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Abstract 

Since 1950s, plastics have been extensively used in a wide variety of products both in 

industries and private households. Unfortunately, some plastic litter ends up in the marine 

environment where it fragments into smaller particles and finally into microplastics (0.01-

5mm). Microplastics are present in sediments and the water column where they can be 

ingested by marine organisms. This study investigates the microplastic occurrence in 

Atlantic mackerel (Scomber scombrus), a pelagic species, and blue whiting 

(Micromesistius poutassou), a mesopelagic species, in Icelandic waters. Both species are 

commercially important. The gastrointestinal tracts of 50 Atlantic mackerel and 40 blue 

whiting, sampled northeast and south of Iceland in July 2019 and 2020, were processed 

with an alkaline digestion method, filtered, and visually inspected with a stereomicroscope. 

Observed microplastic particles were further analysed with Raman spectroscopy in order to 

identify their polymer types. Due to the high risk of fibre contamination in microplastic 

research, the occurrences were presented both including and excluding fibres. The 

microplastic occurrences were 12.0% and 6.0% including/excluding fibres for Atlantic 

mackerel and 7.5% and 2.5% for blue whiting. The average number of particles among the 

individuals that had ingested microplastics were 1.3 particles/individual for Atlantic 

mackerel and 1.0 particles/individual for blue whiting. This study adds to existing evidence 

that microplastics are eaten by epi- and mesopelagic fish species and provides the first 

record of microplastic occurrence in Atlantic mackerel and blue whiting in Icelandic 

waters. 
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Útdráttur 

Síðan um 1950 hefur plast verið notað í margs konar hluti sem eru notaðir í iðnaði og á 

heimilum. Sumt plastrusl endar í hafinu þar sem það sundrast og verður að svokölluðu 

örplasti (0.01-5 mm). Örplast safnast saman í setlögum á sjávarbotninum og einnig í 

sjónum sjálfum þar sem sjávarlífverur geta étið plastið. Í þessari ritgert er í fyrsta skipti 

rannsakað magn örplasts í tveimur mikilvægu veiðitegundum, makríl (Scomber scombrus) 

sem er uppsjávarfiskur og kolmunna (Micromesistius poutassou) sem er miðsjávarfiskur, í 

íslenskri landhelgi. Meltingarvegur úr 50 makrílum og 40 kolmunnum, veiddum 

norðaustan og sunnan við Ísland í júlí 2019 og júlí 2020, voru höndlaðir með basískri lausn 

sem leysir upp lífrænt efni, uppleystur meltingarvegurinn var síaður í gegnum síu og víðsjá 

notuð til að greina örplast sem varð eftir í síunni. Raman plastefnisfjölliðumælir (Raman 

spectroscopy) var notuð til að greina hvernig plastefnisfjölliður voru í örplastinu. Vegna 

hættu á mengun örtrefja úr lofti, meðan magasýni voru meðhöndluð, þá var heildarfjöldi 

örplastagna skráður bæði með og án örtrefja. Tíðni örplastagnas fyrir makríl var 12.0% og 

6.0%, með og án örtrefja, og 7.5% og 2.5% fyrir kolmunna. Meðalfjöldi örplastagna per 

fisk var 1.3 agnir fyrir makríl og 1.0 ögn fyrir kolmunna. Niðurstöður rannsóknarinnar 

sýna að örplast er étið bæði af fiskitegundum sem stunda fæðunám í yfirborðslagi sjávar og 

í miðsjávarlaginu. Þetta er í fyrsta skipi sem örplast er staðfest í meltingarvegi makríls og 

kolmunna  í íslenskri landhelgi.     
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1 Introduction 

Plastics have been accumulating in the environment worldwide since its mass production 

and usage became common in the 1950s (Geyer, Jambeck, & Law, 2017). Plastics are used 

in all kinds of products both in industries and private households. The consumption of 

single-use plastics in the modern society has become a norm and regardless of emerging 

regulations and bans against their usage, different kinds of plastic wrappings, bags, bottles, 

and containers are an integrated part of our daily lives. The impacts of plastics on the 

environment are widespread and even if plastic usage were to stop completely, the effects 

of plastic pollution would still be seen for centuries (Barnes, Galgani, Thompson, & 

Barlaz, 2009).  

Plastic litter accumulates not only near its source but also in the world’s oceans, across the 

ocean floor, and along the coastlines and thus becomes part of marine litter. Marine 

plastics have extensive negative impacts on wildlife as well as human health, safety, 

economy, and culture. Plastics are especially detrimental to the wellbeing of ecosystems 

since their decomposition rate is very low (hundreds to thousands of years) and they go 

through fragmentation into small particles and finally into microplastics that are present in 

sediments and in the water column where they can be ingested by marine organisms 

(Barnes et al., 2009).  

Research on microplastic impacts on wildlife is a relatively new field in science and has 

only been developed during the last decade (Prinz & Korez, 2019). However, it is a 

growing field and for example microplastic ingestion by fish has been studied worldwide 

(Beneditto & Awabdi, 2014; Kumar, Ravikumar, & Jeyasanta, 2018; Rochman et al., 2015; 

Rummel et al., 2016; etc.). At least 11 of these studies have been conducted in the 

Northeast Atlantic (Barboza et al., 2020; Bråte, Eidsvoll, Steindal, & Thomas, 2016; 

Foekema et al., 2013; Rummel et al., 2016; etc.). While these studies demonstrate an 

increasing awareness of microplastic pollution and its occurrence in fish in the Northeast 

Atlantic, the research is limited by the number of species and geographic locations with 

most studies being conducted in the North Sea. Based on the literature review, there is a 

knowledge gap on plastic ingestion by fish especially in the sea areas west and north of the 
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Faroe Islands, including areas around Iceland and Greenland. For example, this far the only 

study on microplastics ingestion by fish in Icelandic waters was published in 2020 (Vries, 

Govoni, Árnason, & Carlsson, 2020). Furthermore, only a few studies have focused on 

microplastic ingestion by mesopelagic fish species (Lusher, O ‘Donnell, Officer & Connor, 

2015b; Wieczorek et al., 2018).  

Bråte et al., (2017) suggest that there are multiple possible factors impacting plastic 

ingestion rates and thus more monitoring should be done to gain a better understanding of 

the ingestion levels between fish species and to study the influence of different variables 

on microplastic occurrence. There is, for example, conflicting results on whether gut 

fullness influences microplastic occurrence, some studies suggesting that the retention time 

of particles is similar to food (Bråte et al., 2016) and others supporting the opposing theory 

of a longer retention time (Vries, 2020; Wieczorek et al., 2018). The variety of possible 

factors influencing microplastic occurrence, such as sampling location, feeding habitat, 

feeding strategy, and gut fullness, make the comparisons between studies difficult. The 

comparability is further complicated by inconsistent methodology in microplastic research. 

For example, filter pore sizes and microplastic identification methods vary between studies 

and thus it is important to develop a standardized methodology that can be implemented in 

small-scale laboratories with limited resources.  

This study compares microplastic ingestion between two abundant and commercially 

important species, Atlantic mackerel and blue whiting, both of which have global annual 

catches of more than one million tonnes (FAO, 2020a, 2020b). Both species migrate to 

Icelandic waters to feed during summer (Hátún, Arg, & Sandø, 2007; Nøttestad et al., 

2016). However, their feeding habitat and diet compositions differ, Atlantic mackerel 

being an epipelagic species feeding at 0-40 meters depth and blue whiting a mesopelagic 

species feeding at 100-600 meters depth (Bachiller, Skaret, Nøttestad, & Slotte, 2016; 

Kvaavik, Óskarsson, Daníelsdóttir, & Marteinsdóttir, 2019). The samples were caught 

from two geographical locations dominated by different currents, the East Icelandic 

Current and the North Atlantic Drift, in order to study the differences in microplastic 

occurrence in the targeted fish species in different ocean currents. 
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1.1 Research questions  

The research questions of this study are: 

1. Are microplastics present in the gastrointestinal tracts of Atlantic mackerel and blue 

whiting feeding in Icelandic waters during their summer feeding season?  

2. Does the presence and quantities of microplastic particles differ between the epipelagic 

Atlantic mackerel and the mesopelagic blue whiting?  

3. Is the presence of microplastics in the gastrointestinal tract of epipelagic and 

mesopelagic fish influenced by the ocean currents in which they feed? Are there 

differences in microplastic occurrence in fish caught in the East Icelandic current 

compared to the North Atlantic Drift? 

4. Is the presence and quantities of microplastics in the gastrointestinal tract of fish 

influenced by the state of gut fullness? 

1.2 Aims 

This thesis aims to contribute to the microplastic research in the Nordic Seas and provide 

insights on microplastic ingestion by commercially important fish species in Icelandic 

waters. In addition to answering the research questions, this thesis aims to apply and 

further develop the alkaline digestion methodology used for stomach content dissolving 

and elaborate on potential improvements for its implementation in small-scale laboratories 

with limited resources. 
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2 Background 

2.1 Plastics and their pathways to the marine 

environment 

2.1.1 Plastic production and types 

Plastics are synthetic, organic polymers with a majority of the raw materials such as 

ethylene and propylene derived from fossil hydrocarbons (Geyer et al., 2017). They have a 

vast number of beneficial properties that make them suitable material for a wide range of 

products. These properties are often further enhanced with additives, such as carbon and 

silica, plasticizers, flame retardants and colorings (Geyer et al., 2017; Thompson, Moore, 

Saal, & Swan, 2009). Plastics are strong, lightweight, flexible, durable, and cheap and they 

have high thermal and electrical insulation properties. These characteristics also make 

them non-biodegradable which leads to their accumulation in the environment (Barnes et 

al., 2009). Since the beginning of large-scale plastic production in the 1950s the plastic 

industry has been growing at an extraordinary rate which has been accelerated for example 

by the global shift from reusable to single-use packaging materials (Figure 2.1) (Geyer et 

al., 2017). The global market for plastic products is substantial and Geyer et al. (2017) 

estimated that in total 8,300 million metric tons (Mt) of virgin  plastics had been produced. 

Of the produced plastics, 9% has been recycled, 12% incinerated, and 79% deposited in 

landfills or in terrestrial and marine environments (Figure 2.2) (Geyer et al., 2017). 
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Figure 2.1Global plastic production from 1950 to 2015. (Ritchie & Roser, 2018) 

 

 

 

Figure 2.2 The fate of plastics after primary production. The numbers refer to million tons 

(Greyer et al., 2017) 
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Plastics can be divided into polymer resins and artificial fibers. The most prevalent plastic 

resins with their relative portions in the total non-fiber plastic production are 

polypropylene (PP, 36%), low- and high density polyethylene (LDPE/HDPE, 21%),  

polyvinylchloride (PVC, 12%), polyethylene terephthalate (PET, <10%), polyurethanes 

(PUR, <10%) and polystyrene (PS, <10%) (Table 2.1). Polyester (PES) accounts for 70% 

of artificial fiber production. The biggest non-fiber plastic using sectors are packaging 

(42%) and building and construction (19%) followed by transportation, electronics, 

consumer and institutional products and industrial machinery. (Geyer et al., 2017) 

Table 2-1 The most common plastic types, their specific gravities and examples of use. The 

table is a modified version from Li, Tse & Fok (2016), Pawar, Shirgaonkar, Patil et al., 

(2016) and PlasticsEurope (2020) 

Type Specific 

gravity (g/cm
3
) 

Examples of use  

Polypropylene (PP) 0.90-0.92 Bottle caps, straws, food containers, electrical 

equipment, car fenders 

Low-density polyethylene (LDPE)   0.91-0.94 Plastic bags, drinking bottles, outdoor furniture, 

floor tiles, shower curtains, films 

High-density polyethylene (HDPE)  0.93-0.97 Food packaging, shopping bags, detergent bottles, 

pipes, insulation molding  

Polyvinylchloride (PVC) 1.38 Clear food packaging, candy wrappers, plumbing 

pipes, shower curtains, window frames, flooring 

Polyethylene terephthalate (PET) 1.37 Jars, film, food packaging, insulation molding  

Polyurethane (PUR) 0.87-1.42 Furniture, bedding, flooring, insulation 

Polystyrene (PS) 1.05 Packaging foam, food containers, disposable 

tableware, CDs 

Polyester (PES) 1.38  Fibers, textiles 

2.1.2 Marine litter and its sources  

UNEP (2009) defined marine litter as “any persistent, manufactured or processed solid 

material discarded, disposed of or abandoned in the marine and coastal environment”. 

Marine litter can originate from land or from ocean-based activities, such as fisheries and 

shipping. It has been estimated that around 80% of all marine litter comes from land-based 

sources (Jambeck et al., 2015). 
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Land-based sources of marine litter include illegal dumping, waste disposal problems and 

other accidental or deliberate human actions (UNEP, 2009). Litter can be transported from 

coastal or inland areas into the ocean by rivers, sewage, storm water, and wind (UNEP, 

2009). Waste disposal problems, such as inadequately disposed litter to dumps or open 

landfills, where the litter is not contained, exposes it to indeliberate transport into the 

marine environment (Jambeck et al., 2015; Sheavly, 2005). Indifferent human behavior 

leading to illegal domestic and industrial dumping of litter into roadside, beaches or coastal 

waters contributes to the litter pollution (Sheavly, 2005). Weather extremes, such as 

hurricanes, tsunamis, and strong winds increase the litter transportation from land into the 

oceans and the rate of sewage-transported marine litter increases during times with 

seasonal precipitation induced high runoff exceeding the handling capacity of wastewater 

treatment facilities (Sheavly, 2005; UNEP, 2009). The amount of litter ending up in the 

oceans by water runoff is also affected by the local infrastructure and geography, flat areas 

being more capable of retaining litter on terrestial environment than mountaineous regions 

(OSPAR, 2017a). 

Another source of marine litter is direct inputs by commercial shipping, maritime 

recreation, military and research vessels, offshore oil and gas industry and fisheries 

activities (Sheavly, 2005; UNEP, 2009). Commercial fishing activities contribute to 

littering by intentionally discarding or accidentally losing fishing gear and neglecting its 

retrievement (Sheavly, 2005). Shipping, recreational, and other vessels produce solid waste 

on board which can be deliberately dumped or accidentally blown into the ocean (Sheavly, 

2005). Similar littering happens in offshore oil and gas industry, when equipment and daily 

waste from oil and gas platforms are handled improperly (Sheavly, 2005). 

Around 10% of the human produced litter is plastic (Barnes et al., 2009) but it represents 

the majority (60-80%) of marine litter (Derraik, 2002). Jambeck et al., (2015) estimated the 

amount of mismanaged (either littered or inadequately disposed) plastic waste by coastal 

countries subject to transportation into the marine environment. Based on this research, it 

was estimated that 4.8 to 12.7 million Mt of land-based plastic ends up in the world’s 

oceans annually, the biggest portion originating from Asia (Figure 2.3) (Jambeck et al., 

2015).  
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Figure 2.3 Global mismanaged plastic waste by countries in 2010. The white countries are 

not included in the calculations. (Jambeck et al., 2015).   

2.1.3 Microplastics and their sources  

Microplastics have been observed in the marine environment for decades (Carpenter, 

Anderson, Harvey, Miklas, & Peck, 1972). However, studies focusing on microplastic 

occurrence and impacts only emerged during the early 2000s (Thompson et al., 2004). The 

definition of microplastics varies between studies but they are commonly described as 

plastic particles of 0.01-5 mm by diameter. Microplastics have different shapes, fibers, 

beads and irregular fragments being common examples (Chubarenko, Bagaev, Zobkov, & 

Esiukova, 2016). Microplastics are in some literature classified as primary and secondary 

particles depending on their origin. 

Primary microplastics are deliberately designed and produced as microscopic particles. 

They are used in a wide variety of goods, including cosmetics, air blasting media and 

abrasive detergents (Derraik, 2002; Fendall & Sewell, 2009; Gregory, 1996; OSPAR, 

2017a). Microplastics are added to for example facial cleansers to replace natural 

exfoliating substances and to laundry detergents to increase their cleaning capacities 

(Fendall & Sewell, 2009; OSPAR, 2017a) Another source of primary microplastics is the 

industrial production of resin pellets, flakes or plastic powder which are used as raw 

material for plastic products (Duis & Coors, 2016). Rubber infill particles used in synthetic 

football pitches are also considered as microplastics (OSPAR, 2017a).  
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Secondary microplastics are created by degradation of bigger plastic particles. Plastic items 

undergo fragmentation into smaller pieces and finally into micro- and nanoplastics 

(<100nm) due to biological degradation of the materials. Plastic degradation in the marine 

environment is mostly physical degradation by abrasive forces and UV-B driven photo-

oxidative degradation (Andrary, 2011). Due to the UV damage, the surface layer of a 

plastic particle becomes brittle and releases microplastics into the environment (Andrary, 

2011; Klein, Dimzon, Eubeler, & Knepper, 2017). The coldness of ocean water, its salinity 

and relatively low concentrations of oxygen result in slow degradation rate, while beached 

particles degrade more rapidly due to high exposure to oxygen and UV radiation (Andrary, 

2011; Barnes et al., 2009; Gregory, 1996). However, a study on polymer rope degradation 

showed that a significant amount of microplastics are released from abandoned and lost 

fishing and sailing gear even in environments with reduced photodegradation (Welden & 

Cowie, 2017) 

Another major source of secondary microplastics is the wearing of synthetic materials used 

in utility goods (OSPAR, 2017a). Washing clothes causes shedding of synthetic fabrics 

producing a great number of microplastic fibers (Browne et al., 2011). For example, 

washing a single fleece sweater can produce over 1900 fibers  (Browne et al., 2011). Other 

examples are car tyre wearing and erosion of painted surfaces containing syntehetic 

polymers (Duis & Coors, 2016).  

Like any type of litter, microplastics can be introduced into the oceans from terrestial 

environment by rivers, stormwater, winds and wastewater or directly by ocean-based 

sources (Figure 2.4) (Derraik, 2002; Fendall & Sewell, 2009; Gregory, 1996, OSPAR 

2017a). Regardless of the ability of wastewater treatment facilities to catch some 

microplastics, considerable amounts of microplastic particles are leaked into the marine 

environment (Conley, Clum, Deepe, Lane, & Beckingham, 2019; Edo, Pleiter, Leganes, 

Fernandez, & Rosal, 2019). Furthermore, many coastal towns in the Arctic, including 

Iceland release wastewater into the ocean with no waste water treatment (Gunnarsdóttir et 

al., 2013). Industrial pellets are transported from the manufacturing site to a converting 

facility for further processing (GESAMP, 2016). Due to improper handling during this 

transportation process, for example loading and unloading trucks, resin pellets can be 

spilled onto the ground and be further transported into the marine environment (Duis & 

Coors, 2016; Nerland et al., 2014; Rochman et al., 2016). Furthermore, resin pellets can be 
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directly introduced to the oceans by spillage from cargo vessels (UNEP, 2016). Other 

ocean-based microplastic sources include the wearing of gear used by fisheries and 

aquaculture, such as ropes and nets (UNEP, 2016). 

 

Figure 2.4 Microplastic sources and pathways into the marine environment. (OSPAR, 

2017a) 

2.2 Fate of plastics in the marine environment 

2.2.1 Sea surface and beaches 

Around 50% of plastic polymers are buoyant due to their specific gravities lower than that 

of seawater or their air-trapping shapes (see Table 2.1 for specific gravities) (Barnes et al., 

2009). Buoyant particles float on the ocean surface until getting waterlogged or the biota 

growing on their surface getting too heavy (Barnes et al., 2009; Hammer, Kraak, & 

Parsons, 2012). The buoyant nature together with the high resistance to biological 

degradation allows the fast, global translocation of plastic particles on the ocean surfaces. 

However, plastic litter distributes unevenly around the oceans due to winds, currents, 

geography, and the origin of the litter (Barnes et al., 2009).  

Global studies on open ocean surface plastics have shown that there are distinct 

accumulation areas in the convergence zones of the five subtropical gyres (Figure 2.5) 

(Cozar et al., 2014; Eriksen et al., 2014). A sixth accumulation area caused by ocean 

circulation patterns has recently been suggested in the Greenland Sea and the Barents Sea 
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(Cózar et al., 2017). In 2014, the total amount of surface plastics was estimated to be 

around 5.25 trillion particles, weighing around 270 000 tons (Eriksen et al., 2014). The 

North Pacific Ocean contributes with a significant amount, around 35% to the global 

surface plastics due to the big size of the North Pacific gyre and the high human density on 

the east coast of Asia (Cozar et al., 2014; Eriksen et al., 2014). Estimates suggest that 

around 90% of marine plastic particles are microplastics weighing around 93 to 36 000 

tons and consisting of 15 to 51 trillion particles (>330 μm) (Eriksen et al., 2014; Sebille et 

al., 2015). However, there is a high uncertainty in these numbers due to low sample sizes 

and extrapolation of data. 

 

Figure 2.5 Marine plastic accumulation areas in the five convergence zones of ocean 

gyres, (Cozar et al., 2014) 

In addition to sea surface, plastics are found in extensive quantities on beaches worldwide. 

For example, a global beach cleanup project in 2019 collected 10584 tonnes of litter along 

36 000 km of shoreline with the majority of particles being plastics (ICC, 2019). The 

collected litter contained around 67.4 million small (<2.5mm) plastic and foam particles 

(ICC, 2019). The most recent assessment of OSPAR beach litter monitoring data in 2017 

concluded that litter is abundant on beaches within the OSPAR Maritime Area (Northeast 

Atlantic) with plastic items being the most common litter type found (OSPAR 2017b). The 

beach litter monitoring is done annually around the OSPAR Maritime Area including four 

survey sites in Iceland.  
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2.2.2 Plastic distribution in the water column  

Studies quantifying marine plastics by collecting floating particles in the surface water 

underestimate the total amount of marine plastics by neglecting the non-floating particles 

located deeper in the water column or trapped in sediments (Andrary, 2011). As mentioned 

before, to be buoyant in the marine environment, the specific gravity of the plastic must be 

lower than that of seawater (see Table 2.1 for specific gravities) (Andrary, 2011). It is 

important to note that the additives mixed with virgin plastics can alter their specific 

gravities and thus their buoyancies (Andrary, 2011).  Even though marine plastic 

concentrations are believed to increase with decreasing particle size, studies quantifying 

floating marine plastics have observed loss of microplastics indicating the presence of size-

selective sinks removing small particles from the sea surface (Cozar et al., 2014; Eriksen et 

al., 2014). Possible sinks include plastic degradation and biofouling driven changes in 

buoyancy, sedimentation, shore deposition, and ingestion by marine organisms (Andrary, 

2011; Law et al., 2010, Nerland et al., 2014).  

Once exposed to marine environment, plastic particles undergo biofouling due to the 

attachment of marine flora and fauna on the surface of the particle (Muthukumar et al., 

2011). Biofouling begins with the formation of biofilm including carbohydrates, proteins, 

and other biomolecules followed by a community of micro-organisms and macrofoulants 

such as barnacles and algae bryozoans (Muthukumar et al., 2011). Biofouling alters the 

buoyancy of a particle which can lead to its entering into the water column from the 

surface as a drifting or a sinking particle (Cozar et al., 2014). However, the seawater 

density increases with depth due to changes in temperature and salinity and thus sinking 

particles only slightly exceeding the surface seawater density might not reach the seabed 

(Cozar et al., 2014). Drifting or sinking particles might also resurface due to defouling 

once submerged into the water column (Cozar et al., 2014). 

Due to the differences in buoyancy, marine plastics and especially microplastics are widely 

distributed in sub-surface waters, coastal and marine sediments, sea floor and even sea ice 

(Bergmann et al., 2017; Courtene-Jones, Quinn, Gary, Mogg, & Narayanaswamy, 2017; 

Desforges, Galbraith, Dangerfield, & Ross 2014; Lusher, Tirelli, O’Connor, & Officer, 

2015a; Obbard et al., 2014; Woodall et al., 2014 etc.) The reported concentrations vary 

between studies and different sampling areas and the results stem from studies conducted 

with different sampling methodologies and inconsistent units which makes the 
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comparisons between studies difficult. Regardless of the inconsistent results, it is evident 

that microplastics are found in significant quantities across the worlds marine environment. 

Furthermore, macro- and microplastics are found in marine biota as organisms ingest 

plastic particles deliberately or accidentally, discussed further in section 2.3.1.   

2.2.3 Microplastics in the Icelandic waters  

Limited information is available on microplastic concentrations in Icelandic waters. 

However, there are studies quantifying microplastics in the water column and sediments in 

the Northeast Atlantic. The average microplastic particle concentrations in the water 

column range from not detected (along the coasts of France, Belgium, and the Netherlands) 

to 102,550 (in the harbour and nearby areas of a polyethylene production plant in 

Skagerak, Sweden) particles per m
3
 (Cauwenberghe, Claessens, Vandegehuchte, & 

Janssen, 2015; Cole et al., 2014; Lusher, Burke, O’Connor, & Officer, 2014; Maes et al., 

2017). A large-scale study by Lusher et al., (2014) found the sub-surface water column of 

the Northeast Atlantic to have an average microplastic concentration of 2.46 particles per 

m
3
 with higher concentrations in offshore locations. 

A study on microlitter in sewage treatment systems in Iceland found the microplastic 

concentration in influent water to be roughly 1000 particles per m
3 

(>300µm), of which the 

majority leaks into the effluent water and thus to the environment due to insufficient 

treatment (Magnusson, Jörundsdóttir, Norén, Talvitie, & Setälä, 2016).  Preliminary results 

from this far the only study in open ocean surface microplastics in Icelandic waters suggest 

that microplastics (>250 μm) are present in varying densities in the surface water in the 

north and west of Iceland, concentrations ranging from 2417 to 8125 particles/km
2
 (Ovide, 

González, D, Basran & Grueterich, 2019). However, the study did not report the use of any 

contamination protocol and consequently the results might overestimate the microplastic 

quantities. Microplastics have also been found from the Icelandic marine environment in 

the coastal sediments (Dippo 2012) as well as in biota, for example fulmars and fish 

(Trevail, Gabrielsen, Kühn, Bock, & Franeker, 2014; Vries et al., 2020). 
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2.3 Impacts of marine plastics  

2.3.1 Impacts on wildlife  

Plastics negatively impact marine ecosystems. Marine organisms, including marine 

mammals, sea turtles, sea birds, fish and crustaceans are subject to entanglement or 

ingestion of marine plastics (Laist, 1997). Entanglement can cause organism drowning, 

impaired mobility, wounds and other physical harm and lead to mortality (Laist, 1997). 

Many species, including sea birds and fish have been recorded to selectively ingest plastics 

because they mistake it as pray (Carpenter et al., 1972; Moser & Lee, 1992). Plastic 

accumulation in the digestive system can lead to health problems or death through dietary 

dilution, blockage, or mechanical damage of the intestinal tracks (Azzarello & Vleet, 1987; 

Carpenter et al., 1972; Jackobsen, Massey, & Gulland, 2010). Furthermore, microplastics 

can enter organisms via the mouth or gills and they are found in the digestive systems of 

planktons, bivalves, crustaceans, mammals, and fish (Lusher et al., 2015b; Nerland et al., 

2014).  

 

In addition to damage caused by their physical properties, plastics can threaten marine 

environment by the leakage of additives as well as their ability to absorb hydrophobic 

pollutants and transfer them into organisms (Rochman, Hoh, Hentschel, & Kaye, 2013b; 

Teuten et al., 2009). Chemical components, such as bisphenol A and phthalates, also 

referred to as endocrine-disrupting compounds (EDCs) are added to plastics to improve 

their properties, such as softness, and acting as flame retardants (Talsness, Andrade, 

Kuriyama, Taylor, & Saal, 2009). Plastic weathering can cause the leakage of such 

additives which may affect the hormone systems of marine organisms (Talsness et al., 

2009). Plastics are also able to absorb environmental pollutants, such as persistent organic 

pollutants (POPs) and play a role in their bioavailability (Barboza et al., 2018; Oliveira, 

Ribeiro, Hylland, & Guilhermino, 2013; Rochman, Hoh, Kurobe, & Teh, 2013a; Rochman 

et al., 2013b; Teuten et al., 2009).  

 

The microplastic-related health impacts and potential mortality in fish is difficult to study 

since disabled individuals are easy targets for predators and dead fish are rapidly 

decomposed in the marine environment (Rummel et al., 2016). Most of the current 

knowledge on microplastic impacts on fish is thus based on experimental studies in 
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laboratory conditions with high levels of microplastics (Barboza et al., 2018; Batel et al., 

2016; Oliveira et al., 2013; Rochman et al., 2013a; Sá, Luís, & Guilhermino, 2015, etc.). 

These studies have linked microplastic ingestion to a variety of histological, molecular and 

functional changes. For example, microplastic ingestion has been observed to cause 

structural and functional changes in the intestines, such as thickening of the mucosal 

epithelium, structural changes of villi, and vacuolation of enterocytes (Pedà et al., 2016; 

Romano, Ashikin, Teh, Syukri, & Karami, 2018). However, the studies might not represent 

the microplastic impacts in a reliable way, since they are conducted in closed laboratory 

systems and usually with high microplastic concentrations. Foekema et al., (2013) did not 

observe a relationship between the ingested microplastics and the physical condition of fish 

caught from their natural environment. They also suggest that the microplastic particles 

ingested by fish are so small that they are unlikely to cause false feelings of satiation, 

intestinal blockage, or carriage of pollutants in adult fish. However, the size of fish in 

relation to the size of plastic particles might make these problems relevant to larval and 

juvenile fish, where microplastics are in theory large enough to cause physical harm to the 

digestive tract (Foekema et al., 2013). 

 

Another possible environmental threat is the ability of plastic particles to distribute alien 

species into new ecosystems which potentially disturbs their natural balance and wellbeing 

(Gregory, 2009; Rech, Pichs, & Garcia, 2016). Even though this is a phenomenon carried 

on also by natural vectors, such as terrestrial tree trunks, plastic particle-driven 

transportation accelerates the dispersal of invasive species (Gregory, 2009). 

2.4 Microplastics in fish  

Microplastics have been found in fish worldwide (Beneditto & Awabdi, 2014; Kumar et 

al., 2018; Rochman et al., 2015; Rummel et al., 2016, etc.) The amount of microplastics 

detected in fish vary between fish species, sampling locations, and study setup (Table 2.2).  
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Table 2-2 Examples of microplastic occurrence in fish in the worlds oceans with an 

emphasis on the Northeast Atlantic. X represents visual analysis without filtration.  

Location Species Sample 

size 

Plastic 

occurrence 

(%) 

Filter 

size 

(μm) 

Reference 

North Atlantic       

North Sea Common dab (Limanda 

limanda) 

74 5.4 500 Rummel et al., 2016 

 European flounder 

(Platichthys flesus) 

16 0   

 Atlantic herring 

(Clupea harengus) 

13 0   

 Atlantic mackerel 

(Scomber scombrus) 

38 17.7   

 Atlantic herring 

(Clupea harengus) 

566 1.4 200 Foekema et al., 2013 

 Gray gurnard 

(Eutrigla gurnardus) 

171 <1   

 Whiting (Merlangius 

merlangus) 

105 5.7   

 Atlantic horse 

mackerel (Trachurus 

trachurus) 

100 1   

 Haddock 

(Melanogrammus 

aeglefinus) 

97 6.2   

 Atlantic mackerel 

(Scomber scombrus) 

84 <1   

 Atlantic cod (Gadus 

morhua) 

80 13   

North Scotland   European plaice 

(Pleuronectes 

platessa) 

62 45 x Murphy et al., 2017 

 European flounder 

(Platichthys flesus) 

47 51   

 Common dab 

(Limanda limanda) 

19 47   

 Blue whiting 

(Micromesistius 

poutassou) 

20 0   

Norwegian Sea Atlantic cod (Gadus 

morhua) 

302 3 x Bråte et al., 2016 

Northeast Greenland Bigeye Sculpin (Triglops 

nybelini) 

71 34 0.7 Morgana et al., 2018 

 Polar cod (Boreogadus 

saida) 

85 18   

Portugal European bass 

(Dicentrarchus labrax) 

 

 

50 42 1.2 Barboza et al., 2020 
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Location Species Sample 

size 

Plastic 

occurrence 

(%) 

Filter 

size 

(μm) 

Reference 

 Atlantic horse 

mackerel (Trachurus 

trachurus) 

 

50 42   

 Atlantic chub mackerel 

(Scomber colias) 

50 62   

Northeast Atlantic Lancet fish (Notoscopelus 

kroyeri) 

417 14.6 250 Lusher et al., 2015b 

 Mueller's pearlside 

(Maurolicus muelleri) 

282 2.8   

 Glacier lantern fish 

(Benthosema glaciale) 

27 22   

West Iceland  Cod (Gadus morhua) 39 21.5 2.7 Vries et al., 2020 

 Saithe (Pollachius 

Virens) 

46 17.4   

Newfounland, Canada Atlantic cod (Gadus 

morhua) 

205 2.4 1000 Liboiron et al., 2016 

 Spotted lanternfish 

(Myctophum 

punctatum) 

86 74 0.7 Wieczorek et al., 

2018 

 Glacial lanternfish 

(Benthosema 

glaciale) 

69 68   

 White spotted 

lanternfish (Diaphus 

rafinesquii) 

34 71   

 Jewel lanternfish 

(Lampanyctus 

macdonaldi) 

16 75   

South Atlantic       

Northeast Brazil King mackerel 

(Scomberomorus cavalla) 

8 62.5 x Miranda & 

Carvalho-Souza, 

2016 

Southeast Brazil Largehead hairtail 

(Trichiurus lepturus) 

149 0.7 x Beneditto & 

Awabdi, 2014 

North Pacific      

California Pacific anchovy 

(Engraulis mordax) 

10 30 500 Rochman et al., 

2015 

 Lingcod (Ophiodon 

elongatus) 

11 9.1   

Central North Pacific  Longnosed lancetfish 

(Alepisaurus ferox) 

144 30 x Choy & Drazen, 

2013 

 

 

Big-eye opah (Lampris 

sp.) 

115 43   
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Location Species Sample 

size 

Plastic 

occurrence 

(%) 

Filter 

size 

(μm) 

Reference 

South Pacific       

Southeast Pacific coast Pacific thread hering 

(Opisthonema libertate) 

 

80 2.5 x Ory et al., 2018 

 Peruvian anchoveta 

(Engraulis ringens) 

 

116 1.7   

Eastern Indonesia Shortfin scad (Decapterus 

macrosoma) 

17 29 500 Rochman et al., 

2015 

 Silver-stripe round herring 

(Spratelloides gracilis) 

10 40   

Indian Ocean       

Southeast India  Indian mackerel 

(Rastrilleger kanagurta) 

and Honeycomb grouper 

(Epinephelus merra)  

40 30 N/A Kumar et al., 2018 

Western Arabian Gulf  White-spotted spinefoot 

(Siganus canaliculatus) 

20 5.71 200 Baalkhuyur et al., 

2020 

 Mackerel tuna (Euthynnus 

affinis) 

20 0   

 

There are several theories on why fish might ingest microplastics (Peters, Thomas, Rieper, 

& Bratton, 2017). One of them is the hypothesis of secondary ingestion via prey animals, 

which is supported by microplastic findings in prey species, such as zooplanktons, and the 

finding that microplastics have the potential to enter marine food webs (Batel, Linti, 

Scherer, Erdinger, & Braunbeck, 2016; Romeo et al., 2015; Setälä, Fleming-Lehtinen, & 

Lehtiniemi, 2014). Another hypothesis is that microplastics are ingested accidentally 

during normal foraging either actively when mistaken as food or passively along actual 

pray species (Lusher et al., 2013; Peters et al., 2017; Rummel et al., 2016). Microplastic 

ingestion by fish has been linked to different feeding strategies. For example, generalistic 

feeders have been reported to contain more microplastic particles than fish utilizing 

selective foraging strategies (Bessa et al., 2018; Peters et al., 2017). The results suggest 

that due to their higher pray selectivity, selective foragers are less susceptible to ingest 

microplastics than generalistic feeders (Peters et al., 2017).  

 

The amounts of ingested particles found in fish guts are small which suggest that 

microplastic particles are excreted quickly after ingestion (Foekema et al., 2013; Garnier, 

https://www.fishbase.se/summary/1484
https://www.fishbase.se/summary/1484
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Jacob, Guerra, Bertucci, & Lecchini, 2019; Güven et al., 2017; Phillips & Bonner, 2015). 

For example, studies in the Northeast Atlantic found ingested microplastic numbers 

ranging from 1.4 to 1.9 particles/individual (Foekema et al., 2013; Lusher et al., 2013; 

Murphy et al., 2017; Vries et al., 2020). Some studies found full fish guts to contain more 

microplastics than half-full and empty ones, further supporting the theory of particles being 

excreted fast (Bråte et al., 2016), while other studies found no relationship between gut 

fullness and microplastic occurrence (Vries, 2020; Wieczorek et al., 2018) 

2.4.1 Comparability between studies and the importance of 

contamination control   

Studies on microplastic ingestion by fish have applied different methodologies ranging 

from a variety of digestion-filtration procedures to dissection and visual identification. The 

stomach contents in various levels of digestion are often filtered over sieves or filters to 

reduce the amount of organic matter and studies have reported filter mesh sizes ranging 

from 0.7 µm (Davison & Asch 2011) to 1000 µm (Liboiron et al., 2016). Thus, the number 

and size of particles observed is affected by the mesh size used (Güven et al., 2017). In 

some studies, the samples have not been filtrated prior to visual examination and thus the 

load of organic matter might have affected the microplastic identification (Boerger, Lattin, 

Moore, & Moore, 2010; Neves et al., 2015; Phillips & Bonner 2015 etc.). Furthermore, 

majority of the studies have only used visual identification without applying chemical 

identification to confirm the findings as microplastics (Hermsen, Pompe, Besseling, & 

Koelmans, 2017). The lack of standardized methodology in microplastic research makes 

the comparisons between studies hard.  

Another factor complicating the comparisons between studies is the inconsistency in 

whether fibres are included in the analysis. While some studies quantify fibres and include 

them in the analysis (Güven et al., 2017; Lusher et al., 2015b; Neves et al., 2015; Rummel 

et al., 2016 etc.), other studies leave them out of final results since they are considered to 

be mostly contamination (Boerger et al., 2010; Budimir, Setälä, & Lehtiniemi, 2018; 

Foekema et al., 2013; Phillips & Bonner 2015 etc.). Microfibres are of high concern 

regarding microplastic contamination during laboratory analysis (Torre, Digka, 

Anastasopoulou, Tsangaris, & Mytilineou, 2016; Wesch et al., 2017; Woodall et al., 2015). 

Due to their small size and light weight, they are easily transported by air and are 

ubiquitous in marine as well as human living environments and thus pose a high 
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contamination risk in microplastic analysis (Torre et al., 2016). However, excluding 

microfibres may influence the results and thus an alternative approach is to present results 

with both including and excluding fibres, especially in studies performed in small-scale 

laboratories without a clean bench environment.  

Possible sources of contamination are e.g., clothes made of synthetic materials, which can 

shed acrylic, rayon, polyester, or nylon fibres (Woodall et al., 2015). This type of 

contamination can be reduced by using clothes made of natural fibres, such as 100 % 

cotton (Woodall et al., 2015). Other contamination prevention measures include the 

filtering of fluids used in the analysis, replacing plastic equipment with other materials and 

cleaning the tools and surfaces regularly (Woodall et al., 2015). Furthermore, working in a 

clean bench (laminar flow work cabinet) environment has been observed to be an efficient 

way to reduce air contamination of fibres (Wesch et al., 2017). Contamination controls 

should be implemented by using procedural blanks and exposing damp filters to collect 

airborne contamination during the laboratory process (Torre et al., 2016; Woodall et al., 

2015). 

2.5 Icelandic waters  

2.5.1 Geography and currents  

Iceland is located at the junction of the Mid-Atlantic Ridge and the Greenland-Scotland 

Ridge and consequently the water around Iceland is separated into four basins bordered by 

the Reykjanes Ridge to the south, the Kolbeinsey Ridge to the north, the Greenland-

Iceland Ridge to the west and the Iceland-Faroe Ridge to the east (Figure 2.6) (Logemann, 

Olafsson, Snorrason, Valdimarsson, & Marteinsdottir, 2013; Stefánsson & Ólafsson, 

1991). The shelf width varies between few kilometres in the south to 150 kilometres in the 

west, north, and east (ICES, 2008). Icelandic waters are hydrographically complicated due 

to the irregular topography and the interaction with four water masses (Figure 2.7) 

(Logemann et al., 2013; Vilhjálmsson, 2002). The microplastic occurrence in Icelandic 

waters is discussed in section 2.2.3.  
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Figure 2.6 The bathymetry in the Icelandic waters. (Thórðarson, 2005) 

 

Figure 2.7 Simplified illustration of ocean currents in Icelandic waters. Red arrows 

indicate Atlantic Water, dark blue arrows Polar Water and light blue Arctic Intermediate 

Water. (Vilhjálmsson, 2002) 

The relatively warm and saline Atlantic water enters Icelandic waters via continuation 

drifts of the Gulf Stream (Stefánsson & Ólafsson, 1991). The North Atlantic Drift carries 
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Atlantic Water east of the Reykjanes Ridge from south to the north (Vilhjálmsson, 2002). 

To the west of the Reykjanes Ridge, the Irminger Current carries Atlantic Water 

northwards until mostly recirculating to the west and south along the East Greenland 

continental slope (Vilhjálmsson, 2002). A part of the current (5-10%) continues to the 

north through the Greenland-Iceland Ridge and further eastwards along the North Icelandic 

shelf as the North Icelandic Irminger Current (Vilhjálmsson, 2002). Due to the inflow from 

Atlantic, Icelandic waters are relatively warm and typically ice free.  

Arctic Intermediate Water is formed of Atlantic Water entered into the Nordic seas across 

the Faroe-Iceland ridge and through the Faroe-Shetland Channel some years earlier before 

entering the Icelandic circulation system (Logemann et al., 2013; Orvik, Skagseth, & 

Mork, 2001). This water mass goes through atmospheric cooling and freshwater addition 

and is thus fresher and colder than the Atlantic Water (Logemann et al., 2013). The Arctic 

Intermediate Water is carried southwards by the East Icelandic Current along the north-

eastern Icelandic shelf until continuing to the east along the northern side of the Iceland-

Faroe Ridge (Logemann et al., 2013; Stefánsson & Ólafsson, 1991).  

2.5.2 Marine ecosystem  

The marine ecosystem in Icelandic waters is highly productive (ICES, 2018). Differences 

in timing and stability of the surface layer stratification impacts the transfer of nutrients 

from deeper waters to the surface layer. Weak stratification enables more nutrients to be 

transferred to the surface layer resulting in higher primary production compared to areas 

with stronger stratification. Consequently, the production is higher in waters south and 

west of Iceland and in shelf areas where the stratification is weaker compared to waters 

north and east of Iceland and in offshore areas (Astthorsson, Gislason, & Jonsson, 2007; 

Gudmundsson, 1998). The phytoplankton spring bloom starts around mid-April to mid-

May and lasts about one month (Gudmundsson, 1998; ICES, 2018). Annual variation in 

hydrographical and atmospheric conditions result in annual variation in phytoplankton 

productivity (ICES, 2018). For example, in years with limited Atlantic water inflow 

resulting in an earlier onset of surface stratification and reduced nutrient transport to the 

surface layer, the productivity is lower (Astthorsson et al., 2007; Gudmundsson 1998; 

ICES, 2018). Consequently, the zooplankton biomass varies in a similar pattern being 
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higher in shelf areas and in waters south and west of Iceland and having lower abundance 

in cold years compared to warm years (Astthorsson et al., 2007). 

Currently over forty fish and marine invertebrate species are commercially harvested in 

Icelandic waters, including Atlantic mackerel and blue whiting (ICES, 2018). Many fish 

species spawn in waters south and southwest of Iceland, in warm Atlantic water, and their 

larvae are transported to the west and north by currents (ICES, 2018). Other important 

components of the ecosystem include seabirds and marine mammals, such as grey and 

harbour seals and around twenty species of cetaceans (ICES, 2018).  

2.5.3 Atlantic mackerel  

Atlantic mackerel (Scomber scombrus) (Figure 2.8) is abundant in temperate continental 

shelf areas in the North Atlantic, Baltic Sea and the Mediterranean (Figure 2.9) (FAO, 

2020a; FishBase, 2020a; Trenkel et al., 2014). Atlantic mackerel is distributed in both the 

Northwest and Northeast Atlantic with no cross-Atlantic migration (Jansen & Gislason, 

2013). Atlantic mackerel is highly migratory and migrates seasonally between spawning 

and feeding areas (Trenkel et al., 2014). The Northeast Atlantic stock spawns along the 

shelf break from Spanish and Portuguese waters to the west of Scotland and in the North 

Sea (Trenkel et al., 2014). The spawning takes place during spring, from March to June, 

after which the Atlantic mackerel migrates towards the north to feed (ICES, 2011; Trenkel 

et al., 2014; Uriarte & Lucio, 1996; Uriarte et al., 2001). Since 2007, Northeast Atlantic 

mackerel distribution has been expanding to Icelandic as well as Greenlandic waters 

(Jansen et al., 2016; Nøttestad et al., 2016).  

Atlantic mackerel reaches maturity at two to three years old and can live up to twenty years 

(FAO, 2020a). It can reach a length of 50cm, but is commonly found as 30cm long, 

females growing larger than males (FAO, 2020a). Atlantic mackerel is an epipelagic 

species (FAO, 2020; Pepin, Koslow, & Jr., 1988). During the feeding season in the Nordic 

Seas, it is mainly distributed at depths of 0-40 m (Nøttestad et al., 2016). Atlantic mackerel 

can utilize both particle and filter feeding strategies depending on the prey assemblage 

allowing it to feed size-selectively (Macy, Sutherland, & Durbin, 1998; Pepin et al., 1988). 

The main prey in Icelandic waters is calanoid copepods, and Calanus finmarchicus is the 

most abundant species found in Atlantic mackerel stomachs (Kvaavik et al., 2019). Other 

prey species include euphausiids, amphipods, large crustaceans, and fish (Kvaavik et al., 
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2019). During the feeding period in Icelandic waters, the 24-hour daylight allows it to feed 

continuously which can result in 40 % increase in weight (Kvaavik et al., 2019; Óskarsson, 

Gudmundsdottir, Sveinbjörnsson, & Sigurðsson, 2015). Previous research on microplastic 

occurrence in Atlantic mackerel in the Northeast Atlantic reported occurrences of 17.7% 

(Rummel et al., 2016) and <1% (Foekema et al., 2013).  

 

Figure 2.8 Atlantic mackerel (Scomber scombrus). (Marine Stewardship Council, 2020) 

 

 

Figure 2.9 The distribution of Atlantic mackerel. (FAO, 2020a)  

2.5.4 Blue whiting  

Blue whiting (Micromesistius poutassou) (Figure 2.10) is distributed over the continental 

slope and shelf in the North Atlantic (Figure 2.11) (FAO, 2020b; FishBase 2020b). In the 

Northeast Atlantic, blue whiting is found from the Barents Sea, around Iceland to Cape 

Bojador along the African Coast and in the Mediterranean (FAO, 2020b; FishBase 2020b). 

Blue whiting is a migratory species and migrates seasonally between spawning and feeding 

areas (FAO, 2020b). The main spawning areas for Northeast Atlantic stock are located 
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west of the British Isles (Hátún et al., 2009; Heino & Godø, 2002). However, blue whiting 

spawning is also recorded in other areas, including Icelandic waters (FAO 2020b; Heino & 

Godø, 2002). The spawning takes place in the spring, from March to April, after which the 

blue whiting migrates towards the north to feed (FAO, 2020b; Hátún et al., 2007; Heino & 

Godø, 2002). 

Blue whiting reaches maturity at three years old and can live up to twenty years (FAO, 

2020b). Blue whiting can reach a length of 50cm, but is commonly found as 15-30cm long, 

females growing larger than males (FAO, 2020b). Blue whiting is a mesopelagic species 

and is mainly distributed at depths of 100-600m (FAO, 2020b; Heino & Godø, 2002). Blue 

whiting does daily vertical migrations from shallower waters during the night to deeper 

waters during the day (FAO, 2020b; Johnsen & Godø, 2007). The diet consists mainly of 

small crustaceans, such as euphausiids and amphipods (Bachiller et al., 2016; Langøy, 

Nøttestad, Skaret, Broms, & Fernö et al., 2012). Previous research did not find any 

microplastics in blue whiting in the Northeast Atlantic (Murphy et al., 2017).  

 

 

Figure 2.10 Blue whiting (Micromesistius poutassou). (New Sea ApS, 2020) 
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Figure 2.11 The distribution of blue whiting. (FAO, 2020a) 

2.5.5 Fisheries activities  

Fisheries in the Icelandic exclusive economic zone (EEZ) catch more than forty fish and 

marine invertebrate species with total annual landings of around one million tonnes. Out of 

around 1750 fishing vessels operating in the Icelandic EEZ, most are Icelandic, but also 

Norwegian, Greenlandic and Faroese vessels are allowed. Most of the fishing happens at 

depths 0-500m with otter trawls, static gear, pelagic trawls, and seines. Economically 

important pelagic fish include capelin (Mallotus villosus), Atlantic herring (Clupea 

harengus), Atlantic mackerel, and blue whiting and they contribute the largest share of 

catches by weight. The most important demersal species are Atlantic cod (Gadus morhua), 

haddock (Melanogrammus aeglefinus), saithe (Pollachius virens), and golden redfish 

(Sebastes norvegicus) (ICES, 2019) 

The majority of Atlantic mackerel fished is caught by pelagic trawls during its summer 

feeding period in the west, east and south of Iceland. Blue whiting is caught by pelagic 

trawls as well, mostly in the southeast of Iceland and in Faroese waters during varying 

fishing seasons. Most of Atlantic mackerel catch is used for human consumption while 

blue whiting is mainly turned into fishmeal and oil. (ICES, 2019) 

Fisheries activities in Icelandic EEZ are managed by the Ministry of Industries and 

Innovation. The ministry is responsible for annual regulations for commercial fishing and 

TAC (total allowable catch) allocations for fish stocks. In addition, the Marine and 

Freshwater Research Institute and ICES provide advice of catch opportunities for many 

Icelandic fisheries. An individual transferrable quota system (ITQ) was introduced in 1990 
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and since 2006 all vessels operate under the TAC system. Certain rules, such as mesh-size 

regulations and short, long term and seasonal closures of certain areas are in place to 

prevent fishing of juvenile fish. Permanently protected areas closed for certain types of 

fisheries also exist. (ICES, 2019) 
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3 Methods  

3.1 Sampling  

Atlantic mackerel and blue whiting were collected from two distinct areas northeast and 

south of Iceland, dominated by different currents, the East Icelandic Current and the North 

Atlantic Drift (Figure 3.1). The samples were collected during International Ecosystem 

Summer Surveys in Nordic Seas (IESSNS) on R/V Árni Friðriksson in July 2019 and July 

2020. Sampling of Atlantic mackerel and a portion of blue whiting was done with a pelagic 

trawl at 0-35m depth, while most of blue whiting were caught with a deep trawl at 200-210 

m depth (Table 3.1). The samples of each species were randomly selected from the total 

haul, individually wrapped in aluminium foil, and frozen at -20 °C.  

 

Figure 3.1 The samples were collected from two distinct areas, from the northeast and 

south of Iceland. Blue symbols indicate blue whiting and green Atlantic mackerel samples. 

Square symbols indicate samples caught in 2019 and circular symbols samples caught in 

2020. 
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Table 3-1 Sampling stations  

Year Trawl 

station 

ID 

Trawl station 

coordinates (Lat Lon) 

Trawl headline 

depth (m) 

Fish species Sample 

size  

2020 393 67.7615°, -6.8197° 210 Blue whiting 20 

 394 67.7962°, -008.4228° 0 Atlantic mackerel 20 

 407 62.9455°, -015.5822° 0 Atlantic mackerel 20 

2019 344 66.7395°, -006.3975° 200 Blue whiting 10 

 373 62.9338°, -017.0733° 0 Blue whiting 10 

 374 62.7367°, -017.6980° 0 Atlantic mackerel 8 

 376 63.2435°, -018.2097° 0 Atlantic Mackerel 2 

3.2 Digestion and filtration  

The frozen fish were thawed at room temperature after which their length and weight were 

measured (Figure 3.2). The body cavities were opened and the gastrointestinal tracts, from 

esophagus to anus, removed, weighed to the nearest gram, and placed into glass jars 

covered with aluminium foil. The stomachs were visually estimated as empty, half-full or 

full. 

 

Figure 3.2 Sample preparation. Weighing of Atlantic mackerel. On the right side of the 

fish, an air contamination control (a wetted filter) is exposed to air.  
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The digestion was performed using alkaline digestion method with potassium hydroxide 

(KOH), first introduced by Foekema et al., (2013). 10 % KOH solution was prepared by 

solving solid KOH pellets in filtered water at a ratio of 1:9 (KOH: filtered water by 

weight). KOH solution was added to the samples at a ratio of approximately 1:10 (sample: 

KOH by weight). The samples were placed at room temperature for approximately two 

weeks until the organic matter was visually observed to be digested (Figure 3.3a). During 

the incubation, the samples were mixed approximately once in a day to maximize the 

contact between the organic matter and KOH for more efficient digestion.  

After the digestion, citric acid of 7.7 grams per 100ml 10% KOH was added to the samples 

to neutralize the solution for easier filtration (Hudson, Russell, & Thiele, 2019; Vries et al., 

2020). The samples were placed at room temperature for approximately 24 hours to allow 

the non-digested material to settle. After settling, the samples usually had separated into a 

lipid-layer on the surface and the residue organic matter on the bottom. The whole sample 

was filtrated in two steps. First, the samples were filtrated over a metal sieve (pore size of 

approximately 1 mm) placed on a filtration beaker. Secondly, the samples went through 

filtration over glass fibre filters (Whatman GF/D, pore size: 2,7 µm, diameter: 47 mm). A 

filtration unit with a vacuum pump was used (Figure 3.3b). The filters were stored in petri 

dishes for visual analysis (Figure 3.3c). The residue matter on the metal sieve was visually 

examined under a bright light and a magnifying glass before discarding (Figure 3.3d). For 

some samples, the glass fibre filters got clogged resulting in residue sample in the filtration 

beaker. In these cases, this residue was examined under a bright light and a magnifying 

glass to detect potential microplastic particles before discarding.  
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Figure 3.3 Different steps of the digestion-filtration process. A) A batch of ten samples 

incubating at room temperature with a procedural blank sample on the right. B) The 

filtration unit with the vacuum pump on the right. The sieve used for the first filtration step 

was placed on a metal plate and covered with aluminium foil when not in use. On the 

bottom, an air contamination control is not exposed to air yet. C) An example of the 

sample residue after the first filtration step. D) After filtration, the filters were placed on 

petri dishes. The location of a particle found by visual analysis is marked with a circle.  
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3.3 Visual analysis  

The samples were visually inspected with a Wild M5A stereomicroscope with an external 

light source. The samples were examined from one end to another, twice in a row. The first 

examination round was done with 12x and the second with 25x magnification level taking 

a closer look at any particles suspected as plastics. Using criteria created by Norén (2007) 

(Table 3.2), the microplastic particles were identified and their colour, shape and size were 

recorded. The shapes were categorized under beads, fibres and fragments. The sizes were 

measured by the longest diameter using a microscope measuring reticle. Prior to the 

analysis, the measuring reticle scale was compared to millimetre-paper for each 

magnification setting and the derived coefficient was used to convert the measurements 

into metric system. The particles identified as microplastics were either moved to another 

or left on the original filter and their locations were marked with a pen for later chemical 

analysis. 

Table 3-2 Criteria for identifying microplastic particles (Norén, 2007) 

Guidelines for defining a microscopic particle as plastic 

The particle has no visible cellular or organic structures 

If a fibre, the particle is equally thick and not tapering towards the ends 

If a fibre, the particle has a three-dimensional bending 

The particle is either clear or homogeneously coloured (blue, red, black and yellow) 

Transparent and whitish particles should be examined with extra care under a high magnification 

level 

 

3.4 Chemical analysis  

All particles suspected as microplastics were sent to Nýsköpunarmiðstöð Íslands in 

Reykjavik to be identified with a Raman spectrometer. Raman spectroscope uses inelastic 

scattering of light to provide molecular vibration information of the particle under 

examination. The vibration spectrum corresponds the chemical structure fingerprint of the 

particle and allows its identification by comparing it to a reference library of vibration 

spectrums. (HORIBA, 2021) 
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Vibration spectrums of the suspected microplastic particles were recorded with Horiba 

LabRAM Evolution microscope. The spectrums were recorded over full spectral range 

while a spectral range of 300 cm
-1

 to 2000 cm
-1

 was chosen for plotting. A 50x Olympus 

long-working distance objective and diode lasers operating at 785 nm and 532 nm were 

used. For the 785 nm laser, the excitation intensity was set at 25 mW, whereas for the 532 

nm laser the excitation intensity was in the range between 0.01 mW to 5 mW.  The 

acquisition time was set to 20 seconds per spectrum (however, in some cases it was 30-40 

seconds) and the number of accumulations was 5. All spectrums were calibrated using 

silicon (Si) peak at 520 cm
-1

. 

To compare the acquired spectrums to existing reference spectrums, a library search was 

carried out using LabSpec 6.0 software. The library search was automated and default 

search settings were used. The reference spectral libraries used were SLoPP (spectral 

library of plastic particles), SLOPP-E (spectral library of plastic particles aged in the 

environment) (Munno, De Frond, O’Donnel, & Rochman, 2020) and RDWP (Raman 

database of weathered microplastics) (Dong et al., 2020). A Hit Quality Index (HQI) of 

over 70% has been used as a threshold value for Raman and FTIR spectroscopy in multiple 

microplastic studies (Bergmann et al., 2017; Compa, Ventero, Iglesias, & Deudero 2018; 

Gallagher, Rees, Rowe, Stevens, & Wright, 2016) and thus it was decided that particles 

with a spectral match with a HQI over 70% are accepted as verified microplastics.  

3.5 Quality assurance 

3.5.1 Laboratory blanks 

The samples were processed as batches of ten. For every batch, one wetted filter (Whatman 

GF/D) was exposed to air every time the process required exposing the samples (extracting 

the gut, adding KOH and citric acid, examining samples under a microscope etc.). In 

addition, each batch had a procedural blank with KOH treated the exact same way as the 

samples except for not adding the gut. The controls were visually and chemically analysed 

along the samples.  

For each batch, the sum of the particles found in the air control and the procedural blank 

were subtracted from each sample containing particles of the same type and colour unless 

the plastic types were verified to be different by Raman spectroscopy. For example, if a 
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sample had three blue fibres and a transparent film, and the sum of particles found in air 

control and procedural blank was one blue fibre and two red fibres, the corrected result for 

that sample would be two blue fibres and a transparent film.  

3.5.2 Contamination prevention  

Various measures were taken to reduce the amount of microplastic contamination. To 

prevent excess sources of contamination, no other person was present or any other 

operation was performed in the laboratory during the sample processing and analysis. Tap 

water used in the process was filtered over coffee filters. All tools and equipment used 

(knives, jars, beakers, petri dishes etc.) were cleaned with water and soap and rinsed with 

filtered water. Furthermore, the tools used in dissection were cleaned in between every 

sample and visually inspected to avoid cross-contamination. The surfaces were cleaned 

before and after every processing step.  

The clothes worn in the laboratory were 100% cotton. Plastic gloves were only worn 

during the steps involving the handling of KOH. Non-plastic equipment materials were 

preferred, but due to limited resources this was not always possible. For example, the 

filtration unit was made of plastic. However, previously conducted trial by Vries (2019) 

showed that this filtration unit did not contribute to contamination. Furthermore, the 

procedural blanks were processed simultaneously with the samples and would therefore 

represent and account for contamination originating from the process.  

To prevent air-contamination, clean jars and beakers were stored upside down on a clean 

surface and petri dishes were closed. All sample jars were covered with aluminium foil as 

lids when possible. During the filtration, the beakers were covered with aluminium foil. 

Whenever possible, the visual examination under a microscope was executed with the petri 

dish lid on and if it was removed, the lid was placed facing down on a clean surface. 





37 

4 Results   

4.1 Sample population  

The total sample size was 50 Atlantic mackerel and 40 blue whiting. The average weights 

and lengths of each species are shown in Table 4.1.  

Table 4-1 Average and range values for length and weight of the Atlantic mackerel and 

blue whiting samples  

 Length (cm) Weight (g) 

Northeast of Iceland  Average Range Average Range 

Atlantic mackerel (n=20) 38.7 (SD=1.2) 36.5-41.0 522 (SD=57) 406-609 

Blue whiting (n=30) 29.6 (SD=2.6) 20.6-35.2 183(SD=44) 106-261 

South of Iceland  Average Range Average Range 

Atlantic mackerel (n=30) 38.2 (SD=1.6) 34.5-41.4 516 (SD=68) 392-666 

Blue whiting (n=10) 29.0(SD=0.9) 27.4-30.0 150 (SD=19) 126-182 

 

4.2 Microplastic occurrence in Atlantic mackerel and 

blue whiting  

After blank correction of the samples (section 3.5.1), the samples contained in total 11 

microplastic particles, of which six were fibres (Table 4.2, see Appendix B for the data 

sheet used in the analysis). Three of these particles were found in blue whiting (Figure 4.3) 

and the other eight in Atlantic mackerel (Figure 4.4). Due to few microplastic observations, 

no statistical tests were applied. Power and sample size calculation was performed with R. 

In order to achieve a statistical difference on microplastic occurrence between Atlantic 

mackerel and blue whiting with a power of 80%, the sample size should have been at least 

681 fish per species, which is considerably higher than what was feasible in this study. 

Due to factors complicating the identification process with Raman spectrometer, discussed 

further in section 5.4, only six of the particles were confirmed as plastics. All unconfirmed 
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particles were fibres. The fibres were suspected to be anthropogenic particles but cannot all 

be confirmed as plastics since only one of them was successfully identified. The visual 

identification of fibres is difficult, and scientists have differing views on the identification 

process (Lusher et al., 2020). Furthermore, there is an ongoing debate whether fibres 

should be included in the microplastic research results especially in small-scale laboratory 

conditions since the contamination is usually high (P. Carlsson, personal communication, 

2020). Thus, the results in the present study are presented both including and excluding 

fibres.  

Table 4-2 Microplastic particles in Atlantic mackerel and blue whiting.  

Particle 

ID 

Sample 

ID 

Species  Location  Gut 

fullness  

Particle 

colour 

Particle 

size 

(µm) 

Particle 

shape  

Polymer 

type  

1 1 Whiting Northeast Full Black 7497 Fiber NA 

2 33 Whiting Northeast Half-full Red 1440 Fiber NA 

3 34 Whiting Northeast Full Green 320 Fragment PP/PE 

4 70 Mackerel Northeast Full Transparent 2280 Fiber NA 

5 81 Mackerel South Half-full Black 1500 Fiber NA 

6 81 Mackerel South Half-full Black 560 Fiber PL 

7 83 Mackerel South Half-full Blue 100 Fragment PP/PE 

8 83 Mackerel South Half-full Blue 100 Fragment PP 

9 85 Mackerel South Half-full Blue 120 Fragment PP/PE 

10 90 Mackerel South Full Blue 160 Fragment PP/PE 

11 91 Mackerel South Half-full Black 4250 Fiber NA 

 

The microplastic occurrence was slightly higher in Atlantic mackerel (12% and 6% 

including/excluding fibers) than in blue whiting (7.5% and 2.5%). The microplastic 

occurrence in Atlantic mackerel was higher in waters south of Iceland compared to waters 

northeast of Iceland (Figure 4.1). In contrast, the microplastic occurrence in blue whiting 

was higher in waters northeast of Iceland compared to waters south of Iceland. The 

average number of particles found in an individual that had ingested microplastics was 

higher in Atlantic mackerel (1.3 particles/individual) compared to blue whiting (1.0 

particles/individual). 
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Figure 4.1 Microplastic occurrence in Atlantic mackerel and blue whiting by catch 

locations  

4.2.1 Gut fullness and microplastic occurrence  

The microplastic occurrence was higher in fish with half-full (15% and 9% 

including/excluding fibres) than empty (0%) and full (7% and 4%) guts. The microplastic 

occurrence was higher in Atlantic mackerel with half-full than in full guts (Figure 4.2). In 

contrast, the microplastic occurrence was higher in blue whiting with full than empty and 

full guts (Figure 4.2). The average number of particles found among the individuals that 

had ingested microplastics was higher in fish with half-full (1.4 particles/individual) than 

full (1.0 particles/individual) guts.   
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Figure 4.2 Microplastic occurrence in Atlantic mackerel and blue whiting by gut fullness 

classes 

4.3 Microplastic particle description  

In total, 11 particles varying in size, shape, colour, and polymer type were found in the 

Atlantic mackerel and blue whiting samples (Figures 4.3 and 4.4). Six of these particles 

were verified as plastic polymers by Raman spectroscopy, see Appendix C for the acquired 

Raman spectra.  

 

Figure 4.3 Images of the microplastic particles in blue whiting, 1) black fibre, 2) red fibre, 

3) green fragment verified as polypropylene/polyethylene 
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Figure 4.4 Images of the microplastic particles in Atlantic mackerel, 1) transparent fibre, 

2) black fibre, 3) black fibre verified as polyester, 4) blue fragment verified as 

polypropylene/polyethylene, 5) blue fragment verified as polypropylene, 6) blue fragment 

verified as polypropylene/polyethylene, 7) blue fragment verified as polyethylene, 8) black 

fibre 

4.3.1 Particle length distribution  

The average microplastic particle length in Atlantic mackerel was 1134 µm (range 100-

4250 µm). The particle length in blue whiting was on average slightly longer (3086 µm, 

range 320-7497 µm) (Table 4.2). The smallest length class in Atlantic mackerel (Figure 

4.5) contained the most particles (n=4), while blue whiting had one particle in each 

detected size classes (Figure 4.5) 
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Figure 4.5 The distribution of microplastic particles by length classes in Atlantic mackerel 

and blue whiting. The smallest detection size by the current methodology is estimated to be 

100 µm and thus acts as a starting point for the smallest size class.  

4.3.2 Particle colour distribution  

The microplastic particles were divided into colour classes (black, red, green, blue and 

transparent). Both blue whiting and Atlantic mackerel had particles from three colour 

classes but had only one colour class, black, in common. The particles in blue whiting were 

evenly distributed (Figure 4.6) while 50% of the detected particles in Atlantic mackerel 

were blue (Figure 4.6). 
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Figure 4.6 Relative distribution of microplastic particles in Atlantic mackerel (n=8) and 

blue whiting (n=3) by colour class 

4.3.3 Particle type distribution  

The microplastic particles were divided into type classes (beads, fragments and fibres). 

Beads were not present in any samples, while fragments and fibres were found in both fish 

species (Figure 4.7). 

 

Figure 4.7 Relative distribution of microplastic particles in Atlantic mackerel (n=8) and 

blue whiting (n=3) by type 
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For Atlantic mackerel, one particle was verified as polyester (HQI=90.59), two as 

polypropylene (HQI=84.47 and HQI=86.78) and two as polypropylene/polyethylene 

(HQI=85.28/84.65 and HQI= 85.28/84.92) while three particles remained unidentified 

(Figure 4.8). For blue whiting, one particle was verified as polypropylene (HQI=83.96) 

while two particles remained unidentified (Figure 4.8).  

 

Figure 4.8  Relative distribution of microplastic particles in Atlantic mackerel (n=8) and 

blue whiting (n=3) by polymer type 

4.4 Microplastic occurrence in contamination controls   

The contamination controls, including a procedural blank and an air contamination control 

for each of the nine batches contained in total of 44 particles, of which 30% were found in 

procedural blanks and 70% in air contamination controls. 98% of the particles were fibres. 

No beads were found in the contamination controls. The majority of the particles were blue 

and black (Figure 4.9). Particles in contamination controls matching the colour and shape 

of particles found in their corresponding batch were analysed with Raman spectroscopy 

and of these 19 particles, 11 were identified by polymer. Six of the identified particles 

were microplastics (PP/PE, PES), while the other five were cotton fibres (Figure 4.9). 

Eight particles remained unidentified due to factors complicating the Raman analysis, 

discussed further in section 5.4. 
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Figure 4.9 Relative distribution of microplastic particles (n=44) in contamination controls 

by colour and polymer type 

 

41 

34 

11 

7 5 2 

41 

26 

11 11 11 

0

5

10

15

20

25

30

35

40

45

B
lu

e

B
la

ck

R
ed

G
re

en

P
u

rp
le

Tr
an

sp
ar

en
t

N
/A

C
o

tt
o

n P
L

P
P

/P
E

P
E

Particle colour Particle polymer type

D
et

ec
ti

o
n

 f
re

q
u

en
cy

 %
 





47 

5 Discussion 

5.1 Microplastic occurrence in Northeast Atlantic fish  

Microplastic occurrence in Northeast Atlantic fish varies between locations, species and 

research methodology ranging from not detected (Rummel et al., 2016) to 62 % (Barboza 

et al., 2020) (Table 2.2). As discussed in section 2.4.3, the comparability between studies is 

low due to inconsistent methodology used in microplastic research. However, studies do 

give insights on microplastic ingestion rates locally and species-specifically.  

In the present study, detected microplastic occurrences including and excluding fibres in 

Atlantic mackerel (12% and 6%) and blue whiting (7.5% and 2.5%) are in a similar range 

with results from other studies conducted on the same species in the Northeast Atlantic. 

Previous research on Atlantic mackerel in the Northeast Atlantic measured microplastic 

occurrences of 17.7 % (Rummel et al., 2016) and <1 % (Foekema et al., 2013), and not 

detected in blue whiting (Murphy et al., 2017). Limited research on microplastics in 

Icelandic fish exists, but a study in Icelandic waters found occurrences in cod (21.5%) and 

saithe (17.4%) that were slightly higher than in the fish investigated in the present study 

(Vries, 2020). A large-scale study on mesopelagic fish conducted in the oceanic part of the 

Northeast Atlantic found occurrences ranging from 2.8% in Mueller's pearlside 

(Maurolicus muelleri) to 22% in glacier lantern fish (Benthosema glaciale) (only including 

fish species with n>15) (Lusher et al., 2015b). All studies mentioned here included fibres 

with contamination correction, except Foekema et al., (2013) which excluded all fibres due 

to their high presence in contamination controls. 

5.1.1 Influence of feeding habitat and strategy on microplastic 

occurrence  

It is uncertain whether differing feeding strategies or habitats (depth in the water column) 

affect the microplastic occurrence in fish. For example, some studies have observed higher 

microplastic occurrence in demersal compared to pelagic fish species (Murphy, Russell, 

Ewins, & Quinn, 2017; Jabeen et al., 2017). In contrast, other studies did not find any 

significant differences (Lusher et al., 2013; Neves et al., 2015; Phillips & Bonner, 2015) or 
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showed the opposite results with higher microplastic occurrence in pelagic compared to 

demersal species (Güven et al., 2017; Rummel et al., 2016). Furthermore, other factors, 

such as differing microplastic concentrations between sampling sites and different feeding 

strategies between species might affect the results.  Thus, it is difficult to draw conclusions 

on the impact of feeding habitat on microplastic ingestion.  

In the Northeast Atlantic, microplastics have been found both in epipelagic (e.g., Rummel 

et al., 2016) and mesopelagic species (Lusher et al., 2015b). The present study was 

designed to answer whether microplastic occurrence is affected by the different feeding 

strategies and/or feeding depths of Atlantic mackerel and blue whiting. Atlantic mackerel 

is an epipelagic species feeding at 0-40m depths and utilizing both filter and selective 

particle feeding strategies (Nøttestad et al., 2016; Pepin et al., 1988) while blue whiting is a 

mesopelagic species feeding at 100-600m depths and mostly targeting prey items that are 

too big to be consumed by filter feeding (FAO, 2020b; Heino & Godø, 2002). Some 

studies suggest that filter feeding fish and fish feeding close to the sea surface might be 

more vulnerable to ingest microplastics (Rummel et al., 2016). For example, Rummel et 

al., (2016) found mackerel to have a higher microplastic occurrence and contain more 

particles per individual than non-filter feeding species. Furthermore, microplastics might 

accumulate more on the sea surface and thus the interaction between microplastics and fish 

might be higher for species feeding on the surface than for species feeding deeper in the 

water column (Davison and Asch 2011; Lusher et al., 2015b). These findings suggest that 

Atlantic mackerel could be more vulnerable to ingest microplastics compared to blue 

whiting. While a higher occurrence was observed in Atlantic mackerel (12% and 6%, 

including/excluding fibres) than in blue whiting (7.5% and 2.5%), no statistical analyses on 

differences in ingestion rates were conducted due to few microplastic observations (n=8 

and n=3 in Atlantic mackerel and blue whiting, respectively). Furthermore, the samples 

were caught at two different locations. The blue whiting individuals that contained 

microplastics were caught northeast of Iceland and the majority of Atlantic mackerel that 

contained microplastics (7 out of 8 samples) were caught south of Iceland. Thus, no 

conclusions can be drawn from the differences in microplastic occurrence between the two 

species, since the influence of location cannot be eliminated.  

The factors influencing microplastic occurrence are not well known and the results from 

studies investigating them differ. Thus, more research is needed in order to understand the 
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differences in microplastic occurrence between species with different feeding habitats and 

feeding strategies. Furthermore, there is only a handful of studies focusing on microplastic 

ingestion by mesopelagic species, including two in the North Atlantic (Lusher et al., 

2015b; Wieczorek et al., 2018) and two in the North Pacific Gyre region (Boerger et al., 

2010; Davison and Ash, 2011). Vertically migrating mesopelagic species contribute to the 

transportation of carbon and other nutrients and thus might act as a transport mechanism 

for microplastics from the epipelagic zone to the deep sea. Thus, it is important to study the 

differences in microplastic occurrence in mesopelagic fish along with epipelagic and 

benthic species.  

5.1.2 Influence of fish gut fullness on microplastic occurrence 

Some studies have found full fish guts to contain more microplastics than half-full and 

empty ones, implying that the retention time of particles is similar to food (Bråte et al., 

2016). This is also supported by the low number of ingested particles per fish suggesting 

that the particles are excreted quickly after ingestion (Foekema et al., 2013; Garnier et al., 

2019; Güven et al., 2017; Phillips & Bonner, 2015). For example, studies in the Northeast 

Atlantic have found average particle numbers among fish that had ingested microplastics to 

be not more than 1.4-1.9 particles/fish (Foekema et al., 2013; Lusher et al., 2013; Murphy 

et al., 2017; Vries et al., 2020). The results from the present study with average 

microplastic numbers of 1.3 and 1.0 for Atlantic mackerel and blue whiting, respectively, 

further support these findings and the theory that microplastics have a short retention time 

in fish (section 2.4.1). However, other studies did not find any relationship between gut 

fullness and microplastic occurrence, supporting the opposing theory that microplastics are 

not excreted as fast as food (Vries, 2020; Wieczorek et al., 2018).  

The results of this study showed higher microplastic occurrence rates for half-full (15% 

and 9% including/excluding fibres) than full (7.4% and 3.7%) guts. However, the gut 

fullness was roughly estimated by visual inspection and the differences between half-full 

and full stomachs could sometimes be difficult to state clearly. Furthermore, the 

microplastic occurrence in half-full and full stomachs cannot be compared to empty 

stomachs due to their very low sample size (n=3). More research is needed to determine 

whether the digestion state affects microplastic occurrence and to research microplastic 

retention time in fish. 
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5.1.3 Influence of geographical location on microplastic occurrence  

The method setup was designed to answer whether the microplastic occurrence in Atlantic 

mackerel and blue whiting differs between two currents, the East Icelandic Current and the 

North Atlantic Drift (Figure 3.1). As discussed in section 2.2.3, there is only a small 

amount of data available on microplastic concentrations in Icelandic waters and thus 

neither known whether there are differences in surface and sub-surface microplastic 

concentrations or compositions between the two currents. However, some hypotheses can 

be postulated from previous studies in the North Atlantic.  

The North Atlantic drift carries water from the Atlantic Ocean through The North Atlantic 

Gyre, which encompasses the North Atlantic convergence zone with high marine plastic 

concentrations (Law et al., 2010; Poulain et al., 2018). Microplastics accumulated within 

this area might be transported into Icelandic waters via the North Atlantic drift. However, 

there are no studies measuring microplastic concentrations in surface and sub-surface 

water columns in Icelandic waters. Furthermore, the Arctic Intermediate Water is formed 

by Atlantic water entering the Nordic seas through the Faroe-Iceland Ridge and Faroe-

Shetland Channel, where it mixes with freshwater deposits from land and enters the East 

Icelandic Current (Logemann et al., 2013; Orvik, et al., 2001; Stefánsson & Ólafsson, 

1991). In addition to the five convergence zones by the main ocean gyres, marine plastics 

have been found in the Arctic Ocean, the Greenland Sea and the Barents Sea (Cózar et al., 

2017). The fragmentation and weathering of plastic particles found in this area where few 

local sources are present suggest that the particles originate from distant sources (Cózar et 

al., 2017). Thus, it seems that microplastics can be transported long distances by currents, 

and from urban areas to remote locations. Accordingly, the Nordic Seas and East Icelandic 

Current might have a microplastic concentration comparable to the North Atlantic Drift in 

the South of Iceland due to their comparable distances to potential urban sources.  

While the microplastic occurrence for Atlantic mackerel was higher in waters south of 

Iceland and for blue whiting in waters northeast of Iceland, no statistical analyses on 

differences in ingestion rates were possible due to few microplastic observations (n=11). 

Furthermore, the two species have different feeding depths and thus no conclusions can be 

drawn from the differences in microplastic occurrence between the locations, since the 

influence of the feeding depth cannot be eliminated.  
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More research is needed in order to understand the differences in microplastic 

concentrations and ingestion rates between different currents and locations. Determining 

possible hot spots for microplastic pollution around Iceland might provide useful 

information to develop the waste management policies and raise public awareness. 

5.2 Microplastic particle characteristics in Northeast 

Atlantic fish  

5.2.1 Microplastic particle polymer types  

Table 5.1 presents common microplastic polymer types found in the Northeast Atlantic 

fish, all of which are produced in large quantities and used in a wide variety of products 

(Table 2.1). It should be noted that the percentages of polymer types displayed in table 5.1 

are not fully comparable since different studies have used varying criteria for the chemical 

identification library search, with  Hit Quality Indexes (HQI) ranging from 40% (Rummel 

et al., 2016) to 70% (Bergmann et al., 2017). Furthermore, the majority of the studies using 

FTIR or Raman spectroscopy do not describe the library search variables or mention the 

accepted HQI.  
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Table 5-1. Plastic polymer types and their relative propotions of the total particles verified 

as plastics in Northeast Atlantic fish 

Study Polymer 

type 

Percentage of 

total particles 

verified as 

plastic 

polymers 

Present study  PP    50 

 PP/PE    33 

 PES    17 

Rummel et al., 2016 PE 40 

 PA 22 

 PP 13 

 PS 9 

 PET 4 

 PES      4 

 PUR 4 

Foekema et al., 2013  PE 33 

 PP 33 

 PET 17 

 SA 17 

Murphy e al., 2017 PA 68 

 PET 18 

 PMMA 11 

 PP 1 

 PET&PP 1 

Bråte et al., 2016 PES 38 

 PP 13 

 PVC 13 

 PS 6 

 Teflon 6 
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 Nylon 6 

 PE 6 

 Others 13 

Morgana et al., 2018 PES 34 

 PMMA 24 

 PA 21 

 PE 17 

Barboza et al., 2020 PE 80 

 PES 19 

 Rayon 1 

Vries, 2020 PP 67 

 PE 33 

 

In the present study, the particles verified as microplastics contained polypropylene (50%), 

polypropylene/polyethylene (33%) and polyester (17%). For the particles referred as 

polypropylene/polyethylene, it was not possible to determine the polymer type between 

these two types since their HQI:s were too close to each other. Polypropylene and 

polyethylene are used for example in bottle caps, food containers, detergent bottles and 

packaging films (Table 2.1). Polyester fibres are used in textiles and is also a common 

polymer in the fishing industry applications, such as fishing nets (Pruter, 1987, as cited in 

Lusher et al., 2013). 

As seen in table 2.1, polyester has a higher specific gravity (1.38 g/cm
3
) than 

polypropylene (0.90-0.92 g/cm
3
) and polyethylene (0.91-0.97 g/cm

3
). The specific gravity 

for sea water is around 1.025 g/cm
3
 depending on the temperature and salinity, which 

means that of the found plastic polymers, polypropylene and polyethylene are more likely 

to float while polyester is more likely to sink in the marine environment. Thus, it could be 

hypothesized that blue whiting and other mesopelagic species feeding deeper in the water 

column would have higher ingestion rates of polyester while Atlantic mackerel feeding on 

the surface waters would contain more polypropylene and polyethylene. Yet, the results 

showed that blue whiting contained at least one PP/PE particle and one PES particle was 
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found in Atlantic mackerel. However, no statistical analyses on differences in ingestion 

rates of different polymer types were possible due to few microplastic observations (n=11)  

and small sample sizes (n=40 and n=50). Furthermore, only 55% of the found particles 

were successfully verified as plastic polymers by Raman spectroscopy and thus the results 

provide only an indicative overview of the plastic polymer distribution. It is also important 

to note that marine microplastic particles undergo biofouling which affects their buoyancy 

and thus alters their vertical distribution. 

5.2.2 Microplastic particle type, size and colour  

As mentioned earlier, microplastic research lacks a common agreement on how to address 

fibers due to their high ability to contaminate samples. To prevent and track contamination, 

different preventive measures and control samples are used but there is not yet a good 

consensus on contamination control procedure that is sufficient enough for including fibers 

in results. Thus, comparison between studies is difficult. However, studies on microplastic 

occurrence in the Northeast Atlantic fish that have included fibers have found that the 

percentage of fibers was considerably higher than other particle types (Barboza et al., 

2020; Lusher et al., 2013; Murphy et al., 2017). Another common particle type in the 

Northeast Atlantic fish is fragments while beads are not common (Barboza et al., 2020; 

Lusher et al., 2013; Rummel et al., 2016). These findings are in line with a large-scale 

microplastic study in the Northeast Atlantic sub-surface waters where fibers represented 

95.9 % of the detected microplastics and preproduction resin pellets were absent (Lusher et 

al., 2014). The results of the present study are also in line with Lusher et al., (2014), fibers 

and fragments being the only microplastic types detected.   

The majority of the studies on microplastic occurrence in the Northeast Atlantic fish have 

reported black or blue as the most common particle colour (Lusher et al., 2013; Murphy et 

al., 2017; Neves et al., 2015; Vries, 2020). Furthermore, blue microplastics have been 

reported as the most abundant in the water column and in sediment samples in the 

Northeast Atlantic (Lusher et al., 2014; Woodall et al., 2014). The results of the present 

study are in line with these studies, black and blue being the most common particle 

colours.  

As discussed in section 2.4, studies on microplastic occurrence in fish have used different 

mesh sizes in the sample filtration (Table 2.2) which complicates the comparisons of 
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particle sizes between studies. However, there are some indications that microplastic 

abundance increases with decreasing particle size, a phenomenon reported in studies 

quantifying the particle abundance in the water column (Enders, Lenz, Stedmon, & 

Nielsen, 2015) as well as in fish (Wieczorek, et al., 2018). For example, Enders et al., 

(2015) reported a microplastic size range of 7 µm to 1 mm with particles of 10-20 µm 

being the most abundant in the Atlantic Ocean. However, the lower size limit was 10 µm 

leaving out particles smaller than this. In the present study, the most common size class 

was the smallest class (100-300 µm).  

Fish utilizing visual predation might be prone to ingest microplastic particles of specific 

type, size and colour (Barboza et al., 2020; Sá et al., 2015). For example, species feeding 

on small prey with an elongated shape might be more susceptible to feed on small fibers 

than species with bigger target pray (Barboza et al., 2020). It could be hypothesized that 

Atlantic mackerel, being able to utilize filter feeding, would thus be less selective in 

regards of microplastic colour and type than blue whiting. On the other hand, blue whiting 

feeds at deeper depths with less light and lower colour contrast and thus might not be able 

to effectively discriminate pray colour. However, no statistical analyses on differences in 

microplastic type, size and colour between the species were possible due to few 

microplastic observations. Furthermore, other factors, such as the physical features of 

gastrointestinal tracts might affect the retention times of microplastics and thus contribute 

to differences in microplastic type compositions found in different species (Barboza et al., 

2020). 

5.3 Method limitations  

As mentioned in section 2.4.1, contamination during sample processing is a great concern 

in microplastic research. The present study was conducted in a small-scale laboratory with 

limited resources which prevented implementation of some contamination prevention 

measures. Working in a clean bench environment was not possible, which resulted in high 

microfibre occurrence in contamination controls. As a consequence, the number of 

detected fibres has larger uncertainty than the number of detected fragments and thus the 

results are reported both including and excluding fibres. Furthermore, some of the plastic 

equipment was not replaceable and thus posed an excess risk for contamination.  
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The initial plan was to digest only the contents of the fish guts to avoid filter clogging. 

However, during pretrials it became evident that scraping the gut contents with the tools 

available was time consuming and the samples were exposed to air and thus contamination 

for a significantly long time. Thus, it was decided to digest the guts as wholes. To prevent 

clogging, an additional sieve was used in the filtration process to remove the non-digested 

organic matter prior to filtration through small-pore sized glass fibre filters. This improved 

the filtration success but also posed a risk for losing microplastic particles during the 

process. The excess material on the sieve was visually examined, but due to the organic 

material disturbing the identification process, it is possible that some particles were lost. 

Furthermore, some sample residue was consistently stuck on the jar and filter beaker walls 

and thus some particles might have been lost during other steps of the process.  

Due to logistical and financial constraints, the visual identification of microplastic particles 

was completed by only one person without prior experience or special training. The visual 

identification of fibres is difficult, and even scientist specialized in microplastics come up 

with different recommendations on how to define a plastic fibre. Furthermore, some 

particles might not have been found in the samples and thus were excluded from the 

analysis. For some of the samples, the aluminium foil used as a lid was partly corroded by 

KOH resulting in small foil fragments in the samples, which complicated the visual 

identification. While small foil fragments are considerably easy to recognise, their 

presence in the samples makes the process slower. The corrosion did not cause holes in the 

foil lid and thus did not result in further air contamination risk.  

The coffee filters used in water filtration have a pore size around 10-20 μm and thus 

microplastic particles smaller than that had the potential to end up in the KOH solution or 

in the jars or other equipment during their cleaning process and thus contaminate samples. 

However, the detection limit in this study was 100 μm, and thus particles smaller than that 

were not relevant. 

The microfibre filters used in the filtration had a pore size of 2.7 μm, meaning that any 

particles smaller than that were lost in the process. However, during the visual analysis 

performed by stereomicroscopy, it became evident that particles smaller than 100 μm are 

difficult to identify as plastic particles with the equipment available and thus the detection 

limit in this study was set to 100 μm.  
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Visually identified particles were sent to Nýsköpunarmiðstöð Íslands in Reykjavik for 

identification by Raman spectroscopy. During the transport, three particles were lost and 

could not be found from the sample filters. Of the particles analysed by Raman 

spectroscopy only 43% were successfully identified. While Raman spectroscopy is 

considered as an effective way to identify microplastics, there are factors that complicate 

the identification process. Firstly, the fibers are thin and one of them was burnt by the laser 

used in acquiring the vibration spectrum and thus could not be identified. Secondly, most 

of the particles were covered with biological matter, which can interfere with the 

vibrational spectrum. Likewise, the background material, in this case glass fiber filters 

made of borosilicate glass, can interfere with the spectrum. Thirdly, the microplastic 

particles found in fish samples and treated with KOH are most likely weathered, which can 

complicate the spectrum acquiring and library search. While databases for weathered 

plastic polymers do exists, all particles weather differently and thus it is unlikely that these 

databases are comprehensive.  To verify the identification of the particles not verified as 

plastic polymers by Raman spectroscopy, a dual visual identification would be 

recommended. However, it was not possible for this study due to financial and time 

constraints.  

5.3.1 Effectiveness of the contamination protocol  

As discussed in section 2.4.1, contamination control is a crucial part of microplastic 

research, especially in small-scale laboratories and when clean bench environment is not 

accessible. As seen in Figure 5.1, contamination control was required for both blue whiting 

and Atlantic mackerel samples. For blue whiting, the uncorrected microplastic occurrence 

was 23% and the corrected occurrence 7.5%. For Atlantic mackerel, the uncorrected 

microplastic occurrence was 38% and the corrected occurrence 16%. It seems that for blue 

whiting, the contamination preventive measures were slightly more effective, which can be 

explained by their smaller size (length and weight) compared to Atlantic mackerel. The 

smaller size allowed easier and faster processing and thus shorter exposure time to air 

contamination.  
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Figure 5.1 Uncorrected vs corrected microplastic occurrence in Blue whiting and Atlantic 

mackerel 

Figure 5.1 demonstrates the importance of contamination control especially for fibres, 

which made up the majority (98%) of the particles found in contamination controls. Fibres 

are known to be easily transported by air due to their small size and light weight and they 

are abundant in human living environments and thus contamination is difficult to avoid 

(Torre et al., 2016). While the contamination preventive measures can be expected to 

reduce contamination, it is evident that they do not prevent all contamination, 

demonstrated by the microplastic presence in the banks.  

The particle colours varied more in contamination controls than in blue whiting and 

Atlantic mackerel, having six colour classes that were not observed either in blue whiting 

or Atlantic mackerel. Purple particles were observed in contamination controls but not in 

blue whiting or Atlantic mackerel. The only particle colour observed in contamination 

controls and in both sample species was black. The proportions of black particles were 

similar in contamination controls (34%), blue whiting (33%) and Atlantic mackerel 

samples (33%). The proportions of blue particles were similar in contamination controls 

(41%) and Atlantic mackerel samples (50%).  

The plastic particle polymer types were similar in contamination controls and in both fish 

species. PP/PE was the most common plastic polymer in contamination controls (22%), 
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blue whiting (50%), and Atlantic mackerel (33%). For the particles referred as PP/PE, it 

was not possible to determine the polymer type between these two types since their HQI:s 

were very close to each other. However, 26% of the identified particles in contamination 

controls were verified as cotton fibres, while in blue whiting and Atlantic mackerel this 

was not observed. It is less likely that any of the non-identified fibres found in fish were 

cotton since cotton fibres biodegrade significantly faster than plastic polymers both in land 

and in aquatic environments (Li, Frey, & Browning, 2010; Zambrano et al., 2019), and 

thus their abundance in the marine environment is suspected to be low compared to 

microplastics. It should be noted, however, that the polymer type comparison is only 

descriptive, since only 43% of particles were successfully identified by Raman 

spectroscopy.  

Comparison of the particle colours and polymer types in contamination controls and 

sample species shows that there are proportional differences between the samples and 

contamination controls. This suggests that the contamination protocol was effective despite 

limitations by the laboratory design. The lack of beads and low occurrence of fragments in 

the contamination controls indicates that the contamination protocol was successful in 

eliminating contamination by these particle types. In contrast, preventing fibre 

contamination requires more resources, such as a clean bench and air environment. 

Furthermore, comparing the uncorrected occurrence percentages with the corrected 

percentages, it is evident that without the contamination protocol the results would be 

overestimating the amount of microplastics. 

5.3.2 Future method improvements 

In addition to answering the research questions, this study aimed to improve the alkaline 

digestion method in small-scale laboratories. As discussed above, the microfibre 

contamination was an issue despite contamination preventive measures. When 

implementing the methodology in small-scale laboratories in the absence of clean bench 

environment (e.g. fume hood with laminar air flow), the contamination control protocol is 

vital for reliable results. Furthermore, preventive measures should be taken seriously, and 

the sources of possible contamination should be identified and minimized prior to the 

process. The surfaces should be free from any excess items and thorough cleaning with 

paper towels and for example isopropyl alcohol should be done before and after each 
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sample processing step. The tools used in fish dissection should be examined under a 

microscope prior using to make sure they are free of microplastic particles. To avoid 

carrying microfibers to the laboratory, the 100% natural fibre clothes should be recently 

washed and treated for example with a lint roller.  

To avoid filter clogging, a longer incubation time (>3 weeks at room temperature), 

incubation at higher temperature in an oven, or using 20% KOH might improve the 

digestion of biological material. Digesting the gut content instead of the whole gut system 

would probably result in more effective digestion. However, dissecting the gut and 

scraping the contents exposes the samples to air for a longer period and thus the 

contamination risk increases which should be taken into consideration in the study design. 

To further improve the filtration, filters with bigger pore size could be used. While this 

could possibly result in the loss of smaller particles, the identification of very small 

microplastic particles is already limited by the visual identification limits of a 

stereomicroscope. For example, the smallest particle identified with a stereomicroscope in 

this study was 100 µm. Furthermore, the usage of a 1 mm pore sized sieve as a first 

filtration step was found to be efficient in preventing the filter clogging.  

To prevent the loss of particles, all the excess material on the sieve and the sample residue 

in case of filter clogging should be examined under a microscope. Alternatively, the 

residue should be re-filtered over another filter. For the visual identification, training of 

personnel will improve the identification process making it faster and more precise. This 

was not feasible within the present study due to financial and travel restrictions. 

Furthermore, replacing the aluminium foil for covering the samples with for example metal 

lids without plastic seals might simplify the identification process.  

To maximize the ability of Raman spectroscopy to identify particles, it is advised to avoid 

any excess organic material on the background. Moving the suspected particles to another 

surface, for example on two-sided tape, instead of leaving them on the filters could 

therefore facilitate the identification. However, it is difficult to move small microplastic 

particles and there is a risk of losing them during the process. For the library search, 

running the spectrums through all available databases, including ones of weathered plastics 

might improve the chance of identifying the particle, but this requires more time and 

financial resources than was available.  
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5.4 Management actions on marine plastics  

The results of the present study provide the first record of microplastic occurrence in the 

gastrointestinal tracts of Atlantic mackerel and blue whiting in Icelandic waters. As well, 

microplastics have been found in cod and saithe in Iceland (Vries et al., 2020). Thus, 

microplastics should be considered when assessing environmental threats to Icelandic fish 

stocks. More research is needed to do an environmental assessment for any given stock.  

Measures to manage microplastic pollution are considered both globally and locally by 

different governmental bodies and non-governmental organizations. While some measures 

target litter and other types of pollution as a whole, some specifically target marine litter, 

marine plastics and marine microplastics in terms of reducing their sources and impacts, 

monitoring their abundance, and removing them from the marine environment. The list of 

management measures described below is not comprehensive but provides an overview of 

the global and more local strategies to tackle plastic pollution.   

The Honolulu strategy, a global framework for prevention and management of marine 

debris, was developed by the United Nation Environmental Programme (UNEP) and the 

U.S. National Oceanic and Atmospheric Administration (NOAA) in 2011. The strategy 

provides a framework for developing marine litter projects and programs, for sharing 

practices and monitoring progress of the management measures (Shevealy, Courtney & 

Parks, 2012). The main goals are to reduce the amount and impact of land and sea-based 

sources of marine litter and accumulated litter in the marine and coastal environment 

(Shevealy et al., 2012). 

The EU Plastics Strategy adopted in 2018 includes measures to reduce microplastic 

emissions by working with REACH to restrict the addition of microplastics to products, 

investigating policy options for reducing unintentional release of microplastics, introducing 

measures to decrease plastic pellet spillage and evaluating the Urban Waste Water 

Treatment Directive in terms of microplastic capture (“Communication from the 

Commission”, 2018). In addition to directly targeting microplastics, the strategy includes 

other management approaches related to microplastics, such as measures to reduce 

macroplastic pollution and actions to monitor marine litter. The EU Marine Strategy 

Framework Directive, implemented in 2008, aims to protect the marine environment in 

Europe and among other targets, recognises marine litter as an issue. The directive states 
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that each member state shall develop a strategy for its marine waters and lists the Northeast 

Atlantic as one of the European marine regions to be protected. The report on the first 

implementation cycle of the Marine Strategy Framework Directive conducted in June 2020 

concluded that regardless being comprehensive and ambitious, the directive needs to be 

strengthened in order to tackle the issues threatening the marine environment, including 

marine plastic pollution (EU Coastal and Marine Policy, 2020).  

The OSPAR Convention for the Protection of the Marine environment of the Northeast 

Atlantic facilitates the cooperation and brings together the EU member states and 

neighbouring countries, including Iceland. Among other objectives, OSPAR aims to 

reduce marine litter and has developed a Regional Action Plan for Marine Litter (RAP 

ML) for 2014-2021. The RAP ML consists of national and collective actions to reduce 

land and sea-based sources of marine litter, educational and outreach programs and marine 

litter monitoring and removal actions (Action Plan for Marine Litter, 2020). By the end of 

the implementation period in 2021, a review on the effectiveness of the RAP ML will be 

conducted and an updated plan developed.  

The Nordic Council of Ministers facilitates the inter-governmental co-operation in the 

Nordic countries. The Nordic Ministers of Environment and Climate declared a call for a 

global agreement to combat marine plastics and microplastics in 2019. The declaration 

states that the rapidly increasing levels of marine macro- and microplastics is a serious 

threat to the marine environment and coastal economy and that action is urgently needed to 

prevent further discharge of marine plastics and calls for monitoring and assessment of 

marine litter sources and amounts and the development of a global agreement to take 

action in an integrated manner (Nordic Ministerial Declaration on the Call for a Global 

Agreement to Combat Marine Plastic Litter and Microplastics, 2019). 

The Protection of the Arctic Marine Environment Working Group (PAME) is an Arctic 

Council working group focusing on the protection and sustainable use of the Arctic marine 

environment. PAME is developing a Regional Action Plan (RAP) on Marine litter led by 

Arctic countries and working groups, including Iceland and OSPAR. The RAP will focus 

on Arctic-specific marine litter sources and pathways and aim to reduce the negative 

impacts of marine litter, including microplastics (PAME, 2020). 
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6 Conclusion  

This study adds to existing evidence that microplastics are eaten by epi- and mesopelagic 

fish species and provides the first record of microplastic occurrence in the gastrointestinal 

tracts of Atlantic mackerel and blue whiting in Icelandic waters. The microplastic 

occurrences were 12% and 6% including/excluding fibres for Atlantic mackerel and 7.5% 

and 2.5% for blue whiting. The average number of particles among the individuals that had 

ingested microplastics were 1.3 particles/individual in Atlantic mackerel and 1.0 

particles/individual in blue whiting.  

The study setup was designed to answer whether the different feeding strategies, feeding 

habitat, gut fullness, or catch location influence the microplastic occurrence in Atlantic 

mackerel and blue whiting in Icelandic waters. While some differences were observed, the 

number of detected microplastic particles was too low to answer these research questions.  

More research is needed in order to study the influences of different variables on 

microplastic occurrence in epi- and mesopelagic fish species.  

The alkaline digestion method was found to be an efficient method in microplastic research 

in small-scale laboratories. Some improvements, such as longer incubation time and pre-

filtration with an extra sieve are recommended to avoid filter clogging. Regardless of the 

high contamination risk in microplastic research, the present study confirmed that 

microplastic analyses can be performed in small-scale laboratories if the quality assurance 

and contamination control is well planned and followed. However, working in a clean 

bench environment is highly recommended when possible. For studies performed with 

limited resources it is also recommended to report results both including and excluding 

fibres.  
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Appendix B 

The data sheet used for the data analysis is presented here with ten example rows. The two 

tables should essentially be added on to each other from left to right.  

Table 1 Data sheet used for the data analysis, part 1/2 

Fish ID Species  Batch Station Location Length_cm Weight_g 

1 whiting 1 A8-2019-344 Northeast 27.6 113.2 

2 whiting 1 A8-2019-344 Northeast 27 136.1 

3 whiting 1 A8-2019-344 Northeast 29.3 139.5 

4 whiting 1 A8-2019-344 Northeast 29 211.9 

5 whiting 1 A8-2019-344 Northeast 27.5 116.2 

6 whiting 1 A8-2019-344 Northeast 28.1 164.3 

7 whiting 1 A8-2019-344 Northeast 27.1 141.8 

8 whiting 1 A8-2019-344 Northeast 26.8 106.4 

9 whiting 1 A8-2019-344 Northeast 27.5 123.2 

10 whiting 1 A8-2019-344 Northeast 27.3 133.2 
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 Table 2 Data sheet used for the data analysis, part 2/2 

Gut 

weight_g 

Gut 

fullness  

Notes Procedural 

blank 

Air 

contamination 

Plastic 

prencence 

Particle 

amount 

4.6 Full  1B 1A Yes 1 

6.8 Half-full  1B 1A No 0 

6.5 Half-full  1B 1A No 0 

6.2 Half-full  1B 1A No 0 

6.4 Full  1B 1A No 0 

7.3 Full  1B 1A No 0 

6 Half-full  1B 1A No 0 

4.1 Half-full  1B 1A No 0 

5.8 Half-full  1B 1A No 0 

5.1 Half-full  1B 1A No 0 

 

 

 



81 

Appendix C 

The Raman spectra fitted in with the library search matches for particles that were verified 

as plastic polymers. 

 

Figure 1 Particle 3, a green fragment verified as polypropylene/polyethylene 

 



82 

 

Figure 2 Particle 6, a black fiber verified as polyester 

 

Figure 3 Particle 7, a blue fragment verified as polypropylene/polyethylene 
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Figure 4 Particle 8, a blue fragment verified as polypropylene 

 

Figure 5 Particle 9, a blue fragment verified as polypropylene/polyethylene 
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Figure 6 Particle 10, a blue fragment verified as polypropylene/polyethylene 

 

 

 

 

 

 

 

 

 

 


