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Abstract

Microplastic (MP) ingestion by marine organisms has been well documented the last decade,
including in coastal Atlantic cod (Gadus morhua). Bioaccumulation of MP has however not
been well investigated. If bioaccumulation occurs, one expects older individuals to have an
accumulation of the contaminant in one or several tissues, provided exposure to the
contaminant. The study area was a heavily plastic polluted area in the Sotra region in western
Norway. These areas receive and trap large amount and long-transported marine debris with
the coastal current. The cod is a central species in the Norwegian coastal food chain, and spends
its life in this region, eating polychaetes and crabs in the sediments as well as fish, and is being

exposed to plastic through water and food.

Muscle tissue (93.50+21.82¢) of 23 healthy cod (k-factor =1.05+0.18) with a length of 40-73cm
and estimated age of 3-5 years old was used. The dissection, extraction by gentle enzymatic
and oxidative treatments, and chemical identification of MP (>20um) were performed in
NORCE PlastLab based on previously published methods. Particle size and polymer types were
determined using WFTIR. 36 MP particles (175.11 £197.53um) were observed in nine of the 23
examined fish, dominated by fragments. Six polymers were detected, PP and PE being the most
dominant with 33.3% and 30.6%, respectively. MP particles were found in fish from 40 to 56
cm and zero MP was also observed in fish of all sizes. This study did not find evidence of MP
bioaccumulation in cod muscle tissue after 3-5 years in a plastic polluted area suggesting either
that bioaccumulation does not occur or that there may be other primary target organs for MP
bioaccumulation in cod. Wet traps showed low levels of MP particles (n=2), suggesting the

PlastLab is sufficient to reduce airborne contamination.
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1. Introduction

1.1 Background for this study

An estimated 75-199 million tonnes (Mt) of plastic have entered the marine environment since
the start of the mass production in the 1950s (UNEP 2021). With the increasing amount of
plastic in the environment, plastic is described by The United Nations Environment Programme

as “one of the fastest-growing threats to the health of the world's oceans” (UNEP, 2017).

Plastic is well known to be persistent in the environment and can be transported over long
distances by winds and currents. This also includes microplastic (<1 mm) (MP). Microplastic
have for the last decade received increased attention from governments, public media, and the
scientific community due to their widespread presence in the environment and potential
physical and toxicological risk to organisms (EFSA, 2016; GESAMP, 2016; UNEP, 2017).
Plastic debris and MP in the marine environment are transported to the Norwegian coast by the
same currents brought by the Norwegian coastal current and predominant winds from the
southwest (Bastesen et al., 2021). As a result, high volumes of floating plastic debris and MP
are exposed to fish and other species living along the Norwegian coast. Additionally, marine
organisms are also exposed to MPs from local sources released by fish farms along the
Norwegian coast, responsible for the release of an estimated 805 tonnes of MPs/year into the

environment (Welden & Lusher, 2017).

The MP occurrence in the Norwegian environment has been documented in three preliminary
matrices: sediments, water and biota. Sediment has been identified as a sink for MPs and as a
good matrix to monitor special and temporal changes (Lusher et al., 2021). Sediment sampling
sites have been located offshore (Knutsen et al., 2020), along the coast (Collard et al., 2021;
Haave et al., 2019), and in freshwater (Lorenz et al., 2020; Lusher et al., 2018). MP is also
present in water, such as surface waters in the polar Artic ranging between 0 to 131 MP particles
per m? (Lusher et al., 2015), Bergen fjord (0-7 MP particles per m~) (Nerheim & Lusher, 2020)
and Oslo fjord (9-217 MP particles per m™) (Albretsen et al., 2018).



Coastal biota is the most studied matrix in relation to MPs in the Norwegian environment. For
fish especially, Atlantic cod is a species known to ingest various sizes of plastic. Large pieces
of plastic such as a sex toy (Summers, 2014 ) and a coca cola can (Andersson, 2004) have
previously been found in the gastrointestinal (GI) tract of cod. Brate et al. (2016) found plastic
items in the micro to macro plastic size range in 3% of 302 cod and up to 27% in urban hotspots
in Bergen, western Norway. Foekema et al. (2013) found that 13% of 80 stomachs of cod

contained plastic items all less than Smm.

Cod is an important species in the world's ocean systems from both an ecological, cultural, and
economical point of view (Garcia & Newton, 1995; Link et al., 2009) and has a high
commercial value. In Europe, over 103 597 tons of cod were landed in 2019, with a market
price of 1,5 billion EUR (EC 2021). Cod is also the most common fish species in Norway with
its spread from the coastline to the inner parts of Norway's fjords (Bréte et al., 2016). The coastal
cod is a stationary type of cod, with its entire life cycle in the same region, it plays a role as
both a predator and prey in the food web. The coastal cod is also a generalist, which means it
has a range of prey, from polychaetes, crabs, and other crustaceans to fish in different parts of

the water column (Link et al., 2009).

Although the MP ingestion of cod has been well documented the knowledge about the
behaviour of MP in the food chain is less known. MP particles down to 10um have been
detected in edible tissue and organs of fish such as Atlantic cod and Atlantic Salmar (Salmon
salar) (Gomiero et al., 2020a; Haave et al., 2021). However, studies on MP accumulation in
organs over time (bioaccumulation) have not been investigated. According to recent field
studies, MP bioaccumulation in fish has been difficult to observe (chapter 2.2.5). A recent study
by Mcllwraith et al. (2021) studied the potential MP bioaccumulation in the liver and muscle
tissue from freshwater fish in Canada, such as Smallmouth bass (Micropterus dolomieu), Lake
whitefish (Coregonus clupeaformis), and Northern pike (Esox Lucius) and found no trend in
accumulated MP in of the organs over time and could therefore not confirm MP
bioaccumulation in either of the species. A review by Miller et al. (2020) also confirmed the
difficulties to identify MP bioaccumulation. An investigation into the behavior of MP in
relation to cod, an important species in the Norwegian ecosystem, is important for the

understanding of potential problems related to continuous exposure of MP.



1.2 Aim, hypothesis and objectives of the thesis

The overall aim for this study was to investigate if MP particles in muscle tissue of cod are

increasing over time by using length of the cod as an estimation for age.

Hypothesis
The hypothesis for this study were:

1. Accumulation of MP in the muscle tissue is observed in cod that are continuously
exposed to MPs.
2. Older cod will have a higher number of accumulated MP particles in the muscle tissue
than younger cod.
Objectives

The objectives for this study were to:

e Identify the presence of accumulated MP particles in the muscle tissue of cod by using

Micro-Fourier Infrared Spectroscopy (LWFTIR)

e Investigate the correlations between accumulated MP particles in the muscle tissue

and length as a proxy for age.



2. Theory

2.1 What 1s plastic?

2.1.1 A short introduction to plastic history

Plastic is a relatively new material which has existed for nearly two centuries (Napper &
Thompson, 2020). The start of plastic is considered to be in the mid-1800s, using camphor,
cellulose, and nitrate to create Celluloid. The first fully synthetic plastic was invented in the
1900s by Leo Hendrick Baekeland (Meikle, 1995). The benefits of plastic became quickly
evident as it is a low-cost, easy forming, lightweight, durable, and highly versatile material
(Napper & Thompson, 2020). As a result of the second world war, traditional material such as
wood, stone and metal were short in supply. This shortage led to a rise in plastic production,
where the qualities of plastic were put to good use. Plastic production continued after the war
and a strong economic expansion combined with the emergence of the modern consumer
society led to a rapid increase in global plastic production (Geyer, 2020). The start of mass
production of plastic is considered to be in the 1950s. Since then, the global production has

reached 367 million tonnes (Mt) in 2021 and is increasing yearly (PlasticsEurope, 2021).

2.1.2 Types of plastic

Plastic consists of long chained molecules known as polymers. These polymers are made of
synthetic, semi synthetic, or organic monomers derived from fossil resources (coal, natural gas,
crude oil) and organic products such as cellulose, salt and renewable compounds (corn,
potatoes, starch, seaweed and vegetable oils) (McKeen, 2014). Plastic can often be categorised
into at least two groups: thermoplastics and thermosets. Thermoplastic refers to plastic material
that can be formed into different shapes by the application of heat and pressure (Andrady et al.,
2003). Thermoplastic products are often easy to recycle and mould into different products by
remelting (e.g., Polypropylene (PP), polyethylene (PE), polyethylene terephthalate (PET),
polystyrene (PS), polyvinyl chloride (PVC) and polyamide (PA)). Thermoset plastics, however,
will not be able to change form when heated. Such products include polyurethane (PU),
polyester resins, Bakelite, and Epoxy resins and polyester composites (GRP). These types of

plastic are mostly used in vessel fabrication and rubber tires (Andrady, 2017).



As fossil resources are not considered sustainable, there are advanced developments by using
hydrocarbons from renewable sources. This introduces a new category of plastic: bioplastic
(Iwamoto & Tokiwa, 1993). Bioplastic can be produced from biomass sources and include
biodegradable and bio-based plastic. Some of the biodegradable polymers are for example
polylactic acid (PLA), a type of polyester made from fermented plant starch from corn,
sugarcane, or maize. The sugar is fermented and turned into lactic acid (Sintim & Flury, 2017).
PLA is a thermoplastic, it is renewable and biodegradable, which are applied in biological and
medical applications (Mekonnen et al., 2013). Biodegradable plastic can be broken down by
microorganisms into water and COz (or methane) under specific conditions. Currently,
bioplastic represent less than one percent of the total plastic production annually and are now
used in an increasing number of markers such as packaging, electronics, and textiles (european-

bioplastics.org).

2.1.3 Fabrication processes

Monomers (e.g. propylene, ethylene and styrene) are the building blocks of polymers and
consist of simple molecules containing a double bond or active functional groups (Chanda &
Roy, 2006). Longer molecules allow for stronger Van der Waals forces, which obtains their
structural properties such as strength and toughness (Andrady, 2017). The process of
transforming monomers to polymers is called polymerization (Figure 1). There are two
fundamental mechanisms behind polymerization: addition polymerization and condensation
polymerization. In the addition polymerization process, which is initiated by a catalyst, the
monomer (possessing a double bond), is opened up and the free valances join other molecules
to form a polymer chain (Chanda & Roy, 2006). PE, PVC, PP and PS are polymers produced
by this mechanism and the reaction does not form side products. The condensation
polymerization is the reaction between the monomer and polymer chain end group releases a
side product often water (McKeen, 2014). Polymers such as PES, and PA are made using this

condensation polymerization process.
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Figure 1- Polymerization process of Polystyrene from monomer to polymer.

Depending on the final product and requirements, additives may be added to enhance polymer
properties. These additives include for example plasticizers, hardeners, ultraviolet stabilisers,
flame retardants, pigments, fillers, and colourants (Lithner et al., 2011). It is important to
understand the polymerization process of a plastic polymer to know its nature and behaviour.
Plastic made from polycondensation for example, can degrade when exposed to water at high
temperatures. A type of polyester, such as PET can degrade when exposed to an acidic or basic
environment. This degradation can damage the polymer chain and alter its chemical integrity,
which can lead to difficulties in the process of isolating MP during digestion and purification

(McKeen, 2014).



2.1.4 Plastic in society

Plastic is now utilised in every aspect of society and our daily lives (Lebreton & Andrady,
2019). Approximately 15% of the global production is produced in Europe, where plastic is
highly demanded in packaging (40,5%), construction (20,4%), electrical and electronics
(6,2%), household, recreation, and sports (4,3%), agriculture (3,2%), household, leisure and
sports (4,3%), agriculture (3,2%), and a combined category of “others” (16,7%) containing
medical applications, furniture, machinery and technical parts (PlasticsEurope, 2021). This
demand is reflected by polymer production of PP (19,7%), low-density PE (17,4%), and high-
density PE (12,9%) account for the largest share, followed by PVC (9,6%) and PET (8,4%).

Their application area is illustrated in Figure 2.

Plastic also facilitates benefits for the society such as the supply and storage of clean drinking
waters, thus improving consumer safety and health (Andrady & Neal, 2009). Food packaging
applications enable food (vegetables, meat, fish) to remain fresh long after they are produced,
and the quality of the food can be monitored by using gas-flush packaging and oxygen
scavenger technology (Andrady & Neal, 2009). Plastic has also provided better sterile
healthcare products, such as surgical equipment, syringes, medical packaging, goggles, and
single-use gloves for preventing infection of bacteria and/or viruses (de Sousa, 2021). During
the Covid 19 pandemic, the demand and use of single-use products increased, especially face
masks and gloves. Urban and Nakada (2021) have estimated that in Brazil more than 85 million
face masks was disposed per day in 2020. This increase is of single use face masks and gloves

can become a major problem for the environment in the future when improperly disposed.
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Figure 2- Polymer distribution of the plastic demand in Europe in 2020 (PlasticsEurope, 2021).

With a rapid consumption of plastics which generates large amounts of plastic waste, the world
is unequipped to handle it. WWF estimates that 37% of the global plastic waste is managed
ineffectively (Hamilton et al., 2019). In 2021, only 23.4% of plastic post-consumer waste was
recycled and 42% sent to energy recovery operations in Europe (PlasticsEurope, 2021).
Although plastic recycling in Europe has increased 117% since 2006, it is far below global
recycling rates recycling products such as iron and steel (70-90%) and paper (58%) (Agenda,
2016). The most prevalent system of managing plastic waste is landfilling, and 24% of plastic
waste generated in Europe was disposed of in landfills in 2021 (PlasticsEurope, 2021).
Mismanaged waste is material left uncontrolled, openly dumped in nature or managed through
uncontrolled landfills, taking centuries to decompose (Agenda, 2016; Hamilton et al., 2019).
By escaping waste streams, mismanaged waste would enter the environment and eventually

reach the ocean (Geyer et al., 2017).



2.2 Microplastic
2.2.1 Definition

Two decades after the mass production of plastic started in the 1950s, numerous reports of
plastic debris interacting with marine wildlife appeared in the scientific literature. These reports
include albatrosses ingesting “indigestible matter” and seals entangled in plastic debris (Fowler
et al., 1989; Kenyon & Kridler, 1969) to name a few. In the 1970s, the first report of small
pieces of floating plastic fragments and pellets on the ocean surface also appeared in the
scientific literature (Carpenter & Smith, 1972). However, the term “microplastic” in relation to
the marine environment did not appear in the scientific literature until 2004 by Thompson et al.
(2004). Microplastic was defined to an upper limit of Smm which has become the most
frequently used definition (GESAMP, 2015). Lately, the adoption of Imm as threshold has been
proposed, excluding plastics in the millimetre range 1-5mm from the MP definition (Table 1),
and allowing only the micrometre sized to be included in the term (Hartmann et al., 2019). The
requirement for an “upper size limit” size was needed to focus on the possible ecological effects
as particles of this size were more likely to be ingested (Arthur et al., 2009). The inclusion of
Smm particles meant that plastic resin pellets were also included in the microplastic term,
undoubtedly important to increase awareness of this source of plastic pollution. To distinguish
the origins of MP in the environment they are divided into two groups: primary or secondary
MP. This distinction is based on whether MP is intentionally produced in this size (primary) or
as a result of the breakdown of large plastic items (secondary) (GESAMP, 2015). Primary MPs
include scrubbing agents in cosmetics and toiletries, such as shower gel and facial scrubs
(Boucher & Friot, 2017), virgin plastic production (resin) pellets and exfoliants and plastic
particles used for abrasion in air-blasting (Arthur et al., 2009). Secondary MPs result from
larger plastic items being broken down into smaller parts in the environment. Breakdown of
secondary MPs happen through different weathering processes such as sunlight, winds, ocean

currents, microbial activity, mechanical wear and tear (Andrady, 2011; Andrady et al., 2003).



Table 1- Summary of size definition used in this study from nano to macroplastic (Hartmann et al.,
2019).

Size
Nanoplastic 1 to <1000 nm
Microplastic 1 to <1000pm
Mesoplastic 1 to <10mm
Macroplastic 1 cm and larger

2.2.2 Microplastic behaviour

2.2.2.1 Degradation

Defined by ISO 472:2013, degradation is an “irreversible process leading to a significant
change in the structure of the material, typically characterised by a change of properties and/or
fragmentation affected by environmental conditions” (International Organization for
Standardization, 2013 ). The most prevalent type of plastic degradation is photodegradation
(Table 2), which facilitates oxidative degradation (Andrady et al., 2011; Andrady et al., 2003).
This oxidative degradation process is initiated by sunlight (UV-radiation) and the kinetics
depends on the combination of conditions such as oxygen concentration, temperature, water
chemistry, and presence of other chemicals (Booth et al., 2017). UV radiation is causing a
degradation of the polymer chain, resulting in cracks on the surface of the polymer and
weakening the plastic. This weakening is causing the plastic to become brittle, resulting in a
generation of secondary MP fragments of different sizes (Andrady et al., 2011; GESAMP,
2015; Lassen et al., 2012). Not only is the kinetics of the polymer degradation dependent on
environmental conditions, but also the chemical composition. Polymers such as PE, PP, and PS
consist of a pure carbon-carbon backbone, whilst polymers such as PET consist of a heteroatom
in the backbone, mainly oxygen (Lambert & Wagner, 2016). UV-radiation initiates the
production of radicals by oxidation and these radicals lead to a breakage of the polymer chain
(Yousif & Haddad, 2013). With a heteroatom present in the polymer chain, the strength is

weakened and plastic is therefore more sensitive to oxidation.
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The temperature also plays a significant role in terms of degradation rate. Studies have shown
more efficient weathering degradation of plastic debris in the beach zones, compared to floating
plastic debris in the ocean. This is mostly due to lower temperatures and lower oxygen levels
in the water compared to the sand in the beach zone (Andrady et al., 2011; Andrady et al.,
1998). Once in the marine environment, the lack of solar UV-light, (to initiate the photo-
oxidation process), lower temperature, and oxygen concentration make extensive degradation
far less likely for plastic debris. Plastic debris present in the beach zone, are exposed to higher
UV-light, higher temperature and have more access to oxygen. It is therefore the majority of
secondary MPs are generated in the beach zone and translocated to the sea (Andrady, 2017).
Other types of degradation such as biodegradation do also occur but have a significantly slower
degradation rate compared to photo-oxidative degradation. Clearly, the nature of the polymers
also plays an essential role in determining their environmental fate and potential impact on the
ecosystem (Andrady, 2017). There are some ways to control degradation by using additives
such as UV stabilisers which will reduce the degradation. The additives are added in for
example the PA-polymer used in mainly fishing nets, reducing the degradation when exposed

to sunlight.

Table 2- Overview of different types of plastic degradation in the environment (Andrady et al., 2011).

Type of degradation Source
Biodegradation Action of living organisms
Photodegradation Action of light (usual sunlight in outdoor exposure)

Thermooxidative degradation = Slow oxidative breakdown at moderate temperatures
Thermal degradation Action of high temperatures

Hydrolysis Reaction with water
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Figure 3- lllustration of the main degradation process (photodegradation) and fragmentation of

plastic in the environment (Booth et al., 2017).

2.2.2.2 Size, shape, and density

Size, shape, and density are important factors for determining the fate of plastics in the marine
environment (GESAMP, 2016; A. Lusher et al., 2017). The shape of MP varies between
irregular to long, from thin fibres to spherical. Pellets can have ovoid, cylindrical, disk and
spherical shapes whilst particles with irregular shapes affected by degradation in the
environment are underlying the wide category of “fragments” (Hidalgo-Ruz et al., 2012). The
most abundant shape category of MPs in the water are fibres (48,5%), followed by fragments
(31%), beads (6,5%), films (5,5%), and foam (3,5%) (Table 3) (Kooi & Koelmans, 2019). The
specific density of plastic particles can vary, depending on the polymer and manufacturing
process. These values for plastic range from <0.05 g cm™ for polystyrene foam to 2.1-2.3 g/cm’

3 for Polytetrafluorethylene (PTFE/Teflon®) as listed in Table 4 (Chubarenko et al., 2016).
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Given the seawater density (>1,027 g/cm™?), low-density plastic such as PE (0.91-0.94 g/cm)
will float when present in water and high-density plastic such as PVC (1.35-1.39 g/cm™) will
sink and accumulate in sediments (Lobelle & Cunliffe, 2011). The continuous degradation
including its polymer properties gives a variety of different MP particles in the water column,

making them available for a range of various organisms (Wright et al., 2013).

Table 3- Overview of various plastic shapes found in the aquatic environment (Lusher et al., 2020).

Shape classification = Other terms used
Fragments Irregularly shaped particles, crystals, fluff, powder, granules

shavings, films

Fibres Filaments, microfibers, strands, threads

Beads Grains, spherical microbeads, microspheres
Foams Polystyrene, EPS

Pellets Resin pellets, nurdles, pre-production pellets, nibs

Table 4- Common applications of plastic polymers found in the marine environment, including their

specific gravity in comparison with water density (A. Lusher et al., 2017).

Plastic polymer = Common applications Specific gravity (g/cm™)
PE Plastic bags, storage containers  0.91-0.95

PP Rope, bottle caps, fishing gear 0.90-0.92

PS Cool boxes, cups, containers 1.01-1.09

PVC Film, pipe, containers 1.16-1.30

PA (Nylon) Fishing nets, rope 1.13-1.15

PET Bottles, strapping, textiles 1.34-1.39

PES Textiles, boats >1.35

PFTE Cookware, paint 2.1-2.3

Pure water 1.000

Sea water 1.027-1.035 (depending on salinity)
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2.2.3 Microplastic ingestion, uptake and translocation

MP ingestion by marine organisms happens either through direct ingestion by mistaking MP
for prey items or indirect ingestion from plastic-contaminated prey, called trophic transfer
(Watts et al., 2016). When ingesting MP particles there are two possible pathways from the
gastrointestinal tract into the internal organs of the fish. This mode of uptake happens either
through the intestinal epithelium or by a endocytic process followed by a transportation in the
circulatory fluid system (Wright & Kelly, 2017). A more likely route of larger MP particles to
translocate is by paracellular diffusion, or so-called persorption. Translocation and persorption
are two terms frequently used to describe the mechanism of the uptake process. Translocation
is used to describes the specific particle that has passed through intestinal tract and transferred
via blood to other organs and tissues. In comparison, persorption is used to describe the passage
of an intact particle through the wall of the intestinal tract. Volkheimer (1993) tested a variety
of substances (e.g., pollen, cellulose, crab and lobster shells, PVC, hair fragments and soot) in
the microparticle range to study the mode of uptake of in vertebrates.

Volkheimer (1993) stated that the microparticles up to 150 pm can pass through the biological
barrier through the intestinal wall by persorption and translocate to the liver and other organs
via the portal vein system. As MP lies in the size range available for persorption, these two

terms have been adapted by the MP literature to describe the potential uptake.

Exposure studies on MP uptake shows contradictory results and the mechanism behind the
process of translocation is poorly understood (Chain, 2016; GESAMP, 2015; Maes et al., 2021;
van Raamsdonk et al., 2020). By feeding European sea bass (Dicentrarchus labrax) with a diet
containing fluorescent MP particles (1-5um) for 16 weeks, the fillets contained a mean
estimated MP concentration of 0.36+0.29 nMP/g (Zeytin et al., 2020). A recent exposure study
used even smaller sizes by feeding rainbow trout (Oncorhynchus mykiss) palladium doped
polystyrene nanoplastic (PS-Pd NPs ~ 200nm) and identified NP-particles in liver
(1.1£0.1ng/g) and kidney (65.6125.4 ng/g) (Clark et al., 2022). These findings support the
persorption size limit established from Volkheimer (1993). However, recent studies have also
observed MP particles of 200-600 um in the liver (Avio, Gorbi, Milan, et al., 2015; Collard et
al., 2017; Jovanovi¢, 2017) suggesting an even higher size limit of MP persorption and

translocation.
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Exposure studies have also investigated potential target organ(s) for MPs. From a toxicological
point of view, a target organ means the organ(s) that is most affected from the exposure to a
contaminant of concern (Heywood, 1981). The fish liver is normally the primary target organ
for many organic pollutants due to various metabolism and different processes (Hedayati,
2016). Other organs such as brain, kidney and muscle tissue are also known target organs.
Muscle tissue has for example shown to be the target organ for methyl mercury in Atlantic cod

(Kwasniak & Falkowska, 2012).

Recent field studies have investigated the presence of MP in organs such as liver and muscle
tissue of fish. Haave et al. (2021) studied the presence of MP in the muscle tissue (1000png/kg)
and liver (3400ug/kg) of naturally exposed cod in the Sotra region west for Bergen. Mcllwraith
et al. (2021) detected zero to 84 particles in muscle tissue of various freshwater fish species
ranging from 100um to 5000um in lakes in Canada. Furthermore, Gomiero et al. (2020a)
observed MP particles from 11-240pum in muscle tissue and liver of farmed and wild salmon

and mountain trout in western parts of Norway.
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2.2.4 Microplastic status as a persistent pollutant in the environment

Bioaccumulation is a term primarily applied for dissolved chemicals present in the
environment, known as POP (Persistent Organic Pollutant) and metals. Examples of POPs
include polychlorinated biphenyls (PCBs), polybrominated diphenyl ethers (PDBEs) and
polyaromatic hydrocarbons (PAHs). Bioaccumulation refers to the net uptake of contaminants
in the tissues of organisms through any route such as respiration, ingestion or direct contact
with contaminated water or sediments, leading to a higher concentration in the organism over
time (Simpson, 2005). The solubility of organic compounds in lipids (fat, oils) tends to
determine to what extent they bioaccumulate. Bioaccumulation and trophic transfer of a

contaminant may result in biomagnification at higher trophic levels (Figure 4) (Miller et al.,
2020).

POPs can stem from improper use and/or disposal of industrial chemicals and unwanted by-
products of industrial processes or combustion (Maes et al., 2021). POP was classified by the
Stockholm convention in 2004 with the aim to reduce the release of these chemicals on a global
scale (Hagen & Walls, 2005). In comparison, plastic production and subsequent release into the
environment are still continuously increasing (Kershaw et al., 2019; Maes et al., 2021; Worm
et al., 2017). Plastic and MPs share similar behaviour to POPs as they are also persistent, stable
substances, meaning there is risk for remaining in the environment for a long time and long-
time exposure for wildlife. In contrast POPs and metals have shown evidence for
bioaccumulation and biomagnification across trophic levels such as cod (Amlund et al., 2007,
Ruus et al., 2012; Shaw et al., 2009), seal (Letcher et al., 2009; Shaw et al., 2008) and polar
bears (Boisvert et al., 2019; Muir et al., 2006; Sermo et al., 2006), which have not been observed
for MPs (Miller et al., 2020).
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For MP to be classified as a persistent pollutant they also need to show a pattern of
bioaccumulation and toxicity. By assessing whether MP concentration increases over time
within organisms and from lower to higher trophic levels are based on the classical definition
of bioaccumulation and biomagnification applied to POPs and metals (Alexander, 1999;
Bernes, 1998; Miller et al., 2020). Physical items such as MPs, presented as fragments or fibres,
do interact with marine organisms in different ways compared to POPs. In contrast, MPs also
makes for an even broader category of combinations of polymers, additives, and their
degradation state (Worm et al., 2017). Once MP particles have entered the body, their mode of
uptake is more limited compared to POPs. MP has the potential to pass biological tissue and
translocate via phagocytosis by either the gills of the gastrointestinal tract and therefore size
dependent. POPs, that are already dissolved chemicals, have a greater chance to be taken up by
the organism. It is therefore a discussion about whether these concepts are suitable for assessing
ecological risk for MP concentration in marine organisms, but this needs to be further

investigated (Miller et al., 2020).

Excretion Biomagnification

Bioaccumulation Bioconcentration

Ingestlon Inhalatlon

Figure 4- lllustration of exposure routes for persistent pollutants, and bioconcentration,
bioaccumulation and biomagnification of a persistent pollutant up the food chain (Provencher et al.,
2019)
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2.3 Spectroscopy

2.3.1- Infrared radiation (IR)

In the electromagnetic spectrum, IR radiation (700nm-1mm) lies between the microwave
radiation range (30cm-1mm) and visible light (400nm-700nm) (Figure 6). Electromagnetic
radiation (light) is defined as either a particle or a wave. By expressing light as particles, each

particle carries energy E:

E =hv 2.1
Where h = Planck constant (=6.626*10-3* J*s) and v = frequency.
A wave by comparison is defined by frequency and wavelength (A). Frequency is the number
of waves that passes through a given point per second (s'!), commonly known as Hertz (Hz).
Wavelength is the distance between two corresponding positions of head-to head waves (Figure
5). The relationship between frequency and wavelength is given in equation 2.2:

c= VA 2.2

Where ¢ = speed of light (=2.998*10%m/s in vacuum).

/\ /\ " v/ \\/

Figure 5- lllustration of the intensity of light expressed as a wave (Henshaw & O’Carroll, 2009).

Wavelength and frequency are inversely proportional by equation 2.2, meaning long wavelengths

provides low frequency (A) and short wavelengths provides high frequency (B).
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Since energy is directly proportional to frequency, equation 2.1 and 2.2 can be combined:

E=— = hcv 2.3

Where ¥ = 1/A is called wavenumber (cm ).

As equation 2.3 express, energy is inversely proportional to wavelength and directly
proportional to wavenumber. This relationship is illustrated in figure 6. An increase in
wavenumber corresponds to an increase in energy. Red light for example has longer wavelength

than blue light indicating that red light is less energetic compared to blue light.

High-energy photons Low-energy photons

Frequency, v (Hz)
1024 10% 10%° 108 108 1014 102 1010 108 106 104 102 100

0% 107"
Wavelength, A (m)

Visible spectium|

Violet, blue Red

400 450 500 550 600 650 700
Wavelength, nm

Figure 6- The electromagnetic spectrum with a range of wavelength with various of frequencies from

gamma waves (107 m) to long radio waves (10° m) (Henshaw & O’Carroll, 2009).
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2.3.2- Vibrational modes

Depending on the energy, radiation can interact with molecules in various ways. Ultraviolet
radiation and visible light for example, contains enough energy to make electrons in the
molecule excite to a higher orbital level, called electronic transition. In contrast, IR radiation
does not contain enough energy to induce electronic transitions (Harris, 2010). IR radiation
can only stimulate molecular vibrational motions. However, only molecules with a dipole
moment are capable of absorbing IR radiation. Symmetric molecules such as such as H, N>
and O; are [R-inactive as the vibrations causes no change in the dipole moment. Vibrations can
cause a change in either bond length (stretch) or bond angle (bending). The bending vibrations

are often divided by scissoring, rocking, wagging and twisting (Figure 7).

Stretching vibrations

X &g

Symmetrical Asymmetrical

Bending vibrations

el 98" T %

Twisting Rocking Wagging Scissoring

Figure 7- lllustration of molecular vibrations caused by IR radiation divided by stretching and
bending vibrations (Cameron et al., 2020).
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The various vibrations of the compound are expressed in an IR spectrum. The IR spectrum is

a plot of %Transmittance vs the wavenumber of the radiation. The wavenumber used in IR

spectroscopy lies normally between 4000-400 cm™!, because most compounds show

characteristic absorption in this region range. This region can be divided into the functional

group region (4000-1400 cm™) and the fingerprint region (1400-400 cm™).

Table 5- The approximate regions where the common functional groups in various frequencies areas
absorb IR radiation. Based on (Pavia et al., 2001).

Frequency (cm ')

4000 2500 2000 1800 1650 1500 650
O-H C-H C=C Very few | C=0 | C=N C-Cl
C= bands C-0
Cc=C C-N
X=C=Y
N-H c-C
N=0O | N=O
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2.3.3- Absorbance and transmittance

Absorbance and transmittance are two related, but differently used quantities. Absorbance
refers to the substance capacity of absorbing radiation and transmittance measures how much
light that passes through the sample (Figure 11) (Harris, 2010).

Transmittance of any sample equals the relationship of the radiation from the sample I, over

the radiation before the sample lo:

T=- 2.4

Where Iy = the intensity of the radiation striking the sample and I = Transmitted light (the
remaining light that have passed through the sample). Transmittance is mostly expressed in
T%:

T% = - * 100% 25

Absorbance and transmittance are related through equation 2.5 and illustrated in table 5:

A= logll = —logT 2.6
0

Table 6- The logarithmic relationship between the absorbance and the transmittance. If the
percentage transmittance is high, more light has passed through the sample. Similarly, if the

percentage transmittance is low, the sample have absorbed more light and little light has been

transmitted.
Absorbance Transmittance
0 100%
1 10%
2 1%
3 0.1%
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The relationship between absorbance and transmittance can be expressed by Beer-Lambert
law, the fundamental law of quantitative absorption spectroscopy (Li-Chan et al., 2010). This

law states that the absorbance of a sample with a thickness | (cm) is given by:

A= logll = ¢lc 2.7
0
Where € = molar absorptivity (M™! em™) and ¢ = molar concentration (M).

Equation 2.6 states that the absorbance is proportional to the concentration in the sample and
transmittance in inversely proportional (Li-Chan et al., 2010). This relationship is illustrated

in Figure 8.

Absorbance (A)

Transmittance (T)

—
Concentration (C)

—
Concentration (C)

Figure 8- lllustration of transmittance and absorbance in relation to the sample concentration.
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2.3.3 Fourier transform infrared radiation spectroscopy

Spectroscopy is the study between electromagnetic radiation and matter (Harris, 2010). Fourier
transform infrared radiation (FTIR) spectroscopy is a non-destructive and well established
method for identifying chemical compounds (Ismail et al., 1997). The components of FTIR
spectroscopy are based on the components in IR spectroscopy. These components are
traditionally a light source, a monochromator, a sample cell, and a detector that produces a
single spectrum from one sample. By applying more advanced components such as
interferometer (Figure 7), Linear array (LA) mapping (Figure 11) and sensitive detectors, the

FTIR method has developed into a more reliable identification technique (Tagg et al., 2015).

By applying an interferometer, the radiation from the light source is split into two optical beams
by a beam splitter. The beam is reflected by a mirror of a fixed length and a moving mirror,
providing beams in various frequencies. This can either cause constructive or destructive
interference (Figure 9). When the two mirrors are at the same distance, there is no optical path
difference (OPD) and the beams are in phase (constructive interference). Constructive
interference occurs when the two mirrors is an integer (n) multiple of the wavelength
(Subramanian & Rodriguez-Saona, 2009). In contrast, destructive interference occurs at (n +
'2) multiple of the wavelength. The intensity of the beam for constructive interference is higher
in contrast to destructive interference. The resulting light intensity varies in form of a cosine
wave. When the two beams reflected by the two mirrors collide, they are added together to form

a single wave.

Source
Moving mirror M Sample
. B
1., *_‘mi_* = ==
] A
Beam |
li D . .
spiiter v etector Constructive Destructive
interference interference
Fixed mirror

Figure 9- Simple sketch of the components of FTIR spectroscopy (Subramanian & Rodriguez-

Saona, 2009) (left) and illustration of constructive and destructive interference (right).
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The plot of the light intensity (in volt) and OPD is called an interferogram and contains every
recorded wave. The interferogram is a function of time and is not recognizable as a spectrum.
By applying a mathematical procedure, called Fourier transformation, the component

frequencies can be extracted from the interferogram and create an IR spectrum (Figure 10).

INTERFEROGRAM SPECTRUM

IR R—

SIGNAL AMPLITUDE

INTENSITY

4000 3000 2000 1000

OPTICAL RETARDATION WAVENUMBERS (cm—1)

Figure 10-Transformation of signals recorded by interferogram. By applying Fourier transformation
mathematical equations, the interferogram can be transferred to an IR spectrum (Bhargava et al.,

2003).
2.3.3.1- Sampling modes

In FTIR there are two operating modes which are commonly used for FTIR; Transmission,
attenuated total-reflectance (ATR) (Xu et al., 2019). In Transmission mode the IR light passes
through the sample and the transmitted light is measured. This mode requires the filter to be IR
transparent and the sample to be sufficiently thin to avoid total absorption of the IR spectrum
(Képpler et al., 2016). In contrast, ATR sampling uses an optical crystal (with a high refractive
index at a specific angle, 0) to provide a total internal reflection of the IR beam when in contact
with the sample. An IR beam is sent into the crystal at a certain angle, called the critical angle.
Information about the sample is gathered through the interaction of evanescent waves and the
sample (Figure 11). After the reflected IR beam have interacted with the sample, it carries the
chemical information to the detector. The evanescent wave is key to how ATR can provide the
use of vibrational or chemical information about the sample of interest. The evanescent wave
penetrates the sample on a given intensity of the IR beam and the penetration depth is dependent
two variables. When a sample is in contact with the sample, the evanescent wave will lose
energy at frequencies identical to the absorption of the sample. The resulting beam registered

by the detector can be used to generate the absorption spectrum of the sample.
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Based on Beers law, the larger the pathlength (1), the higher absorbance (chapter 2.3.3). The
pathlength in ATR-FTIR is the sum of interactions the IR beam have with the sample through
the crystal and these interactions is dependent on the depth of penetration, which increases with
lower wavenumber. The angle between the refractive index of the crystal and the sample is also
related to the depth of penetration. Germanium crystal, with a refractive index around 4.0 will
have a lower penetration depth compared to diamond with a refractive index of 2.4
(Subramanian & Rodriguez-Saona, 2009). The ATR sampling mode is developed to enhance

the surface sensitivity

' IR Source

Evanescent Wave :

Sample A = = A 2
IR Source Detector v
1
1
|
1 Detector
Transmission

Figure 11- Simple sketch of the ATR-FTIR principle (left), where the IR source generates evanescent
waves that penetrates the sample. The reflective beam is collected by a detector. Right picture

illustrates the transmission mode (Liu & Kazarian, 2022).
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2.3.4- Using uFTIR in MP analysis

FTIR has been widely used in world vide MP research since 2004 (Veerasingam et al., 2021)
and have shown to be efficient method used for the identification, quantification and
characterization of MPs in air (Catarino et al., 2018), the aquatic environment (Bergmann et al.,
2017; Cunningham et al., 2020; Enders et al., 2019; Gomiero et al., 2019; Lorenz et al., 2019;
Peeken et al., 2018), food (Catarino et al., 2018; Gomiero et al., 2020a; Haave et al., 2021;
Woods et al., 2018) and drinking water (Gomiero et al., 2018; Kirstein et al., 2021; Novotna et
al., 2019; Weisser et al., 2021). Because each polymer contains a unique constellation of atoms,
their chemical structure can be determined and identified by FTIR (Chalmers, 2006). Detecting
MP on filters using transmission mode is the most promising technique in MP research for MPs
<500um, whilst ATR-FTIR is more suitable for plastic particles >500 um (Képpler et al., 2016).
The analysed particles need to be covered by the ATR crystal and particles with smaller size

might be unable to produce a desirable spectrum.

The FTIR instrument requires high selectivity in terms of resolution and a sensitive quantum
detector to identify the MP particles present in complex organic matrices. Selectivity refers to
the capability the method has to distinguish between a given analyte and other substances.
Sensitivity refers to the instrument's capability to detect the small amount of the analyte
(Prichard and Barwick 2007). A major limitation in terms of sensitivity of FTIR spectroscopic
measurements is the signal-to-noise ratio (SNR), especially when the absorbance of the
component is weak (Chan 2006). The SNR compares the wanted signal with the levels of
background noise. SNR can be affected by the quality of digestion treatment of organic matrices
in terms of background and possible interferences (Ivleva, 2021). To reduce this ratio, an
interferometer (Figure 9), LA-mapping (Figure 12), and a sensitive quantum detector such as
mercuric cadmium telluride detector (MCT, HgCDTe) can be applied. By also coupling FTIR
with a microscope, it can provide better sensitivity and resolution for chemical imaging of MP
particles. This chemical imaging by using LA mapping can detect MP particles down to 10pm.
In the pFTIR spectra of MP, not all segments contain relevant information, so the spectrum can
be reduced to a smaller and more characteristic sub spectrum. This can increase the selectivity

of the reference database in SIMPLE (chapter 2.4.4).
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Figure 12- Acquisition of multiple spectra by linear array mapping (Aglient, 2020).

2.3.5 SiMPLe software

SiMPLe software (Systematic identification of Microplastic Particles in the environment) is a
post-processing imaging analysis software that counts, identifies, and quantifies measured
particles analysed by uFTIR. The software allows for two types of data analysis. First, by
comparing the IR spectra of detected particles analysed by pFTIR to a reference database
(containing both plastic polymers and natural materials), and second by analysing the filter area
of the sample (Primpke et al., 2017). The algorithm for detecting particles applies to the two
thresholds of probability scores expressed by values 0 and 1 by using Pearson correlation
calculations (https://simple-plastics.eu/). These calculations can be used to mathematically
filter away unwanted tops when comparing spectra and increasing the selectivity. The software
also applies a raw dataset, with information about the dimensions, estimated volume and mass,
and a max AAU score. This score indicates how well the spectrum from the analysed particle
fits the reference material. Values around 1 are considered a perfect match. as to values below
0.5 indicate not a good match. Applying the SIMPLE software to the analysis, provides for a
simpler quality QA/QC compared to other commercial software used for identification
(Primpke et al., 2020). Not only is it a more sensitive software, detecting and identifying organic
material (protein, cellulose), but it can also separate the organic material from the specific

polymer.
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2.4 The complexity of microplastic- A challenge in microplastic
analysis

Visual identification has been one of the most frequently used methods for identifying MPs by
using the criteria of type, shape, and colour for identification (Lusher et al., 2020). There is
however a limitation with this identification method as particles below a certain size cannot be
discriminated from other materials in the sample matrix (Bergmann et al., 2015). Colours of the
MP particle that are similar to the colour of the matrix, can also be a challenge to identify when
MP particles are below a certain size (Haave et al., 2019). Hidalgo-Ruz et al. (2012) suggested
in 2012 that visual identification should be applied for MP particles <500um, as
misidentification for MP particles below 500um is very high and suggested an even higher size
limit of Imm. The use of techniques that facilitates the proper identification of MP particles is
still recommended since visual sorting depends on 1) the analyst counting the MP particles, 2)
the quality of the microscope, and 3) the sample matrix (Bergmann et al., 2015; Hidalgo-Ruz
et al., 2012). The need for more sensitive methods for the identification, quantification, and
characterization of MPs in complex matrices was addressed and there have been a developing
with sensitive identification methods for MP analysis such as FTIR, Raman and Pyr-GS-MS
(Bergmann et al., 2015; Hidalgo-Ruz et al., 2012; Lusher et al., 2020).

Currently, MP can either be expressed by the number of particles present in the sample or by
the mass concentration of the respective polymer (Primpke et al., 2020). This is conducted by
two analytical approaches, either spectroscopic or thermal degradation. For spectroscopic
methods, FTIR (WFTIR or ATF-FTIR) and Raman spectroscopy are mainly used, primarily due
to their ability to determine polymer type (identification), as well as number and size
(quantification) and shape of the MP particles (characterization) (Ivleva, 2021). For a
spectrometry method, either Pyrolysis Gas Chromatography-Mass Spectrometry (py-GC-MS)
or Thermo-extraction desorption GC-MS (TED-GC-MS) are used. In contrast to spectroscopic
methods, the thermal degradation uses mass spectrometry for detection methods. The thermal
degradation method is destructive and the analysed sample will no longer be available for
potential follow-up analysis. With thermal degradation methods, the isolated particles are

decomposed and pyrolyzed at temperatures up to 600 degrees (Pipkin et al., 2021; Zarfl, 2019).
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The specific degradation products are then measured by the gas chromatography-mass
spectrometry part of the instrument. The European Marine Strategy Framework Directive
(MSFD) technical subgroup on Marine litter recommends FTIR or Raman methods for MP
particles smaller than 100pum (Gago et al., 2016). As recent studies on biota indicate, most MPs
located in tissues are smaller than 100 making spectroscopic methods suitable for these types

of samples.

There are currently no accredited methods for MP analysis, which makes it difficult to compare
and harmonize results obtained by other studies (International Organization for Standardization,
2013 ). Comparability across laboratories, as well as the need for background control for
contamination to avoid false positives, are important for developing standard protocols to
generate accurate and reproducible results. An established framework of standards will enhance
the quality of meta-analysis across laboratories, resulting in a more accurate assessment of the
global risk of MP (Brander et al., 2020). The development of standard protocols are in the
starting phase as Wageningen Evaluating Programmes for Analytical Laboratories- Quality
Assurance of Information for Marine Environmental Monitoring in Europe (WEPAL-
QUASIMEME) and Network of reference laboratories, research centres and related
organisations for monitoring of emerging environmental substances (NORMAN) have set up a
worldwide development exercise to assess harmonization of laboratory results for MP analysis
(Van Mourik et al., 2021). The study reports large RSD (Relative Standard Deviation) of
reported MP particles and highlights the difficulties of analysing small MP particles and the
need for harmonization and comparability (Van Mourik et al., 2021). The study of Van Mourik

et al. (2021) did however not include complex matrices such as biota or sediments.
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2.4.1 Purification and isolation methods

Before MP particles can be identified and characterised, either visually or chemically by FTIR,
the MP particles needs to be isolated from its organic matrix. For biota matrix, isolation can be
done by a purification step, a process of breaking down biological tissue (plankton or tissue).
This breakdown is traditionally done by applying reagents such as strong acidic and/or alkaline
solutions (Cole et al., 2015; Enders et al., 2015; Foeckema et al., 2013; Loder et al., 2017). MP
exposed to the environment have been subject to weathering, abrasion, and photodegradation
and as a result the MPs may have reduced structural strength and resistance against chemicals
(A. Lusher et al., 2017). These traditional purification methods are therefore potentially harmful
to the MP as the reagents, depending on their pH, can have a negative effect on the polymers
and the MP integrity could be damaged or may be lost during purification (Loder et al., 2017).
PA and PES for example have a low resistance to acids, even at low concentrations (Amy.

Lusher et al., 2017).

In contrast, enzymatic digestion is more biologically specific and has a moderate temperature.
The enzymes can therefore purify the organic material without damaging plastic particles (Cole
et al., 2014). Protease and lipase are enzymes recommended for the digestion of biota samples
(Gomiero et al., 2020a; Gomiero et al., 2019; Loder et al., 2017). Protease is used for the
purpose of degrading proteins and does so efficiently in buffers with a pH between 5.0 and 11.0.
Since biota samples usually contain high levels of lipids, lipase is applied for splitting the lipids
into glycerol and fatty acids, most efficiently in buffers with pH between 2.0 and 5.0 (Loder et
al., 2017).
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2.5 Quality assurance (QA) and Quality control (QC) in microplastic
analysis

One of the most important element in QA/QC practice regarding MP analysis is the control and
documentation of contamination (Brander et al., 2020). Compared to other organic pollutants,
MP is now present in every surrounding and samples are constantly exposed to secondary
contamination. Secondary contamination can stem from air deposition on samples or
equipment, sampling equipment and tools made of plastic, water used for cleaning equipment
and samples, working solutions, reagents, and synthetic clothing worn by staff (Brander et al.,
2020). Therefore, precautions must be made in every step during the study from sampling,

processing to analysis in order to prevent or reduce the presence of secondary contamination.

Air contamination is a major concern when working with MPs (Dris et al., 2016; Prata, 2018;
Vianello et al., 2019). Previous studies on airborne MP particles show that the dominating
polymer in indoor air is PES (Vianello et al., 2019). It is therefore necessary to quantify this
secondary contamination from the lab by using background checks and procedural blanks, as it
can lead to an overestimation of results (Prata, 2018). To limit secondary contamination, good
laboratory practice (GLP) needs to be implemented. The most basic GLP considerations
suggested by Brander et al. (2020) are to limit any plastic equipment wherever possible and
glass or metal should be used instead, regardless of the matrix. In situations where plastic cannot
be avoided a procedural blank should be required to quantify and correct any contribution from
the equipment. Secondly, working solutions and reagents used should also be pre-filtered and
stored in glass bottles. Third, personnel wear when working in the lab should be non-synthetic

attire and the laboratory coat should be made of cotton.
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3. Materials and Methods

3.1 Selected sites

The study area is located on the west coast of Norway, in the Sotra region (Rabbarosen) outside
of Bergen, Norway (Figure 13). Rabbarosen was chosen for this study because it is known to
be a highly plastic polluted area, due to the permanent northward bound ocean current
(Norwegian Coastal Current) and south-westerly winds that lead to an accumulation where the
plastic is deposited onshore (Bastesen et al., 2021; Bastesen et al., 2020). There have been over
800 documented plastic accumulation sites in this area with an estimated mass of 500-1000
tonnes of marine plastic litter (Bastesen et al., 2020). A study area with large quantities of
documented marine plastic litter is important for this study, since we assume MP accumulation

in cod occurs with continuous exposure to MPs.

Figure 13- Location of the two sampling sites, Nordre Hola and Vindkjeften in the Sotra-region,

Rabbarosen, west of Bergen.
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3.2 Sampling

23 fish from Nordre Hola (n=10) and Vindkjeften (n=13) were caught by volunteers from the
Norwegian Hunters and Anglers’ Association during the period of 07.05.2021- 02.11.2021. By
Norwegian regulations, fish below the minimum size of 40cm were not collected for this study
but were set free. The fish collected from the sites were either caught by fishing nets or fishing
rods, euthanized by a blow to the head, wrapped in aluminium foil, and frozen at -20°C until
further dissection and chemical analysis at NORCE PlastLab, Mekjarvik. This sampling method
was based on previously published studies (Haave et al., 2021).

3.3 Contamination control and QA/QC

To prevent contamination during dissection and sample processing, the procedures were done
in the NORCE PlastLab, located in Mekjarvik, Stavanger (Figure 14). This lab is specially
designed to reduce exposure to contamination such as indoor air during sample preparation and
secure reliable results in MP analysis. The air through the ventilation system is filtered through
HEPA filters, trapping particles 0.3-0.5um. All samples and blanks were prepared in this lab.
Glass equipment, such as funnels, glass tubes, glass petri dishes, glassware used for wet traps,
glass beakers, and glass containers were covered in aluminium foil and burned in a muffle oven
at 500 °C before use. The top of the glass beaker was always covered with aluminium foil

during sample preparation to reduce exposure of air borne contamination.

To enter the lab, only cotton lab coats, cotton personal wear and specialised footwear such as
clogs were used to minimise the sources of contamination from clothing and shoes. The lab
outfit would be in an isolated sluice section before entering the plastic lab. The plastic lab is
equipped with steel benches to prevent contamination from bench surfaces such as linoleum.
These surfaces were rinsed with water and tissue paper before and after the dissection of the
fish and sample preparation. Filters, tweezers, and other equipment that was in contact with
samples during dissection or preparation were rinsed x3 and burned by a gas burner,
FLAMEBOY ™ (propane gas, 1350°C) before using it on another sample. It was also important
to limit the use of plastic in the lab. Some plastic products were however used in the lab, such
as squeezy bottles made of PFTE (Teflon®) containing Milli-Q water or EtOH/water (50%).
PFTE is a rare polymer to find in the environment. If present in the sample, PFTE would be

identified as contamination rather than MP particles from the sample.
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For quality assurance purposes and to secure reliable results, a wet trap was used for background
checks, containing Milli-Q water to collect air-contaminated particles in the lab during
dissection and sample preparation. This is important for securing correct results due to the low
MP concentration in tissues, recorded from previous studies (Gomiero et al., 2020a; Haave et
al., 2021). Solutions used in the preparation were pre-filtered through a glass fibre filter
(Whatman GF/A, 0.7 um) and stored in glass containers. Milli-Q water was triple filtered by a
Milli-Q® Direct Water Purification System.

Figure 14- NORCE PlastLab used during sample preparation and dissection, to limit contamination

from surfaces, airborne particles, and other plastic materials.
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3.4 Tissue sampling

All 23 fish were measured, weighed, and dissected in the NORCE PlastLab. Approximately
100 grams of muscle tissue was collected for MP analysis using scalpels and tweezers. The
scalpel knife blade was replaced, and the tweezers were thoroughly washed x3 and burned by
a FLAMEBOY ™ between each dissection. Two replicates of muscle tissue were collected from
both sides of the fish (Figure 15). The samples were weighed, packed separately in a double

layer of aluminium foil, and frozen at -20°C until further treatment and chemical analysis.

Figure 15- Left: Equipment used for dissection, such as tweezers, scissors, and scalpel. Right:
Dissection of muscle tissue from cod.
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Figure 16- Cod muscle tissue during sample preparation: A= SDS treatment after 12h, B = Protease
treatment after 48h, C = Lipase treatment after 24h, D= H202 (30%) treatment after 12h.
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3.5 Purification and removal of organic content

All chemicals, enzymes and equipment used for purification are listed in Appendix A. The
protocol of extraction of MP particles from organic material was based on previously developed

methods (Gomiero et al., 2020a; Gomiero et al., 2019; Haave et al., 2021).

3.5.2 Multi-enzymatic digestion treatment

The first step in the purification procedure was performed using Sodium Dodecyl Sulphate
(SDS), an anionic surfactant for the purpose of denaturing proteins and increasing the contact
surface and the enzymes infiltration during enzymatic treatment (Loder et al., 2017). The
defrosted muscle tissue was divided into cubes by a clean scissors and placed in a glass beaker
(pre-burned at 500 °C). The glass beaker containing the muscle tissue was added 100mL of 5%
SDS solution and incubated at 50 °C in minimum 3 hours (Figure 16 A). After incubation, the
solution was transferred to a vacuum filtration assembly, using a vacuum flask, glass funnel,
graduated funnel, and a pre-burned 10um stainless steel filter. The SDS-solution was filtered
off. EtOH/water was used to clean inside the funnel after completed filtration to include the
remaining MP particles sticking to the side of the funnel. The funnel was also cleaned with
approximately 2mL Milli-Q water over the glass beaker. The filter containing the remaining
sample was transferred to the beaker facing down. The beaker was placed in an ultrasonic bath
(B200, 117V, 60Hz, Bransonic™ Ultrasonic Cleaner) and sonicated for 10 minutes to release
any remaining MP particles still sticking to the filter surface. After the ultrasonic bath, the filter
was gently scratched by a pre burned, small stainless steel spatula to transfer any remaining
sample into the sample beaker and rinsed with approximately ImL of Milli-Q water on both
sides of the filter. The spatula was cleaned with Milli-Q water after scratching over the beaker.
The beaker was then added 100mL 0.1 M glycine buffer at pH 10.0 (Appendix A) and 1mL
protease concentrated enzyme (P3111, Sigma Aldrich, Germany) and incubated in optimal
conditions, 50°C (Figure 16 B). Since the developed method from Gomiero et al. (2020a) is
based on salmon tissue, a less protein-rich fish compared to cod, the procedure for cod was set

to 48h incubation time for protease degradation instead of 24h.
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After the break down of protein in the sample, a new filtration step was needed following the
previous description of the procedures for filtration. After filtration and rinsing, the filter
containing the remaining sample was transferred to the beaker facing down for an ultrasonic
bath for 10 minutes. As previously stated, the filter was washed with approximately 1mL of
Milli-Q water on both sides of the filter and scratched with a pre-burned spatula on the surface
to transfer remaining MP particles into the sample breaker. After sonication, the beaker was
added 100mLn of Phosphate buffer saline (PBS) with pH 5.0 and ImL of lipase enzyme
(L0777, Sigma Aldrich, Germany) for enzymatic hydrolysis and subsequent removal of fats
and oils. The sample was incubated for 24h under optimal activity conditions at 50°C (Figure
16 C).

3.5.3 Strong oxidative purification treatment

For the final step of purification, a strong oxidative digestion was performed using 50mL
hydrogen peroxide (H202, 30%, VWR International Germany) at 50°C for 12h (Figure 16 D).
The final filtration step and sonication step was performed as previous description. After
sonication, the filter was thoroughly rinsed on both sides with EtOH/water in a glass tube used
for evaporation. The remaining solution with EtOH/water in the sample beaker was also

transferred to the glass tube.

3.5.4 Evaporation treatment

A Zymark evaporator was used for evaporating the sample at 59 °C until 1 mL of the sample
remained. The glass tube containing 1 mL of sample, was then transferred to a vial for storage.
The glass tube was thoroughly cleaned with 1mL EtOH solution x4. After cleaning, a total
volume of SmL EtOH in the vial, was isolated by a top lid for storage. Before uFTIR analysis,
the solution in the vial was filtered onto an anodisc filter (¢ = 10 mm; 0.1pm, Whatman) and

placed in a glass petri dish with a glass lid to dry until pFTIR-analysis.
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3.6 Determination of the size and shape of MP particles using pFTIR

The pFTIR analysis was performed in the PlastLab. pFTIR imaging was performed using a
Nicolet™ iN10 MX Infrared Microscope coupled with a 64x64 line array mapping detector and
a quantum MCT (Mercury cadmium telluride, HgCDTe) detector to identify MP particles in
the muscle tissue samples (Figure 17). By applying an interferometer, the line array detector
collected 64 scans per sample and the IR spectra of every MP particle were recorded in the mid-
IR range 4000-650 cm™! with a spectral resolution of 4cm! in transmission mode. As the MCT
detector is temperature sensitive, liquid Nitrogen (N2, -196°C) was applied to cool the detector

down to detect the vibrations from the MP particles.

The software SiMPLe, characterizes the two dimensions of the MP particle, minor and major
dimensions (um). Major-dimension is defined as the length of the particle (continuous axis in
the centre of the particle) whereas minor dimension is defined as the width of the particle
(perpendicular to the major axis). The ratio between the two dimensions can give a
characterization and distinction to the form of the particle as fibres (length to width ratio > 3)

or fragments (length to width ratio < 3).

Figure 17- Model of the Nicolet™ iN™] (0 MX Infrared Microscope used in this study (Thermo Fisher
2022).
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3.7 Statistics and calculations

3.7.1 Fulton’s condition factor (k)

Fulton’s condition factor (k) is used to describe the two-dimensional weight (W)-length (L)

relationship, as a proxy for fish health and physical condition of the cod, using equation 3.1.

Kk = (ﬂ) £ 100 3.1

L3

3.7.2 MP particle concentration per kilo muscle tissue

MP particle concentration per kilo muscle tissue (ng/kg ww) was calculated by the estimated
mass of the MP particles performed by SiMPLe in nanograms (ng). The MP particle mass was
converted from ng to pg and the estimated MP particle concentration per kilo ww was

calculated by equation 3.2.

Particle mass (ug)
Estimated sample weight (kg ww)

Estimated MP pasticle concentration per kilo ww (% WW) 3.2

3.7.3 Standardized MP particle count
To account for differences in sample weight, the number of detected MP particles was

standardised to 100g using equation 3.3.

Sample weight (g)
100

* n detected MP particles = nMP/100g 33

3.7.4 Statistics

The statistical analyses and calculations were performed using IBM SPSS statistics (version
28.0) and Microsoft excel. SPSS was also used for creating graphs. A Shapiro-Wilk normality
test was used to test for normal distribution. Nonparametric tests, Mann Whitney test was
used to test the comparison of means and Spearman Rho correlation test was used to find
correlations between MP particle count detected in cod and the cod length. The statistical

significance level was set to a = 0,05.
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4. Results

4.1 Description of the cod caught in the two locations

The weight and length of the cod are listed in Table 7 and the variation between the two
locations are illustrated in Figure 19. As length at maturation increases with age, the length of
the cod was used a proxy for age. Based on growth rate curves for stationary cod, the cods
length (40-73cm) gives an approximately age 3-5 years (Figure 18) (Heessen et al., 2006). The
cod from Nordre Hola (41.4+2.95cm) were significant smaller in length than the cod from
Vindkjeften (51.37+14.77cm), respectively (Mann-Whitney U-test, U= 0, p<0.001). Body
condition factor is a proxy for fish health and factor around 1 indicates that the fish is in good
condition. The majority of the body condition factors were around this value, with some
exceptions. In the upper region, cod #10 had a k-value of 1.57. In the lower region, cod #6 and
cod#7 had a k-value of 0.74 and 0.67 (Table 7). There is no significant difference in body
condition factor values between the sites (Mann-Whitney U-test, U =53, p = 0.475).

Gadus morhua, IBTS Q1 2000-2004
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Figure 18- Mean length (cm) per age group for female and male Atlantic cod data from 2000-2004 from
Heessen et al. (2006). The estimated age range used in this study is highlighted in green. The estimated

age for cod with 40 cm is rounded up to 3 years.
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Figure 19- Boxplot of the variation in fish mass (g) and fish length (cm) between the two location sites, Nordre Hola and Vindkjeften. The outliers are
represented in circles.
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Table 7-Characterization of all cod captured in the period 07.05.21-02.11.21 in Nordre Hola and
Vindkjeften. The characterization includes fish mass (g), fish length (cm) and body condition factor
(k), weight of samples collected during dissection (g). The number of identified MP particles found in
the muscle tissue is expressed as standardized number of MP particles per 100 g sample (nMP/100g)

and estimated MP concentration per kilo sample (ug/kg ww).

Fish ID Capture | Fish mass (g) Fish Body Sample n validated | Estimated MP
date length condition | weight (g) | MP particles | concentration
(cm) factor, k per 100g | per kilo
sample sample (pg/kg
(nMP/100g) WW)
Spring
Nordre Hola
#1 07.05.21 855 43 1.08 71.41 2.80 0.1
#2* 19.05.21 859 43 1.08 42.13 nd nd
#3* 19.05.21 637 40 1.00 69.20 nd nd
#4 19.05.21 698 40 1.09 67.96 10.30 637.62
#5% 30.05.21 863 42 1.17 83.53 nd nd
#6 30.05.21 550 42 0.74 72.89 nd nd
#7 30.05.21 570 44 0.67 85.02 nd nd
#8 07.06.21 400 44 1.02 94.34 nd nd
Autumn
#9 27.10.21 708 42 0.96 78.46 3.82 1.29
#10 27.10.21 1334 44 1.57 91.23 1.10 0.76
Vindkjeften
#11 02.11.21 2299 67 0.76 103.43 3.87 11.42
#12 02.11.21 1285 51 0.97 95.21 9.45 9.55
#13 02.11.21 2059 58 1.06 108.59 nd nd
#14 02.11.21 1855 55 1.11 91.30 nd nd
#15 02.11.21 4639 73 1.19 152.78 nd nd
#16 02.11.21 2229 59 1.09 95.20 nd nd
#17 02.11.21 1459 53 0.98 97.90 nd nd
#18 02.11.21 1823 54 1.16 108.13 4.09 1.75
#19 02.11.21 2023 56 1.15 107.64 0.92 5.31
#20 02.11.21 1959 55 1.18 106.06 nd nd
#21 02.11.21 1356 51 1.02 103.47 nd nd
#22 02.11.21 1796 56 1.02 115.50 433 6.13
#23 02.11.21 1770 55 1.06 110.21 nd nd
MeantSD - 1479.45+ 917.52 503 £ 1.05 93.50 + 1.89 £3.10 29.30 +
9.42 0.18 21.82 132.65

nd = not detected. * = The results are uncertain due to high interference.
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4.2 Identified MP dimensions and shape in muscle tissue

The particle size detected in the muscle tissue of cod had an average size of 175.11£197.53 um
and ranged from 25-830um (Table 8). The majority of MP particle size were in size classes
below 100um (Figure 20 A). There was no significant difference in particle size between the
two locations (Mann-Whitney U-test, U=83, p = 0,336). The size distribution per fish is
illustrated in Figure 20 C. Fragments were the dominant particle shape (74%) overall with an
average size 100.55+51.36 pum. Fragments dominated in sizes below 250pum and fibres

dominated over 250um (Figure 20 D).

4.3 Identified polymer types in muscle tissue

In total, six different polymers were identified (PP, PE, PS, PET, PES, PA), and they are all
among the most commonly produced polymers worldwide. The polymers PP (33,3%) and PE
(30,6%) dominated (Figure 20 E). The cod from both locations contained the same polymer
distribution apart from PET which was only identified in Nordre Hola in cod #1. The polymer
distribution in each cod is illustrated in Figure 21 B. PP had the largest average size for both

fragments (143.79+68.83um) and fiber (570.84+304.14 um) (Table 9) and dominated for MP

particles over 200um (Figure 20 A).

4.4 QA/QC

Nine of 23 wet traps, corresponding to the samples containing MP particles were analysed by
UFTIR. Two wet traps contained MP particles, corresponding to cod #1 (n=1) and cod #4 (n=1)
(Table 8). The particles detected (n=2) were PE fibres of 123um and 310um in size. As the PE
fibre in the wet trap was in similar colour to the PE fibres in the cod #1, the two PE polymers
were excluded from the result. Cod #4 did not contain PE fibres and a subtraction was therefore
not performed. After blank subtraction a total of 36 out of 38 MP particles were included in the

result.
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Table 8- Data of detected MP particles from the muscle tissue of cod and their respective blank
samples containing MPs by uFTIR and SiMPLe software. The detected MP particles are described by

the major and minor dimensions (um), shape and polymer.

Fish ID Major dimension Minor dimension Dimension ratio | Shape Polymer
(nm) (nm)
#1 49.2 8.5 5.7 Fiber PET
25.0 15.9 1.9 Fragment PS
#4 220.3 86.7 2.5 Fragment PP
205.3 89.2 2.3 Fragment PP
136.8 58.2 2.3 Fragment PP
806 260.6 3.1 Fiber PP
234.9 125.4 1.9 Fragment PP
701.4 189.5 3.7 Fiber PP
830.4 272.1 3.1 Fiber PP
#9 121.8 23.0 53 Fiber PES
153.0 28.0 5.5 Fiber PE
124 36.0 3.4 Fiber PE
#10 80.9 49.2 1.6 Fragment PA
#11 136.8 69.8 1.9 Fragment PE
192.7 103.2 1.9 Fragment PP
95.7 74.8 1.3 Fragment PE
95.7 58.2 1.6 Fragment PS
#12 180.0 30.8 5.8 Fiber PP
179.9 453 3.9 Fiber PES
155.0 23.8 6.5 Fiber PE
131.8 70.0 1.8 Fragment PES
60.4 52.7 1.1 Fragment PES
110.0 60.7 1.8 Fragment PE
135.1 48.4 2.8 Fragment PES
70.3 44.1 1.6 Fragment PA
101.1 45.9 2.2 Fragment PA
#17 60.4 39.6 1.5 Fragment PES
60.4 39.6 1.5 Fragment PE
75.0 42.4 1.7 Fragment PE
80.9 49.2 1.6 Fragment PE
#18 258.2 86.3 2.9 Fragment PP
#22 258.2 86.3 2.9 Fragment PP
60.4 39.6 1.5 Fragment PP
60.4 52.7 1.1 Fragment PE
50.0 31.8 1.5 Fragment PES
60.4 39.6 1.5 Fragment PE
Mean £SD 175.11£197.53 53.90+20.11 = = =
Corresponding wet traps
#1 310.0 38.8 7.98 Fiber PE
#4 123.0 34.0 3.61 Fiber PE

PA= Polyamide. PE = Polyethylene. PES = Polyester. PET = Polyethylene terephthalate. PP = Polypropylene. PS =
Polystyrene.
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Figure 20-Graphic summary of standardized MP particle count in cod (nMP/100g). A= Polymers per

size class, where PP = purple, PE = turquoise, PS = red, PET = brown, PES = pink, PA = green. B
= Polymers per fid ID with same color code as A. C = Size class per fish ID. D = Size class per shape

and E = Pie chart of polymer distribution per location site with same color code as A and B.
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Table 9- Mean polymer size (um, with standard deviation) of detected MP in cod muscle tissue with

according to particle shape.

PP PE PS PES PET PA
Fragment = Mean 143.70 97.08 63.75 87.54 - 87.54
SD 68.30 48.08 45.18 49.19 - 49.19
Fibre Mean 570.84 144.0 - 150.85 48.40 -
SD 304.13 17.35 - 41.08 - -

4.5 Investigation of MP bioaccumulation

The observations of MP in cod are presented in Table 7. MP particles (n=36) were detected in
a total of nine of 23 cod from Nordre Hola (n=4) and Vindkjeften (n=5). The average MP
particle count per 100g and average MP particle concentration per kg sample was 1.89+3.10

nMP/100g and 29.30 + 132.65 pg/kg ww, respectively. The number of cod containing MP
particles were low (n=9) and was therefore not possible to investigate the relationship between
the dependent variable (number of particles) and the independent variables such as fish length
and location by a linear regression analysis. Instead, a Spearman rank correlation test was done.
Spearman rank correlation test show no correlation between N standardized MP particles and
length (rs = -0.090). The correlation is also illustrated in Figure 21A (R? = 0.010), presenting
that smaller cod contained as much MP particles as the larger ones. The relationship between
N standardized MP particles and body condition factor (k), a proxy for the cod’s health was
also examined by Spearman rank correlation and shows no correlation (rs = -0.183). This

correlation is illustrated in Figure 21 B (R? =0.012).

The number of N standardized particle count per 100g between the fish had large variations (0-
10.38nMP/100g). The fact that the majority of the cod did not contain MP (n=14) effects the
standard deviation for N standardized particle count per 100g and the MP mass concentration

per kilo sample (ug/kg ww) (Table 7).
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Figure 21- A simple scatter plot illustrating the relationship between standardized particle count and (A) fish length (cm) and (B) body condition factor (k).
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4.6 Microplastic identification by uFTIR analysis

The pFTIR analysis of was time-consuming and therefore not all wet traps were analysed. Only
the wet traps corresponding to samples with detected MP particles. The resolution and
selectivity of the spectra and images were high and could easily identify particles as either MP
particles or organic material, such as protein or cellulose. The pFTIR analysis provided filter
images, heat maps and spectra map for the 23 samples of cod. Figure 22 illustrates the different
parts of uFTIR analysis of cod #4. The remaining filter images and maps for the other samples
are listed in Appendix B.

”uu-lp;“{ilg;

Figure 22- A= Visual image of the filter membrane. B= Heat map where the colors show the probability
for PP present in this sample. Blue indicates low probability and red indicated high probability. C =
Spectra map. The color codes for the identified MP polymer, with the information on major and minor
dimensions (um). The color codes are shown in figure 20. D= Raw FTIR for PP. Blue = reference

spectrum for PP and orange = sample spectrum
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e

Figure 23- Polymer groups analyzed using the uFTIR analysis.

0
1 Polyethylene
2 Polypropylene
3 Polyester
4 Polyamid
5 Acrylic
6 Sand
7 Polyvinyl chlorid
8 Vinyl copolymer
9 eva
10 pva
11 pvac
12 pvds
13 pu
14 Polystyrene
15 sbc
16 abs
17 polycarbonate
18 pan_acrylic fibre
19 epoxy
20 phenoxy resin
21 diene elastomer
22 pom
23 peg
24 ptfe
25 epdm
26 pla
27 aramid
28 Polyimide
29 pebax
30 cellulose acetate
31 protein
32 cellulose
33 acrylic paints
34 pu paints
35 alkyd
36 fouling release
37 af_paint
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The filters of cod #2, cod #3 and cod #5 contained excessive organic material. The excessive
organic material made it difficult to conduct proper uFTIR analysis (Figure 24) when the IR
radiation is completely absorbed by the filter and causes high interference. After preforming a
second protease step for samples of approximately 100g, for example cod #17 (97.90 g) and
cod #20 (106.06 g) a more purified filter images were observed (Figure 59B and Figure 74B).
There were however variations in purifications although a second protease step was included,
for example for cod #19 (Figure 71B). Due to the porous nature of the anodisc filter, some

sample filters partly broke when transporting the filter to the pFTIR instrument using tweezers

(Figure 77B for example).

Figure 24- Filter images and heat maps for cod #2, cod #3 and cod #5 presenting IR absorption. (A4)
and (D) represent cod #2, (B) and (E) represent cod #3 and (C) and (E) represent cod #5.
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5. Discussion

5.1 Summary of the study

This study investigated correlation between MP accumulation in relation to fish length (as a
proxy for age) in cod from two locations in Sotra. MP particles (n=36) in muscle tissue of nine
of 23 cod from the two locations Nordre Hola (n=4) and Vindkjeften (n=5) were observed. The
average MP concentration per sample weight was 19.26£61.90 ug/kg ww. The average MP
particle count per 100g was 1.89+3.10 nMP/100g. uFTIR detected 10 fibres and 26 fragments
in total. Six different polymers were identified, PP (33.3%) and PE (30.6%) being the
dominating polymers. MP particles were observed in large as well as smaller cod. There was

no correlation between length and nMP or k-factor and nMP.

5.2 Larger MP particles and higher MP concentration compared to
previous findings

Compared to previous findings of MP in muscle tissue from wild and farmed fish along the
Norwegian coast this study has a larger size range (25-830um) and estimated MP particle
concentration range (0.1-637.62ug/kg ww) (Gomiero et al., 2020a; Haave et al., 2021) .
However, it is consistent with previous studies that the majority of the MP particles were below
100pum. Gomiero et al. (2020a) applied both Py-GC-MS and pFTIR and detected MP particles
ranging from 10-240 pm with a mass concentration of 0-79.6pug/kg in the muscle tissue of wild
and farmed salmon. Haave et al. (2021) quantified 1000 pg/kg by Py-GC-MS in muscle tissue
of wild cod. Reasons for a larger size range and mass concentration range detected in this
present study compared to previous studies are composite. One reason could be a higher upper
size limit for persorption of MPs trough the GI than previously assumed. As mentioned in
chapter 2.2.3, Volkheimer (1993) stated that particles <150um are less likely to pass through
the GI wall and to be transported via the portal system to other organs such as muscle tissue
and liver. This size limit has been proven to be higher in laboratory studies, observing MP
particles larger than 150um in fish livers, with sizes of 200-600um (Avio, Gorbi, & Regoli,
2015) and 323+101um (Collard et al., 2017). However, there has not been a specific study that

have specifically investigated the persorption size limit in fish (Jovanovi¢ et al., 2018).
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In this study 12 particles larger than 150um were detected by uFITR. Six of these MP particles
were PP polymers (Figure 20 B) from the muscle tissue of cod #4. Compared to the other fish
containing MPs, cod #4 has the largest size variation from 136,8um to 830,4um (Figure 20 C)
and estimated MP concentration per kilo sample weight (637.3pg/kg ww). These large particle
sizes (um) and estimated mass concentration (ng/kg ww) could stem from contamination.
Contamination or cross-contamination is a major challenge in MP research and each step in the
preformed method in this study has considered the possibility of contamination. A potential
contamination source could be fishing gear used during sampling, such as nets and ropes as
they are commonly made from PP polymers. There is a possibility for PP particles to retain in
the skin of the fish after sampling. Although the fish was rinsed with Milli-Q-water and wiped
with paper tissue before dissecting in the PlastLab, MP particles sticking to the skin could
potentially attach to the knife or tweezers and contaminate the samples. Since the MP particles
identified in cod #4 was blue, it would therefore be unlikely that the fibres originated from the
fishing net equipment as the colour of the fishing net used for sampling was orange. As this
study did not include procedural blanks, solutions and chemicals could be potential
contamination sources, even though the solutions are filtered before use. However, it is unlikely
that such large particles have passed through the filters and were in the reagents and solutions.
If the particles originiated from airborne contamination HEPTA-filters in the lab would limit
this. By only applying wet traps for the detection of airborne contaminants and not including
procedural blanks or reference materials from field equipment, there is a greater risk of being

unable to confirm or exclude contamination.

It seems more likely that the MP particles larger than 150um detected in this study stems from
contamination rather than a higher persorption size limit. Contamination can be supported by
the shape of the MP particles as the three largest particles found in the muscle tissue of cod #4
for example (701.4um, 806.0um, 830.4um) are fibres. When present in the GI tract and
intestines, having a more compact shape (i.e., fragments, films, or pellets) would facilitate the
passage through cells by endocytosis process rather than fibres, especially in those large sizes.
A persorption of fibres in those sizes detected in cod #4 through the intestinal epithelium is
therefore unlikely. This argument can also be supported by the dominance of fragments
compared (74%) to fibres observed. However, the largest fragment observed is around 258um,
which also raises the question if the particles originated from contamination or translocated

from the intestine to the muscle tissue.
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This study confirms the conflicting evidence around MPs ability to translocate in terms of size

and there is still much to understand about the mechanisms of transporting small particles in

the body.

5.3 Polymer types

The six different polymers identified are all among the most commonly produced polymers
worldwide which also corresponds to the polymers found in the marine environment
(GESAMP, 2015). The polymer distribution also supports previous findings in the stomach and
muscle tissue of fish along the Norwegian coast (Bréte et al., 2016; Gomiero et al., 2020a;
Haave et al., 2021). The same polymer distribution was found in the muscle tissues between
Nordre Hola and Vindkjeften, which could indicate a homogeneous distribution of MPs
between the two location sites (Figure 20 E). Overall, PP and PE polymers dominated in this
study. PP and PE are polymers associated with consumer products such as plastic bags, plastic
bottles, films and containers and could originate from the break-down of larger macro plastic
items. PP and PE are also dominating polymers in aquaculture and fishing and are used in ropes
and fishing nets, buoyancy materials and feeding pipes (Gomiero et al., 2020b; A. Lusher et al.,
2017). PA is also a polymer used in fishing ropes and nets and would also be expected to be
dominant in this area but only observed in cod #10 (n =1) and cod #12 (n =2). As mentioned in
chapter 2.4.1, PA has low resistance to acids. Since the purification treatment involved H>O», a

strong oxidative, their low amounts could explain the absence.

A prevalent polymer present in the environment and not observed in this study was PVC. PVC
have been detected in stomachs and tissue of fish, including cod (Brate et al., 2016; Gomiero et
al., 2020a; Haave et al., 2021). PVC is a high-density polymer and present in the lower part of
the water column and sediments (Table 4). The observation of crabs and sand in the stomach
of the cod during dissection supports the statement that the cod also operates in the lower parts
of the water column and sediments. PVC is therefore a polymer that would be expected to
identify in the muscle tissue. However, previous findings of PVC in sediments along the
Norwegian coast show large variations (Haave et al., 2019) and it was not within the scope of
this study to analyse MP concentration in sediments. The occurrence of polymers could

therefore not be based on only two studies done in the area.
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5.3- Reasons for no MP accumulation in relation to age in cod muscle
tissue

Our assumptions were that if the cod was continuously exposed to MPs and MP was
bioaccumulate, the number of MP particles in muscle tissue of cod would increase over with
cod length/age. The cod length varied from 40-73 cm (3-5 years) and based on our assumptions,
there would be a larger particle count of accumulated MP particles in the muscle tissue in older
cod than younger cod. However as seen in Table 7 and Figure 21, the accumulated MP particles
in muscle tissue are present in younger cod as well as older. The reason why there was lower
number of cod containing MP particles than expected and why there was no correlation between

nMP/100g, and length (cm) are discussed in the chapters below.

5.3.1 Exposition to lower MP concentrations

Considering the cod are very much likely been continuously exposed to MPs and that MP was
bioaccumulative, the number of cod containing MP particles (n=9) is lower than expected.
However, by comparing the number of cod containing MPs in this present study to the number
of the different fish species containing MP from Gomiero et al. (2020a), the number of fish is
similar. Gomiero et al. (2020a) detected MPs particles in the muscle tissue of eight farmed
salmon, three wild salmon and one mountain trout. In other words, 20% of the analysed fish
from Gomiero et al. (2020a) contained MPs and are lower compared to this present study (39%).
However, Gomiero et al. (2020a) detected higher amounts of MP particles (0-54 MP particles)
in the fish compared to this study (0-36 MP particles).

A reason why this study has documented lower MP particle counts compared to other studies
could be that the fish have been exposed to different levels of MP concentrations. Farmed
salmon are more exposed to MPs in their aquaculture facilities they live in such as the
framework constructed with plastic pipes and fibres from fishing nets covering the cages. Fish
feed have also shown to contain PP, PA and PE polymers up to 300pum (Gomiero et al., 2020b).
However, farmed salmon are also located along the coast and are exposed to the same MP
concentration in the water as the wild cod located in the same area. Gomiero et al. (2020a) was
also conducted in different regions compared to this study, so the exposure levels could be

different.
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Haave et al. (2021) investigated MP in muscle tissue and liver in cod and other species located
along the coast such as birds and seals. The cod was also caught in the Sotra region, north off
our location sites. Haave et al. (2021) also observed over a 1000 times higher MP concentration
with py-GC-MS in the muscle tissue (1.0 pg/g =1000ung/kg) compared to this study (29.30
ng/kg ww). A reason why there are so large differences in concentration is that Haave et al.
(2021) used only 30g of muscle tissue and standardizing to 1 kg, which can affect smaller
samples by multiplying the results as it magnifies the measurement uncertainties. Which study
that provides a representative picture for the area is hard to tell, as there are only two studies to
compare for cod and the occurrence of MP in muscle tissue need to be further investigated. The
presented results in this study are difficult to compare to other studies as well due to the very

limited available data in literature, and constantly improving methodology.

5.3.2- Target organ

Another reason for low MP particle count and that the majority of the muscle tissues (n=14)
did contain zero MPs, could be that the cod muscle tissue is not the primary target organ, and
higher levels of MP accumulation occurs in other tissues, such as the liver. Gomiero et al.
(2020a) found similar high levels of MPs in both muscle tissue and liver of salmon and could
not conclude a definite target organ. Haave et al. (2021) found higher levels of MP in the cod
liver (3400ng/kg) compared to the muscle tissue. Salmon and cod differ in lipid content in the
muscle. Salmon are known to have a higher fat content (10%) in the muscle compared to the
cod (1%) which is leaner in the muscle and contains a higher fat content in the liver (Sivertsvik
et al., 2004). Since plastic and fatty tissue are both lipophilic, a higher accumulation of MPs in
the liver rather than the muscle could explain the lower MP count in the muscle of cod. To
analyse the liver as a potential target organ would provide a better picture of MP accumulation
as it has shown high levels of MPs in Haave et al. (2021) and Gomiero et al. (2020a), however

it was not within the scope of this study to perform analysis of both tissues.
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A laboratory study by Clark et al. (2022) exposed rainbow trout to palladium-doped polystyrene
nanoplastics (PS-Pd NPs, ~200nm) for seven days and did not observe an NP accumulation in
the liver (1.1£0.1 ng/g). In contrast, the study did observe higher MP levels in the kidney
(65.6+25.4 ng/g). After the depuration phase, the MP concentration in the kidney had decreased
to detection level (3.0£0.5 ng/g). The study observed an interesting NP behaviour as the kidney
excretes the accumulated PS-Pd NPs when the rainbow trout was not being continuously
exposed. Even though this laboratory study used a different species of fish and used smaller
plastic particles compared to this present study, the result may cause doubt that the fatty tissues
such as the liver could be a primary target organ for MP accumulation than first assumed. These
exposure studies provide important knowledge on the possibility of excretion of NPs in target
organs and raises the question if MPs behaves in the similar manner. If so, excretion could be
another possibility as to why this study did not observe MP accumulation over time in the

muscle tissue and cannot be observed by field studies.

5.3.3 Loss of material

There is also possibility that MP present in the muscle tissue could have been lost or remained
on the equipment (e.g., glass funnels, tweezers, glass beakers) in different steps of the sample
preparation. As mentioned in Chapter 3-Material and methods, the steps to prevent potential
loss were done by thoroughly rinsing (x3) the equipment with pre-filtered EtOH/water to
minimize the surface tension and use ultrasonic bath for the filters to release the remaining MP
from the filter. Loss of material is therefore an unlikely explanation of the low number of MPs
since quantitative transfer of all potential MP particles has been focused on in the steps of
sample preparation during this study. Still, as MPs < 300um are not visible to the naked eye, it
is hard to observe if the cleaning has been completely successful and if cleaning did collect
potentially lost MP particles. Smaller particles (<10um) could also have been lost during the

filtration steps, potentially not been detected by uFTIR or misidentified as cellulose of protein.

As mentioned, it was difficult to fully digest the protein in the larger pieces of muscle tissue
(~100g) with enzymatic treatment. The samples from cod #2, #3 and #5 contained so much
organic matter on the filters that a complete pu-FTIR analysis was not possible (Figure 23). An
incomplete digestion of these samples could have led to potential MP particles have not been

detected by uFTIR.

57



5.3.4 QA/QC considerations

This study is based on methods used and developed by Gomiero et al. (2020a) and Haave et
al. (2021). These studies dissected the fish in a MP clean room rather than an isolated lab,
making the fish more exposed to secondary contamination. However, the studies report low
amounts of airborne MP and MPs from procedure controls. Still, as samples were dissected in

open air, it increases the possibility of contamination.

By comparison, this present study used the PlastLab in every sample preparation step, from
dissection to analyzing the samples on pFTIR. By including the PlastLab, could also be a reason
why this study detected a lower MP particle count than Gomiero et al. (2020a) and Haave et al.
(2021). Both Gomiero et al. (2020a) and Haave et al. (2021) have highlighted the possibility
for contamination during the procedure from either reagents or equipment and implies that the
results must be considered to have an inherit uncertainty. Uncertainty of the results is not to be
avoided in this study either. Not including procedural blank in the study provides the results
with a higher uncertainty. However, the reason to question the reliability of the results in this

study is rather the MP particle size than the number of MPs (n=36) observed.

Previous studies on airborne plastic particles show that the dominating polymer in indoor air is
polyester (Vianello et al., 2019). As PES is a polymer mostly used in clothes and textile fabrics
(Table 2), it would therefore be reasonable to expect, that any detected airborne contamination
to be PES particles. The detected PE particles, however, are not as common in either clothing
or textile. PE is mostly used in single-use products and can originate from sources such as
packaging material (Table 2). As the PlastLab contains limited plastic material, especially
single-use products it is unlikely it originates from the lab itself. The wet traps detected 2 PE
particles from the nine fish that contained MP particles. Some wet traps did detect airborne
particles, but pFTIR did not identify them as plastic (Figure 31B for example). By including
the number of muscle tissue samples and wet traps, 39 samples in total were analysed by pFTIR.
28 samples in total (72%) did not contain MP particles and gives a good indication that an
isolated PlasticLab, with limited plastic equipment and with personnel and lab- clothes made

of cotton is an important quality assurance step in MP analysis.
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5.3.5 Little age variation

The age of the cod were approximately 3-5 years based on the length of the cod and growth
rates. Since the age of the cod only differed by a couple of years, it could explain why we cannot
see a clear MP accumulation in relation to age. If our assumptions are correct, that more mature
cod contains higher MP concentrations compared to younger cod, this could have been observed
if more mature cod have been caught. In other words, although this study could not find
evidence of MP accumulation with increasing age, it does not mean MP does not accumulate

in muscle tissue over time.

5.3.6 Is bioaccumulation a suitable term for assessing ecological risk of MPs?

Bioaccumulation and biomagnification are two classic concepts applied to dissolved chemicals
adopted by the MP scientific literature to assess whether the MP concentrations are increasing
in the organism over time and from lower to higher trophic levels in the food chain. In general,
dissolved chemicals and MPs interact with marine organisms in different ways and the process
of MP persorption and translocation have shown to be more complex compared to soluble
chemicals such as POPs. The complexity of MP persorption and translocation could explain
why it is challenging to find evidence for MP bioaccumulation. However, we know marine
organisms in the Norwegian environment ingest MPs and recent studies have observed MPs in
the muscle tissue and other organs of fish (Gomiero et al., 2020a; Haave et al., 2021). It is only
natural to investigate bioaccumulation as part of understanding which organisms are affected
to exposure of MPs and to what extent. This study did not find evidence of MP bioaccumulation
as we could not see MP concentration increasing with length. However, as this study only
examined muscle tissue to investigate MP accumulation in muscle tissue of cod, it cannot be
concluded if MP bioaccumulation do or do not happen at all based on our result, since MP
accumulation may occur in other organs. More research is needed to assess whether the classical
concepts bioaccumulation and biomagnification are suitable for describing the ecological fate

of MP in the environment.
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5.4 Microplastic analysis with pFTIR

This study was originally set to combine p-FTIR and Py-GC-MS for a more precise and
accurate analysis to count, measure and quantify the MP particles. Since only uFTIR was used,
estimated mass concentration (ug/kg ww) was calculated by using the estimated mass (ng) from
SiMPLe. The uFTIR analysis in collaboration with SiMPLe gave a mass estimate for the
identified particles, based on which a concentration estimate for the muscle samples were made.
As the analysis provides two dimensions for the particle, the third dimension, particle thickness,
is an estimate, defined as 0.67 times the minor dimension(um). As particle thickness varies
between particles, there is a possibility for over-and-underestimation of the mass concentration
and including a spectrometry analysis such as Pyr-GC-MS would therefore be more accurate.
The filer images showed (Appendix B) variation in how much of the muscle tissue that has
been fully digested in the samples. The undigested muscle tissue in the samples is identified by
SiMPLe as “natural” particles as protein. Cotton or paper present in the sample are identified
as cellulose. Some samples have been fully digested which makes it easier to spot detected MP
particles and some are not. In some filters there seem to be a fibre in a black shade colour, but

this can stem from oxidised fish bones and muscle tissue.
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6. Conclusion

Atlantic Cod is an important species in the coastal ecosystem. Identifying whether MP
accumulates in cod will provide valuable information regarding MP behaviour in the food web.
This study demonstrates that MP particles are present in the muscle tissue of wild-caught cod
in the Norwegian environment, which is continuously exposed to MP in its natural habitat. The
size of the MP particles is higher than previously reported and suggesting a possible
unidentified source of contamination rather than a possible higher size limit of persorption. Low
levels of MP particles were found in the wet traps (n=2), suggesting that the PlastLab is
sufficient to reduce airborne contamination. In addition, no correlation was found between the
MP in the muscle tissue and cod length (as a proxy for age) in this study. These results suggest
that MP bioaccumulation does not occur or that there are other primary target organs for MP
accumulation such as the liver or kidney. This study supports previous findings that MP
bioaccumulation in muscle tissue have not been confirmed, a concept adopted in MP literature

used for ecological risk assessment for pollutants in the environment.

Microplastic is a new and emerging field of research and the many environmental and
ecotoxicological questions revolving plastic and MP are still unanswered. By identifying MP
in edible tissue of cod provides an important insight regarding the status of MP pollution in the
coastal ecosystem and potential exposure route for humans. More research is needed to answer
these questions, by developing more precise and sensitive methods to identify MPs in complex

matrices.
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7. Future work

e To get a better perspective on the role of MP translocation within an organism and
determine a potential target organ(s), liver and gastrointestinal tract should also be

included in the study.

e Species at different trophic levels of the food web should also be included for a better

understanding of the transfer of MP up the food web.

e A combined identification and quantification method for MPs consisting of both uFTIR
and py-GC-MS.

e Include procedural blanks and/or reference material from sampling to analysis to
exclude and document possible contaminations for more reliable results as a part of

quality assurance criteria.

e Include a reference site, a more shielded site for marine plastic litter to compare MP

particle count and MP concentration to fish exposed to higher amount of plastic litter.

e To provide more reliable results in terms of establishing bioaccumulation of MP in
naturally exposed organisms, water samples from the sampling sites and a more

thorough mapping of the sampling area for plastic.

e More research to establish the persorption size limit for MPs through the GI tract of

various species for better understanding for the mode of MP uptake.
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Appendices

Appendix A - Material and suppliers

Table 1A- List over enzymes used in this study

Enzymes Code  EC-number

Protease from Bacilius sp. P3111 | 232-752-2
Lipase from Aspergillus | LO777  232-619-9

oryzae

Table 2A- List over chemicals used in this study

Chemicals

Glycine

Hydrogenchloric acid 37%
Hydrogen peroxide 30%
Phosphate buffered saline tablets
Sodium dodecyl sulfate (SDS)
Sodium hydroxide pellets
Ethanol

MilliQ-water

Formula
C2H5NO2

HCL

H202
CI2H3K2Na308P2
NaCI2H25S504
NaOH

C2H60

H20

Application field = Supplier
Protein Sigma Aldrich
Hydrolysis Sigma Aldrich

#CAS Supplier

56-40-6 Sigma Aldrich
7647-01-0 | Sigma Aldrich
7722-84-1 Sigma Aldrich

Sigma Aldrich
200-578-6 = ACROS ORGANICS
1310-73-2 ' Sigma Aldrich

- Antibac

- Q-pod purelab prima
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Table 3A- List over buffers used in this study

Buffer Chemical Amount

Glycine Glycine 75¢g
NaOH pellets 37¢g
MilliQ-water 1L
HCL (Adjusting pH to 10.0)

Phosphate buffered saline (PBS) PBS tablets 2 tablets
MilliQ water 1L
NaOH (Adjusting pH to)

Table 4A- List over equipment used for sample preparation in this study

Equipment Application Supplier

Glass fibre filter Filtration of solutions and buffers =~ Whatman

Anodisc filter Filtration of sample for uFTIR Whatman

analysis
Stainless steel filter, 10um Filtration of samples Rolf Kerner GmbH

Glass wear

Glass wear
Finnpipette Digital ACL 1-
SmL

Sample preparation

Filtration equipment

Pipette

Schott Duran and

VWR
Millipore
Labsystems Finland
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Table 5A- List over instruments used in this study

Instrument
Branson 200

Muffle oven

Nicolet iN10 MX Infrared Imaging

Microscope

Flameboy

Chemical duty pump, 220 V750 Hz

Mettler PB3002 weight
Drying oven

Zymark TurboVap 500

Application

Ultrasonic cleaner

Equipment cleaning

Preparation of equipment, bruner

Weight (g)
Optimization

treatments

Evaporation of samples

Table 6A- List over software used in this study

Software

Excel

SPSS statistics 27
OMNIC Picta
SiMPLe 1.0

Application
Calculations
Statistical analysis
FTIR analysis

Reference database

UFTIR-Analysis

Vacuum dump for filtration

of

Supplier
Branson
L3/12
GmbH

Nabertherm

Thermo Fisher

Integra
Millipore
Mettler Toledo
enzymatic = Termaks

Zymark

Supplier

Microsoft

IBM

ThermoFisher Science

SiMPLe
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Appendix B- Filter images, heat maps and spectra maps

Sample #1

Figure 1B- Sample #1, containing 4 MP-particles (2 PE, PET and PS polymers). 2 PE particles

subtracted due to similar particles in blank.

Figure 2B- Heat map for sample #1
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Figure 3B- Spectra map for sample #1.

Figure 4B- Filter image for sample #I blank.
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Sample #2

Figure 5B- Filter image of sample #2.

Figure 6B- Heat map of sample #2. Due to interferences no spectra map could be received.
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Sample #3

Figure 7B- Filter image of sample #3.
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Figure 8B- Heat map of sample #3. Due to interference no spectra map could be received.
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Sample #4

Figure 9B- Filter image of sample #4, contains 7 MP-particles (PP-polymers).
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Figure 10B- Heat map of sample #4
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Spectra map
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Figure 11B- Spectra map of sample #4.
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Figure 12B- Heat map over sample #4-blank.

Figure 13B- Spectra map over sample #4-blank.
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Sample #5

Figure 14B- Filter image of sample #5
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Sample #6

Figure 17B- Filter image of sample #6.
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Figure 18B- Heat map of sample #6.
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Spectra map
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Figure 19B- Spectra map of sample #6.

Sample #7

Figure 20B- Filter image of sample #7.
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Figure 22B- Spectra map of sample #7.
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Sample #8

Figure 23B- Filter image of sample #8.
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Figure 24B- Heat map for sample #8.
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Figure 25B- Spectra map of sample #8.
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Sample #9

Figure 26B- Filter image of #sample 9

Figure 27B- Heat map of sample #9
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Figure 28B- Spectra image of sample #9
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Figure 29B- Filter image for sample #9 blank

Figure 30B- Heat map for sample #9 blank
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Figure 31B- Spectra map for sample #9 blank.

Sample #10
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Figure 32B- Filter image of sample #10
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Figure 33B- Heat map for sample #10.
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Figure 34B- Spectra map for sample #10.
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Figure 35B- Filter image sample #10 blank

Figure 36B- Heat mat for sample #10 blank.
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Figure 37B- Spectra map for sample #10 blank

Sample #11

Figure 38B- Filter image of sample #1 1
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F C39- Heat map
F C40- Spectra

F C41- Blank

F C42- Heat blank
F C43- Spectra

Sample #12

Figure 44B- Filter image of sample #12

96



Figure 45B- Heat map for sample #12
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Figure 46B- Spectra image for sample #12.
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Sample #13

Figure 48B- Heat map of sample #13
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Figure 49B- Spectra map of sample #13

Sample #14

Figure 50B- Filter image of sample #14
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Figure 51B- Heat map over sample #14
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Figure 52B- Spectra map over sample #14
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Sample #15

Figure 54B- Heat map over sample #15
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Figure 55B- Spectra map over sample #15

Sample #16

Figure 56B- Filter image of sample #16

|

"]‘il?'?!ix“ "’T’fﬁ““’m

102



Figure 57B- Heat map of sample #16

Figure 58B- Spectra map of sample #16
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Sample #17
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Figure 60B- Heat map of sample #17
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Figure 61B- Spectra map of sample #17

Figure 62B- Filter image of sample #17 blank
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Figure 63B- Heat map of sample #17 blank
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Figure 64B- Spectra map of sample #17 blank
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Sample #18

Figure 65B- Filter image of sample #18
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Figure 66B- Heat map of sample #18
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Figure 67B- Spectra image of sample #18

Figure C68- Filter image of sample #18 blank.
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Figure 70B- Spectra map of sample #18 blank.
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Sample #19

Figure 71B- Filter image of sample #19
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Figure 72B- Heat map of sample #19
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Figure 73B- Spectra map of sample #19
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Sample #20

Figure 75B- Heat map of sample #20
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Figure 76B- Spectra map of sample #20.
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Sample #21

Figure 77B- Filter image of sample #21
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Figure 78B- Heat map of sample #21
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Sample #22

Figure 79B- Filter image of sample #22.
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Figure 80B- Heat map of sample #22
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Figure 81B- Spectra map of sample #22

Figure 82B- Filter image of sample #22 blank
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Figure 83B- Heat map of sample #22 blank
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Figure 84B- Spectra map of sample #22 blank
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Sample #23

Figure 85B- Filter image of sample #23.
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Figure 86B- Heat map for sample #23
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Figure 87B- Spectra map for sample #23.
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Figure 88B- Comparison spectra using SiMPle reference library with PE polymers found in the
sample (orange) to the standard (blue).

Figure 89B- Comparison spectra using SiMPle reference library with PP polymers found in the

sample (orange) to the standard (blue).
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Figure C90- Comparison spectra using SiMPle reference library with PS polymers found in the
sample (orange) to the standard (blue).
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No evidence of Microplastic bioaccumulation in
muscle tissue

Marte Haave

Emilie Haeggernes - NORCE/UiB £ Alessio Gomiero
University of Bergen Marte.haave@uib.no NORCE Norwegian Research Centre
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In this novel study, Microplastics (MP, <lmm) were quantified in muscle tissue of wild caught cod resident in a plastic polluted
region in Western Norway. The relationship between size/age and MP in muscle tissues were investigated to assess the
bioaccumulation and biomagnification potential of MP in the marine food web. The result show no evidence of bioaccumulation of
microplastic in muscle tissue.

Highlights

* MP were detected in muscle
tissue from 8 of 23 cod from plastic
polluted area in Western Norway.

® Particles under 100pm were most
abundant

* No apparent accumulation of MP in
cod related to size/age

* The size distribution corresponds to
previous studies of MP uptake in fish
tissue

* Wet traps for QA/QC, used for
detecting airborne  contamination
shows a low number of particles.

(Gadus morhua), C ) NORCE PlastLab, D-E) Sample preparation for purification and isolation

Results method, from pre-treatment in SDS (D) to enzymatic oxidative treatment to remove proteins and
* The majority of the 27 microplastic particles fats (E).
were below 100um and varied from 32-830 Observered MP in cod was not

um (Figure 3).

* The highest nMP was 10,3 MP/100g muscle
tissue (3,30+1,60 nMP/100g).

related to size and age

There was no relationship between the
number of isolated microplastic particles per
fish and the length of the fish (as a proxy for
age).

This indicates no bioaccumulation or potential
biomagnification.

* Fragments were the dominant particle
shape in both locations.

* Dominating polymers were PP (70%) and PE
(64%). The Six polymers identified by uFTIR,
are commonly produced worldwide, and
|3n)c|ude BEZRE=Paia EETS: EAZRES (Elcure Figure 2. PFTIR filter image and spectra map for  Which hampers statistical analyses.

: detected PP polymers

* 2 PE particles in one wet trap were Conclusion
removed from a sample result. + The present study demonstrated that

current UFTIR methods are sufficient to

identify MP (>20um) in cod muscle

The number of fish with MP are however low,

Sample preparation and analysis Seserinie tissue.

W Polystyrene

moyelhyiens * Current methods indicate that MP is not

« Dissection of fish and extraction of MP was mroster present in all cod.
done in a plastic free environment at

NORCE PlastLab (Figure 1C) to limit

= * Results show that MP is not related to
e size/age, indicating no bioaccumulation
contamination. %
) of MP in cod.
* MP was extracted by gentle enzymatic and ; .

e ] * A larger sample size is needed to

oxidative treatments (Figure 1D,E), . .
. . fully elucidate the potential

Sum MP particle count (uFTIR)
H

H

described in Gomiero et al 2020. ) X R ; X
bioaccumulation of MP in marine wild-

20-50 51100 101150  151-200 201250  251-300  300-850 life

* A spectroscopic method for identification,

H

UFTIR, was applied determining size, shape Size class distribution (um) .

and polymer. * More research is needed to assess the
* SiMPLe software was used as reference Figure 3. Sum of MP particles in cod irtlzl;scfel\i/InPthet;\oeozwjvr:;e elvionmentiand

library (Primpke et al 2018). (nMP/100g) after uFTIR analysis per size class
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