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Abstract 

In the 1950s, plastic became a revolutionary new material due to its durability, flexibility, 

low costs, lightweight and corrosive resistance. Unfortunately, some plastics end up in the 

marine environment making up between 60-80% of the marine litter. Although the fishing 

industry has been, and still is, an important economic factor in Iceland, research related to 

marine litter in the marine food web around Iceland is very limited. This study is the first 

to investigate the occurrence of microplastics in cod (Gadus morhua) and saithe 

(Pollachius virens) from the west coast of Iceland. The stomachs and intestines of the fish 

were processed using an alkaline digestion (KOH) method, where the digested sample was 

filtered before visual analysis with a stereomicroscope. A total of 85 samples (39 cod and 

46 saithe) were analysed. Observed microplastic particles were categorised as fragments, 

sheets, beads, or fibres, measured in the longest diameter, and described by colour. Results 

from the visual analysis were analysed by fourier-transformation infra-red (FTIR). The 

occurrences of microplastic were 20.5% and 17.4% for cod and saithe, respectively. No 

correlation was found between the presence or amount of microplastics between the 

species, length, weight, condition index, gut fullness or catch location. This indicates that 

microplastics in the fish are not 100% excreted, and microplastic occurrence may not relate 

to trophic levels of species although further research is required to confirm this.  

Útdráttur 

Á sjötta áratugnum kom plast fram á sjónarsviðið sem byltingarkennt nýtt efni sem var 

endingarmikið, sveigjanlegt, ódýrt, létt og þolið gegn tæringu. Því miður berast sum 

plastefni til sjávar og er plast um 60-80% af rusli í sjó. Þrátt fyrir að sjávarútvegur hafi 

lengi verið og sé enn mikilvægur þáttur í efnhagskerfi Íslands eru rannsóknir á 

plastmengun í fæðukeðju sjávar ennþá á byrjunarstigi. Þessi rannsókn er sú fyrsta til að 

kanna umfang örplastmengunar í þorski (Gadus morhua) og ufsa (Pollachius virens) við 

vesturströnd Íslands. Fiskmagar og -þarmar voru meðhöndlaðir með basísku niðurbroti 

(KOH aðferð) og melt sýni voru síuð fyrir skoðun með smásjá. Í heildina voru 85 sýni 

greind, þar af 39 sýni úr þorsk og 46 sýni úr ufsa. Örplastagnir voru flokkaðar sem brot, 

plötur, perlur eða þræðir, mældar út frá lengsta þvermáli og lýst út frá lit. Flokkaðar agnir 

voru nánar greindar með innrauðri Fourier ummyndun (FTIR). Örplast fannst í 20,5% 

þorska og 17,5 % ufsa. Engin fylgni var milli viðveru eða magns örplasts í tegundunum 

tveimur og lengdar, þyngdar, holdastuðuls, magafylli eða veiðistaðsetningar. Þetta bendir 

til þess að örplastið í fiskunum sé ekki losað að fullu með úrgangi og að mögulega tengist 

umfang örplasts ekki fæðuþrepum tegunda þó nánari rannsóknir séu nauðsynlegar til að 

staðfesta það.   
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Foreword 

For my entire life I have lived along the coast. The dynamics of the sea are astonishing, 

sometimes the waters are completely still and suddenly change into a roaring whirl of 

water. I started my Water Management bachelor in Vlissingen, the Netherlands, in 2012. 

Throughout my studies my interests were always focussed on coastal systems, which 

finally led me after the completion of my bachelor to the master program in Ísafjörður in 

Coastal and Marine Management in 2017. When thinking of pristine environments Iceland 

is a perfect picture. It looks rough and dynamic, where the elements are constantly at play. 

The ocean currents also allow for very good fishing grounds, which is one of the main 

economies in Iceland. During the Marine Pollution course, I came into closer contact with 

microplastics in the marine environment. Looking at research done in Iceland there was 

very little to be found, and nothing on plastic interaction with fish. Working out the finer 

details with my supervisor Pernilla Carlsson, lecturer of the Marine Pollution course and 

researcher at NIVA in Norway, this thesis project was realized in cooperation with the 

Marine Research Institute of Iceland in Ísafjörður. The thesis is aimed mainly at a 

scientific audience, but also for anyone interested. The report is intended as a baseline 

study of microplastic occurrence in fish in Icelandic waters, establishing a protocol easy to 

be used in small-scale laboratories, and to spark new interests and ideas for further 

research and management implications regarding plastic.  

 

Adriana Neeltje de Vries, Terneuzen, the Netherlands, February 27, 2019 
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1 Introduction 

Since the 1950s large scale production of plastic for use as a replacement for traditional 

materials has expanded immensely (UNEP, 2016). The interest in plastics is primarily due 

to the durability, flexibility, low cost, lightweight, and corrosive resistance of the material 

(Li, Tse, & Fok, 2016). In 2017 production reached 348 million tonnes, and is expected to 

continue to increase, potentially doubling by the year 2025 (PlasticsEurope, 2018). If well 

managed this would not be a problem, however with the increased production more 

plastics have entered into the oceans. It has been estimated that around 4.8-12.7 million 

tonnes of plastic debris washed out into the oceans 2010 (Jambeck, et al., 2015). 

Plastics make up 60-80% of the litter in the marine environment (Derraik, 2002), and can 

be a threat to for example the tourism industry as it pollutes the scenery, leading to high 

economic losses (Krelling, William, & Turra, 2017). Besides socio-economic factors, 

biological consequences have also been observed. Organisms that encounter plastic debris 

may become entangled, often leading to reduced fitness and mobility. Moreover, plastics 

are often accidentally ingested by marine organisms, which may lead to digestive 

problems, reduced food intake and often complete loss of appetite (Laist, 1987).  

Until now most research on marine plastic worldwide has been focussed on birds with fish 

species in second place followed by turtles and marine mammals in terms of published 

articles worldwide (Provencher, et al., 2016). Research on birds, marine mammals and 

turtles seem to resonate stronger among the public and gets therefore more general 

attention. A report on the occurrence of microplastics in marine species in Nordic waters 

found that there is a large knowledge gap in research related to microplastics in fish in this 

area (Bråte, et al., 2017). Additionally, they found that there were very few studies on 

microplastic ingestion by bivalves and other invertebrates in the Nordic environment. 

Research related to debris in the marine food web around Iceland is quite limited, however 

interest seems to be growing. Within the government the Minister of the Environment 

wants to make marine plastic pollution a topic of discussion (Minister of the Environment, 
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personal communication, January 11, 2018), and is looking into ways of dealing with 

plastics before it enters the oceans.  

Previous research in Iceland has focused on plastic occurrence in the Northern Fulmar 

(Fulmarus glacialis) (Kühn & Van Franeker, 2012), which has become the standard for 

monitoring of plastic pollution within OSPAR (Jónsdóttir, 2018). Also, research regarding 

marine litter along the shorelines of Iceland (Ástþórsson, 2017) and from sewage treatment 

plants have been conducted (Magnusson, et al., 2016). Currently, the occurrence of 

microplastics in mussels at different locations around Iceland is conducted by the 

Environment Agency of Iceland (Halldór Pálmar Halldórsson, Ph.D., personal 

communication, September 13, 2018), and there is wide interest to look into starting up 

more projects related to microplastics research (Jóhann Garðar Þorbjörnsson, Ph.D., 

personal communication, September 11, 2018). All in all, there are increasing efforts to 

understand the extent of the marine (micro)plastics pollution and impacts in Icelandic 

waters.  

1.1 Research questions and aims 

This study will fill part of the knowledge gap regarding plastics and marine life by looking 

at two commercial fish species from the west coast of Iceland. The main research question 

to be addressed in the study is “What is the microplastics occurrence in Atlantic cod 

(Gadus morhua) and saithe (Pollachius virens) from the west coast of Iceland?”. 

In the completion of the study the following aims will be addressed: 

- Apply a recognized analytical protocol based on the digestion of biological tissue 

by means of an alkaline solution, and compare this to a manual dissection-sieving 

method.  

- Investigate whether species, and biological factors such as length, weight, condition 

of the fish and gut fullness are related to the amount and/or category type (fibre, 

fragment, bead or sheet) of microplastics found in the guts of the fish.  
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In order to fulfil the aims the following subsidiary questions are formulated to be answered 

in the course of this report: 

1. Is microplastic present in the stomachs of cod and saithe from the western areas of 

Iceland? 

2. Is there a significant difference in amount and/or category type of microplastics 

found in the stomachs between the fish species? 

3. Is there a significant difference in the amount of microplastics and/or category type 

of plastic found between catch areas? 

4. Does length of the fish have a correlation with the amount and/or category type of 

microplastic found? 

5. Does weight of the fish have a correlation with the amount and/or category type of 

microplastic found? 

6. Does the condition index have a correlation with the amount and/or category type 

of microplastic found? 

7. Does the gut fullness have a correlation with the amount and/or category type of 

microplastic found? 

8. What is the relative distribution of the colour of the particles observed in each of 

the species? 

9. What type of microplastics are found in each species? 

10. What are the pros and cons of the digestion-filtration method and the dissection-

sieving method? 

1.2 Hypotheses 

Regarding the aims of the study it is (i) expected that the digestion-filtration method will 

be more effective and efficient to work with in microplastics research compared to the 

manual dissection-sieving method. (ii) That the largest fishes will contain the highest 

number of particles. Additionally, (iii) less healthy fish (those with a lower condition 

index) will contain more particles than a healthier fish, and (iv) that a full fish stomach will 

have more particles than an empty fish stomach.  
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1.3 Purpose of the study 

Besides elaborating on the findings of the study and evaluating the status of the 

microplastics in these fish species to neighbouring areas in the North Atlantic, the purpose 

of this thesis is to elaborate on potential improvements to the alkaline digestion method 

applied in this research. Additionally, elaboration on the qualitative exploration of the use 

of either the alkaline digestion-filtration method compared to that of the manual dissection-

sieving method will provide an overview which of the methods might be considered for 

different kinds of microplastics research. Finally, this study gives insight into the 

importance of the use of a contamination protocol in a limited technological equipped 

laboratory. The application of this protocol has proven viable and easy to apply in the 

setting of this research and can easily be applied and/or incorporated in different 

microplastic research projects. 
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2 Theoretical Framework 

2.1 The Icelandic waters 

2.1.1 Oceanographic features 

Iceland is surrounded by a shelf, located at 400-500m depths. It is the narrowest off the 

south coast and relatively broad off the west, north and east coasts (100-150km). Iceland is 

situated on top of the Mid-Atlantic Ridge, which includes to the south the Reykjanes Ridge 

that separates the Icelandic Basin from the Irminger Sea, and to the north continues in the 

Kolbeinsey Ridge (Figure 1). The Kolbeinsey Ridge stretches to the Jan Mayen Fracture 

Zone. Iceland is separated from the Norwegian Sea to the east by the Iceland-Faroe Ridge, 

which is connected to the Iceland-Jan Mayen Ridge in the north. These oceanographic 

features influence the circulation and water mass distribution around Iceland. (Astthorsson, 

Gislason, & Jonsson, 2007) 

2.1.2 Ocean circulation 

Icelandic waters are influenced by three hydrographic regimes (Figure 1) (Parsons & Lear, 

2001). The Atlantic inflow from the south is characterized by high temperatures, 

Figure 1: The main ocean surface currents and 

oceanographic ridges in Icelandic waters. Red 

indicates Atlantic water, dark blue polar water, 

and light blue mixed cold waters. The yellow 

arrows represent the coastal clockwise current. 

(Vilhjalmsson & Sigurjonsson, 2002). 
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strengthening stratification. Polar conditions from the north provides cold fresh surface 

water with a strong salinity-based stratification. Lastly, the Arctic conditions in the north 

have a less pronounced intermediate salinity maximum causing a weak stratification 

(Parsons & Lear, 2001).  

The Irminger Current splits of the northwest of Iceland into two, leading a small portion of 

the Atlantic water past the Denmark Strait to the North Icelandic Irminger Current. The 

remainder of the Irminger Current turns west and flows along the south of Greenland. The 

North Icelandic Irminger Current flows eastward along the north and east shelf of Iceland. 

Originating in the north is the East Greenland Current and the East Icelandic Current. The 

East Greenland Current is cold fresh polar water transported along the southeast of 

Greenland. The East Icelandic Current is characterized by being a mixture of cold waters 

from the north. Finally, along the Icelandic coast a clockwise gravity driven (forced by the 

Coriolis effect) flow is located closely to the shores. Circulation around Iceland can 

change, especially in the north relative strength varies over the years. The Atlantic water in 

the south and west is more stable. As the water masses originate from different regions 

their oceanographic properties differ to each other. (Vilhjalmsson & Sigurjonsson, 2002; 

Astthorsson, et al., 2007) 

2.1.3 The marine ecosystem 

Interplay of oceanographic features, currents and mixing of different water masses, and the 

substrate diversity (Figure 2) give rise to a variety of habitats for different species to utilize 

(ICES, 2017). Primary production is higher in the south compared to the north and higher 

closer to land than farther offshore because of warmer temperatures and upwelling of 

nutrients. Consequently, zooplankton mass is larger in Atlantic waters south of Iceland as 

well. This creates a simple bottom-up controlled food chain in the north and east of Iceland 

from a mixture of phytoplankton to mainly the zooplankton Calanus spp., capelin 

(Mallotus villosus) and cod (Gadus morhua). Less is known about the more complex 

ecosystem structure off the south coast of Iceland. Within the entirety of Icelandic’s marine 

ecosystem capelin is the most important pelagic stock, while in the demersal fish stocks 

cod is the most important. Spawning grounds of most (exploited) fish stocks are in the 

southern waters while the nursery grounds are along the northern coast. Large mammals, 

such as whales, and seabirds are important components of the marine ecosystem too. 

Along the Icelandic waters some of the largest seabird populations reside. (Dignan, et al., 

2016) 
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Figure 2: The major habitats in the different ecoregions in Icelandic waters formed by 

various geomorphic and substrate characteristics. (ICES, 2017) 

Atlantic cod (Gadus morhua) 

The cod residing in Iceland is the common Atlantic cod found in the North Atlantic and 

Arctic (Figure 3) (FishBase, 2018a). Cod in Iceland is considered a local stock with limited 

drift out of the area and some inflow from Greenland (Dignan, et al., 2016). Subtle 

difference of distribution on a more local scale is usually related to prey distribution rather 

than temperature (FAO, 2018a). Currently the Atlantic cod is listed as vulnerable in 

Europe under the IUCN red list, however, this status assessment requires updating (Sobel, 

1996). As will be explained later in ‘2.2.2 Icelandic cod fisheries’ the Icelandic stock is 

well managed and in good conditions. 
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Figure 3: Distribution range of the Atlantic cod in the North Atlantic and Arctic. The 

southern limit in North America being North Carolina and in Europa the Bay of Biscay in 

Spain. Red indicates higher densities than yellow. (Reyes, 2016) 

The Atlantic cod (Figure 4) is a marine benthopelagic species and has a depth range from 

0-600m (FishBase, 2018a). Their temperature range is between 0-15°C, but often larger 

individuals are found in colder waters of 0-5°C. Although classified as a marine species it 

can tolerate a wide range of salinities from nearly fresh water to regular oceanic water 

(FAO, 2018a). 

 
Figure 4: Atlantic cod (Gadus morhua). (IQS, 2015) 

In Iceland the 11-year-old cod, oldest year-group investigated have an approximate length 

of 100 cm (Gunnarsdóttir, 2017). In a study using data from the spring and autumn surveys 

executed by the Icelandic Marine and Freshwater Research Institute (Hafrannsóknastofnun 

(hereafter referred to as MFRI) 1993-2001 indicated an average length of 58.8 cm and an 

average weight of 1651 grams (Eyjólfsson, et al., 2001).  

Spawning sites are usually found offshore at or near the bottom, at 50-200m depth with 

temperatures ranging from 0-12°C but preferably 0-6°C (FishBase, 2018a; FAO, 2018a). 

The spawning period for Atlantic cod occurs during December until June with local 

variation depending on water temperatures (FAO, 2018a). Habitat preference is not the 

same between adults and juveniles. Adults can be found along the shoreline and down to 

the continental shelf in a wide range of habitats (FishBase, 2018a). Juveniles, ranging up to 
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25cm, prefer a more complex habitat structure in the sublittoral at depths <10-30m with for 

example seagrass, gravel, rocks or boulders to protect against predators. 

Cod is classified as an omnivorous feeder. The larvae and post larvae feed on plankton, 

while the older juveniles mainly feed on invertebrates (FAO, 2018a). Crustaceans make up 

about 90% of the diet of juvenile cod. Adult cod feed on both invertebrates and fish 

(FishBase, 2018a; FAO, 2018a). Capelin, herring and shrimp are often major part of the 

cod’s diet (Dignan, et al., 2016). Juvenile cod are predated on by larger fish species, among 

which also the adult cod, and seabirds (FishBase, 2018a). Adults are generally the prey of 

larger marine mammals such as whales (Sigurjónsson & Víkingsson, 1997) and seals 

(Hauksson & Bogason, 1997). 

Saithe (Pollachius virens) 

The saithe (Pollachius virens), also known as pollock, can be found in the North Atlantic 

(Figure 5 and 6) (FishBase, 2018b). This overlaps with the distribution of Atlantic cod, 

which is logical as saithe is part of the same family as the cod and their preferences are 

similar to each other. Saithe is less common at its southern and northern most limits. 

Around Iceland it is known to show minimal migration to the Faroe Islands and east 

Greenland (ICES NWWG, 2018). The IUCN has currently no evaluation on the status of 

saithe. In Icelandic waters saithe is in good conditions due to the extensive fisheries 

management as is described in ‘2.2.3 Icelandic saithe fisheries’. 

 
Figure 5: Distribution range of saithe in the North Atlantic and Arctic. The southern limit 

in North America being North Carolina and in Europa the Bay of Biscay in Spain, 

overlapping with the Atlantic cod but less common at the outer ends of its geographical 

range. Red indicates higher densities than yellow. (Reyes, 2009) 

Saithe is a marine pelagic species often found both in coastal and offshore areas at depths 

less than 200m (FAO, 2018b). In the Icelandic fisheries however, it is classified as a 
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groundfish species, meaning a fish that lives mainly at the bottom of the ocean (IQS, 

2015). Saithe is smaller than the Atlantic cod. It has a maximum recorded length of 130 

cm, but are in general around 60cm (FishBase, 2018b).  

 
Figure 6: Saithe (Pollachius virens). (IQS, 2015) 

Spawning generally occurs off the south and southwestern coast of Iceland (Dignan, et al., 

2016). Saithe in Icelandic waters generally spawn from late January until the middle of 

March (Armannsson, et al., 2007). The young, 2-3 years old, remain in shallow waters, 

while the older individuals move to deeper offshore areas (FAO, 2018b).  

Younger individuals feed upon small crustaceans and small fish in inshore areas (FishBase, 

2018b). The larger fish prey mainly on other fish and crustaceans in the pelagic region 

(Cargnelli, et al., 1999). Larger fishes and marine mammals are common predators on 

saithe. 

2.2 Icelandic fisheries management 

Iceland has a well-established management of the commercial fisheries, based on marine 

policies that are specified in legislation. The responsibility lies with the Ministry of 

Industries and Innovation as the management organization (Dignan, et al., 2016). The 

Directorate of Fisheries has the task of implementing fishery regulations on behalf of the 

Ministry. Enforcement of the regulations is done by the Icelandic Coast Guard out to the 

border of the 200 nautical miles Exclusive Economic Zone. Monitoring of the stocks is 

conducted by MFRI, which forwards their advice on the management of the stocks to the 

ministry. Additionally, the International Council for the Exploration of the Sea (ICES) 

provides consultations on many stocks too, including the Icelandic cod and saithe stocks. 

The Ministry of Fisheries and Agriculture uses this advice to determine the Total 

Allowable Catch (TAC) for each fishing season (September to August) (Dignan, et al., 

2016). Stocks are further managed through a fishery management plans that describes the 
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TAC in an Individual Transferable Quotas (ITQs) system, area closures and mesh size 

regulations. In the ITQ system each vessel is assigned a quota share (%) in each stock, and 

the annual allowable catch (tonnes) for the vessel from each stock is obtained by 

multiplying the TAC with the vessel’s quota share (Responsible Fisheries Iceland, 2018). 

Quotas (share or allowable catch) can then be transferred between vessels to promote 

equitable distribution of the TACs, and therefore increase profitability in the industry.  

Before 1975 there was no property right-based fisheries management system in Iceland 

(Arnason, 1996). Individual Quotas (IQs) were introduced in the herring fishery in 1975 

which was made transferable in 1979. Similarly, in 1980 capelin became managed by the 

IQ system, and turned into ITQs in 1986. Other fisheries followed, and with the Fisheries 

Management Act of 1990 all Icelandic fisheries were combined to form one ITQ system for 

all commercial fish species, with only minor exceptions for community quotas and the 

summer inshore handline fishery (Arnason, 1996). With the transferable quota system in 

place the fishing sector has seen an increase in streamlining of the industry, more efficient 

operations, increased productivity and improved profitability among the fishing companies 

(Hreinsson & Bender, 2015). However, there is also evidence of increased debt within the 

sector. 

2.2.1 Economic importance of the Icelandic fisheries 

Since the settlement of Iceland, fisheries have played an important role in the survival and 

thriving of the Icelandic community. This is still seen today as generally each town has at 

least one link to the fishing industry, directly or indirectly. In a report by Hreinsson & 

Bender (2015) state that in 2014 the fisheries, which include the actual fisheries, 

aquaculture and fish processing plants, contributed a total of 8.4% to the Icelandic GDP. 

Including industries that are indirectly linked to the fishing industry the GDP increased to 

between 25-30% (Sigfusson & Gestsson, 2012). In the total share of export value of 2014 

the fisheries (23%), of which cod is by far the species with the highest export value, were 

behind the tourist industry (28%), which has increased in the last two decades (Hreinsson 

& Bender, 2015). The export of fish mainly goes to the United Kingdom (40.648 million 

ISK) which is 17% of the total, followed by Russia (23.982 million ISK) with 10% of the 

total value of exported fish (Hreinsson & Bender, 2015). 
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2.2.2 Icelandic cod fisheries 

Cod has been and still is the most valuable species within the Icelandic fisheries 

(Hreinsson & Bender, 2015) As the cod is a local stock it is managed as a single unit 

(Dignan, et al., 2016). In the fishing year 2018/2019 the TAC is set at 212,045 (Fiskistofa, 

2018). Following developments in the spawning stock closely during annual scientific 

surveys the TAC is adjusted to account for the stock dynamics. The fishing gear that is 

mainly used nowadays in the cod fishery is the demersal trawl (45% of the catch in 2015), 

followed by the long liners (35% of the catch in 2015) (Figure 7) (Dignan, et al., 2016). 

During the 1980s and 1990s gillnet was used more than long lines, which switched near the 

end of the 1990s and early 2000s. 

 
Figure 7: Catch of cod divided up per fishing gear from 1980 until 2015 (Dignan, et al., 

2016). 

The major bycatch species in the Icelandic cod fishery summed up from catches of the 

main fishing gears used (bottom trawl, longline, gillnet, handline and Danish seine) are: 

golden redfish (Sebastes marinus), saithe, haddock (Melanogrammus aeglefinus), 

Greenland halibut (Reinhardtius hippoglossoides), deep sea redfish (Sebastes mentella), 

greater argentine (Argentina silus), ling (Molva molva), Atlantic wolffish (Anarhichas 

lupus), starry ray (Amblyraja radiata), plaice (Pleuronectes platessa), lemon sole 

(Microstomus kitt), witch flounder (Glyptocephalus cynoglossus) and dab (Limanda 

limanda) (Dignan, et al., 2016). 
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2.2.3 Icelandic saithe fisheries 

The TAC for saithe in the fishing year 2018/2019 is set at 66795 tonnes (Fiskistofa, 2018). 

The condition of the stocks is closely monitored by the research institutes associated with 

the Icelandic Fisheries Management and the TAC adapted accordingly. The major part of 

the saithe landings nowadays is caught with bottom trawl (Dignan, et al., 2017). This has 

been the main gear type used in the fisheries for a long time as can be seen in Figure 8. In 

the 1980s a large part of the catch was caught with gillnets but this has changed over the 

course of the 1990s.  

 
Figure 8: The major gear types used in the saithe fishery from 1980 to 2015. (Dignan, et 

al., 2017) 

As the main fishing gears used in the saithe fishery are not highly selective on species, as is 

also the case in the cod fisheries mentioned previously, the bycatch is varied. The main 

bycatch species summed up from the major fishing gears used are the same species as for 

the cod fisheries (Dignan, et al., 2017). 

2.3 Plastic and the Marine Environment 

2.3.1 Production, types and usage 

In their short time of existence plastics have become an indispensable part of human 

society. Production of plastics has increased exponentially since the 1950s (UNEP, 2016; 

Lusher, et al., 2017), mostly as a response to the increasing demand for strong, durable, 
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light weight and cheap material (Li, et al., 2016). Figure 9 shows the increase in plastic 

production since 1950 until 2016 worldwide and in Europe. This, however, does not 

include fibres of polyethylene terephthalate (PET), Polyamides (PA), polypropylene (PP) 

and polyacryl (Statista, 2018). The largest producer of plastics is China which accounts for 

approximately 25% of the global production. 

 
Figure 9: The global and European plastic production from the 1950s until 2016 in 

million metric tons. Excluding PET, PA, PP, and polyacryl fibres. (Statista, 2018) 

The term plastic refers to a group of synthetic polymers (UNEP, 2016), of which common 

examples are PET, polyethylene (PE), PP, polyvinyl chloride (PVC), and polystyrene (PS). 

Plastics can be divided into two types depending on what heating does to the structures: 

plastics which can be repeatedly moulded, known as thermoplastics and those that cannot 

be reformed after heating, called the thermosets (PlasticsEurope, 2018). Their application 

is highly varied, ranging from medical products, clothing and textile material, fisheries and 

aquaculture equipment as well as electrical safety materials, cosmetic products, packaging, 

and thermal insulation material (UNEP, 2016; Lusher, et al., 2017). Table 1 is a summary 

of Table 1 from Li, et al. (2016) indicating some of the most common plastic types with 

their specific gravity and general usage. 
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Table 1: List of common plastics found in the natural environment, their specific gravity 

and type of usage. Plastics with a specific gravity >1.03 will sink in natural seawater of 

3.98 degrees Celsius. The list is a shortened version of Table 1 included in Li, et al., 

(2016). 

Plastic type Specific 

gravity 

Application 

Polyester (PES) 1.40 Fibres, textiles 

Polyethylene terephthalate 

(PET) 

1.37 Carbonated drink bottles, peanut butter jars, 

plastic film, microwavable packaging, tubes, 

pipes, insulation moulding 

Polyethylene (PE) 0.91-0.96 Wide range of inexpensive uses like 

supermarket bags, plastic bottles 

High-density polyethylene 

(HDPE) 

0.94 Detergent bottles, milk jugs, tubes, pipes, 

insulation moulding 

Polyvinyl chloride (PVC) 1.38 Plumbing pipes and guttering, shower 

curtains, window frames, flooring, films 

Low-density polyethylene 

(LDPE) 

0.91-0.93 Outdoor furniture, siding, floor tiles, shower 

curtains, clamshell packaging, films 

Polypropylene (PP) 0.85-0.83 Bottle caps, drinking straws, yogurt 

containers, appliances, car bumpers, plastic 

pressure pipe systems, tanks and jugs. 

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

tableware, disposable cups, plates, cutlery, 

CD, cassette boxes, tanks, jugs, building 

materials (insulation) 

High impact polystyrene 

(HIPS) 

1.08 Refrigerator liners, food packaging, vending 

cups, electronics 
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Polyamides (PA) (nylons) 1.13-1.35 Fibres, toothbrush bristles, fishing lines, 

under-the-hood car engine mouldings, making 

films for food packaging 

Acrylonitrile butadiene styrene 

(ABS) 

1.06-1.08 Electronic equipment cases like computer 

monitors, printers, keyboards, drainage pipe, 

automotive bumper bars 

Polycarbonate (PC) 1.20-1.22 CD, glasses, riot shields, security windows, 

traffic lights, lenses, construction materials 

Polycarbonate/acrylonitrile 

butadiene styrene (PC/ABS) 

n.a. A blend of PC and ABS that creates a stronger 

plastic. Used in car interior and exterior parts 

and mobile phone bodies. 

 

2.3.2 Sources and pathways to the marine environment 

Sources of marine plastics 

Plastics can be categorised into classes based on size from macro- (>5mm), micro- (<5 mm 

-0.1µm) to nanoplastics (0.1µm-100nm) (Lusher, et al., 2017). In general, the origin of 

plastics can be roughly divided into ocean and land-based sources. Approximately 80% 

comes from land-based sources and 20% from ocean-related sources (Li, et al., 2016). 

Microplastics can come from primary or secondary sources. Primary sources originate 

from the manufacturing of plastics while secondary sources come from degradation and 

damage to larger pieces of plastics. Examples of primary sources are mainly in use for air 

blasting media to clean surfaces, in cosmetics and as drug vectors in medicine (Li, et al., 

2016). Secondary sources can be from any larger piece of plastic where weathering causes 

a breakdown into smaller particles. 

Pathways of plastics in the marine environment 

Pathways for plastics from land to enter the oceans are mainly run-offs into river systems 

draining into the ocean, and sewage systems. Magnusson, et al. (2016) compared Nordic 

treatment systems on their plastic particles (>300µm) removal efficiency. Systems 

evaluated in Sweden and Finland use chemical and biological treatment while in Iceland 

the highest amount of treatment in sewage systems is mechanical. As a result, 
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concentrations of retained microplastics in Swedish and Finnish treatment systems were 

significantly higher than in Iceland. This showed that addition of chemical and biological 

treatment of sewage retains more plastic particles in their sludge. However, if the sludge is 

used as fertilizer the plastic particles will be added to the natural environment despite its 

previous retention. Therefore, the authors suggest that efforts to reduce the microplastics to 

the environment should be addressed at its source which in this case is mainly the 

households.  

Plastics originating from sea sources have a relatively short pathway in which what is lost 

or discarded immediately ends up in the marine ecosystem. There is also speculation about 

a third pathway in which especially small sized microplastic particles can be transported 

over long distances, namely via the large atmospheric circulation. A study looking at the 

concentrations of particles in snow fall in European cities and in the Arctic in the vicinity 

of the Fram Strait indicated that there is a potential for atmospheric transportation as the 

fresh samples contained microplastics (Bergmann, Mützel, Primpke, Tekman, & Gerdts, 

2019).  

Environmental fate of marine plastics 

Once plastic has entered the marine environment the degree to which plastics get degraded 

as well as whether they sink, float or are ingested by organisms depends on the 

characteristics of the plastic in question and the environmental conditions which they 

encounter. Some plastics such as PET and PVC have a higher density than seawater, while 

others have a lower density such as PE, PP and EPS (UNEP, 2016). Plastics in Table 1 that 

have a specific gravity higher than 1.03 will sink in natural seawater of 3.98 °C. About 

60% of the produced plastic (data from 2007) that are commonly encountered in the 

marine environment have a lower density than seawater (Andrady, 2011). Degradation of 

plastics, which also influences the buoyancy of particles, can be caused by 

photodegradation, as well as by mechanical and biological degradation processes (UNEP, 

2016). Plastics that sink will end up at the seabed and can interact with the benthos. 

Organisms on or near the surface will interact with the floating plastics. Floating plastics 

are primarily moved along by the wind or surface currents (Kukulka, et al., 2012). 

Biofouling is the accumulation of microorganisms on wet surfaces. This can influence the 

sinking or floating of plastics as well (Thevenon, et al., 2014). 



 18 

As can be understood from this, predicting where plastic end up in the water column is an 

uncertain practice as it influenced by many different processes. On top of this, predictive 

models build based on surface tow data has been found to be underestimating plastic 

occurrence (Kukulka, et al., 2012). Normally when doing sea surface observations only the 

top layer, the first few centimetres, is sampled. However, research by Kukulka, et al. 

(2012) indicated with a model in combination with sampling tows at the surface and 

subsurface that microplastics are vertically distributed in the upper mixed layer. Another 

study showed that over a depth of 5m with 0.5m intervals the plastic concentration dropped 

exponentially with water depth (Reisser, et al., 2015) which is in line with what Kukulka et 

al. (2012) predicted with their model. 

2.3.3 Occurrence in the ocean and along the coastline 

Surface waters 

In the world ocean large-scale wind systems create currents in a certain direction which are 

deflected when the current meets land and starts to curve to finally end in a loop, the so-

called gyres. The water in a gyre is pushed towards a middle point under the influence of 

the Coriolis effect, and with it drags any floating object towards the centre too. This is 

therefore one of the hotspots to find a large accumulation of floating plastics in the surface 

waters of the ocean. In the Northern Atlantic Estimations show that 1100 tonnes of plastic 

might be afloat in the researched area, unfortunately the total surface area is not specified 

in the article (Law, et al., 2010). The research, spanned over a twenty-year period, 

indicated no increase in plastic concentration in the region of highest accumulation. It is 

suggested that the input is equal to the output of plastic to the region by means of processes 

that lead to fragmentation of plastics so that they are not caught with common sampling 

gear or that the formation of biofilms allows the plastics to sink. Additionally, they 

indicated that sediment traps under the centre of the high plastic region showed no 

evidence of plastics contributing significantly to the sinking materials at depths between 

500-3200m. They refer to research in the British Isles to Iceland where similar results were 

found that between 1960, 1970, 1980 and 1990 increases in plastic concentration were 

observed but afterwards not so much (Thompson, et al., 2004). 
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The North Atlantic is not the only ocean with gyres, they are found all around the world 

and the most well-known with regards to plastics research is the Pacific Gyre (Figure 10). 

The Great Pacific Garbage Patch located between California and Hawaii is formed due to 

pushing of the water to the centre of the gyre. Research estimates that between 45-129000 

tonnes of plastic are floating at the surface over an area of 1.6 million km
2
 with 

increasingly higher concentrations towards the centre (Lebreton, et al., 2017). 

Gyres are however not the only places where plastics might accumulate, although gyres are 

the places of highest concentration in the open ocean (Van Sebille, et al., 2015) (Figure 

10). It depends highly on the topography of the land surrounding the oceans, human factors 

such as urbanization and trade routes, or bathymetry of the seafloor. The Mediterranean 

with its long water exchange rate due to the shape of the basin has a high concentration of 

plastics 0.25 items/m
2
 (Cózar, et al., 2015). The Baltic sea has similar characteristics in the 

sense that the exchange rate with the North Atlantic water is limited, with a less urbanized 

coast but with significant shipping traffic. Concentrations in the Baltic in the water column 

were on average 0.40 ± 0.58 particles/litre (Bagaev, et al., 2018). It becomes evident here 

that throughout microplastics research there is no standardized recording of microplastics 

occurrence, as articles often use different units, which makes comparison difficult.  

Figure 10: The data 

displayed here is an 

accumulation of data from 

different international 

studies. At that point in 

time no data from the 

Arctic was available. The 

figure at the top (a) 

indicates amount per km
2
 

and the bottom figure (b) 

the weight in grams per 

km
2
. (Van Sebille, et al., 

2015) 
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Sediments and coastline 

Woodall et al. (2014) indicated that there is a large gap in the calculations of the amounts 

of plastic that enters the ocean compared to what has been observed in the marine 

environment. The authors have collected sediment samples from several deep-sea areas 

throughout the world at an average depth of 1000m. They found that there are relatively 

high concentrations of microplastics, namely fibres, in these deep-sea areas with on 

average 268 particles/litre. This is much higher than seen in the water column of the Baltic 

mentioned previously (Bagaev, et al., 2018) or the on average of 74 particles/litre found in 

shallow water sediments (Woodall, et al., 2014).  

Plastics are not only found in the deep sea and shallow water sediments, but also 

commonly washes ashore. Iceland has founded the Blue Army Association (Blái Herinn) 

in 1995, which has as main task to clear the ocean, coastlines and ports of Iceland of all 

kinds of contaminants. Over a period of 20 years (1995-2014) the association has 

recovered 1200 tonnes of marine pollution, and estimations are that there is about one 

tonne of trash per kilometre along the coastline of Iceland (Ástþórsson, 2017). During a 

beach clean-up at Bolungarvík beach on Hornstrandír in June 2018 a team of about 35 

volunteers collected a total of 9.5 tonnes of marine litter (Geir Geirssson, personal 

communication, June 28 2018). The large majority was from the fishing industry with 

mainly nets, buoys, and small pieces from onboard equipment (Figures 11). 
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Arctic Ocean 

Even in remote areas plastic particles have been recorded. The Arctic Region is one of 

those locations. In a report summarizing the research on plastics in the European Arctic it 

is mentioned that the warmer waters had more microplastics than cold, which could 

indicate a transportation of plastics with the warmer water currents that enter the Arctic 

Ocean (Hallanger & Gabrielsen, 2018). In the Barents Sea and off the coast of Greenland a 

median of 6300 particles/km
2
 (based on 17 net tows) has been recorded, which excluded 

fibres (Cózar, et al., 2017), although it is known that the microplastics in the surface and 

sub-surface are mainly made up of fibres (Lusher, Tirelli, O'Connor, & Officer, 2015). 

Besides floating around in the surface waters the plastics also get trapped in sea ice. A 

range of 38-234 particles per m
3
 (melted water) was found (Obbard, et al., 2014). As long 

as it is trapped in the sea ice it can be transported along with the ice as it moves around the 

Arctic Ocean (Peeken, et al., 2018), however, as soon as it starts to melt it will end up in 

the ocean and become available again for interaction with the marine ecosystem. 

Figure 11: (A) Collected litter other than the abundance of netting (picture Erik Hendrix). 

(B) Large fishing net found on Bolungarvík beach on Hornstrandír stuck between 

driftwood and stones (picture Anne de Vries). (C) Fishing rope and net stuck between 

driftwood high on shore (picture Lisa Vidal). (D) Transportation of the collected litter 

from the Nature Reserve Hornstrandír back to Ísafjörður for sorting and depositing 

(picture Geir Geirsson). 
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2.3.4 Socio-economic impacts 

Quantifying the impacts of plastics in the economy, socially and environmentally is 

difficult as although it is widely known as a problem the exact extend of the problem is 

still not easy to identify. Newman et al. (2015) has looked into which sectors where the 

costs are considerable and stated that sectors that those that have their main income from 

the coast such as aquaculture, fisheries, commercial shipping and coastal tourism but also 

land based sectors such as agriculture feel the most impact from marine littering. A study 

in the United Kingdom looked into the costs of fisheries and aquaculture, damage to 

fishing vessels, maritime sectors, coastal tourism, oil and gas, and health and safety (Lee, 

2015). The fishing and aquaculture sector saw the highest costs of an estimated 35.55 

million pounds, and the sectors together had a cost of 56.4 million pounds. 

Recently more effort has gone into allocating some of the costs to the users, producers and 

polluters. For instance, increase taxes or implement fees for tourists visiting a coastal area, 

although studies have shown the willingness of tourists to different areas various highly 

(Brouwer, et al., 2017). Another example can be to implement landfill taxes which in New 

Zealand for examples is calculated through to the households or businesses using the 

disposal facility systems (Newman, et al., 2015). 

The environmental impact play an important role in the socio-economic impacts as well 

due to the ecosystem services they provide. Sustainable fisheries for example require a 

healthy ecosystem for them to be able to thrive. Aspects that put stress on the ecosystem 

then can greatly affect the health of the system. There are not many studies that look into 

this specific connection between ecosystem services and marine plastic impacts, as 

Newman et al. (2015) identified. 

2.3.5 Environmental impacts 

As mentioned previously it depends highly on the characteristics of the plastic how it will 

interact with organisms. A literature review of articles regarding plastics and effects on 

marine organisms showed that up till then reports of 693 species were listed as having an 

encounter with marine plastics, 17% of the species affected by entanglement and ingestion 

were listed on the IUCN Red List as threatened or near threatened (Gall & Thompson, 

2015). It is a well-known picture to see a turtle, mammal or bird being stuck in a large 
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piece of netting (Figures 12 and 13) or beer can holders. These are the most noticeable 

effects of plastics on marine biota, and they often lead to reduced fitness, mobility and 

even death (Laist, 1987). Something smaller and less visible is the ingestion of particles by 

organisms. The size of a particle determines which sized organism will have the potential 

to ingested it (Laist, 1987). As this study mentions, ingestion of particles can cause 

digestive problems, reduced food intake and in severe cases complete loss of appetite.  

 

Microplastics in fish 

In relation to this thesis there are several studies which have addressed plastics in the 

digestive system of cod (Melvin, 2017; Liboiron, et al., 2016; Rummel, et al., 2016; 

Foekema, et al., 2013; Bråte, Eidsvoll, Steindal, & Thomas, 2016). Thus far the author has 

not come across any information about plastics in saithe in the literature. In Newfoundland, 

two separate studies were conducted using citizen science (Liboiron, et al., 2016; Melvin, 

2017). Liboiron et al. (2016) found a microplastic occurrence in 2.4% of the Atlantic cod 

analysed. Melvin (2017) also recorded similar results for cod, with plastics being found in 

Figure 12: Dead Arctic tern entangled in 

fishing gear. Picture by Governor of Svalbard 

(Barker, 2018) 

Figure 13: Two reindeer entangled in 

fishing gear whom died due to mobility 

restrains. Picture by Governor of 

Svalbard (Barker, 2018) 
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2.0% of fish guts sampled. On the other side of the North Atlantic in the North Sea a 

plastic occurrence in cod of 0% (Rummel, et al., 2016) to 13% (Foekema, et al., 2013) has 

been recorded. In the Baltic Sea an occurrence rate of 1.2% was observed (Rummel, et al., 

2016). Along the Norwegian coast 3% of the Atlantic cod has been found to have plastics 

in their guts, with a hotspot in the harbour of Bergen with 27% (Bråte, et al., 2016).  

Impact exposure to microplastics on organisms 

Plastics often contain a suite of other compounds to give desired properties to the product, 

such as phthalates, plasticisers and flame retardants. During weathering of the plastics and, 

as a process over time, these compounds might leach out to the surrounding marine 

environment. It depends highly on the type of plastic and additives, the environmental 

conditions acting on the degradation as well as the metabolism of the organisms whether 

they will show significant build-up in organisms (Hermabessiere, et al., 2017; Bakir, et al., 

2014). Until today there are three main pathways identified of potentially transferring 

additives from the plastics to the organisms (Hermabessiere, et al., 2017). The first one is 

through leaching of the additives into the marine environment which afterwards can be 

taken up by the organisms from the water. The second possibility is through the ingestion 

of a plastic particle and degradation inside the stomach releasing the additives to the 

organisms’ internal system. Plastics in the ocean might also act as a passive sampler of 

other compounds present in the water and thereby increase the content of a suite of 

hydrophobic compounds in the plastics that can be taken up by the organism when 

ingesting the particle or compounds can be absorbed by the plastic from the organism 

(UNEP, 2016). The effects of the release of harmful compounds from the plastics is still 

under debate. Laboratory research with a model fish species (Oryzias latipes) showed 

effects of hepatic stress (Rochman, Hoh, Kurobe, & Teh, 2013), however, in field studies it 

is argued that concentrations of plastics are not high enough to cause severe harmful 

effects to marine life (Koelmans, et al., 2014). In general, at this moment too little is 

known about these processes and effects. Further research on the subject is required. 
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2.4 Contamination control in research on 

microplastics 

Contamination from the surrounding air are of high concern in (micro)plastic analysis 

(Wesch, et al., 2017; Hermsen, et al., 2017; ICES CIEM, 2015). The main problem in 

microplastics research is the contamination of fibres from the working environment. As 

they are small and very light transportation through the air occurs easily. Research into the 

efficiency of different clean-air devices looked into background microfibre contamination 

(Wesch, et al., 2017). The authors compared an indoor laboratory, a mobile laboratory, the 

use of a fume hood and a clean bench (removing particulates from the surrounding air by a 

gentle laminar flow of the filtered air to transport it to suction slots). Results showed that 

only the clean bench reduced air contamination of fibres efficiently. Indoor laboratories 

without any air cleaning devices showed 95% of the samples to contain fibres, the mobile 

laboratory 89% and the fume hood 50%. The clean bench had a microplastic occurrence 

rate of 3.7% which is a large difference compared to the other sampled areas. The exposure 

time of samples did not have an influence on the amount of plastics observed. 

A study analysed the efficiency of different approaches easily applicable in the laboratory 

to minimize air contamination (Torre, et al., 2016). They looked into using a microscope 

cover and a glove-box and saw a significant reduction in both cases. With a microscope 

cover the average number of fibres reduced by 95.3% and 86.4% when a glove box was 

used in the sample processing. In this study there was also no dependency of exposure time 

on the amount of fibres observed in the samples.  

Besides air contamination, thought to be the major source of contamination, care must be 

taken during the handling and processing of the samples to minimize contamination. In 

microplastic research often precautionary measures are taken like wearing cotton clothing, 

cleaning work-space, using non-plastic material and minimizing handling steps to decrease 

risk of contamination (Dehaut, et al., 2016; Hermsen, et al., 2017; Melvin, 2017).  

All in all, it is evident that it is of high importance to construct a contamination protocol 

prior to performing a study on microplastics. The goal should be to minimize air 

contamination as much as possible and secondary to be able to account for contamination 

of the samples. 
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The remainder of the report will focus on the research executed to answer the main 

research question “What is the plastics occurrence in Atlantic cod (Gadus morhua) and 

saithe (Pollachius virens) from the west coast of Iceland?”.  
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3 Methods 

3.1 Sampling and study area 

The two target groups in this research are cod and saithe, caught along the west coast of 

Iceland. Saithe were collected as part of the groundfish survey in March on board MFRI‘s 

R/S Árni. A bottom trawl was used, with a mesh size of 36mm. The sampling was 

conducted from Reykjavik up to the southern parts of the Westfjords. The cod guts were 

sampled in July during a sampling campaign by MFRI in cooperation with the local 

fishermen, by means of a commercial Danish seine with 135mm mesh size. The cod were 

collected from one location due to time strain and logistic challenges. Locations of 

collection are indicated in Figure 14. During the gut collection the same fish labelling 

scheme was applied as is in use by MFRI to be able to reference the guts back to the 

individuals’ measurements from the MFRI database. 

 
Figure 14: Sampling locations for cod and saithe. Saithe was collected from a total of 9 

stations during the groundfish survey by MFRI in March. The cod were collected from one 

location at the Westfjords Fishing Grounds during a sampling campaign by MFRI in July. 

Made with QGIS 3.4.1. 



 28 

3.2 Collection of fish guts for microplastic analysis 

The Fish ID, blank number (see 3.8 Quality Assurance), catch date, and station number or 

location were recorded in situ. During the research cruise, when possible, the length and 

weight were recorded as well to be able to cross check later with the MFRI database. 

While collecting cod guts the length and weight were recorded immediately, as these were 

unable to be retrieved from the MFRI database. Thereafter, the guts were cut out at the 

throat and the anus, wrapped in aluminium foil and put inside a plastic bag to be frozen 

until further processing. 

3.3 Gut digestion and filtration 

The guts were processed in batches of approximately ten samples at a time. Firstly, the 

samples were thawed for generally two hours in water. The 10% potassium hydroxide 

(KOH) solution was prepared with tap water prefiltered over coffee filters. Secondly, the 

stomach and intestine of the fish were separated from the rest of the guts, weighed in 

grams, and judged on gut fullness as empty, half or full before placing in a jar (Figure 15). 

 
Figure 15: The preparation of samples for the addition of the 10% KOH solution. On the 

left the plastic bags with aluminium wrapped stomach are thawing. Next to it are some jars 

cleaned with tap water and covered with aluminium foil to prevent air contamination. To 

the right of the weighing scale an environmental control can be seen for verification of air 

contamination. The weight of the gut sample was recorded so the correct amount of KOH 

solution could be added. 
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In the description by Foekema, et al. (2013) a ratio of 1:3 (sample:KOH v/v) was used. In a 

pretrial it became evident that the ratio of 1:3 was not efficient enough to digest the entire 

sample, likely due to the high load of biological material. A trial with 1:6 showed that this 

would sufficiently digest the biological tissue and provide the possibility to process a 

sufficient amount of samples. The KOH solution was added to the jar in at approximate 1:6 

(weight-based ratio). However, at times this was not possible due to the size and limited 

amount of the jars, even though the samples were split over multiple jars when possible. 

Finally, the samples were placed in an oven for 24 hours at 60°C (Figure 16).  

Figure 16: The oven used in 

the digestion process set at 

60°C and left for 24 hours.  
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After removing the samples from the oven, they were left to cool down a bit before adding 

citric acid of 7.7 grams per 100ml 10% KOH solution to neutralize the solution in order to 

make the filtration process easier (C.J. Thiele, personal communication, July 19, 2018). 

This extra step was decided to be added since in the pretrial the filters clogged quickly. 

The samples were placed in a dark storage space at room temperature to allow the residue 

to settle for approximately 24 hours. Following, the samples were filtered over glass fibre 

filters (GF/D: pore size 2.7µm with 47mm diameter) by decanting the solution to the point 

where the filters were observed to start clogging. Figure 17 shows the filtration set with 

vacuum pump used in this study, and in Figure 18 a batch of samples ready for filtration. 

The filters were then placed in a sterile petridish stored until visual analysis could be 

performed.  

  

Figure 17: The filtration unit 

used in the digestion-filtration 

method. On the left the vacuum 

pump is visible, and to the front 

the six filtration nozzles with 

beakers fixed on top. The beakers 

were covered with aluminium foil 

to prevent air contamination. 
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Figure 18: Setup of the samples for the filtration process. On the left there are some 

samples that had to be divided over multiple jars, as far as possible these would be 

filtrated over one filter but sometimes required multiple filters as well. A process blank 

control is shown to the complete left of the row of samples. 

An overview diagram of the gut digestion-filtration method is shown in Figure 19. 

Figure 19: The process of the 

digestion-filtration method displayed in 

a diagram. First the samples and KOH 

solution are prepared, followed by the 

mixing of both and placing the samples 

in the oven. Afterwards 7.7 grams of 

citric acid per 100 mL of 10% KOH 

solution is added and left to settle for 

24 hours. Finally, the sample is 

filtrated, and the filter stored in a 

petridish for visual analysis. 
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3.4 Manual dissection and sieving 

As part of this thesis another method was applied to compare the pros and cons of use and 

application of the two methods. The batch size of about 10 samples was kept the same as 

before as well as the thawing of the samples in water for approximately two hours. 

Following the thawing, the guts were cut to separate the stomach and intestines. This was 

weighed, and the fullness of the guts recorded as either empty, half or full. The gut content, 

including what was removed by scraping the inside of the intestines and stomach, was 

transferred to a kitchen sieve with a second sieve underneath that had a smaller diameter. 

Using plentiful amounts of water, the sample was rinsed and examined visually. Anything 

that might be of interest was placed in a sterile petridish for further examination under a 

stereomicroscope. An overview of the dissection-sieving method is shown in Figure 20. 

 

Figure 20: The dissection-sieving method displayed in a diagram. It starts with the 

thawing of the gut samples followed by the emptying and scraping of the stomach and 

intestines to collect the gut content. This is deposited into a sieve with a second sieve of a 

smaller mesh size underneath it. After rinsing a close look is taken at both sieves and 

suspected man-made particles transferred to a petridish for visual analysis. 
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3.5 Visual microplastic analysis 

This analysis was executed by two persons to verify the data (see ‘3.8.1 Dual 

identification’). Provencher, et al. (2016) stretched the importance of streamlining 

protocols for consistency and comparability in research. Therefore, their suggested 

protocol was used to categorise microplastics in the present study. 

Visual identification criteria were used to rule out non-plastic compounds by establishing 

whether (Norén, 2007): 

 Within the particle no cellular or organic structures are visible; 

 if the particle is a fibre, it has to be the same width along the length without 

tapering towards the end; 

 when the particle is difficult to classify as plastic, as it might be white or 

transparent, extra care is taken to examine it under the microscope, moving it to 

examine from other angles. 

It needs to be noted that one of the categories by Norén (2007) was to establish whether the 

particle had a homogenous colouring. With the KOH treatment however, the colour of 

plastic particles can fade. Therefore, it was looked at whether the colour of the particle 

seemed bright and uncommon for biological material (e.g. bright light blue, red or pink). 

  

Figure 21: The Olympus SZX12 

stereomicroscope used for the visual 

analysis of the filters. An external light 

source was added. 
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The categories in which particles were placed are sheets (e.g., plastic bags), fibres (e.g. 

clothing or netting), beads (e.g. nodules) and hard fragments (from mostly unidentifiable 

larger objects). The particles found were measured in the longest diameter (Tanaka & 

Takada, 2016) using an Olympus SZX12 stereomicroscope with external light source 

(Figure 21). This was done using a microscope measuring reticle, a large-scale ruler (mm) 

and a smaller printed version of a ruler with inaccurate scale. The printed version would 

stand in for a stage ruler (referred to as stage ruler hereafter) as there was no measuring 

object glass available to calibrate the reticle ruler. The stage ruler was calibrated using the 

large-scale ruler, after which the reticle ruler was calibrated using the newly calibrated 

stage ruler for each of the used magnifications. The error is estimated to be ±50µm 

(conservative estimate). This way, even though the measures might not be highly accurate 

it will be precise, and a relative comparison between the samples is possible as all errors 

are the same for both samples. Besides length the colour and further detailed characteristics 

of interest were recorded. The recording data sheet is enclosed in Appendix A. 

3.6 Fourier Transformation Infra-Red (FTIR) analysis 

The chemical identification was performed using an Agilent Cary 630 FTIR (Figure 22). In 

principle, the Fourier-transform Infrared Spectroscopy (FTIR) sends light through an 

interferometer onto the sample. The sample reflects and refracts the wavelengths and the 

resulting radiation is collected by a detector which registers the variations in energy versus 

time of the wavelengths. Each particle gives a specific signature which is used to identify 

the chemical composition of the particles. The cut-off size for particle identification with 

the FTIR was about 80 µm (conservative estimate). 

 
Figure 22: The FTIR instrument used in the chemical composition analysis of the 

suspected man-made particles. ©Agilent Technologies 
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Prior to analysis of each particle, the background was analysed and set. Following, the 

suspected microplastic particle was moved from the sample to the FTIR for analysis. 

Spectra were compared to the Agilent FTIR spectra libraries database with using the 

MicroLite software (©Agilent Technologies). From this comparison a report was generated 

with a compatibility score between 0-1. If the score was higher than 0.7 the result were 

checked qualitatively before confirmation of the material type. A score between 0.6 and 

0.7 could also be confirmed, depending on whether characteristic peaks in the spectra was 

present or not. Anything below 0.6 was rejected. The spectra were exported to ASP and 

PDF files with the accompanying library matches. The particle was then placed back into 

the sample petridish. 

3.7 Data analysis 

The collected data were paired with the corresponding contamination controls, see ‘3.8 

Quality assurance’, and notes on events occurring over the entire process were recorded in 

order to link observations back if necessary. Visual microplastic analysis and FTIR results 

were recorded for the samples as well as the controls. Results, corrected using the 

contamination controls (see ‘3.8.5 Contamination verification’), were analysed using the 

statistical programme R (R Core Team, 2017). 

The data used for the comparison between total amount of microplastic, or category type, 

against the different variables (length, weight, condition index, gut fullness and catch 

location) was the count data obtained from the dual ID verification. The count data did not 

show a normal distribution, which eliminated the use of a parametric statistical analysis of 

the data. Therefore, the Kruskal-Wallis‘ test was applied to establish whether there was a 

significant difference between the gut fullness, length, weight, condition index, and catch 

area (only for saithe) with the amount and general presence of microplastics occurrence. 

Following the Kruskal-Wallis test was applied to establish if the category types of 

microplastic (fragments and fibres as no other category was observed) showed a 

correlation with the previously mentioned biological variables.  

To use the Kruskal-Wallis test the data had to be divided into classes. The length and 

weight of the fish were divided into classes so that each class, per variable per species, 

contained approximately the same amount of samples. The gut fullness data was divided 
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into classes according to whether the guts were ‘empty‘, ‘half‘ or ‘full‘ and these classes 

were therefore not of equal sizes. Fulton‘s condition index (K) was calculated as shown in 

equation 1, where W is weight in grams and L is length in centimetres.  

1) K = 100 ∗ 
𝑊

𝐿3
  

The Fulton’s condition index (from now on referred to as the condition index) shows the 

fitness of the fish with 1 being a fish in perfect health. Lower than one indicates a ‘slim’ 

fish, and larger than one a ‘fat’ fish. The statistical analysis was done by grouping the fish 

into classes of either ‘slim’, ‘healthy’ or ‘fat’ individuals, based on a one decimal accuracy, 

and were therefore of unequal sizes. 

To investigate potential differences in microplastic occurrence per location, the saithe 

sample stations were divided into two groups. It was aimed to create equal groups of 

stations per area, dividing them into more northern located stations and more southern 

located stations (Figure 14). Stations 41, 42, 45 and 50 form area 1 and stations 51, 53, 60, 

61, and 62 form area 2.  

3.8 Quality assurance 

3.8.1 Dual identification 

Each of the samples and controls, discussed below, were visually analysed by two people 

to decrease a potential bias in the identification process. First, one person performed the 

entire visual analysis as explained in ‘3.5 Visual microplastic analysis’ and where 

afterwards transported folded closed and wrapped in aluminium foil to the secondary 

observer. The second person verified whether the same particles were seen based on 

category type of the particle and colour. In the event when only one person observed a 

particle it was not included in the final database. 

3.8.2 Gut collection environmental controls 

In the sampling campaigns for saithe and cod environmental controls were used to check 

for contamination during the sampling process. The environmental control petridish had 

double-sided clear tape placed inside, cut to equal sizes. Each eight-hour shift onboard the 

research vessel used a new petridish. With the cod guts collection only one control was 
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used since the sampling was completed in one shift. Prior to the use of the petridishes as 

field blanks, two people recorded contamination that occurred during the preparation of the 

controls. After the usage of the environmental controls the tape was analysed under the 

microscope to look for any possible contamination.  

3.8.3 Laboratory controls 

Each batch of either of the process methods (dissection-sieving and digestion-filtration) 

had an environmental control, like the ones described above but with wetted coffee filters 

instead of double-sided tape. The coffee filters were cut to approximately 47mm in 

diameter to equal the size of the GF/D filters. One such control can be seen in Figure 15. 

These controls were used during the processing of the samples in the laboratory, and 

during the visual analysis every time the sample was exposed to the air. 

Additionally, a process control was used for each batch in the digestion-filtration method. 

The process control was handled the same as the samples, but without the addition of a gut 

sample. A process control is shown in Figure 18. 

3.8.4 Contamination preventive measures 

In addition to the various contamination controls measures were taken aimed at preventing 

contamination. During the processing of the gut samples in the laboratory all materials 

used were cleaned in-between samples with tap water and soap and dried with paper towels 

to limit cross contamination. Also, clothes worn in the laboratory were near 100% cotton. 

Whenever possible non-plastic materials were used. However, due to limited availability 

the filtration unit used consisted mainly of plastic. A trial was performed to check whether 

the system would pose a contamination risk to the samples. This gave a negligible result 

since only the refiltrating tap water gave a higher amount of microplastic particles but the 

single filtered water did not. To prevent air contamination during the filtration aluminium 

foil was draped over the filtration beakers as seen in Figure 17. This was also done with the 

jars that were placed in the oven to function as lids since most jar lids have a plastic lining 

on the inside.  
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3.8.5 Contamination verification 

Microplastic occurrence in the controls were analysed under the stereomicroscope. Each of 

the environmental and process controls were linked back to an individual sample so that a 

sum of all contamination could be established for each individual. The total contamination, 

the contamination sum of the controls per individual based on category type and colour, 

was subtracted from the observations recorded for the sample to end with the control 

corrected results. For example, if four black fibres were found in the sample and three 

black fibres in the summed controls the result is one black fibre in the sample. Or, if there 

were four blue fibres in the sample and three black fibres in the control the result is four 

blue fibres in the sample. 
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4 Blank Corrected Results 

4.1 Sample population description 

Table 2 displays the general description in terms of weight, length, condition index for the 

cod and saithe sample population. The cod were on average larger than the saithe, partially 

due to the difference in fishing gear/mesh size used. The cod sampling population also had 

a higher condition index than saithe. 

Table 2: Overview of the average and range for the length, weight and condition index of 

each of the species. In addition, the blank corrected results of the Dual-ID of the 

microplastics analysis are included. In total 39 cod and 46 saithe were processed.  

 Cod (n=39) Saithe (n=46) 

Average Range Average Range 

Length (cm) 85.3 (SD=8.7) 69-106 59 (SD=11.7) 40-83 

Weight (kg) 6.09 (SD=1.80) 3.16-10.01 1.95 (SD=1.25) 0.54-5.47 

Condition Index 0.96 (SD=0.09) 0.68-1.16 0.86 (SD=0.07) 0.71-1.00 

Number of fibres 5 8 

Number of fragments 4 5 

Number of beads 0 0 

Number of sheets 0 0 

Percentage of individuals 

with microplastics 

20.5 17.4 

Average of microplastic 

particles per individual 

0.2 0.3 
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In Figures 23 and 24 the length-weight relationship of the cod (p<0.001, R
2
= 0.87) and 

saithe (p<0.01, R
2
= 0.93) sample populations are shown. 

 
Figure 23: Length-weight relationship for the cod samples used in the alkaline digestion-

filtration process, with length (cm) on the x-axis and weight (g) on the y-axis (n=39 cod).  

 
Figure 24: Length-weight relationship for the saithe samples, with length (cm) on the x-

axis and weight (g) on the y-axis (n=46 saithe).  
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4.2 Particles description 

The dual identification resulted in verification of 22 particles (Table 2). In total, the cod 

samples contained nine particles, distributed among eight individuals. On average, cod 

contained 0.23 particles/individual. Saithe contained a sum of 13 particles, found in eight 

individuals. The lowest number of particles recorded in those samples was one and the 

highest amount was four particles per individual. On average saithe contained 0.28 

particles/individual. 

4.2.1 Particle length-frequency distribution 

As a reminder, the length data of the microplastic particles can only be used in relative 

comparison to each other as stated in ‘3.5 Visual microplastic analysis’ and the error has 

been estimated to be ±50µm.  

The particles observed in cod had an average length of 1764 µm (range 204-9386 µm) 

compared to 1214 µm (range 82-3727 µm) in saithe. As shown in Figures 25 and 26 in cod 

the length of the particles is more evenly distributed over the different length classes with a 

gap between 1400-1800 µm. In saithe the particles are more concentrated towards the 

lower length classes than is seen in cod, while there is a larger gap between the length 

classes 1000-2000 µm. 

 
Figure 25: The relative distribution (%) of microplastic particle length (µm) divided into 

classes for cod. 
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Figure 26: Relative distribution (%) of the microplastic particle length (µm) divided into 

classes for saithe. 

4.2.2 Relative particle colour distribution 

For both species the particles were divided into colour categories and converted to 

percentage. The particles in cod were mainly blue (34%) followed by green (33%), grey 

(22%) and black (11%) (Figures 27).  

 
Figure 27: Pie chart of the division of colours found in the guts of cod samples(n=9). 

Saithe had a wider variety of colours with the main colour observed being blue (38%) 

(Figure 28). The other colours recorded were black (23%), transparent (8%), pink (8%), 

green (8%), grey (8%) and red (7%). 
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Figure 28: Pie chart of the colours observed in the saithe guts (n=13). 

4.2.3 Types of microplastics observed 

A total of three particles were successfully analysed by FTIR. Cod was confirmed to have 

at least one particle made of PP (Figure 29) and one made of PE. Saithe contained one 

particle of PP. See Appendix B for the FTIR spectra. 

 

 

 

 

Figure 29: Picture made of the PP 

particle found in cod analysed by 

FTIR. 

4.3 Microplastic occurrence in cod and saithe 

Microplastics were observed in 20.5% of the cod, while in saithe this was 17.4% (Figure 

30 and Table 2). Kruskal-Wallis’ statistical test did not show any significant differences in 

microplastic presence between the species (chi-squared = 0.13, df = 1, p-value = 0.72). 
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Figure 30: Percentage of individuals per species containing plastic in their guts with 

20.5% of the cod (n=39) and 17.4% of the saithe (n=46). 

4.3.1 The relationship between body size and health of the fish with 

microplastics occurrence 

Fish length 

The number of particles on average increases with increasing fish length (Figure 31), 

however, there was no significant difference (chi-squared = 5.67, df = 3, p-value = 0.13). 

In terms of presence or absence of microplastic, no significant difference was seen between 

the length classes (chi-squared = 5.38, df = 3, p-value = 0.15). 

 
Figure 31: Microplastics amount observed (n) per length class (cm), for each length class 

the number of samples used is indicated. The coloured box shows the where 50% of the 

data is located, with the whiskers indicating the lowest and highest value observed 

excluding the outliers. The outliers are indicated by points, and the mean are marked by X. 
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In the second saithe length class (50-60 cm) there were no particles observed (Figure 32), 

and no continuous increase over the successive saithe length classes. There is no 

significant difference in amount of microplastics versus the length classes for saithe (chi-

squared = 5.24, df = 3, p-value = 0.15), nor when looking at whether microplastics were 

present or absent (chi-squared = 5.06, df = 3, p-value = 0.17). 

 
Figure 32: Microplastics amount observed (n) per length class (cm), for each length class 

the number of samples used is indicated. The coloured box shows the where 50% of the 

data is located, with the whiskers indicating the lowest and highest value observed 

excluding the outliers. The outliers are indicated by points, and the mean are marked by X. 

Fish weight 

No microplastic particles were observed in the lowest weight class of cod, and no clear 

trend is observed (Figure 33). Between the different weight classes, no significant 

difference in the microplastic amount was found (chi-squared = 4.54, df = 3, p-value = 

0.21). Based on whether there were or were not any particles present showed no significant 

difference (chi-squared = 4.80, df = 3, p-value = 0.19). 
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Figure 33: Microplastics amount observed (n) per weight class (g), for each length class 

the number of samples used is indicated. The coloured box shows the where 50% of the 

data is located, with the whiskers indicating the lowest and highest value observed 

excluding the outliers. The outliers are indicated by points, and the mean are marked by X. 

In all saithe’s weight classes there were some particles observed (Figure 34). A total of 45 

individuals were included as for one the weight data was missing. There were no 

significant differences between the microplastic amount observed per weight classes (chi-

squared = 1.80, df = 4, p-value = 0.77), nor between the weight classes and the presence of 

microplastics (chi-squared = 1.46, df = 4, p-value = 0.83). 

 
Figure 34: Microplastics amount observed (n) per weight class (g), for each length class 

the number of samples used is indicated. The coloured box shows the where 50% of the 

data is located, with the whiskers indicating the lowest and highest value observed 

excluding the outliers. The outliers are indicated by points, and the mean are marked by X. 
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Condition index 

The condition index classes for cod are of unequal sample size with n=27 slim fish, n=5 

healthy fish and n=7 fat fish (Figure 35). No significant difference was seen between the 

different condition index classes and microplastic amount (chi-squared = 1.24, df = 2, p-

value = 0.54) or in the presence of microplastics between the different classes (chi-squared 

= 1.36, df = 2, p-value = 0.51). 

Even when dividing the classes as to contain more equal amount of samples to test for a 

continuous correlation, as was done with the length and weight data, there is no significant 

difference observed in the total amount of microplastics (chi-squared = 0.38, df = 3, p-

value = 0.94) nor between the classes based on presence or absence of microplastics (chi-

squared = 0.40, df = 3, p-value = 0.94).  

 
Figure 35: Microplastics amount observed (n) per condition index class, for each length 

class the number of samples used is indicated. The coloured box shows the where 50% of 

the data is located, with the whiskers indicating the lowest and highest value observed 

excluding the outliers. The outliers are indicated by points, and the mean are marked by X. 

The condition index classes for saithe are of unequal size with slim being in the vast 

majority (n=44), only one healthy fish was observed, and no fat fish (Figure 36). A total of 

45 individuals were included in this analysis as for one the weight data was missing. No 

significant difference was observed between the different condition index classes and the 

microplastic amount per individual observed within them (chi-squared = 0.43, df = 2, p-



 48 

value = 0.81), or between the classes and the presence or absence of microplastic (chi-

squared = 0.43, df = 2, p-value = 0.81). 

Even when the classes are divided as was done with the length and weight data, each class 

containing equal number of individuals, to investigate for a potential continuous 

correlation no significant difference in total amount (chi-squared = 1.80, df = 4, p-value = 

0.77) was found. Neither was there a significant difference in the presence or absent of 

microplastics between the classes (chi-squared = 1.46, df = 4, p-value = 0.83). 

 
Figure 36: Microplastics amount observed (n) per condition index class, for each length 

class the number of samples used is indicated. The coloured box shows the where 50% of 

the data is located, with the whiskers indicating the lowest and highest value observed 

excluding the outliers. The outliers are indicated by points, and the mean are marked by X. 

4.3.2 The relationship between gut fullness with microplastic 

occurrence 

The gut fullness classes in cod were not equally distributed with n=16 for empty, n=17 for 

half and n=5 for full guts (Figure 37). No significant difference was seen between the 

different gut fullness classes and microplastic amount (chi-squared = 3.56, df = 2, p-value 

= 0.17). Looking at the presence or absence of microplastics in relation to the gut fullness 

classes did not show a significant difference either (chi-squared = 3.45, df = 2, p-value = 

0.18). Even when reclassifying the gut fullness classes into either ‘empty’ (n=16) or 
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‘filled’ (n=22) no significant difference was seen in the amount of microplastics and the 

classes either (chi-squared = 3.08, df = 1, p-value = 0.08).  

 
Figure 37: Microplastics amount observed (n) per gut fullness class, for each length class 

the number of samples used is indicated. The coloured box shows the where 50% of the 

data is located, with the whiskers indicating the lowest and highest value observed 

excluding the outliers. The outliers are indicated by points, and the mean are marked by X. 

The division for the gut fullness for saithe was unequal with empty n=22, half n= 8 and full 

n=16 (Figure 38). No significant difference was found between the gut fullness classes and 

microplastic numbers observed per individual (chi-squared = 2.26, df = 2, p-value = 0.32). 

The presence or absence of microplastics between the different gut fullness classes did not 

show a significant difference (chi-squared = 1.76, df = 1, p-value = 0.19).  

When reclassifying the classes into empty (n=22) and filled (n=24) guts, to create classes 

with more equal number of samples, did not show a significant difference (chi-squared = 

0.78, df = 1, p-value = 0.38). 
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Figure 38: Microplastics amount observed (n) per gut fullness class, for each length class 

the number of samples used is indicated. The coloured box shows the where 50% of the 

data is located, with the whiskers indicating the lowest and highest value observed 

excluding the outliers. The outliers are indicated by points, and the mean are marked by X. 

4.3.3 The relationship between saithe catch areas and microplastics 

occurrence 

The locations from which saithe were collected have been divided into two larger clusters, 

areas 1 and 2, as described in ‘3.7 Data analysis’. Between these areas, there was no 

significant difference in the number of microplastics per area (chi-squared = 1.83, df = 1, 

p-value = 0.18), neither was there a significant difference between the areas on a 

microplastic presence or absence basis (chi-squared = 1.76, df = 1, p-value = 0.19). 

4.3.4 The relationship between the biological variables and 

microplastics per category type 

There were in total two different category types recorded during the filtration process, 

namely fibres and fragments. In the cod sample population a total amount of five fibres and 

four fragments were observed. The saithe sample population contained eight fibres, and 

five fragments. There was no significant difference seen between the species against the 

total amount of fibres (chi-squared = 0.28, df = 1, p-value = 0.60) or fragments (chi-

squared = 0.04, df = 1, p-value = 0.83) observed. 
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The Kruskal-Wallis statistical test was applied to all other variables against the 

microplastic category type (Table 3). The results for fibres and fragments are divided per 

species, and statistical results are shown per variable. The variables remain divided into the 

same classes as were used in the data analysis of relationship between the biological 

variables and number of microplastics previously. No significant difference has been found 

between any of the biological variables and category types of microplastic. 

Table 3: Statistical results of the variables areas (for saithe), length (cm), weight (grams), 

condition index, and gut fullness (empty, half, full) per category type per species. Each of 

the variables remain divided into the classes as previously. No significant difference is 

observed in any of the comparisons. 

 Cod Saithe 

Fibre Fragment Fibre Fragment 

Areas Not applicable Not applicable Chi
2
 = 0.15, df = 

1, p-value = 0.70 

Chi
2
 = 2.07, df = 

1, p-value = 0.15 

Length (cm) Chi
2
 = 5.22, df = 4, 

p-value = 0.27 

Chi
2
 = 4.79, df = 

3, p-value = 0.18 

Chi
2
 = 4.19, df = 

3, p-value = 0.24 

Chi
2
 = 1.55, df = 

3, p-value = 0.67 

Weight (g) Chi
2
 = 4.10, df = 3, 

p-value = 0.25 

Chi
2
 = 2.13, df = 

3, p-value = 0.55 

Chi
2
 = 2.40, df = 

4, p-value = 0.66 

Chi
2
 = 0.11, df = 

4, p-value = 1.00 

Condition index Chi
2
 = 1.67, df = 3, 

p-value = 0.64 

Chi
2
 = 3.33, df = 

3, p-value = 0.34 

Chi
2
 = 0.12, df = 

4, p-value = 1.00 

Chi
2
 = 2.44, df = 

4, p-value = 0.66 

Gut fullness 

(empty, half, 

full) 

Chi
2
 = 5.99, df = 2, 

p-value = 0.05 

Chi
2
 = 0.91, df = 

2, p-value = 0.64 

Chi
2
 = 4.19, df = 

2, p-value = 0.12 

Chi
2
 = 1.56, df = 

2, p-value = 0.46 
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4.4 Contamination verification results 

In total 109 particles were found in all the controls added together. The vast majority were 

fibres. Black was the most common colour observed in the controls with 37%, followed by 

blue (21%), white (15%) and brown (11%) (Figure 39). 

 
Figure 39: The colour distribution of particles in the contamination controls (n=109). 

The relative distribution of microplastics divided into fibres and fragments per species 

when the data is uncorrected for contamination results in higher percentages of individuals 

containing plastics (Figure 40). Fibres are the main cause for this, as can be seen in the 

columns for uncorrected and corrected results in cod and saithe. 

 
Figure 40: Relative distribution of microplastics for the uncorrected and corrected results 

per species per category type.
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5 Discussion 

5.1 Method selection 

There are several methods available suited for the digestion of biological tissues in 

microplastic research. These are generally categorised into either acid, alkaline or enzyme 

treatments. Evaluation of treatments showed that acid was least effective (72-83% 

efficiency), followed by the optimized alkaline treatment of 10M NaOH at 60°C for 24h 

with an efficiency of 91.3±0.4% (Cole, et al., 2014). However, the significantly most 

efficient treatment was the optimized Proteinase-K treatment (>97%). However, this is 

more expensive than the other two treatments as well, and thus not suited for this study.  

Dehaut et al., (2016) looked at six chemical dissolvent treatments, including the NaOH 

treatment from Cole et al., (2014) and showed that five of these resulted in degradation of 

the microplastic particles and/or insufficient tissue digestion. The protocol using a 10% 

KOH solution incubated at 60°C for 24 hours (originally described by Foekema et al. 

(2013) whom incubated tissue for 3 weeks at room temperature), resulted in efficient 

digestion and no significant damage to the tested polymers, although cellulose acetate 

(found for example in cigarette buds) was affected. KOH is cheaper compared to the 

enzymatic treatment and has minimum damage on a range of polymers (Dehaut et al., 

2016) and was therefore chosen for this study.  

5.2 Limitations of the research setup 

As there were no experts on the subject regarding visual analysis of microplastics within 

MFRI, no hands-on training opportunity was available for the author of this study. 

Potential visual identification bias was excluded by means of a secondary observer and the 

processing of samples by FTIR at NIVA, the Norwegian Institute for Water Research. 

However, during transportation some identified microplastic particles, especially fibres, 

were lost/difficult to find in the samples again. These were consequently not incorporated 

in the data analysis. Visual microplastic analysis training would also have contributed to a 

more robust data collection for the manual dissection method, and consequently could have 
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given the opportunity for more data analysis than was possible under the current 

circumstances. 

As emphasised in ‘2.5 Contamination control in plastics research’ and ‘3.8 Quality 

assurance’ usage of a contamination protocol is invaluable when performing microplastics 

research. The laboratory facilities did not have a clean-air device that would exclude 

airborne particulate matter while performing the research. Nor was it possible to have all-

glass laboratory materials, as initially intended, due to unavailability. By wearing near 

100% cotton clothing, cleaning the work environment regularly, using aluminium foil to 

cover laboratory materials and working during the summer holidays, the risk of airborne 

contamination was limited. Additionally, the use of environmental controls as well as 

procedural controls allowed for accounting for contamination that occurred. No 

verification for contamination from the fishing gear itself is possible as there is no control 

taken for this part of the process. The microplastic particles found in the guts of the 

samples were much smaller than the mesh size of the nets used and are therefore unlikely 

to have originated from potential feeding while residing in the net. Additionally, a 

contamination test was done on the plastic components of the filtration unit by refiltration 

water through the system to check for self-contamination. The results from this test showed 

negligible results, though extra care was taken as the filtration unit was made of plastic to 

clean the components that are in direct contact with the samples thoroughly in-between 

samples. 

Due to financial limited opportunities the required amount of chemicals to process the 

initial amount of 50 individuals per species, and preferably more, was not reached. In the 

end the sample size of successfully processed individuals in the digestion-filtration method 

was n=46 for saithe and n=39 for cod. 

Initially both the cod and the saithe would be collected from several locations each. During 

the spring ground fish survey by MFRI this was achieved for saithe. However, due to time 

strains and high market demand in early summer the cod collected for this study originates 

from one location in the Westfjords fishing grounds. 

During the processing of the guts several observations were made. The stomachs, 

especially for cod, when dissolved generated a surface layer of fat. This layer occasionally 

burned in the oven which made decanting and filtrating the solution difficult. What was 
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also occasionally observed and caused difficulties with filtration was that the solution after 

adding the KOH solution turned thick which was not solved by adding the citric acid. To 

filtrate as much of the sample as possible a blunt object was used to gently scrape the filter 

to remove residue build-up. This damaged the filter but never to the point of creating holes. 

Light damage to the filter made the visual analysis of the filters more time consuming but 

did not otherwise hinder the process. 

As mentioned in section ‘3.5 Visual microplastic analysis’ there was no measuring object 

glass available for the microscope to calibrate for the measuring reticle. This resulted in 

inaccurate measurements for the length of the particles, but as all the particles were treated 

the same the measurements were precise. This did allow for a comparative treatment of the 

data to each other in this particular study but eliminates comparison to other studies when 

looking into the length of particles at µm scale. 

5.3 Effectiveness of the contamination protocol 

It cannot be stressed enough that the contamination protocol is of highest priority in 

(micro)plastic research. Especially when working in a small scale, simple equipped 

laboratory as was done in this study. For additional information, ‘2.5 Contamination 

control in plastics research’ evaluates the effectiveness of methodologies regarding 

preventing air contamination with among others the help of air cleaning devices in 

different studies. 

As seen in Figure 40 the contamination preventive measures and verification have 

contributed to an effective processing of the data. It shows that especially for fibres 

correction was required. If no corrections were done for the recorded contamination the 

percentage of fish containing microplastics would be higher (28.2% compared to the 

corrected 20.5%). For the saithe on the other hand it seems that the preventive measures 

were successful in averting contamination to occur (17.4% in both corrected and 

uncorrected results). It might be that during the processing of cod the samples were 

exposed for longer as the processing of the samples was more challenging than those of 

saithe. 

In the controls black is the most common colours observed, but it is more prominent in the 

controls (37%), than in either cod (11%) or saithe (23%). In saithe blue was the most 
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common colour with 38% as well as in cod with 34%, while in the controls this was lower 

(21%). In neither cod nor saithe white particles were recorded, and vice versa there was 

pink found in saithe but not in the controls or cod. Comparing the graphs of the colours 

found in the controls with the colours in cod and saithe it is evident that the relative 

distribution of colours is in different proportions in such that it supports the effectiveness 

of the contamination protocol. 

5.4 Qualitative comparison between processing 

methods 

In the planning phase of the study the two methods, digestion-filtration and dissection-

sieving, were to be compared quantitatively. However, due to difficulties in acquiring the 

data from the dissection-sieving method it was decided to refrain from this. Some of the 

problems originated from the lack of visual identification training. In the digestion-

filtration method this was not an issue as most of the biological materials were digested 

and thus not obscuring the visual identification of particles. In the dissection-sieving 

method this was more an issue as potential plastic particles either looked like biological 

material, were coated in biological material or were obscured by other particles present in 

the sieves. Additionally, the ability to verify whether the particles found were indeed made 

of plastic was limited by that the FTIR was not available locally. A first indication of 

checking whether a particle is made of plastic is to use a hot needle to see by touching the 

particle if it changes its form. However, the hot needle test was not applied since this might 

interfere with the FTIR analysis later in the process. Finally, as visual identification was 

based on trial and error there might be a bias towards correctly observing potential plastic 

particles in the later samples. This was dealt with by doing dual identification on all 

samples. However, for the initial selection of suspected man-made particles in the 

dissection-sieving method this could only be done by one person due to logistical reasons. 

Due to these difficulties the methods are not quantitatively compared here, but their 

respective pros and cons in usage and application of the methods are described in Table 4.  
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Table 4: Pros and cons for each of the method in relation to each other. 

Method Pros Cons 

Dissection-Sieving Cheap Visual identification training needed 

Easy to apply Applicable for larger and easy 

recognizable particles 

Low laboratory expertise level 

required 

 

Quick  

Digestion-Filtration Applicable for very small sizes (down 

to µm), wide size range 

Expensive 

High quality data Requires basic laboratory resources 

and expertise 

 Time consuming 

 

With this it shows that the application of each of the methods is suited for different goals. 

The dissection-sieving method would be appropriate for a citizen science project, 

especially if a well-designed and easy to understand protocol is provided in combination 

with an introductory course for interested individuals or teams to get familiar with visual 

identification of plastic particles in biota. The digestion-filtration method, however, is 

better in the instance of a more detailed analysis of plastic occurrence. For example, after a 

first indication is given by citizen science projects based on the dissection-sieving method. 

This especially because it is more expensive to apply and requires laboratory expertise. 

5.5 Occurrence of microplastics in North Atlantic 

fishes 

Table 5 provides an overview of studies investigating plastic occurrence in different fish 

species in the North Sea, North Atlantic, Nordic Waters and the Baltic Sea. The differences 

in plastic occurrence in between the different studies might be due to the location. 

Morgana et al. (2018) showed that their higher number of plastic occurrences is supportive 
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evidence for other studies suggesting that the Arctic Ocean might be another hotspot for 

plastics. There might be support for this when considering the ocean dynamics at play in 

the Arctic with regards to small gyres, deep water formation, and large currents entering 

the north originating from much further south (see ‘2.1 The Icelandic Waters’). Another 

reason why the Arctic seems to be a hotspot of plastics is the local inputs of microplastics 

from the melting of sea-ice (Obbard, et al., 2014), and from coastal communities with 

limited waste (water) management resources in the area. In Iceland sewage treatment 

plants have increased from 2% in 1990 to 66% of the population connected in 2010 

(OECD, 2014). Although this is a considerable amount most of the plants only offer 

mechanical treatment only, taking out relatively large debris. It has been shown that 

sewage treatment plants containing mechanical as well as biological and chemical steps in 

the treatment system retain more microplastics than solely mechanical treatment systems 

(Magnusson, et al., 2016). There are plans to implement more treatment systems in the 

towns around Iceland, but no details are presented on whether chemical and biological 

steps will be included. 

Table 5: Overview of studies regarding microplastic occurrence in different fish species 

with indication of the sample size, and minimum size limit used in the study by means of 

sieves or filters (X indicates visual selection of particles). 

Location Species Plastic 

occurrence (%) 

Sample 

size 

Minimum 

size limit 

Citation 

West of Iceland Atlantic cod (Gadus 

morhua) 

20.5 39 2.7µm De Vries, 

2019 

Saithe (Pollachius 

virens) 

17.4 46 

North Sea Common dab 

(Limanda limanda) 

5.4 74 500µm Rummel et 

al., 2016 

Atlantic cod (Gadus 

morhua) 

0 7 

European flounder 

(Platichthys flesus) 

0 16 

Atlantic herring 

(Clupea harengus) 

0 13 

Atlantic mackerel 

(Scomber scombrus) 

13.2 38 

Atlantic herring 

(Clupea harengus) 

1.4 566 200µm Foekema et 

al., 2013 

Gray gurnard 

(Eutrigla gurnardus) 

<1 171 

Whiting (Merlangius 

merlangus) 

5.7 105 
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Atlantic horse 

mackerel (Trachurus 

trachurus) 

1 100 

Haddock 

(Melanogrammus 

aeglefinus) 

6.2 97 

Atlantic mackerel 

(Scomber scombrus) 

<1 84 

Atlantic cod (Gadus 

morhua) 

13 80 

North of 

Scotland 

European plaice 

(Pleuronectes 

platessa) 

45 62 X Murphy et 

al., 2017 

European flounder 

(Platichthys flesus) 

51 47 

Common dab 

(Limanda limanda) 

47 19 

Pollock (Pollachius 

pollachius) 

0 5 

Ling (Molva molva) 0 5 

Halibut 

(Hippoglossus 

hippoglossus) 

0 14 

Megrim 

(Lepidorhombus 

whiffiagonis) 

10 10 

Blue whiting 

(Micromesistius 

poutassou) 

0 20 

Greater argentine 

(Argentina silus) 

7 15 

Atlantic horse 

mackerel (Trachurus 

trachurus) 

0 5 

Black scabbard 

(Aphanopus carbo) 

0 5 

Round nose grenadier 

(Coryphaenoides 

rupestris) 

0 5 

Norwegian Sea Atlantic cod (Gadus 

morhua) 

3 302 X Bråte et al., 

2016 

Baltic Sea Atlantic cod (Gadus 

morhua) 

1.4 74 500µm Rummel et 

al., 2016 

Common dab 

(Limanda limanda) 

0 15 

European flounder 

(Platichthys flesus) 

10 20 

Atlantic herring 

(Clupea harengus) 

0 20 

Atlantic mackerel 

(Scomber scombrus) 

30.8 13 

Newfoundland, 

Canada 

Atlantic cod (Gadus 

morhua) 

2.4 205 1mm Liboiron et 

al., 2016 

Atlantic cod (Gadus 

morhua) 

2.01 348 1mm Melvin, 

2017 

Northeast Bigeye sculpin 

(Triglops nybelini) 

34 71 0.7µm Morgana et 

al., 2018 
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Greenland Polar cod 

(Boreagadus saida) 

18 85 

Northwest 

Atlantic 

Spotted lanternfish 

(Myctophum 

punctatum) 

74.4 86 0.7µm Wieczorek 

et al., 2018 

Glacial lanternfish 

(Benthosema 

glaciale) 

68.1 69 

White spotted 

lanternfish (Diaphus 

rafinesquii) 

70.6 34 

Jewel lanternfish 

(Lampanyctus 

macdonaldi) 

75 16 

Bean's sawtooth eel 

(Serrivomer beanii) 

92.9 14 

Scaly dragonfish 

(Stomias boa) 

66.7 9 

Bristlemouth 

(Gonostoma 

denudatum) 

100 5 

 

On the other hand, the differences in microplastic occurrences between the higher numbers 

observed in this study and Morgana et al. (2018) with other studies might be rooted in 

methodological differences. Two main factors that could influence the findings are (1) the 

minimum size limit of sieves or filters used (Table 5), or (2) the decision to include or 

exclude fibres from the dataset.  

A study on microplastic occurrence in mesopelagic fish species off the coast of 

Newfoundland, Canada, indicate a trend in the length distribution of found microplastics in 

their fish samples (Wieczorek, et al., 2018). It shows that the abundance of particles 

increases towards the smaller length classes (Figure 41). The same trend was found in their 

water samples collected at the same locations as the fish. If, therefore, the minimum size 

limit differs largely between studies different results can be the consequence. For example, 

Liboiron et al. (2016) and Melvin (2017) both used sieves with a minimum size limit of 

1mm and did not digest the samples, and Foekema et al. (2013) had a sieve size limit of 

0.2mm and did digest the samples. Bråte et al. (2016) and Murphy, et al., (2017) used a 

different approach in which suspected man-made particles were identified by eye and 

placed in petridishes, which allows for overlooking very small particles even when using a 

stereomicroscope. The study by Morgana et al. (2018) had a much smaller size limit of 

0.7µm, which is even smaller than this study’s 2.7µm, based on the pore size of the filters. 

The first three mentioned studies all had a microplastic occurrence of 2-3%, while 
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Morgana et al. (2018) and the present study had a microplastic occurrence between 17 and 

34%. It needs to be noted that all of the mentioned studies here had a comparable 

contamination protocol to the present study. 

 

 

 

Figure 41: Relative length 

distribution in percentage of 

particles observed in fish samples 

analysed by Wieczorek, et al. 

(2018). It shows an increasing 

abundance to the smaller length 

range. 

As previously mentioned, another aspect of methodology differences might be the 

inclusion or exclusion of fibres. In some studies it was decided by the authors to exclude 

fibres due to difficulties in verification whether they originated from contamination or not 

(Foekema et al., 2013; Budimir et al., 2018). Other studies, mostly due to the inclusion of a 

contamination protocol, decided to include the fibres such as Wieczorek et al. (2018) and 

Morgana et al. (2018). However, this does not necessary provide the whole answer to 

difference in microplastic occurrence in terms of methodological differences because 

another study in the North Sea, whom verified for airborne fibres and had a size limit of 20 

µm, did not find any fibres in their samples but only two microplastic fragments in one 

sprat (Sprattus sprattus) leading to a 0.25% microplastic occurrence rate (Hermsen et al., 

2017). There is likely a combination of both location as well as methodological differences 

with regards to the microplastic occurrence deviations between studies. 

5.6 Influences of biological factors on the 

microplastic occurrence 

Part of the aim of this study was gathering data from two different fish species to 

investigate if there is a potential difference in microplastic occurrence due to feeding 

behaviour. In some other studies they did see differences between pelagic and benthic 

feeders such as off the coast of northeast Greenland (Morgana, et al., 2018), in the North 
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Sea (Rummel, et al., 2016) and along the coast of Scotland (Murphy, et al., 2017). 

However, in this study no difference was seen in microplastic occurrence between cod and 

saithe. Part of this might be due to the low amount of observation points. This needs to be 

considered not just here but throughout the testing of correlations as later discussed. 

Another reason might be that the particles are more evenly distributed throughout the 

habitats along the west coast of Iceland. This is however not in line with the general 

accepted knowledge of a patchy distribution of microplastics in the marine environment. It 

could also be due to a bias in data collection from observations during the processing of the 

cod guts, as more residue was left after filtration than in saithe, seeming to consist mainly 

of sand like particles. The residue was examined opportunistically for microplastic 

particles under a microscope. Microplastic particles might have been overlooked here, 

more than is expected to have occurred with the processing of the saithe guts, and thus 

decrease the robustness of the data analysis. 

As was evident from the statistical analysis there was no significant difference found in 

microplastic occurrence between the length, weight, condition index, gut fullness or catch 

location. Nor was there a correlation with the amount of microplastic particles or category 

type. An overall reasoning for this can be that, as the fish were relatively large, it might be 

a random event that the microplastic particles ended in the gut system. In smaller 

individuals, of the larvae and juvenile stage, it might be possible to see a relationship with 

length and weight since the size of their prey is of larger importance. Selection for 

microplastic particles, which is not expected to have occurred in this study, might be a 

possibility in younger life stages as the microplastic particles will be more in the same size 

range as their prey (Hoss (1989) as cited in Foekema et al. (2013)). There are studies 

investigating the ingestion of microplastics by fish larvae and juveniles (Kuhn, et al., 2018; 

Kazour, et al., 2018; Steer, et al., 2017). Most studies do not mention the size of the fish 

used in the research, and if they do it is not used for correlation testing. In general, it is 

expected however that studies focus on adult fish which leaves a knowledge gap regarding 

the ingestion of microplastics by younger life stages. 

Another factor tested in this study was the condition index, aimed at indicating how the 

presence of microplastic might affect the health of organisms. The absence of a correlation 

with the microplastic occurrence and the condition index is in line with Morgana et al. 

(2018). Though there are studies that did find a correlation with the condition index 
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(Foekema, et al., 2013), the authors counterargue against the correlation due to reasoning 

that as there were often only single particles found per individual that there is no chance of 

accumulation and thus minimal effect on the health of the fish. Observations of one 

particle per fish is also observed in this study and a lack of a correlation with the condition 

index in the present study seems to affirm the reasoning in Foekema et al. (2013). 

There is no correlation found between the gut fullness and microplastic occurrence, also 

seen in another study (Wieczorek, et al., 2018), which could either be an additional support 

that the microplastic ends up randomly in the fish, or a potential indication that small 

particles are not easily excreted. This could be of significant influence to the health of the 

fish with regards to harmful substances leaching from the plastics, or the other way around 

absorbance from the fish to the microplastic, as the residence time of the plastic increases. 

Bråte et al. (2016), Melvin (2017) and Liboiron et al. (2016) did on the other hand find a 

significant relationship with gut fullness. They suggest that this might be an indication that 

small particles clear out from the guts, however, this study does not support that suspicion. 

The difference in correlation between this study and Wieczorek et al (2018) with the other 

studies might be the difference in minimum size limit. The other three studies either did 

not filtrate their samples but visually identified and picked out potential man-made 

particles by hand, or the minimum size limit was 1mm. It is likely that their particles were 

relatively larger compared to this study and Wieczorek et al. (2018), and larger particles 

are more easily taken out with the excrement although very large particles will not be able 

to pass through the guts as was seen in a sample by Rummel et al. (2016). 

The last factor, not necessary seen as biological but potentially influencing the microplastic 

occurrence, was the catch location of the fish. As mentioned before it was only possible to 

do this for the saithe since cod was collected from a single site. The locations of saithe 

were divided in two general areas and the microplastic occurrence of individuals between 

these two areas did not show a significant difference. Grouping of the different sites into 

two main areas limited the possibility to see differences between the individual sites, but it 

was not possible to test the sites against each other as the sample size per stations would be 

too small. Sample size ranged from two saithe successfully processed from Station 42 to 

eight individuals from station 45. The lack of a correlation could mean that there is a more 

homogenous distribution of the microplastics on this smaller geographic scale, supported 

by the lack of a significant difference in microplastic occurrence between the species. 

However, with more data points this should become clearer as the study area is only a 

small part of Iceland’s EEZ. 
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5.7 Particle colour distribution in North Atlantic fish 

With regards to the colour of the particles it must be taken into account that the treatment 

of the samples with a digestive can potentially affect the colour. In some cases, a fibre was 

seen to be divided into blue and white parts and was then classified as blue when it was 

obvious that the fibre was man-made. White fibres in the samples could therefore have 

originally been a different colour, though in neither of the species white particles were 

observed. 

Another study also looked at the colour of particles found in the guts of fish and saw 

mainly blue particles (Morgana, et al., 2018). As there are no correlations between any of 

the variables tested in this study, and the particles are quite small with regards to the fish, a 

suggestion of colour selection is not supported. Additionally, the colour blue was the main 

colour observed in the water column samples of Morgana et al. (2018). Wieczorek, et al. 

(2018) saw a similar comparison between their fish and water samples in that both samples 

contained mainly particles classified as black followed by blue. Therefore, instead of 

selection for colour by the fish, the case might be that the colours blue and black might be 

more abundant in the marine environment than other colours. 

5.8 Plastic types in North Atlantic fish 

The verification of particles on chemical composition is becoming standard procedure in 

microplastics research. The smaller the particles get the more precise the apparatus is 

required to be. In this study a FTIR was available through NIVA in Tromsø, Norway. 

Fibres were particularly difficult to analyse with the FTIR, as either the focus point was too 

large and caused too much background noise. In this study three fragments were identified 

with two being made of PP and one of PE. Table 6 shows the chemical type of particles 

observed in several of the studies mentioned previously. PP and PE are almost always 

among the identified chemical types, together with PA and PET. 
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Table 6: Overview of chemical confirmed plastics found in literature sources with fish gut 

studies located in either the North Sea, Baltic Sea, North Atlantic or Arctic Ocean. Full 

names of most of the plastics are given in Table 1. The percentage is calculated based on 

the total chemically identified particles. 

Citation Chemical type Percentage of total 

De Vries, 2019 PP 66 

PE 33 

Morgana et al., 2018 PES 34 

Acrylic (PMMA) 24 

PA 21 

PE 17 

Rummel et al., 2016 PE 40 

PA 22 

PP 13 

PS 9 

PET 4 

PES 4 

Polyurethane (PUR) 4 

Wieczorek et al., 2018 PE 33 

Methyl cellulose 34 

Nylon 10 

Alginic acid 5 

Poly(1, 4- 

Cyclohexanedimethylene 

terphthalate) (PCT) 

5 

Rest 13 

Murphy et al., 2017 PA 68.2 

PET 18.2 

Acrylic (PMMA) 11.4 

PP 1.1 

Mix (PET &PP) 1.1 

Melvin, 2017 PET 25 

PE 25 

ABS 25 

PVC 25 

Foekema et al., 2013 PE 33.3 

PP 33.3 

PET 16.7 

Styrene-acrylate (ASA) 16.7 

Bråte et al., 2016 PES 37.5 
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PP 12.5 

PVC 12.5 

PS 6.3 

Teflon  6.3 

Nylon 6.3 

PE 6.3 

Styrene acrylonitrile resin 6.3 

poly(n-butyl methacrylate) 

(PBMA) 

6.3 
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6 Recommendations 

6.1 Digestion-filtration method improvements 

The primary aim of this study was to setup a protocol for analysis of microplastics at 

small-scale laboratories, with limited infrastructure and resources. This was done by means 

of applying a digestion method by means of an alkaline solution. Additionally, it was 

investigated whether several environmental factors show a correlation with the amount 

and/or category type of plastics. To be able to successfully apply this method a 

contamination protocol had to be established. Since clean-rooms were lacking the 

possibility to perform this kind of microplastic research depends on the ability to limit and 

verify airborne contamination. The outlined protocol in ‘3.8 Quality assurance’ has proven 

to be an effective means of accounting for contamination of the samples. This shows that 

the contamination protocol developed within this study can be applied for investigations of 

microplastics in other small-scale laboratories. 

Even after KOH digestion, there was residue that could not always be filtered and hence 

had to be inspected visually under a microscope. However, the residues occasionally 

covered some of the particles and inferred with the analysis. Consequently, it is expected 

that some particles were missed. Therefore, the residue should systematically be filtered 

over fine sieves to at least capture the larger microplastic particles that might be in the 

residue. Training in visual identification will be especially helpful here to correctly and 

quicker identify potential man-made particles. Due to logistical and economical 

limitations, visual analysis training was not possible to do “hands-on”. However, dual 

identification was used to confirm potential microplastic findings and the similarities of 

identification between the two persons was sufficient. It is worth noticing that fibres are 

sensitive to loss and handling and hence could not always be confirmed by dual 

identification.  

Clogging of filters might be solved by increasing the ration sample:KOH to more 

completely digest the biological tissue. This was not possible in this study due to financial 
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limitations. Another way of handling this is to decrease the digestive load by only 

dissolving the guts content and not the stomach tissue itself. Care must be taken that the 

inner lining of the guts is thoroughly checked for imbedded particles in the tissue. 

With microplastics research the verification of whether small particles are indeed made of 

plastic is invaluable. Here, especially the fibres, were difficult to be measured with the 

FTIR as a slight moving of the sample after placement under the FTIR can lead to 

insufficient readings. If an apparatus with a more precise focus point is available 

considerations should be made which would be more suitable depending on the size of the 

microplastics in question, but also financial resources and expertise with the instrument.  

The following points should be considered when the present method is implemented in a 

small-scale laboratory: 

- Always establish a robust contamination protocol for limiting and verifying 

airborne contamination; 

- After filtration, sieve the residue of the sample as was done in the dissection-

sieving method to systematically check for larger pieces of (micro)plastics left 

behind; 

- Get training for visual analysis, especially if going through the residue of the 

samples; 

- Use a high sample:KOH ratio (1:10) for easier filtration; 

- Only digest gut content, not the gut system tissue, to decrease the digestive load; 

- Chemical confirmation of potential microplastic particles with e.g. FTIR or 

RAMAN should be done. 

6.2 Further research 

Although a lot is already known with regards to microplastics in the marine environment 

there remain knowledge gaps which require attention. Studies that investigate the 

microplastic occurrence in fish species often do not go into detail about the sample 

population in terms of length, weight or condition index, though more start to look at an 

aspect of this. Sometimes it is due to an opportunistic approach with regards to 

microplastics research. Fields that have been neglected, based on what was observed in this 

study, the following areas of interest should be further investigated: 
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- In reporting findings of microplastic research general information with regards to 

length, weight and condition index of the fish should be provided. Testing for 

correlations between these variables and the presence and category type of plastics 

can give an insight into whether microplastic occurrence, especially with the 

condition index, could affect the fish health.  

- As of today, mostly adult and large specimen have been investigated. There are 

some indications that younger life stages have a higher microplastic ingestion rate 

(Hoss (1989) as cited in Foekema et al. (2013)). This is likely due to a high 

ingestion rate of microplastics by their prey species. Studies specifically focussed 

on younger life stages and their prey with regards to microplastic ingestion and 

health consequences should be conducted. 

- Conclusions with regards to establishing a correlation with gut fullness are under 

discussion among scientists as elaborated on in ‘5 Discussion’. However, there are 

minimal studies which recorded this parameter. As is the case with the condition 

index it should be a standard measurement of the fish to investigate if there is a 

correlation between gut fullness and the presence of microplastics. This could 

indicate a possibility of microplastics to not properly clear out of the guts which 

could potentially affect the health of the fish. 

- From previous studies on microplastics so far researches have concluded that the 

distribution is widespread and very patchy with ‘hotspots’ occurring. Applying a 

uniform protocol over a larger scale, for example across the North Atlantic or 

along the border of the North Atlantic with the Arctic Ocean, should shed light on 

the distribution more specifically, and creates the possibility to see if there is a 

correlation to large current systems in the area. 

- Additionally, it should be investigated if there is a significant difference in 

microplastic occurrence between highly fished areas and minimally or non-fished 

areas.  

6.3 Management measures 

On the topic of microplastics it is evident that it is a widespread and increasingly important 

issue that requires attention on a governmental scale and concrete management strategies. 

In the European Union in 2015, with regards to tackling the plastic problem, the Plastic 
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Bags Directive was successfully established (Directive (EU) 2015/720). After some years 

this was followed at the start of 2018 by a European strategy on plastic waste, the 

European Plastic Strategy, where the goal is that by 2030 all plastic packaging on the EU 

market will be recyclable and the consumption of single-use plastics will be reduced and 

intentional use of microplastics restricted (European Commission, 2018a). In May 2018 

the EU voiced that there will be efforts made on new rules to reduce marine litter, with 

special focus on the single-use plastics (European Commission, 2018b). In December 2018 

this was moved further with the plan of establishing a directive in which products which 

have easily available alternatives will be banned from the market, and other products will 

be limited by national reduction of consumption (European Commission, 2018c). The next 

steps are to get the agreement of December formally approved by the European Parliament 

and the Council, followed by publication of the new Directive which Member States need 

to apply within two years. 

On a national scale there are countries that have taken action in different ways. Iceland has 

established a management report with 18 steps which has been delivered to the Minister of 

the Environment for consideration (Eydís Salome Eiríksdóttir, personal communication, 

February 21, 2019). The steps are focused on handling microplastics to prevent or 

minimize the washing out to the environment. However, currently the specific content of 

the report is not yet open for the public. Some of the following recommendations might 

therefore be redundant in the case of Iceland. 

Legislation like the European Directives is a good example of large-scale changing the 

availability and therefore the consumption of plastics. Unfortunately, at the moment there 

is still a considerable amount of (micro)plastics ending up in the environment. Following is 

a short list outlining some of the other areas which could be good to tackle on a local 

management or governmental level with regards to microplastics in the marine 

environment based on personal experience and literature review.  

- Establish sewage treatment plants in coastal cities along the North Atlantic and 

Arctic, where possible, that includes mechanical but also biological and/or 

chemical steps as it has proven that these significantly increase the capturing of 

microplastic particles in the sewage sludge; 
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o In areas where constructing sewage treatment systems is not possible, other 

technologies should be developed that facilitate the removing of 

microplastics from for example washing machines, if economically feasible. 

- Construct some kind of device or netting to capture loose plastics from water ways 

where it is known for plastics to accumulate, for example at weirs. However, it 

needs to be kept in mind that the construction does not form an obstruction for 

either the water flow, nor the traffic on larger waterways; 

- In the North Sea there is a project called ‘Fishing for Litter’ in which fishermen can 

deposit waste collected by their nets at the ports for sorting and recycling. Currently 

eight countries are applying this approach (the Netherlands, United Kingdom, 

Faroe Islands, Ireland, Norway, Germany, Spain and Belgium). Efforts like these 

should be further stimulated through the European Union, and at national and local 

government or via organizations like OSPAR as is currently the case with Fishing 

for Litter; 

- Create an ecolabel especially for consumer product, e.g. in the cosmetic branch or 

cloth washing products, so it becomes more apparent when microplastics are in the 

products. At the moment consumers often do not know what to look for on 

products when they wish to buy products without microplastics; 

- There is a large discussion about streamlining the processing of microplastic 

research regarding biota. Studies evaluated in ‘5. Discussion’ did not all have the 

same methodology which could, as explained previously, have led to the 

differences in the detection of microplastics. Greater effort should be put towards 

establishing a relatively affordable, easy to apply in all kinds of laboratories (also 

small-scale laboratories as in this study) and sound processing methodology in 

combination with a thorough but simple contamination protocol.  
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7 Conclusion 

What is the microplastics occurrence in Atlantic cod (Gadus morhua) and saithe 

(Pollachius virens) from the west coast of Iceland? This question was set out to be 

answered in the course of this study. In addition, it was aimed to establish if there is a 

correlation between the amount and/or presence of microplastics with the length, weight, 

condition index, catch location and gut fullness. 

The microplastic occurrence in cod and saithe caught off the west coast of Iceland was 

20.5% and 17.4%, respectively. In none of the variables tested (species, length, weight, 

condition index, gut fullness and catch location) a correlation was found with the amount 

or the presence or absence of microplastics found in the guts of the fish. In both cod and 

saithe the main particle colour observed was blue (34% and 38%, respectively) followed in 

cod by green (33%) and by black in saithe (23%). Out of 22 particles (nine in cod and 13 in 

saithe) confirmed by dual-ID, three particles could be analysed with FTIR. Those particles 

were made of PE and PP. 

The last aspect of this study was a qualitative and practical implementation comparison 

between the pros and cons of the digestion-filtration method, the main methodology 

applied in this study, and the dissection-sieving method. The comparison shows that each 

of the methodologies is suited for achieving different goals. The dissection-sieving method 

is in general cheaper and requires less experience in the laboratory. However, the 

digestion-sieving method removes more of the biological material, making it easier to 

detect microplastic particles. Additionally, this study has shown that microplastics research 

with the application of a good contamination protocol is feasible to be implemented in a 

small-scale laboratory with limited resourced and little infrastructure available. 

With regards to further research it should be aimed at being more inclusive of information 

on the sample population such as length and weight but especially with regards to a 

measure of health of the organism (like the condition index) and food intake (gut fullness) 

to establish potential impacts of microplastics intake on the fish. In addition, the research 

should go towards organism groups or areas of which we have until now limited 
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information, among which continue research in Icelandic waters on fish species and marine 

invertebrates, but also investigate plastic ingestion in younger life stages of (fish)species. 

Besides these research areas a more streamlined approach to microplastic research in the 

marine environment is required. So far methods and reporting results in microplastics 

research are similar but with differences in such that comparison between studies is 

difficult. When a more standardized, easy to apply protocol is available, that is effective in 

different situations, research over a large area (e.g. North Atlantic, Arctic Seas) can be 

performed to shed more light on the distribution of microplastics, and make more robust 

comparisons in the literature.  

There are good initiatives on a local, national and international scale but there is a need for 

more proactive and large-scale measures in management and policy. Recently the EU has 

been working to establish a new directive regarding replacing plastic product with 

alternatives where possible and limit the use of other plastic product. This is one example 

of a large-scale measure, though we require more. Examples can be to build more sewage 

treatment plants in isolated areas in the Arctic, or use alternatives to remove 

(micro)plastics from the waste water. Another area of interest would be to remove plastics 

from waterways known to accumulating plastics by constructing a device or a netting on 

strategic locations without obstructing water flow or traffic. Finally, an ecolabel should be 

created for consumer products in the cosmetic and cloth washing branches to easily 

recognize which products are free from microplastics aimed at creating more awareness 

among consumers and therefore decreasing their environmental impact in this problem.
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Appendix A: Data sheet 

Here the data sheet used for the data analysis with R is shown, with ten rows as example, as referred to in ‘3.5 Visual microplastic analysis’. 

The following pages are a continuum and should essentially be added on to each other from left to right. 

Table 7: Data sheet used for the data analysis, part 1/7. 

Name Fish_Number Catch_date Station Latitude Longitude 

G83 83 02/07/2018 
N66°33'00 - 
W23°28'35 665500 234763 

S5 5 28/02/2018 41 643208 260006 

S32 6 01/03/2018 51 650069 271099 

S29 3 01/03/2018 51 650069 271099 

S17 9 28/02/2018 45 645658 262132 

S8 2 28/02/2018 42 644360 262599 

S6 6 28/02/2018 41 643208 260006 

S4 4 28/02/2018 41 643208 260006 

S2 2 28/02/2018 41 643208 260006 
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Table 8: Data sheet used for the data analysis, part 2/7. 

Boat Species Length_cm Length_class Weight_g Weight_class Condition_Factor 

Finnbjörn 
- 1636 Cod 93 92-106 5509 4637-5935 0.68 

Arni - A4-
2018 Saithe 57 50-60 1315 1012-1315 0.71 

Arni - A4-
2018 Saithe 76 70-83 3130 2813-5468 0.71 

Arni - A4-
2018 Saithe 43   582   0.73 

Arni - A4-
2018 Saithe 48   815   0.74 

Arni - A4-
2018 Saithe 42 40-49 560 543-1009 0.76 

Arni - A4-
2018 Saithe 48   839   0.76 

Arni - A4-
2018 Saithe 49 40-49 892 543-1009 0.76 

Arni - A4-
2018 Saithe 52 50-60 1063 1012-1315 0.76 
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Table 9: Data sheet used for the data analysis, part 3/7. 

CF_class CF_class2 Sample_Weight_g Gut_fullness Blank_sampling Blank_process Blank_environment Batch Date_process 

0.68-
0.90 Slim 154 empty A11 C5 D5 5 22.07.2018 

0.71-
0.81 Slim 39.1 half A1 C5 D5 5   

0.71-
0.81 Slim 53.3 empty A5 C3 D3 3 20.07.2018 

    8.8 empty A5 C3 D3 3   

    14.7 empty A3 NA D13 13 27.08.2018 

0.71-
0.81 Slim 9.9 empty A2 C8 D7 7 25.07.2018 

    9.6 empty A1 NA D15 15 30.07.2018 

0.71-
0.81 Slim 21.7 empty A1 C9 D8 8 29.07.2018 

0.71-
0.81 Slim 28.1 empty A1 C6; C7 D6 6 24.07.2018 
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Table 10: Data sheet used for the data analysis, part 4/7. 

Notes_process Date_microscope_1 Plastic_presence_uncorrected Plastic_presence_corrected 

forgot to TAR so 
estimated the right 
amount of citric acid 
added 20.09.2018 yes yes 

  18.09.2018 yes no 

outside of stomach full 
of parasites, filtrated 
again after freezing 
and looked at 
remnants to see if 
plastics are missed 19.09.2018 no no 

spilled in the oven       

  none_observed_sieving no   

  19.09.2018 no no 

bone? plastic? who 
knows, lets have a 
look... 18.09.2018 no no 

  18.09.2018 no no 

  20.09.2018 no no 

 

 

 



 91 

Table 11: Data sheet used for the data analysis, part 5/7. 

Total_Amount Fibre_Black Fibre_Blue Fibre_Grey Fibre_Red Fibre_Darkgreen Fibre_Brown Fibre_Pink Fibre_White 

2 0 0 0 0 1 0 0 0 

0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 

                  

                  

0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 
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Table 12: Data sheet used for the data analysis, part 6/7. 

Fibre_Su
m 

Fragment_Blac
k 

Fragment_Blu
e 

Fragment_Gree
n 

Fragment_Re
d 

Fragment_Brow
n 

Fragment_Yello
w 

Fragment_Whit
e 

Fragment_Su
m 

1 0 1 0 0 0 0 0 1 

0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 

                  

                  

0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 
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Table 13: Data sheet used for the data analysis, part 7/7. 

Bead_Brown Bead_Transparent Bead_Sum Sheet_Transparent Sheet_Sum 
Notes_plastic_first 
observation 

0 0 0 0 0 

transparent edges 
elongated and 
slightly curved 

0 0 0 0 0   

0 0 0 0 0   

            

            

0 0 0 0 0   

0 0 0 0 0   

0 0 0 0 0   

0 0 0 0 0   
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Appendix B: FTIR signature matches 

The following pictures are the matches for PE and PP particles found that were confirmed 

by the Agilent libraries database using the MicroLite software.  

 

Polyethylene particle found in cod. 

 

Polypropylene observed in cod. 
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A possible polypropylene particle found in saithe.  The common, clear identification of PP 

is the finger-like peak at 2800-3000 cm
-1

. However, in this sample, it is slightly shadowed 

by dirt on the particle and the spectra is therefore not as clear as preferred. To be 

conservative, this particle is stated as “plausible PP”.  
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Appendix C: Ethics clearance 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


