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Concerns about the ecological effects of microplastics plastic particles
smaller than five millimetres have grown as a common source of
contamination in aquatic environments. The particular impacts of
microplastics on fish are the subject of this abstract, which discusses
ingestion, bioaccumulation, physiological reactions, and possible
ramifications for fish populations and ecosystems. Microplastics find
their way into aquatic habitats from a variety of sources, including the
decomposition of bigger plastic objects, synthetic fabrics, and goods
derived from plastic. Due to their tiny size and persistent nature, these
TG anthropogenic particles are widely dispersed, exposing aquatic
organisms especially fish to them. Fish come into contact with
microplastics both directly and indirectly when they eat contaminated
prey. Ingestion of microplastics may have a variety of negative effects,
from actual digestive system damage to the possible buildup of
harmful compounds in fish tissues. Concerns about the possibility for

biomagnification at higher trophic levels and the long-term
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repercussions on personal health are raised by fish's absorption of
microplastics. Microplastics may have detrimental physiological
consequences on fish, including inflammation, tissue damage, and
changes in metabolic systems. These physiological effects are made
worse by microplastics' ability to absorb and concentrate toxins from
the surrounding water, which adds to the total stress that fish
populations are under. The ecological ramifications affect whole
aquatic ecosystems in addition to individual fish. Microplastics have
the potential to upset food chains, change predator-prey relationships,
and have an impact on aquatic ecosystem health and biodiversity in
general. It is crucial to comprehend these intricate relationships in
order to develop management and conservation plans that work.
Research in the fields of ecotoxicology, fisheries science, and
environmental chemistry must be multidisciplinary in order to address
the effects of microplastics on fish. Reducing plastic inputs, creating
sustainable substitutes, and implementing strong waste management
procedures should be the top priorities of mitigation initiatives. In the
end, preserving fish populations' health is essential to keeping aquatic
ecosystems resilient and in balance in the face of increasing

microplastic contamination.

KEY WORDS: Microplastics, Oceans, Fishes, Environment, Health.

INTRODUCTION:

The problem of plastic pollution is one that scientists and environmentalists are quite worried
about. The ageing and micron-sized fragmentation of plastic caused by physical and natural
elements like the sun, wind, and rain, as well as human-caused variables like commercial use
and exploitation, pose a greater danger to human safety. These so-called "microplastics” are
often defined as solid polymer particles with a size of less than 5 mm (Koelmans et al., 2019).
Rain often sweeps these broken-down plastic particles into rivers, lakes, and sewers, where
they ultimately end up in the seas. Microplastics have a variety of physiochemical
characteristics, are insoluble in water, and do not decompose. These characteristics make
them potentially dangerous to the environment (Zhang et al., 2018). Due to the widespread
usage of plastics, their waste products have been building up in metropolitan areas and often

wind up in water bodies (Pazos et al., 2017Because of their unique physical and chemical
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characteristics, namely their low density and durability, plastics are utilised extensively over
the globe (Andrady et al., 2011; Andrady & Neal, 2009). Plastics have been produced in large
quantities annually since the 1950s, when industrial manufacturing began. China accounted
for 30% of the 3.6 billion tonnes of plastic items produced worldwide in 2018 (Plastics
Europe, 2019). The health of the ocean and freshwater systems has been adversely affected
by the buildup of plastic waste. The current estimate for the amount of plastic in the seas is
250,000 tonnes on average. The buildup of plastic debris and pollution in aquatic ecosystems
have a significant impact on marine life (Wang et al., 2020). Plastic Europe (2022) stated that
390.7 million metric tonnes of plastic were produced globally in 2021 (Plastic Europe, 2022).
Plastic garbage has entered the maritime ecosystem via a variety of channels as a result of
improper management, including fishing, wastewater discharge, atmospheric transport, and
tourism (Rabari et at., 2023). The primary factor contributing to the pervasive issue of
microplastics in the biosphere is plastic's high antidegradation properties and inexpensive
cost of manufacture. In addition, microplastics are strong, lightweight, easy to transport, and
have a rapid rate of dispersal and fixation throughout the global biosphere. While some of the
microplastics on the land stay fixed in the soil, others stay in the shallow soil layer and are
carried into the water body by runoff (Melanie Bergmann et al., 2019). MPs may exist in
several areas of the aquatic environment because to their varied morphological traits. Because
of biological rains or the usage of minerals, some of these structures—Ilike polyester and
nylon fibers—are denser than water and sink, while others are less dense than water and float
(Baldwin et al., 2016; Rhodes et al., 2018). Microplastics (MP) are suspended in groundwater
and eventually find their way into air and water currents that travel farther into the ocean
because they are more minuscule and mobile than other materials (Barnes et at., 2009). Fish
are often contaminated with MPs (Bessa et al., 2018), especially those inhabiting coastal
environments (Ferreira et al., 2018) Fish are crucial to the marine food chain because they
move and distribute certain MPs (Boerger et al., 2010), MPs then go from zooplankton to
more advanced trophic levels. More significantly, being a mainstay of seafood, fish are
intimately related to human health. The possible health effects of MPs and similar chemicals
on a variety of foods make their contamination very concerning (Santillo et al., 2017). The
mass production and dumping of plastic into the marine environment exacerbates an already
dirty media landscape (Thushari & Senevirathna, 2020). Moreover, MPs have the ability to
build up in marine species, where they may have a variety of negative consequences. These
include oxidative damage, inflammation, liver stress, intestine obstruction and internal
abrasion, and growth reduction (Von Moons et al., 2012; Rochman et al., 2013). MPs come

in a variety of morphologies, including films, fibres, foams, pieces, and granules (Villagran et
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al., 2020).

In addition, microplastics have the ability to adsorb persistent pollutants (POPs) including
polychlorinated biphenyls (PCBs) and polycyclic aromatic hydrocarbons (PAHs) because of
their huge surface area to volume ratio and non-aqueous water content. They have (Jinfeng
et al.,2019). Synthetic polymers that create microplastic pollution include polyethylene (PE),
polypropylene (PP), polystyrene (PS), and polyethylene terephthalate (PET) (Hidalgo-Ruz
etal, 2012, 2013). Moreover, fish traps release polyamide (PA) residues into the
environment (Duis & Coors, 2016). The most prevalent kind, PE, has both mono- and di-
unsaturated hydrocarbons (Serrano et al., 2005). PP, which is made up of alkanes, alkenes,
and alkadienes, is the second most utilised polymer (Sojak etal., 2007). Regretfully,
recycling (29.7%) and energy recovery (39.5%) procedures only recover 69.2% of plastic
(Plastic Europe., 2015). Microplastics have the ability to quickly accumulate and release
dangerous organic pollutants into water, such as DDT, polybrominated diphenyl ethers, and
other additives used during manufacturing. This increases the concentration of these
pollutants (Gonte & Balasubramanian, 2012; Gore et al., 2017, 2018a,b, 2019; Rajhans et al.,
2019; Campanale et al., 2020). Over 700 marine species have been reported to have
consumed microplastics, and other studies have found plastic in sea turtles, seabirds, and
other iconic megafauna, such whales and dolphins (Besseling et al., 2015; Gall & Thompson,
2015; Germanov et al., 2018; Worm et al.,, 2017). It has been determined that MP
contamination poses a serious ecotoxicological risk to marine life. MP particles may be
divided into two classes: main MPs and secondary MPs, depending on their origins (Yuan et
al., 2023; Lippiatt et al., 2015). Primary MPs are purposefully created as microbeads for use
in industrial abrasives, medicine transporters, and cosmetics (Wu et al., 2023; Andrady et al.,
2011). While large-sized plastics deteriorate and break under a variety of environmental
physical and chemical conditions, such as UV radiation, photodegradation, and oxidation,
secondary MPs are formed as a result (Rabari at al., 2022; Wu et al., 2023). Pellets, granules,
spherical beads, filaments, films, pieces, and foams are among the many forms of MPs (Cole
et al., 2011). There is evidence of microplastics in the digestive tracts of fish that are taken in
the wild (Foekema et al., 2013) and aquatic invertebrates (Cole et al., 2011); even in clams
and mussels that were prepared for sale as food for humans (Van Cauwenberghe & Janssen,
2014; Davidson & Dudas, 2016). Microplastics are a common marine contaminant in aquatic
environments because of their buoyant and persistent nature, which also serves as a vehicle
for the spread of other contaminants (Rodrigues et al., 2019) to the creatures found in water.

Because microplastics are so minute, a variety of aquatic animals absorb them and their
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physiological processes are disrupted. This disruption spreads down the food chain and
affects human health (Figure 1). Since many marine animals quickly absorb them and expel
them, definitive evidence of biomagnification cannot be acquired (Cozar et al., 2014). The
first route by which microplastics enter a fish's body is by feeding, yet this route has seldom
been explored in prior research (Ory et al.,, 2018). Keep in mind that microplastics'
bioavailability differs greatly from that of conventional soluble contaminants. The two
primary methods by which soluble contaminants are absorbed are passive diffusion and cell
membrane transit (Schwarzenbach et al., 2006; Chen et al., 2010; Xiong et al., 2019).
Furthermore, a broad range of creatures, including fish, benthic fauna, and birds, have been
shown to contain microplastics, which not only limit their development but also pose a risk to
human health via the food chain (Wu et al., 2023).

A variety of fish species from freshwater, marine, and estuarine aquatic systems—from
shallow to deep waters—have been discovered to contain microplastics (Kasamesiri &
Thaimuangphol, 2020; Talley et al., 2020; Valente et al., 2019; Yuan et al., 2019).
Furthermore, it has been shown that the intestines and tissues of fish raised for aquaculture,
wild fish, and fish gathered from markets all have varied concentrations of microplastic
(Rochman et al., 2015; Wootton et al., 2021b). Microplastics are readily consumed by fish
because of their microscopic size (Karami et al., 2017; Roch & Brinker, 2017), shellfish
(Browne et al., 2008; Li et al., 2016; Zhao et al., 2018), marine organisms (Murray & Cowie,
2011), causing the oesophagus to become blocked or die. Numerous studies have been
conducted on fish behaviour in reaction to changes in the environment, particularly the
presence of microplastics (Allgeier et al., 2020; Collard et al., 2019; Savoca et al., 2021). Fish
that consume microplastic may do so by primary ingestion, which is when they directly
swallow the plastic; often, this happens when they mistake it for food or inadvertently
swallow it (Worm et al., 2017) or by subsequent digestion after ingesting prey that has
previously been exposed to plastic (Watts et al., 2014). Because microplastics are
accumulating in the environment, it is advised to regularly check them (Grbic et al., 2019). In
most cases, microplastics are difficult to find by unassisted observation. In experimental
settings, a variety of forms, dimensions, and characteristics, such as transparency and
translucency, make identification difficult (Asamoah et al., 2019). At the moment, the main
issue is to restrictions in microplastics detection methods. There's already evidence of a
higher concentration of microplastics (MPs) in basins with a predominance of urbanisation
compared to basins with forested surroundings, as a result of the expansion of urban centres

and agricultural activities surrounding river basins (McNeish et al., 2018; Luo et al., 2019).
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The quantity and makeup of microplastic particles in freshwater ecosystems, as well as their
consequences on the freshwater biota, are currently poorly understood (Triebskorn et al.,
2019). Commercial fish species are vulnerable to several human challenges, such as habitat
loss, overfishing, pollution, and climate change (Baechler et al., 2020). Fisheries and
aquaculture contribute significantly to the world's food supply and are crucial for supplying
dietary protein in terms of global food security (Be'ne” et al., 2015), 10% of people have
access to essential social resources and income (Be'ne” et al., 2006; FAO et al., 2020). One of
the explanations might be the significance of fluorescent tagging of particles and
commercially marked polystyrene or polyethylene spheres. To allow for the study of plastics
and polymers, a fluorescent labelling technique for any kind of plastic is required (Karakolis
et al., 2019).

It is difficult to create a standardized approach for microplastic-related data categorization
and comparison because of the wide variety of sizes of microplastics. The difficulty of
detecting microplastics increases with their size. Accurately recognizing or categorizing
microplastics is made more difficult by the ambiguous properties of both plastics and non-
plastics (Song et al., 2015). These limitations in detecting microplastics are a significant

drawback affecting containment and microplastic pollution prevention.
Sample preparation

We looked at the existence of microplastic in fish by doing a thorough literature search. We
adhered to PRISMA as it is preferred and well-accepted in the scientific community
(Preferred Reporting Items for Systematic Reviews & MetaAnalyses) guidelines (Moher et
al., 2010). Collecting fish samples is the initial step. In coastal regions of states, the most
common human activities include fishing, industry, urbanization, and tourism (Trivedi et al.,
2015). Fish had had the stomach and intestine removed from them. To determine the wet
weights of contents, the wet mass of the digestive system was measured both with and
without contents (Hyslop et al., 1980; Hadwen et al., 2007). A gridded Petri dish was used to
estimate the food proportionately for each fish. The diet components (i.e., silt, algae,
molluscs, crustaceans, worms, fish, insects, and unknown) were volumetrically analyzed to
coarse taxonomic resolution. Metal forceps were used under a dissecting microscope to

remove any potential material.
Extraction methodology

(1% protocol), It was essential to ascertain if the filter or the polymer particles were
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susceptible to deterioration as a consequence of the dissolving process before moving further
with the chemical dissolution of fish stomachs. Therefore, before conducting additional
experiments, polycarbonate filters and five microplastics (PE, PVC, PET, PP, and PS) were
soaked in 10% KOH solution for 4 hours and then in 10% HCI for an overnight period in
Petri dishes in order to ascertain the filter and particles' resistance to the dissolution process.
Each polycarbonate filter sample and the microplastic particles were inspected using a stereo-
zoom microscope after being soaked for the whole night (Figure I1). Every dissolving test
was carried out between 22 and 23 degrees Celsius, or lab room temperature (Wang et al.,
2020).

(2" protocol), Every fish's GT was put in a beaker with 10% potassium hydroxide added to it
to break out organic matter (Daniel et al., 2020). After that, it was heated to 60 °C in a hot air
oven until all of the organic tissue had been completely digested (Karami et al., 2017). The
MPs were lowered in accordance with the density gradient by adding a supersaturated NaCl
aqueous solution (1.2 g/mL) (Rabari at al., 2022; Robin et al.,2020). It was followed by the
solution being continuously stirred with a glass rod and let to stand at room temperature for a
24 h (Gurjar et al., 2021). The supernatant containing floated MPs was filtered through ash-
less Whatman filter paper (Grade No. 41, pore size: 20 um) (Figure I11).

Identification of microplastics

The identification of microplastics is usually done by visual observation, including
macroscopic, microscopic observation, Fourier transform infrared spectroscopy (FTRI), and

Raman spectroscopy.
Visual identification

Visual detection of microplastics involves both microscopic and direct visual inspection.
Larger particle plastics are immediately visible to the unaided eye. For instance, Morét-
Ferguson et al. said that during the investigation of the western North Atlantic, every plastic
particle (0.41-420 mm) was visually recognized (Moret-Ferguson et al., 2010). In cases when
plastic particles are tiny in size, microscopes are required. categorized microplastics with an

anatomical microscope at a 6x magnification (Doyle et al., 2011).
Microscopy
The most widely utilized method for any kind of detection is microscopy. Sensible methods

for detecting microplastics may be obtained by using structural information from enlarged,
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detailed photographs of surfaces (Hidalgo-Ruz etal., 2013). In order to identify
microplastics, light microscopy and stereomicroscopy are often used microscopy methods
(Song etal., 2015), fluorescent microscopy (Cauwenberghe et al.,, 2015) and scanning
electron microscopy (SEM) (Wang et al., 2017). Using scanning electron microscopy (SEM),
the plastic particles and the filtered polycarbonate subsamples of the fish gut were examined.
The results showed high-resolution pictures of the surface structure of the particles and
elemental composition signatures, which aid in the separation of microplastic from non-
plastic material. For each of the different polymers, distinct peaks were seen. The collected
optical images showed signs of deterioration and discoloration. Nonetheless, this
investigation is limited to morphological structure and surface studies since FTIR and Raman
spectroscopy were required for a cross-analysis of the data (Wagner et al., 2017). Despite the
constraints of quantitative analysis by microscopy, such as the difficulty in characterising
particles with certain shapes and lack of colour (Song et al., 2015)

Fourier transform infrared spectroscopy (FTIR)

Plastic polymer analysis may benefit from both qualitative and quantitative examination
using Fourier transform infrared spectroscopy (FTIR) (Cincinelli et al., 2017; Besseling et al.,
2015). For many vyears, the introduction of microplastics has been an issue. Apart from
offering precise details on chemical components and polymer structure, Fourier Transform
Infrared (FTIR) offers distinct spectra that may differentiate plastics from other organic and
inorganic materials and pinpoint the source or sources (Turner & Holmes, 2011). Attenuated
total reflection (ATR) Fourier transform infrared spectroscopy's primary drawback is its high
expense. nonetheless, may aid in identifying microplastics with asymmetrical forms
(Harrison et al., 2012). This technique can identify polymers as thin as 20 um and covers a
large filter surface area (diameter > 10 mm). When the sample's complete pore surface is
inspected with a high degree of spatial precision, this takes time. Because of this, FTIR
spectroscopy method has to be further refined in order to identify microscopic microplastics

in complicated environmental samples (Lv et al., 2021).
Raman spectroscopy

Raman spectroscopy can detect polymers as tiny as 1 um and reacts favourably to nonpolar
plastic functional groups (Lenz et al., 2015). Weakly scattered photons are employed in
Raman spectroscopy, which may be used to detect sub-micron size and identify microplastics
(Zada et al.,, 2018; Collard et al., 2015; Imhof et al., 2016). It creates a certain spectrum

depending on the sample composition by using laser light focused on the sample. Because
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this technique makes use of a laser beam with a shorter wavelength, it can also detect micro-
plastics. This non-destructive method works similarly to FTIR when paired with microscopy.
In an overview of the quick identification of microplastics using Raman scattering
microscopy (Zada et al., 2018).

CONCLUSION:

Microplastics are tiny plastic bits under 5mm wide causing serious environmental damage.
They're found often in waters, such as lakes, rivers, and oceans, which worries experts about
potential harm to sea creatures and even human health. This summary touches on key
findings and impacts linked to the presence of microplastics in fish, referenced from related
scientific works. The phenomenon of fish contaminated by Microplastics has been
documented worldwide. Multiple studies found these microplastics in fish’s digestive tracts.
This happens because fish ingest these particles while feeding normally. The prevalence of
microplastics in fish serves as a reminder of how bad plastic pollution is in aquatic habitats
(Rochmen et al.,2018). Plastic bits, tiny as they are, get stuck in fish bodies over time. It's like
slowly filling a cup; worryingly it might make the fish sick. As if that's not enough, these
little plastics stick around, slowly adding up, much like a penny jar fills up with time (Nel et
al., 2018). Microplastics can hurt a fish's body parts. Studies reveal that these tiny particle-s
can lead to swelling, tweak how a fish functions, and ge-nerally harm its health. Top it off,
microplastics often carry dange-rous stuff think heavy metals and hard-to-remove- organic
pollutants (POPs). This makes life for fish even harder (Wright & Kely, 2017). Eating fish
that contain tiny bits of plastic could have some health risks. This is because humans are
usually the final consumers in the se-a food chain. Harmful particles from water bodies might
se-ep into fish through these small plastic bits. They then act like carriers. So, if people eat
this fish, they might ingest harmful substances connected to these small bits of plastic
(Wright & Kely, 2017). Addressing microplastic pollution requires a multi-pronged
approach. This includes le-ssening plastic production and usage, impleme-nting effective
rubbish handling me-thods, and developing earth-frie-ndly alternative materials. Crucially,
educating the masses through campaigns is required. This can foster a collective
responsibility to cut down on plastic use and promote correct trash management (Rochmen et
al.,2018). Tiny plastic particles in fish can impact more than just individual species. When
fish e-at these particles, it can disturb the equilibrium of ocean habitats, altering the makeup
of marine communities and possibly shifting hunter-prey relationships. Scientists are now
studying what these ecological shifts could mean in the long run (Wright & Kely, 2017).

Microplastics enter the food chain of the sea through a process called trophic transfer. Tiny
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marine be-ings swallow these miniature plastic pie-ces. When bigger se-a animals eat the
smaller one-s, these plastics build up and move up the chain. Humans often consume fish,
which might make microplastics move from smaller creatures to us, potentially causing
problems (Rochmen et al.,2018). Investigating microplastics in fish presents some challenges.
We need sophisticate-d tools to pinpoint and measure these tiny pieces of plastic in biological
tissues. Equalizing our me-thods of study is key for reliable comparisons. Our knowledge of
where microplastics are and how often they occur in fish can be improved with the
refinement of our analytical methods (Ziajahromi et al., 2017). The body of research showing
fish to contain microplastics is increasing, necessitating legislative and policy measures.
Governments and international organisations must to think about putting policies into place to
lessen the production of plastic, improve the infrastructure for managing garbage, and
establish guidelines for the use of microplastics in consumer goods (Rochmen et al.,2018).
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Figure I11: Protocol 2
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