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CHAPTER ONE
l. Introduction

Plastic material demand and production have surged as a result of industrialization over the past
century (Rillig, 2012). However, improper recycling and the resulting fragmentation of plastics
have led to the creation of microscopic plastic particles which are also described as microplastics
(MPs). Microplastics (MPs) can be referred to as “synthetic solid particle or polymeric matrix,
with regular or irregular shape from 1 um to 5 mm size of either primary or secondary
manufacturing origin” (Hara et al. 2020). They are now a reported problem globally, with reports
of their occurrence in all components of the environment (Beaurepaire et al. 2021). The primary
concern regarding the threats posed by MPs is their impact on organisms and human health, which
can be ascribed to their small size, high surface area to volume ratio, and their capacity adsorb or
release pollutants (Jahnke et al. 2017a). These resulting microscopic plastics cause biotic
interactions because they are widely distributed in freshwater, marine, and terrestrial ecosystems
worldwide. Although these MPs do not instantly impact living things, prolonged exposure to them
has a number of harmful effects through a variety of methods, including the ingestion of poisonous
chemicals, inflammation caused by the sharp edges of the MPs, and subsequent blood flow
changes (Jingyi Li et al. 2018). In order to comprehend their existence in the environment, MPs
monitoring is crucial. To extract, identify, and quantify the particles dispersed in environmental
matrices for microplastic investigations, multiple methodological approaches are needed.
However, to eliminate it and release particles into environmental systems with a high organic
matter content, a chemical digestion process is necessary. During the density separation stage,
organic residues may coalesce with MPs due to their comparable densities, creating challenges in
collecting and quantifying particles (Q. Li et al. 2019). Treatments for organic digestion may use
oxidizing agents, acids, fundamentals, or enzymes (L&der et al. 2017). Although enzymatic
digestion is effective, it has a significant drawback related to the expensive cost of enzymes, which
could be a limiting factor even for small-scale operations. Therefore, it requires post-treatment
such as alkaline to eliminate any remaining organic matter (Ribeiro-Claro et al. 2017). It is crucial
to note that not all procedures can effectively remove organic matter from polymers without
causing damage. In addition to efficiently destroying biogenic organic matter, the applied
protocols must leave synthetic polymers unaffected in terms of their weight, volume, shape, and



color if necessary. However, despite their widespread use for chemical or pretreatment digestion,
the impacts of various chemical agents such as alkaline, bases and acids on the chemical
characteristics of MPs have not been extensively investigated. By conducting extensive research
on the changes induced in the chemical structures and morphologies of MPs there is potential for
enhancing the detection and analysis of MPs by incorporating pre-treatment methods in the future.
This research study aims to investigate the effects of oxidative, acidic, and alkaline agents on the

morphology and chemical characteristics of MP samples.
Problem Statement:

Despite research on chemical digestion methods for microplastic (MP) analysis, there is no
consensus on the most effective method or standardized procedures. Consequently, it is important
to minimize the impact of the chosen method on the MP particles being isolated for identification
and characterization. The study aimed to evaluate the effects of four treatment agents (hydrogen
peroxide, acetic acid, nitric acid) on four types of MP particles. The research examined the ability
of each treatment to recover a known quantity of particles and the impact on identifying polymer

type using a microscope.
Research Questions:

- Has our protocol caused degradation or fragmentation?
- How many particles were overlooked?

- How much have we falsely identified?
Objectives:

- Effect of digestion procedure on the properties of Microplastics.
- Establish a uniform method for examining microplastics extracted from environmental

samples.



CHAPTER TWO
Il. Literature Review

Due to its cutting-edge technology, low cost, and wide range of applications, Plastics are among
the most commonly utilized substances globally (D’ambriéres, 2019). Estimates indicate that the
production of plastics will reach 33 billion tons by the year 2050. (Barrows et al. 2017). The global
plastic production surged by a factor of 25 in 2015, rising from an estimated 331 million tonnes to
7.82 billion tonnes (Geyer et al. 2017). According to current forecasts, the amount of plastic
produced has been growing exponentially and will triple by 2050 (Geyer et al. 2017). Plastic is
used in practically every facet of modern life today, including packaging, technology, clothing,
and transportation. Packaging is the most common use for plastic, making up more than 40
percentage of plastic manufactured (Lusher et al. 2017a). Regrettably, a significant proportion of
plastic products we use are disposable, and the necessary regulations to promote a circular
economy and halt their unrestrained growth have not been enforced (Barnes et al. 2009).

Plastics are a diverse group of synthetic and semi-synthetic materials that exhibit qualities such as
strength, low cost, light weight, and resistance to corrosion. They also have excellent electrical
and thermal insulating capabilities (Laist, 1987). Because of these qualities, plastics have been a
priceless resource for civilization with a wide range of uses (Andrady, 2017). However, several
features of plastics that contribute to their versatility also allow them to persist and accumulate in
the natural environment (Laist, 1987). The widespread use of disposable plastics, inadequate
recycling, and improper disposal of plastic waste exacerbate their resistance to decomposition,

which is a direct result of the durability of plastics (Cole et al. 2011).

Plastic pollution can harm wildlife once it enters the environment by posing physical hazards (such
as entanglement and ingestion) as well as chemical hazards (for example desorption of pollutants)
(Li et al. 2016; Wright & Kelly, 2017). Because of this, the general people, scientists, and the
government have expressed worry. Around the world, reports of plastic pollution have been made
in a variety of environments, such as Arctic seas (Lusher et al. 2015) and ice (Obbard et al. 2014),
tropical regions (Lima et al. 2014) and deep-sea sediments (Claessens et al. 2013). During beach
clean-up efforts across the globe, commonly discovered types of plastic debris include
macroplastics - larger items like plastic bags and water bottles. (Cole et al. 2011). Furthermore, to

being unsightly, plastic garbage can have negative economic effects on the environment, including
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increased costs for cleanup, decreased fish stocks, and decreased tourism (Lusher et al. 2017a).
Additionally, there may be detrimental ecological effects that researchers are still trying to fully
comprehend (Browne et al. 2007; Wagner et al. 2017). Microplastics are less obvious but readily
available for ingestion by a larger range of organism than macroplastics, which are more obvious
(such as strewn plastic bottles and bags) (Hantoro et al. 2019). Because of this, current attention

has focused on the possibility that microplastics could enter the food chain (Jiana Li et al. 2016).

Plastic materials have the potential to be transported through various means such as wastewater
discharge, surface water runoff, river systems, and atmospheric deposition as aerosols, claim Kooi
et al. in 2016. Thus, one of the main sinks for waste plastic trash has been the ocean (Andrady,
2017). According to Floyd & Floyd (2016) the amount of plastic waste entering the ocean annually
is rapidly increasing, with estimates ranging from 4.8 to 12.7 million metric tons. The waters may
contain more plastic than fish by the year 2050. These debris are common in the maritime
environment and pose a serious threat to the ecology, according to Kroon et al. (2018). Smaller
bits of plastic, however, may have a variety of as-yet-unknown consequences on aquatic
ecosystems, despite the recent focus on large plastics (Cole et al. 2011).

I1-1. Sources of Microplastic (MP)

Direct release of microplastic particles into the environment is possible, and the first transit method
is dependent on the source (Birch et al. 2020). Figure 1. displays the major global sources that
have been discovered. Among them are synthetic plastic pellets (0.3%), microbeads (2%), marine
coatings (3.7%), road markings/dust (7%), city dust (24%), tire wear (28%) fabrics (35%).
(Boucher & Friot, 2017). Microplastic contamination originates from both point and non-point
sources, just as other aquatic contaminants. Wastewater treatment plants (WWTP), industrial

facilities, and cracking plants are examples of point source pollution sources (Birch et al. 2020).
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Figure 1: Major global sources Microplastics (Birch et al. 2020).

The term "city dust" denotes a set of widespread sources observed in urban regions, including
microplastics generated through wear and tear, weathering, and shedding. These sources comprise
microplastics arising from infrastructure like household dust, synthetic turf, and building coatings,
as well as microplastics produced during abrasive blasting and powder handling. City dust also
includes microplastics originating from the abrasion of synthetic footwear soles, plastic utensils,
and infrastructure (Birch et al. 2020).

The release of Mps into rivers is caused by variety of sources, such as tire wear and tear, washing
synthetic clothing, city dust, Industrial wastewater and the runoff from urban areas (Prata, 2018).
Household garbage has the potential to contribute to microplastic pollution when it is released as
wastewater. This liquid waste is transported via pipes to sewage treatment plants located
underground; however the treatment procedure does not always completely remove all
microplastics (Mason et al. 2016). Microplastic pollution from WWTP effluent consequently gets
into the waterways. Microplastics, due to their small size and durable, lightweight materials, have
the ability to travel long distances through wind and water currents. The common plastics which
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can be found in freshwater are polypropylene (PP), polyethylene (PE), and polystyrene (PS).
Microplastics have been discovered in all oceans, as well as in every Great Lake. Furthermore,
rainwater frequently causes sediments to be carried into rivers, with biosolids containing
microplastics being applied to the soil as a significant source. (Dris et al. 2015). Similar to other
types of microplastics, biosolids that contain microplastics can release harmful metals into the

environment in trace amounts. (Wijesekara et al. 2018).

I1-2. Classification of Microplastics

Microplastics are tiny plastic particles that have a size less than 5.0 mm and are made of polymers.
(Law & Thompson, 2014). These smaller plastics could be the result of UV light, weathering,
corrosion, and breakdown into microplastics in the water (Figure 2.). A primary source of
microplastics is industrial production, which also produces exfoliating face scrubs, toothpaste and
resin pellets. Total surface area grows as weathering and fragmentation of MP particles (Schwarz
et al. 2019). MP surface area can regulate biofouling rates this, in turn, impacts the density of
microplastics and the rate at which they settle in sediments (Jahnke et al. 2017b). Although the
rate at which additives released from the particle or at which contaminants sorb to the particle may
both be accelerated by increased surface area (Bouwmeester et al. 2015). The chemical
composition of the MP particle can differ significantly from the original microplastics because of
the absorption and release of hydrophobic molecules and additives from the surrounding

environment.
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Figure 2: Factors that influence the weathering of plastic in the marine environment (Jahnke et
al. 2017b).

11-2.1. Based on Sources

Microplastics can be classified into two types, primary and secondary, based on their source.
Primary microplastics are plastic particles that are intentionally produced at the microscale for use
in consumer products. Until 2018, when the Microbead-Free Waters Act was passed in the US,
microbeads were commonly used as exfoliants and abrasives in personal care products such as
face shampoo, scrubs and toothpaste (Schwaferts et al. 2019). Pre-production plastic resin pellets,
also known as nurdles, are considered as primary microplastics. These are plastic particles that are
created at the microscale specifically for use in various consumer goods (Zbyszewski et al. 2014).
Additional uses for primary MPs include sandblasting media (Eriksen et al. 2013). Primary
nanoparticles (NPs), despite being smaller, are also utilized in several diagnostic procedures,
research settings, and cosmetic items. In general, primary particles are any manufactured particles
that are released into the environment as MPs or NPs (Fox, 2021).
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However, secondary MPs are created when bigger plastic products are continuously degraded in
the environment by mechanisms that alter the structure and reactivity of the polymer (Gigault et
al. 2016). Polymer degradation can result from a variety of processes, including hydrolysis,
photodegradation caused by UV exposure, abrasion, temperature changes, as well as biological
and chemical degradation. The effects of several stressors may coexist. As an illustration, extended
exposure to UV can make polymers more brittle due to structural changes (such as the development
of carbonyl), which accelerates mechanical breakdown (Mattsson et al. 2015). Certain stresses can
affect some polymers more than others. More susceptible to UV breakdown are popular
polyolefins like PE and PP as well as PS (Song et al. 2017). Secondary MPs can be produced in
high quantities by polymer weathering; subtropical gyres have been observed to contain up to 106
MP particles/km? (Jambeck et al. 2015; Law et al. 2010; Law & Thompson, 2014). Although
primary MPs usually contain PS, PE, and PP, secondary Microplastics mostly contain more than

one polymer (Birch et al. 2020; Browne et al. 2007).

11.2.2. Based on Size

Plastics can be classified based on their size as nanoparticles (100nm), microparticles (0.0001—
5mm), mesoparticles (5.00-25mm), and macroparticles (>25mm) (Fok et al. 2020; Windsor et al.
2019).

I1-3. Ecological effect on Organism

Microplastics affect the biota in several ways, which includes through consumer ingestion, the
delivery of toxins to species and the creation of novel habitats. Because microplastics are tiny in
size, they can be ingested by various organisms of different sizes and positions in the food chain.
(Barnes et al. 2009; Wright et al. 2013). Direct consumption refers to the act of a prey item
intentionally or unintentionally ingesting a microplastic particle (Pradit et al. 2021; Usman, 2007).
Misidentification on the other hand occurs when fish consume microplastic that appears similar in
size or color to their natural prey. (Pradit et al. 2021). Meanwhile, biocontamination or biofouling
occurs when organic debris and microbes accumulate on plastic particles, resulting in changes to
the material's appearance and chemical composition. In any case, MPs are likely to be mistakenly

recognized when biofouling is present (McCormick, 2015).



At an individual level, consuming microplastics can directly harm organisms due to the physical
presence of microplastics and the potential attachment of pollutants. Microplastic fibers can clog
filter-feeding systems and lead to suffocation in organisms (Grigorakis & Drouillard, 2018).
Microplastics are materials that cannot be digested, and if they are large enough in the stomach,
they can create a sense of fullness that is not appropriate. Additionally, particles may cause
blockages or expansion of the intestines. (Grigorakis & Drouillard, 2018; McNeish et al. 2018;
Norland et al. 2021). Moreover, obstructions and damage to the digestive system may result in less
efficient energy absorption, which could affect how the organism allocates its energy and grows
(Grigorakis & Drouillard, 2018). Microplastic particles with a size smaller than 150 um can
potentially penetrate the intestinal barrier and enter the bloodstream, where they may accumulate
in other tissues. (Rochman et al. 2014; Zipp, 2022).

Microplastic also has ecological implications due to its function in the transportation and release
of pollutants (Teuten et al. 2009). Although microplastic polymers are generally considered
biologically inert, they can be associated with biologically active compounds. Plastic production
often involves the use of chemical additives such as phthalates, bisphenol A, and chemical dyes to
modify the material's properties, such as its flexibility or color (Hahladakis et al. 2018). When
microplastics degrade in water or sediment, the additives used in their production are released into
the environment. These chemicals, such as phthalates, bisphenol A, and dyes, which are added to
plastic during manufacturing to alter its properties, can be very harmful when ingested and can
seep into the digestive tract (Engler, 2012; Rochman et al. 2014).

The endocrine system, for instance, has been discovered to be disrupted by styrene which is a
monomer contained in several popular plastic types, including polystyrene. The functioning of an
organism's immune system and reproductive system depends on the endocrine system (Rochman
et al. 2014). Behavioral changes and weight loss have also been connected to polystyrene, a kind
of styrene (Besseling et al. 2013; Smith et al. 2018). Fish have been identified as "sensitive
indicators” of endocrine disrupting chemicals (EDCs) in laboratory investigations because
exposure to these chemicals can lead to changes in gonadal development, gonadal degeneration,
sex-specific gene protein activation, and the prevalence of intersex in these animals (Rochman et

al. 2014). Being a stress multiplier, microplastics are a problem in terms of ecotoxicology. In



addition to their negative consequences, they also pass along a cocktail of toxins to the fish
(Rochman et al. 2014).

Microplastics can attract and accumulate other hydrophobic compounds due to their own
hydrophobic nature. According to Rochman et al. (2013), microplastic is linked to more than 78%
of priority pollutants. Hydrophobic substances such as persistent organic pollutants,
organochlorine insecticides, polybrominated diphenyl ethers, polychlorinated biphenyls (PCBs),
polycyclic aromatic hydrocarbons (PAHSs), heavy metals, pharmaceuticals, and petroleum
hydrocarbons can be absorbed by microplastics. (Grigorakis & Drouillard, 2018; McNeish et al.
2018; Rochman et al. 2014). After microplastics with attached hydrophobic chemicals are
consumed, the chemicals may detach in the digestive tract and then be assimilated by the animal's
tissues (McNeish et al. 2018)

The process of chemical sorption and release into an organism's body depends on both the type of
pollutant and the body composition of the organism. Moreover, the characteristics of the
microplastic particles, including their size and polymer type, also influence the chemical sorption
and release process. These factors play a role in the kinetics of chemical sorption and release into
the body, both when microplastics are ingested and when biofilms form on the plastic surface
(Rummel et al. 2017). The toxicity of aquatic species to microplastic exposure can be attributed to
many of these additives being harmful (Groh et al. 2019; Johnson, 2021; Lithner et al. 2012).

11-4. Effects on Humans

The harmful consequences of MP exposure on humans have also been studied. At present, humans
primarily come into contact with microplastics through ingestion and inhalation (Browne et al.
2007). An estimated 11.000 MP particles are consumed annually by humans. According to
Heddagaard & Mgller (2020), a significant portion of the Microplastics that are consumed are
thought to be caused by food contamination, especially seafood, during preparation, processing,
and shipping. Some estimates suggest that human exposure to microplastics could be as high as
121,000 particles per year when taking into account the inhalation of microplastics in the ambient
air (Cox et al. 2019).

Microplastics can contaminate the air in enclosed spaces due to the breakdown of synthetic textiles

and fibers. Therefore, it is evident that most people today consume huge amounts of microplastics,
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the effects which are mostly unknown. Given the large amount of MP particles that people
consume annually, it is imperative to assess the danger of exposure to the human tract. Although
few, non-human mammal in vivo MP exposure studies may be crucial for establishing the

toxicological risks that MPs represent to human health (Heddagaard & Magller, 2020).

Although human cells exposed to MPs and NPs in vitro showed decreased cell viability, it is still
unclear to what extent these findings suggest a risk to the general health of humans (Barboza et al.
2018; Cox et al. 2019). Moreocer, there are limited controlled studies on the impacts of plastic
particles on human health, toxicity related to plastic particles is observed in health data from
accidental inhalation in industrial environments and patients who were injected with NPs during

therapeutic procedures as drug delivery vehicles. (Kégel et al. 2020).

Similar to this, it has been shown that persons who use plastic prostheses accumulate plastic
particles in their lymph nodes (Kdgel et al. 2020). There is still much to learn about the danger that
plastic particles, particularly NPs in the human gastrointestinal system represent to human health,

and plastic particle toxicity is now a developing area of toxicology (Fox, 2021).

Microplastics can pose a potential threat to human health and other living organisms due to the
release of plasticizers, antioxidants, and other compounds. Furthermore, microplastics can absorb
organic carcinogens such as polychlorinated biphenyls, polycyclic aromatic hydrocarbons, and
organochlorine insecticides from the environment (Lehner et al. 2019). After being ingested, these
chemicals and additives can become detached from plastic particles, turning MPs and NPs into
potential entryways for carcinogens and other hazardous materials. Overall, microplastics might
still turn out to be safe, but making that assumption before we understand how they interact with

all physiological systems is improper and wrong (Fox, 2021).

[1-5. Sampling Technique:

For years, studies on microplastics have been carried out, but there is no standardization of
methods for sample collection, pre-treatment, quantification, and identification. (Jingyi Li et al.
2018). Following consideration of the matrix type (water, sediment or biota) to be tested for the
presence of microplastics, various sample techniques may be used (Selected sampling, bulk

sampling and volume-reduced sampling) (Razeghi et al. 2021).
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[1-5.1. Selective sampling

Selective sampling entails the systematic collection of observable items from the environment.
Furthermore, visually identifying microplastic particles in the environment, collecting them, and
separating them from the media in which they are found. Usually used on top of coastal sands, this
approach is most effective for large microplastics (1-5 mm) (Razeghi et al. 2021). The removal
and collection of anthropogenically created coastal debris for subsequent characterization and
laboratory analysis would be an example of selective sampling. Additionally, there are several
issues with selective sampling. Standardizing a methodology for selective sampling may be
difficult because researchers may apply it differently (Fox, 2021). Consequently, the count of
microplastic particles with certain characteristics like size, shape, or color could be lower than the
actual count in a specific aquatic environment due to the lack of standardization in methodology.
Reproducibility issues, peculiar researcher behavior, and undercounting should all be reduced by
effective sampling approaches (Fox, 2021).

[1-5.2. Bulk sampling

Bulk sampling is the procedure of collecting a sizable amount of environmental material from
suspected microplastic-containing environments (such as sediment, water, air, and organisms)
(Fox, 2021). When utilizing this approach, there are no field-applied separation or selectivity
methods. Bulk sampling involves collecting a large volume of water, such as one cubic meter, for
subsequent laboratory analysis. However, when it comes to testing microplastics in water, bulk
and selective sampling are not commonly used. Moreover, bulk sampling of water may not be
practical for certain applications because collecting and transporting such a large amount of water
can lead to errors in statistical counting (Karlsson et al. 2020). Nonetheless, collecting, storing,
and transporting large volumes of water for later study can be a challenging task. (Fox, 2021).

11-5.3. Volume-reduced sampling:

Volume-reduced sampling is a method used to separate and collect microplastics from the
environment. It involves reducing the volume of the sample that will be evaluated in subsequent
stages. (Razeghi et al. 2021). One way to perform volume-reduced sampling is to use a manta net
that filters the surface water and collects particles above a certain size for further analysis. This is

a common method for collecting microplastics from aquatic environments. Manta net trawls and
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neuston net trawls are commonly used for surface water sampling, while bongo nets, plankton
nets, continuous plankton recorders, and near-bottom trawls are commonly used for water column
sampling (Wang & Wang, 2018).

Volume-reduced sampling is already a common method in MP research (Cézar et al. 2014; Eriksen
et al. 2013) because to the extensive and productive usage of manta nets and neuston nets. The
choice of method for a study is influenced by several factors, such as cost, feasibility, accessibility,
precision, accuracy, and the type of media from which microplastics need to be extracted
(Rochman et al. 2017). Pumps for water intake have also been employed for water column
sampling among these methods (Karlsson et al. 2020). These methods of volume-reduced
sampling allow the filtration of large volumes of water, while simultaneously collecting possible

microplastic particles from the water column without any selection bias. (Fox, 2021).

[1-6. Separation Techniques

11-6.1. Filtering or sieving

To separate microplastics from water samples and plastic-containing supernatants from sediment
density separation, filtering is the most used method. Filters and sieve mesh have varying pore
sizes, which determine the size of the solid separated. The filters employed in microplastic sample
collection have pores ranging from 0.2 m to 300 m (Syakti et al. 2018). The common practice for
filtering involves the use of a setup consisting of a funnel, a filter membrane, and a vacuum pump.
(Crawford & Quinn, 2017). The size of microplastics detected is determined by the size of the
mesh or pores, but using small pores or mesh sizes could result in clogging due to organic and
mineral materials. Fabric can break down cellulose and synthetic fibers, turning them into potent
pollutants that could pass through the filtering membrane. Microplastics may be lost when
transferring the filter from the filtration apparatus to the petri dishes. Nylon filter paper is another
possible contaminant, so there is a risk of underestimating or overestimating the amount of

microplastics detected during the filtration process. (Tirkey & Upadhyay, 2021).

11-6.2. Visual sorting

The visual separation and identification of microplastics are crucial steps in their analysis as they
facilitate the removal of non-microplastic detritus from the sample. The detritus comprises natural

biological remains like shell pieces, seaweed, and wood, as well as human-made pollutants like
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paint, metals, and oil residues. This is achieved either through naked-eye observation or with
optical microscopy and tweezers to reduce the number of particles requiring analysis, thereby
reducing the likelihood of errors. However, this process is time-consuming and may lead to
misidentification since distinguishing microplastics from other materials is difficult. (Tirkey &
Upadhyay, 2021; Wagner et al. 2017)

11-6.3. Density separation:

This technique removes microplastic from sediments and other inorganic materials that have not
undergone chemical or enzymatic degradation (Stock et al. 2019; Tirkey & Upadhyay, 2021).
Targeted microplastics can be distinguished from sample matrices by their various densities. It is
possible to separate the microplastics for processing because of the significant density disparity
that causes clastic particles to sink and microplastics to float (Fok et al. 2020). In this procedure,
the sample is thoroughly combined with a saturated salt solution or a salt with a high concentration
before being subjected to density-based separation for a predetermined period of time (Fok et al.
2020; Loder & Gerdts, 2015).

The Marine Strategy Framework Directive (MSFD) technical subgroup (European Commission,
2013) and National Oceanic and Atmospheric Administration (NOAA) both recommended NaCl
as one of the salts that is most frequently used for density separation because of its widespread
availability, low cost, and environmental friendliness (Nuelle et al. 2014). Due to its low density,
the use of NaCl is not effective in separating high polymers such as polyvinyl chloride and
polyethylene terephthalate, resulting in an overestimation of their concentrations in the
environment (Gago et al. 2019; Tirkey & Upadhyay, 2021). To increase the recovery of
microplastics, especially of heavier polymers, using higher density solutions such as Nal, which
has high density, is safe, and can be reused, along with separation columns or the use of oil, is

recommended instead of the low-density NaCl solution (Prata et al. 2019).

Elutriation is an alternative technique for density separation that involves introducing a liquid,
such as water, from the bottom of a column to separate lightweight microplastics from settling
organic debris and silt. (Kedzierski et al. 2017). Microplastics are collected using the mesh of the
column and separated using dense solutions such as Nal (Claessens et al. 2013; Kedzierski et al.

2016). Elutriation has the advantage of removing microplastics from large amounts of sediments
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efficiently and affordably, improving environmental representativeness and lowering the volume
of the sample undergoing density separation (Kedzierski et al. 2016). However, this method
requires at least an hour for each sample and needs to be pre-sieved by size range (Kedzierski et
al. 2016; Prata et al. 2019).

[1-7. Digestion

The use of volume-reduced sampling methods for field filtering can result in the collection of not
only microplastics but also other organic and inorganic materials. Such materials may include
zooplankton, phytoplankton, organisms, and biofilms, all of which may act as contaminants (Wang
& Wang, 2018). To eliminate the unwanted organic material in the sample, an organic matter
digestion step is commonly used. The objective of each digestive reaction is to remove undesirable
organic matter while preserving the physical and chemical properties of MP particles. Depending
on the type, size, shape, and specific reaction conditions of the plastic, the MP particles may or
may not be affected during the digestion process. (Fox, 2021). The oxidizing, acidic, alkaline, or

enzymatic approaches could be used to accomplish this.

I1-7.1. Oxidizing Method

Organic material in the sample is selectively broken down by organic matter digestions, leaving
the MP particles mainly untouched. Numerous reactions, such as Fenton's reagent, which is a
mixture of sulfuric acid (H2SOa4), ferrous iron (Fe (I1)), and hydrogen peroxide (H20-) at a 30
percent concentration, have been used to successfully digest organic materials (Fox, 2021; Wang
& Wang, 2018). For the elimination of organic waste, H20- is a reliable and well-known oxidant
(Tirkey & Upadhyay, 2021). When 30% H20O: is introduced to a sample, the organic matter is
digested within 7 days with minimal impact on the plastic polymer. The polymer undergoes a
slight change in texture, becoming smaller and thinner as a result of the H.O; treatment during
digestion (Liebezeit & Dubaish, 2012; Nuelle et al. 2014). By producing hydroxyl and
hydroperoxyl radicals, which can add to unsaturated organic molecules or remove hydrogen atoms
from organic matter, the reaction progresses. Both of these processes produce alkyl radicals that
can react with oxygen, leading to the complete oxidation of organic matter into water and carbon

dioxide. (Chen et al. 2020). Fenton's reagent can rapidly oxidize organic matter and has been
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demonstrated to have minimal effects on the chemistry or size of microplastics. (Fox, 2021; Tagg
et al. 2017).

11-7.3. Acid Method

Another method of digesting organic material, and more especially, digesting biological tissue,
uses either perchloric acid (H2SOa), nitric acid (HNO3), or hydrochloric acid (HCI) (Wang &
Wang, 2018). However, certain polymers, such as nylon, PET, and polyethylene terephthalate, are
more vulnerable to acid degradation, especially under conditions of high temperature and
concentration. (Birch et al. 2020). HNOs has been demonstrated as the most effective reagent for
acid digestion of biogenic compounds found in the sample during microplastic analysis studies.
(Fox, 2021). Although HNO:3 is effective for acid digestion of biogenic materials in microplastic
analysis studies, it can have some negative effects. Specifically, it may leave oily residues or tissue
fragments, cause yellowing of certain polymers, melt PET, HDPE, LDPE, and PS, and cause nylon
to degrade. (Rochman et al. 2013). Nonetheless, HCI treatment causes changes to the surface of
polyethylene terephthalate and polyvinyl chloride, and the effectiveness of acid digestion using
HCl is inconsistent and inadequate for digesting biogenic compounds. (Cole et al. 2014; Foekema
et al. 2013; Karami et al. 2017).

[1-7.4. Enzymatic Method

Samples of organic material can be cleaned using enzymatic digestions (Ldder et al. 2017; Wang
& Wang, 2018). Enzymatic digestion is less dangerous because it doesn't require a fume hood and
is less likely to cause microplastics to become damaged (Maes et al. 2017a). However, the type of
organic material present in the sample will affect the enzyme's effectiveness (Andrady, 2017).
Studies have shown that using a combination of proteases, cellulases, and chitinases is an effective
method for removing as much as 98% of organic matter from samples. However, enzymatic
digestion is a time-consuming process, and each enzyme has specific requirements for pH and
temperature that must be carefully monitored and maintained during the experiment. (Lusher et al.
2017b; Miller et al. 2017; Stock et al. 2019; Tirkey & Upadhyay, 2021).
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11-7.5. Alkaline Method

Utilizing bases like NaOH or KOH solution is another method of digestion. 1M NaOH has been
shown to have an efficiency of 90% by (Cole et al. 2011). More efficient digestion took place
when the temperature and molarity were raised. North Sea fish were examined by (Foekema et al.
2013) who also added a 10 M KOH solution to the sample. After two to three weeks, they saw that
the organic materials had completely vanished. In a different study, numerous plastic fragments
from beaches and marine waste were examined, and it was shown that most of the polymers (with

the exception of cellulose acetate) were resistant to the use of KOH (Kuhn et al. 2017).

This is also the rationale for the suggestion that KOH be used for microplastic research by (Dehaut
et al. 2016). Research has shown that using a high-performance technique involving the presence
of 10% KOH and incubating it for 48-72 hours at 40°C is effective in digesting plastic polymers.
by Karami et al. (2017). Scientists have also experimented with 10 M NaOH for alkali digestion.
However, NaOH causes the degradation of both organic matter and plastic polymers like
polyethylene terephthalate, polyvinyl chloride, polycarbonate, and cellulose acetate, making it
unsuitable. As KOH was found to be very effective in breaking down mussels, crab, and entire
fish without altering the characteristics of the microplastics, it is recommended for the processing

and analysis of microplastic samples (Dehaut et al. 2016; Tirkey & Upadhyay, 2021).

11-8. Analytical techniques for identification of microplastics

After sampling and a lengthy process, microplastic identification and detection is the next stage.
This process verifies whether the isolated particle is a true microplastic or not (Tirkey & Upadhyay,
2021). Various techniques such as SEM, FTIR, and Raman Spectroscopy are employed for
identification and chemical composition determination of microplastics. These techniques have

their own specific features, advantages, and disadvantages.

11-8.1. Visual identification

The most common method for quantifying microplastics is through visual counting and sorting
into various categories based on polymer type, size, color, and shape. This approach is utilized in
approximately 79% of studies on microplastics, according to estimates (Renner et al. 2018). The
majority of samples retrieved from surface waters using manta nets are examined visually

(Hidalgo-Ruz et al. 2012). The use of optical microscopes in visual counting and sorting of
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microplastics is preferred due to its simplicity, affordability, and non-destructive nature. This
technique can be used as a preliminary step before employing more advanced and complex
analytical methods (Fox, 2021; Renner et al. 2018).

The method of visual counting has several limitations when it comes to accuracy. Since the size
range of plastics in the environment is vast and non-plastic particles can be mistakenly identified
as plastic, visual counting can lead to significant overestimations or underestimations of plastic
content (Al-Azzawi et al. 2022). For instance about 20% of particles that were initially identified
as microplastics through visual inspection were later discovered to be aluminum silicate from coal

ash when using a scanning electron microscope (SEM). (Schwaferts et al. 2019).

The accuracy of microscopic detection of microplastics may be affected by various factors. One
of the main issues is the incomplete separation of sample particles, which can make it difficult to
distinguish between microplastics and other particles. Additionally, the presence of sediments and
biological materials can make it challenging to visualize microplastics under a microscope, even
after chemical degradation. Another difficulty is differentiating between synthetic and natural
fibers, as interference from other particles can make it challenging to distinguish between them

using a microscope alone (Fox, 2021).

11-8.2. Fluorescence microscopy

Fluorescence microscopy is a technique that is similar to optical microscopy. In this method,
microplastics (MPs) are subjected to a lipophilic dye, such as Nile Red, during the sample
preparation process and before microscopy. The dye selectively stains the MP particles without
staining other organic impurities present in the sample (Maes et al. 2017a). After filtration, the
sample is observed through a fluorescence microscope to identify the MP particles that have been
stained with the dye, which are visible due to their fluorescence (Fischer et al. 2016; Fox, 2021,
Maes et al. 2017Db).

Compared to optical microscopy, fluorescence microscopy has the potential to detect smaller
microplastics (MPs) as even the tiniest, transparent or hard-to-find particles can be stained and
made fluorescent. However, the challenge lies in choosing appropriate solvents and staining
procedures for the lipophilic dyes as they tend to precipitate in water-based solutions, making it

difficult to stain the targeted MPs effectively. Optical identification of small particles is difficult,
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and different researchers may have varying approaches to particle testing, which can lead to
inconsistent results for the same sample. If protocols are not agreed upon and meticulously
followed, what one researcher may identify as a polypropylene fragment could be considered a
mollusc shell fragment by another (Fox, 2021). Another obstacle to visualizing MPs is the
chemical additives used during production, which can also impact their fluorescence properties.
(Piruska et al. 2005). For example, additives may possess luminescent properties that can interfere
with fluorescence measurements at a microscopic level (Lee et al. 2020). Therefore, proper pre-
treatment is required to remove these contaminants as much as possible (Elert et al. 2017).

There is a general consensus that relying solely on visual identification is not sufficient, and that
it should be complemented with more advanced techniques that involve chemical characterization

to reduce any possible ambiguity in particle classification (Renner et al. 2018).

11-8.3. Scanning electron microscopy (SEM)

Scanning electron microscopy (SEM) is a microscopic technique that can generate high-resolution
images of the surface state and offer details about the morphological surface structure of MPs. To
produce images in SEM, a high-intensity electron beam is utilized to irradiate the sample. Signals
that provide information about the sample's morphology and topography are generated using
secondary electrons that result from the interaction between the sample and the electron beam.
(Tirkey & Upadhyay, 2021). Moreover, SEM can be equipped with Energy Dispersive X-ray
Spectroscopy (EDS) detectors, which can furnish data about the chemical makeup of materials.
EDS can provide information on the elemental composition and useful details such as the types of
stabilizers, antioxidants, additives, and colors that were utilized to manufacture the particle under

examination (Fox, 2021).

To generate an image, primary electrons must traverse through a solid object, which leads to
several scattering processes, both elastic and inelastic. These scattering processes produce signals
that are captured by various detector systems (Bogner et al. 2007). As the secondary electrons
travel through the specimen, their intensity increases, providing information about the material's
topography and contrast based on the atomic number (Z). Meanwhile, the secondary electrons
produce a detailed image that assists in comprehending the morphology of the objects.

(Campagnolo et al. 2021).
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One advantage of SEM is its ability to produce high resolution imaging, reaching as low as 10 nm,
and three-dimensional imaging. Because of its extremely fine spatial resolution, SEM can be
utilized to visually scan suspected MP particles and determine whether they are made of plastic or
not (Silva et al. 2018). By visually examining the polymer's surface for fissures, cracks, and pitting,
SEM can also be used to measure the degradation of MP particles (Wang & Wang, 2018).
Similarly, the high resolution provided by SEM makes it an excellent method for determining
particle morphology. (Zobkov & Esiukova, 2018). To determine the chemical composition of the
particle in question by calculating its elemental makeup, Energy Dispersive X-ray Spectroscopy
(EDS) must be used alongside SEM, since SEM only produces a microscopic image (Li et al.
2016). The enormous effort required for sample preparation is the main drawback of SEM imaging
of suspected MP particles (Renner et al. 2018; Silva et al. 2018). Sample preparation for SEM is
time-consuming, which makes high throughput experiments or the analysis of anything beyond a

limited subset of the sample's particles impossible (Fox, 2021).

11-8.4. Raman spectroscopy

Raman spectroscopy is a spectroscopic technique that utilizes the interaction between a sample and
monochromatic light photons to provide structural information about plastics, which can be analyzed to
determine their polymer type (Dehaut et al. 2016). This method uses laser radiation to interact with
the vibrational movements of molecules and re-emit light at wavelengths unique to specific atomic
groups. Inelastic scattering of photons from incident radiation by the sample's molecules produces
a Raman spectrum (Ribeiro-Claro et al. 2017). Raman spectroscopy uses non-destructive chemical
analysis along with microscopy, comparable to the Fourier transform infrared (FT-IR)

spectroscopy approach (Alimi et al. 2018).

Raman spectroscopy has the advantage of detecting signals from non-polar, symmetric bonds and
being essentially unaffected by spectral interference from water (Fox, 2021). Furthermore, non-
contact Raman spectroscopy has the advantage of preserving the microplastic sample both before
and after the analysis for possible future investigations (Woo et al. 2021). One of the primary
disadvantages is that it is challenging to identify the specific polymer type of the target through
Raman spectroscopy because the presence of additives and pigments in microplastics can affect
the Raman signal (Dowarah & Devipriya, 2019). Inaccuracies can also arise from the curved

surface of microplastics that have undergone wear and tear. Furthermore, Raman spectroscopy,
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like FT-IR, has the disadvantages of being costly and necessitating specialized analysis (Woo et
al. 2021).

[1-8.5. Fourier transform infrared (FT-IR) spectroscopy.

In material characterization, the technique of infrared spectroscopy, also called IR spectroscopy,
is commonly used to explore chemical bonding. This absorption spectroscopic method involves
the absorption of an infrared photon by a molecule, which causes it to move from its initial

vibrational state to a higher, excited vibrational state (Campagnolo et al. 2021).

FT-IR spectroscopy is a method used to determine the chemical structure of a substance by
examining the vibrational modes of its molecules using IR radiation. The extent of these
vibrational shifts gives information about the vibrational modes present in the sample. This
interaction between the sample and the IR radiation causes the energy of the incident radiation to
be either increased or decreased. Only molecule vibrations that result in dipole moments changing
can be detected using FT-IR spectroscopy, which is also prone to contamination of the spectrum
by moisture in the surrounding environment. However, this sensitivity enables FT-IR to be

effective in identifying compounds that contain polar groups (Fox, 2021; Silva et al. 2018).

Micro-FT-IR is a single platform that combines both features and allows for the microscopic
imaging of small plastic particles before their spectroscopic identification, making the
identification of microplastics more straightforward (Morgado et al. 2021). In addition, the study
of microplastics using FT-IR spectroscopy can utilize various modes, including transmittance,
reflectance, and attenuated total reflectance (ATR) (Hendrickson et al. 2018). Unlike the
transmission mode, both the reflectance and attenuated total reflectance (ATR) modes do not
require any sample preparation steps for thick and opaque microplastics. Additionally, ATR mode
can produce consistent spectra even on uneven surfaces of microplastics. Theoretically, the
minimum detectable size of microplastics is limited by the aperture size of the IR beam in the ATR
probe, typically around 10 pm.

Micro-attenuated total reflectance Fourier-transform infrared spectroscopy (micro-ATR-FT-IR) is
currently a useful method for identifying microplastics in environmental samples as it combines
the capabilities of microscopic identification of plastic particles with subsequent chemical

identification through spectroscopy (Morgado et al. 2021). However, it is often difficult to obtain
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a clear and identifiable spectrum for microplastics that are smaller than 50 um. Additionally, since
ATR-FTIR analysis involves contact with the surface, the pressure exerted by the ATR probe can
potentially damage fragile microplastics (Silva et al. 2018). Small plastic particles can be difficult
to detect due to electrostatic interactions with the probe tip or adhesion. Moreover, the process of
individually identifying each particle using the ATR mode can be time-consuming. Additionally,
the use of micro-FTIR devices can be costly. In environmental samples, microplastics are often
weathered, have complex chemical compositions, and may exist as composite materials, making
it challenging to obtain a clear spectrum that can be correctly interpreted. Therefore, skilled
operators are required to obtain an accurate and reliable spectrum for microplastic identification.
(Woo et al. 2021).

11-8.6. Pyrolysis-gas chromatography-mass spectrometry (py-GC/MS)

By examining the thermal breakdown products of possible microplastic particles, pyrolysis-gas
chromatography (GC) and mass spectrometry (MS) can be utilized to determine the chemical
composition of the particles (Fries et al. 2013). Plastic polymers undergo pyrolysis, which
generates distinctive pyrograms that make it easier to identify the type of polymer. After extracting
and visually classifying microplastics from sediments, this analytical strategy is already
applied.(Qiu et al. 2016).

This method depends on pyrolysis, or thermal degradation, of a small portion of the material.
Usually, just 50-500 g are needed (Nguyen et al. 2019; Wang & Wang, 2018). A gas that does not
react chemically is employed to move the sample that has turned into vapor through a column in
chromatography. The column separates the various gases by using a combination of the molecules'
polarity, solubility, and vapor pressure. The byproducts in gaseous form are then separated from
the column and pass through a mass spectrometer where they are ionized, propelled through an
electromagnetic field, and divided into fragments based on their mass-to-charge ratios, generating
a mass spectrum. The sample's chemistry and the presence of any organic plastic additions can be
determined from the resulting mass spectra (Fries et al. 2013).

To avoid damaging the sample, it is recommended to initially study potential MP particles using
optical microscopy, to document characteristics like size, shape, color, and malleability. This is

because py-GC/MS is a destructive method. While py-GC/MS can be applied to a very small
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quantity of the sample, the particles analyzed in MP research must be of sufficient size to be
extracted from a filter and transferred to a GC vial for analysis (Wang & Wang, 2018). If the plastic
is not uniformly distributed at the nanoscale, the limited amount of analyte utilized in py-GC/MS
may not accurately represent the larger plastic, which could have a negative impact on the
measurements (DUmichen et al. 2015). Another disadvantage of py-GC/MS is the time required to
analyze each sample. Typically, it takes around 30 to 100 minutes to analyze one sample, which
makes it impractical to analyze numerous samples due to the time-consuming nature of the process
(Wang & Wang, 2018). Furthermore, it is crucial to maintain all particle data during visual
inspection before pyrolysis since py-GC/MS is a destructive technique. In general, py-GC/MS is
an excellent method for identifying particle chemistry because it is not affected by particle size,
shape, or thickness, unlike many other spectroscopic methods (Wang & Wang, 2018).
Nonetheless, it is most effective when used in combination with a preceding visual examination
stage where characteristics of the particles other than their chemical composition can be observed
and recorded (Fox, 2021).

11-9.0. Classification of Plastics.
[1-9.1. Polyethylene (PE)

PE, an abbreviation for Polyethylene, is a lightweight and versatile plastic produced by
polymerizing ethylene, a type of artificial resin. PE is classified as a member of the polyolefin
resin family and is the most widely used plastic in the world. Its uses include a wide range of
applications such as transparent food packaging, shopping bags, detergent containers, and car fuel
tanks. Additionally, it can be transformed into synthetic fibers through slitting or spinning or

modified to display rubber-like elasticity (Ghatge et al. 2020).

11-9.2. Low-density polyethylene (PE-LD)

The manufacturing process of PE-LD, also known as low-density polyethylene, involves the use
of gaseous ethylene at high temperatures (up to 350°C or 660°F) and high pressures (up to 350
megapascals or 50,000 pounds per square inch), along with oxide initiators. As a result, the
polymer structure contains both long and short branches, which prevents the polyethylene
molecules from closely packing together in rigid, crystalline arrangements, thus creating a highly

flexible material. LDPE has a melting point of approximately 110°C (230°F). It is primarily
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utilized for packaging film, garbage and grocery bags, agricultural mulch, wire and cable

insulation, squeeze bottles, toys, and household items (Dey et al. 2020).

11-9.3. High-density polyethylene (HDPE)

To manufacture HDPE, which stands for high-density polyethylene, low-temperature and low-
pressure methods are employed, using either Ziegler-Natta and metallocene catalysts or activated
chromium oxide (also known as a Phillips catalyst) (Olesik et al. 2021). The absence of branches
in its structure enables the polymer chains to pack closely together, producing a dense, highly
crystalline material that has excellent strength and moderate stiffness. It has a melting point more
than 20°C (36°F) higher than LDPE, making it capable of withstanding repeated exposure to
temperatures of up to 120°C (250°F) and can also be sterilized (Tabish Wani et al. 2020). HDPE
is used to produce a variety of products, such as milk and household cleaner bottles made through
blow-molding, grocery bags, construction film, and agricultural mulch made through blow-
extrusion, as well as pails, caps, appliance housings, and toys created through injection-molding
(Olesik et al. 2021).

11-9.4. Polypropylene (PP)

Polypropylene (PP) is a thermoplastic with high versatility that has a broad range of applications
worldwide. It is utilized in plastic packaging, plastic parts for machinery and equipment, as well
as fibers and textiles. This rigid, semi-crystalline thermoplastic was first polymerized in 1951 and
has been extensively used in various industrial and domestic applications. The global demand for
polypropylene is increasing rapidly and is estimated to be approximately 45 metric tons (Hisham
A. Maddah, 2016). Polypropylene is a versatile material that has a unique texture that makes it
suitable for various purposes, including plastic furniture and low-friction machinery applications.
It is highly resistant to chemical corrosion, making it an excellent option for packaging cleaning
products, bleaches, and first-aid supplies. Additionally, it is known for its durability, toughness,
and excellent fatigue resistance and elasticity. Its high insulation properties make it a safe option

for electrical goods and cable casings.

Apart from being used for tote bags, polypropylene finds extensive use in other products such as
ropes, twine, tape, carpets, upholstery, clothing, and camping equipment, primarily due to its

waterproof properties. The automotive industry widely uses polypropylene for battery casings,
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trays and drink holders, bumpers, interior details, instrumental panels, and door trims. The medical
industry values the waterproof and flexible strength properties of polypropylene, as well as its
resistance to mold, bacteria, and chemical corrosion. It can be sterilized through steam sterilization
methods and is used in medical applications such as syringes, medical vials, Petri dishes, pill

containers, and specimen bottles.

[1-9.5. Polyethylene terephthalate

PET or PETE is a type of polyester polymer that is strong and rigid. It is formed by combining
ethylene glycol and terephthalic acid and is widely used in the packaging of food and beverages,
including carbonated drinks, water, and juice bottles. The raw materials are synthesized to create
a polymer chain, which can be melted and shaped into different forms through extrusion or
molding. PET can also be stretched into a thin sheet, forming PET film, which is utilized in video,
photo, and packaging applications. Due to its durability and transparency, PET is a preferred
choice for packaging health, beauty, and cleaning products. PET is considered safe for use in
various industries, including food, beverage, personal care, pharmaceutical, and medical, as
confirmed by global health regulatory bodies (Khairul Anuar et al. 2022).
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CHAPTER THREE

. Methodology

[11-1. Research Location.

The study was conducted at the Soil Science and Agrochemistry Research Group Laboratory of
the Institute of Environmental Science, which is part of the Hungarian University of Agriculture
and Life Science (MATE). The Department of Soil Science, located within the Institute, is
responsible for providing education, research, and related services in the field of soil science. The
department focuses on soil classification, mapping, surveying, fertility management,
improvement, and conservation, and engages in various national and international research
projects. Its research areas include investigating the potential of soils to capture carbon,
implementing modern soil survey technologies, and developing soil information systems in
Europe, Africa, and Asia. The research group is headed by Erika Csakiné Michéli DSc., a Professor

and Doctor of Hungarian Academy of Sciences.

I11-2. Sample Collection

For the experiment, real wastewater could not be used because of the permission and life threating
disease that was associated with it. Moreover, wastewater treatment plants usually have hazardous
chemicals and strict environmental regulations that must be followed to protect the environment
and public health as visitors may unintentionally introduce contaminants or pollutants, which could
lead to violations of these regulations. So artificial wastewater was created by mixing water and
fragmented plastics into water. The plastics were categorized into PET, HD-PE, PE-LD, and PP
only according to the Resin Identification Code (RIC) system (Figure 3) shredded to MP size and
properly labelled (Figure 4). The plastics were picked from used plastics material of different
properties. The plastics were easily identifiable from the properties described on them. They were
then fragmented into very small sizes ranging from 2-5mm (Figure 5 and Figure 6). The shredded
microplastics were then washed with distillated water to remove contaminants. Different letters

were assigned to the fragmented plastic.
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Figure 3: Resin Identification Code (RIC) system (Gunasekar et al. 2022)
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Figure 4: Collection of Plastic
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Figure 5: Shredded Particles

Figure 6: Well labelled Microplastics Plastics

111-3. Materials
Further into the experiment is digestion. Digestion is essential to isolate microplastics and free it
from organic matter. This will ease the identification of microplastics. The reagents used for the
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digestion include nitric acid (HNO3), potassium hydroxide (KOH), hydrogen peroxide (H20.) and
acetic acid (CH3COOH) as shown in Figure 7.

e

Figure 7: Chemical Reagents used for digestion.

The BTC BIM 312T microscope (shown in Figure 8) was used for the microscopic analysis of
physical properties. This microscope is ideal for both amateur and semi-professional use and is
specifically designed for biological applications. The microscope is equipped with two eyepieces,
which provides greater convenience during observation. Additionally, it features five semi-plane
lenses that are housed in a five-point revolver head, offering a range of magnification options (4x,
10x, 20x, 40x, 100x). The lenses are free of most optical defects and are designed with improved
wind correction capabilities. A micro-focusing button is included, in addition to the course
focusing mechanism. The Abbe condenser (with an NA of 1.25) can be adjusted precisely in all
directions. The lighting unit is a full-Kéhler system, and the LED intensity of the light source can

be adjusted using a potentiometer brightness control. This allows for precise lighting adjustments,
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even when performing phase contrast or dark field examinations. The display table of this model
is larger than usual and includes integrated fine movement capabilities. Unlike simpler models, the
312 microscopes come equipped with PL eyepiece pairs, which provide better imaging. The
eyepieces have a diameter of 30.0 mm. To facilitate the transfer of microplastic images into digital

and transferable formats, the microscope was equipped with a TuopCam digital camera (Figure 9).

Figure 8: BTC BIM 312T microscope
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Figure 9: ToupCam digital camera

I11-4. Sample Preparation:
Each category of MPs was measured on an analytical balance (Figure 10) and then 5ml chemical

reagent was added inside test tube. The concentration of the 5ml solutions are as follows.
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Table 1: Concentration of Reagents

Solution Chemical Name Concentration
HNO3 Nitric Acid 35%

KOH Potassium hydroxide 10%
CHsCOOH Acetic Acid 5%

H202 Hydrogen Peroxide 30%

Figure 10: Analytical Balance

After this treatment, the samples were separated into two groups: one group was kept in room

temperature (20 -23 °C) and given minimum 1 day standing time and one group was kept between

50 - 60°C and minimum 1 hour standing time and covered with foil paper (Figure 11) to prevent

extraneous particle contamination.

32



Figure 11: Grouping samples into room and heated temperature.

Thereafter the samples were filtered through a filter paper (Figure 12) and thoroughly washed with
a deionized water to wash off reagents as well as organic particles around the microplastics to

isolate it (Figure 13).




Figure 12: Filtered Microplastics Samples

Figure 13: Already Filtered MPs samples.

The samples were then dried in an oven at a temperature of about 60 °C to obtain dried particles

which was then analyses by the microscope to detect physical changes.

111-5. Quality Control

To prevent contamination from synthetic clothing, a coat made of cotton was worn during the
laboratory procedures. Glass instruments were thoroughly washed three times using deionized
water and then covered with aluminum foil. All the analytical steps were conducted within a
laminar flow cabinet to prevent any contamination caused by airborne particles in the laboratory
(Figure 14).

34



Figure 14: Laminar flow cabinet

111-6. Analysis of Result

Due to technical issues at the laboratory as the university goes on a major reconstruction, the next
stage of the thesis which ought to involve major work and creation of replicates of samples couldn’t
be achieved. Hence minimal statistics, percentage recovery value (Equation 1) and the pictorial
output of the microscope to make comparison. This will serve as a basis for further work on this

research.

M1-M2
M1

% Recovery = x 100% Eqg.1

M1 = Mass before Digestion

M. = Mass after Digestion
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CHAPTER FOUR
V. Results

Table 1 and 2 show the percentage recovery of each plastic as tested with different solutions at
each of the studied temperature. The micro-plastic degradation value at room temperature ranges
from 0.500% to 24.55%, while it ranges from -5.051% to 6.087 in the heated temperature.
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Table 2:Estimated values of degradation and percentage degradation at room temperature (20-
23 °C) for 24 Hours

Reagent Plastic Type M1 [g] M2 [g] AM [g] % Recovery
PET/PETE 0.0993 0.0988 0.0005 0.504
HDPE 0.1000 0.0995 0.0005 0.500
HNO3
PE-LD 0.0113 0.0112 0.0001 0.885
PP 0.0112 0.0090 0.0022 19.643
PET/PETE 0.0996 0.0990 0.0006 0.602
HDPE 0.0968 0.0960 0.0008 0.826
H202
PE-LD 0.0118 0.0109 0.0009 7.627
PP 0.0101 0.0098 0.0003 2.970
PET/PETE 0.0986 0.0978 0.0008 0.811
HDPE 0.0982 0.0976 0.0006 0.611
KOH
PE-LD 0.0096 0.0076 0.0020 20.833
PP 0.0106 0.0102 0.0004 3.774
PET/PETE 0.0997 0.0989 0.0008 0.802
HDPE 0.0979 0.0969 0.0010 1.021
CH3COOH
PE-LD 0.0110 0.0083 0.0027 24.545
PP 0.0135 0.0131 0.0004 2.963
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Table 3:Estimated values of degradation and percentage degradation at heated temperature (50 -
60 °C) for 1 hour

Reagent Plastic Type M1 [g] M2 [g] AM [g] % Recovery
PET/PETE 0.0997 0.0997 0.0000 0.000
HDPE 0.0997 0.0989 0.0008 0.802
HNO3
PE-LD 0.0099 0.0104 -0.0005 -5.051
PP 0.0115 0.0108 0.0007 6.087
PET/PETE 0.0993 0.0986 0.0007 0.705
HDPE 0.0992 0.0991 0.0001 0.101
H202
PE-LD 0.0113 0.0107 0.0006 5.310
PP 0.0104 0.0099 0.0005 4.808
PET/PETE 0.0938 0.0931 0.0007 0.746
HDPE 0.0959 0.0954 0.0005 0.521
KOH
PE-LD 0.0113 0.0107 0.0006 5.310
PP 0.0114 0.0112 0.0002 1.754
PET/PETE 0.0990 0.0989 0.0001 0.101
HDPE 0.0963 0.0957 0.0006 0.623
CHsCOOH
PE-LD 0.0119 0.0113 0.0006 5.042
PP 0.0138 0.0133 0.0005 3.623

M1: Mass before digestion; M»: Mass after digestion.
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Figure 16: Degradation efficiency in terms of temperature.
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CHAPTER FIVE

V. Discussion

V-1. Acidic Digestion: Nitric Acid

Despite the fact that this method can potentially cause plastic degradation and is considered a
destructive technique for plastic isolation, derivatives of it have been recommended by the
Convention for the Protection of the Marine Environment of the North-East Atlantic (OSPAR) as
a monitoring protocol (Dehaut et al. 2016). As a general class of materials, polyethylene (PE) and
polypropylene (PP) are recognized for their excellent resistance to harsh chemical environments
according to the chemical resistant chart. However, in this study, both at room temperature for 24
hours and heated temperature for 1 hour, PP showed the highest degradation as the recovery rate
was 19.643% and 6.087% respectively. The cause of this is either prolonged exposure to room
temperature or a brief period of high temperature in an oven. Due to the enhanced mobility of
many chemical molecules and the accelerated rate of reaction at high temperatures, exposure to
temperature would typically be a significant effect. As temperatures rise, so does the ability of
solvents to diffuse into polymers. The amount of stress placed on a part can frequently quicken the
rate of chemical or solvent attack. Lastly, the resistance of the polymer typically declines as the
chemical concentration or strength increases (Lee et al. 2020). Furthermore, according to the
research, HD-PE resulted in the lowest degradation for room temperature while PET/PETE didn’t
show any sign of degradation. This may be as a result of the high ductility and tensile strength
(Laiwang et al. 2020).

In addition, there was an increase in the mass of PE-LD. This is possible due to the absorption of
acid into the plastic material. This can cause the plastic to swell, which may result in an increase
in mass. Additionally, some types of plastics can undergo chemical reactions with certain acids,
leading to the formation of new compounds that contribute to the increase in mass. Another
possibility is that the acid can cause the plastic to break down or degrade, leading to the release of
small molecules or fragments that become trapped in the plastic and contribute to an increase in
mass. It is important to note that not all plastics will necessarily experience an increase in mass
when reacted with acid, as the behavior of a specific plastic will depend on its chemical

composition and the specific acid used.
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In terms of morphological changes, while others didn’t show visible physical changes both at room
and oven temperature, PP showed the most significant changes such as deep surface cracking and
embrittlement as shown in Figure 15. This tells that HNOs will not only affect chemical but also
physical properties of microplastics. Nitric acid, despite its disadvantages, may be the easiest and
most affordable method of processing large quantities of samples fast, making it valuable for

routine bio-monitoring projects (Desforges et al. 2015)

Figure 15: Cracking and embrittlement effect on PP.

V-1. Acidic Digestion: Acetic Acid

Unlike PP showing the highest recovery rate during initial acidic degradation with nitric acid, PE-
LD showed the highest recovery rate (5.042% at room temperature and 24.545% at 60°C)
meanwhile, PET/PETE showed the lowest recovery rate (0.802% at room temperature and 0.101%
at 60°C). Since the highest recovery rate was in room temperature, it shows that low temperature
at a prolonged time would affect PE-LD. This is evident likewise under microscope as shown in

Figure 16.
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Figure 16: Cracking and embrittlement effect of acetic acid on PE-LD at room temperature

V-2. Oxidative Digestion:

Oxidation digestion was achieved by reacting H202 (Hydrogen peroxide) with microplastics. Both
at room and oven temperature, PE-LD showed the highest percentage recovery with recovery rate
of 7.627% and 5.310% respectively. Although at room temperature with a standing time of 24 the
degradation was less than that of the oven temperature with a standing time of 1 hour. The means
temperature and time influence the degradation of PE-LD although little. On the other hand, the
reaction didn’t show significant physical changes on PET/PETE and HD-PE both at room and
heated temperature as both recovery rate was slightly above 0.5%. Morphologically, both at room
and oven temperature there were no physical changes and cracking on all the plastic types as shown

in Figure 16.
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2

Figure 17: Absence of physical damage of microplastics when reacted with Hydrogen Peroxide

V-3. Alkaline Digestion

Alkaline digestion protocol was achieved by reacting KOH with microplastics. Considering both
temperatures, PE-LD had the highest percentage recovery (5.310 at 50 - 60°C and 20.833 at 20-
23°C) while HDPE had the lowest (0.521 at 50 - 60°C and 0.611 at 20 - 23°C). This shows that
change in temperature has limited effect on the reaction of this reagent with plastic materials.
Under microscopic observation, even though temperature shows no effect, alkaline showed
cracking, and embrittlement effects on PE-LD (Figure 17).

.

Figure 18: Cracking and embrittlement effect of alkaline on microplastic
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Chemical digestion is a crucial process in the analysis of microplastics (MPs), especially in
environmental samples that contain a lot of organic matter. This is because the removal of natural
debris is necessary to effectively extract MPs from the sample. However, it is important to choose
a digestion protocol that is not only effective but also preserves the integrity of the polymers, as it
could otherwise Impact the identification and measurement of particles. The focus of this study is
on the impact of different digestion protocols, such as acidic, alkaline, and oxidative, on the
recovery and integrity of MPs. The study investigated the suitability of commonly used chemical
reagents such as KOH, H20,, HNO3, and CH2COOH for the digestion of microplastic.

Out of the four substances tested for their digestive properties, it was discovered that H>O, had the
smallest impact on the characteristics of microplastics. In contrast, numerous studies utilize HNOs
and CH3COOH in chemical digestion techniques due to their potent acidic and oxidizing abilities,
which hasten the breakdown of organic matter (Schwaferts et al. 2019; Tanaka & Takada, 2016).
Nonetheless, the physical and chemical data indicate that these agents can noticeably impact the
plastics, and therefore, it is advisable to exercise caution while using HNOs. Even though they are
generally preferred for digesting biological matter, they should be used with care when attempting
to retrieve MPs. Moreover, using these reagents over a prolonged period at normal temperature
can cause the degradation of plastic polymers, with this degradation being more common in

smaller-sized MPs.
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CHAPTER SIX

VI.  Conclusion and Recommendation

The purpose of this study was to investigate the effects of different chemical digestion protocols,
including acidic, oxidative, and alkaline reagents, on the physical and chemical properties of
microplastics. The findings of this study are valuable for researchers who wish to recover
microplastics from biological samples without damaging them. Before processing and analyzing
samples, it is critical to assess chemical digestion protocols to ensure that microplastics are
recovered optimally. Based on the observations of different types of microplastics and methods
tested, oxidative digestion at room temperature (20 - 23°C) appears to be the most appropriate for
digestion, but it can be destructive over an extended period. Although oxidation remains effective
for digesting samples containing plant matter in marine and freshwater samples, it is also necessary
to control temperatures during the reaction, avoiding temperature spikes at or below 60°C to
minimize the loss of constituent microplastics, especially microbeads from personal care products.

The research showed that some outcomes of the microplastic reactions contradict the chemical
resistant chart (HCS, 2020) as in the case of PP and PE-LD. For example, PP reacted poorly with
nitric acid (above 70% concentration) at 20°C and 50°C, according to the chemical resistant chart.
However, at 35% concentration and a temperature between 20 - 23°C, microplastics degradation
was observed. Similarly, the chemical resistant chart showed that PE-LD has excellent resistance
to degradation at 50% KOH concentration and 20°C and 50°C. However, significant changes to
the physical and chemical properties of microplastics were observed at just 10% KOH
concentration at a temperature between 20 - 23°C. Therefore, microplastics tend to behave
differently at different temperatures and concentrations of reagents used for chemical digestion. It
is thus necessary to update the chemical resistant chart with microplastics' behavior at different

temperatures and reagent concentrations.

Additionally, selective processing conditions that eliminate certain materials may result in
incomplete assessments of the occurrence, types, sources, and impacts of microplastics. Therefore,
it is critical to use recommended digestion protocols to ensure accurate and reliable microplastic
analysis in samples. In conclusion, the properties related to digestion can vary depending on the

polymer type, so further research is needed on the specific polymer types relevant to each study.
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Microplastics, which are tiny plastic particles, have become a topic of great interest for both
scientists and the public due to their status as emerging particulate anthropogenic pollutants that
can be found all over the world, including in food and drinking water. To better understand their
presence in the environment, it is crucial to monitor microplastics, which involves using multiple
methodological approaches to extract, identify, and quantify the particles dispersed in
environmental matrices. However, when dealing with environmental matrices that are high in
organic matter, chemical digestion treatment is required to get rid of microplastics and release the
particles. This type of treatment involves using a range of chemical agents, including acids, bases,
and oxidizing agents. Unfortunately, there has been limited research into the chemical resistance
of various types of microplastics to these substances. To address this issue, a study was conducted
to examine the chemical resistance of four species of microplastics (high-density polyethylene,
low-density polyethylene, polystyrene, and polyethylene terephthalate) to hydrogen peroxide,
potassium hydroxide, sodium hydroxide, nitric acid, and acetic acid. The study assessed the
percentage degradation and physical damage of microplastics using a microscope. The results
indicated that acidic and alkaline substances were the most destructive to microplastics, while
oxidative reagents resulted in fewer changes to plastic properties. These findings provide valuable
insights into the properties of MPs and their response to strong acids, bases, and oxidizing agents,
which can serve as a reference for future studies on MP pretreatment. In addition, used as a
guideline to update current protocols and ensure that microplastics can be treated without causing

damage.

46



ACKNOWLEDGMENT

I would like to extend my heartfelt gratitude to Food and Agricultural Organization (FAO) -
Hungarian Government Scholarship for their generous financial support. Without their financial
assistance, | would not have been able to complete my thesis and achieve my academic goals.
Their investment in my education has had a significant impact on my life and career, and | am

truly grateful for their support.

I would like to express my sincere gratitude to Seb6k Andras for his guidance, support, and
encouragement throughout my thesis journey. Their insightful comments and feedback have been

invaluable in shaping my research and helping me achieve my goals.

| am also deeply grateful to Prof. Istvan Waltner for his assistance, encouragement, and support.
His expertise and willingness to share their knowledge and experiences have been essential in

helping me develop as a researcher and scholar.

In addition, I would like to thank my parents and loved ones for their unwavering love, support,
and understanding. Their encouragement and patience have sustained me through the ups and

downs of the thesis process, and | am forever grateful for their presence in my life.

Thank you all for your contributions to my thesis, and for the impact you have had on my growth

as a scholar and a person.

47



REFERENCES

Al-Azzawi, M. S. M., Knoop, O., & Drewes, J. E. (2022). Validation of sample preparation methods for small
microplastics (<10 um) in wastewater effluents. Chemical Engineering Journal, 446, 137082.
https://doi.org/10.1016/J.CEJ.2022.137082

Alimi, O. S,, Farner Budarz, J., Hernandez, L. M., & Tufenkji, N. (2018). Microplastics and Nanoplastics in Aquatic
Environments: Aggregation, Deposition, and Enhanced Contaminant Transport. Environmental Science and
Technology, 52(4), 1704-1724. https://doi.org/10.1021/ACS.EST.7B05559

Andrady, A. L. (2017). The plastic in microplastics: A review. Marine Pollution Bulletin, 119(1), 12-22.
https://doi.org/10.1016/J. MARPOLBUL.2017.01.082

Barboza, L. G. A, Dick Vethaak, A., Lavorante, B. R. B. O., Lundebye, A. K., & Guilhermino, L. (2018). Marine
microplastic debris: An emerging issue for food security, food safety and human health. Marine Pollution
Bulletin, 133, 336-348. https://doi.org/10.1016/J.MARPOLBUL.2018.05.047

Barnes, D. K. A., Galgani, F., Thompson, R. C., & Barlaz, M. (2009). Accumulation and fragmentation of plastic
debris in global environments. Philosophical Transactions of the Royal Society B: Biological Sciences,
364(1526), 1985-1998. https://doi.org/10.1098/RSTB.2008.0205

Beaurepaire, M., Dris, R., Gasperi, J., & Tassin, B. (2021). Microplastics in the atmospheric compartment: a
comprehensive review on methods, results on their occurrence and determining factors. Current Opinion in
Food Science, 41, 159-168. https://doi.org/10.1016/J.COFS.2021.04.010

Besseling, E., Wegner, A., Foekema, E. M., Van Den Heuvel-Greve, M. J., & Koelmans, A. A. (2013). Effects of
microplastic on fitness and PCB bioaccumulation by the lugworm Arenicola marina (L.). Environmental
Science & Technology, 47(1), 593-600. https://doi.org/10.1021/ES302763X

Birch, Q. T., Potter, P. M., Pinto, P. X., Dionysiou, D. D., & Al-Abed, S. R. (2020). Sources, transport,
measurement and impact of nano and microplastics in urban watersheds. Reviews in Environmental Science
and Biotechnology, 19(2), 275-336. https://doi.org/10.1007/s11157-020-09529-x

Bogner, A., Jouneau, P. H., Thollet, G., Basset, D., & Gauthier, C. (2007). A history of scanning electron
microscopy developments: Towards “wet-STEM” imaging. Micron, 38(4), 390-401.
https://doi.org/10.1016/J.MICRON.2006.06.008

Boucher, J., & Friot, D. (2017). Primary microplastics in the oceans: A global evaluation of sources. Primary
Microplastics in the Oceans: A Global Evaluation of Sources. https://doi.org/10.2305/IUCN.CH.2017.01.EN

Bouwmeester, H., Hollman, P. C. H., & Peters, R. J. B. (2015). Potential Health Impact of Environmentally
Released Micro- and Nanoplastics in the Human Food Production Chain: Experiences from Nanotoxicology.
Environmental Science and Technology, 49(15), 8932-8947.
https://doi.org/10.1021/ACS.EST.5B01090/ASSET/IMAGES/MEDIUM/ES-2015-01090H_0005.GIF

Browne, M. A., Galloway, T., & Thompson, R. (2007). Microplastic—an emerging contaminant of potential
concern? Integrated Environmental Assessment and Management, 3(4), 559-561.
https://doi.org/10.1002/IEAM.5630030412

Campagnolo, L., Petersen, E., Riediker, M., Dini, L., Mariano, S., Tacconi, S., Fidaleo, M., & Rossi, M. (2021).
Micro and Nanoplastics Identification: Classic Methods and Innovative Detection Techniques. Frontiers in
Toxicology | Www.Frontiersin.Org, 3, 636640. https://doi.org/10.3389/ftox.2021.636640

Chen, Y. J., Fan, T. Y., Wang, L. P., Cheng, T. W., Chen, S. S., Yuan, M. H., & Cheng, S. (2020). Application of
Fenton Method for the Removal of Organic Matter in Sewage Sludge at Room Temperature. Sustainability
2020, Vol. 12, Page 1518, 12(4), 1518. https://doi.org/10.3390/SU12041518

Claessens, M., Van Cauwenberghe, L., Vandegehuchte, M. B., & Janssen, C. R. (2013). New techniques for the
detection of microplastics in sediments and field collected organisms. Marine Pollution Bulletin, 70(1-2),

48



227-233. https://doi.org/10.1016/J. MARPOLBUL.2013.03.009

Cole, M., Lindeque, P., Halsband, C., & Galloway, T. S. (2011). Microplastics as contaminants in the marine
environment: A review. Marine Pollution Bulletin, 62(12), 2588-2597.
https://doi.org/10.1016/J.MARPOLBUL.2011.09.025

Cole, M., Webb, H., Lindeque, P. K., Fileman, E. S., Halshand, C., & Galloway, T. S. (2014). Isolation of
microplastics in biota-rich seawater samples and marine organisms. Scientific Reports 2014 4:1, 4(1), 1-8.
https://doi.org/10.1038/srep04528

Cox, K. D., Covernton, G. A., Davies, H. L., Dower, J. F., Juanes, F., & Dudas, S. E. (2019). Human Consumption
of Microplastics. Environmental Science and Technology, 53(12), 7068—7074.
https://doi.org/10.1021/ACS.EST.9B01517/SUPPL_FILE/ES9B01517_SI_001.PDF

Cozar, A., Echevarria, F., Gonzélez-Gordillo, J. I, Irigoien, X., Ubeda, B., Hernandez-Leén, S., Palma, A. T.,
Navarro, S., Garcia-de-Lomas, J., Ruiz, A., Fernandez-de-Puelles, M. L., & Duarte, C. M. (2014). Plastic
debris in the open ocean. Proceedings of the National Academy of Sciences of the United States of America,
111(28), 10239-10244. https://doi.org/10.1073/PNAS.1314705111/-
/DCSUPPLEMENTAL/PNAS.1314705111.SAPP.PDF

Crawford, C. B., & Quinn, B. (2017). Microplastic collection techniques. Microplastic Pollutants, 179-202.
https://doi.org/10.1016/B978-0-12-809406-8.00008-6

D’ambriéres, W. (2019). Plastics recycling worldwide: Current overview and desirable changes. Field Actions
Science Report. https://journals.openedition.org/factsreports/5102

Dehaut, A., Cassone, A. L., Frére, L., Hermabessiere, L., Himber, C., Rinnert, E., Riviére, G., Lambert, C., Soudant,
P., Huvet, A., Duflos, G., & Paul-Pont, 1. (2016). Microplastics in seafood: Benchmark protocol for their
extraction and characterization. Environmental Pollution, 215, 223-233.
https://doi.org/10.1016/J.ENVPOL.2016.05.018

Dehghani, S., Moore, F., & Akhbarizadeh, R. (2017). Microplastic pollution in deposited urban dust, Tehran
metropolis, Iran. Environmental Science and Pollution Research International, 24(25), 20360-20371.
https://doi.org/10.1007/S11356-017-9674-1

Desforges, J. P. W., Galbraith, M., & Ross, P. S. (2015). Ingestion of Microplastics by Zooplankton in the Northeast
Pacific Ocean. Archives of Environmental Contamination and Toxicology, 69(3), 320-330.
https://doi.org/10.1007/S00244-015-0172-5/TABLES/3

Dey, A. S., Bose, H., Mohapatra, B., & Sar, P. (2020). Biodegradation of Unpretreated Low-Density Polyethylene
(LDPE) by Stenotrophomonas sp. and Achromobacter sp., Isolated From Waste Dumpsite and Drilling Fluid.
Frontiers in Microbiology, 11, 3095. https://doi.org/10.3389/FMICB.2020.603210/BIBTEX

Dowarah, K., & Devipriya, S. P. (2019). Microplastic prevalence in the beaches of Puducherry, India and its
correlation with fishing and tourism/recreational activities. Marine Pollution Bulletin, 148, 123-133.
https://doi.org/10.1016/J.MARPOLBUL.2019.07.066

Dris, R., Gasperi, J., Rocher, V., Saad, M., Renault, N., Tassin, B., Microplastic, al, Johnny Gasperi, C., Vincent
Rocher, A., Mohamed Saad, B., Nicolas Renault, A. A., & Tassin, B. A. (2015). Microplastic contamination in
an urban area: a case study in Greater Paris. Environmental Chemistry. https://doi.org/10.1071/EN141677

Dumichen, E., Barthel, A. K., Braun, U., Bannick, C. G., Brand, K., Jekel, M., & Senz, R. (2015). Analysis of
polyethylene microplastics in environmental samples, using a thermal decomposition method. Water
Research, 85, 451-457. https://doi.org/10.1016/J.WATRES.2015.09.002

Elert, A. M., Becker, R., Duemichen, E., Eisentraut, P., Falkenhagen, J., Sturm, H., & Braun, U. (2017). Comparison
of different methods for MP detection: What can we learn from them, and why asking the right question
before measurements matters? Environmental Pollution, 231, 1256-1264.
https://doi.org/10.1016/J.ENVPOL.2017.08.074

49



Engler, R. E. (2012). The complex interaction between marine debris and toxic chemicals in the ocean.
Environmental Science & Technology, 46(22), 12302-12315. https://doi.org/10.1021/ES3027105

Eriksen, M., Mason, S., Wilson, S., Box, C., Zellers, A., Edwards, W., Farley, H., & Amato, S. (2013). Microplastic
pollution in the surface waters of the Laurentian Great Lakes. Marine Pollution Bulletin, 77(1-2), 177-182.
https://doi.org/10.1016/J. MARPOLBUL.2013.10.007

Fischer, E. K., Paglialonga, L., Czech, E., & Tamminga, M. (2016). Microplastic pollution in lakes and lake
shoreline sediments - A case study on Lake Bolsena and Lake Chiusi (central Italy). Environmental Pollution
(Barking, Essex : 1987), 213, 648-657. https://doi.org/10.1016/J.ENVPOL.2016.03.012

Floyd, D. S., & Floyd, D. (2016). USF Scholarship: a digital repository @ Gleeson Library | Geschke Center
Plastic Oceans: A New Way in solving Our Plastic Pollution Plastic Oceans: A New Way in solving Our
Plastic Pollution In Partial Fulfillment of the Requirements for the Degree MASTER OF ARTS in
INTERNATIONAL STUDIES. https://repository.usfca.edu/thes

Foekema, E. M., De Gruijter, C., Mergia, M. T., Van Franeker, J. A., Murk, A. J., & Koelmans, A. A. (2013).
Plastic in north sea fish. Environmental Science and Technology, 47(15), 8818-8824.
https://doi.org/10.1021/ES400931B/SUPPL_FILE/ES400931B_SI_001.PDF

Fok, L., Lam, T. W. L., Li, H. X., & Xu, X. R. (2020). A meta-analysis of methodologies adopted by microplastic
studies in China. Science of the Total Environment, 718, 135371.
https://doi.org/10.1016/j.scitotenv.2019.135371

Fox, J. M. (2021). Characterization of Microplastics in the water column of Western Lake Superior. 1996, 6.

Fries, E., Dekiff, J. H., Willmeyer, J., Nuelle, M. T., Ebert, M., & Remy, D. (2013). Identification of polymer types
and additives in marine microplastic particles using pyrolysis-GC/MS and scanning electron microscopy.
Environmental Science: Processes & Impacts, 15(10), 1949-1956. https://doi.org/10.1039/C3EM00214D

Gago, J., Filgueiras, A., Pedrotti, M. L., Caetano, M., & Firas, J. (2019). Standardised protocol for monitoring
microplastics in seawater. JP1-Oceans BASEMAN project. January, 96.
https://doi.org/10.13140/RG.2.2.14181.45282

Geyer, R., Jambeck, J. R., & Law, K. L. (2017). Production, use, and fate of all plastics ever made. Science
Advances, 3(7). https://doi.org/10.1126/SCIADV.1700782/SUPPL_FILE/1700782_SM.PDF

Ghatge, S., Yang, Y., Ahn, J.-H., & Hur, H.-G. (2020). Biodegradation of polyethylene: a brief review. Appl Biol
Chem, 63, 27. https://doi.org/10.1186/s13765-020-00511-3

Gigault, J., Pedrono, B., Maxit, B., & Ter Halle, A. (2016). Marine plastic litter: The unanalyzed nano-fraction.
Environmental Science: Nano, 3(2), 346-350. https://doi.org/10.1039/C6ENO0008H

Grigorakis, S., & Drouillard, K. G. (2018). Effect of Microplastic Amendment to Food on Diet Assimilation
Efficiencies of PCBs by Fish. Environmental Science & Technology, 52(18), 10796-10802.
https://doi.org/10.1021/ACS.EST.8B02497

Groh, K. J., Backhaus, T., Carney-Almroth, B., Geueke, B., Inostroza, P. A., Lennquist, A., Leslie, H. A., Maffini,
M., Slunge, D., Trasande, L., Warhurst, A. M., & Muncke, J. (2019). Overview of known plastic packaging-
associated chemicals and their hazards. Science of the Total Environment, 651, 3253-3268.
https://doi.org/10.1016/J.SCITOTENV.2018.10.015

Gunasekar, S., Ramesh, N., Parthiban, P., & Ramesh, S. (2022). An Innovative Approach on Pet Bottles Compiled
with Waste Materials to Produce Eco-friendly Concrete. IOP Conference Series: Earth and Environmental
Science, 982(1). https://doi.org/10.1088/1755-1315/982/1/012015

Hahladakis, J. N., Velis, C. A., Weber, R., lacovidou, E., & Purnell, P. (2018). An overview of chemical additives
present in plastics: Migration, release, fate and environmental impact during their use, disposal and recycling.
Journal of Hazardous Materials, 344, 179-199. https://doi.org/10.1016/J.JHAZMAT.2017.10.014

Hantoro, 1., L6hr, A. J., Van Belleghem, F. G. A. J., Widianarko, B., & Ragas, A. M. J. (2019). Microplastics in

50



coastal areas and seafood: implications for food safety. Https://Doi.Org/10.1080/19440049.2019.1585581,
36(5), 674-711. https://doi.org/10.1080/19440049.2019.1585581

Hara, J., Frias, J., & Nash, R. (2020). Quantification of microplastic ingestion by the decapod crustacean Nephrops
norvegicus from Irish waters. Marine Pollution Bulletin, 152, 110905.
https://doi.org/10.1016/J. MARPOLBUL.2020.110905

HCS. (2020). Plastic Resistance Chart. Https://Hcs-Lab.Com/Wp-Content/Uploads/2017/06/Plastic-Resistance-
Chart.Pdf. https://www.britannica.com/science/polyethylene-terephthalate

Heddagaard, F. E., & Maller, P. (2020). Hazard assessment of small-size plastic particles: is the conceptual
framework of particle toxicology useful? Food and Chemical Toxicology : An International Journal Published
for the British Industrial Biological Research Association, 136. https://doi.org/10.1016/J.FCT.2019.111106

Hendrickson, E., Minor, E. C., & Schreiner, K. (2018). Microplastic Abundance and Composition in Western Lake
Superior As Determined via Microscopy, Pyr-GC/MS, and FTIR. Environmental Science & Technology,
52(4), 1787-1796. https://doi.org/10.1021/ACS.EST.7B05829

Hidalgo-Ruz, V., Gutow, L., Thompson, R. C., & Thiel, M. (2012). Microplastics in the marine environment: A
review of the methods used for identification and quantification. Environmental Science and Technology,
46(6), 3060-3075. https://doi.org/10.1021/ES2031505/ASSET/IMAGES/MEDIUM/ES-2011-
031505_0006.GIF

Hisham A. Maddah. (2016). Polypropylene as a Promising Plastic: A Review. American Journal of Polymer
Science. https://doi.org/10.5923/J.AJPS.20160601.01

Jahnke, A., Arp, H. P. H., Escher, B. I., Gewert, B., Gorokhova, E., Kilhnel, D., Ogonowski, M., Potthoff, A.,
Rummel, C., Schmitt-Jansen, M., Toorman, E., & MacLeod, M. (2017a). Reducing Uncertainty and
Confronting Ignorance about the Possible Impacts of Weathering Plastic in the Marine Environment.
Environmental Science and Technology Letters, 4(3), 85-90. https://doi.org/10.1021/ACS.ESTLETT.7B00008

Jahnke, A., Arp, H. P. H., Escher, B. I., Gewert, B., Gorokhova, E., Kilhnel, D., Ogonowski, M., Potthoff, A.,
Rummel, C., Schmitt-Jansen, M., Toorman, E., & MacLeod, M. (2017b). Reducing Uncertainty and
Confronting Ignorance about the Possible Impacts of Weathering Plastic in the Marine Environment.
Environmental Science and Technology Letters, 4(3), 85-90.
https://doi.org/10.1021/ACS.ESTLETT.7B00008/ASSET/IMAGES/LARGE/EZ-2017-00008E_0001.JPEG

Johnson, A. (2021). Effects of Environmental Aging on the Acute Toxicity and Chemical Composition of Various
Microplastic Leachates. Western Washington University.

Karami, A., Golieskardi, A., Choo, C. K., Romano, N., Ho, Y. Bin, & Salamatinia, B. (2017). A high-performance
protocol for extraction of microplastics in fish. Science of The Total Environment, 578, 485-494.
https://doi.org/10.1016/J.SCITOTENV.2016.10.213

Karlsson, T. M., Kérrman, A., Rotander, A., & Hassellév, M. (2020). Comparison between manta trawl and in situ
pump filtration methods, and guidance for visual identification of microplastics in surface waters.
Environmental Science and Pollution Research International, 27(5), 5559. https://doi.org/10.1007/S11356-
019-07274-5

Kedzierski, M., Le Tilly, V., Bourseau, P., Bellegou, H., César, G., Sire, O., & Bruzaud, S. (2016). Microplastics
elutriation from sandy sediments: A granulometric approach. Marine Pollution Bulletin, 107(1), 315-323.
https://doi.org/10.1016/J.MARPOLBUL.2016.03.041

Kedzierski, M., Le Tilly, V., César, G., Sire, O., & Bruzaud, S. (2017). Efficient microplastics extraction from sand.
A cost effective methodology based on sodium iodide recycling. Marine Pollution Bulletin, 115(1-2), 120-
129. https://doi.org/10.1016/J.MARPOLBUL.2016.12.002

Khairul Anuar, N. F. S., Huyop, F., Ur-Rehman, G., Abdullah, F., Normi, Y. M., Sabullah, M. K., & Abdul Wahab,
R. (2022). An Overview into Polyethylene Terephthalate (PET) Hydrolases and Efforts in Tailoring Enzymes
for Improved Plastic Degradation. International Journal of Molecular Sciences 2022, Vol. 23, Page 12644,

51



23(20), 12644. https://doi.org/10.3390/1IMS232012644

Kdgel, T., Bjoray, 9., Toto, B., Bienfait, A. M., & Sanden, M. (2020). Micro- and nanoplastic toxicity on aquatic
life: Determining factors. Science of The Total Environment, 709, 136050.
https://doi.org/10.1016/J.SCITOTENV.2019.136050

Kooi, M., Reisser, J., Slat, B., Ferrari, F. F., Schmid, M. S., Cunsolo, S., Brambini, R., Noble, K., Sirks, L. A.,
Linders, T. E. W., Schoeneich-Argent, R. I., & Koelmans, A. A. (2016). The effect of particle properties on
the depth profile of buoyant plastics in the ocean. Scientific Reports, 6. https://doi.org/10.1038/SREP33882

Kroon, F., Motti, C., Talbot, S., Sobral, P., & Puotinen, M. (2018). A workflow for improving estimates of
microplastic contamination in marine waters: A case study from North-Western Australia. Environmental
Pollution, 238, 26-38. https://doi.org/10.1016/j.envpol.2018.03.010

Kihn, S., van Werven, B., van Oyen, A., Meijboom, A., Bravo Rebolledo, E. L., & van Franeker, J. A. (2017). The
use of potassium hydroxide (KOH) solution as a suitable approach to isolate plastics ingested by marine
organisms. Marine Pollution Bulletin, 115(1-2), 86-90. https://doi.org/10.1016/J.MARPOLBUL.2016.11.034

Laist, D. W. (1987). Overview of the biological effects of lost and discarded plastic debris in the marine
environment. Marine Pollution Bulletin, 18(6), 319-326. https://doi.org/10.1016/S0025-326X(87)80019-X

Laiwang, B., Liu, S. H., Chi, J. H., Wen, M. Sen, & Shu, C. M. (2020). Safety evaluation of different acids in high-
density polyethylene container loading. Journal of Loss Prevention in the Process Industries, 63, 103991.
https://doi.org/10.1016/J.JLP.2019.103991

Law, K. L., & Thompson, R. C. (2014). Microplastics in the seas. Science, 345(6193), 144-145.
https://doi.org/10.1126/SCIENCE.1254065/SUPPL_FILE/144.MP3

Lee, Y. K., Murphy, K. R., & Hur, J. (2020). Fluorescence Signatures of Dissolved Organic Matter Leached from
Microplastics: Polymers and Additives. Environmental Science and Technology, 54(19), 11905-11914.
https://doi.org/10.1021/ACS.EST.0C00942/SUPPL_FILE/ES0C00942_SI_001.PDF

Lehner, R., Weder, C., Petri-Fink, A., & Rothen-Rutishauser, B. (2019). Emergence of Nanoplastic in the
Environment and Possible Impact on Human Health. Environmental Science & Technology, 53(4).
https://doi.org/10.1021/ACS.EST.8B05512

Li, Jiana, Qu, X., Su, L., Zhang, W., Yang, D., Kolandhasamy, P., Li, D., & Shi, H. (2016). Microplastics in mussels
along the coastal waters of China. Environmental Pollution, 214, 177-184.
https://doi.org/10.1016/J.ENVPOL.2016.04.012

Li, Jingyi, Liu, H., & Paul Chen, J. (2018). Microplastics in freshwater systems: A review on occurrence,
environmental effects, and methods for microplastics detection. Water Research, 137, 362-374.
https://doi.org/10.1016/J. WATRES.2017.12.056

Li, Q., Wu, J., Zhao, X., Gu, X., & Ji, R. (2019). Separation and identification of microplastics from soil and sewage
sludge. Environmental Pollution, 254, 113076. https://doi.org/10.1016/J.ENVPOL.2019.113076

Liebezeit, G., & Dubaish, F. (2012). Microplastics in beaches of the East Frisian Islands Spiekeroog and
Kachelotplate. Bulletin of Environmental Contamination and Toxicology, 89(1), 213-217.
https://doi.org/10.1007/S00128-012-0642-7/TABLES/1

Lima, A.R. A, Costa, M. F., & Barletta, M. (2014). Distribution patterns of microplastics within the plankton of a
tropical estuary. Environmental Research, 132, 146-155. https://doi.org/10.1016/J.ENVRES.2014.03.031

Lithner, D., Nordensvan, I., & Dave, G. (2012). Comparative acute toxicity of leachates from plastic products made
of polypropylene, polyethylene, PVC, acrylonitrile-butadiene-styrene, and epoxy to Daphnia magna.
Environmental Science and Pollution Research, 19(5), 1763-1772. https://doi.org/10.1007/S11356-011-0663-
5

Loder, M. G. J., & Gerdts, G. (2015). Methodology used for the detection and identification of microplastics—a
critical appraisal. Marine Anthropogenic Litter, 201-227. https://doi.org/10.1007/978-3-319-16510-

52



3_8/FIGURES/7

Loder, M. G. J., Imhof, H. K., Ladehoff, M., Loschel, L. A., Lorenz, C., Mintenig, S., Piehl, S., Primpke, S.,
Schrank, 1., Laforsch, C., & Gerdts, G. (2017). Enzymatic Purification of Microplastics in Environmental
Samples. Environmental Science and Technology, 51(24), 14283-14292.
https://doi.org/10.1021/ACS.EST.7B03055/SUPPL_FILE/ES7B03055_SI_001.PDF

Lusher, A. L., Welden, N. A., Sobral, P., & Cole, M. (2017a). Sampling, isolating and identifying microplastics
ingested by fish and invertebrates. Analytical Methods, 9(9), 1346-1360.
https://doi.org/10.1039/C6AY02415G

Lusher, A. L., Welden, N. A., Sobral, P., & Cole, M. (2017b). Sampling, isolating and identifying microplastics
ingested by fish and invertebrates. Analytical Methods, 9(9), 1346-1360.
https://doi.org/10.1039/C6AY02415G

Lusher, Amy L., Tirelli, V., O’Connor, I., & Officer, R. (2015). Microplastics in Arctic polar waters: the first
reported values of particles in surface and sub-surface samples. Scientific Reports 2015 5:1, 5(1), 1-9.
https://doi.org/10.1038/srep14947

Maes, T., Jessop, R., Wellner, N., Haupt, K., & Mayes, A. G. (2017a). A rapid-screening approach to detect and
quantify microplastics based on fluorescent tagging with Nile Red. Scientific Reports 2017 7:1, 7(1), 1-10.
https://doi.org/10.1038/srep44501

Maes, T., Jessop, R., Wellner, N., Haupt, K., & Mayes, A. G. (2017b). A rapid-screening approach to detect and
quantify microplastics based on fluorescent tagging with Nile Red. Scientific Reports 2017 7:1, 7(1), 1-10.
https://doi.org/10.1038/srep44501

Mason, S. A., Garneau, D., Sutton, R., Chu, Y., Ehmann, K., Barnes, J., Fink, P., Papazissimos, D., & Rogers, D. L.
(2016). Microplastic pollution is widely detected in US municipal wastewater treatment plant effluent.
Environmental Pollution, 218, 1045-1054. https://doi.org/10.1016/j.envpol.2016.08.056

Mattsson, K., Hansson, L. A., & Cedervall, T. (2015). Nano-plastics in the aquatic environment. Environmental
Science: Processes & Impacts, 17(10), 1712-1721. https://doi.org/10.1039/C5EM00227C

McCormick, A. R. (2015). Anthropogenic litter and microplastic in urban streams: Abundance, source, and fate.
Loyola University Chicago ProQuest Dissertations Publishing, 24 pp.

McNeish, R. E., Kim, L. H., Barrett, H. A., Mason, S. A,, Kelly, J. J., & Hoellein, T. J. (2018). Microplastic in
riverine fish is connected to species traits. Scientific Reports, 8(1). https://doi.org/10.1038/S41598-018-29980-
9

Miller, M. E., Kroon, F. J., & Motti, C. A. (2017). Recovering microplastics from marine samples: A review of
current practices. Marine Pollution Bulletin, 123(1-2), 6-18.
https://doi.org/10.1016/J.MARPOLBUL.2017.08.058

Morgado, V., Gomes, L., Bettencourt da Silva, R. J. N., & Palma, C. (2021). Validated spreadsheet for the
identification of PE, PET, PP and PS microplastics by micro-ATR-FTIR spectra with known uncertainty.
Talanta, 234, 122624. https://doi.org/10.1016/J. TALANTA.2021.122624

Nguyen, B., Claveau-Mallet, D., Hernandez, L. M., Xu, E. G., Farner, J. M., & Tufenkji, N. (2019). Separation and
Analysis of Microplastics and Nanoplastics in Complex Environmental Samples. Accounts of Chemical
Research, 52(4), 858-866. https://doi.org/10.1021/ACS.ACCOUNTS.8B00602

Norland, S., Vorkamp, K., Bogevik, A. S., Koelmans, A. A., Diepens, N. J., Burgerhout, E., Hansen, @. J.,
Puvanendran, V., & Rgnnestad, I. (2021). Assessing microplastic as a vector for chemical entry into fish
larvae using a novel tube-feeding approach. Chemosphere, 265, 129144,
https://doi.org/10.1016/J. CHEMOSPHERE.2020.129144

Nuelle, M. T., Dekiff, J. H., Remy, D., & Fries, E. (2014). A new analytical approach for monitoring microplastics
in marine sediments. Environmental Pollution, 184, 161-169. https://doi.org/10.1016/J.ENVPOL.2013.07.027

53



Obbard, R. W., Sadri, S., Wong, Y. Q., Khitun, A. A., Baker, |., & Thompson, R. C. (2014). Global warming
releases microplastic legacy frozen in Arctic Sea ice. Wiley Online Library, 2(6), 315-320.
https://doi.org/10.1002/2014EF000240

Olesik, P., Godzierz, M., Koziot, M., Jata, J., Szeluga, U., & Myalski, J. (2021). Structure and Mechanical
Properties of High-Density Polyethylene Composites Reinforced with Glassy Carbon. Materials, 14(14).
https://doi.org/10.3390/MA14144024

Piruska, A., Nikcevic, I., Lee, S. H., Ahn, C., Heineman, W. R., Limbach, P. A., & Seliskar, C. J. (2005). The
autofluorescence of plastic materials and chips measured under laser irradiation. Lab on a Chip, 5(12), 1348-
1354. https://doi.org/10.1039/B508288A

Pradit, S., Noppradit, P., Goh, B. P., Sornplang, K., Ong, M. C., & Towatana, P. (2021). Occurrence of
microplastics and trace metals in fish and shrimp from Songkhla lake, Thailand during the COVID-19
pandemic. Applied Ecology and Environmental Research, 19(2), 1085-1106.
https://doi.org/10.15666/AEER/1902_10851106

Prata, J. C. (2018). Microplastics in wastewater: State of the knowledge on sources, fate and solutions. Marine
Pollution Bulletin, 129(1), 262—265. https://doi.org/10.1016/J. MARPOLBUL.2018.02.046

Prata, J. C., da Costa, J. P., Duarte, A. C., & Rocha-Santos, T. (2019). Methods for sampling and detection of
microplastics in water and sediment: A critical review. TrAC - Trends in Analytical Chemistry, 110, 150-159.
https://doi.org/10.1016/j.trac.2018.10.029

Qiu, Q., Tan, Z., Wang, J., Peng, J., Li, M., & Zhan, Z. (2016). Extraction, enumeration and identification methods
for monitoring microplastics in the environment. Estuarine, Coastal and Shelf Science, 176, 102-109.
https://doi.org/10.1016/J.ECSS.2016.04.012

Razeghi, N., Hamidian, A. H., Wu, C., Zhang, Y., & Yang, M. (2021). Microplastic sampling techniques in
freshwaters and sediments: a review. Environmental Chemistry Letters, 19(6), 4225-4252.
https://doi.org/10.1007/s10311-021-01227-6

Renner, G., Schmidt, T. C., & Schram, J. (2018). Analytical methodologies for monitoring micro(nano)plastics:
Which are fit for purpose? Current Opinion in Environmental Science and Health, 1, 55-61.
https://doi.org/10.1016/J.COESH.2017.11.001

Ribeiro-Claro, P., Nolasco, M. M., & Aradjo, C. (2017). Characterization of Microplastics by Raman Spectroscopy.
Comprehensive Analytical Chemistry, 75, 119-151. https://doi.org/10.1016/BS.COAC.2016.10.001

Rillig, M. C. (2012). Microplastic in Terrestrial Ecosystems and the Soil? https://doi.org/10.1021/es302011r

Rochman, C. M., Browne, M. A., Halpern, B. S., Hentschel, B. T., Hoh, E., Karapanagioti, H. K., Rios-Mendoza, L.
M., Takada, H., Teh, S., & Thompson, R. C. (2013). Classify plastic waste as hazardous. Nature 2013
494:7436, 494(7436), 169-171. https://doi.org/10.1038/494169a

Rochman, C. M., Kurobe, T., Flores, I., & Teh, S. J. (2014). Early warning signs of endocrine disruption in adult
fish from the ingestion of polyethylene with and without sorbed chemical pollutants from the marine
environment. Science of the Total Environment, 493, 656—661.
https://doi.org/10.1016/J.SCITOTENV.2014.06.051

Rochman, C. M., Regan, F., & Thompson, R. C. (2017). On the harmonization of methods for measuring the
occurrence, fate and effects of microplastics. Analytical Methods, 9(9), 1324-1325.
https://doi.org/10.1039/C7AY90014G

Rummel, C. D., Jahnke, A., Gorokhova, E., Kiihnel, D., & Schmitt-Jansen, M. (2017). Impacts of biofilm formation
on the fate and potential effects of microplastic in the aquatic environment. Environmental Science and
Technology Letters, 4(7), 258-267. https://doi.org/10.1021/ACS.ESTLETT.7B00164

Schwaferts, C., Niessner, R., Elsner, M., & Ivleva, N. P. (2019). Methods for the analysis of submicrometer- and
nanoplastic particles in the environment. TrAC - Trends in Analytical Chemistry, 112, 52—65.

54



https://doi.org/10.1016/J.TRAC.2018.12.014

Schwarz, A. E., Ligthart, T. N., Boukris, E., & van Harmelen, T. (2019). Sources, transport, and accumulation of
different types of plastic litter in aquatic environments: A review study. Marine Pollution Bulletin, 143, 92—
100. https://doi.org/10.1016/J.MARPOLBUL.2019.04.029

Silva, A. B., Bastos, A. S., Justino, C. I. L., da Costa, J. P., Duarte, A. C., & Rocha-Santos, T. A. P. (2018).
Microplastics in the environment: Challenges in analytical chemistry - A review. Analytica Chimica Acta,
1017, 1-19. https://doi.org/10.1016/J.ACA.2018.02.043

Smith, M., Love, D. C., Rochman, C. M., & Neff, R. A. (2018). Microplastics in Seafood and the Implications for
Human Health. Current Environmental Health Reports, 5(3), 375-386. https://doi.org/10.1007/S40572-018-
0206-Z

Song, Y. K., Hong, S. H., Jang, M., Han, G. M., Jung, S. W., & Shim, W. J. (2017). Combined Effects of UV
Exposure Duration and Mechanical Abrasion on Microplastic Fragmentation by Polymer Type. Environmental
Science and Technology, 51(8), 4368-4376.
https://doi.org/10.1021/ACS.EST.6B06155/SUPPL_FILE/ES6B06155_SI_001.PDF

Stock, F., Kochleus, C., Bansch-Baltruschat, B., Brennholt, N., & Reifferscheid, G. (2019). Sampling techniques
and preparation methods for microplastic analyses in the aquatic environment — A review. TrAC Trends in
Analytical Chemistry, 113, 84-92. https://doi.org/10.1016/J. TRAC.2019.01.014

Syakti, A. D., Hidayati, N. V., Jaya, Y. V., Siregar, S. H., Yude, R., Suhendy, Asia, L., Wong-Wah-Chung, P., &
Doumeng, P. (2018). Simultaneous grading of microplastic size sampling in the Small Islands of Bintan water,
Indonesia. Marine Pollution Bulletin, 137, 593-600. https://doi.org/10.1016/J.MARPOLBUL.2018.11.005

Tabish Wani, Syed Afsar Quadri Pasha, Sanskar Poddar, & Balaji H V. (2020). A Review on the use of High
Density Polyethylene (HDPE) in Concrete Mixture. International Journal of Engineering Research And,
V9(05). https://doi.org/10.17577/IJERTV91S050569

Tagg, A. S., Harrison, J. P., Ju-Nam, Y., Sapp, M., Bradley, E. L., Sinclair, C. J., & Ojeda, J. J. (2017). Fenton’s
reagent for the rapid and efficient isolation of microplastics from wastewater. Chemical Communications,
53(2), 372-375. https://doi.org/10.1039/c6¢cc08798a

Tanaka, K., & Takada, H. (2016). Microplastic fragments and microbeads in digestive tracts of planktivorous fish
from urban coastal waters. Scientific Reports, 6. https://doi.org/10.1038/SREP34351

Teuten, E. L., Saquing, J. M., Knappe, D. R. U., Barlaz, M. A., Jonsson, S., Bjérn, A., Rowland, S. J., Thompson, R.
C., Galloway, T. S., Yamashita, R., Ochi, D., Watanuki, Y., Moore, C., Viet, P. H., Tana, T. S., Prudente, M.,
Boonyatumanond, R., Zakaria, M. P., Akkhavong, K., ... Takada, H. (2009). Transport and release of
chemicals from plastics to the environment and to wildlife. Philosophical Transactions of the Royal Society B:
Biological Sciences, 364(1526), 2027-2045. https://doi.org/10.1098/RSTB.2008.0284

Tirkey, A., & Upadhyay, L. S. B. (2021). Microplastics: An overview on separation, identification and
characterization of microplastics. Marine Pollution Bulletin, 170.
https://doi.org/10.1016/J. MARPOLBUL.2021.112604

Usman. (2007). Creative Commons User License : CC BY-NC-ND. 25(1), 157-174.

Wagner, J., Wang, Z. M., Ghosal, S., Rochman, C., Gassel, M., & Wall, S. (2017). Novel method for the extraction
and identification of microplastics in ocean trawl and fish gut matrices. Analytical Methods, 9(9), 1479-1490.
https://doi.org/10.1039/c6ay02396g

Wang, W., & Wang, J. (2018). Investigation of microplastics in aquatic environments: An overview of the methods
used, from field sampling to laboratory analysis. TrAC Trends in Analytical Chemistry, 108, 195-202.
https://doi.org/10.1016/J. TRAC.2018.08.026

Wijesekara, H., Bolan, N. S., Bradney, L., Obadamudalige, N., Seshadri, B., Kunhikrishnan, A., Dharmarajan, R.,
Ok, Y. S., Rinklebe, J., Kirkham, M. B., & Vithanage, M. (2018). Trace element dynamics of biosolids-

55



derived microbeads. Chemosphere, 199, 331-339. https://doi.org/10.1016/J. CHEMOSPHERE.2018.01.166

Windsor, F. M., Durance, I., Horton, A. A., Thompson, R. C., Tyler, C. R., & Ormerod, S. J. (2019). A catchment-
scale perspective of plastic pollution. Global Change Biology, 25(4), 1207-1221.
https://doi.org/10.1111/GCB.14572

Woo, H., Seo, K., Choi, Y., Kim, J., Tanaka, M., Lee, K., & Choi, J. (2021). Methods of Analyzing Microsized
Plastics in the Environment. https://doi.org/10.3390/app112210640

Wright, S. L., & Kelly, F. J. (2017). Plastic and Human Health: A Micro Issue? Environmental Science and
Technology, 51(12), 6634-6647.

https://doi.org/10.1021/ACS.EST.7B00423/SUPPL_FILE/ES7B00423_SI_001.PDF

Wright, S. L., Thompson, R. C., & Galloway, T. S. (2013). The physical impacts of microplastics on marine
organisms: a review. Environmental Pollution (Barking, Essex : 1987), 178, 483-492.
https://doi.org/10.1016/J.ENVPOL.2013.02.031

Zbyszewski, M., Corcoran, P. L., & Hockin, A. (2014). Comparison of the distribution and degradation of plastic
debris along shorelines of the Great Lakes, North America. Journal of Great Lakes Research, 40(2), 288-299.
https://doi.org/10.1016/J.JGLR.2014.02.012

Zipp, K. (2022). Integration of fisheries ecology with the assessment of microplastic consumption in black bass in
the upper Ohio River drainage Integration of fisheries ecology with the assessment of microplastic
consumption in black bass in the upper Ohio River drainage.

Zobkov, M. B., & Esiukova, E. E. (2018). Microplastics in a Marine Environment: Review of Methods for
Sampling, Processing, and Analyzing Microplastics in Water, Bottom Sediments, and Coastal Deposits.
Oceanology 2018 58:1, 58(1), 137-143. https://doi.org/10.1134/S0001437017060169

56



DECLARATION

on authenticity and public assess of final essay/thesis/mater’s thesis/portfolio’

Student’s name: OREKOYA ADEDAPO

Student’s Neptun 1D: CFO83Pp

Title of the document: IDENTIFICATION OF MICROPOLYMERS IN GRA
WATER 1

Year of publication: 2023

Department: AGRICULTURAL WATER MANAGEMENT
ENGINEERING

I declare that the submitted final essay/thesis/master’s thesis/portfolio® is my own, original
e B

individual creation. Any parts taken from an another author’s work are clearly marked, and
listed in the table of contents.

If the statements above are not true, 1 acknowledge that the Final examination board excludes

me from participation in the final exam, and I am only allowed to take final exam if I submit
another final essay/thesis/master’s thesis/portfolio.

Viewing and printing my submitted work in a PDF format is permitted. However, the
modification of my submitted work shall not be permitted.

I acknowledge that the rules on Intellectual Property Management of Hungarian University of
Agriculture and Life Sciences shall apply to my work as an intellectulal property.

I acknowledge that the electric version of my work is uploaded to the repository sytem of the
Hungarian University of Agriculture and Life Sciences.

Place and date: Szent Istvan Campus year 2023 month May day 2

@m‘

Student’s signature

'Please select the one that applies, and delete the other types.
“Please select the one that applies, and delete the other types.

57



STUDENT DECLARATION

Signed below, ORCKOYA ADEDAPO, student of the Szent |stvan Campus of the Hungarian
University of Agriculture and Life Science, at the MSc Course of Agricultural Water
Management Engineering declare that the present Thesis is my own work and | have used the
cited and quoted literature in accordance with the relevant legal and ethicalrules. | understand
that the one-page-summary of my thesis will be uploaded on the website of the
Campus/Institute/Course and my Thesis will be available at the Host Department/Institute and
in the repository of the University in accordance with the relevant legal and ethical rules.

Confidential data are presented in the thesis: yes no*

Date: 15/April/2023

Car

Student

SUPERVISOR’S DECLARATION

As primary supervisor of the author of this thesis, | hereby declare that review of the thesis
was done thoroughly; student was informed and guided on the method of citing literature
sources in the dissertation, attention was drawn on the importance of using literature data in
accordance with the relevant legal and ethical rules.

Confidential data are presented in the thesis: yes _no*

Approval of thesis for oral defense on Final Examination: approved not approved *
——

Date: 2023 20 cé month_ 27 day

.~

signature

*please, underline the correct choice!

58



