastoderma) edule (L.) and C. lamarcki (Reeve) Responding to Different 

Environmental Temperatures. Biological Oceanography 4, 211–226. 

https://doi.org/10.1080/01965581.1987.10749491 

Brodde, K., 2017. What are microfibers and why are our clothes polluting the oceans? 

Greenpeace International. URL 

https://doi.org/10.2305/IUCN.CH.2017.01.en
https://doi.org/10.1016/j.envpol.2018.09.115
https://doi.org/10.1016/j.envpol.2018.02.006
https://doi.org/10.1016/0269-7491(94)90086-8
https://doi.org/10.1016/0269-7491(94)90086-8
https://doi.org/10.1126/sciadv.aax0587
https://doi.org/10.1080/01965581.1987.10749491


279 
 

https://www.greenpeace.org/international/story/6956/what-are-microfibers-and-

why-are-our-clothes-polluting-the-oceans/  

Bronzo, L., Lusher, A.L., Schøyen, M., Morigi, C., 2021. Accumulation and distribution 

of microplastics in coastal sediments from the inner Oslofjord, Norway. Marine 

Pollution Bulletin 173, 113076. https://doi.org/10.1016/j.marpolbul.2021.113076 

Browne, M.A., 2015. Sources and Pathways of Microplastics to Habitats, in: Bergmann, 

M., Gutow, L., Klages, M. (Eds.), Marine Anthropogenic Litter. Springer 

International Publishing, Cham, pp. 229–244. https://doi.org/10.1007/978-3-319-

16510-3_9 

Browne, M.A., Crump, P., Niven, S.J., Teuten, E., Tonkin, A., Galloway, T., Thompson, 

R., 2011. Accumulation of Microplastic on Shorelines Woldwide: Sources and 

Sinks. Environ. Sci. Technol. 45, 9175–9179. https://doi.org/10.1021/es201811s 

Browne, M.A., Galloway, T., Thompson, R., 2007. Microplastic--an emerging 

contaminant of potential concern? Integr Environ Assess Manag 3, 559–561. 

https://doi.org/10.1002/ieam.5630030412 

Browne, M.A., Galloway, T.S., Thompson, R.C., 2010. Spatial patterns of plastic debris 

along Estuarine shorelines. Environ Sci Technol 44, 3404–3409. 

https://doi.org/10.1021/es903784e 

Buchanan, J.B., 1966. The biology of Echinocardium cordatum [Echinodermata: 

Spatangoidea] from different habitats. Journal of the Marine Biological 

Association of the United Kingdom 46, 97–114. 

https://doi.org/10.1017/S0025315400017574 

Bucol, L.A., Romano, E.F., Cabcaban, S.M., Siplon, L.M.D., Madrid, G.C., Bucol, 

A.A., Polidoro, B., 2020. Microplastics in marine sediments and rabbitfish 

(Siganus fuscescens) from selected coastal areas of Negros Oriental, Philippines. 

Marine Pollution Bulletin 150, 110685. 

https://doi.org/10.1016/j.marpolbul.2019.110685 

Budimir, S., Setälä, O., Lehtiniemi, M., 2018. Effective and easy to use extraction 

method shows low numbers of microplastics in offshore planktivorous fish from 

the northern Baltic Sea. Marine Pollution Bulletin 127, 586–592. 

https://doi.org/10.1016/j.marpolbul.2017.12.054 

https://www.greenpeace.org/international/story/6956/what-are-microfibers-and-why-are-our-clothes-polluting-the-oceans/
https://www.greenpeace.org/international/story/6956/what-are-microfibers-and-why-are-our-clothes-polluting-the-oceans/
https://doi.org/10.1016/j.marpolbul.2021.113076
https://doi.org/10.1007/978-3-319-16510-3_9
https://doi.org/10.1007/978-3-319-16510-3_9
https://doi.org/10.1021/es201811s
https://doi.org/10.1002/ieam.5630030412
https://doi.org/10.1021/es903784e
https://doi.org/10.1017/S0025315400017574
https://doi.org/10.1016/j.marpolbul.2019.110685
https://doi.org/10.1016/j.marpolbul.2017.12.054


280 
 

Buhr, K.-J., 1976. Suspension-feeding and assimilation efficiency in Lanice conchilega 

(Polychaeta). Mar. Biol. 38, 373–383. https://doi.org/10.1007/BF00391377 

Buhr, K.-J., Winter, J.E., 1977. Distribution and maintenance of a Lanice conchilega 

association in the Weser Estuary (FRG), with special reference to the suspension-

feeding behaviour of Lanice conchilega. This work was made possible through a 

research grant from the “Deutsche Forschungsgemeinschaft” in connection with 

the program “Litoraliorschung - Abwässer in Küstennähe”., in: Keegan, B.F., 

Ceidigh, P.O., Boaden, P.J.S. (Eds.), Biology of Benthic Organisms. Pergamon, 

pp. 101–113. https://doi.org/10.1016/B978-0-08-021378-1.50017-8 

Camacho, M., Herrera, A., Gómez, M., Acosta-Dacal, A., Martínez, I., Henríquez-

Hernández, L.A., Luzardo, O.P., 2019. Organic pollutants in marine plastic debris 

from Canary Islands beaches. Science of The Total Environment 662, 22–31. 

https://doi.org/10.1016/j.scitotenv.2018.12.422 

Campanale, C., Stock, F., Massarelli, C., Kochleus, C., Bagnuolo, G., Reifferscheid, 

G., Uricchio, V.F., 2020. Microplastics and their possible sources: The example 

of Ofanto river in southeast Italy. Environmental Pollution 258, 113284. 

https://doi.org/10.1016/j.envpol.2019.113284 

Campbell, M.L., Paterson de Heer, C., Kinslow, A., 2014. Littering dynamics in a 

coastal industrial setting: The influence of non-resident populations. Marine 

Pollution Bulletin 80, 179–185. https://doi.org/10.1016/j.marpolbul.2014.01.015 

Campos, A.D., 2021. Coastwatch Autumn Shore Survey 2021 results launched by 

Minister Darragh O Brien TD. Coastwatch Europe. URL 

https://coastwatch.org/europe/coastwatch-autumn-shore-survey-2021-results-

launched-by-minister-darragh-o-brien-td/ (accessed 10.5.22). 

Canada, Environment and Climate Change., 2018. Ocean Plastics Charter. URL 

https://www.canada.ca/en/environment-climate-change/services/managing-

reducing-waste/international-commitments/ocean-plastics-charter.html  

Canensi, S., Barucca, G., Corinaldesi, C., 2022. Extraction efficiency of different 

microplastic polymers from deep-sea sediments and their quantitative relevance. 

Frontiers in Marine Science 9. https://doi.org/10.3389/fmars.2022.975875 

Careddu, G., Calizza, E., Costantini, M.L., Rossi, L., 2017. Isotopic determination of 

the trophic ecology of a ubiquitous key species – The crab Liocarcinus depurator 

https://doi.org/10.1007/BF00391377
https://doi.org/10.1016/B978-0-08-021378-1.50017-8
https://doi.org/10.1016/j.scitotenv.2018.12.422
https://doi.org/10.1016/j.envpol.2019.113284
https://doi.org/10.1016/j.marpolbul.2014.01.015
https://coastwatch.org/europe/coastwatch-autumn-shore-survey-2021-results-launched-by-minister-darragh-o-brien-td/
https://coastwatch.org/europe/coastwatch-autumn-shore-survey-2021-results-launched-by-minister-darragh-o-brien-td/
https://www.canada.ca/en/environment-climate-change/services/managing-reducing-waste/international-commitments/ocean-plastics-charter.html
https://www.canada.ca/en/environment-climate-change/services/managing-reducing-waste/international-commitments/ocean-plastics-charter.html
https://doi.org/10.3389/fmars.2022.975875


281 
 

(Brachyura: Portunidae). Estuarine, Coastal and Shelf Science 191, 106–114. 

https://doi.org/10.1016/j.ecss.2017.04.013 

Carpenter, E.J., Anderson, S.J., Harvey, G.R., Miklas, H.P., Peck, B.B., 1972. 

Polystyrene Spherules in Coastal Waters. Science 178, 749–750. 

https://doi.org/10.1126/science.178.4062.749 

Carr, S.A., 2017. Sources and dispersive modes of micro-fibers in the environment. 

Integrated Environmental Assessment and Management 13, 466–469. 

https://doi.org/10.1002/ieam.1916 

Carr, S.A., Liu, J., Tesoro, A.G., 2016. Transport and fate of microplastic particles in 

wastewater treatment plants. Water Research 91, 174–182. 

https://doi.org/10.1016/j.watres.2016.01.002 

Carroll, R., 2023. ‘It was a plague’: Killarney becomes first Irish town to ban single-use 

coffee cups. The Observer. https://www.theguardian.com/world/2023/oct/14/it-

was-a-plague-killarney-becomes-first-irish-town-to-ban-single-use-coffee-

cups#:~:text=Three%20months%20ago%2C%20Killarney%20became,the%20cu

p%20is%20given%20back. 

Carss, D.N., Brito, A.C., Chainho, P., Ciutat, A., de Montaudouin, X., Fernández Otero, 

R.M., Filgueira, M.I., Garbutt, A., Goedknegt, M.A., Lynch, S.A., Mahony, K.E., 

Maire, O., Malham, S.K., Orvain, F., van der Schatte Olivier, A., Jones, L., 2020a. 

Ecosystem services provided by a non-cultured shellfish species: The common 

cockle Cerastoderma edule. Marine Environmental Research 158, 104931. 

https://doi.org/10.1016/j.marenvres.2020.104931 

Castelvetro, V., Corti, A., Ceccarini, A., Petri, A., Vinciguerra, V., 2021. Nylon 6 and 

nylon 6,6 micro- and nanoplastics: A first example of their accurate 

quantification, along with polyester (PET), in wastewater treatment plant sludges. 

J Hazard Mater 407, 124364. https://doi.org/10.1016/j.jhazmat.2020.124364  

Catarino, A.I., Thompson, R., Sanderson, W., Henry, T.B., 2017. Development and 

optimization of a standard method for extraction of microplastics in mussels by 

enzyme digestion of soft tissues. Environ Toxicol Chem 36, 947–951. 

https://doi.org/10.1002/etc.3608 

https://doi.org/10.1016/j.ecss.2017.04.013
https://doi.org/10.1126/science.178.4062.749
https://doi.org/10.1002/ieam.1916
https://doi.org/10.1016/j.watres.2016.01.002
https://doi.org/10.1016/j.marenvres.2020.104931
https://doi.org/10.1016/j.jhazmat.2020.124364
https://doi.org/10.1002/etc.3608


282 
 

Cattrijsse, A., Dankwa, H.R., Mees, J., 1997. Nursery function of an estuarine tidal 

marsh for the brown shrimp Crangon crangon. Journal of Sea Research 38, 109–

121. https://doi.org/10.1016/S1385-1101(97)00036-1 

Cera, A., Cesarini, G., Scalici, M., 2020. Microplastics in Freshwater: What Is the News 

from the World? Diversity 12, 276. https://doi.org/10.3390/d12070276 

Cera, A., Cesarini, G., Scalici, M., 2020. Microplastics in Freshwater: What Is the 

News from the World? Diversity 12, 276. https://doi.org/10.3390/d12070276 

Cera, A., Scalici, M., 2021. Freshwater wild biota exposure to microplastics: A global 

perspective. Ecology and Evolution 11, 9904–9916. 

https://doi.org/10.1002/ece3.7844 

Chakraborty, A., Sarkar, R., Mrigen, A., Ganguly, N., 2017. Tabloids in the Era of 

Social Media? Understanding the Production and Consumption of Clickbaits in 

Twitter. SSRN Journal. https://doi.org/10.2139/ssrn.3034591 

Cheminée, A., Le Direach, L., Rouanet, E., Astruch, P., Goujard, A., Blanfuné, A., 

Bonhomme, D., Chassaing, L., Jouvenel, J.-Y., Ruitton, S., Thibaut, T., Harmelin-

Vivien, M., 2021. All shallow coastal habitats matter as nurseries for 

Mediterranean juvenile fish. Sci Rep 11, 14631. https://doi.org/10.1038/s41598-

021-93557-2 

Chin-Baarstad, A., Klug, H., Lindström, K., 2009. Should you eat your offspring before 

someone else does? Effect of an egg predator on filial cannibalism in the sand goby. 

Animal Behaviour 78, 203–208. https://doi.org/10.1016/j.anbehav.2009.04.022 

Cho, Y., Shim, W.J., Ha, S.Y., Han, G.M., Jang, M., Hong, S.H., 2023. Microplastic 

emission characteristics of stormwater runoff in an urban area: Intra-event 

variability and influencing factors. Sci Total Environ 866, 161318. 

https://doi.org/10.1016/j.scitotenv.2022.161318 

Cho, Y., Shim, W.J., Jang, M., Han, G.M., Hong, S.H., 2019. Abundance and 

characteristics of microplastics in market bivalves from South Korea. Environ 

Pollut 245, 1107–1116. https://doi.org/10.1016/j.envpol.2018.11.091   

Cho, Y., Shim, W.J., Jang, M., Han, G.M., Hong, S.H., 2021. Nationwide monitoring 

of microplastics in bivalves from the coastal environment of Korea. 

Environmental Pollution 270, 116175. 

https://doi.org/10.1016/j.envpol.2020.116175  

https://doi.org/10.1016/S1385-1101(97)00036-1
https://doi.org/10.3390/d12070276
https://doi.org/10.3390/d12070276
https://doi.org/10.1002/ece3.7844
https://doi.org/10.2139/ssrn.3034591
https://doi.org/10.1038/s41598-021-93557-2
https://doi.org/10.1038/s41598-021-93557-2
https://doi.org/10.1016/j.anbehav.2009.04.022
https://doi.org/10.1016/j.scitotenv.2022.161318
https://doi.org/10.1016/j.envpol.2018.11.091
https://doi.org/10.1016/j.envpol.2020.116175


283 
 

Cholewińska, P., Moniuszko, H., Wojnarowski, K., Pokorny, P., Szeligowska, N., 

Dobicki, W., Polechoński, R., Górniak, W., 2022. The Occurrence of Microplastics 

and the Formation of Biofilms by Pathogenic and Opportunistic Bacteria as Threats 

in Aquaculture. Int J Environ Res Public Health 19, 8137. 

https://doi.org/10.3390/ijerph19138137 

Choy, S., 1986. Natural diet and feeding habits of the crabs Liocarcinus puber and L. 

holsatus (Decapoda, Brachyura, Portunidae). Mar. Ecol. Prog. Ser. 31, 87–99. 

https://doi.org/10.3354/meps031087 

Cialdini, R., Reno, R., Kallgren, C., 1990. A Focus Theory of Normative Conduct: 

Recycling the Concept of Norms to Reduce Littering in Public Places. Journal of 

Personality and Social Psychology 58, 1015–1026. https://doi.org/10.1037/0022-

3514.58.6.1015 

Cialdini, R.B., 2003. Crafting Normative Messages to Protect the Environment. Curr 

Dir Psychol Sci 12, 105–109. https://doi.org/10.1111/1467-8721.01242 

Ciotti, B.J., Targett, T.E., Nash, R.D.M., Geffen, A.J., 2014. Growth dynamics of 

European plaice Pleuronectes platessa L. in nursery areas: A review. Journal of Sea 

Research 90, 64–82. https://doi.org/10.1016/j.seares.2014.02.010 

Claessens, M., Van Cauwenberghe, L., Vandegehuchte, M.B., Janssen, C.R., 2013. New 

techniques for the detection of microplastics in sediments and field collected 

organisms. Marine Pollution Bulletin 70, 227–233. 

https://doi.org/10.1016/j.marpolbul.2013.03.009 

Clark, J.R., Cole, M., Lindeque, P.K., Fileman, E., Blackford, J., Lewis, C., Lenton, 

T.M., Galloway, T.S., 2016. Marine microplastic debris: a targeted plan for 

understanding and quantifying interactions with marine life. Frontiers in Ecology 

and the Environment 14, 317–324. https://doi.org/10.1002/fee.1297 

Clark, L., Allen, R., Botterell, Z.L.R., Callejo, B., Godley, B.J., Henry, C., Santillo, D., 

Nelms, S.E., 2023. Using citizen science to understand floating plastic debris 

distribution and abundance: A case study from the North Cornish coast (United 

Kingdom). Marine Pollution Bulletin 194, 115314. 

https://doi.org/10.1016/j.marpolbul.2023.115314 

https://doi.org/10.3390/ijerph19138137
https://doi.org/10.3354/meps031087
https://doi.org/10.1037/0022-3514.58.6.1015
https://doi.org/10.1037/0022-3514.58.6.1015
https://doi.org/10.1111/1467-8721.01242
https://doi.org/10.1016/j.seares.2014.02.010
https://doi.org/10.1016/j.marpolbul.2013.03.009
https://doi.org/10.1002/fee.1297
https://doi.org/10.1016/j.marpolbul.2023.115314


284 
 

Cocklepickers haunt at sunrise, 2019.  Independent.ie. URL 

https://www.independent.ie/regionals/louth/lifestyle/cocklepickers-haunt-at-

sunrise/37820419.html  

Cole, M., 2016. A novel method for preparing microplastic fibers. Sci Rep 6, 34519. 

https://doi.org/10.1038/srep34519 

Cole, M., Lindeque, P., Fileman, E., Halsband, C., Goodhead, R., Moger, J., Galloway, 

T.S., 2013. Microplastic ingestion by zooplankton. Environ Sci Technol 47, 6646–

6655. https://doi.org/10.1021/es400663f 

Cole, M., Lindeque, P., Halsband, C., Galloway, T.S., 2011. Microplastics as 

contaminants in the marine environment: A review. Marine Pollution Bulletin 62, 

2588–2597. https://doi.org/10.1016/j.marpolbul.2011.09.025 

Cole, M., Lindeque, P.K., Fileman, E., Clark, J., Lewis, C., Halsband, C., Galloway, 

T.S., 2016. Microplastics Alter the Properties and Sinking Rates of Zooplankton 

Faecal Pellets. Environ. Sci. Technol. 50, 3239–3246. 

https://doi.org/10.1021/acs.est.5b05905 

Comprehensive assessment on marine litter and plastic pollution confirms need for 

urgent global action, 2021. UN Environment. URL http://www.unep.org/news-

and-stories/press-release/comprehensive-assessment-marine-litter-and-plastic-

pollution (accessed 8.18.22). 

Conley, K., Clum, A., Deepe, J., Lane, H., Beckingham, B., 2019. Wastewater 

treatment plants as a source of microplastics to an urban estuary: Removal 

efficiencies and loading per capita over one year. Water Research X 3, 100030. 

https://doi.org/10.1016/j.wroa.2019.100030 

Connor, L., Ryan, D., Feeney, R., Roche, W.K., Shephard, S., Kelly, F.L., 2019. 

Biogeography and fish community structure in Irish estuaries. Regional Studies in 

Marine Science 32, 100836. https://doi.org/10.1016/j.rsma.2019.100836 

Consolandi, G., Ford, A., Bloor, M., 2019. Feeding Behavioural Studies with 

Freshwater Gammarus spp.: The Importance of a Standardised Methodology. 

Reviews of environmental contamination and toxicology 253. 

https://doi.org/10.1007/398_2019_36 

https://www.independent.ie/regionals/louth/lifestyle/cocklepickers-haunt-at-sunrise/37820419.html
https://www.independent.ie/regionals/louth/lifestyle/cocklepickers-haunt-at-sunrise/37820419.html
https://doi.org/10.1038/srep34519
https://doi.org/10.1021/es400663f
https://doi.org/10.1016/j.marpolbul.2011.09.025
https://doi.org/10.1021/acs.est.5b05905
http://www.unep.org/news-and-stories/press-release/comprehensive-assessment-marine-litter-and-plastic-pollution
http://www.unep.org/news-and-stories/press-release/comprehensive-assessment-marine-litter-and-plastic-pollution
http://www.unep.org/news-and-stories/press-release/comprehensive-assessment-marine-litter-and-plastic-pollution
https://doi.org/10.1016/j.wroa.2019.100030
https://doi.org/10.1016/j.rsma.2019.100836
https://doi.org/10.1007/398_2019_36


285 
 

Cooper, D.A., Corcoran, P.L., 2010. Effects of mechanical and chemical processes on 

the degradation of plastic beach debris on the island of Kauai, Hawaii. Marine 

Pollution Bulletin 60, 650–654. https://doi.org/10.1016/j.marpolbul.2009.12.026 

Coppock, R.L., Cole, M., Lindeque, P.K., Queirós, A.M., Galloway, T.S., 2017. A 

small-scale, portable method for extracting microplastics from marine sediments. 

Environmental Pollution 230, 829–837. 

https://doi.org/10.1016/j.envpol.2017.07.017 

Coppock, R.L., Lindeque, P.K., Cole, M., Galloway, T.S., Näkki, P., Birgani, H., 

Richards, S., Queirós, A.M., 2021. Benthic fauna contribute to microplastic 

sequestration in coastal sediments. Journal of Hazardous Materials 415, 125583. 

https://doi.org/10.1016/j.jhazmat.2021.125583 

Corcoran, P.L., 2020. Degradation of Microplastics in the Environment, in: Rocha-

Santos, T., Costa, M., Mouneyrac, C. (Eds.), Handbook of Microplastics in the 

Environment. Springer International Publishing, Cham, pp. 1–12. 

https://doi.org/10.1007/978-3-030-10618-8_10-1 

Corcoran, P.L., Belontz, S.L., Ryan, K., Walzak, M.J., 2020. Factors Controlling the 

Distribution of Microplastic Particles in Benthic Sediment of the Thames River, 

Canada. Environ. Sci. Technol. 54, 818–825. 

https://doi.org/10.1021/acs.est.9b04896 

Corcoran, P.L., Norris, T., Ceccanese, T., Walzak, M.J., Helm, P.A., Marvin, C.H., 

2015. Hidden plastics of Lake Ontario, Canada and their potential preservation in 

the sediment record. Environ Pollut 204, 17–25. 

https://doi.org/10.1016/j.envpol.2015.04.009 

Corpuz, M.V.A., Buonerba, A., Vigliotta, G., Zarra, T., Ballesteros, F., Campiglia, P., 

Belgiorno, V., Korshin, G., Naddeo, V., 2020. Viruses in wastewater: occurrence, 

abundance and detection methods. Science of The Total Environment 745, 140910. 

https://doi.org/10.1016/j.scitotenv.2020.140910 

Courtene-Jones, W., Quinn, B., Ewins, C., Gary, S.F., Narayanaswamy, B.E., 2020. 

Microplastic accumulation in deep-sea sediments from the Rockall Trough. Marine 

Pollution Bulletin 154, 111092. https://doi.org/10.1016/j.marpolbul.2020.111092 

https://doi.org/10.1016/j.marpolbul.2009.12.026
https://doi.org/10.1016/j.envpol.2017.07.017
https://doi.org/10.1016/j.jhazmat.2021.125583
https://doi.org/10.1007/978-3-030-10618-8_10-1
https://doi.org/10.1021/acs.est.9b04896
https://doi.org/10.1016/j.envpol.2015.04.009
https://doi.org/10.1016/j.scitotenv.2020.140910
https://doi.org/10.1016/j.marpolbul.2020.111092


286 
 

Courtene-Jones, W., Quinn, B., Ewins, C., Gary, S.F., Narayanaswamy, B.E., 2019. 

Consistent microplastic ingestion by deep-sea invertebrates over the last four 

decades (1976–2015), a study from the North East Atlantic. Environmental 

Pollution 244, 503–512. https://doi.org/10.1016/j.envpol.2018.10.090 

Courtene-Jones, W., Quinn, B., Gary, S.F., Mogg, A.O.M., Narayanaswamy, B.E., 

2017. Microplastic pollution identified in deep-sea water and ingested by benthic 

invertebrates in the Rockall Trough, North Atlantic Ocean. Environmental 

Pollution 231, 271–280. https://doi.org/10.1016/j.envpol.2017.08.026 

Courtene-Jones, W., Quinn, B., Murphy, F., Gary, S.F., Narayanaswamy, B.E., 2017. 

Optimisation of enzymatic digestion and validation of specimen preservation 

methods for the analysis of ingested microplastics. Anal. Methods 9, 1437–1445. 

https://doi.org/10.1039/C6AY02343F 

Covernton, G.A., Pearce, C.M., Gurney-Smith, H.J., Chastain, S.G., Ross, P.S., 

Dower, J.F., Dudas, S.E., 2019. Size and shape matter: A preliminary analysis of 

microplastic sampling technique in seawater studies with implications for 

ecological risk assessment. Sci Total Environ 667, 124–132. 

https://doi.org/10.1016/j.scitotenv.2019.02.346 

Cowger, W., Steinmetz, Z., Gray, A., Munno, K., Lynch, J., Hapich, H., Primpke, S., 

De Frond, H., Rochman, C., Herodotou, O., 2021. Microplastic Spectral 

Classification Needs an Open Source Community: Open Specy to the Rescue! 

Anal Chem 93, 7543–7548. https://doi.org/10.1021/acs.analchem.1c00123 

Coyle, R., Hardiman, G., Driscoll, K.O., 2020. Microplastics in the marine environment: 

A review of their sources, distribution processes, uptake and exchange in 

ecosystems. Case Studies in Chemical and Environmental Engineering 2, 100010. 

https://doi.org/10.1016/j.cscee.2020.100010 

Cózar, A., Echevarría, F., González-Gordillo, J.I., Irigoien, X., Úbeda, B., Hernández-

León, S., Palma, Á.T., Navarro, S., García-de-Lomas, J., Ruiz, A., Fernández-de-

Puelles, M.L., Duarte, C.M., 2014. Plastic debris in the open ocean. Proceedings 

of the National Academy of Sciences 111, 10239–10244. 

https://doi.org/10.1073/pnas.1314705111 

Cresswell, J. W. and Cresswell, D. (2018). Research design: qualitative, quantitative 

and mixed method approaches. 5th ed. Sage Publications. 

https://doi.org/10.1016/j.envpol.2018.10.090
https://doi.org/10.1016/j.envpol.2017.08.026
https://doi.org/10.1039/C6AY02343F
https://doi.org/10.1016/j.scitotenv.2019.02.346
https://doi.org/10.1021/acs.analchem.1c00123
https://doi.org/10.1016/j.cscee.2020.100010
https://doi.org/10.1073/pnas.1314705111


287 
 

Crew, A., Gregory-Eaves, I., Ricciardi, A., 2020. Distribution, abundance, and 

diversity of microplastics in the upper St. Lawrence River. Environmental 

Pollution 260, 113994. https://doi.org/10.1016/j.envpol.2020.113994 

Crichton, E.M., Noël, M., Gies, E.A., Ross, P.S., 2017. A novel, density-independent 

and FTIR-compatible approach for the rapid extraction of microplastics from 

aquatic sediments. Anal. Methods 9, 1419–1428. 

https://doi.org/10.1039/C6AY02733D 

CSO, 2023. Domestic Waste Water Treatment Systems 2022 - CSO - Central Statistics 

Office 2023. URL https://www.cso.ie/en/releasesandpublications/ep/p-

dwwts/domesticwastewatertreatmentsystems2022/  

Cunningham, E.M., Ehlers, S.M., Dick, J.T.A., Sigwart, J.D., Linse, K., Dick, J.J., 

Kiriakoulakis, K., 2020. High Abundances of Microplastic Pollution in Deep-Sea 

Sediments: Evidence from Antarctica and the Southern Ocean. Environ. Sci. 

Technol. 54, 13661–13671. https://doi.org/10.1021/acs.est.0c03441 

Cutroneo, L., Reboa, A., Geneselli, I., Capello, M., 2021. Considerations on salts used 

for density separation in the extraction of microplastics from sediments. Mar Pollut 

Bull 166, 112216. https://doi.org/10.1016/j.marpolbul.2021.112216 

D’Avignon, G., Gregory-Eaves, I., Ricciardi, A., 2022. Microplastics in lakes and 

rivers: an issue of emerging significance to limnology. Environ. Rev. 30, 228–

244. https://doi.org/10.1139/er-2021-0048 

da Costa, J.P., Santos, P.S.M., Duarte, A.C., Rocha-Santos, T., 2016. (Nano)plastics in 

the environment – Sources, fates and effects. Science of The Total Environment 

566–567, 15–26. https://doi.org/10.1016/j.scitotenv.2016.05.041 

Davidson, K., Dudas, S.E., 2016. Microplastic Ingestion by Wild and Cultured Manila 

Clams (Venerupis philippinarum) from Baynes Sound, British Columbia. Arch 

Environ Contam Toxicol 71, 147–156. https://doi.org/10.1007/s00244-016-0286-

4 

Dawson, A.L., Kawaguchi, S., King, C.K., Townsend, K.A., King, R., Huston, W.M., 

Bengtson Nash, S.M., 2018. Turning microplastics into nanoplastics through 

digestive fragmentation by Antarctic krill. Nat Commun 9, 1001. 

https://doi.org/10.1038/s41467-018-03465-9 

https://doi.org/10.1016/j.envpol.2020.113994
https://doi.org/10.1039/C6AY02733D
https://www.cso.ie/en/releasesandpublications/ep/p-dwwts/domesticwastewatertreatmentsystems2022/
https://www.cso.ie/en/releasesandpublications/ep/p-dwwts/domesticwastewatertreatmentsystems2022/
https://doi.org/10.1021/acs.est.0c03441
https://doi.org/10.1016/j.marpolbul.2021.112216
https://doi.org/10.1139/er-2021-0048
https://doi.org/10.1016/j.scitotenv.2016.05.041
https://doi.org/10.1007/s00244-016-0286-4
https://doi.org/10.1007/s00244-016-0286-4
https://doi.org/10.1038/s41467-018-03465-9


288 
 

Dawson, A.L., Motti, C.A., Kroon, F.J., 2020. Solving a Sticky Situation: Microplastic 

Analysis of Lipid-Rich Tissue. Frontiers in Environmental Science 8. 

https://doi.org/10.3389/fenvs.2020.563565 

Dawson, A.L., Santana, M.F.M., Nelis, J.L.D., Motti, C.A., 2023. Taking control of 

microplastics data: A comparison of control and blank data correction methods. 

Journal of Hazardous Materials 443, 130218. 

https://doi.org/10.1016/j.jhazmat.2022.130218 

De Carvalho, A.R., Garcia, F., Riem-Galliano, L., Tudesque, L., Albignac, M., ter Halle, 

A., Cucherousset, J., 2021. Urbanization and hydrological conditions drive the 

spatial and temporal variability of microplastic pollution in the Garonne River. 

Science of The Total Environment 769, 144479. 

https://doi.org/10.1016/j.scitotenv.2020.144479 

De Pascalis, F., De Felice, B., Parolini, M., Pisu, D., Pala, D., Antonioli, D., Perin, E., 

Gianotti, V., Ilahiane, L., Masoero, G., Serra, L., Rubolini, D., Cecere, J.G., 2022. 

The hidden cost of following currents: Microplastic ingestion in a planktivorous 

seabird. Marine Pollution Bulletin 182, 114030. 

https://doi.org/10.1016/j.marpolbul.2022.114030 

De Ridder, C., Saucède, T., 2020. Chapter 20 - Echinocardium cordatum, in: Lawrence, 

J.M. (Ed.), Developments in Aquaculture and Fisheries Science, Sea Urchins: 

Biology and Ecology. Elsevier, pp. 337–357. https://doi.org/10.1016/B978-0-12-

819570-3.00020-2 

de Sá L.M., Oliveira M, Ribeiro F., Rocha T.L., Futter M. N., 2018. Studies of the 

effects of microplastics on aquatic organisms: What do we know and where should 

we focus our efforts in the future? - ScienceDirect Science of The Total 

Environment, Pages 1029-1039, URL 

https://www.sciencedirect.com/science/article/pii/S0048969718326998 

de Sá, L.C., Luís, L.G., Guilhermino, L., 2015. Effects of microplastics on juveniles of 

the common goby (Pomatoschistus microps): Confusion with prey, reduction of 

the predatory performance and efficiency, and possible influence of developmental 

conditions. Environmental Pollution 196, 359–362. 

https://doi.org/10.1016/j.envpol.2014.10.026 

https://doi.org/10.3389/fenvs.2020.563565
https://doi.org/10.1016/j.jhazmat.2022.130218
https://doi.org/10.1016/j.scitotenv.2020.144479
https://doi.org/10.1016/j.marpolbul.2022.114030
https://doi.org/10.1016/B978-0-12-819570-3.00020-2
https://doi.org/10.1016/B978-0-12-819570-3.00020-2
https://www.sciencedirect.com/science/article/pii/S0048969718326998
https://doi.org/10.1016/j.envpol.2014.10.026


289 
 

Debrot, A.O., Meesters, H.W.G., Bron, P.S., de León, R., 2013. Marine debris in 

mangroves and on the seabed: Largely-neglected litter problems. Marine Pollution 

Bulletin 72, 1. https://doi.org/10.1016/j.marpolbul.2013.03.023 

Deegan, B., n.d. Appropriate Assessment Screening & Natura Impact Statement ‐ 

Information for a Stage 1 (AA Screening) and Stage 2 (Natura Impact Statement) 

AA for a proposed residential development at Bridgegate, Rathgory & 

Mulladrillen, Drogheda Road, Ardee, County Louth. 

Dehaut, A., Cassone, A.-L., Frère, L., Hermabessiere, L., Himber, C., Rinnert, E., 

Rivière, G., Lambert, C., Soudant, P., Huvet, A., Duflos, G., Paul-Pont, I., 2016. 

Microplastics in seafood: Benchmark protocol for their extraction and 

characterization. Environmental Pollution 215, 223–233. 

https://doi.org/10.1016/j.envpol.2016.05.018 

De-la-Torre, G.E., Dioses-Salinas, D.C., Pérez-Baca, B.L., Santillán, L., 2019. 

Microplastic abundance in three commercial fish from the coast of Lima, Peru. 

Brazilian Journal of Natural Sciences 2, 171–177. DOI: 10.31415/bjns.v2i3.67 

Dempster, G., Sutherland, G., Keogh, L., 2022. Scientific research in news media: a 

case study of misrepresentation, sensationalism and harmful recommendations. 

JCOM 21, A06. https://doi.org/10.22323/2.21010206 

Deng, L., Cai, L., Sun, F., Li, G., Che, Y., 2020. Public attitudes towards microplastics: 

Perceptions, behaviors and policy implications. Resources, Conservation and 

Recycling 163, 105096. https://doi.org/10.1016/j.resconrec.2020.105096 

Deocaris, C.C., Allosada, J.O., Ardiente, L.T., Bitang, L.G.G., Dulohan, C.L., Lapuz, 

J.K.I., Padilla, L.M., Ramos, V.P., Padolina, J.B.P., 2019. Occurrence of 

microplastic fragments in the Pasig River. H2Open Journal 2, 92–100. 

https://doi.org/10.2166/h2oj.2019.001 

Deoniziak, K., Cichowska, A., Niedźwiecki, S., Pol, W., 2022. Thrushes (Aves: 

Passeriformes) as indicators of microplastic pollution in terrestrial environments. 

Science of The Total Environment 853, 158621. 

https://doi.org/10.1016/j.scitotenv.2022.158621 

https://doi.org/10.1016/j.marpolbul.2013.03.023
https://doi.org/10.1016/j.envpol.2016.05.018
http://dx.doi.org/10.31415/bjns.v2i3.67
https://doi.org/10.22323/2.21010206
https://doi.org/10.1016/j.resconrec.2020.105096
https://doi.org/10.2166/h2oj.2019.001
https://doi.org/10.1016/j.scitotenv.2022.158621


290 
 

Department of Enterprise, Trade and Employment, 2023. SHEIN launches EMEA 

headquarters in Dublin City. URL https://enterprise.gov.ie/en/news-and-

events/department-news/2023/may/202305111.html  

Department of the Environment, Climate and Communications, 2023. Minister Ryan 

presents Ireland’s 2023 Progress on Sustainable Development Goals at the United 

Nations 2023. URL https://www.gov.ie/en/press-release/04941-minister-ryan-

presents-irelands-2023-progress-on-sustainable-development-goals-at-the-united-

nations/  

Desforges, J.-P.W., Galbraith, M., Dangerfield, N., Ross, P.S., 2014. Widespread 

distribution of microplastics in subsurface seawater in the NE Pacific Ocean. 

Marine Pollution Bulletin 79, 94–99. 

https://doi.org/10.1016/j.marpolbul.2013.12.035 

Devereux, R., Ayati, B., Westhead, E.K., Jayaratne, R., Newport, D., 2023. “The great 

source” microplastic abundance and characteristics along the river Thames. 

Marine Pollution Bulletin 191, 114965. 

https://doi.org/10.1016/j.marpolbul.2023.114965 

Devriese, L.I., van der Meulen, M.D., Maes, T., Bekaert, K., Paul-Pont, I., Frère, L., 

Robbens, J., Vethaak, A.D., 2015. Microplastic contamination in brown shrimp 

(Crangon crangon, Linnaeus 1758) from coastal waters of the Southern North Sea 

and Channel area. Marine Pollution Bulletin 98, 179–187. 

https://doi.org/10.1016/j.marpolbul.2015.06.051 

Di Giacinto, F., Di Renzo, L., Mascilongo, G., Notarstefano, V., Gioacchini, G., 

Giorgini, E., Bogdanović, T., Petričević, S., Listeš, E., Brkljača, M., Conti, F., 

Profico, C., Zambuchini, B., Di Francesco, G., Giansante, C., Diletti, G., Ferri, N., 

Berti, M., 2023. Detection of microplastics, polymers and additives in edible 

muscle of swordfish (Xiphias gladius) and bluefin tuna (Thunnus thynnus) caught 

in the Mediterranean Sea. Journal of Sea Research 192, 102359. 

https://doi.org/10.1016/j.seares.2023.102359 

Di, M., Wang, J., 2018. Microplastics in surface waters and sediments of the Three 

Gorges Reservoir, China. Science of The Total Environment 616–617, 1620–

1627. https://doi.org/10.1016/j.scitotenv.2017.10.150 

https://enterprise.gov.ie/en/news-and-events/department-news/2023/may/202305111.html
https://enterprise.gov.ie/en/news-and-events/department-news/2023/may/202305111.html
https://www.gov.ie/en/organisation/department-of-the-environment-climate-and-communications/
https://www.gov.ie/en/press-release/04941-minister-ryan-presents-irelands-2023-progress-on-sustainable-development-goals-at-the-united-nations/
https://www.gov.ie/en/press-release/04941-minister-ryan-presents-irelands-2023-progress-on-sustainable-development-goals-at-the-united-nations/
https://www.gov.ie/en/press-release/04941-minister-ryan-presents-irelands-2023-progress-on-sustainable-development-goals-at-the-united-nations/
https://doi.org/10.1016/j.marpolbul.2013.12.035
https://doi.org/10.1016/j.marpolbul.2023.114965
https://doi.org/10.1016/j.marpolbul.2015.06.051
https://doi.org/10.1016/j.seares.2023.102359
https://doi.org/10.1016/j.scitotenv.2017.10.150


291 
 

Dias, J.M., Abrantes, I., Rocha, F., 2007. Suspended particulate matter sources and 

residence time in a mesotidal lagoon. Journal of Coastal Research 1034–1039. 

https://www.semanticscholar.org/paper/Suspended-particulate-matter-sources-

and-residence-Dias-Abrantes/b7632f4044790cfd4f2a54d5f00102a3dc419a17 

Díaz-Jaramillo, M., Islas, M.S., Gonzalez, M., 2021. Spatial distribution patterns and 

identification of microplastics on intertidal sediments from urban and semi-natural 

SW Atlantic estuaries. Environmental Pollution 273, 116398. 

https://doi.org/10.1016/j.envpol.2020.116398 

Diggle, A., Walker, T.R., 2020. Implementation of harmonized Extended Producer 

Responsibility strategies to incentivize recovery of single-use plastic packaging 

waste in Canada. Waste Management 110, 20–23. 

https://doi.org/10.1016/j.wasman.2020.05.013 

Dikareva, N., Simon, K.S., 2019. Microplastic pollution in streams spanning an 

urbanisation gradient. Environmental Pollution 250, 292–299. 

https://doi.org/10.1016/j.envpol.2019.03.105 

Dilkes-Hoffman, L., Ashworth, P., Laycock, B., Pratt, S., Lant, P., 2019. Public attitudes 

towards bioplastics – knowledge, perception and end-of-life management. 

Resources, Conservation and Recycling 151, 104479. 

https://doi.org/10.1016/j.resconrec.2019.104479 

Ding, J., Li, J., Sun, C., Jiang, F., He, C., Zhang, M., Ju, P., Ding, N.X., 2020. An 

examination of the occurrence and potential risks of microplastics across various 

shellfish. Science of The Total Environment 739, 139887. 

https://doi.org/10.1016/j.scitotenv.2020.139887 

Ding, J., Sun, C., He, C., Li, J., Ju, P., Li, F., 2021. Microplastics in four bivalve species 

and basis for using bivalves as bioindicators of microplastic pollution. Sci Total 

Environ 782, 146830. https://doi.org/10.1016/j.scitotenv.2021.146830 

Ding, J., Sun, C., Li, J., Shi, H., Xu, X., Ju, P., Jiang, F., Li, F., 2022. Microplastics in 

global bivalve mollusks: A call for protocol standardization. Journal of Hazardous 

Materials 438, 129490. https://doi.org/10.1016/j.jhazmat.2022.129490 

https://doi.org/10.1016/j.envpol.2020.116398
https://doi.org/10.1016/j.wasman.2020.05.013
https://doi.org/10.1016/j.envpol.2019.03.105
https://doi.org/10.1016/j.resconrec.2019.104479
https://doi.org/10.1016/j.scitotenv.2020.139887
https://doi.org/10.1016/j.scitotenv.2021.146830
https://doi.org/10.1016/j.jhazmat.2022.129490


292 
 

Ding, J., Sun, Y., He, C., Li, J., Li, F., 2022. Towards Risk Assessments of Microplastics 

in Bivalve Mollusks Globally. Journal of Marine Science and Engineering 10, 288. 

https://doi.org/10.3390/jmse10020288  

Ding, L., Mao, R.F., Guo, X., Yang, X., Zhang, Q., Yang, C., 2019. Microplastics in 

surface waters and sediments of the Wei River, in the northwest of China. Sci Total 

Environ 667, 427–434. https://doi.org/10.1016/j.scitotenv.2019.02.332 

DIRECTIVE (EU) 2019/904 OF THE EUROPEAN PARLIAMENT AND OF THE 

COUNCIL on the reduction of the impact of certain plastic products on the 

environment. 2019. URL http://data.europa.eu/eli/dir/2019/904/oj 

Directive 2008/56/EC of the European Parliament and of the Council of 17 June 2008 

establishing a framework for community action in the field of marine 

environmental policy (Marine Strategy Framework Directive) (Text with EEA 

relevance), 2008., OJ L. https://eur-lex.europa.eu/legal-

content/en/ALL/?uri=CELEX%3A32008L0056 

Dodson, G.Z., Shotorban, A.K., Hatcher, P.G., Waggoner, D.C., Ghosal, S., Noffke, N., 

2020a. Microplastic fragment and fiber contamination of beach sediments from 

selected sites in Virginia and North Carolina, USA. Marine Pollution Bulletin 151, 

110869. https://doi.org/10.1016/j.marpolbul.2019.110869 

Donadi, S., Westra, J., Weerman, E.J., van der Heide, T., van der Zee, E.M., van de 

Koppel, J., Olff, H., Piersma, T., van der Veer, H.W., Eriksson, B.K., 2013. Non-

trophic Interactions Control Benthic Producers on Intertidal Flats. Ecosystems 16, 

1325–1335. https://doi.org/10.1007/s10021-013-9686-8 

Dong, J., Li, L., Liu, Q., Yang, M., Gao, Z., Qian, P., Gao, K., Deng, X., 2022. 

Interactive effects of polymethyl methacrylate (PMMA) microplastics and salinity 

variation on a marine  diatom Phaeodactylum tricornutum. Chemosphere 289, 

133240.         https://doi.org/10.1016/j.chemosphere.2021.133240 

Doyle, D., Gammell, M., Frias, J., Griffin, G., Nash, R., 2019. Low levels of 

microplastics recorded from the common periwinkle, Littorina littorea on the west 

coast of Ireland. Marine Pollution Bulletin 149, 110645. 

https://doi.org/10.1016/j.marpolbul.2019.110645 

https://doi.org/10.3390/jmse10020288
https://doi.org/10.1016/j.scitotenv.2019.02.332
http://data.europa.eu/eli/dir/2019/904/oj
https://doi.org/10.1016/j.marpolbul.2019.110869
https://doi.org/10.1007/s10021-013-9686-8
https://doi.org/10.1016/j.chemosphere.2021.133240
https://doi.org/10.1016/j.marpolbul.2019.110645


293 
 

Dris, R., Gasperi, J., Saad, M., Mirande, C., Tassin, B., 2016. Synthetic fibers in 

atmospheric fallout: A source of microplastics in the environment? Marine 

Pollution Bulletin 104, 290–293. https://doi.org/10.1016/j.marpolbul.2016.01.006 

Dris, R., Gasperi, J., Tassin, B., 2018a. Sources and Fate of Microplastics in Urban 

Areas: A Focus on Paris Megacity, in: Wagner, M., Lambert, S. (Eds.), Freshwater 

Microplastics : Emerging Environmental Contaminants?, The Handbook of 

Environmental Chemistry. Springer International Publishing, Cham, pp. 69–83. 

https://doi.org/10.1007/978-3-319-61615-5_4 

Dris, R., Imhof, H.K., Löder, M.G.J., Gasperi, J., Laforsch, C., Tassin, B., 2018b. 

Chapter 3 - Microplastic Contamination in Freshwater Systems: Methodological 

Challenges, Occurrence and Sources, in: Zeng, E.Y. (Ed.), Microplastic 

Contamination in Aquatic Environments. Elsevier, pp. 51–93. 

https://doi.org/10.1016/B978-0-12-813747-5.00003-5 

Duan, J., Han, J., Zhou, H., Lau, Y.L., An, W., Wei, P., Cheung, S.G., Yang, Y. and 

Tam, N.F.Y., 2020. Development of a digestion method for determining 

microplastic pollution in vegetal-rich clayey mangrove sediments. Science of the 

Total Environment, 707, p.136030. 

https://doi.org/10.1016/j.scitotenv.2019.136030 

Ducrotoy J.P., Rybarczyk H., Souprayen J., Bachelet G., Beukema J.J., Desprez M., 

Dörjes J., Essink K., Guillou J., Michaelis H., Sylvand B., Wilson J.G., Elkaïm B. 

and Ibanez F. (1989). A comparison of the population dynamics of the cockle 

(Cerastoderma edule, L.) in north-western Europe. Proceedings of the Estuarine 

and Coastal Sciences Association Symposium 19, 173–184. 

Dundalk (Ireland) sea water temperature in December. SeaTemperature.info. URL 

https://seatemperature.info/december/ireland/dundalk-water-temperature.html  

Dundalk Bay | Ramsar Sites Information Service. URL https://rsis.ramsar.org/ris/834  

Dundalk Bay SAC | National Parks & Wildlife Service [WWW Document], n.d. URL 

https://www.npws.ie/protected-sites/sac/000455  

Dundalk Bay SPA | National Parks & Wildlife Service [WWW Document], n.d. URL 

https://www.npws.ie/protected-sites/spa/004026  

https://doi.org/10.1016/j.marpolbul.2016.01.006
https://doi.org/10.1007/978-3-319-61615-5_4
https://doi.org/10.1016/B978-0-12-813747-5.00003-5
https://doi.org/10.1016/j.scitotenv.2019.136030
https://seatemperature.info/december/ireland/dundalk-water-temperature.html
https://rsis.ramsar.org/ris/834
https://www.npws.ie/protected-sites/sac/000455
https://www.npws.ie/protected-sites/spa/004026


294 
 

Dunham-Cheatham and Arienzo, 2022. The not-so-micro problem of plastic pollution, 

and how you can help. University of Nevada, Reno. URL 

https://www.unr.edu/nevada-today/blogs/2022/microplastics  

Edo, C., González-Pleiter, M., Leganés, F., Fernández-Piñas, F., Rosal, R., 2020. Fate 

of microplastics in wastewater treatment plants and their environmental dispersion 

with effluent and sludge. Environmental Pollution 259, 113837. 

https://doi.org/10.1016/j.envpol.2019.113837 

Eerkes-Medrano, D., Thompson, R.C., Aldridge, D.C., 2015. Microplastics in 

freshwater systems: A review of the emerging threats, identification of knowledge 

gaps and prioritisation of research needs. Water Research 75, 63–82. 

https://doi.org/10.1016/j.watres.2015.02.012 

Ehlers, S.M., Al Najjar, T., Taupp, T., Koop, J.H.E., 2020. PVC and PET microplastics 

in caddisfly (Lepidostoma basale) cases reduce case stability. Environ Sci Pollut 

Res 27, 22380–22389. https://doi.org/10.1007/s11356-020-08790-5 

Ehlers, S.M., Manz, W., Koop, J.H.E., 2019. Microplastics of different characteristics 

are incorporated into the larval cases of the freshwater caddisfly Lepidostoma 

basale. Aquatic Biology 28, 67–77. https://doi.org/10.3354/ab00711 

Elert, A.M., Becker, R., Duemichen, E., Eisentraut, P., Falkenhagen, J., Sturm, H., 

Braun, U., 2017. Comparison of different methods for MP detection: What can 

we learn from them, and why asking the right question before measurements 

matters? Environmental Pollution 231, 1256–1264. 

https://doi.org/10.1016/j.envpol.2017.08.074 

Elliott, M., Dewailly, F., 1995. The structure and components of European estuarine 

fish assemblages. Netherlands Journal of Aquatic Ecology 29, 397–417. 

https://doi.org/10.1007/BF02084239 

Enders, K., Lenz, R., Stedmon, C.A., Nielsen, T.G., 2015. Abundance, size and polymer 

composition of marine microplastics ≥10μm in the Atlantic Ocean and their 

modelled vertical distribution. Marine Pollution Bulletin 100, 70–81. 

https://doi.org/10.1016/j.marpolbul.2015.09.027 

Ens, B.J., Smaal, A.C., Vlas, J. de, 2004. The effects of shellfish fishery on the 

ecosystems of the Dutch Wadden Sea and Oosterschelde : final report on the 

https://www.unr.edu/nevada-today/blogs/2022/microplastics
https://doi.org/10.1016/j.envpol.2019.113837
https://doi.org/10.1016/j.watres.2015.02.012
https://doi.org/10.1007/s11356-020-08790-5
https://doi.org/10.3354/ab00711
https://doi.org/10.1016/j.envpol.2017.08.074
https://doi.org/10.1007/BF02084239
https://doi.org/10.1016/j.marpolbul.2015.09.027


295 
 

second phase of the scientific evaluation of the Dutch shellfish fishery policy (EVA 

II) (No. 1011). Alterra, Wageningen. 

Entman, R.M., 1993. Framing: Toward Clarification of a Fractured Paradigm. Journal 

of Communication 43, 51–58. https://doi.org/10.1111/j.1460-

2466.1993.tb01304.x 

Environmental Protection Agency, 2021. Monitoring & Assessment: Freshwater & 

Marine Publications. URL https://www.epa.ie/publications/monitoring--

assessment/freshwater--marine/water-quality-in-ireland-2016--2021-summary-

report.php  

Environmental Protection Agency, n.d. News releases 2023 [WWW Document]. URL 

https://www.epa.ie/news-releases/news-releases-2023/local-authorities-must-

prioritise-environmental-protection-to-improve-air-and-water-quality-and-

increase-waste-recycling-.php (accessed 11.28.23). 

Eo, S., Hong, S.H., Song, Y.K., Han, G.M., Shim, W.J., 2019. Spatiotemporal 

distribution and annual load of microplastics in the Nakdong River, South Korea. 

Water Research 160, 228–237. https://doi.org/10.1016/j.watres.2019.05.053 

 EPA, (2022) PLASTICS: Attitudes and behaviours in Ireland 2019-2021. Available at: 

https://www.epa.ie/publications/circular-

economy/resources/EPA_PlasticsReport2022_web.pdf Accessed October 6, 2022. 

EPA, 2023. News releases 2023. URL https://www.epa.ie/news-releases/news-releases-

2023/local-authorities-must-prioritise-environmental-protection-to-improve-air-

and-water-quality-and-increase-waste-recycling-.php  

EPA, 2023. News releases 2023. URL https://www.epa.ie/news-releases/news-releases-

2023/recycling-rates-slow-as-ireland-off-track-to-meet-key-eu-targets.php  

Eriksen, M., Lebreton, L.C.M., Carson, H.S., Thiel, M., Moore, C.J., Borerro, J.C., 

Galgani, F., Ryan, P.G., Reisser, J., 2014. Plastic Pollution in the World’s Oceans: 

More than 5 Trillion Plastic Pieces Weighing over 250,000 Tons Afloat at Sea. 

PLOS ONE 9, e111913. https://doi.org/10.1371/journal.pone.0111913 

Eriksen, M., Mason, S., Wilson, S., Box, C., Zellers, A., Edwards, W., Farley, H., 

Amato, S., 2013. Microplastic pollution in the surface waters of the Laurentian 

https://doi.org/10.1111/j.1460-2466.1993.tb01304.x
https://doi.org/10.1111/j.1460-2466.1993.tb01304.x
https://www.epa.ie/publications/monitoring--assessment/freshwater--marine/water-quality-in-ireland-2016--2021-summary-report.php
https://www.epa.ie/publications/monitoring--assessment/freshwater--marine/water-quality-in-ireland-2016--2021-summary-report.php
https://www.epa.ie/publications/monitoring--assessment/freshwater--marine/water-quality-in-ireland-2016--2021-summary-report.php
https://www.epa.ie/news-releases/news-releases-2023/local-authorities-must-prioritise-environmental-protection-to-improve-air-and-water-quality-and-increase-waste-recycling-.php
https://www.epa.ie/news-releases/news-releases-2023/local-authorities-must-prioritise-environmental-protection-to-improve-air-and-water-quality-and-increase-waste-recycling-.php
https://www.epa.ie/news-releases/news-releases-2023/local-authorities-must-prioritise-environmental-protection-to-improve-air-and-water-quality-and-increase-waste-recycling-.php
https://doi.org/10.1016/j.watres.2019.05.053
https://www.epa.ie/publications/circular-economy/resources/EPA_PlasticsReport2022_web.pdf
https://www.epa.ie/publications/circular-economy/resources/EPA_PlasticsReport2022_web.pdf
https://www.epa.ie/news-releases/news-releases-2023/local-authorities-must-prioritise-environmental-protection-to-improve-air-and-water-quality-and-increase-waste-recycling-.php
https://www.epa.ie/news-releases/news-releases-2023/local-authorities-must-prioritise-environmental-protection-to-improve-air-and-water-quality-and-increase-waste-recycling-.php
https://www.epa.ie/news-releases/news-releases-2023/local-authorities-must-prioritise-environmental-protection-to-improve-air-and-water-quality-and-increase-waste-recycling-.php
https://www.epa.ie/news-releases/news-releases-2023/recycling-rates-slow-as-ireland-off-track-to-meet-key-eu-targets.php
https://www.epa.ie/news-releases/news-releases-2023/recycling-rates-slow-as-ireland-off-track-to-meet-key-eu-targets.php
https://doi.org/10.1371/journal.pone.0111913


296 
 

Great Lakes. Marine Pollution Bulletin 77, 177–182. 

https://doi.org/10.1016/j.marpolbul.2013.10.007 

   Eriksson, B.K., Westra, J., van Gerwen, I., Weerman, E., van der Zee, E., van der 

Heide, T., van de Koppel, J., Olff, H., Piersma, T., Donadi, S., 2017. Facilitation 

by ecosystem engineers enhances nutrient effects in an intertidal system. 

Ecosphere 8, e02051. https://doi.org/10.1002/ecs2.2051 

Erni-Cassola, G., Gibson, M.I., Thompson, R.C., Christie-Oleza, J.A., 2017. Lost, but 

Found with Nile Red: A Novel Method for Detecting and Quantifying Small 

Microplastics (1 mm to 20 μm) in Environmental Samples. Environ Sci Technol 

51, 13641–13648. https://doi.org/10.1021/acs.est.7b04512 

EUNIS -Site factsheet for Dundalk Bay SAC [WWW Document], nd. URL 

https://eunis.eea.europa.eu/sites/IE0000455  

European Chemical Agency, Microplastics – ECHA, 2023. URL 

https://echa.europa.eu/hot-topics/microplastics  

European Chemical Agency. Substance Information – ECHA. URL 

https://echa.europa.eu/substance-information/-/substanceinfo/100.028.800  

European Commission, 2008. Directive 2008/56/EC of the European Parliament and of 

the Council of 17 June 2008 establishing a framework for community action in the 

field of marine environmental policy (Marine Strategy Framework Directive).  

https://eur-lex.europa.eu/legal-content/en/ALL/?uri=CELEX%3A32008L0056 

European Commission, 2021. The European Green Deal, 2021. URL 

https://commission.europa.eu/strategy-and-policy/priorities-2019-2024/european-

green-deal_en (accessed 11.8.23). 

European Commission, 2021. Zero pollution action plan 2023. URL 

https://environment.ec.europa.eu/strategy/zero-pollution-action-plan_en (accessed 

11.16.23). 

European Commission, 2023. Negotiations towards a new global instrument to combat 

plastic pollution advance, 2023. URL 

https://environment.ec.europa.eu/news/negotiations-towards-new-global-

instrument-combat-plastic-pollution-advance-2023-11-20_en  

https://doi.org/10.1016/j.marpolbul.2013.10.007
https://doi.org/10.1002/ecs2.2051
https://doi.org/10.1021/acs.est.7b04512
https://eunis.eea.europa.eu/sites/IE0000455
https://echa.europa.eu/hot-topics/microplastics
https://echa.europa.eu/substance-information/-/substanceinfo/100.028.800
https://commission.europa.eu/strategy-and-policy/priorities-2019-2024/european-green-deal_en
https://commission.europa.eu/strategy-and-policy/priorities-2019-2024/european-green-deal_en
https://environment.ec.europa.eu/strategy/zero-pollution-action-plan_en
https://environment.ec.europa.eu/news/negotiations-towards-new-global-instrument-combat-plastic-pollution-advance-2023-11-20_en
https://environment.ec.europa.eu/news/negotiations-towards-new-global-instrument-combat-plastic-pollution-advance-2023-11-20_en


297 
 

European Commission, 2023. Q&A Restriction to intentionally added microplastics 

URL https://ec.europa.eu/commission/presscorner/detail/en/qanda_23_4602.  

European Commission, 2017. Special Eurobarometer 468: Attitudes of European 

citizens towards the 

environment, http://ec.europa.eu/commfrontoffice/publicopinion/index.cfm/Resul

tDoc/download/DocumentKy/81259 

European Environment Agency, 2023. From rivers to the sea — the pathways and the 

outcome — European Environment Agency URL 

https://www.eea.europa.eu/publications/european-marine-litter-assessment/from-

rivers-to-the-sea (accessed 11.1.23). 

Eurostat, 2021. EU recycled 41% of plastic packaging waste in 2019 Eurostat. URL 

https://ec.europa.eu/eurostat/web/products-eurostat-news/-/ddn-20211027-2 

(accessed 8.17.22). 

Evans, S., 1983. Production, Predation and Food Niche Segregation in a Marine Shallow 

Soft-Bottom Community. Mar. Ecol. Prog. Ser. 10, 147–157. 

https://doi.org/10.3354/meps010147 

Evans, S., Tallmark, B., 1979. A modified drop-net method for sampling mobile 

epifauna on marine shallow sandy bottoms. Ecography 2, 58–64. 

https://doi.org/10.1111/j.1600-0587.1979.tb00682.x 

Evans, S., Tallmark, B., 1984. Seasonal Dynamics of Small Vagile Predators on a 

Marine Shallow Soft Bottom. Holarctic Ecology 7, 138–148. 

Evans, S., Tallmark, B., 1985. Niche separation within the mobile predator guild on 

marine shallow soft bottoms. Mar. Ecol. Prog. Ser. 23, 279–286. 

https://doi.org/10.3354/meps023279 

Everaert, G., Van Cauwenberghe, L., De Rijcke, M., Koelmans, A.A., Mees, J., 

Vandegehuchte, M., Janssen, C.R., 2018. Risk assessment of microplastics in the 

ocean: Modelling approach and first conclusions. Environmental Pollution 242, 

1930–1938. https://doi.org/10.1016/j.envpol.2018.07.069 

Expósito, N., Rovira, J., Sierra, J., Gimenez, G., Domingo, J.L., Schuhmacher, M., 

2022. Levels of microplastics and their characteristics in molluscs from North-

https://ec.europa.eu/commission/presscorner/detail/en/qanda_23_4602
https://ec.europa.eu/commfrontoffice/publicopinion/index.cfm/ResultDoc/download/DocumentKy/81259
https://ec.europa.eu/commfrontoffice/publicopinion/index.cfm/ResultDoc/download/DocumentKy/81259
https://www.eea.europa.eu/publications/european-marine-litter-assessment/from-rivers-to-the-sea
https://www.eea.europa.eu/publications/european-marine-litter-assessment/from-rivers-to-the-sea
https://ec.europa.eu/eurostat/web/products-eurostat-news/-/ddn-20211027-2
https://doi.org/10.3354/meps010147
https://doi.org/10.1111/j.1600-0587.1979.tb00682.x
https://doi.org/10.3354/meps023279
https://doi.org/10.1016/j.envpol.2018.07.069


298 
 

West Mediterranean Sea: Human intake. Marine Pollution Bulletin 181, 113843. 

https://doi.org/10.1016/j.marpolbul.2022.113843 

Fackelmann, G., Pham, C.K., Rodríguez, Y., Mallory, M.L., Provencher, J.F., Baak, 

J.E., Sommer, S., 2023. Current levels of microplastic pollution impact wild 

seabird gut microbiomes. Nat Ecol Evol 7, 698–706. 

https://doi.org/10.1038/s41559-023-02013-z 

Fahy, E., Gaffney, J., 2001. Growth statistics of an exploited razor clam (Ensis siliqua) 

bed at Gormanstown, Co Meath, Ireland. Hydrobiologia 465, 139–151. 

https://doi.org/10.1023/A:1014580522523 

Falcao, M., & Vale, C. (2003). Nutrient dynamics in a coastal lagoon (Ria Formosa, 

Portugal): The importance of lagoon–sea water exchanges on the biological 

productivity. Ciencias Marinas, 29(4), 425–433. 

https://doi.org/10.7773/cm.v29i4.173 

Fang, C., Luo, Y., Naidu, R., 2023. Raman imaging for the analysis of silicone 

microplastics and nanoplastics released from a kitchen sealant. Front Chem 11, 

1165523. https://doi.org/10.3389/fchem.2023.1165523 

Fang, C., Zheng, R., Hong, F., Jiang, Y., Chen, J., Lin, H., Lin, L., Lei, R., Bailey, C., 

Bo, J., 2021. Microplastics in three typical benthic species from the Arctic: 

Occurrence, characteristics, sources, and environmental implications. 

Environmental Research 192, 110326. 

https://doi.org/10.1016/j.envres.2020.110326 

Fang, C., Zheng, R., Zhang, Y., Hong, F., Mu, J., Chen, M., Song, P., Lin, L., Lin, H., 

Le, F., Bo, J., 2018. Microplastic contamination in benthic organisms from the 

Arctic and sub-Arctic regions. Chemosphere 209, 298–306. 

https://doi.org/10.1016/j.chemosphere.2018.06.101 

FAO (Food and Agriculture Organization of the United Nations). 2016. Global 

Production Statistics 1950–2013. Rome: FAO Fisheries Department. 

Farkas, K., Cooper, D.M., McDonald, J.E., Malham, S.K., de Rougemont, A., Jones, 

D.L., 2018. Seasonal and spatial dynamics of enteric viruses in wastewater and in 

riverine and estuarine receiving waters. Science of The Total Environment 634, 

1174–1183. https://doi.org/10.1016/j.scitotenv.2018.04.038 

https://doi.org/10.1016/j.marpolbul.2022.113843
https://doi.org/10.1038/s41559-023-02013-z
https://doi.org/10.1023/A:1014580522523
https://doi.org/10.7773/cm.v29i4.173
https://doi.org/10.3389/fchem.2023.1165523
https://doi.org/10.1016/j.envres.2020.110326
https://doi.org/10.1016/j.chemosphere.2018.06.101
https://doi.org/10.1016/j.scitotenv.2018.04.038


299 
 

Farrell, P., Nelson, K., 2013. Trophic level transfer of microplastic: Mytilus edulis (L.) 

to Carcinus maenas (L.). Environmental Pollution 177, 1–3. 

https://doi.org/10.1016/j.envpol.2013.01.046 

Fazey, F.M.C., Ryan, P.G., 2016. Biofouling on buoyant marine plastics: An 

experimental study into the effect of size on surface longevity. Environmental 

Pollution 210, 354–360. https://doi.org/10.1016/j.envpol.2016.01.026 

Fela, J. (2014). Dutch lead EU in microbead ban. Frontiers in Ecology and the 

Environment, 12(10), 541. 

Felsing, S., Kochleus, C., Buchinger, S., Brennholt, N., Stock, F., Reifferscheid, G., 

2018. A new approach in separating microplastics from environmental samples 

based on their electrostatic behavior. Environmental Pollution 234, 20–28. 

https://doi.org/10.1016/j.envpol.2017.11.013 

Ferrante, M., Pietro, Z., Allegui, C., Maria, F., Antonio, C., Pulvirenti, E., Favara, C., 

Chiara, C., Grasso, A., Omayma, M., Gea, O.C., Banni, M., 2022. Microplastics in 

fillets of Mediterranean seafood. A risk assessment study. Environ Res 204, 

112247. https://doi.org/10.1016/j.envres.2021.112247 

Ferreira, M., Thompson, J., Paris, A., Rohindra, D., Rico, C., 2020. Presence of 

microplastics in water, sediments and fish species in an urban coastal environment 

of Fiji, a Pacific small island developing state. Marine Pollution Bulletin 153, 

110991. https://doi.org/10.1016/j.marpolbul.2020.110991 

Ferronato, N., Torretta, V., 2019. Waste Mismanagement in Developing Countries: A 

Review of Global Issues. International Journal of Environmental Research and 

Public Health 16, 1060. https://doi.org/10.3390/ijerph16061060 

Filgueiras, A.V., Preciado, I., Cartón, A., Gago, J., 2020. Microplastic ingestion by 

pelagic and benthic fish and diet composition: A case study in the NW Iberian 

shelf. Marine Pollution Bulletin 160, 111623. 

https://doi.org/10.1016/j.marpolbul.2020.111623 

Filho, W.L., Salvia, A.L., Bonoli, A., Saari, U.A., Voronova, V., Klõga, M., Kumbhar, 

S.S., Olszewski, K., De Quevedo, D.M., Barbir, J., 2021a. An assessment of 

attitudes towards plastics and bioplastics in Europe. Science of The Total 

Environment 755, 142732. https://doi.org/10.1016/j.scitotenv.2020.142732 

https://doi.org/10.1016/j.envpol.2013.01.046
https://doi.org/10.1016/j.envpol.2016.01.026
https://doi.org/10.1016/j.envpol.2017.11.013
https://doi.org/10.1016/j.envres.2021.112247
https://doi.org/10.1016/j.marpolbul.2020.110991
https://doi.org/10.3390/ijerph16061060
https://doi.org/10.1016/j.marpolbul.2020.111623
https://doi.org/10.1016/j.scitotenv.2020.142732


300 
 

Fisheries and Aquaculture - Fishery and Aquaculture Country Profiles - Ireland [WWW 

Document], n.d. URL https://www.fao.org/fishery/en/facp/irl?lang=en (accessed 

8.18.22). 

Fisheries and Oceans (DFO) Canada 2021. Canada’s Ghost Gear Fund delivering results 

for cleaner oceans [WWW Document]. URL https://www.newswire.ca/news-

releases/canada-s-ghost-gear-fund-delivering-results-for-cleaner-oceans-

842664592.html (accessed 5.24.23). 

Foekema, E.M., De Gruijter, C., Mergia, M.T., van Franeker, J.A., Murk, A.J., 

Koelmans, A.A., 2013. Plastic in North Sea Fish. Environ. Sci. Technol. 47, 8818–

8824. https://doi.org/10.1021/es400931b 

Fok, L., Lam, T.W.L., Li, H.-X., Xu, X.-R., 2020. A meta-analysis of methodologies 

adopted by microplastic studies in China. Sci Total Environ 718, 135371. 

https://doi.org/10.1016/j.scitotenv.2019.135371 

Frei, S., Piehl, S., Gilfedder, B.S., Löder, M.G.J., Krutzke, J., Wilhelm, L., Laforsch, 

C., 2019. Occurence of microplastics in the hyporheic zone of rivers. Sci Rep 9, 

15256. https://doi.org/10.1038/s41598-019-51741-5 

Freire, J., 1996. Feeding ecology of Liocarcinus depurator (Decapoda: Portunidae) in 

the Ria de Arousa (Galicia, north-west Spain): effects of habitat, season and life 

history. Marine Biology 126, 297–311. https://doi.org/10.1007/BF00347454 

Freitas, V., Lika, K., Witte, J.IJ., der Veer, H.W. van, 2011. Food conditions of the sand 

goby Pomatoschistus minutus in shallow waters: An analysis in the context of 

Dynamic Energy Budget theory. Journal of Sea Research, The AquaDEB project 

(phase II): what we’ve learned from applying the Dynamic Energy Budget theory 

on aquatic organisms 66, 440–446. https://doi.org/10.1016/j.seares.2011.05.008 

Frias, J., Pagter, E., Nash, R., O’Connor, I., Carretero, O., Filgueiras, A., Viñas, L., 

Gago, J., Antunes, J., Bessa, F., Sobral, P., Goruppi, A., Tirelli, V., Pedrotti, M.L., 

Suaria, G., Aliani, S., Lopes, C., Raimundo, J., Caetano, M., Gerdts, G., 2018. 

Standardised protocol for monitoring microplastics in sediments. 

https://doi.org/10.13140/RG.2.2.36256.89601/1 

https://www.fao.org/fishery/en/facp/irl?lang=en
https://www.newswire.ca/news-releases/canada-s-ghost-gear-fund-delivering-results-for-cleaner-oceans-842664592.html
https://www.newswire.ca/news-releases/canada-s-ghost-gear-fund-delivering-results-for-cleaner-oceans-842664592.html
https://www.newswire.ca/news-releases/canada-s-ghost-gear-fund-delivering-results-for-cleaner-oceans-842664592.html
https://doi.org/10.1021/es400931b
https://doi.org/10.1016/j.scitotenv.2019.135371
https://doi.org/10.1038/s41598-019-51741-5
https://doi.org/10.1007/BF00347454
https://doi.org/10.1016/j.seares.2011.05.008
https://doi.org/10.13140/RG.2.2.36256.89601/1


301 
 

Frias, J.P.G.L., Gago, J., Otero, V., Sobral, P., 2016. Microplastics in coastal sediments 

from Southern Portuguese shelf waters. Marine Environmental Research 114, 24–

30. https://doi.org/10.1016/j.marenvres.2015.12.006 

Frias, J.P.G.L., Lyashevska, O., Joyce, H., Pagter, E., Nash, R., 2020. Floating 

microplastics in a coastal embayment: A multifaceted issue. Mar Pollut Bull 158, 

111361. https://doi.org/10.1016/j.marpolbul.2020.111361 

Frias, J.P.G.L., Nash, R., 2019. Microplastics: Finding a consensus on the definition. 

Marine Pollution Bulletin 138, 145–147. 

https://doi.org/10.1016/j.marpolbul.2018.11.022 

Frias, J.P.G.L., Sobral, P., Ferreira, A.M., 2010. Organic pollutants in microplastics 

from two beaches of the Portuguese coast. Mar Pollut Bull 60, 1988–1992. 

https://doi.org/10.1016/j.marpolbul.2010.07.030 

Gago, J., Carretero, O., Filgueiras, A.V., Viñas, L., 2018. Synthetic microfibers in the 

marine environment: A review on their occurrence in seawater and sediments. 

Marine Pollution Bulletin 127, 365–376. 

https://doi.org/10.1016/j.marpolbul.2017.11.070 

Galgani, F., Leaute, J.P., Moguedet, P., Souplet, A., Verin, Y., Carpentier, A., Goraguer, 

H., Latrouite, D., Andral, B., Cadiou, Y., Mahe, J.C., Poulard, J.C., Nerisson, P., 

2000. Litter on the Sea Floor Along European Coasts. Marine Pollution Bulletin 

40, 516–527. https://doi.org/10.1016/S0025-326X(99)00234-9 

Gall, S.C., Thompson, R.C., 2015. The impact of debris on marine life. Marine Pollution 

Bulletin 92, 170–179. https://doi.org/10.1016/j.marpolbul.2014.12.041 

Galloway, T.S., Cole, M., Lewis, C., 2017. Interactions of microplastic debris 

throughout the marine ecosystem. Nat Ecol Evol 1, 1–8. 

https://doi.org/10.1038/s41559-017-0116 

Gamson, W.A., Modigliani, A., 1989. Media Discourse and Public Opinion on Nuclear 

Power: A Constructionist Approach. American Journal of Sociology 95, 1–37. 

Garcia, J.M., Robertson, M.L., 2017. The future of plastics recycling. Science 358, 870–

872. https://doi.org/10.1126/science.aaq0324 

https://doi.org/10.1016/j.marenvres.2015.12.006
https://doi.org/10.1016/j.marpolbul.2020.111361
https://doi.org/10.1016/j.marpolbul.2018.11.022
https://doi.org/10.1016/j.marpolbul.2010.07.030
https://doi.org/10.1016/j.marpolbul.2017.11.070
https://doi.org/10.1016/S0025-326X(99)00234-9
https://doi.org/10.1016/j.marpolbul.2014.12.041
https://doi.org/10.1038/s41559-017-0116
https://doi.org/10.1126/science.aaq0324


302 
 

Garrido Gamarro, E. & Costanzo, V. 2022. Microplastics in food commodities – A food 

safety review on human exposure through dietary sources. Food Safety and Quality 

Series No. 18. Rome, 

FAO. https://www.fao.org/documents/card/fr?details=cc2392en  

Garza, T.N., Barnes, D.K.A., Scourse, J.D., Whitaker, J.M., Janosik, A.M., 2023. 

Quantifying microplastics in fjords along the Western Antarctic Peninsula. Marine 

Pollution Bulletin 193, 115144. https://doi.org/10.1016/j.marpolbul.2023.115144 

Gaspar, M.B., Monteiro, C.C., 1998. Reproductive Cycleso Of the Razor Clam Ensis 

Siliqua and the Clam Venus Striatula off Vilamoura, Southern Portugal. Journal of 

the Marine Biological Association of the United Kingdom 78, 1247–1258. 

https://doi.org/10.1017/S0025315400044465 

Gasperi, J., Wright, S.L., Dris, R., Collard, F., Mandin, C., Guerrouache, M., Langlois, 

V., Kelly, F.J., Tassin, B., 2018. Microplastics in air: Are we breathing it in? 

Current Opinion in Environmental Science & Health, Micro and Nanoplastics 

Edited by Dr. Teresa A.P. Rocha-Santos 1, 1–5. 

https://doi.org/10.1016/j.coesh.2017.10.002 

Gaylarde, C., Baptista-Neto, J.A., da Fonseca, E.M., 2021. Plastic microfibre 

pollution: how important is clothes’ laundering? Heliyon 7, e07105. 

https://doi.org/10.1016/j.heliyon.2021.e07105 

Gebhardt, C., Forster, S., 2018. Size-selective feeding of Arenicola marina promotes 

long-term burial of microplastic particles in marine sediments. Environmental 

Pollution 242, 1777–1786. https://doi.org/10.1016/j.envpol.2018.07.090 

Gedik, K., Eryaşar, A.R., 2020. Microplastic pollution profile of Mediterranean 

mussels (Mytilus galloprovincialis) collected along the Turkish coasts. 

Chemosphere 260, 127570. 

https://doi.org/10.1016/j.chemosphere.2020.127570 

Germanov, E.S., Marshall, A.D., Bejder, L., Fossi, M.C., Loneragan, N.R., 2018. 

Microplastics: No Small Problem for Filter-Feeding Megafauna. Trends Ecol Evol 

33, 227–232. https://doi.org/10.1016/j.tree.2018.01.005 

Gewert, B., Ogonowski, M., Barth, A., MacLeod, M., 2017. Abundance and 

composition of near surface microplastics and plastic debris in the Stockholm 

https://doi.org/10.1016/j.marpolbul.2023.115144
https://doi.org/10.1017/S0025315400044465
https://doi.org/10.1016/j.coesh.2017.10.002
https://doi.org/10.1016/j.heliyon.2021.e07105
https://doi.org/10.1016/j.envpol.2018.07.090
https://doi.org/10.1016/j.chemosphere.2020.127570
https://doi.org/10.1016/j.tree.2018.01.005


303 
 

Archipelago, Baltic Sea. Marine Pollution Bulletin 120, 292–302. 

https://doi.org/10.1016/j.marpolbul.2017.04.062 

Geyer, R., Jambeck, J.R., Law, K.L., 2017. Production, use, and fate of all plastics ever 

made. Science Advances 3, e1700782. https://doi.org/10.1126/sciadv.1700782 

Ghinassi, M., Michielotto, A., Uguagliati, F., Zattin, M., 2023. Mechanisms of 

microplastics trapping in river sediments: Insights from the Arno river (Tuscany, 

Italy). Science of The Total Environment 866, 161273. 

https://doi.org/10.1016/j.scitotenv.2022.161273 

Gibson, R.N., 1994. Impact of habitat quality and quantity on the recruitment of juvenile 

flatfishes. Netherlands Journal of Sea Research 32, 191–206. 

https://doi.org/10.1016/0077-7579(94)90040-X 

Gohla, J., Bračun, S., Gretschel, G., Koblmüller, S., Wagner, M., Pacher, C., 2021. 

Potassium carbonate (K2CO3) – A cheap, non-toxic and high-density floating 

solution for microplastic isolation from beach sediments. Marine Pollution Bulletin 

170, 112618. https://doi.org/10.1016/j.marpolbul.2021.112618 

Goldberg, E.D., Bowen, V.T., Farrington, J.W., Harvey, G., Martin, J.H., Parker, P.L., 

Risebrough, R.W., Robertson, W., Schneider, E., Gamble, E., 1978. The Mussel 

Watch. Environmental Conservation 5, 101–125. 

Govender, J., Naidoo, T., Rajkaran, A., Cebekhulu, S., Bhugeloo, A., Sershen, 2020. 

Towards Characterising Microplastic Abundance, Typology and Retention in 

Mangrove-Dominated Estuaries. Water 12, 2802. 

https://doi.org/10.3390/w12102802 

Graca, B., Szewc, K., Zakrzewska, D., Dołęga, A., Szczerbowska-Boruchowska, M., 

2017. Sources and fate of microplastics in marine and beach sediments of the 

Southern Baltic Sea—a preliminary study. Environ Sci Pollut Res 24, 7650–7661. 

https://doi.org/10.1007/s11356-017-8419-5 

Grause, G., Kuniyasu, Y., Chien, M.-F., Inoue, C., 2022. Separation of microplastic 

from soil by centrifugation and its application to agricultural soil. Chemosphere 

288, 132654. https://doi.org/10.1016/j.chemosphere.2021.132654 

https://doi.org/10.1016/j.marpolbul.2017.04.062
https://doi.org/10.1126/sciadv.1700782
https://doi.org/10.1016/j.scitotenv.2022.161273
https://doi.org/10.1016/0077-7579(94)90040-X
https://doi.org/10.1016/j.marpolbul.2021.112618
https://doi.org/10.3390/w12102802
https://doi.org/10.1007/s11356-017-8419-5
https://doi.org/10.1016/j.chemosphere.2021.132654


304 
 

Gray, A.D., Weinstein, J.E., 2017. Size- and shape-dependent effects of microplastic 

particles on adult daggerblade grass shrimp (Palaemonetes pugio). Environmental 

Toxicology and Chemistry 36, 3074–3080. https://doi.org/10.1002/etc.3881 

Gray, A.D., Wertz, H., Leads, R.R., Weinstein, J.E., 2018. Microplastic in two South 

Carolina Estuaries: Occurrence, distribution, and composition. Marine Pollution 

Bulletin 128, 223–233. https://doi.org/10.1016/j.marpolbul.2018.01.030 

Grbić, J., Helm, P., Athey, S., Rochman, C.M., 2020. Microplastics entering 

northwestern Lake Ontario are diverse and linked to urban sources. Water 

Research 174, 115623. https://doi.org/10.1016/j.watres.2020.115623 

Grbić, J., Nguyen, B., Guo, E., You, J.B., Sinton, D., Rochman, C.M., 2019. Magnetic 

Extraction of Microplastics from Environmental Samples. Environ. Sci. Technol. 

Lett. 6, 68–72. https://doi.org/10.1021/acs.estlett.8b00671 

Greenpeace: Microbeads Poll Executive Summary - Greenpeace, London (2016) 

Gregory, M.R., 2009. Environmental implications of plastic debris in marine settings—

entanglement, ingestion, smothering, hangers-on, hitch-hiking and alien invasions. 

Philosophical Transactions of the Royal Society B: Biological Sciences 364, 2013–

2025. https://doi.org/10.1098/rstb.2008.0265 

Gregory, M.R., Andrady, A.L., 2003. Plastics in the Marine Environment, in: Plastics 

and the Environment. John Wiley & Sons, Ltd, pp. 379–401. 

https://doi.org/10.1002/0471721557.ch10 

Griffiths, R.J., 1981. Predation on the Bivalve Choromytlius Meridionalis (KR.) by the 

Gastropod Natica (Tectonatica) Tecta Anton. Journal of Molluscan Studies 47, 

112–120. https://doi.org/10.1093/oxfordjournals.mollus.a065551  

Gündoğdu, S., Çevik, C., Ataş, N.T., 2020. Stuffed with microplastics: Microplastic 

occurrence in traditional stuffed mussels sold in the Turkish market. Food 

Bioscience 37, 100715. https://doi.org/10.1016/j.fbio.2020.100715 

Guo, J.-J., Huang, X.-P., Xiang, L., Wang, Y.-Z., Li, Y.-W., Li, H., Cai, Q.-Y., Mo, C.-

H., Wong, M.-H., 2020. Source, migration and toxicology of microplastics in soil. 

Environment International 137, 105263. 

https://doi.org/10.1016/j.envint.2019.105263 

https://doi.org/10.1002/etc.3881
https://doi.org/10.1016/j.marpolbul.2018.01.030
https://doi.org/10.1016/j.watres.2020.115623
https://doi.org/10.1021/acs.estlett.8b00671
https://doi.org/10.1098/rstb.2008.0265
https://doi.org/10.1002/0471721557.ch10
https://doi.org/10.1093/oxfordjournals.mollus.a065551
https://doi.org/10.1016/j.fbio.2020.100715
https://doi.org/10.1016/j.envint.2019.105263


305 
 

Gutow, L., Eckerlebe, A., Giménez, L., Saborowski, R., 2016. Experimental Evaluation 

of Seaweeds as a Vector for Microplastics into Marine Food Webs. Environ. Sci. 

Technol. 50, 915–923. https://doi.org/10.1021/acs.est.5b02431 

Güven, O., Gökdağ, K., Jovanović, B., Kıdeyş, A.E., 2017. Microplastic litter 

composition of the Turkish territorial waters of the Mediterranean Sea, and its 

occurrence in the gastrointestinal tract of fish. Environmental Pollution 223, 286–

294. https://doi.org/10.1016/j.envpol.2017.01.025 

H.R.1321 - 114th Congress (2015-2016): Microbead-Free Waters Act of 2015. Rep. 

Pallone, F., 2015. URL https://www.congress.gov/bill/114th-congress/house-

bill/1321/text.  

Haave, M., Lorenz, C., Primpke, S., Gerdts, G., 2019. Different stories told by small 

and large microplastics in sediment - first report of microplastic concentrations in 

an urban recipient in Norway. Mar Pollut Bull 141, 501–513. 

https://doi.org/10.1016/j.marpolbul.2019.02.015 

Haberstroh, C.J., Arias, M.E., Yin, Z., Wang, M.C., 2021. Effects of hydrodynamics 

on the cross-sectional distribution and transport of plastic in an urban coastal 

river. Water Environment Research 93, 186–200. 

https://doi.org/10.1002/wer.1386 

Hägerbäumer, A., Rauchschwalbe, M.-T., Füser, H., Traunspurger, W., 2019. Impacts 

of Micro- and Nano-Sized Plastic Particles on Benthic Invertebrates: A Literature 

Review and Gap Analysis. Frontiers in Environmental Science 7, 17. 

https://doi.org/10.3389/fenvs.2019.00017 

Hale, R.C., Seeley, M.E., La Guardia, M.J., Mai, L., Zeng, E.Y., 2020. A Global 

Perspective on Microplastics. Journal of Geophysical Research: Oceans 125, 

e2018JC014719. https://doi.org/10.1029/2018JC014719 

Hall, S., Basford, D., Robertson, M., Raffaelli, D., Tuck, I., 1991. Patterns of 

recolonisation and the importance of pit-digging by the crab Cancer pagurus in a 

subtidal sand habitat. Mar. Ecol. Prog. Ser. 72, 93–102. 

https://doi.org/10.3354/meps072093 

Hamerlynck, O., Cattrijsse, A., 1994. The food of Pomatoschistus minutus (Pisces, 

Gobiidae) in Belgian coastal waters, and a comparison with the food of its potential 

https://doi.org/10.1021/acs.est.5b02431
https://doi.org/10.1016/j.envpol.2017.01.025
https://www.congress.gov/bill/114th-congress/house-bill/1321/text
https://www.congress.gov/bill/114th-congress/house-bill/1321/text
https://doi.org/10.1016/j.marpolbul.2019.02.015
https://doi.org/10.1002/wer.1386
https://doi.org/10.3389/fenvs.2019.00017
https://doi.org/10.1029/2018JC014719
https://doi.org/10.3354/meps072093


306 
 

competitor P. lozanoi. Journal of Fish Biology 44, 753–771. 

https://doi.org/10.1111/j.1095-8649.1994.tb01253.x 

Hamid, S.H. and Prichard, W.H., 1991. Mathematical modeling of weather‐induced 

degradation of polymer properties. Journal of applied polymer science, 43(4), 

pp.651-678. 

Hamidian, A.H., Ozumchelouei, E.J., Feizi, F., Wu, C., Zhang, Y., Yang, M., 2021. A 

review on the characteristics of microplastics in wastewater treatment plants: A 

source for toxic chemicals. Journal of Cleaner Production 295, 126480. 

https://doi.org/10.1016/j.jclepro.2021.126480 

Hanke, G., Galgani, F., Werner, S., Oosterbaan, L., Nilsson, P., Fleet, D., Kinsey, S., 

Thompson, R., Palatinus, A., Van, F.J.A., Vlachogianni, T., Scoullos, M., Veiga, 

J.M., Matiddi, M., Alcaro, L., Maes, T., Korpinen, S., Budziak, A., Leslie, H., 

Gago, J., Liebezeit, G., 2014. Guidance on Monitoring of Marine Litter in 

European Seas [WWW Document]. JRC Publications Repository. 

https://doi.org/10.2788/99816 

Hara, J., Frias, J., Nash, R., 2020. Quantification of microplastic ingestion by the 

decapod crustacean Nephrops norvegicus from Irish waters. Marine Pollution 

Bulletin 152, 110905. https://doi.org/10.1016/j.marpolbul.2020.110905 

  Harris, P.T., 2020. The fate of microplastic in marine sedimentary environments: A 

review and synthesis. Marine Pollution Bulletin 158, 111398. 

https://doi.org/10.1016/j.marpolbul.2020.111398 

Hartley, B.L., Thompson, R.C., Pahl, S., 2015. Marine litter education boosts children’s 

understanding and self-reported actions. Marine Pollution Bulletin 90, 209–217. 

https://doi.org/10.1016/j.marpolbul.2014.10.049 

Havens, K.J., Bilkovic, D.M., Stanhope, D., Angstadt, K., Hershner, C., 2008. The 

Effects of Derelict Blue Crab Traps on Marine Organisms in the Lower York River, 

Virginia. North American Journal of Fisheries Management 28, 1194–1200. 

https://doi.org/10.1577/M07-014.1 

Havermans, C., Smetacek, V., 2018. Bottom-up and top-down triggers of 

diversification: A new look at the evolutionary ecology of scavenging amphipods 

https://doi.org/10.1111/j.1095-8649.1994.tb01253.x
https://doi.org/10.1016/j.jclepro.2021.126480
https://doi.org/10.2788/99816
https://doi.org/10.1016/j.marpolbul.2020.110905
https://doi.org/10.1016/j.marpolbul.2020.111398
https://doi.org/10.1016/j.marpolbul.2014.10.049
https://doi.org/10.1577/M07-014.1


307 
 

in the deep sea. Progress in Oceanography 164, 37–51. 

https://doi.org/10.1016/j.pocean.2018.04.008 

Hayford, H.A., Gilman, S.E., Carrington, E., 2021. Tidal cues reduce thermal risk of 

climate change in a foraging marine snail. Climate Change Ecology 1, 100003. 

https://doi.org/10.1016/j.ecochg.2021.100003 

Hayward, P. J and Ryland, J. S. Handbook of the Marine Fauna of North-West Europe 

by P. J. Hayward (Editor), J. S. Ryland (Editor) (29-Jun-1995) 

He, B., Goonetilleke, A., Ayoko, G.A., Rintoul, L., 2020. Abundance, distribution 

patterns, and identification of microplastics in Brisbane River sediments, Australia. 

Science of The Total Environment 700, 134467. 

https://doi.org/10.1016/j.scitotenv.2019.134467 

He, D., Luo, Y., Lu, S., Liu, M., Song, Y., Lei, L., 2018. Microplastics in soils: 

Analytical methods, pollution characteristics and ecological risks. TrAC Trends in 

Analytical Chemistry 109, 163–172. https://doi.org/10.1016/j.trac.2018.10.006 

He, P., Suuronen, P., 2018. Technologies for the marking of fishing gear to identify gear 

components entangled on marine animals and to reduce abandoned, lost or 

otherwise discarded fishing gear. Marine Pollution Bulletin 129, 253–261. 

https://doi.org/10.1016/j.marpolbul.2018.02.033 

Healy, A. (2013) ‘Postmortems show dolphins got entangled in fishery gear off Mayo’, 

The Irish Times, Thu Apr 25. 

https://www.irishtimes.com/news/world/europe/postmortems-show-dolphins-got-

entangled-in-fishery-gear-off-mayo-1.1372818 (Accessed 5.24.23) 

Hee, Y.Y., Hanif, N.M., Weston, K., Latif, M.T., Suratman, S., Rusli, M.U., Mayes, 

A.G., 2023. Atmospheric microplastic transport and deposition to urban and 

pristine tropical locations in Southeast Asia. Science of The Total Environment 

902, 166153. https://doi.org/10.1016/j.scitotenv.2023.166153 

Heerey, L., O’Sullivan, J.J., Bruen, M., Turner, J., Mahon, A.M., Murphy, S., Lally, 

H.T., O’Connor, J.D., O’Connor, I., Nash, R., 2023. Export pathways of biosolid 

derived microplastics in soil systems – Findings from a temperate maritime 

climate. Science of The Total Environment 888, 164028. 

https://doi.org/10.1016/j.scitotenv.2023.164028 

https://doi.org/10.1016/j.pocean.2018.04.008
https://doi.org/10.1016/j.ecochg.2021.100003
https://doi.org/10.1016/j.scitotenv.2019.134467
https://doi.org/10.1016/j.trac.2018.10.006
https://doi.org/10.1016/j.marpolbul.2018.02.033
https://www.irishtimes.com/news/world/europe/postmortems-show-dolphins-got-entangled-in-fishery-gear-off-mayo-1.1372818
https://www.irishtimes.com/news/world/europe/postmortems-show-dolphins-got-entangled-in-fishery-gear-off-mayo-1.1372818
https://doi.org/10.1016/j.scitotenv.2023.166153
https://doi.org/10.1016/j.scitotenv.2023.164028


308 
 

Henderson, L., Green, C., 2020. Making sense of microplastics? Public understandings 

of plastic pollution. Marine Pollution Bulletin 152, 110908. 

https://doi.org/10.1016/j.marpolbul.2020.110908 

Hengstmann, E., Tamminga, M., vom Bruch, C., Fischer, E.K., 2018. Microplastic in 

beach sediments of the Isle of Rügen (Baltic Sea) - Implementing a novel glass 

elutriation column. Marine Pollution Bulletin 126, 263–274. 

https://doi.org/10.1016/j.marpolbul.2017.11.010 

Hengstmann, E., Weil, E., Wallbott, P.C., Tamminga, M., Fischer, E.K., 2021. 

Microplastics in lakeshore and lakebed sediments – External influences and 

temporal and spatial variabilities of concentrations. Environmental Research 197, 

111141. https://doi.org/10.1016/j.envres.2021.111141 

Hermabessiere, L., Paul-Pont, I., Cassone, A.-L., Himber, C., Receveur, J., Jezequel, R., 

El Rakwe, M., Rinnert, E., Rivière, G., Lambert, C., Huvet, A., Dehaut, A., Duflos, 

G., Soudant, P., 2019. Microplastic contamination and pollutant levels in mussels 

and cockles collected along the channel coasts. Environmental Pollution 250, 807–

819. https://doi.org/10.1016/j.envpol.2019.04.051 

Hermsen, E., Mintenig, S.M., Besseling, E., Koelmans, A.A., 2018. Quality Criteria for 

the Analysis of Microplastic in Biota Samples: A Critical Review. Environ. Sci. 

Technol. 52, 10230–10240. https://doi.org/10.1021/acs.est.8b01611 

Herrera, A., Garrido-Amador, P., Martínez, I., Samper, M.D., López-Martínez, J., 

Gómez, M., Packard, T.T., 2018. Novel methodology to isolate microplastics from 

vegetal-rich samples. Mar Pollut Bull 129, 61–69. 

https://doi.org/10.1016/j.marpolbul.2018.02.015 

Herweyers, L., Catarci Carteny, C., Scheelen, L., Watts, R., Du Bois, E., 2020. 

Consumers’ Perceptions and Attitudes toward Products Preventing Microfiber 

Pollution in Aquatic Environments as a Result of the Domestic Washing of 

Synthetic Clothes. Sustainability 12, 2244. https://doi.org/10.3390/su12062244 

Herzke, D., Ghaffari, P., Sundet, J.H., Tranang, C.A., Halsband, C., 2021. Microplastic 

Fiber Emissions From Wastewater Effluents: Abundance, Transport Behavior and 

Exposure Risk for Biota in an Arctic Fjord. Frontiers in Environmental Science 9. 

https://doi.org/10.1016/j.marpolbul.2020.110908
https://doi.org/10.1016/j.marpolbul.2017.11.010
https://doi.org/10.1016/j.envres.2021.111141
https://doi.org/10.1016/j.envpol.2019.04.051
https://doi.org/10.1021/acs.est.8b01611
https://doi.org/10.1016/j.marpolbul.2018.02.015
https://doi.org/10.3390/su12062244


309 
 

Heß, M., Diehl, P., Mayer, J., Rahm, H., Reifenhäuser, W., Stark, J., Schwaiger, J., 

2018.  Mikroplastik in Binnengewässern Süd- und Westdeutschlands, URL: 

https://www.lanuv.nrw.de/fileadmin/lanuvpubl/6_sonderreihen/L%C3%A4nderb

ericht_Mikroplastik_in_Binnengew%C3%A4ssern.pdf 

Hidalgo-Ruz, V., Gutow, L., Thompson, R.C., Thiel, M., 2012. Microplastics in the 

marine environment: a review of the methods used for identification and 

quantification. Environ Sci Technol 46, 3060–3075. 

https://doi.org/10.1021/es2031505 

Higgins, R.C., 1974. Observations on the biology of Apatopygus recens (Echinoidea: 

Cassiduloida) around New Zealand. Journal of Zoology 173, 505–516. 

https://doi.org/10.1111/j.1469-7998.1974.tb04130.x 

Hill, J.M. 2008. Liocarcinus depurator Harbour crab. In Tyler-Walters H. and Hiscock 

K. (eds) Marine Life Information Network: Biology and Sensitivity Key 

Information Reviews, [on-line]. Plymouth: Marine Biological Association of the 

United Kingdom. DOI https://dx.doi.org/10.17031/marlinsp.1175.2 

Hitchcock, J.N., 2020. Storm events as key moments of microplastic contamination in 

aquatic ecosystems. Science of The Total Environment 734, 139436. 

https://doi.org/10.1016/j.scitotenv.2020.139436 

Horton, A.A., Walton, A., Spurgeon, D.J., Lahive, E., Svendsen, C., 2017. Microplastics 

in freshwater and terrestrial environments: Evaluating the current understanding to 

identify the knowledge gaps and future research priorities. Sci Total Environ 586, 

127–141. https://doi.org/10.1016/j.scitotenv.2017.01.190 

Hu, L., Chernick, M., Hinton, D.E., Shi, H., 2018. Microplastics in Small Waterbodies 

and Tadpoles from Yangtze River Delta, China. Environ Sci Technol 52, 8885–

8893. https://doi.org/10.1021/acs.est.8b02279 

Huffman Ringwood, A., 2021. Bivalves as Biological Sieves: Bioreactivity Pathways 

of Microplastics and Nanoplastics. The Biological Bulletin 241, 185–195. 

https://doi.org/10.1086/716259 

Huntington, T (2019). Marine Litter and Aquaculture Gear – White Paper. Report 

produced by Poseidon Aquatic Resources Management Ltd for the Aquaculture 

Stewardship Council. 20 pp plus appendices. https://www.asc-aqua.org/wp-

https://www.lanuv.nrw.de/fileadmin/lanuvpubl/6_sonderreihen/L%C3%A4nderbericht_Mikroplastik_in_Binnengew%C3%A4ssern.pdf
https://www.lanuv.nrw.de/fileadmin/lanuvpubl/6_sonderreihen/L%C3%A4nderbericht_Mikroplastik_in_Binnengew%C3%A4ssern.pdf
https://doi.org/10.1021/es2031505
https://doi.org/10.1111/j.1469-7998.1974.tb04130.x
https://dx.doi.org/10.17031/marlinsp.1175.2
https://doi.org/10.1016/j.scitotenv.2020.139436
https://doi.org/10.1016/j.scitotenv.2017.01.190
https://doi.org/10.1021/acs.est.8b02279
https://doi.org/10.1086/716259
https://www.asc-aqua.org/wp-content/uploads/2019/11/ASC_Marine-Litter-and-Aquaculture-Gear-November-2019.pdf


310 
 

content/uploads/2019/11/ASC_Marine-Litter-and-Aquaculture-Gear-November-

2019.pdf 

Hurley, R., Horton, A., Lusher, A., Nizzetto, L., 2020. Chapter 7 - Plastic waste in the 

terrestrial environment, in: Letcher, T.M. (Ed.), Plastic Waste and Recycling. 

Academic Press, pp. 163–193. https://doi.org/10.1016/B978-0-12-817880-

5.00007-4 

Hurley, R., Woodward, J., Rothwell, J., 2018. Microplastic contamination of river beds 

significantly reduced by catchment-wide flooding. Nature Geoscience 11, 251–

257. https://doi.org/10.1038/s41561-018-0080-1 

Hurley, R.R., Lusher, A.L., Olsen, M., Nizzetto, L., 2018. Validation of a Method for 

Extracting Microplastics from Complex, Organic-Rich, Environmental Matrices. 

Environ Sci Technol 52, 7409–7417. https://doi.org/10.1021/acs.est.8b01517 

Hyman, L.H. 1955. The invertebrates: Echinodermata. The coelomate Bilateria. Vol. 

IV. McGraw-Hill Book Co., New York. 

Iaconelli, M., Muscillo, M., Della Libera, S., Fratini, M., Meucci, L., De Ceglia, M., 

Giacosa, D., La Rosa, G., 2017. One-year Surveillance of Human Enteric Viruses 

in Raw and Treated Wastewaters, Downstream River Waters, and Drinking 

Waters. Food Environ Virol 9, 79–88. https://doi.org/10.1007/s12560-016-9263-3 

Iglesias, J.I.P., Urrutia, M.B., Navarro, E., Alvarez-Jorna, P., Larretxea, X., Bougrier, 

S., Heral, M., 1996. Variability of feeding processes in the cockle Cerastoderma 

edule (L.) in response to changes in seston concentration and composition. Journal 

of Experimental Marine Biology and Ecology 197, 121–143. 

https://doi.org/10.1016/0022-0981(95)00149-2 

Iheanacho, S., Ogbu, M., Bhuyan, M.S., Ogunji, J., 2023. Microplastic pollution: An 

emerging contaminant in aquaculture. Aquaculture and Fisheries 8, 603–616. 

https://doi.org/10.1016/j.aaf.2023.01.007 

Ikeda, T. Metabolic rates of epipelagic marine zooplankton as a function of body mass 

and temperature. Mar. Biol. 85, 1–11 (1985). https://doi.org/10.1007/BF00396409 

Irish Statute Book (eISB) [WWW Document]. URL 

https://www.irishstatutebook.ie/eli/2020/si/36/made/en/print  

https://www.asc-aqua.org/wp-content/uploads/2019/11/ASC_Marine-Litter-and-Aquaculture-Gear-November-2019.pdf
https://www.asc-aqua.org/wp-content/uploads/2019/11/ASC_Marine-Litter-and-Aquaculture-Gear-November-2019.pdf
https://doi.org/10.1016/B978-0-12-817880-5.00007-4
https://doi.org/10.1016/B978-0-12-817880-5.00007-4
https://doi.org/10.1038/s41561-018-0080-1
https://doi.org/10.1021/acs.est.8b01517
https://doi.org/10.1007/s12560-016-9263-3
https://doi.org/10.1016/0022-0981(95)00149-2
https://doi.org/10.1016/j.aaf.2023.01.007
https://doi.org/10.1007/BF00396409
https://www.irishstatutebook.ie/eli/2020/si/36/made/en/print


311 
 

Irish Statute Book (eISB) [WWW Document]. URL 

https://www.irishstatutebook.ie/eli/2019/act/52/enacted/en/html  

Irish Statute Book (eISB). Microbeads (Prohibition) Act 2019. URL 

https://www.irishstatutebook.ie/eli/2019/act/52/enacted/en/html 

Isobe, A., Uchiyama-Matsumoto, K., Uchida, K., Tokai, T., 2017. Microplastics in the 

Southern Ocean. Marine Pollution Bulletin 114, 623–626. 

https://doi.org/10.1016/j.marpolbul.2016.09.037 

Ivar do Sul, J.A., Costa, M.F., 2014. The present and future of microplastic pollution in 

the marine environment. Environmental Pollution 185, 352–364. 

https://doi.org/10.1016/j.envpol.2013.10.036 

Ivleva, N.P., Wiesheu, A.C., Niessner, R., 2017. Microplastic in Aquatic Ecosystems. 

Angewandte Chemie International Edition 56, 1720–1739. 

https://doi.org/10.1002/anie.201606957 

Iyare, P.U., Ouki, S.K., Bond, T., 2020. Microplastics removal in wastewater treatment 

plants: a critical review. Environ. Sci.: Water Res. Technol. 6, 2664–2675. 

https://doi.org/10.1039/D0EW00397B 

Jabeen, K., Su, L., Li, J., Yang, D., Tong, C., Mu, J., Shi, H., 2017. Microplastics and 

mesoplastics in fish from coastal and fresh waters of China. Environmental 

Pollution 221, 141–149. https://doi.org/10.1016/j.envpol.2016.11.055 

Jahan, S., Strezov, V., Weldekidan, H., Kumar, R., Kan, T., Sarkodie, S.A., He, J., 

Dastjerdi, B., Wilson, S.P., 2019. Interrelationship of microplastic pollution in 

sediments and oysters in a seaport environment of the eastern coast of Australia. 

Science of The Total Environment 695, 133924. 

https://doi.org/10.1016/j.scitotenv.2019.133924 

Jambeck, J.R., Geyer, R., Wilcox, C., Siegler, T.R., Perryman, M., Andrady, A., 

Narayan, R., Law, K.L., 2015. Plastic waste inputs from land into the ocean. 

Science 347, 768–771. https://doi.org/10.1126/science.1260352 

Janardhanam, M., Sivakumar, P., Srinivasan, G., Sivakumar, R., Marcus, P.N., 

Balasubramaniam, S., Rajamanickam, K., Raman, T., Singaram, G., Harikrishnan, 

https://www.irishstatutebook.ie/eli/2019/act/52/enacted/en/html
https://www.irishstatutebook.ie/eli/2019/act/52/enacted/en/html
https://doi.org/10.1016/j.marpolbul.2016.09.037
https://doi.org/10.1016/j.envpol.2013.10.036
https://doi.org/10.1002/anie.201606957
https://doi.org/10.1039/D0EW00397B
https://doi.org/10.1016/j.envpol.2016.11.055
https://doi.org/10.1016/j.scitotenv.2019.133924
https://doi.org/10.1126/science.1260352


312 
 

T., 2022. Microplastics in Demersal Sharks From the Southeast Indian Coastal 

Region. Frontiers in Marine Science 9. https://doi.org/10.3389/fmars.2022.914391 

Jenner, L.C., Rotchell, J.M., Bennett, R.T., Cowen, M., Tentzeris, V., Sadofsky, L.R., 

2022. Detection of microplastics in human lung tissue using μFTIR spectroscopy. 

Science of The Total Environment 831, 

154907.https://doi.org/10.1016/j.scitotenv.2022.154907 

Jiang, C., Yin, L., Li, Z., Wen, X., Luo, X., Hu, S., Yang, H., Long, Y., Deng, B., Huang, 

L., Liu, Y., 2019. Microplastic pollution in the rivers of the Tibet Plateau. 

Environmental Pollution 249, 91–98. https://doi.org/10.1016/j.envpol.2019.03.022 

Johnson, T.C., Halfman, J.D., Rosendahl, B.R., Lister, G.S., 1987. Climatic and tectonic 

effects on sedimentation in a rift-valley lake: Evidence from high-resolution 

seismic profiles, Lake Turkana, Kenya. GSA Bulletin 98, 439–447. 

https://doi.org/10.1130/0016-7606(1987)98<439:CATEOS>2.0.CO;2 

Jones, J.S., Guézou, A., Medor, S., Nickson, C., Savage, G., Alarcón-Ruales, D., 

Galloway, T.S., Muñoz-Pérez, J.P., Nelms, S.E., Porter, A., Thiel, M., Lewis, C., 

2022. Microplastic distribution and composition on two Galápagos island beaches, 

Ecuador: Verifying the use of citizen science derived data in long-term monitoring. 

Environmental Pollution 311, 120011. 

https://doi.org/10.1016/j.envpol.2022.120011 

Joo, S.H., Liang, Y., Kim, M., Byun, J., Choi, H., 2021. Microplastics with adsorbed 

contaminants: Mechanisms and Treatment. Environmental Challenges 3, 100042. 

https://doi.org/10.1016/j.envc.2021.100042 

Jovanović, B., 2017. Ingestion of microplastics by fish and its potential consequences 

from a physical perspective. Integrated Environmental Assessment and 

Management 13, 510–515. https://doi.org/10.1002/ieam.1913 

Joyce, H., Frias, J., Kavanagh, F., Lynch, R., Pagter, E., White, J., Nash, R., 2022. 

Plastics, prawns, and patterns: Microplastic loadings in Nephrops norvegicus and 

surrounding habitat in the North East Atlantic. Science of The Total Environment 

826, 154036. https://doi.org/10.1016/j.scitotenv.2022.154036 

Kallenbach, E.M.F., Rødland, E.S., Buenaventura, N.T., Hurley, R., 2022. 

Microplastics in Terrestrial and Freshwater Environments, in: Bank, M.S. (Ed.), 

https://doi.org/10.3389/fmars.2022.914391
https://doi.org/10.1016/j.scitotenv.2022.154907
https://doi.org/10.1016/j.envpol.2019.03.022
https://doi.org/10.1130/0016-7606(1987)98%3c439:CATEOS%3e2.0.CO;2
https://doi.org/10.1016/j.envpol.2022.120011
https://doi.org/10.1016/j.envc.2021.100042
https://doi.org/10.1002/ieam.1913
https://doi.org/10.1016/j.scitotenv.2022.154036


313 
 

Microplastic in the Environment: Pattern and Process, Environmental 

Contamination Remediation and Management. Springer International Publishing, 

Cham, pp. 87–130. https://doi.org/10.1007/978-3-030-78627-4_4 

Karakolis, E.G., Nguyen, B., You, J.B., Graham, P.J., Rochman, C.M., Sinton, D., 2018. 

Digestible Fluorescent Coatings for Cumulative Quantification of Microplastic 

Ingestion. Environ. Sci. Technol. Lett. 5, 62–67. 

https://doi.org/10.1021/acs.estlett.7b00545 

Karami, A., Golieskardi, A., Keong Choo, C., Larat, V., Galloway, T.S., Salamatinia, 

B., 2017. The presence of microplastics in commercial salts from different 

countries. Sci Rep 7, 46173. https://doi.org/10.1038/srep46173 

Karkanorachaki, K., Kiparissis, S., Kalogerakis, G.C., Yiantzi, E., Psillakis, E., 

Kalogerakis, N., 2018. Plastic pellets, meso- and microplastics on the coastline of 

Northern Crete: Distribution and organic pollution. Mar Pollut Bull 133, 578–589. 

https://doi.org/10.1016/j.marpolbul.2018.06.011 

Karkanorachaki, K., Syranidou, E., Kalogerakis, N., 2021. Sinking characteristics of 

microplastics in the marine environment. Science of The Total Environment 793, 

148526. https://doi.org/10.1016/j.scitotenv.2021.148526 

 Karlsson, Ö., Jonsson P.R., Larsson, A.I., 2003. Do large seston particles contribute to 

the diet of the bivalve Cerastoderma edule? Marine Ecology Progress Series. Vol 

261: 161–173, 2003. https://www.int-

res.com/articles/meps2003/261/m261p161.pdf  

Karlsson, T.M., Vethaak, A.D., Almroth, B.C., Ariese, F., van Velzen, M., Hassellöv, 

M., Leslie, H.A., 2017. Screening for microplastics in sediment, water, marine 

invertebrates and fish: Method development and microplastic accumulation. 

Marine Pollution Bulletin 122, 403–408. 

https://doi.org/10.1016/j.marpolbul.2017.06.081 

Kataoka, T., Hinata, H., 2015. Evaluation of beach cleanup effects using linear system 

analysis. Marine Pollution Bulletin 91, 73–81. 

https://doi.org/10.1016/j.marpolbul.2014.12.026 

https://doi.org/10.1007/978-3-030-78627-4_4
https://doi.org/10.1021/acs.estlett.7b00545
https://doi.org/10.1038/srep46173
https://doi.org/10.1016/j.marpolbul.2018.06.011
https://doi.org/10.1016/j.scitotenv.2021.148526
https://www.int-res.com/articles/meps2003/261/m261p161.pdf
https://www.int-res.com/articles/meps2003/261/m261p161.pdf
https://doi.org/10.1016/j.marpolbul.2017.06.081
https://doi.org/10.1016/j.marpolbul.2014.12.026


314 
 

Kataoka, T., Hinata, H., Kato, S., 2013. Analysis of a beach as a time-invariant linear 

input/output system of marine litter. Marine Pollution Bulletin 77, 266–273. 

https://doi.org/10.1016/j.marpolbul.2013.09.049 

Kataoka, T., Nihei, Y., Kudou, K., Hinata, H., 2019. Assessment of the sources and 

inflow processes of microplastics in the river environments of Japan. 

Environmental Pollution 244, 958–965. 

https://doi.org/10.1016/j.envpol.2018.10.111 

Kay, P., Hiscoe, R., Moberley, I., Bajic, L., McKenna, N., 2018. Wastewater treatment 

plants as a source of microplastics in river catchments. Environ Sci Pollut Res Int 

25, 20264–20267. https://doi.org/10.1007/s11356-018-2070-7 

Kazour, M., Amara, R., 2020. Is blue mussel caging an efficient method for monitoring 

environmental microplastics pollution? Science of The Total Environment 710, 

135649. https://doi.org/10.1016/j.scitotenv.2019.135649 

Kedzierski, M., Lechat, B., Sire, O., Le Maguer, G., Le Tilly, V., Bruzaud, S., 2020. 

Microplastic contamination of packaged meat: Occurrence and associated risks. 

Food Packaging and Shelf Life 24, 100489. 

https://doi.org/10.1016/j.fpsl.2020.100489 

Keene, J., Turner, A., 2023. Microplastics in coastal urban sediments: Discrepancies in 

concentration and character revealed by different approaches to sample 

processing. Science of The Total Environment 865, 161140. 

https://doi.org/10.1016/j.scitotenv.2022.161140 

Keizer, K., Lindenberg, S., Steg, L., 2008. The spreading of disorder. Science 322, 

1681–1685. https://doi.org/10.1126/science.1161405 

Kelley, P.H., Hansen, T.A., 1993. Evolution of the Naticid Gastropod Predator-Prey 

System: An Evaluation of the Hypothesis of Escalation. PALAIOS 8, 358–375. 

https://doi.org/10.2307/3515266 

Kershaw, P., Katsuhiko, S., Lee, S., Leemseth, J. & Woodring, D. 2011 Plastic debris 

in the ocean. In UNEP year book: emerging issues in our environment. Nairobi: 

UNEP. 

Khalid, N., Aqeel, M., Noman, A., Hashem, M., Mostafa, Y.S., Alhaithloul, H.A.S., 

Alghanem, S.M., 2021. Linking effects of microplastics to ecological impacts in 

https://doi.org/10.1016/j.marpolbul.2013.09.049
https://doi.org/10.1016/j.envpol.2018.10.111
https://doi.org/10.1007/s11356-018-2070-7
https://doi.org/10.1016/j.scitotenv.2019.135649
https://doi.org/10.1016/j.fpsl.2020.100489
https://doi.org/10.1016/j.scitotenv.2022.161140
https://doi.org/10.1126/science.1161405
https://doi.org/10.2307/3515266


315 
 

marine environments. Chemosphere 264, 128541. 

https://doi.org/10.1016/j.chemosphere.2020.128541 

Khosrovyan, A., Doria, H.B., Kahru, A., Pfenninger, M., 2022. Polyamide 

microplastic exposure elicits rapid, strong and genome-wide evolutionary 

response in the freshwater non-biting midge Chironomus riparius. Chemosphere 

299, 134452. https://doi.org/10.1016/j.chemosphere.2022.134452 

Khuyen, V.T.K., Le, D.V., Fischer, A.R., Dornack, C., 2021. Comparison of 

Microplastic Pollution in Beach Sediment and Seawater at UNESCO Can Gio 

Mangrove Biosphere Reserve. Global Challenges 5, 2100044. 

https://doi.org/10.1002/gch2.202100044 

King, C.D., Stephens, C.G., Lynch, J.P., Jordan, S.N., 2023. Farmers’ attitudes towards 

agricultural plastics – Management and disposal, awareness and perceptions of the 

environmental impacts. Science of The Total Environment 864, 160955. 

https://doi.org/10.1016/j.scitotenv.2022.160955 

Kingsley-Smith, P.R., Richardson, C.A., Seed, R., 2003. Stereotypic and size-selective 

predation in Polinices pulchellus (Gastropoda: Naticidae) Risso 1826. Journal of 

Experimental Marine Biology and Ecology 295, 173–190. 

https://doi.org/10.1016/S0022-0981(03)00294-6 

Klein, J.R., Beaman, J., Kirkbride, K.P., Patten, C., Burke da Silva, K., 2022. 

Microplastics in intertidal water of South Australia and the mussel Mytilus spp.; 

the contrasting effect of population on concentration. Science of The Total 

Environment 831, 154875. https://doi.org/10.1016/j.scitotenv.2022.154875 

Klein, M., Fischer, E.K., 2019. Microplastic abundance in atmospheric deposition 

within the Metropolitan area of Hamburg, Germany. Science of The Total 

Environment 685, 96–103. https://doi.org/10.1016/j.scitotenv.2019.05.405 

Klein, S., Dimzon, I.K., Eubeler, J., Knepper, T.P., 2018. Analysis, Occurrence, and 

Degradation of Microplastics in the Aqueous Environment, in: Wagner, M., 

Lambert, S. (Eds.), Freshwater Microplastics: Emerging Environmental 

Contaminants?, The Handbook of Environmental Chemistry. Springer 

International Publishing, Cham, pp. 51–67. https://doi.org/10.1007/978-3-319-

61615-5-3 

https://doi.org/10.1016/j.chemosphere.2020.128541
https://doi.org/10.1016/j.chemosphere.2022.134452
https://doi.org/10.1002/gch2.202100044
https://doi.org/10.1016/j.scitotenv.2022.160955
https://doi.org/10.1016/S0022-0981(03)00294-6
https://doi.org/10.1016/j.scitotenv.2022.154875
https://doi.org/10.1016/j.scitotenv.2019.05.405
https://doi.org/10.1007/978-3-319-61615-5-3
https://doi.org/10.1007/978-3-319-61615-5-3


316 
 

Klein, S., Worch, E., Knepper, T.P., 2015. Occurrence and Spatial Distribution of 

Microplastics in River Shore Sediments of the Rhine-Main Area in Germany. 

Environ Sci Technol 49, 6070–6076. https://doi.org/10.1021/acs.est.5b00492 

Klinck, J., n.d. NOBANIS - Marine invasive species in Nordic waters - Fact Sheet 9. 

Knutsen, H., Cyvin, J.B., Totland, C., Lilleeng, Ø., Wade, E.J., Castro, V., Pettersen, 

A., Laugesen, J., Møskeland, T., Arp, H.P.H., 2020. Microplastic accumulation by 

tube-dwelling, suspension feeding polychaetes from the sediment surface: A case 

study from the Norwegian Continental Shelf. Marine Environmental Research 161, 

105073. https://doi.org/10.1016/j.marenvres.2020.105073 

Koelmans, A.A., Mohamed Nor, N.H., Hermsen, E., Kooi, M., Mintenig, S.M., De 

France, J., 2019. Microplastics in freshwaters and drinking water: Critical review 

and assessment of data quality. Water Research 155, 410–422. 

https://doi.org/10.1016/j.watres.2019.02.054 

Konkol, K.L., Rasmussen, S.C., 2015. An Ancient Cleanser: Soap Production and Use 

in Antiquity, in: Chemical Technology in Antiquity, ACS Symposium Series. 

American Chemical Society, pp. 245–266. https://doi.org/10.1021/bk-2015-

1211.ch009 

Koongolla, J.B., Lin, L., Pan, Y.-F., Yang, C.-P., Sun, D.-R., Liu, S., Xu, X.-R., 

Maharana, D., Huang, J.-S., Li, H.-X., 2020. Occurrence of microplastics in 

gastrointestinal tracts and gills of fish from Beibu Gulf, South China Sea. 

Environmental Pollution 258, 113734. 

https://doi.org/10.1016/j.envpol.2019.113734 

Kress, N., Shoham-Frider, E., Galil, B.S., 2016. Twenty two years of sewage sludge 

marine disposal monitoring in the Eastern Mediterranean Sea: Impact on sediment 

quality and infauna and the response to load reduction. Marine Pollution Bulletin 

110, 99–111. https://doi.org/10.1016/j.marpolbul.2016.06.076 

Kristensen, E., Penha-Lopes, G., Delefosse, M., Valdemarsen, T.B., Quintana, C.O., 

Banta, G.T., 2012. What is bioturbation? The need for a precise definition for fauna 

in aquatic sciences. Marine Ecology - Progress Series 446, 285–302. 

https://doi.org/10.3354/meps09506 

https://doi.org/10.1021/acs.est.5b00492
https://doi.org/10.1016/j.marenvres.2020.105073
https://doi.org/10.1016/j.watres.2019.02.054
https://doi.org/10.1021/bk-2015-1211.ch009
https://doi.org/10.1021/bk-2015-1211.ch009
https://doi.org/10.1016/j.envpol.2019.113734
https://doi.org/10.1016/j.marpolbul.2016.06.076
https://doi.org/10.3354/meps09506


317 
 

Kristensen, I. (1957). Differences in density and growth in a cockle population in the 

Dutch Wadden Sea. Archs neerl. 2001. 12: 351-453 

Kuczenski, B., Vargas Poulsen, C., Gilman, E.L., Musyl, M., Geyer, R., Wilson, J., 

2022. Plastic gear loss estimates from remote observation of industrial fishing 

activity. Fish and Fisheries 23, 22–33. https://doi.org/10.1111/faf.12596 

Kühn, S., van Werven, B., van Oyen, A., Meijboom, A., Bravo Rebolledo, E.L., van 

Franeker, J.A., 2017. The use of potassium hydroxide (KOH) solution as a suitable 

approach to isolate plastics ingested by marine organisms. Marine Pollution 

Bulletin 115, 86–90. https://doi.org/10.1016/j.marpolbul.2016.11.034 

Kunz, A., Schneider, F., Anthony, N., Lin, H.-T., 2023. Microplastics in rivers along 

an urban-rural gradient in an urban agglomeration: Correlation with land use, 

potential sources and pathways. Environmental Pollution 321, 121096. 

https://doi.org/10.1016/j.envpol.2023.121096 

Kunz, A., Schneider, F., Anthony, N., Lin, H.-T., 2023. Microplastics in rivers along an 

urban-rural gradient in an urban agglomeration: Correlation with land use, 

potential sources and pathways. Environmental Pollution 321, 121096. 

https://doi.org/10.1016/j.envpol.2023.121096 

Kurniawan, T.A., Haider, A., Ahmad, H.M., Mohyuddin, A., Umer Aslam, H.M., 

Nadeem, S., Javed, M., Othman, M.H.D., Goh, H.H., Chew, K.W., 2023. Source, 

occurrence, distribution, fate, and implications of microplastic pollutants in 

freshwater on environment: A critical review and way forward. Chemosphere 

325, 138367. https://doi.org/10.1016/j.chemosphere.2023.138367 

Kvale, K., Prowe, A.E.F., Chien, C.-T., Landolfi, A., Oschlies, A., 2021. Zooplankton 

grazing of microplastic can accelerate global loss of ocean oxygen. Nat Commun 

12, 2358. https://doi.org/10.1038/s41467-021-22554-w 

Kvarnemo, C., 1998. Temperature modulates competitive behaviour: why sand goby 

males fight more in warmer water. Ethology Ecology & Evolution 10, 105–114. 

https://doi.org/10.1080/08927014.1998.9522860 

Kye, H., Kim, J., Ju, S., Lee, J., Lim, C., Yoon, Y., 2023. Microplastics in water systems: 

A review of their impacts on the environment and their potential hazards. Heliyon 

9, e14359. https://doi.org/10.1016/j.heliyon.2023.e14359 

https://doi.org/10.1111/faf.12596
https://doi.org/10.1016/j.marpolbul.2016.11.034
https://doi.org/10.1016/j.envpol.2023.121096
https://doi.org/10.1016/j.envpol.2023.121096
https://doi.org/10.1016/j.chemosphere.2023.138367
https://doi.org/10.1038/s41467-021-22554-w
https://doi.org/10.1080/08927014.1998.9522860
https://doi.org/10.1016/j.heliyon.2023.e14359


318 
 

Kyriakoudes, G., Turner, A., 2023. Suspended and deposited microplastics in the coastal 

atmosphere of southwest England. Chemosphere 343, 140258. 

https://doi.org/10.1016/j.chemosphere.2023.140258 

Laglbauer, B.J.L., Franco-Santos, R.M., Andreu-Cazenave, M., Brunelli, L., Papadatou, 

M., Palatinus, A., Grego, M., Deprez, T., 2014. Macrodebris and microplastics 

from beaches in Slovenia. Mar Pollut Bull 89, 356–366. 

https://doi.org/10.1016/j.marpolbul.2014.09.036 

Lahens, L., Strady, E., Kieu-Le, T.-C., Dris, R., Boukerma, K., Rinnert, E., Gasperi, J., 

Tassin, B., 2018. Macroplastic and microplastic contamination assessment of a 

tropical river (Saigon River, Vietnam) transversed by a developing megacity. 

Environmental Pollution 236, 661–671. 

https://doi.org/10.1016/j.envpol.2018.02.005 

Lares, M., Ncibi, M.C., Sillanpää, Markus, Sillanpää, Mika, 2018. Occurrence, 

identification and removal of microplastic particles and fibers in conventional 

activated sludge process and advanced MBR technology. Water Res 133, 236–

246. https://doi.org/10.1016/j.watres.2018.01.049 

Lau, W.W.Y., Shiran, Y., Bailey, R.M., Cook, E., Stuchtey, M.R., Koskella, J., Velis, 

C.A., Godfrey, L., Boucher, J., Murphy, M.B., Thompson, R.C., Jankowska, E., 

Castillo Castillo, A., Pilditch, T.D., Dixon, B., Koerselman, L., Kosior, E., 

Favoino, E., Gutberlet, J., Baulch, S., Atreya, M.E., Fischer, D., He, K.K., Petit, 

M.M., Sumaila, U.R., Neil, E., Bernhofen, M.V., Lawrence, K., Palardy, J.E., 

2020. Evaluating scenarios toward zero plastic pollution. Science 369, 1455–1461. 

https://doi.org/10.1126/science.aba9475 

Lavers, J.L., Oppel, S., Bond, A.L., 2016. Factors influencing the detection of beach 

plastic debris. Mar Environ Res 119, 245–251. 

https://doi.org/10.1016/j.marenvres.2016.06.009 

Law, K.L., Thompson, R.C., 2014. Microplastics in the seas. Science 345, 144–145. 

https://doi.org/10.1126/science.1254065 

Le, L.-T., Nguyen, K.-Q.N., Nguyen, P.-T., Duong, H.C., Bui, X.-T., Hoang, N.B., 

Nghiem, L.D., 2022. Microfibers in laundry wastewater: Problem and solution. 

Science of The Total Environment 852, 158412. 

https://doi.org/10.1016/j.scitotenv.2022.158412 

https://doi.org/10.1016/j.chemosphere.2023.140258
https://doi.org/10.1016/j.marpolbul.2014.09.036
https://doi.org/10.1016/j.envpol.2018.02.005
https://doi.org/10.1016/j.watres.2018.01.049
https://doi.org/10.1126/science.aba9475
https://doi.org/10.1016/j.marenvres.2016.06.009
https://doi.org/10.1126/science.1254065
https://doi.org/10.1016/j.scitotenv.2022.158412


319 
 

Lebreton, L.C.M., van der Zwet, J., Damsteeg, J.-W., Slat, B., Andrady, A., Reisser, J., 

2017. River plastic emissions to the world’s oceans. Nat Commun 8, 15611. 

https://doi.org/10.1038/ncomms15611 

Lechner, A., Keckeis, H., Lumesberger-Loisl, F., Zens, B., Krusch, R., Tritthart, M., 

Glas, M., Schludermann, E., 2014. The Danube so colourful: A potpourri of plastic 

litter outnumbers fish larvae in Europe’s second largest river. Environmental 

Pollution 188, 177–181. https://doi.org/10.1016/j.envpol.2014.02.006 

Lee, L.-H., Lin, H.-J., 2013. Effects of an oil spill on benthic community production and 

respiration on subtropical intertidal sandflats. Marine Pollution Bulletin 73, 291–

299. https://doi.org/10.1016/j.marpolbul.2013.05.006 

Legare, B., Mittermayr, A., Borrelli, M., 2020. The impacts of hydraulic clamming in 

shallow water and the importance of incorporating anthropogenic disturbances into 

habitat assessments. Aquat. Living Resour. 33, 13. 

https://doi.org/10.1051/alr/2020014 

Leiser, R., Schumann, M., Dadi, T., Wendt-Potthoff, K., 2021. Burial of microplastics 

in freshwater sediments facilitated by iron-organo flocs. Sci Rep 11, 24072. 

https://doi.org/10.1038/s41598-021-02748-4 

Leslie, H.A., van Velzen, M.J.M., Brandsma, S.H., Vethaak, A.D., Garcia-Vallejo, J.J., 

Lamoree, M.H., 2022. Discovery and quantification of plastic particle pollution in 

human blood. Environment International 163, 107199. 

https://doi.org/10.1016/j.envint.2022.107199 

Li, C., Busquets, R., Campos, L.C., 2020. Assessment of microplastics in freshwater 

systems: A review. Sci Total Environ 707, 135578. 

https://doi.org/10.1016/j.scitotenv.2019.135578 

Li, J., Qu, X., Su, L., Zhang, W., Yang, D., Kolandhasamy, P., Li, D., Shi, H., 2016. 

Microplastics in mussels along the coastal waters of China. Environ Pollut 214, 

177–184. https://doi.org/10.1016/j.envpol.2016.04.012 

Li, J., Yang, D., Li, L., Jabeen, K., Shi, H., 2015. Microplastics in commercial bivalves 

from China. Environmental Pollution 207, 190–195. 

https://doi.org/10.1016/j.envpol.2015.09.018 

https://doi.org/10.1038/ncomms15611
https://doi.org/10.1016/j.envpol.2014.02.006
https://doi.org/10.1016/j.marpolbul.2013.05.006
https://doi.org/10.1051/alr/2020014
https://doi.org/10.1038/s41598-021-02748-4
https://doi.org/10.1016/j.envint.2022.107199
https://doi.org/10.1016/j.scitotenv.2019.135578
https://doi.org/10.1016/j.envpol.2016.04.012
https://doi.org/10.1016/j.envpol.2015.09.018


320 
 

Li, L., Li, M., Deng, H., Cai, L., Cai, H., Yan, B., Hu, J., Shi, H., 2018. A 

straightforward method for measuring the range of apparent density of 

microplastics. Science of The Total Environment 639, 367–373. 

https://doi.org/10.1016/j.scitotenv.2018.05.166 

Li, Q., Ma, C., Zhang, Q., Shi, H., 2021. Microplastics in shellfish and implications for 

food safety. Current Opinion in Food Science 40, 192–197. 

https://doi.org/10.1016/j.cofs.2021.04.017 

Li, Wenlu, Wang, Z., Li, Weiping, Li, Z., 2022. Impacts of microplastics addition on 

sediment environmental properties, enzymatic activities and bacterial diversity. 

Chemosphere 307, 135836. https://doi.org/10.1016/j.chemosphere.2022.135836 

Li, Y., Zhang, Y., Chen, G., Xu, K., Gong, H., Huang, K., Yan, M., Wang, J., 2021. 

Microplastics in Surface Waters and Sediments from Guangdong Coastal Areas, 

South China. Sustainability 13, 2691. https://doi.org/10.3390/su13052691 

Liebezeit, G., Dubaish, F., 2012. Microplastics in Beaches of the East Frisian Islands 

Spiekeroog and Kachelotplate. Bull Environ Contam Toxicol 89, 213–217. 

https://doi.org/10.1007/s00128-012-0642-7 

Liebezeit, G., Liebezeit, E., 2013. Non-pollen particulates in honey and sugar. Food 

Addit Contam Part A Chem Anal Control Expo Risk Assess 30, 2136–2140. 

https://doi.org/10.1080/19440049.2013.843025 

Liebezeit, G., Liebezeit, E., 2014. Synthetic particles as contaminants in German beers. 

Food Addit Contam Part A Chem Anal Control Expo Risk Assess 31, 1574–1578. 

https://doi.org/10.1080/19440049.2014.945099 

Lin, L., Zuo, L.-Z., Peng, J.-P., Cai, L.-Q., Fok, L., Yan, Y., Li, H.-X., Xu, X.-R., 2018. 

Occurrence and distribution of microplastics in an urban river: A case study in the 

Pearl River along Guangzhou City, China. Science of The Total Environment 644, 

375–381. https://doi.org/10.1016/j.scitotenv.2018.06.327 

Lindeque, P.K., Cole, M., Coppock, R.L., Lewis, C.N., Miller, R.Z., Watts, A.J.R., 

Wilson-McNeal, A., Wright, S.L., Galloway, T.S., 2020. Are we underestimating 

microplastic abundance in the marine environment? A comparison of microplastic 

capture with nets of different mesh-size. Environmental Pollution 265, 114721. 

https://doi.org/10.1016/j.envpol.2020.114721 

https://doi.org/10.1016/j.scitotenv.2018.05.166
https://doi.org/10.1016/j.cofs.2021.04.017
https://doi.org/10.1016/j.chemosphere.2022.135836
https://doi.org/10.3390/su13052691
https://doi.org/10.1007/s00128-012-0642-7
https://doi.org/10.1080/19440049.2013.843025
https://doi.org/10.1080/19440049.2014.945099
https://doi.org/10.1016/j.scitotenv.2018.06.327
https://doi.org/10.1016/j.envpol.2020.114721


321 
 

Ling, S.D., Sinclair, M., Levi, C.J., Reeves, S.E., Edgar, G.J., 2017. Ubiquity of 

microplastics in coastal seafloor sediments. Marine Pollution Bulletin 121, 104–

110. https://doi.org/10.1016/j.marpolbul.2017.05.038 

Link, J., Segal, B., Casarini, L.M., 2019. Abandoned, lost or otherwise discarded fishing 

gear in Brazil: A review. Perspectives in Ecology and Conservation 17, 1–8. 

https://doi.org/10.1016/j.pecon.2018.12.003 

Links to Irish Angling Clubs and Associations, Fishing in Ireland - Catch the 

unexpected. URL https://fishinginireland.info/links/clubslinks/ (accessed 5.23.22). 

Linnane, S., Rolston, A. and MacGabhann, D. Incorporating Stakeholder Values in 

Shared Delivery of Integrated Coastal and Catchment Management of Dundalk 

Bay, Ireland. In Slinger, J. H., Taljaard, S., d'Hont, F. M. Complex Coastal Systems 

- transdisciplinary insights from international case studies. Delft Academic Press, 

Delft, The Netherlands. https://doi.org/10.34641/mg.32 

Liu, F., Olesen, K.B., Borregaard, A.R., Vollertsen, J., 2019. Microplastics in urban and 

highway stormwater retention ponds. Science of The Total Environment 671, 992–

1000. https://doi.org/10.1016/j.scitotenv.2019.03.416 

Liu, J., Zhu, X., Teng, J., Zhao, J., Li, C., Shan, E., Zhang, C., Wang, Q., 2021. Pollution 

Characteristics of Microplastics in Mollusks from the Coastal Area of Yantai, 

China. Bull Environ Contam Toxicol 107, 693–699. 

https://doi.org/10.1007/s00128-021-03276-7 

Liu, N., Cheng, S., Wang, X., Li, Z., Zheng, L., Lyu, Y., Ao, X., Wu, H., 2022. 

Characterization of microplastics in the septic tank via laser direct infrared 

spectroscopy. Water Research 226, 119293. 

https://doi.org/10.1016/j.watres.2022.119293 

Liu, S., Jian, M., Zhou, L., Li, W., 2019. Distribution and characteristics of 

microplastics in the sediments of Poyang Lake, China. Water Sci Technol 79, 

1868–1877. https://doi.org/10.2166/wst.2019.185 

Liu, X., Yuan, W., Di, M., Li, Z., Wang, J., 2019. Transfer and fate of microplastics 

during the conventional activated sludge process in one wastewater treatment plant 

of China. Chemical Engineering Journal 362, 176–182. 

https://doi.org/10.1016/j.cej.2019.01.033 

https://doi.org/10.1016/j.marpolbul.2017.05.038
https://doi.org/10.1016/j.pecon.2018.12.003
https://fishinginireland.info/links/clubslinks/
http://dx.doi.org/10.34641/mg.32
https://doi.org/10.1016/j.scitotenv.2019.03.416
https://doi.org/10.1007/s00128-021-03276-7
https://doi.org/10.1016/j.watres.2022.119293
https://doi.org/10.2166/wst.2019.185
https://doi.org/10.1016/j.cej.2019.01.033


322 
 

Lobelle, D., Cunliffe, M., 2011. Early microbial biofilm formation on marine plastic 

debris. Marine Pollution Bulletin 62, 197–200. 

https://doi.org/10.1016/j.marpolbul.2010.10.013 

Löder, M.G.J., Gerdts, G., 2015. Methodology Used for the Detection and Identification 

of Microplastics—A Critical Appraisal, in: Bergmann, M., Gutow, L., Klages, M. 

(Eds.), Marine Anthropogenic Litter. Springer International Publishing, Cham, pp. 

201–227. https://doi.org/10.1007/978-3-319-16510-3_8 

Löder, M.G.J., Imhof, H.K., Ladehoff, M., Löschel, L.A., Lorenz, C., Mintenig, S., 

Piehl, S., Primpke, S., Schrank, I., Laforsch, C., Gerdts, G., 2017. Enzymatic 

Purification of Microplastics in Environmental Samples. Environ Sci Technol 51, 

14283–14292. https://doi.org/10.1021/acs.est.7b03055 

Long, M., Moriceau, B., Gallinari, M., Lambert, C., Huvet, A., Raffray, J., Soudant, P., 

2015. Interactions between microplastics and phytoplankton aggregates: Impact on 

their respective fates. Marine Chemistry 175, 39–46. 

https://doi.org/10.1016/j.marchem.2015.04.003 

Long, Z., Pan, Z., Wang, W., Ren, J., Yu, X., Lin, L., Lin, H., Chen, H., Jin, X., 2019. 

Microplastic abundance, characteristics, and removal in wastewater treatment 

plants in a coastal city of China. Water Research 155, 255–265. 

https://doi.org/10.1016/j.watres.2019.02.028 

Longhurst, A.R., Glen Harrison, W., 1989. The biological pump: Profiles of plankton 

production and consumption in the upper ocean. Progress in Oceanography 22, 47–

123. https://doi.org/10.1016/0079-6611(89)90010-4 

Lopes-Lima, M., Burlakova, L.E., Karatayev, A.Y., Mehler, K., Seddon, M., Sousa, R., 

2018. Conservation of freshwater bivalves at the global scale: diversity, threats and 

research needs. Hydrobiologia 810, 1–14. https://doi.org/10.1007/s10750-017-

3486-7 

Lopez Lozano, R. and Mouat, J., 2009. Marine litter in the Northeast Atlantic Region: 

assessment and priorities for response. United Nations Environment Programme. 

https://wedocs.unep.org/handle/20.500.11822/2431 

Lots, F.A.E., Behrens, P., Vijver, M.G., Horton, A.A., Bosker, T., 2017. A large-scale 

investigation of microplastic contamination: Abundance and characteristics of 

https://doi.org/10.1016/j.marpolbul.2010.10.013
https://doi.org/10.1007/978-3-319-16510-3_8
https://doi.org/10.1021/acs.est.7b03055
https://doi.org/10.1016/j.marchem.2015.04.003
https://doi.org/10.1016/j.watres.2019.02.028
https://doi.org/10.1016/0079-6611(89)90010-4
https://doi.org/10.1007/s10750-017-3486-7
https://doi.org/10.1007/s10750-017-3486-7
https://wedocs.unep.org/handle/20.500.11822/2431


323 
 

microplastics in European beach sediment. Mar Pollut Bull 123, 219–226. 

https://doi.org/10.1016/j.marpolbul.2017.08.057 

Loughlin, C., Marques Mendes, A.R., Morrison, L., Morley, A., 2021. The role of 

oceanographic processes and sedimentological settings on the deposition of 

microplastics in marine sediment: Icelandic waters. Marine Pollution Bulletin 

164, 111976. https://doi.org/10.1016/j.marpolbul.2021.111976 

Lozano-Hernández, E.A., Ramírez-Álvarez, N., Rios Mendoza, L.M., Macías-Zamora, 

J.V., Sánchez-Osorio, J.L., Hernández-Guzmán, F.A., 2021. Microplastic 

concentrations in cultured oysters in two seasons from two bays of Baja 

California, Mexico. Environmental Pollution 290, 118031. 

https://doi.org/10.1016/j.envpol.2021.118031 

Lu, H.-C., Ziajahromi, S., Neale, P., Leusch, F., 2021. A systematic review of freshwater 

microplastics in water and sediments: Recommendations for harmonisation to 

enhance future study comparisons. Science of The Total Environment 146693. 

https://doi.org/10.1016/j.scitotenv.2021.146693 

Lu, J., Yu, Z., Ngiam, L., Guo, J., 2022. Microplastics as potential carriers of viruses 

could prolong virus survival and infectivity. Water Research 225, 119115. 

https://doi.org/10.1016/j.watres.2022.119115 

Lubofsky, E., 2018. Junk Food. https://www.whoi.edu/. URL 

https://www.whoi.edu/oceanus/feature/junk-food/ 

Luo, Y., Douglas, J., Pahl, S., Zhao, J., 2022. Reducing Plastic Waste by Visualizing 

Marine Consequences. Environment and Behavior 54, 001391652210901. 

https://doi.org/10.1177/00139165221090154 

Lusher A, Hollman P, Mendoza-Hill J. Microplastics in fisheries and aquaculture: status 

of knowledge on their occurrence and implications for aquatic organisms and food 

safety. FAO Fisheries and Aquaculture Technical Paper 2017;(615). 

Lusher, A., Hollman, P.C.H., Mendoza-Hill, J., 2017. Microplastics in fisheries and 

aquaculture: status of knowledge on their occurrence and implications for aquatic 

organisms and food safety, FAO fisheries and aquaculture technical paper. Food 

and Agriculture Organization of the United Nations, Rome.  

https://doi.org/10.1016/j.marpolbul.2017.08.057
https://doi.org/10.1016/j.marpolbul.2021.111976
https://doi.org/10.1016/j.envpol.2021.118031
https://doi.org/10.1016/j.scitotenv.2021.146693
https://doi.org/10.1016/j.watres.2022.119115
https://www.whoi.edu/oceanus/feature/junk-food/
https://doi.org/10.1177/00139165221090154


324 
 

Lusher, A.L., Burke, A., O’Connor, I., Officer, R., 2014. Microplastic pollution in the 

Northeast Atlantic Ocean: validated and opportunistic sampling. Mar Pollut Bull 

88, 325–333. https://doi.org/10.1016/j.marpolbul.2014.08.023 

Lusher, A.L., Hernandez-Milian, G., Berrow, S., Rogan, E., O’Connor, I., 2018. 

Incidence of marine debris in cetaceans stranded and bycaught in Ireland: Recent 

findings and a review of historical knowledge. Environmental Pollution 232, 467–

476. https://doi.org/10.1016/j.envpol.2017.09.070 

Lusher, A.L., McHugh, M., Thompson, R.C., 2013. Occurrence of microplastics in the 

gastrointestinal tract of pelagic and demersal fish from the English Channel. 

Marine Pollution Bulletin 67, 94–99. 

https://doi.org/10.1016/j.marpolbul.2012.11.028 

Lusher, A.L., Munno, K., Hermabessiere, L., Carr, S., 2020. Isolation and Extraction of 

Microplastics from Environmental Samples: An Evaluation of Practical 

Approaches and Recommendations for Further Harmonization. Appl Spectrosc 74, 

1049–1065. https://doi.org/10.1177/0003702820938993 

Lusher, A.L., Welden, N.A., Sobral, P., Cole, M., 2017. Sampling, isolating and 

identifying microplastics ingested by fish and invertebrates. Anal. Methods 9, 

1346–1360. https://doi.org/10.1039/C6AY02415G 

Lv, L., Qu, J., Yu, Z., Chen, D., Zhou, C., Hong, P., Sun, S., Li, C., 2019. A simple 

method for detecting and quantifying microplastics utilizing fluorescent dyes - 

Safranine T, fluorescein isophosphate, Nile red based on thermal expansion and 

contraction property. Environ Pollut 255, 113283. 

https://doi.org/10.1016/j.envpol.2019.113283 

Madejová, J., 2003. FTIR techniques in clay mineral studies. Vibrational Spectroscopy 

31, 1–10. https://doi.org/10.1016/S0924-2031(02)00065-6 

Madricardo, F., Ghezzo, M., Nesto, N., Mc Kiver, W.J., Faussone, G.C., Fiorin, R., 

Riccato, F., Mackelworth, P.C., Basta, J., De Pascalis, F., Kruss, A., Petrizzo, A., 

Moschino, V., 2020. How to Deal With Seafloor Marine Litter: An Overview of 

the State-of-the-Art and Future Perspectives. Frontiers in Marine Science 7. 

https://doi.org/10.1016/j.marpolbul.2014.08.023
https://doi.org/10.1016/j.envpol.2017.09.070
https://doi.org/10.1016/j.marpolbul.2012.11.028
https://doi.org/10.1177/0003702820938993
https://doi.org/10.1039/C6AY02415G
https://doi.org/10.1016/j.envpol.2019.113283
https://doi.org/10.1016/S0924-2031(02)00065-6


325 
 

Magnhagen, C., 1986. Activity Differences influencing Food Selection in the Marine 

Fish Pomatoschistus microps. Can. J. Fish. Aquat. Sci. 43, 223–227. 

https://doi.org/10.1139/f86-025 

Magni, S., Binelli, A., Pittura, L., Avio, C.G., Della Torre, C., Parenti, C.C., Gorbi, S., 

Regoli, F., 2019. The fate of microplastics in an Italian Wastewater Treatment 

Plant. Science of The Total Environment 652, 602–610. 

https://doi.org/10.1016/j.scitotenv.2018.10.269 

Mahon, A.M., O’Connell, B., Healy, M.G., O’Connor, I., Officer, R., Nash, R., 

Morrison, L., 2017. Microplastics in Sewage Sludge: Effects of Treatment. 

Environ Sci Technol 51, 810–818. https://doi.org/10.1021/acs.est.6b04048 

Mai, L., Bao, L.-J., Shi, L., Wong, C.S., Zeng, E.Y., 2018. A review of methods for 

measuring microplastics in aquatic environments. Environ Sci Pollut Res Int 25, 

11319–11332. https://doi.org/10.1007/s11356-018-1692-0 

Mai, Y., Peng, S., Lai, Z., Wang, X., 2021. Measurement, quantification, and potential 

risk of microplastics in the mainstream of the Pearl River (Xijiang River) and its 

estuary, Southern China. Environ Sci Pollut Res 28, 53127–53140. 

https://doi.org/10.1007/s11356-021-14395-3 

Mani, T., Burkhardt-Holm, P., 2020. Seasonal microplastics variation in nival and 

pluvial stretches of the Rhine River – From the Swiss catchment towards the North 

Sea. Science of The Total Environment 707, 135579. 

https://doi.org/10.1016/j.scitotenv.2019.135579 

Mani, T., Frehland, S., Kalberer, A., Burkhardt-Holm, P., 2019. Using castor oil to 

separate microplastics from four different environmental matrices. Anal. Methods 

11, 1788–1794. https://doi.org/10.1039/C8AY02559B 

Mani, T., Hauk, A., Walter, U., Burkhardt-Holm, P., 2015. Microplastics profile along 

the Rhine River. Sci Rep 5, 17988. https://doi.org/10.1038/srep17988 

Mani, T., Primpke, S., Lorenz, C., Gerdts, G., Burkhardt-Holm, P., 2019b. Microplastic 

Pollution in Benthic Midstream Sediments of the Rhine River. Environ. Sci. 

Technol. 53, 6053–6062. https://doi.org/10.1021/acs.est.9b01363 

Manoukian, O.S., Sardashti, N., Stedman, T., Gailiunas, K., Ojha, A., Penalosa, A., 

Mancuso, C., Hobert, M., Kumbar, S.G., 2019. Biomaterials for Tissue 

Engineering and Regenerative Medicine, in: Narayan, R. (Ed.), Encyclopedia of 

https://doi.org/10.1139/f86-025
https://doi.org/10.1016/j.scitotenv.2018.10.269
https://doi.org/10.1021/acs.est.6b04048
https://doi.org/10.1007/s11356-018-1692-0
https://doi.org/10.1007/s11356-021-14395-3
https://doi.org/10.1016/j.scitotenv.2019.135579
https://doi.org/10.1039/C8AY02559B
https://doi.org/10.1038/srep17988
https://doi.org/10.1021/acs.est.9b01363


326 
 

Biomedical Engineering. Elsevier, Oxford, pp. 462–482. 

https://doi.org/10.1016/B978-0-12-801238-3.64098-9 

Mansfield, I., Reynolds, S.J., Lynch, I., Matthews, T.J., Sadler, J.P., 2024. Birds as 

bioindicators of plastic pollution in terrestrial and freshwater environments: A 30-

year review. Environmental Pollution 348, 123790. 

https://doi.org/10.1016/j.envpol.2024.123790 

 

MARE - New Proposal Will Tackle Marine Litter and ‘Ghost Fishing.’ Accessed 

October 6, 2022. https://ec.europa.eu/newsroom/mare/items/628060. European 

Commission, 2018 

Mariani, S., Boggan, C., Balata, D., 2011. Food resource use in sympatric juvenile plaice 

and flounder in estuarine habitats. Marine Ecology 32, 96–101. 

https://doi.org/10.1111/j.1439-0485.2010.00419.x 

Marine Institute, 2019. The Stock Book 2019: Annual Review of Fish Stocks in 2019 

with Management Advice for 2020, Marine Institute. 516 pp. 

http://hdl.handle.net/10793/1433 

Marine litter: the issue, 2017. . UNEP - UN Environment Programme. URL 

http://www.unep.org/explore-topics/oceans-seas/what-we-do/addressing-land-

based-pollution/marine-litter-issue (accessed 6.6.23). 

Marine Strategy Framework Directive 2008/56/EC — European Environment Agency 

URL https://www.eea.europa.eu/policy-documents/2008-56-ec  

Markic, A., Bridson, J.H., Morton, P., Hersey, L., Budiša, A., Maes, T., Bowen, M., 

2023. Microplastic pollution in the intertidal and subtidal sediments of Vava’u, 

Tonga. Marine Pollution Bulletin 186, 114451. 

https://doi.org/10.1016/j.marpolbul.2022.114451 

Markic, A., Gaertner, J.C., Gaertner-Mazouni, N., Koelmans, A.A., 2020. Plastic 

ingestion by marine fish in the wild. Critical Reviews in Environmental Science 

and Technology 50, 657–697. https://doi.org/10.1080/10643389.2019.1631990 

MARLISCO (MARine Litter in Europe Seas: Social AwarenesS and CO-

Responsability) | FP7 | CORDIS | European Commission [WWW Document], 

https://doi.org/10.1016/B978-0-12-801238-3.64098-9
https://doi.org/10.1016/j.envpol.2024.123790
https://ec.europa.eu/newsroom/mare/items/628060
https://doi.org/10.1111/j.1439-0485.2010.00419.x
http://hdl.handle.net/10793/1433
http://www.unep.org/explore-topics/oceans-seas/what-we-do/addressing-land-based-pollution/marine-litter-issue
http://www.unep.org/explore-topics/oceans-seas/what-we-do/addressing-land-based-pollution/marine-litter-issue
https://www.eea.europa.eu/policy-documents/2008-56-ec
https://doi.org/10.1016/j.marpolbul.2022.114451
https://doi.org/10.1080/10643389.2019.1631990


327 
 

Final Report Summary 2015. URL 

https://cordis.europa.eu/project/id/289042/reporting (accessed 10.5.22). 

Marmara, D., Katsanevakis, S., Brundo, M.-V., Tiralongo, F., Ignoto, S., 

Krasakopoulou, E., 2023. Microplastics ingestion by marine fauna with a particular 

focus on commercial species: a systematic review. Frontiers in Marine Science 10. 

https://doi.org/10.3389/fmars.2023.1240969 

Martin, J., Lusher, A., Thompson, R.C., Morley, A., 2017. The Deposition and 

Accumulation of Microplastics in Marine Sediments and Bottom Water from the 

Irish Continental Shelf. Sci Rep 7, 10772. https://doi.org/10.1038/s41598-017-

11079-2 

Martín, J., Santos, J.L., Aparicio, I., Alonso, E., 2022. Microplastics and associated 

emerging contaminants in the environment: Analysis, sorption mechanisms and 

effects of co-exposure. Trends in Environmental Analytical Chemistry 35, e00170. 

https://doi.org/10.1016/j.teac.2022.e00170 

Martinelli, M., Gomiero, A., Guicciardi, S., Frapiccini, E., Strafella, P., Angelini, S., 

Domenichetti, F., Belardinelli, A., Colella, S., 2021. Preliminary results on the 

occurrence and anatomical distribution of microplastics in wild populations of 

Nephrops norvegicus from the Adriatic Sea. Environmental Pollution 278, 116872. 

https://doi.org/10.1016/j.envpol.2021.116872 

Mason, V.G., Skov, M.W., Hiddink, J.G., Walton, M., 2022. Microplastics alter 

multiple biological processes of marine benthic fauna. Science of The Total 

Environment 845, 157362. https://doi.org/10.1016/j.scitotenv.2022.157362 

Masura, J., Baker, J., Foster, G., Arthur, C., 2015. Laboratory Methods for the Analysis 

of Microplastics in the Marine Environment: Recommendations for quantifying 

synthetic particles in waters and sediments. (Report). NOAA Marine Debris 

Division. https://doi.org/10.25607/OBP-604 

Mateos-Cárdenas, A., Moroney, A. von der G., van Pelt, F.N.A.M., O’Halloran, J., 

Jansen, M.A.K., 2022. Trophic transfer of microplastics in a model freshwater 

microcosm; lack of a consumer avoidance response. Food Webs 31, e00228. 

https://doi.org/10.1016/j.fooweb.2022.e00228 

https://cordis.europa.eu/project/id/289042/reporting
https://doi.org/10.3389/fmars.2023.1240969
https://doi.org/10.1038/s41598-017-11079-2
https://doi.org/10.1038/s41598-017-11079-2
https://doi.org/10.1016/j.teac.2022.e00170
https://doi.org/10.1016/j.envpol.2021.116872
https://doi.org/10.1016/j.scitotenv.2022.157362
https://doi.org/10.25607/OBP-604
https://doi.org/10.1016/j.fooweb.2022.e00228


328 
 

Mateos-Cárdenas, A., O’Halloran, J., van Pelt, F.N.A.M., Jansen, M.A.K., 2021. 

Beyond plastic microbeads – Short-term feeding of cellulose and polyester 

microfibers to the freshwater amphipod Gammarus duebeni. Science of The Total 

Environment 753, 141859. https://doi.org/10.1016/j.scitotenv.2020.141859 

Mateos-Cárdenas, A., O’Halloran, J., van Pelt, F.N.A.M., Jansen, M.A.K., 2020. Rapid 

fragmentation of microplastics by the freshwater amphipod Gammarus duebeni 

(Lillj.). Sci Rep 10, 12799. https://doi.org/10.1038/s41598-020-69635-2 

Mateos-Cárdenas, A., Scott, D.T., Seitmaganbetova, G., Frank N.A.M., van P., John, 

O., Marcel A.K., J., 2019. Polyethylene microplastics adhere to Lemna minor (L.), 

yet have no effects on plant growth or feeding by Gammarus duebeni (Lillj.). 

Science of The Total Environment 689, 413–421. 

https://doi.org/10.1016/j.scitotenv.2019.06.359 

Mathalon, A., Hill, P., 2014. Microplastic fibers in the intertidal ecosystem surrounding 

Halifax Harbor, Nova Scotia. Marine Pollution Bulletin 81, 69–79. 

https://doi.org/10.1016/j.marpolbul.2014.02.018 

Matjašič, T., Mori, N., Hostnik, I., Bajt, O., Kovač Viršek, M., 2023. Microplastic 

pollution in small rivers along rural–urban gradients: Variations across catchments 

and between water column and sediments. Science of The Total Environment 858, 

160043. https://doi.org/10.1016/j.scitotenv.2022.160043 

Matozzo, V., Rova, G., Marin, M.G., 2007. Haemocytes of the cockle Cerastoderma 

glaucum: morphological characterisation and involvement in immune responses. 

Fish Shellfish Immunol 23, 732–746. https://doi.org/10.1016/j.fsi.2007.01.020 

Matsuguma, Y., Takada, H., Kumata, H., Kanke, H., Sakurai, S., Suzuki, T., Itoh, M., 

Okazaki, Y., Boonyatumanond, R., Zakaria, M.P., Weerts, S., Newman, B., 2017. 

Microplastics in Sediment Cores from Asia and Africa as Indicators of Temporal 

Trends in Plastic Pollution. Arch Environ Contam Toxicol 73, 230–239. 

https://doi.org/10.1007/s00244-017-0414-9 

Mbedzi, R., Cuthbert, R.N., Wasserman, R.J., Murungweni, F.M., Dalu, T., 2020. 

Spatiotemporal variation in microplastic contamination along a subtropical 

reservoir shoreline. Environ Sci Pollut Res 27, 23880–23887. 

https://doi.org/10.1007/s11356-020-08640-4 

https://doi.org/10.1016/j.scitotenv.2020.141859
https://doi.org/10.1038/s41598-020-69635-2
https://doi.org/10.1016/j.scitotenv.2019.06.359
https://doi.org/10.1016/j.marpolbul.2014.02.018
https://doi.org/10.1016/j.scitotenv.2022.160043
https://doi.org/10.1016/j.fsi.2007.01.020
https://doi.org/10.1007/s00244-017-0414-9
https://doi.org/10.1007/s11356-020-08640-4


329 
 

McNicholas, G., Cotton, M., 2019. Stakeholder perceptions of marine plastic waste 

management in the United Kingdom. Ecological Economics 163, 77–87. 

https://doi.org/10.1016/j.ecolecon.2019.04.022 

Mejías, C., Martín, J., Santos, J.L., Aparicio, I., Alonso, E., 2023. Role of polyamide 

microplastics as vector of parabens in the environment: An adsorption study. 

Environmental Technology & Innovation 32, 103276. 

https://doi.org/10.1016/j.eti.2023.103276 

Mendes, A., Golden, N., Bermejo, R., Morrison, L., 2021. Distribution and abundance 

of microplastics in coastal sediments depends on grain size and distance from 

sources. Marine Pollution Bulletin 172, 112802. 

https://doi.org/10.1016/j.marpolbul.2021.112802 

Mendoza, S.M., Fernandez, V.H., Barrios, M., Mena, R., Miriuka, S., Cledon, M., 2022. 

Microplastics in gut content of juveniles of the patagonic silverside fish 

Odontesthes sp. Marine Pollution Bulletin 182, 113876. 

https://doi.org/10.1016/j.marpolbul.2022.113876 

Mendoza, S.M., García-Moll, M.P., Fernandez, V.H., Barrios, M., Mena, R., Miriuka, 

S., Cledon, M., 2023. Microplastics in stomach contents of juvenile Patagonian 

blennies (Eleginops maclovinus). Science of The Total Environment 894, 164684. 

https://doi.org/10.1016/j.scitotenv.2023.164684 

Merki, A., Charles, M., 2022. “The Price of Plastic Pollution: Social Costs and 

Corporate Liabilities,” Minderoo Foundation, 2022. URL. 

https://static1.squarespace.com/static/5eda91260bbb7e7a4bf528d8/t/63495eec83

86ac5cfdc2cd7e/1665752819026/The-Price-of-Plastic-Pollution.pdf 

Mermillod-Blondin, F., François-Carcaillet, F., Rosenberg, R., 2005. Biodiversity of 

benthic invertebrates and organic matter processing in shallow marine sediments: 

an experimental study. Journal of Experimental Marine Biology and Ecology 315, 

187–209. https://doi.org/10.1016/j.jembe.2004.09.013 

Mermillod-Blondin, F., Rosenberg, R., Carcaillet, F., Norling, K., Maulaire, L., 2004. 

Influence of bioturbation by three benthic infaunal species on microbial 

communities and biogeochemical processes in marine sediment. Aquatic Microbial 

Ecology 36, 271–284. 

https://doi.org/10.1016/j.ecolecon.2019.04.022
https://doi.org/10.1016/j.eti.2023.103276
https://doi.org/10.1016/j.marpolbul.2021.112802
https://doi.org/10.1016/j.marpolbul.2022.113876
https://doi.org/10.1016/j.scitotenv.2023.164684
https://static1.squarespace.com/static/5eda91260bbb7e7a4bf528d8/t/63495eec8386ac5cfdc2cd7e/1665752819026/The-Price-of-Plastic-Pollution.pdf
https://static1.squarespace.com/static/5eda91260bbb7e7a4bf528d8/t/63495eec8386ac5cfdc2cd7e/1665752819026/The-Price-of-Plastic-Pollution.pdf
https://doi.org/10.1016/j.jembe.2004.09.013


330 
 

https://www.researchgate.net/publication/239735623_Influence_of_bioturbation_

by_three_benthic_infaunal_species_on_microbial_communities_and_biogeoche

mical_processes_in_marine_sediment#fullTextFileContent 

Met Éireann - Climate Statement for 2020 - The Irish Meteorological Service [WWW 

Document], 2023. URL https://www.met.ie/climate-statement-for-2020 (accessed 

10.25.23). 

Mettam, C., 1980. On the feeding habits of Aphrodita aculeata and commensal 

polynoids. Journal of the Marine Biological Association of the United Kingdom 

60, 833–834. https://doi.org/10.1017/S0025315400040467 

Michels, J., Stippkugel, A., Lenz, M., Wirtz, K., Engel, A., 2018. Rapid aggregation of 

biofilm-covered microplastics with marine biogenic particles. Proc Biol Sci 285, 

20181203. https://doi.org/10.1098/rspb.2018.1203 

Miller, M.E., Hamann, M., Kroon, F.J., 2020. Bioaccumulation and biomagnification of 

microplastics in marine organisms: A review and meta-analysis of current data. 

PLoS One 15, e0240792. https://doi.org/10.1371/journal.pone.0240792 

Miller, R.Z., Watts, A.J.R., Winslow, B.O., Galloway, T.S., Barrows, A.P.W., 2017. 

Mountains to the sea: River study of plastic and non-plastic microfiber pollution 

in the northeast USA. Marine Pollution Bulletin 124, 245–251. 

https://doi.org/10.1016/j.marpolbul.2017.07.028 

Mintenig, S.M., Kooi, M., Erich, M.W., Primpke, S., Redondo- Hasselerharm, P.E., 

Dekker, S.C., Koelmans, A.A., van Wezel, A.P., 2020. A systems approach to 

understand microplastic occurrence and variability in Dutch riverine surface 

waters. Water Research 176, 115723. 

https://doi.org/10.1016/j.watres.2020.115723 

Mizraji, R., Ahrendt, C., Perez-Venegas, D., Vargas, J., Pulgar, J., Aldana, M., Patricio 

Ojeda, F., Duarte, C., Galbán-Malagón, C., 2017. Is the feeding type related with 

the content of microplastics in intertidal fish gut? Marine Pollution Bulletin 116, 

498–500. https://doi.org/10.1016/j.marpolbul.2017.01.008 

Mofakhami, E., Tencé-Girault, S., Perrin, J., Scheel, M., Gervat, L., Ovalle, C., 

Laiarinandrasana, L., Fayolle, B., Miquelard-Garnier, G., 2020. Microstructure-

mechanical properties relationships in vibration welded glass-fiber-reinforced 

polyamide 66: A high-resolution X-ray microtomography study. Polymer Testing 

85, 106454. https://doi.org/10.1016/j.polymertesting.2020.106454 

https://www.met.ie/climate-statement-for-2020
https://doi.org/10.1017/S0025315400040467
https://doi.org/10.1098/rspb.2018.1203
https://doi.org/10.1371/journal.pone.0240792
https://doi.org/10.1016/j.marpolbul.2017.07.028
https://doi.org/10.1016/j.watres.2020.115723
https://doi.org/10.1016/j.marpolbul.2017.01.008
https://doi.org/10.1016/j.polymertesting.2020.106454


331 
 

Molazadeh, M., Liu, F., Simon-Sánchez, L., Vollersten, J., 2023. Buoyant 

microplastics in freshwater sediments – How do they get there? Science of The 

Total Environment 860, 160489. https://doi.org/10.1016/j.scitotenv.2022.160489 

Möller, J.N., Löder, M.G.J., Laforsch, C., 2020. Finding Microplastics in Soils: A 

Review of Analytical Methods. Environ. Sci. Technol. 54, 2078–2090. 

https://doi.org/10.1021/acs.est.9b04618 

Monira, S., Roychand, R., Bhuiyan, M.A., Pramanik, B.K., 2023. Role of water shear 

force for microplastics fragmentation into nanoplastics. Environmental Research 

237, 116916. https://doi.org/10.1016/j.envres.2023.116916 

Monteiro, S.S., Pinto da Costa, J., 2022. Methods for the extraction of microplastics in 

complex solid, water and biota samples. Trends in Environmental Analytical 

Chemistry 33, e00151. https://doi.org/10.1016/j.teac.2021.e00151 

Moresco, V., Charatzidou, A., Oliver, D.M., Weidmann, M., Matallana-Surget, S., 

Quilliam, R.S., 2022. Binding, recovery, and infectiousness of enveloped and non-

enveloped viruses associated with plastic pollution in surface water. Environmental 

Pollution 308, 119594. https://doi.org/10.1016/j.envpol.2022.119594 

Moresco, V., Oliver, D.M., Weidmann, M., Matallana-Surget, S., Quilliam, R.S., 2021. 

Survival of human enteric and respiratory viruses on plastics in soil, freshwater, 

and marine environments. Environ Res 199, 111367. 

https://doi.org/10.1016/j.envres.2021.111367 

Morrison, L., 2020. How wet wipes and sanitary products are causing marine pollution. 

Available at: https://www.rte.ie/brainstorm/2020/0623/1149047-marine-pollution-

wet-wipes-sanitary-products-microplastics-ireland/ 

Mortensen, T. (1951). Report on the Echinoidea collected by the "Atlantide" Expedition. 

Scientific results of the Danish Expedition to the coasts of tropical West 

Africa. Arlantide Report. 2: 293-303. 

Muchane, M.W., 1994. Stable isotope analyses of authigenic calcite from Lake 

Turkana, Kenya: High resolution paleoclimatic implications for the past 5000 

years. Duke University. Ph.D. Thesis (6th ed.), Duke Univ., Durham, NC (1994). 

https://www.proquest.com/openview/dbd8dbf81fb74fdde85318802cae1989/1?cbl

=18750&diss=y&pq-

https://doi.org/10.1016/j.scitotenv.2022.160489
https://doi.org/10.1021/acs.est.9b04618
https://doi.org/10.1016/j.envres.2023.116916
https://doi.org/10.1016/j.teac.2021.e00151
https://doi.org/10.1016/j.envpol.2022.119594
https://doi.org/10.1016/j.envres.2021.111367
https://www.rte.ie/brainstorm/2020/0623/1149047-marine-pollution-wet-wipes-sanitary-products-microplastics-ireland/
https://www.rte.ie/brainstorm/2020/0623/1149047-marine-pollution-wet-wipes-sanitary-products-microplastics-ireland/


332 
 

origsite=gscholar&parentSessionId=khhXCkYN09mNSUpguCfkzi9KuSHXk5le

mWBm3bPASFw%3D 

Munno, K., De Frond, H., O’Donnell, B., Rochman, C.M., 2020. Increasing the 

Accessibility for Characterizing Microplastics: Introducing New Application-

Based and Spectral Libraries of Plastic Particles (SLoPP and SLoPP-E). Anal 

Chem 92, 2443–2451. https://doi.org/10.1021/acs.analchem.9b03626 

Murphy, F., Ewins, C., Carbonnier, F., Quinn, B., 2016. Wastewater Treatment Works 

(WwTW) as a Source of Microplastics in the Aquatic Environment. Environ Sci 

Technol 50, 5800–5808. https://doi.org/10.1021/acs.est.5b05416 

Murphy, F., Russell, M., Ewins, C., Quinn, B., 2017. The uptake of macroplastic & 

microplastic by demersal & pelagic fish in the Northeast Atlantic around Scotland. 

Marine Pollution Bulletin 122, 353–359. 

https://doi.org/10.1016/j.marpolbul.2017.06.073 

Murphy, L., Germaine, K., Kakouli-Duarte, T., Cleary, J., 2022. Assessment of 

microplastics in Irish river sediment. Heliyon 8, e09853. 

https://doi.org/10.1016/j.heliyon.2022.e09853 

Murray, D., Ireland’s EU topping plastic waste creation needs to be tackled, expert says. 

Business Post. URL https://www.businesspost.ie/news/irelands-eu-topping-

plastic-waste-creation-needs-to-be-tackled-expert-says/  

Murray, F., Cowie, P.R., 2011. Plastic contamination in the decapod crustacean 

Nephrops norvegicus (Linnaeus, 1758). Marine Pollution Bulletin 62, 1207–1217. 

https://doi.org/10.1016/j.marpolbul.2011.03.032 

Myers, H.J., Moore, M.J., Baumgartner, M.F., Brillant, S.W., Katona, S.K., Knowlton, 

A.R., Morissette, L., Pettis, H.M., Shester, G., Werner, T.B., 2019. Ropeless 

fishing to prevent large whale entanglements: Ropeless Consortium report. Marine 

Policy 107, 103587. https://doi.org/10.1016/j.marpol.2019.103587 

Nabi, G., Ahmad, S., Ullah, S., Zada, S., Sarfraz, M., Guo, X., Ismail, M., Wanghe, K., 

2022. The adverse health effects of increasing microplastic pollution on aquatic 

mammals. Journal of King Saud University - Science 34, 102006. 

https://doi.org/10.1016/j.jksus.2022.102006 

https://doi.org/10.1021/acs.analchem.9b03626
https://doi.org/10.1021/acs.est.5b05416
https://doi.org/10.1016/j.marpolbul.2017.06.073
https://doi.org/10.1016/j.heliyon.2022.e09853
https://www.businesspost.ie/news/irelands-eu-topping-plastic-waste-creation-needs-to-be-tackled-expert-says/
https://www.businesspost.ie/news/irelands-eu-topping-plastic-waste-creation-needs-to-be-tackled-expert-says/
https://doi.org/10.1016/j.marpolbul.2011.03.032
https://doi.org/10.1016/j.marpol.2019.103587
https://doi.org/10.1016/j.jksus.2022.102006


333 
 

Naidoo, T., Glassom, D., Smit, A.J., 2015. Plastic pollution in five urban estuaries of 

KwaZulu-Natal, South Africa. Marine Pollution Bulletin 101, 473–480. 

https://doi.org/10.1016/j.marpolbul.2015.09.044 

Naidoo, T., Smit, A.J., Glassom, D., 2016. Plastic ingestion by estuarine mullet Mugil 

cephalus (Mugilidae) in an urban harbour, KwaZulu-Natal, South Africa. African 

Journal of Marine Science 38, 145–149. 

https://doi.org/10.2989/1814232X.2016.1159616 

Naik, R.A., Rowles, L.S., Hossain, A.I., Yen, M., Aldossary, R.M., Apul, O.G., Conkle, 

J., Saleh, N.B., 2020. Microplastic particle versus fiber generation during photo-

transformation in simulated seawater. Science of The Total Environment 736, 

139690. https://doi.org/10.1016/j.scitotenv.2020.139690 

Naji, A., Nuri, M., Vethaak, A.D., 2018. Microplastics contamination in molluscs from 

the northern part of the Persian Gulf. Environmental Pollution 235, 113–120. 

https://doi.org/10.1016/j.envpol.2017.12.046 

Nakamura, Y., 2001. Autoecology of the heart urchin, Echinocardium cordatum, in the 

muddy sediment of the Seto Inland Sea, Japan. Journal of the Marine Biological 

Association of the United Kingdom 81, 289–297. 

https://doi.org/10.1017/S0025315401003769 

Näkki, P., Setälä, O., Lehtiniemi, M., 2017. Bioturbation transports secondary 

microplastics to deeper layers in soft marine sediments of the northern Baltic Sea. 

Mar Pollut Bull 119, 255–261. https://doi.org/10.1016/j.marpolbul.2017.03.065 

Nalbone, L., Cincotta, F., Giarratana, F., Ziino, G., Panebianco, A., 2021. Microplastics 

in fresh and processed mussels sampled from fish shops and large retail chains in 

Italy. Food Control 125, 108003. https://doi.org/10.1016/j.foodcont.2021.108003 

Napper, I.E., Wright, L.S., Barrett, A.C., Parker-Jurd, F.N.F., Thompson, R.C., 2022. 

Potential microplastic release from the maritime industry: Abrasion of rope. 

Science of The Total Environment 804, 150155. 

https://doi.org/10.1016/j.scitotenv.2021.150155 

Naser, H.A., 2010. Testing taxonomic resolution levels for detecting environmental 

impacts using macrobenthic assemblages in tropical waters. Environ Monit Assess 

170, 435–444. https://doi.org/10.1007/s10661-009-1244-7 

https://doi.org/10.1016/j.marpolbul.2015.09.044
https://doi.org/10.2989/1814232X.2016.1159616
https://doi.org/10.1016/j.scitotenv.2020.139690
https://doi.org/10.1016/j.envpol.2017.12.046
https://doi.org/10.1017/S0025315401003769
https://doi.org/10.1016/j.marpolbul.2017.03.065
https://doi.org/10.1016/j.foodcont.2021.108003
https://doi.org/10.1016/j.scitotenv.2021.150155
https://doi.org/10.1007/s10661-009-1244-7


334 
 

Nash, A.D., 1992. Impacts of marine debris on subsistence fishermen An exploratory 

study. Marine Pollution Bulletin 24, 150–156. https://doi.org/10.1016/0025-

326X(92)90243-Y 

Nava, V., Frezzotti, M.L., Leoni, B., 2021. Raman Spectroscopy for the Analysis of 

Microplastics in Aquatic Systems. Appl Spectrosc 75, 1341–1357. 

https://doi.org/10.1177/00037028211043119 

Navarro, A., Luzardo, O.P., Gómez, M., Acosta-Dacal, A., Martínez, I., Felipe de la 

Rosa, J., Macías-Montes, A., Suárez-Pérez, A., Herrera, A., 2023. Microplastics 

ingestion and chemical pollutants in seabirds of Gran Canaria (Canary Islands, 

Spain). Marine Pollution Bulletin 186, 114434. 

https://doi.org/10.1016/j.marpolbul.2022.114434 

Nel, H.A., Dalu, T., Wasserman, R.J., 2018. Sinks and sources: Assessing microplastic 

abundance in river sediment and deposit feeders in an Austral temperate urban 

river system. Sci Total Environ 612, 950–956. 

https://doi.org/10.1016/j.scitotenv.2017.08.298 

Nelms, S.E., Barnett, J., Brownlow, A., Davison, N.J., Deaville, R., Galloway, T.S., 

Lindeque, P.K., Santillo, D., Godley, B.J., 2019. Microplastics in marine mammals 

stranded around the British coast: ubiquitous but transitory? Sci Rep 9, 1075. 

https://doi.org/10.1038/s41598-018-37428-3 

Nelms, S.E., Duncan, E.M., Patel, S., Badola, R., Bhola, S., Chakma, S., Chowdhury, 

G.W., Godley, B.J., Haque, A.B., Johnson, J.A., Khatoon, H., Kumar, S., Napper, 

I.E., Niloy, M.N.H., Akter, T., Badola, S., Dev, A., Rawat, S., Santillo, D., Sarker, 

S., Sharma, E., Koldewey, H., 2021. Riverine plastic pollution from fisheries: 

Insights from the Ganges River system. Sci Total Environ 756, 143305. 

https://doi.org/10.1016/j.scitotenv.2020.143305 

Nelms, S.E., Galloway, T.S., Godley, B.J., Jarvis, D.S., Lindeque, P.K., 2018. 

Investigating microplastic trophic transfer in marine top predators. Environmental 

Pollution 238, 999–1007. https://doi.org/10.1016/j.envpol.2018.02.016 

Nerkar, S., 2023. New York Attorney General Sues Pepsi Over Plastic Packaging. The 

New York Times. https://www.nytimes.com/2023/11/15/business/pepsi-plastic-

recycling-

https://doi.org/10.1016/0025-326X(92)90243-Y
https://doi.org/10.1016/0025-326X(92)90243-Y
https://doi.org/10.1177/00037028211043119
https://doi.org/10.1016/j.marpolbul.2022.114434
https://doi.org/10.1016/j.scitotenv.2017.08.298
https://doi.org/10.1038/s41598-018-37428-3
https://doi.org/10.1016/j.scitotenv.2020.143305
https://doi.org/10.1016/j.envpol.2018.02.016


335 
 

lawsuit.html#:~:text=Letitia%20James%20claimed%20that%20the,with%20singl

e%2Duse%20plastic%20products. 

 Newell, R.I.E., Bayne, B.L., 1980. Seasonal changes in the physiology, reproductive 

condition and carbohydrate content of the cockle Cardium (=Cerastoderma) edule 

(Bivalvia: Cardiidae). Mar. Biol. 56, 11–19. https://doi.org/10.1007/BF00390589 

Nie, H., Wang, J., Xu, K., Huang, Y., Yan, M., 2019. Microplastic pollution in water 

and fish samples around Nanxun Reef in Nansha Islands, South China Sea. Science 

of The Total Environment 696, 134022. 

https://doi.org/10.1016/j.scitotenv.2019.134022 

Nunes, B.Z., Huang, Y., Ribeiro, V.V., Wu, S., Holbech, H., Moreira, L.B., Xu, E.G., 

Castro, I.B., 2023. Microplastic contamination in seawater across global marine 

protected areas boundaries. Environmental Pollution 316, 120692. 

https://doi.org/10.1016/j.envpol.2022.120692 

Ó Briain, O., Marques Mendes, A.R., McCarron, S., Healy, M.G., Morrison, L., 2020. 

The role of wet wipes and sanitary towels as a source of white microplastic fibres 

in the marine environment. Water Res 182, 116021. 

https://doi.org/10.1016/j.watres.2020.116021 

O’Connor, J.D., Lally, H.T., Mahon, A.M., O’Connor, I., Nash, R., O’Sullivan, J.J., 

Bruen, M., Heerey, L., Koelmans, A.A., Marnell, F., Murphy, S., 2022. 

Microplastics in Eurasian otter (Lutra lutra) spraints and their potential as a 

biomonitoring tool in freshwater systems. Ecosphere 13, e3955. 

https://doi.org/10.1002/ecs2.3955 

O’Connor, J.D., Murphy, S., Lally, H.T., O’Connor, I., Nash, R., O’Sullivan, J., Bruen, 

M., Heerey, L., Koelmans, A.A., Cullagh, A., Cullagh, D., Mahon, A.M., 2020. 

Microplastics in brown trout (Salmo trutta Linnaeus, 1758) from an Irish riverine 

system. Environmental Pollution 267, 115572. 

https://doi.org/10.1016/j.envpol.2020.115572 

Ockelford, A., Cundy, A., Ebdon, J.E., 2020. Storm Response of Fluvial Sedimentary 

Microplastics. Sci Rep 10, 1865. https://doi.org/10.1038/s41598-020-58765-2 

Ogata, Y., Takada, H., Mizukawa, K., Hirai, H., Iwasa, S., Endo, S., Mato, Y., Saha, 

M., Okuda, K., Nakashima, A., Murakami, M., Zurcher, N., Booyatumanondo, R., 

Zakaria, M.P., Dung, L.Q., Gordon, M., Miguez, C., Suzuki, S., Moore, C., 

https://doi.org/10.1007/BF00390589
https://doi.org/10.1016/j.scitotenv.2019.134022
https://doi.org/10.1016/j.envpol.2022.120692
https://doi.org/10.1016/j.watres.2020.116021
https://doi.org/10.1002/ecs2.3955
https://doi.org/10.1016/j.envpol.2020.115572
https://doi.org/10.1038/s41598-020-58765-2


336 
 

Karapanagioti, H.K., Weerts, S., McClurg, T., Burres, E., Smith, W., Van 

Velkenburg, M., Lang, J.S., Lang, R.C., Laursen, D., Danner, B., Stewardson, N., 

Thompson, R.C., 2009. International Pellet Watch: global monitoring of persistent 

organic pollutants (POPs) in coastal waters. 1. Initial phase data on PCBs, DDTs, 

and HCHs. Mar Pollut Bull 58, 1437–1446. 

https://doi.org/10.1016/j.marpolbul.2009.06.014 

Oh, C.W., Hartnoll, R.G., Nash, R.D.N, 2001. Feeding ecology of the common shrimp 

Crangon crangon in Port Erin Bay, Isle of Man, Irish Sea 

https://www.researchgate.net/publication/240809158_Feeding_ecology_of_the_c

ommon_shrimp_Crangon_crangon_in_Port_Erin_Bay_Isle_of_Man_Irish_Sea  

Oliver, M., McHugh, M., Browne, D., Cosgrove, R., 2020. Plaice survivability in the 

Irish seine net fishery. BIM. URL: https://bim.ie/wp-

content/uploads/2021/02/BIM-plaice-survivability-report.pdf 

Oliveri Conti, G., Ferrante, M., Banni, M., Favara, C., Nicolosi, I., Cristaldi, A., Fiore, 

M., Zuccarello, P., 2020. Micro- and nano-plastics in edible fruit and vegetables. 

The first diet risks assessment for the general population. Environmental Research 

187, 109677. https://doi.org/10.1016/j.envres.2020.109677 

Olsen, J., Nogueira, L.A., Normann, A.K., Vangelsten, B.V., Bay-Larsen, I., 2020. 

Marine litter: Institutionalization of attitudes and practices among Fishers in 

Northern Norway. Marine Policy 121, 104211. 

https://doi.org/10.1016/j.marpol.2020.104211 

Omnexus, n.d. Density of Plastics Material: Technical Properties Table [WWW 

Document]. URL https://omnexus.specialchem.com/polymer-

properties/properties/density  

Omorodion, S., 2023. One in five Irish adults use the ‘toilet as a bin’, new survey finds 

Independent.ie. URL https://www.independent.ie/irish-news/one-in-five-irish-

adults-use-the-toilet-as-a-bin-new-survey-finds/a399314226.html (accessed 

11.28.23). 

Onink, V., Jongedijk, C.E., Hoffman, M.J., Sebille, E. van, Laufkötter, C., 2021. Global 

simulations of marine plastic transport show plastic trapping in coastal zones. 

Environ. Res. Lett. 16, 064053. https://doi.org/10.1088/1748-9326/abecbd 

https://doi.org/10.1016/j.marpolbul.2009.06.014
https://doi.org/10.1016/j.envres.2020.109677
https://doi.org/10.1016/j.marpol.2020.104211
https://omnexus.specialchem.com/polymer-properties/properties/density
https://omnexus.specialchem.com/polymer-properties/properties/density
https://www.independent.ie/irish-news/one-in-five-irish-adults-use-the-toilet-as-a-bin-new-survey-finds/a399314226.html
https://www.independent.ie/irish-news/one-in-five-irish-adults-use-the-toilet-as-a-bin-new-survey-finds/a399314226.html
https://doi.org/10.1088/1748-9326/abecbd


337 
 

Organisation for Economic Co-operation and Development, 2022. Global plastic waste 

set to almost triple by 2060, says OECD URL 

https://www.oecd.org/environment/global-plastic-waste-set-to-almost-triple-by-

2060.htm 

Organisation for Economic Co-operation and Development, 2023. Endocrine 

Disrupting Chemicals in Freshwater: Monitoring and Regulating Water Quality. 

URL https://www.oecd.org/environment/resources/policy-highlights-endocrine-

disrupting-chemicals-in-freshwater.pdf 

Ory, N.C., Sobral, P., Ferreira, J.L., Thiel, M., 2017. Amberstripe scad Decapterus 

muroadsi (Carangidae) fish ingest blue microplastics resembling their copepod 

prey along the coast of Rapa Nui (Easter Island) in the South Pacific subtropical 

gyre. Science of The Total Environment 586, 430–437. 

https://doi.org/10.1016/j.scitotenv.2017.01.175 

Osorio, E.D., Tanchuling, M.A.N., Diola, Ma.B.L.D., 2021. Microplastics Occurrence 

in Surface Waters and Sediments in Five River Mouths of Manila Bay. Frontiers 

in Environmental Science 9. 

Otsyina, H.R., Nguhiu-Mwangi, J., Mogoa, E.G.M., Mbuthia, P.G., Ogara, W.O., 2018. 

Knowledge, attitude, and practices on usage, disposal, and effect of plastic bags on 

sheep and goats. Trop Anim Health Prod 50, 997–1003. 

https://doi.org/10.1007/s11250-018-1523-9 

Pagter, E., Frias, J., Kavanagh, F., Nash, R., 2020a. Varying levels of microplastics in 

benthic sediments within a shallow coastal embayment. Estuarine, Coastal and 

Shelf Science 243, 106915. https://doi.org/10.1016/j.ecss.2020.106915 

Pagter, E., Frias, J., Kavanagh, F., Nash, R., 2020b. Differences in microplastic 

abundances within demersal communities highlight the importance of an 

ecosystem-based approach to microplastic monitoring. Marine Pollution Bulletin 

160, 111644. https://doi.org/10.1016/j.marpolbul.2020.111644 

Pagter, E., Nash, R., Frias, J., Kavanagh, F., 2021. Assessing microplastic distribution 

within infaunal benthic communities in a coastal embayment. Sci Total Environ 

791, 148278. https://doi.org/10.1016/j.scitotenv.2021.148278 

https://www.oecd.org/environment/global-plastic-waste-set-to-almost-triple-by-2060.htm
https://www.oecd.org/environment/global-plastic-waste-set-to-almost-triple-by-2060.htm
https://doi.org/10.1016/j.scitotenv.2017.01.175
https://doi.org/10.1007/s11250-018-1523-9
https://doi.org/10.1016/j.ecss.2020.106915
https://doi.org/10.1016/j.marpolbul.2020.111644
https://doi.org/10.1016/j.scitotenv.2021.148278


338 
 

Pahl, S., Wyles, K.J., 2017. The human dimension: how social and behavioural research 

methods can help address microplastics in the environment. Anal. Methods 9, 

1404–1411. https://doi.org/10.1039/C6AY02647H 

Park, J.M., Baeck, G.W., Raoult, V., 2019. First observation on the diet and feeding 

strategy of cloudy catshark Scyliorhinus torazame (Tanaka, 1908). Regional 

Studies in Marine Science 28, 100596. https://doi.org/10.1016/j.rsma.2019.100596 

Parker, B.W., Beckingham, B.A., Ingram, B.C., Ballenger, J.C., Weinstein, J.E., 

Sancho, G., 2020. Microplastic and tire wear particle occurrence in fishes from an 

urban estuary: Influence of feeding characteristics on exposure risk. Marine 

Pollution Bulletin 160, 111539. https://doi.org/10.1016/j.marpolbul.2020.111539 

Parton, K.J., Godley, B.J., Santillo, D., Tausif, M., Omeyer, L.C.M., Galloway, T.S., 

2020. Investigating the presence of microplastics in demersal sharks of the North-

East Atlantic. Sci Rep 10, 12204. https://doi.org/10.1038/s41598-020-68680-1 

Patterson, J., Jeyasanta, K.I., Sathish, N., Booth, A.M., Edward, J.K.P., 2019. Profiling 

microplastics in the Indian edible oyster, Magallana bilineata collected from the 

Tuticorin coast, Gulf of Mannar, Southeastern India. Sci Total Environ 691, 727–

735. https://doi.org/10.1016/j.scitotenv.2019.07.063 

Pazos, R.S., Spaccesi, F., Gómez, N., 2020. First record of microplastics in the mussel 

Limnoperna fortunei. Regional Studies in Marine Science 38, 101360. 

https://doi.org/10.1016/j.rsma.2020.101360 

Peeken, I., Primpke, S., Beyer, B., Gütermann, J., Katlein, C., Krumpen, T., Bergmann, 

M., Hehemann, L., Gerdts, G., 2018. Arctic sea ice is an important temporal sink 

and means of transport for microplastic. Nat Commun 9, 1505. 

https://doi.org/10.1038/s41467-018-03825-5 

Peng, G., Xu, P., Zhu, B., Bai, M., Li, D., 2018. Microplastics in freshwater river 

sediments in Shanghai, China: A case study of risk assessment in mega-cities. 

Environmental Pollution 234, 448–456. 

https://doi.org/10.1016/j.envpol.2017.11.034 

Peng, G., Zhu, B., Yang, D., Su, L., Shi, H., Li, D., 2017. Microplastics in sediments of 

the Changjiang Estuary, China. Environmental Pollution 225, 283–290. 

https://doi.org/10.1016/j.envpol.2016.12.064 

https://doi.org/10.1039/C6AY02647H
https://doi.org/10.1016/j.rsma.2019.100596
https://doi.org/10.1016/j.marpolbul.2020.111539
https://doi.org/10.1038/s41598-020-68680-1
https://doi.org/10.1016/j.scitotenv.2019.07.063
https://doi.org/10.1016/j.rsma.2020.101360
https://doi.org/10.1038/s41467-018-03825-5
https://doi.org/10.1016/j.envpol.2017.11.034
https://doi.org/10.1016/j.envpol.2016.12.064


339 
 

Peng, Y., Wu, P., Schartup, A.T., Zhang, Y., 2021. Plastic waste release caused by 

COVID-19 and its fate in the global ocean. Proceedings of the National Academy 

of Sciences 118, e2111530118. https://doi.org/10.1073/pnas.2111530118 

Perfetti-Bolaño, A., Araneda, A., Muñoz, K., Barra, R.O., 2022. Occurrence and 

Distribution of Microplastics in Soils and Intertidal Sediments at Fildes Bay, 

Maritime Antarctica. Frontiers in Marine Science 8. 

https://doi.org/10.3389/fmars.2021.774055 

Perfetti-Bolaño, A., Muñoz, K., Kolok, A.S., Araneda, A., Barra, R.O., 2022. Analysis 

of the contribution of locally derived wastewater to the occurrence of 

Pharmaceuticals and Personal Care Products in Antarctic coastal waters. Sci Total 

Environ 851, 158116. https://doi.org/10.1016/j.scitotenv.2022.158116 

Persson, L., Carney Almroth, B.M., Collins, C.D., Cornell, S., de Wit, C.A., Diamond, 

M.L., Fantke, P., Hassellöv, M., MacLeod, M., Ryberg, M.W., Søgaard Jørgensen, 

P., Villarrubia-Gómez, P., Wang, Z., Hauschild, M.Z., 2022. Outside the Safe 

Operating Space of the Planetary Boundary for Novel Entities. Environ. Sci. 

Technol. 56, 1510–1521. https://doi.org/10.1021/acs.est.1c04158 

Pfeiffer, F., Fischer, E.K., 2020. Various Digestion Protocols Within Microplastic 

Sample Processing—Evaluating the Resistance of Different Synthetic Polymers 

and the Efficiency of Biogenic Organic Matter Destruction. Frontiers in 

Environmental Science 8. https://doi.org/10.3389/fenvs.2020.572424 

Phuong, N.N., Poirier, L., Lagarde, F., Kamari, A., Zalouk-Vergnoux, A., 2018. 

Microplastic abundance and characteristics in French Atlantic coastal sediments 

using a new extraction method. Environmental Pollution 243, 228–237. 

https://doi.org/10.1016/j.envpol.2018.08.032 

Piarulli, S., Scapinello, S., Comandini, P., Magnusson, K., Granberg, M., Wong, 

J.X.W., Sciutto, G., Prati, S., Mazzeo, R., Booth, A.M., Airoldi, L., 2019. 

Microplastic in wild populations of the omnivorous crab Carcinus aestuarii: A 

review and a regional-scale test of extraction methods, including microfibres. 

Environmental Pollution 251, 117–127. 

https://doi.org/10.1016/j.envpol.2019.04.092 

https://doi.org/10.1073/pnas.2111530118
https://doi.org/10.3389/fmars.2021.774055
https://doi.org/10.1016/j.scitotenv.2022.158116
https://doi.org/10.1021/acs.est.1c04158
https://doi.org/10.3389/fenvs.2020.572424
https://doi.org/10.1016/j.envpol.2018.08.032
https://doi.org/10.1016/j.envpol.2019.04.092


340 
 

Piarulli, S., Vanhove, B., Comandini, P., Scapinello, S., Moens, T., Vrielinck, H., 

Sciutto, G., Prati, S., Rocco, M., Booth, A., Van Colen, C., Airoldi, L., 2020. Do 

different habits affect microplastics contents in organisms? A trait-based analysis 

on salt marsh species. Marine Pollution Bulletin 153, 110983. 

https://doi.org/10.1016/j.marpolbul.2020.110983 

Piazzolla, D., Cafaro, V., Mancini, E., Scanu, S., Bonamano, S., Marcelli, M., 2020. 

Preliminary Investigation of Microlitter Pollution in Low-Energy Hydrodynamic 

Basins Using Sabella spallanzanii (Polychaeta: Sabellidae) Tubes. Bull Environ 

Contam Toxicol 104, 345–350. https://doi.org/10.1007/s00128-020-02797-x 

Piersma, T., 1994. Close to the edge: Energetic bottlenecks and the evolution of 

migratory pathways in knots. Het Open Boek, Den Burg, Texel. 

Pihl, L., 1985. Food selection and consumption of mobile epibenthic fauna in shallow 

marine areas. Marine Ecology Progress Series 22, 169–179. 

Pihl, L., Rosenberg, R., 1984. Food selection and consumption of the shrimp Crangon 

crangon in some shallow marine areas in western Sweden. Marine Ecology-

progress Series - MAR ECOL-PROGR SER 15, 159–168. 

https://doi.org/10.3354/meps015159 

Piñon-Colin, T. de J., Rodriguez-Jimenez, R., Rogel-Hernandez, E., Alvarez-Andrade, 

A., Wakida, F.T., 2020. Microplastics in stormwater runoff in a semiarid region, 

Tijuana, Mexico. Science of The Total Environment 704, 135411. 

https://doi.org/10.1016/j.scitotenv.2019.135411 

Piperagkas, O., Papageorgiou, N., Karakassis, I., 2019. Qualitative and quantitative 

assessment of microplastics in three sandy Mediterranean beaches, including 

different methodological approaches. Estuarine, Coastal and Shelf Science 219, 

169–175. https://doi.org/10.1016/j.ecss.2019.02.016 

Piskuła, P., Astel, A.M., 2023. Microplastics in Commercial Fishes and By-Catch from 

Selected FAO Major Fishing Areas of the Southern Baltic Sea. Animals (Basel) 

13, 458. https://doi.org/10.3390/ani13030458 

Pope, D., 2023. New Research Finds Consumers Do Not Realize Their Clothes May 

Contribute to Microplastic Pollution. Cotton Incorporated. URL 

https://www.cottoninc.com/press-releases/new-research-finds-consumers-do-not-

https://doi.org/10.1016/j.marpolbul.2020.110983
https://doi.org/10.1007/s00128-020-02797-x
https://doi.org/10.3354/meps015159
https://doi.org/10.1016/j.scitotenv.2019.135411
https://doi.org/10.1016/j.ecss.2019.02.016
https://doi.org/10.3390/ani13030458
https://www.cottoninc.com/press-releases/new-research-finds-consumers-do-not-realize-their-clothes-may-contribute-to-microplastic-pollution/


341 
 

realize-their-clothes-may-contribute-to-microplastic-pollution/ (accessed 

11.29.23). 

Porter, A., Godbold, J.A., Lewis, C.N., Savage, G., Solan, M., Galloway, T.S., 2023. 

Microplastic burden in marine benthic invertebrates depends on species traits and 

feeding ecology within biogeographical provinces. Nat Commun 14, 8023. 

https://doi.org/10.1038/s41467-023-43788-w 

Prado, T., de Castro Bruni, A., Barbosa, M.R.F., Garcia, S.C., de Jesus Melo, A.M., 

Sato, M.I.Z., 2019. Performance of wastewater reclamation systems in enteric virus 

removal. Science of The Total Environment 678, 33–42. 

https://doi.org/10.1016/j.scitotenv.2019.04.435 

Prata, J.C., da Costa, J.P., Duarte, A.C., Rocha-Santos, T., 2019. Methods for sampling 

and detection of microplastics in water and sediment: A critical review. TrAC 

Trends in Analytical Chemistry 110, 150–159. 

https://doi.org/10.1016/j.trac.2018.10.029 

Provencher, J.F., Borrelle, S.B., Bond, A.L., Lavers, J.L., van Franeker, J.A., Kühn, S., 

Hammer, S., Avery-Gomm, S., Mallory, M.L., 2019. Recommended best practices 

for plastic and litter ingestion studies in marine birds: Collection, processing, and 

reporting. FACETS 4, 111–130. https://doi.org/10.1139/facets-2018-0043 

PublicSpectra | Raman Spectral Database. URL https://publicspectra.com/  

Ragusa, A., Notarstefano, V., Svelato, A., Belloni, A., Gioacchini, G., Blondeel, C., 

Zucchelli, E., De Luca, C., D’Avino, S., Gulotta, A., Carnevali, O., Giorgini, E., 

2022. Raman Microspectroscopy Detection and Characterisation of Microplastics 

in Human Breastmilk. Polymers (Basel) 14, 2700. 

https://doi.org/10.3390/polym14132700 

Ragusa, A., Svelato, A., Santacroce, C., Catalano, P., Notarstefano, V., Carnevali, O., 

Papa, F., Rongioletti, M.C.A., Baiocco, F., Draghi, S., D’Amore, E., Rinaldo, D., 

Matta, M., Giorgini, E., 2021. Plasticenta: First evidence of microplastics in human 

placenta. Environment International 146, 106274. 

https://doi.org/10.1016/j.envint.2020.106274 

Rakotomalala, C., Grangeré, K., Ubertini, M., Forêt, M., Orvain, F., 2015. Modelling 

the effect of Cerastoderma edule bioturbation on microphytobenthos resuspension 

https://www.cottoninc.com/press-releases/new-research-finds-consumers-do-not-realize-their-clothes-may-contribute-to-microplastic-pollution/
https://doi.org/10.1038/s41467-023-43788-w
https://doi.org/10.1016/j.scitotenv.2019.04.435
https://doi.org/10.1016/j.trac.2018.10.029
https://doi.org/10.1139/facets-2018-0043
https://publicspectra.com/
https://doi.org/10.3390/polym14132700
https://doi.org/10.1016/j.envint.2020.106274


342 
 

towards the planktonic food web of estuarine ecosystem. Ecological Modelling 

316, 155–167. https://doi.org/10.1016/j.ecolmodel.2015.08.010 

Razeghi, N., Hamidian, A.H., Wu, C., Zhang, Y., Yang, M., 2021. Microplastic 

sampling techniques in freshwaters and sediments: a review. Environ Chem Lett 

19, 4225–4252. https://doi.org/10.1007/s10311-021-01227-6 

Rebelein, A., Int-Veen, I., Kammann, U., Scharsack, J.P., 2021. Microplastic fibers — 

Underestimated threat to aquatic organisms? Science of The Total Environment 

777, 146045. https://doi.org/10.1016/j.scitotenv.2021.146045 

Rees, G., Pond, K., 1995. Marine litter monitoring programmes—A review of methods 

with special reference to national surveys. Marine Pollution Bulletin 30, 103–108. 

https://doi.org/10.1016/0025-326X(94)00192-C 

Renzi, M., Blašković, A., 2018. Litter & microplastics features in table salts from 

marine origin: Italian versus Croatian brands. Mar Pollut Bull 135, 62–68. 

https://doi.org/10.1016/j.marpolbul.2018.06.065 

Retama, I., Jonathan, M.P., Shruti, V.C., Velumani, S., Sarkar, S.K., Roy, P.D., 

Rodríguez-Espinosa, P.F., 2016. Microplastics in tourist beaches of Huatulco Bay, 

Pacific coast of southern Mexico. Marine Pollution Bulletin 113, 530–535. 

https://doi.org/10.1016/j.marpolbul.2016.08.053 

Reuters, 2023. Paris to ban single-use plastic at 2024 Games. URL. 

https://www.reuters.com/sustainability/paris-ban-single-use-plastic-2024-games-

2023-05-26/ 

Revel, M., Châtel, A., Mouneyrac, C., 2018. Micro(nano)plastics: A threat to human 

health? Current Opinion in Environmental Science & Health, Micro and 

Nanoplastics Edited by Dr. Teresa A.P. Rocha-Santos 1, 17–23. 

https://doi.org/10.1016/j.coesh.2017.10.003 

Ribeiro, F., Garcia, A.R., Pereira, B.P., Fonseca, M., Mestre, N.C., Fonseca, T.G., 

Ilharco, L.M., Bebianno, M.J., 2017. Microplastics effects in Scrobicularia plana. 

Mar Pollut Bull 122, 379–391. https://doi.org/10.1016/j.marpolbul.2017.06.078 

https://doi.org/10.1016/j.ecolmodel.2015.08.010
https://doi.org/10.1007/s10311-021-01227-6
https://doi.org/10.1016/j.scitotenv.2021.146045
https://doi.org/10.1016/0025-326X(94)00192-C
https://doi.org/10.1016/j.marpolbul.2018.06.065
https://doi.org/10.1016/j.marpolbul.2016.08.053
https://doi.org/10.1016/j.coesh.2017.10.003
https://doi.org/10.1016/j.marpolbul.2017.06.078


343 
 

Richardson, K., Wilcox, C., Vince, J., Hardesty, B.D., 2021. Challenges and 

misperceptions around global fishing gear loss estimates. Marine Policy 129, 

104522. https://doi.org/10.1016/j.marpol.2021.104522 

Ridall, A., Farrar, E., Dansby, M., Ingels, J., 2023. Influence of wastewater treatment 

plants and water input sources on size, shape, and polymer distributions of 

microplastics in St. Andrew Bay, Florida, USA. Marine Pollution Bulletin 187, 

114552. https://doi.org/10.1016/j.marpolbul.2022.114552 

Rijnsdorp, A., Vingerhoed, B., 2001. Feeding of plaice Pleuronectes platessa L. and 

Sole Solea solea (L.) in relation to the effects of bottom trawling. Journal of Sea 

Research, 45: 219-229, 2001 45. https://doi.org/10.1016/S1385-1101(01)00047-8 

Rijnsdorp, A.D., Pastoors, M.A., 1995. Modelling the spatial dynamics and fisheries of 

North Sea plaice (Pleuronectes platessa L.) based on tagging data. ICES Journal of 

Marine Science 52, 963–980. https://doi.org/10.1006/jmsc.1995.0092 

Rist, S., Hartmann, N.B., Welden, N.A.C., 2021. How fast, how far: Diversification and 

adoption of novel methods in aquatic microplastic monitoring. Environmental 

Pollution 291, 118174. https://doi.org/10.1016/j.envpol.2021.118174 

Rizzo, L., Minichino, R., Virgili, R., Tanduo, V., Osca, D., Manfredonia, A., Consoli, 

P., Colloca, F., Crocetta, F., 2022. Benthic litter in the continental slope of the Gulf 

of Naples (central-western Mediterranean Sea) hosts limited fouling communities 

but facilitates molluscan spawning. Marine Pollution Bulletin 181, 113915. 

https://doi.org/10.1016/j.marpolbul.2022.113915 

Rochman, C.M., 2015. The Complex Mixture, Fate and Toxicity of Chemicals 

Associated with Plastic Debris in the Marine Environment, in: Bergmann, M., 

Gutow, L., Klages, M. (Eds.), Marine Anthropogenic Litter. Springer International 

Publishing, Cham, pp. 117–140. https://doi.org/10.1007/978-3-319-16510-3_5 

Rochman, C.M., 2018. Microplastics research—from sink to source. Science 360, 28–

29. https://doi.org/10.1126/science.aar7734 

Rochman, C.M., Brookson, C., Bikker, J., Djuric, N., Earn, A., Bucci, K., Athey, S., 

Huntington, A., McIlwraith, H., Munno, K., De Frond, H., Kolomijeca, A., Erdle, 

L., Grbic, J., Bayoumi, M., Borrelle, S.B., Wu, T., Santoro, S., Werbowski, L.M., 

Zhu, X., Giles, R.K., Hamilton, B.M., Thaysen, C., Kaura, A., Klasios, N., Ead, L., 

https://doi.org/10.1016/j.marpol.2021.104522
https://doi.org/10.1016/j.marpolbul.2022.114552
https://doi.org/10.1016/S1385-1101(01)00047-8
https://doi.org/10.1006/jmsc.1995.0092
https://doi.org/10.1016/j.envpol.2021.118174
https://doi.org/10.1016/j.marpolbul.2022.113915
https://doi.org/10.1007/978-3-319-16510-3_5
https://doi.org/10.1126/science.aar7734


344 
 

Kim, J., Sherlock, C., Ho, A., Hung, C., 2019. Rethinking microplastics as a 

diverse contaminant suite. Environmental Toxicology and Chemistry 38, 703–711. 

https://doi.org/10.1002/etc.4371 

Rochman, C.M., Hoh, E., Kurobe, T., Teh, S.J., 2013. Ingested plastic transfers 

hazardous chemicals to fish and induces hepatic stress. Sci Rep 3, 3263. 

https://doi.org/10.1038/srep03263 

Rochman, C.M., Tahir, A., Williams, S.L., Baxa, D.V., Lam, R., Miller, J.T., Teh, F.-

C., Werorilangi, S., Teh, S.J., 2015. Anthropogenic debris in seafood: Plastic 

debris and fibers from textiles in fish and bivalves sold for human consumption. 

Sci Rep 5, 14340. https://doi.org/10.1038/srep14340 

Rochman, C.M., Tahir, A., Williams, S.L., Baxa, D.V., Lam, R., Miller, J.T., Teh, F.-

C., Werorilangi, S., Teh, S.J., 2015. Anthropogenic debris in seafood: Plastic 

debris and fibers from textiles in fish and bivalves sold for human consumption. 

Sci Rep 5, 14340. https://doi.org/10.1038/srep14340 

Rodrigues, C.L., Nojima, S., Kikuchi, T., 1987. Mechanics of prey size preference in 

the gastropod Neverita didyma preying on the bivalve Ruditapes philippinarum. 

Marine Ecology Progress Series 40, 87–93. 

Rodrigues, M., Gonçalves, A., Gonçalves, F., Abrantes, N., 2020. Improving cost-

efficiency for MPs density separation by zinc chloride reuse. MethodsX 7, 100785. 

https://doi.org/10.1016/j.mex.2020.100785 

Rodrigues, M.O., Abrantes, N., Gonçalves, F.J.M., Nogueira, H., Marques, J.C., 

Gonçalves, A.M.M., 2018. Spatial and temporal distribution of microplastics in 

water and sediments of a freshwater system (Antuã River, Portugal). Science of 

The Total Environment 633, 1549–1559. 

https://doi.org/10.1016/j.scitotenv.2018.03.233 

Rolsky, C., Kelkar, V., Driver, E., Halden, R.U., 2020. Municipal sewage sludge as a 

source of microplastics in the environment. Current Opinion in Environmental 

Science & Health, Environmental Pollution: Biosolids 14, 16–22. 

https://doi.org/10.1016/j.coesh.2019.12.001 

Roman, L., Lowenstine, L., Parsley, L.M., Wilcox, C., Hardesty, B.D., Gilardi, K., 

Hindell, M., 2019. Is plastic ingestion in birds as toxic as we think? Insights from 

https://doi.org/10.1002/etc.4371
https://doi.org/10.1038/srep03263
https://doi.org/10.1038/srep14340
https://doi.org/10.1038/srep14340
https://doi.org/10.1016/j.mex.2020.100785
https://doi.org/10.1016/j.scitotenv.2018.03.233
https://doi.org/10.1016/j.coesh.2019.12.001


345 
 

a plastic feeding experiment. Sci Total Environ 665, 660–667. 

https://doi.org/10.1016/j.scitotenv.2019.02.184 

Rowley, K.H., Cucknell, A.-C., Smith, B.D., Clark, P.F., Morritt, D., 2020. London’s 

river of plastic: High levels of microplastics in the Thames water column. Science 

of The Total Environment 740, 140018. 

https://doi.org/10.1016/j.scitotenv.2020.140018 

 

RTÉ, 2018. Expert warns of microbeads entering the food chain. URL: 

https://www.rte.ie/news/environment/2018/0111/932462-microbead-food-chain-

threat/ 

Ryan, P., Moore, C., Van Franeker, J., Moloney, C., 2009. Monitoring the abundance 

of plastic debris in the marine environment. Philosophical transactions of the Royal 

Society of London. Series B, Biological sciences 364, 1999–2012. 

https://doi.org/10.1098/rstb.2008.0207 

Rzezutka, A., Cook, N., 2004. Survival of human enteric viruses in the environment and 

food. FEMS Microbiol Rev 28, 441–453. 

https://doi.org/10.1016/j.femsre.2004.02.001 

Sainio, E., Lehtiniemi, M., Setälä, O., 2021. Microplastic ingestion by small coastal fish 

in the northern Baltic Sea, Finland. Marine Pollution Bulletin 172, 112814. 

https://doi.org/10.1016/j.marpolbul.2021.112814 

Sandre, F., Dromard, C., Menach, K.L., Bouchon-Navaro, Y., Cordonnier, S., Tapie, 

N., Budzinski, H., Bouchon, C., 2019. Detection of Adsorbed Chlordecone on 

Microplastics in Marine Sediments in Guadeloupe: A Preliminary Study. Gulf and 

Caribbean Research 30, GCFI 8-GCFI 14. https://doi.org/10.18785/gcr.3001.14 

Santos, C., Cabral, S., Carvalho, F., Sousa, A., Goulding, T., Ramajal, J., Medeiros, 

J.P., Silva, G., Angélico, M.M., Gaspar, M.B., Brito, A.C., Costa, J.L., Chainho, 

P., 2022. Spatial and Temporal Variations of Cockle (Cerastoderma spp.) 

Populations in Two Portuguese Estuarine Systems With Low Directed Fishing 

Pressure. Frontiers in Marine Science 9. 

https://doi.org/10.3389/fmars.2022.699622 

https://doi.org/10.1016/j.scitotenv.2019.02.184
https://doi.org/10.1016/j.scitotenv.2020.140018
https://doi.org/10.1098/rstb.2008.0207
https://doi.org/10.1016/j.femsre.2004.02.001
https://doi.org/10.1016/j.marpolbul.2021.112814
https://doi.org/10.18785/gcr.3001.14
https://doi.org/10.3389/fmars.2022.699622


346 
 

Santos, I.R., Friedrich, A.C., Wallner-Kersanach, M., Fillmann, G., 2005. Influence of 

socio-economic characteristics of beach users on litter generation. Ocean & 

Coastal Management 48, 742–752. 

https://doi.org/10.1016/j.ocecoaman.2005.08.006 

SAPEA, A Scientific Perspective on Microplastics in Nature and Society, 2019. 

SAPEA, DE. 

Šaravanja, A., Pušić, T., Dekanić, T., 2022. Microplastics in Wastewater by Washing 

Polyester Fabrics. Materials (Basel) 15, 2683. 

https://doi.org/10.3390/ma15072683 

Sargent, N., 2019. Growing evidence of microplastic in food chain, committee hears. 

Green News Ireland. URL https://greennews.ie/growing-evidence-microplastics-

food-chain/  

Savazzi, E., Reyment, R.A., 1989. Subaerial hunting behaviour in Natica Gualteriana 

(naticid gastropod). Palaeogeography, Palaeoclimatology, Palaeoecology 74, 355–

364. https://doi.org/10.1016/0031-0182(89)90070-9 

Savoca, M.S., Wohlfeil, M.E., Ebeler, S.E., Nevitt, G.A., 2016. Marine plastic debris 

emits a keystone infochemical for olfactory foraging seabirds. Science Advances 

2, e1600395. https://doi.org/10.1126/sciadv.1600395 

Schindler, D., Scheuerell, M., 2002. Habitat Coupling in Lake Ecosystems. Oikos 98, 

177–189. https://doi.org/10.1034/j.1600-0706.2002.980201.x 

Schlindwein, A.D., Rigotto, C., Simões, C.M.O., Barardi, C.R.M., 2010. Detection of 

enteric viruses in sewage sludge and treated wastewater effluent. Water Science 

and Technology 61, 537–544. https://doi.org/10.2166/wst.2010.845 

Schmidt, N., Thibault, D., Galgani, F., Paluselli, A., Sempéré, R., 2018. Occurrence of 

microplastics in surface waters of the Gulf of Lion (NW Mediterranean Sea). 

Progress in Oceanography, Special issue of MERMEX project: Recent advances 

in the oceanography of the Mediterranean Sea 163, 214–220. 

https://doi.org/10.1016/j.pocean.2017.11.010 

Schrank, I., Möller, J.N., Imhof, H.K., Hauenstein, O., Zielke, F., Agarwal, S., Löder, 

M.G.J., Greiner, A., Laforsch, C., 2022. Microplastic sample purification methods 

- Assessing detrimental effects of purification procedures on specific plastic types. 

https://doi.org/10.1016/j.ocecoaman.2005.08.006
https://doi.org/10.3390/ma15072683
https://greennews.ie/growing-evidence-microplastics-food-chain/
https://greennews.ie/growing-evidence-microplastics-food-chain/
https://doi.org/10.1016/0031-0182(89)90070-9
https://doi.org/10.1126/sciadv.1600395
https://doi.org/10.1034/j.1600-0706.2002.980201.x
https://doi.org/10.2166/wst.2010.845
https://doi.org/10.1016/j.pocean.2017.11.010


347 
 

Science of The Total Environment 833, 154824. 

https://doi.org/10.1016/j.scitotenv.2022.154824 

Schröder, K., Kossel, E., Lenz, M., 2021. Microplastic abundance in beach sediments 

of the Kiel Fjord, Western Baltic Sea. Environ Sci Pollut Res 28, 26515–26528. 

https://doi.org/10.1007/s11356-020-12220-x 

Schwabl, P., Köppel, S., Königshofer, P., Bucsics, T., Trauner, M., Reiberger, T., 

Liebmann, B., 2019. Detection of Various Microplastics in Human Stool: A 

Prospective Case Series. Ann Intern Med 171, 453–457. 

https://doi.org/10.7326/M19-0618 

Scopetani, C., Chelazzi, D., Mikola, J., Leiniö, V., Heikkinen, R., Cincinelli, A., 

Pellinen, J., 2020. Olive oil-based method for the extraction, quantification and 

identification of microplastics in soil and compost samples. Sci Total Environ 733, 

139338. https://doi.org/10.1016/j.scitotenv.2020.139338 

Sea-Fisheries Protection Authority Publishes Reference Map [WWW Document], 

2023. Sea Fisheries Protection Authority. URL https://www.sfpa.ie/Who-We-

Are/News/Details/sea-fisheries-protection-authority-publishes-reference-map 

(accessed 9.29.23). 

Seeley, M.E., Song, B., Passie, R., Hale, R.C., 2020. Microplastics affect sedimentary 

microbial communities and nitrogen cycling. Nat Commun 11, 2372. 

https://doi.org/10.1038/s41467-020-16235-3 

Senathirajah, K., Attwood, S., Bhagwat, G., Carbery, M., Wilson, S., Palanisami, T., 

2021. Estimation of the mass of microplastics ingested – A pivotal first step 

towards human health risk assessment. Journal of Hazardous Materials 404, 

124004. https://doi.org/10.1016/j.jhazmat.2020.124004 

Setälä, O., Lehtiniemi, M., Coppock, R., Cole, M., 2018. Microplastics in Marine Food 

Webs, in: Microplastic Contamination in Aquatic Environments. pp. 339–363. 

https://doi.org/10.1016/B978-0-12-813747-5.00011-4 

Sfriso, A.A., Tomio, Y., Rosso, B., Gambaro, A., Sfriso, A., Corami, F., Rastelli, E., 

Corinaldesi, C., Mistri, M., Munari, C., 2020. Microplastic accumulation in benthic 

invertebrates in Terra Nova Bay (Ross Sea, Antarctica). Environment International 

137, 105587. https://doi.org/10.1016/j.envint.2020.105587 

https://doi.org/10.1016/j.scitotenv.2022.154824
https://doi.org/10.1007/s11356-020-12220-x
https://doi.org/10.7326/M19-0618
https://doi.org/10.1016/j.scitotenv.2020.139338
https://www.sfpa.ie/Who-We-Are/News/Details/sea-fisheries-protection-authority-publishes-reference-map
https://www.sfpa.ie/Who-We-Are/News/Details/sea-fisheries-protection-authority-publishes-reference-map
https://doi.org/10.1038/s41467-020-16235-3
https://doi.org/10.1016/j.jhazmat.2020.124004
https://doi.org/10.1016/B978-0-12-813747-5.00011-4
https://doi.org/10.1016/j.envint.2020.105587


348 
 

Sheavly, S.B., Register, K.M., 2007. Marine Debris & Plastics: Environmental 

Concerns, Sources, Impacts and Solutions. J Polym Environ 15, 301–305. 

https://doi.org/10.1007/s10924-007-0074-3 

Shim, W.J., Hong, S.H., Eo, S., 2018. Chapter 1 - Marine Microplastics: Abundance, 

Distribution, and Composition, in: Zeng, E.Y. (Ed.), Microplastic Contamination 

in Aquatic Environments. Elsevier, pp. 1–26. https://doi.org/10.1016/B978-0-12-

813747-5.00001-1 

Shim, W.J., Hong, S.H., Eo, S.E., 2017. Identification methods in microplastic analysis: 

a review. Anal. Methods 9, 1384–1391. https://doi.org/10.1039/C6AY02558G 

Shruti, V.C., Kutralam-Muniasamy, G., 2019. Bioplastics: Missing link in the era of 

Microplastics. Science of The Total Environment 697, 134139. 

https://doi.org/10.1016/j.scitotenv.2019.134139 

Siddiqui, S., Dickens, J.M., Cunningham, B.E., Hutton, S.J., Pedersen, E.I., Harper, B., 

Harper, S., Brander, S.M., 2022. Internalization, reduced growth, and behavioral 

effects following exposure to micro and nano tire particles in two estuarine 

indicator species. Chemosphere 296, 133934. 

https://doi.org/10.1016/j.chemosphere.2022.133934 

Siegfried, M., Koelmans, A.A., Besseling, E., Kroeze, C., 2017. Export of microplastics 

from land to sea. A modelling approach. Water Research 127, 249–257. 

https://doi.org/10.1016/j.watres.2017.10.011 

Sinha, S., Banerjee, A., Rakshit, N., Raman, A.V., Bhadury, P., Ray, S., 2021. 

Importance of benthic-pelagic coupling in food-web interactions of Kakinada Bay, 

India. Ecological Informatics 61, 101208. 

https://doi.org/10.1016/j.ecoinf.2020.101208 

Skorstad, B., Bjørgvik, I. Edel vilje eller rene handlinger? - en miljøinstitusjon bli til E. 

Pettersen, B. Skorstad, G. Wollan (Eds.), Vårt Lille Land, Stamsund: Orkana 

Akademisk (2018). 

Slavin, C., Grage, A., Campbell, M.L., 2012. Linking social drivers of marine debris 

with actual marine debris on beaches. Marine Pollution Bulletin 64, 1580–1588. 

https://doi.org/10.1016/j.marpolbul.2012.05.018 

https://doi.org/10.1007/s10924-007-0074-3
https://doi.org/10.1016/B978-0-12-813747-5.00001-1
https://doi.org/10.1016/B978-0-12-813747-5.00001-1
https://doi.org/10.1039/C6AY02558G
https://doi.org/10.1016/j.scitotenv.2019.134139
https://doi.org/10.1016/j.chemosphere.2022.133934
https://doi.org/10.1016/j.watres.2017.10.011
https://doi.org/10.1016/j.ecoinf.2020.101208
https://doi.org/10.1016/j.marpolbul.2012.05.018


349 
 

Smaal, A.C., Vonck, A.P.M.A., Bakker, M., 1997. Seasonal Variation in Physiological 

Energetics of Mytilus Edulis and Cerastoderma Edule of Different Size Classes. 

Journal of the Marine Biological Association of the United Kingdom 77, 817–838. 

https://doi.org/10.1017/S0025315400036213 

Smith, J., Vignieri, S., 2021. A devil’s bargain. Science 373, 34–35. 

https://doi.org/10.1126/science.abj9099 

Smith, M., Love, D.C., Rochman, C.M., Neff, R.A., 2018. Microplastics in Seafood and 

the Implications for Human Health. Curr Envir Health Rpt 5, 375–386. 

https://doi.org/10.1007/s40572-018-0206-z 

Song, Xiaowei, Wu, X., Song, Xiaoping, Zhang, Z., 2022. Oil extraction following 

digestion to separate microplastics from mussels. Chemosphere 289, 133187. 

https://doi.org/10.1016/j.chemosphere.2021.133187 

Spencer, D.B., 2005. Recycling—Household Waste, in: Buschow, K.H.J., Cahn, R.W., 

Flemings, M.C., Ilschner, B., Kramer, E.J., Mahajan, S., Veyssière, P. (Eds.), 

Encyclopedia of Materials: Science and Technology. Elsevier, Oxford, pp. 1–9. 

https://doi.org/10.1016/B0-08-043152-6/02051-9 

Staichak, G., Ferreira-Jr, A.L., Moreschi Silva, A.C., Girard, P., Callil, C.T., Christo, 

S.W., 2021. Bivalves with potential for monitoring microplastics in South 

America. Case Studies in Chemical and Environmental Engineering 4, 100119. 

https://doi.org/10.1016/j.cscee.2021.100119 

Steinberg, D.K., Landry, M.R., 2017. Zooplankton and the Ocean Carbon Cycle. Ann 

Rev Mar Sci 9, 413–444. https://doi.org/10.1146/annurev-marine-010814-015924 

Stronkhorst, J., Schipper, C., Brils, J., Dubbeldam, M., Postma, J., van de Hoeven, N., 

2003. Using marine bioassays to classify the toxicity of Dutch harbor sediments. 

Environ Toxicol Chem 22, 1535–1547. 

Su, L., Xue, Y., Li, L., Yang, D., Kolandhasamy, P., Li, D., Shi, H., 2016. Microplastics 

in Taihu Lake, China. Environ Pollut 216, 711–719. 

https://doi.org/10.1016/j.envpol.2016.06.036 

Sui, M., Lu, Y., Wang, Q., Hu, L., Huang, X., Liu, X., 2020. Distribution patterns of 

microplastics in various tissues of the Zhikong scallop (Chlamys farreri) and in the 

https://doi.org/10.1017/S0025315400036213
https://doi.org/10.1126/science.abj9099
https://doi.org/10.1007/s40572-018-0206-z
https://doi.org/10.1016/j.chemosphere.2021.133187
https://doi.org/10.1016/B0-08-043152-6/02051-9
https://doi.org/10.1016/j.cscee.2021.100119
https://doi.org/10.1146/annurev-marine-010814-015924
https://doi.org/10.1016/j.envpol.2016.06.036


350 
 

surrounding culture seawater. Marine Pollution Bulletin 160, 111595. 

https://doi.org/10.1016/j.marpolbul.2020.111595 

Sun, J., Dai, X., Wang, Q., van Loosdrecht, M.C.M., Ni, B.-J., 2019. Microplastics in 

wastewater treatment plants: Detection, occurrence and removal. Water Research 

152, 21–37. https://doi.org/10.1016/j.watres.2018.12.050 

Sun, J., Peng, Z., Zhu, Z.-R., Fu, W., Dai, X., Ni, B.-J., 2022. The atmospheric 

microplastics deposition contributes to microplastic pollution in urban waters. 

Water Research 225, 119116. https://doi.org/10.1016/j.watres.2022.119116 

Sussarellu, R., Suquet, M., Thomas, Y., Lambert, C., Fabioux, C., Pernet, M.E.J., Le 

Goïc, N., Quillien, V., Mingant, C., Epelboin, Y., Corporeau, C., Guyomarch, J., 

Robbens, J., Paul-Pont, I., Soudant, P., Huvet, A., 2016. Oyster reproduction is 

affected by exposure to polystyrene microplastics. Proc Natl Acad Sci U S A 113, 

2430–2435. https://doi.org/10.1073/pnas.1519019113 

Ta, A.T., Pupuang, P., Babel, S., Wang, L.P., 2022. Investigation of microplastic 

contamination in blood cockles and green mussels from selected aquaculture farms 

and markets in Thailand. Chemosphere 303, 134918. 

https://doi.org/10.1016/j.chemosphere.2022.134918 

Tagg, A.S., Harrison, J.P., Ju-Nam, Y., Sapp, M., Bradley, E.L., Sinclair, C.J., Ojeda, 

J.J., 2016. Fenton’s reagent for the rapid and efficient isolation of microplastics 

from wastewater. Chem. Commun. 53, 372–375. 

https://doi.org/10.1039/C6CC08798A 

Talbot, R., Chang, H., 2022. Microplastics in freshwater: A global review of factors 

affecting spatial and temporal variations. Environmental Pollution 292, 118393. 

https://doi.org/10.1016/j.envpol.2021.118393 

Talvitie, J., Heinonen, M., Pääkkönen, J.-P., Vahtera, E., Mikola, A., Setälä, O., Vahala, 

R., 2015. Do wastewater treatment plants act as a potential point source of 

microplastics? Preliminary study in the coastal Gulf of Finland, Baltic Sea. Water 

Science and Technology 72, 1495–1504. https://doi.org/10.2166/wst.2015.360 

Talvitie, J., Mikola, A., Koistinen, A., Setälä, O., 2017. Solutions to microplastic 

pollution – Removal of microplastics from wastewater effluent with advanced 

https://doi.org/10.1016/j.marpolbul.2020.111595
https://doi.org/10.1016/j.watres.2018.12.050
https://doi.org/10.1016/j.watres.2022.119116
https://doi.org/10.1073/pnas.1519019113
https://doi.org/10.1016/j.chemosphere.2022.134918
https://doi.org/10.1039/C6CC08798A
https://doi.org/10.1016/j.envpol.2021.118393
https://doi.org/10.2166/wst.2015.360


351 
 

wastewater treatment technologies. Water Research 123, 401–407. 

https://doi.org/10.1016/j.watres.2017.07.005 

Tamminga, M., Stoewer, S.-C., Fischer, E.K., 2019. On the representativeness of pump 

water samples versus manta sampling in microplastic analysis. Environmental 

Pollution 254, 112970. https://doi.org/10.1016/j.envpol.2019.112970 

Tanaka, K., Takada, H., 2016. Microplastic fragments and microbeads in digestive tracts 

of planktivorous fish from urban coastal waters. Sci Rep 6, 34351. 

https://doi.org/10.1038/srep34351 

Tang, K.H.D., Hadibarata, T., 2021. Microplastics removal through water treatment 

plants: Its feasibility, efficiency, future prospects and enhancement by proper waste 

management. Environmental Challenges 5, 100264. 

https://doi.org/10.1016/j.envc.2021.100264 

Teng, J., Wang, Q., Ran, W., Wu, D., Liu, Y., Sun, S., Liu, H., Cao, R., Zhao, J., 2019. 

Microplastic in cultured oysters from different coastal areas of China. Sci Total 

Environ 653, 1282–1292. https://doi.org/10.1016/j.scitotenv.2018.11.057 

Terzi, Y., Gedik, K., Eryaşar, A.R., Öztürk, R.Ç., Şahin, A., Yılmaz, F., 2022. 

Microplastic contamination and characteristics spatially vary in the southern Black 

Sea beach sediment and sea surface water. Marine Pollution Bulletin 174, 113228. 

https://doi.org/10.1016/j.marpolbul.2021.113228 

The Environmental Protection (Microbeads) (England) Regulations 2017 [WWW 

Document] URL 

https://www.legislation.gov.uk/uksi/2017/1312/regulation/2/made 

The Plastic Bag Levy (Ireland) - MARLISCO, 2002. 

https://www.marlisco.eu/The_plastic_bag_levy.en.html?articles=the-plastic-bag-

levy-ireland (accessed 10.17.22). 

Thiele, C.J., Hudson, M.D., Russell, A.E., 2019. Evaluation of existing methods to 

extract microplastics from bivalve tissue: Adapted KOH digestion protocol 

improves filtration at single-digit pore size. Marine Pollution Bulletin 142, 384–

393. https://doi.org/10.1016/j.marpolbul.2019.03.003 

https://doi.org/10.1016/j.watres.2017.07.005
https://doi.org/10.1016/j.envpol.2019.112970
https://doi.org/10.1038/srep34351
https://doi.org/10.1016/j.envc.2021.100264
https://doi.org/10.1016/j.scitotenv.2018.11.057
https://doi.org/10.1016/j.marpolbul.2021.113228
https://www.legislation.gov.uk/uksi/2017/1312/regulation/2/made
https://www.marlisco.eu/The_plastic_bag_levy.en.html?articles=the-plastic-bag-levy-ireland
https://www.marlisco.eu/The_plastic_bag_levy.en.html?articles=the-plastic-bag-levy-ireland
https://doi.org/10.1016/j.marpolbul.2019.03.003


352 
 

Thiele, C.J., Hudson, M.D., Russell, A.E., Saluveer, M., Sidaoui-Haddad, G., 2021. 

Microplastics in fish and fishmeal: an emerging environmental challenge? Sci Rep 

11, 2045. https://doi.org/10.1038/s41598-021-81499-8 

Thompson, R.C., Moore, C.J., vom Saal, F.S., Swan, S.H., 2009. Plastics, the 

environment and human health: current consensus and future trends. Philos Trans 

R Soc Lond B Biol Sci 364, 2153–2166. https://doi.org/10.1098/rstb.2009.0053 

Thompson, R.C., Olsen, Y., Mitchell, R.P., Davis, A., Rowland, S.J., John, A.W.G., 

McGonigle, D., Russell, A.E., 2004. Lost at Sea: Where Is All the Plastic? Science 

304, 838–838. https://doi.org/10.1126/science.1094559 

Thompson, R.C., Swan, S.H., Moore, C.J., vom Saal, F.S., 2009. Our plastic age. 

Philosophical Transactions of the Royal Society B: Biological Sciences 364, 1973–

1976. https://doi.org/10.1098/rstb.2009.0054 

Tian, L., Jinjin, C., Ji, R., Ma, Y., Yu, X., 2022. Microplastics in agricultural soils: 

sources, effects, and their fate. Current Opinion in Environmental Science & 

Health 25, 100311. https://doi.org/10.1016/j.coesh.2021.100311 

Tibbetts, J., Krause, S., Lynch, I., Sambrook Smith, G.H., 2018. Abundance, 

Distribution, and Drivers of Microplastic Contamination in Urban River 

Environments. Water 10, 1597. https://doi.org/10.3390/w10111597 

Timmermans, B.M.H., Hummel, H., Bogaards, R.H., 1996. The effect of polluted 

sediment on the gonadal development and embryogenesis of bivalves. Science of 

The Total Environment 187, 231–236. https://doi.org/10.1016/0048-

9697(96)05145-5 

Tocháček, J., Vrátníčková, Z., 2014. Polymer life-time prediction: The role of 

temperature in UV accelerated ageing of polypropylene and its copolymers. 

Polymer Testing 36, 82–87. https://doi.org/10.1016/j.polymertesting.2014.03.019 

Tran, T.V., Jalil, A.A., Nguyen, T.M., Nguyen, T.T.T., Nabgan, W., Nguyen, D.T.C., 

2023. A review on the occurrence, analytical methods, and impact of microplastics 

in the environment. Environmental Toxicology and Pharmacology 102, 104248. 

https://doi.org/10.1016/j.etap.2023.104248 

https://doi.org/10.1038/s41598-021-81499-8
https://doi.org/10.1098/rstb.2009.0053
https://doi.org/10.1126/science.1094559
https://doi.org/10.1098/rstb.2009.0054
https://doi.org/10.1016/j.coesh.2021.100311
https://doi.org/10.3390/w10111597
https://doi.org/10.1016/0048-9697(96)05145-5
https://doi.org/10.1016/0048-9697(96)05145-5
https://doi.org/10.1016/j.polymertesting.2014.03.019
https://doi.org/10.1016/j.etap.2023.104248


353 
 

Tsangaris, C., Panti, C., Compa, M., Pedà, C., Digka, N., Baini, M., D’Alessandro, M., 

Alomar, C., Patsiou, D., Giani, D., Romeo, T., Deudero, S., Fossi, M.C., 2021. 

Interlaboratory comparison of microplastic extraction methods from marine biota 

tissues: A harmonization exercise of the Plastic Busters MPAs project. Marine 

Pollution Bulletin 164, 111992. https://doi.org/10.1016/j.marpolbul.2021.111992 

Tuck, I.D., Bailey, N., Harding, M., Sangster, G., Howell, T., Graham, N., Breen, M., 

2000. The impact of water jet dredging for razor clams, Ensis spp., in a shallow 

sandy subtidal environment. Journal of Sea Research 43, 65–81. 

https://doi.org/10.1016/S1385-1101(99)00037-4 

Turner, J.T., 2015. Zooplankton fecal pellets, marine snow, phytodetritus and the 

ocean’s biological pump. Progress in Oceanography 130, 205–248. 

https://doi.org/10.1016/j.pocean.2014.08.005 

Turner, S., Horton, A.A., Rose, N.L., Hall, C., 2019. A temporal sediment record of 

microplastics in an urban lake, London, UK. J Paleolimnol 61, 449–462. 

https://doi.org/10.1007/s10933-019-00071-7 

Tyler-Walters, 2007. H. Tyler-Walters Cerastoderma edule Common cockle H. Tyler-

Walters, K. Hiscock (Eds.), Marine Life Information Network: Biology and 

Sensitivity Key Information Reviews (2007) [on-line]. Plymouth: Marine 

Biological Association of the United Kingdom. [cited 15-03-2019]. Available 

from:https://www.marlin.ac.uk/species/detail/1384 

Uddin, S., Fowler, S.W., Uddin, Mohd.F., Behbehani, M., Naji, A., 2021. A review of 

microplastic distribution in sediment profiles. Marine Pollution Bulletin 163, 

111973. https://doi.org/10.1016/j.marpolbul.2021.111973 

Ugwu, K., Herrera, A., Gómez, M., 2021. Microplastics in marine biota: A review. 

Marine Pollution Bulletin 169, 112540. 

https://doi.org/10.1016/j.marpolbul.2021.112540 

Uisce Éireann, 2023. Regional sludge hub centres. URL 

https://www.water.ie/projects/national-projects/regional-sludge-hub-centr/ 

(accessed 11.22.23). 

https://doi.org/10.1016/j.marpolbul.2021.111992
https://doi.org/10.1016/S1385-1101(99)00037-4
https://doi.org/10.1016/j.pocean.2014.08.005
https://doi.org/10.1007/s10933-019-00071-7
https://www.sciencedirect.com/science/article/pii/S014111361930618X#bbib110
https://www.marlin.ac.uk/species/detail/1384
https://doi.org/10.1016/j.marpolbul.2021.111973
https://doi.org/10.1016/j.marpolbul.2021.112540
https://www.water.ie/projects/national-projects/regional-sludge-hub-centr/


354 
 

Underwood, A.J., Chapman, M.G., Browne, M.A., 2017. Some problems and 

practicalities in design and interpretation of samples of microplastic waste. Anal. 

Methods 9, 1332–1345. https://doi.org/10.1039/C6AY02641A 

Unice, K.M., Weeber, M.P., Abramson, M.M., Reid, R.C.D., van Gils, J.A.G., Markus, 

A.A., Vethaak, A.D., Panko, J.M., 2019. Characterizing export of land-based 

microplastics to the estuary - Part I: Application of integrated geospatial 

microplastic transport models to assess tire and road wear particles in the Seine 

watershed. Science of The Total Environment 646, 1639–1649. 

https://doi.org/10.1016/j.scitotenv.2018.07.368 

United Nations Environment Programme and Secretariat of the Basel, Rotterdam and 

Stockholm Conventions (2023). Chemicals in plastics: A Summary and Key 

Findings. Geneva 

United Nations, 2015. THE 17 GOALS | Sustainable Development. URL 

https://sdgs.un.org/goals  

Urban-Malinga, B., Jakubowska, M., Białowąs, M., 2021. Response of sediment-

dwelling bivalves to microplastics and its potential implications for benthic 

processes. Sci Total Environ 769, 144302. 

https://doi.org/10.1016/j.scitotenv.2020.144302 

Vale, C., 1990. Temporal variations of particulate metals in the Tagus River Estuary. 

Science of The Total Environment, Fate and Effects of Toxic Chemicals in Large 

Rivers and Their Estuaries 97–98, 137–154. https://doi.org/10.1016/0048-

9697(90)90236-N 

Valente, T., Pelamatti, T., Avio, C.G., Camedda, A., Costantini, M.L., de Lucia, G.A., 

Jacomini, C., Piermarini, R., Regoli, F., Sbrana, A., Ventura, D., Silvestri, C., 

Matiddi, M., 2022. One is not enough: Monitoring microplastic ingestion by fish 

needs a multispecies approach. Marine Pollution Bulletin 184, 114133. 

https://doi.org/10.1016/j.marpolbul.2022.114133 

Van Cauwenberghe, L., Claessens, M., Vandegehuchte, M.B., Janssen, C.R., 2015. 

Microplastics are taken up by mussels (Mytilus edulis) and lugworms (Arenicola 

marina) living in natural habitats. Environmental Pollution 199, 10–17. 

https://doi.org/10.1016/j.envpol.2015.01.008 

https://doi.org/10.1039/C6AY02641A
https://doi.org/10.1016/j.scitotenv.2018.07.368
https://sdgs.un.org/goals
https://doi.org/10.1016/j.scitotenv.2020.144302
https://doi.org/10.1016/0048-9697(90)90236-N
https://doi.org/10.1016/0048-9697(90)90236-N
https://doi.org/10.1016/j.marpolbul.2022.114133
https://doi.org/10.1016/j.envpol.2015.01.008


355 
 

Van Cauwenberghe, L., Claessens, M., Vandegehuchte, M.B., Mees, J., Janssen, C.R., 

2013a. Assessment of marine debris on the Belgian Continental Shelf. Marine 

Pollution Bulletin 73, 161–169. https://doi.org/10.1016/j.marpolbul.2013.05.026 

Van Cauwenberghe, L., Janssen, C.R., 2014. Microplastics in bivalves cultured for 

human consumption. Environ Pollut 193, 65–70. 

https://doi.org/10.1016/j.envpol.2014.06.010 

Van Cauwenberghe, L., Vanreusel, A., Mees, J., Janssen, C.R., 2013b. Microplastic 

pollution in deep-sea sediments. Environmental Pollution 182, 495–499. 

https://doi.org/10.1016/j.envpol.2013.08.013 

Vandermeersch, G., Van Cauwenberghe, L., Janssen, C.R., Marques, A., Granby, K., 

Fait, G., Kotterman, M.J.J., Diogène, J., Bekaert, K., Robbens, J., Devriese, L., 

2015. A critical view on microplastic quantification in aquatic organisms. Environ 

Res 143, 46–55. https://doi.org/10.1016/j.envres.2015.07.016 

Vaughan, R., Turner, S.D., Rose, N.L., 2017. Microplastics in the sediments of a UK 

urban lake. Environmental Pollution 229, 10–18. 

https://doi.org/10.1016/j.envpol.2017.05.057 

Vecchi, S., Bianchi, J., Scalici, M., Fabroni, F., Tomassetti, P., 2021. Field evidence for 

microplastic interactions in marine benthic invertebrates. Sci Rep 11, 20900. 

https://doi.org/10.1038/s41598-021-00292-9 

Vercauteren, M., Semmouri, I., Van Acker, E., Pequeur, E., Van Esch, L., Uljee, I., 

Asselman, J., Janssen, C.R., 2023. Assessment of road run-off and domestic 

wastewater contribution to microplastic pollution in a densely populated area 

(Flanders, Belgium). Environmental Pollution 333, 122090. 

https://doi.org/10.1016/j.envpol.2023.122090 

Verhulst, S., Oosterbeek, K., Rutten, A., Ens, B., 2004. Shellfish Fishery Severely 

Reduces Condition and Survival of Oystercatchers Despite Creation of Large 

Marine Protected Areas. Ecology and Society 9. https://doi.org/10.5751/ES-

00636-090117 

Vermaire, J.C., Pomeroy, C., Herczegh, S.M., Haggart, O., Murphy, M., 2017. 

Microplastic abundance and distribution in the open water and sediment of the 

https://doi.org/10.1016/j.marpolbul.2013.05.026
https://doi.org/10.1016/j.envpol.2014.06.010
https://doi.org/10.1016/j.envpol.2013.08.013
https://doi.org/10.1016/j.envres.2015.07.016
https://doi.org/10.1016/j.envpol.2017.05.057
https://doi.org/10.1038/s41598-021-00292-9
https://doi.org/10.1016/j.envpol.2023.122090
https://doi.org/10.5751/ES-00636-090117
https://doi.org/10.5751/ES-00636-090117


356 
 

Ottawa River, Canada, and its tributaries. FACETS 2, 301–314. 

https://doi.org/10.1139/facets-2016-0070 

Vethaak, A.D., Leslie, H.A., 2016. Plastic Debris Is a Human Health Issue. Environ Sci 

Technol 50, 6825–6826. https://doi.org/10.1021/acs.est.6b02569 

Vianello, A., Boldrin, A., Guerriero, P., Moschino, V., Rella, R., Sturaro, A., Da Ros, 

L., 2013. Microplastic particles in sediments of Lagoon of Venice, Italy: First 

observations on occurrence, spatial patterns and identification. Estuarine, Coastal 

and Shelf Science, Pressures, Stresses, Shocks and Trends in Estuarine Ecosystems 

130, 54–61. https://doi.org/10.1016/j.ecss.2013.03.022 

Vlaminck, E., Cepeda, E., Moens, T., Van Colen, C., 2023. Ocean acidification modifies 

behaviour of shelf seabed macrofauna: A laboratory study on two ecosystem 

engineers, Abra alba and Lanice conchilega. Journal of Experimental Marine 

Biology and Ecology 558, 151831. https://doi.org/10.1016/j.jembe.2022.151831 

Völker, C., Kramm, J., Wagner, M., 2020. On the Creation of Risk: Framing of 

Microplastics Risks in Science and Media. Global Challenges 4, 1900010. 

https://doi.org/10.1002/gch2.201900010 

von Friesen, L.W., Granberg, M.E., Hassellöv, M., Gabrielsen, G.W., Magnusson, K., 

2019. An efficient and gentle enzymatic digestion protocol for the extraction of 

microplastics from bivalve tissue. Mar Pollut Bull 142, 129–134. 

https://doi.org/10.1016/j.marpolbul.2019.03.016 

von Moos, N., Burkhardt-Holm, P., Köhler, A., 2012. Uptake and effects of 

microplastics on cells and tissue of the blue mussel Mytilus edulis L. after an 

experimental exposure. Environ Sci Technol 46, 11327–11335. 

https://doi.org/10.1021/es302332w 

Vos, J.G., Dybing, E., Greim, H.A., Ladefoged, O., Lambré, C., Tarazona, J.V., Brandt, 

I., Vethaak, A.D., 2000. Health effects of endocrine-disrupting chemicals on 

wildlife, with special reference to the European situation. Crit Rev Toxicol 30, 71–

133. https://doi.org/10.1080/10408440091159176 

Vrain, Emilie, and Andrew Lovett. “Using Word Clouds to Present Farmers’ 

Perceptions of Advisory Services on Pollution Mitigation Measures.” Journal of 

https://doi.org/10.1139/facets-2016-0070
https://doi.org/10.1021/acs.est.6b02569
https://doi.org/10.1016/j.ecss.2013.03.022
https://doi.org/10.1016/j.jembe.2022.151831
https://doi.org/10.1002/gch2.201900010
https://doi.org/10.1016/j.marpolbul.2019.03.016
https://doi.org/10.1021/es302332w
https://doi.org/10.1080/10408440091159176


357 
 

Environmental Planning and Management 63, no. 6 (May 11, 2020): 1132–49. 

https://doi.org/10.1080/09640568.2019.1638232. 

Wagner, M., Lambert, S. (Eds.), 2018. Freshwater Microplastics: Emerging 

Environmental Contaminants?, The Handbook of Environmental Chemistry. 

Springer International Publishing, Cham. https://doi.org/10.1007/978-3-319-

61615-5 

Wagner, T.P., 2017. Reducing single-use plastic shopping bags in the USA. Waste 

Management 70, 3–12. https://doi.org/10.1016/j.wasman.2017.09.003 

Wakkaf, T., El Zrelli, R., Kedzierski, M., Balti, R., Shaiek, M., Mansour, L., Tlig-

Zouari, S., Bruzaud, S., Rabaoui, L., 2020. Microplastics in edible mussels from a 

southern Mediterranean lagoon: Preliminary results on seawater-mussel transfer 

and implications for environmental protection and seafood safety. Marine Pollution 

Bulletin 158, 111355. https://doi.org/10.1016/j.marpolbul.2020.111355 

Waldschläger, K., Brückner, M.Z.M., Carney Almroth, B., Hackney, C.R., Adyel, T.M., 

Alimi, O.S., Belontz, S.L., Cowger, W., Doyle, D., Gray, A., Kane, I., Kooi, M., 

Kramer, M., Lechthaler, S., Michie, L., Nordam, T., Pohl, F., Russell, C., Thit, A., 

Umar, W., Valero, D., Varrani, A., Warrier, A.K., Woodall, L.C., Wu, N., 2022. 

Learning from natural sediments to tackle microplastics challenges: A 

multidisciplinary perspective. Earth-Science Reviews 228, 104021. 

https://doi.org/10.1016/j.earscirev.2022.104021 

Walker, T., Fequet, L., 2023. Current trends of unsustainable plastic production and 

micro(nano)plastic pollution. TrAC Trends in Analytical Chemistry 160, 116984. 

https://doi.org/10.1016/j.trac.2023.116984 

Walker, T.R., 2021. (Micro)plastics and the UN Sustainable Development Goals. 

Current Opinion in Green and Sustainable Chemistry 30, 100497. 

https://doi.org/10.1016/j.cogsc.2021.100497 

Walkinshaw, C., Lindeque, P.K., Thompson, R., Tolhurst, T., Cole, M., 2020. 

Microplastics and seafood: lower trophic organisms at highest risk of 

contamination. Ecotoxicology and Environmental Safety 190, 110066. 

https://doi.org/10.1016/j.ecoenv.2019.110066 

https://doi.org/10.1080/09640568.2019.1638232
https://doi.org/10.1007/978-3-319-61615-5
https://doi.org/10.1007/978-3-319-61615-5
https://doi.org/10.1016/j.wasman.2017.09.003
https://doi.org/10.1016/j.marpolbul.2020.111355
https://doi.org/10.1016/j.earscirev.2022.104021
https://doi.org/10.1016/j.trac.2023.116984
https://doi.org/10.1016/j.cogsc.2021.100497
https://doi.org/10.1016/j.ecoenv.2019.110066


358 
 

Wallace, B. How much do commercial and recreational fishermen know about marine 

debris and entanglement? Part 1. In Proceedings of the Second International 

Conference on Marine Debris, Honolulu, HI, USA, 2–7 April 1989; pp. 2–7. 

Wang, T., Li, B., Zou, X., Wang, Y., Li, Y., Xu, Y., Mao, L., Zhang, C., Yu, W., 2019. 

Emission of primary microplastics in mainland China: Invisible but not negligible. 

Water Research 162, 214–224. https://doi.org/10.1016/j.watres.2019.06.042 

Wang, Y., Kang, H.-L., Wang, R., Liu, R.-G., Hao, X.-M., 2018. Crystallization of 

polyamide 56/polyamide 66 blends: Non-isothermal crystallization kinetics. 

Journal of Applied Polymer Science 135, 46409. 

https://doi.org/10.1002/app.46409 

Ward, J.E., Zhao, S., Holohan, B.A., Mladinich, K.M., Griffin, T.W., Wozniak, J., 

Shumway, S.E., 2019. Selective Ingestion and Egestion of Plastic Particles by the 

Blue Mussel (Mytilus edulis) and Eastern Oyster (Crassostrea virginica): 

Implications for Using Bivalves as Bioindicators of Microplastic Pollution. 

Environ. Sci. Technol. 53, 8776–8784. https://doi.org/10.1021/acs.est.9b02073 

Wasti, S.P., Simkhada, P., van Teijlingen, E.R., Sathian, B., Banerjee, I., 2022. The 

Growing Importance of Mixed-Methods Research in Health. Nepal J Epidemiol 

12, 1175–1178. https://doi.org/10.3126/nje.v12i1.43633 

Watson, R., Revenga, C., Kura, Y., 2006. Fishing gear associated with global marine 

catches: I. Database development. Fisheries Research 79, 97–102. 

https://doi.org/10.1016/j.fishres.2006.01.010 

Watts, A.J.R., Urbina, M.A., Corr, S., Lewis, C., Galloway, T.S., 2015. Ingestion of 

Plastic Microfibers by the Crab Carcinus maenas and Its Effect on Food 

Consumption and Energy Balance. Environ Sci Technol 49, 14597–14604. 

https://doi.org/10.1021/acs.est.5b04026 

Weber, S., Traunspurger, W., 2015. The effects of predation by juvenile fish on the 

meiobenthic community structure in a natural pond. Freshwater Biology 60, 2392–

2409. https://doi.org/10.1111/fwb.12665 

Weinstein, J.E., Crocker, B.K., Gray, A.D., 2016. From macroplastic to microplastic: 

Degradation of high-density polyethylene, polypropylene, and polystyrene in a salt 

https://doi.org/10.1016/j.watres.2019.06.042
https://doi.org/10.1002/app.46409
https://doi.org/10.1021/acs.est.9b02073
https://doi.org/10.3126/nje.v12i1.43633
https://doi.org/10.1016/j.fishres.2006.01.010
https://doi.org/10.1021/acs.est.5b04026
https://doi.org/10.1111/fwb.12665


359 
 

marsh habitat. Environ Toxicol Chem 35, 1632–1640. 

https://doi.org/10.1002/etc.3432 

Welden, N.A., Abylkhani, B., Howarth, L.M., 2018. The effects of trophic transfer and 

environmental factors on microplastic uptake by plaice, Pleuronectes plastessa, and 

spider crab, Maja squinado. Environmental Pollution 239, 351–358. 

https://doi.org/10.1016/j.envpol.2018.03.110 

Wesch, C., Bredimus, K., Paulus, M., Klein, R., 2016. Towards the suitable monitoring 

of ingestion of microplastics by marine biota: A review. Environ Pollut 218, 1200–

1208. https://doi.org/10.1016/j.envpol.2016.08.076 

Wetherbee, G.A., Baldwin, A.K., Ranville, J.F., 2019. It is raining plastic (No. 2019–

1048), Open-File Report. U.S. Geological Survey. 

https://doi.org/10.3133/ofr20191048 

Widdows, J., Navarro, J.M., 2007. Influence of current speed on clearance rate, algal 

cell depletion in the water column and resuspension of biodeposits of cockles 

(Cerastoderma edule). Journal of Experimental Marine Biology and Ecology 343, 

44–51. https://doi.org/10.1016/j.jembe.2006.11.011 

Wiefek, J., Steinhorst, J., Beyerl, K., 2021. Personal and structural factors that influence 

individual plastic packaging consumption—Results from focus group discussions 

with German consumers. Cleaner and Responsible Consumption 3, 100022. 

https://doi.org/10.1016/j.clrc.2021.100022 

Wiesinger, H., Wang, Z., Hellweg, S., 2021. Deep Dive into Plastic Monomers, 

Additives, and Processing Aids. Environ. Sci. Technol. 55, 9339–9351. 

https://doi.org/10.1021/acs.est.1c00976 

Wijsman, J.W.M., Troost, K., Fang, J., Roncarati, A., 2019. Global Production of 

Marine Bivalves. Trends and Challenges, in: Smaal, A.C., Ferreira, J.G., Grant, J., 

Petersen, J.K., Strand, Ø. (Eds.), Goods and Services of Marine Bivalves. Springer 

International Publishing, Cham, pp. 7–26. https://doi.org/10.1007/978-3-319-

96776-9_2 

Willis, K.A., Eriksen, R., Wilcox, C., Hardesty, B.D., 2017. Microplastic Distribution 

at Different Sediment Depths in an Urban Estuary. Frontiers in Marine Science 4. 

https://doi.org/10.3389/fmars.2017.00419 

https://doi.org/10.1002/etc.3432
https://doi.org/10.1016/j.envpol.2018.03.110
https://doi.org/10.1016/j.envpol.2016.08.076
https://doi.org/10.3133/ofr20191048
https://doi.org/10.1016/j.jembe.2006.11.011
https://doi.org/10.1016/j.clrc.2021.100022
https://doi.org/10.1021/acs.est.1c00976
https://doi.org/10.1007/978-3-319-96776-9_2
https://doi.org/10.1007/978-3-319-96776-9_2
https://doi.org/10.3389/fmars.2017.00419


360 
 

Wong, J.K.H., Lee, K.K., Tang, K.H.D., Yap, P.-S., 2020. Microplastics in the 

freshwater and terrestrial environments: Prevalence, fates, impacts and sustainable 

solutions. Science of The Total Environment 719, 137512. 

https://doi.org/10.1016/j.scitotenv.2020.137512 

Woo, H., Seo, K., Choi, Y., Kim, J., Tanaka, M., Lee, K., Choi, J., 2021. Methods of 

Analyzing Microsized Plastics in the Environment. Applied Sciences 11, 10640. 

https://doi.org/10.3390/app112210640 

Woodall, L.C., Sanchez-Vidal, A., Canals, M., Paterson, G.L.J., Coppock, R., Sleight, 

V., Calafat, A., Rogers, A.D., Narayanaswamy, B.E., Thompson, R.C., 2014. The 

deep sea is a major sink for microplastic debris. R Soc Open Sci 1, 140317. 

https://doi.org/10.1098/rsos.140317 

Wootton, N., Nursey-Bray, M., Reis-Santos, P., Gillanders, B.M., 2022. Perceptions of 

plastic pollution in a prominent fishery: Building strategies to inform management. 

Marine Policy 135, 104846. https://doi.org/10.1016/j.marpol.2021.104846 

Wright, L.S., Napper, I.E., Thompson, R.C., 2021. Potential microplastic release from 

beached fishing gear in Great Britain’s region of highest fishing litter density. 

Marine Pollution Bulletin 173, 113115. 

https://doi.org/10.1016/j.marpolbul.2021.113115 

Wright, S.L., Thompson, R.C., Galloway, T.S., 2013. The physical impacts of 

microplastics on marine organisms: A review. Environmental Pollution 178, 483–

492. https://doi.org/10.1016/j.envpol.2013.02.031 

Wu, M.-J., Zhao, K., Fils-Aime, F., 2022. Response rates of online surveys in published 

research: A meta-analysis. Computers in Human Behavior Reports 7, 100206. 

https://doi.org/10.1016/j.chbr.2022.100206  

Wu, R.-T., Cai, Y.-F., Xing, S.-C., Yang, Y.-W., Mi, J.-D., Liao, X.-D., 2021. A novel 

method for extraction of polypropylene microplastics in swine manure. Environ 

Sci Pollut Res Int 28, 13021–13030. https://doi.org/10.1007/s11356-020-11111-5 

Wu, Y., Yang, J., Li, Z., He, H., Wang, Y., Wu, H., Xie, L., Chen, D., Wang, L., 2022. 

How does bivalve size influence microplastics accumulation? Environ Res 214, 

113847. https://doi.org/10.1016/j.envres.2022.113847 

https://doi.org/10.1016/j.scitotenv.2020.137512
https://doi.org/10.3390/app112210640
https://doi.org/10.1098/rsos.140317
https://doi.org/10.1016/j.marpol.2021.104846
https://doi.org/10.1016/j.marpolbul.2021.113115
https://doi.org/10.1016/j.envpol.2013.02.031
https://doi.org/10.1016/j.chbr.2022.100206
https://doi.org/10.1007/s11356-020-11111-5
https://doi.org/10.1016/j.envres.2022.113847


361 
 

Wyles, K.J., Pahl, S., Carroll, L., Thompson, R.C., 2019. An evaluation of the Fishing 

For Litter (FFL) scheme in the UK in terms of attitudes, behavior, barriers and 

opportunities. Marine Pollution Bulletin 144, 48–60. 

https://doi.org/10.1016/j.marpolbul.2019.04.035 

Xia, W., Rao, Q., Deng, X., Chen, J., Xie, P., 2020. Rainfall is a significant 

environmental factor of microplastic pollution in inland waters. Science of The 

Total Environment 732, 139065. https://doi.org/10.1016/j.scitotenv.2020.139065 

Xie, J., Zhao, Y., Wang, Q., Wu, H., Teng, J., Yang, D., Cao, R., Chen, L., Zhang, Y., 

Li, F., Ji, C., Cong, M., Zhao, J., 2016. An integrative biomarker approach to assess 

the environmental stress in the north coast of Shandong Peninsula using native 

oysters, Crassostrea gigas. Marine Pollution Bulletin 112, 318–326. 

https://doi.org/10.1016/j.marpolbul.2016.07.049 

Xie, M., Lin, L., Xu, P., Zhou, W., Zhao, C., Ding, D., Suo, A., 2021. Effects of 

microplastic fibers on Lates calcarifer juveniles: Accumulation, oxidative stress, 

intestine microbiome dysbiosis and histological damage. Ecological Indicators 

133, 108370. https://doi.org/10.1016/j.ecolind.2021.108370 

Xu, C., Zhang, B., Gu, C., Shen, C., Yin, S., Aamir, M., Li, F., 2020. Are we 

underestimating the sources of microplastic pollution in terrestrial environment? J 

Hazard Mater 400, 123228. https://doi.org/10.1016/j.jhazmat.2020.123228 

Xu, X., Fang, J.K.-H., Wong, C.-Y., Cheung, S.-G., 2022. The significance of trophic 

transfer in the uptake of microplastics by carnivorous gastropod Reishia clavigera. 

Environmental Pollution 298, 118862. 

https://doi.org/10.1016/j.envpol.2022.118862 

Xu, X., Wong, C.Y., Tam, N.F.Y., Lo, H.-S., Cheung, S.-G., 2020. Microplastics in 

invertebrates on soft shores in Hong Kong: Influence of habitat, taxa and feeding 

mode. Science of The Total Environment 715, 136999. 

https://doi.org/10.1016/j.scitotenv.2020.136999 

Yan, Z., Liu, Y., Zhang, T., Zhang, F., Ren, H., Zhang, Y., 2022. Analysis of 

Microplastics in Human Feces Reveals a Correlation between Fecal Microplastics 

and Inflammatory Bowel Disease Status. Environ Sci Technol 56, 414–421. 

https://doi.org/10.1021/acs.est.1c03924 

https://doi.org/10.1016/j.marpolbul.2019.04.035
https://doi.org/10.1016/j.scitotenv.2020.139065
https://doi.org/10.1016/j.marpolbul.2016.07.049
https://doi.org/10.1016/j.ecolind.2021.108370
https://doi.org/10.1016/j.jhazmat.2020.123228
https://doi.org/10.1016/j.envpol.2022.118862
https://doi.org/10.1016/j.scitotenv.2020.136999
https://doi.org/10.1021/acs.est.1c03924


362 
 

Yang, L., Zhang, Y., Kang, S., Wang, Z., Wu, C., 2021. Microplastics in freshwater 

sediment: A review on methods, occurrence, and sources. Sci Total Environ 754, 

141948. https://doi.org/10.1016/j.scitotenv.2020.141948 

Yao, Z., Seong, H.J., Jang, Y.-S., 2022. Environmental toxicity and decomposition of 

polyethylene. Ecotoxicology and Environmental Safety 242, 113933. 

https://doi.org/10.1016/j.ecoenv.2022.113933 

Young, A.M., Elliott, J.A., 2016. Characterization of microplastic and mesoplastic 

debris in sediments from Kamilo Beach and Kahuku Beach, Hawai’i. Mar Pollut 

Bull 113, 477–482. https://doi.org/10.1016/j.marpolbul.2016.11.009 

Yu, X., Peng, J., Wang, J., Wang, K., Bao, S., 2016. Occurrence of microplastics in the 

beach sand of the Chinese inner sea: the Bohai Sea. Environmental Pollution 214, 

722–730. https://doi.org/10.1016/j.envpol.2016.04.080 

Yusuf, A., Sodiq, A., Giwa, A., Eke, J., Pikuda, O., Eniola, J.O., Ajiwokewu, B., 

Sambudi, N.S., Bilad, M.R., 2022. Updated review on microplastics in water, their 

occurrence, detection, measurement, environmental pollution, and the need for 

regulatory standards. Environmental Pollution 292, 118421. 

https://doi.org/10.1016/j.envpol.2021.118421 

Zada, L., Leslie, H.A., Vethaak, A.D., Tinnevelt, G.H., Jansen, J.J., de Boer, J.F., 

Ariese, F., 2018. Fast microplastics identification with stimulated Raman 

scattering microscopy. Journal of Raman Spectroscopy 49, 1136–1144. 

https://doi.org/10.1002/jrs.5367 

Zawadzki, K., Samecka-Cymerman, A., Kolon, K., Wojtuń, B., Mróz, L., Kempers, 

A.J., 2016. Metals in Pleurozium schreberi and Polytrichum commune from areas 

with various levels of pollution. Environ Sci Pollut Res 23, 11100–11108. 

https://doi.org/10.1007/s11356-016-6278-0 

Zhang, C., Zhou, H., Cui, Y., Wang, C., Li, Y., Zhang, D., 2019. Microplastics in 

offshore sediment in the Yellow Sea and East China Sea, China. Environmental 

Pollution 244, 827–833. https://doi.org/10.1016/j.envpol.2018.10.102 

Zhang, E., Kim, M., Rueda, L., Rochman, C., VanWormer, E., Moore, J., Shapiro, K., 

2022. Association of zoonotic protozoan parasites with microplastics in seawater 

https://doi.org/10.1016/j.scitotenv.2020.141948
https://doi.org/10.1016/j.ecoenv.2022.113933
https://doi.org/10.1016/j.marpolbul.2016.11.009
https://doi.org/10.1016/j.envpol.2016.04.080
https://doi.org/10.1016/j.envpol.2021.118421
https://doi.org/10.1002/jrs.5367
https://doi.org/10.1007/s11356-016-6278-0
https://doi.org/10.1016/j.envpol.2018.10.102


363 
 

and implications for human and wildlife health. Sci Rep 12, 6532. 

https://doi.org/10.1038/s41598-022-10485-5 

Zhang, S., Yang, X., Gertsen, H., Peters, P., Salánki, T., Geissen, V., 2018. A simple 

method for the extraction and identification of light density microplastics from soil. 

Science of The Total Environment 616–617, 1056–1065. 

https://doi.org/10.1016/j.scitotenv.2017.10.213 

Zhang, T., Sun, Y., Song, K., Du, W., Huang, W., Gu, Z., Feng, Z., 2021. Microplastics 

in different tissues of wild crabs at three important fishing grounds in China. 

Chemosphere 271, 129479. https://doi.org/10.1016/j.chemosphere.2020.129479 

Zhang, Y., Kang, S., Allen, S., Allen, D., Gao, T., Sillanpää, M., 2020. Atmospheric 

microplastics: A review on current status and perspectives. Earth-Science Reviews 

203, 103118. https://doi.org/10.1016/j.earscirev.2020.103118 

Zhao, J., Lan, R., Wang, Z., Su, W., Song, D., Xue, R., Liu, Z., Liu, X., Dai, Y., Yue, 

T., Xing, B., 2023. Microplastic fragmentation by rotifers in aquatic ecosystems 

contributes to global nanoplastic pollution. Nat. Nanotechnol. 1–9. 

https://doi.org/10.1038/s41565-023-01534-9 

Zhao, Q., Zhu, L., Weng, J., Jin, Z., Cao, Y., Jiang, H., Zhang, Z., 2023. Detection and 

characterization of microplastics in the human testis and semen. Science of The 

Total Environment 877, 162713. https://doi.org/10.1016/j.scitotenv.2023.162713 

Zhou, T., Yan, J., 2017. 8 - Glass molding process for microstructures, in: Davim, J.P. 

(Ed.), Microfabrication and Precision Engineering, Woodhead Publishing 

Reviews: Mechanical Engineering Series. Woodhead Publishing, pp. 213–262. 

https://doi.org/10.1016/B978-0-85709-485-8.00008-5 

Zhu, L., Zhu, J., Zuo, R., Xu, Q., Qian, Y., An, L., 2023. Identification of microplastics 

in human placenta using laser direct infrared spectroscopy. Sci Total Environ 856, 

159060. https://doi.org/10.1016/j.scitotenv.2022.159060  

Zhu, X., Qiang, L., Shi, H., Cheng, J., 2020. Bioaccumulation of microplastics and its 

in vivo interactions with trace metals in edible oysters. Marine Pollution Bulletin 

154, 111079. https://doi.org/10.1016/j.marpolbul.2020.111079 

https://doi.org/10.1038/s41598-022-10485-5
https://doi.org/10.1016/j.scitotenv.2017.10.213
https://doi.org/10.1016/j.chemosphere.2020.129479
https://doi.org/10.1016/j.earscirev.2020.103118
https://doi.org/10.1038/s41565-023-01534-9
https://doi.org/10.1016/j.scitotenv.2023.162713
https://doi.org/10.1016/B978-0-85709-485-8.00008-5
https://doi.org/10.1016/j.scitotenv.2022.159060
https://doi.org/10.1016/j.marpolbul.2020.111079


364 
 

Ziajahromi, S., Neale, P.A., Rintoul, L., Leusch, F.D.L., 2017. Wastewater treatment 

plants as a pathway for microplastics: Development of a new approach to sample 

wastewater-based microplastics. Water Research 112, 93–99. 

https://doi.org/10.1016/j.watres.2017.01.042 

Zijlstra, J.J. 1972. On the importance of the Wadden Sea as a nursery area in relation to 

the conservation of the southern North Sea fishery resources. Symp. Zool. Soc. 

Lond., 29 (1972), pp. 233-258 

 

  

https://doi.org/10.1016/j.watres.2017.01.042


365 
 

 

 


