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Abstract

Microplastics have emerged as a pervasive environmental concern, threatening the health and stability of marine eco-
systems worldwide. Microplastics permeate marine environments through various sources, including fragmentation
of larger plastic debris, industrial discharges, and urban runoff. Once introduced into the marine ecosystem, micro-
plastics interact with many organisms across trophic levels, from zooplankton to top predators. Through ingestion,
entanglement, and bioaccumulation, microplastics pose direct threats to marine organisms'health, reproductive suc-
cess, and survival. Moreover, microplastics serve as vectors for persistent organic pollutants, leaching harmful chemi-
cals into the marine environment and exacerbating toxicity risk for marine life. This study highlights the broader eco-
logical implications of microplastic pollution, including disruptions of marine food chain, and degradation of essential
habitats such as coral reefs and estuaries. By altering species interactions and habitat structure, microplastics can
compromise the resilience and functioning of marine ecosystems, with far-reaching consequences for biodiversity
and ecosystem services. With the increase in microplastics in the marine environment it is important to have control
measures as well. Comprehensive strategies for managing microplastic pollution should incorporate a combination
of conventional approaches, including reduction at the source and targeted interventions to enhance degradation.
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Introduction

Plastic has become an integral part of modern life, serv-
ing diverse purposes across various sectors due to its
unique properties such as strength, elasticity, durability,
and lightweight nature [50]. Its versatility finds applica-
tion in industries ranging from food and medical equip-
ment production to electronics. However, the improper
disposal of plastic has led to a significant accumulation
of this synthetic, non-biodegradable material in the
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environment. Research has shed light not only on the
adverse effects of plastic on human health but also on
the presence of microplastics, with estimates suggesting
between 4.8 and 12.7 million tons of plastic debris end up
in the oceans annually [28, 30]. Microplastics (MP) are
defined as plastic particles ranging from 1 pyM to 5 mm
in size [15] and present a complex challenge due to their
varied dimensions, density, and chemical composition.
Furthermore, there are even smaller plastic fragments
with <1 um size constituting nanoplastics [27]. Research-
ers globally have identified synthetic compounds like
polypropylene, polyethylene, polystyrene, polyvinyl chlo-
ride, and polyethylene terephthalate in marine water,
underscoring the pervasive presence of microplastics in
aquatic ecosystems [29]. The minute size of microplastics
and nanoplastics poses a considerable threat to aquatic
life due to their potential for ingestion, accumulation and
amplification in marine organisms as well as accumulat-
ing other pollutants due to their surface to volume ratio.
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Moreover, as these contaminated aquatic species are
consumed as seafood, microplastics can easily enter the
human body through the food chain. The global plastic
production, estimated at 367 million metric tons in 2020,
contributes to the presence of microplastics in marine
systems, with human activities such as tourism and the
operation of wastewater treatment facilities by munici-
palities and industries further exacerbating the issue [21].

The escalating levels of microplastics in various water
bodies, encompassing rivers, ponds, lakes, and oceans,
stem primarily from the expanding human population
and the widespread availability of microplastics [52].
Additionally, a multitude of factors such as wind patterns,
temperature variations, water currents, and the physi-
cal characteristics of microplastics including size, shape,
density, and chemical composition, play a pivotal role in
the dispersion and proliferation of these synthetic mate-
rials within aquatic environments [18, 23]. Microplas-
tics have been detected in diverse samples ranging from
soil and deep seawater to polar regions, coastal areas,
and surface water, highlighting the extensive contami-
nation of various ecosystems. Studies revealed that the
accumulation of microplastics in a wide array of aquatic
organisms, including copepods, amphipods, sea cucum-
bers, fish, turtles, and birds, which inadvertently ingest
these particles through their diet. Researchers worldwide
have investigated the fate of ingested microplastics and
observed that they can accumulate in specific human
tissues, be excreted through pseudo-faeces, or migrate
throughout various organs in the body [39, 40, 48]. Plas-
ticosis is a recently discovered condition characterized by
fibrosis, which is caused by the consumption of plastic,
this condition mostly affects seabirds [14]. This disorder
results in significant gastrointestinal harm, including
inflammation, fibrosis, and scarring in the digestive sys-
tem, which adversely affects the birds’ capacity to process
food, assimilate nutrients, and combat infections [19].
Researchers examining the impact of plastic pollution
on animals introduced the term "plasticosis” to empha-
size the detrimental effects of plastic consumption on
seabirds. Plasticosis is associated with the consumption
of microplastics, which may result in significant harm
to tissues, disruption of tissue structure, and decreased
flexibility of the stomach [37]. This eventually leads to
hunger and detrimental effects on the development and
survival of young birds. Plasticosis is a notable indication
of the harmful impact of plastic pollution on marine eco-
systems and animals. This highlights the pressing need
to tackle plastic waste in order to avoid more damage to
seabirds and other creatures. The accumulation of micro-
plastics in bodily tissues can lead to detrimental health
effects in organisms such as reproductive issues, stunted
growth, internal or external injuries, and blockages in
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bodily passages, underscoring the multifaceted impacts
of microplastic pollution on both wildlife and human
health.

This phenomenon can lead to the bioaccumulation
of a diverse array of substances in the water, including
heavy metals, dyes, and hydrocarbons [5]. Consequently,
the overall toxicity of marine ecosystems may be height-
ened by the presence of these additional harmful com-
pounds. Considering all available information, it is clear
that microplastics have emerged as significant pollutants
in the twenty-first century, posing a substantial threat to
aquatic life and ecosystem health due to their role in pol-
lutant transport and bioaccumulation processes.

This study endeavours to uncover the intricate web of
impacts that microplastics impose on marine environ-
ments, encompassing ecological, biological, and envi-
ronmental dimensions. It has dealt with the impact of
microplastics on marine fauna and ecological habitats,
also focuses on the degradation mechanisms and control
measures. The paper aims to identify the global threat of
microplastics on the marine environment and propose
avenues for future research to address this problem and
develop efficient and effective combative strategies.

Characterization of microplastic

Microplastics can have varied shapes, sizes, colour, com-
position and monomer structure. Based on the charac-
teristics, they can have different physical and chemical
properties which can determine their distribution and
accumulation. These properties determine their stability
to persist in the nature in abundance and determine the
food habit of the fishes and in turn how they affect the
fish and the ecosystem.

One of the major physical properties which are studied
to understand the nature of MPs is their size which ranges
from 0-500 pm. Microplastics also vary in their shapes
like they can be elongated fibres, irregular fragments or
round spherical pellets based on their use in the indus-
tries and daily life [25]. MPs can act as micro-vector for
minerals like orthoclase, carbon and microcline, also for
pigments like vine black and dye like saffron can be found
attached to them leading to further health hazard and
toxicity. The major type of plastic monomer which form
the MPs are Polyethylene (PE) (high and low density),
poly(ethylene-co-1-hexene) (PEH), polypropylene (PP),
polyurethane foam (PU), and poly (ethylene-co-vinyl
acetate) (PEVA) [36]. Based on their composition, the
density of microplastics can be varied as well. The density
range can be from 0.91 g cm™ for LDPE to 1.38 g cm ™3
for PVC. Though Polystyrene has density of 1.05 g cm™
whereas polypropylene has 0.85 g cm™3. The different
colours of MPs due to their origin can affect the food
behaviour of the fishes. They can be of blue, white, green
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colour or can be also transparent. Temperature plays an
important role over the structure of MPs.

Sources of microplastics

Microplastics have different anthropogenic origin such as
fishing, aqua tourism and more [27]. Plastic manufactur-
ing companies play a huge role in plastic contamination
of the marine environment by the production of plastic
pellets and resins from air blasting. Based on their size,
they can be divided into two types [13]: Primary micro-
plastic that are micro-sized synthetic plastics of the
size<2 mm (Table 1). These are generally found in per-
sonal care products in the form of microbeads, plastic
pellets used in industrial manufacturing and transporta-
tion, and in synthetic textiles. They enter directly into the
environment through various ways- wash of product use,
unintentional loss from spills from industry or abrasion
during washing of textiles [1]. Secondary microplastic
are the broken fragments of larger macro or meso plastic,

Table 1 Microplastic and their sources

Type of Microplastic Sources and Application
Polyethylene Plastic bags, containers and wraps
Polypropylene Plaastic bottles and ropes
Polystyrene Food packaging industry and cutlery

Polyvinyl chloride Pipes, cables, window frames and electrical

goods

Polyamide Textile industry and fishing industry
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generally occurs when plastic undergoes weathering or is
exposed under UV or to wind abrasion or water waves or
some other environmental events like thermo-oxidative
degradation, thermal degradation and hydrolysis [46]
(Fig. 1). There are nanoplastics which has a size of <1 pm
size and has the potential to cause bioamplification and
bioaccumulation of various pollutants because of their
huge surface area [27].

Bioavailability of microplastic through the trophic
levels

Fishes are most vulnerable to MP depending on their
eating behaviours and several other circumstances. It is
seen that omnivorous fishes ingest the highest amount of
MPs in comparison to plant-eating or carnivore fish. As
MPs look alike the natural prey of the visual eaters, they
are more likely to ingest the white MPs rather than red
and black particles [11]. The MPs on which most of the
fishes ingest are of the size of planktons in the range of
1-2.79 mm. Density of MPs determine their positioning
and the type of fish that ingest them. Like Pelagic fishes
eat low-density MPs whereas Demersal fish are prone to
high-density MPs [12]. There are many more fundamen-
tal factors effecting the interaction methods of MPs and
fishes which are still unclear [43].

Once the MPs are ingested by the fish, it can lead to
biomagnification through the trophic levels [7]. The small
planktivorous fishes when ingested by the bigger preda-
tory fish lead to increase in concentration of MPs in their
body. Though low-density MPs can be expelled of the

Fig. 1 Represents the conversion of primary and secondary plastics to microplastics
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body of the fish by pseudo faeces, still most of the MPs
remain in their gastrointestinal tract. For example, bio-
magnification can be seen in Tuna and Swordfish in the
Mediterranean Sea.

The way biomagnification occurs in the fishes, it can
also work in humans through the fishes in the same
way (Fig. 2). The presence of MPs in the seafood poses a
major hazard to human health, for example, it can cause
oxidative stress and cytotoxicity [4, 31]. Endocytosis and
persorption are the two major ways for MPs to enter the
body, they can at first get concentrated in the intestinal
system and then spread to other regions of the body lead-
ing to changes in metabolism and energy flow [9]. Micro-
plastics have the potential to act as carriers, facilitating
the binding and transportation of various pollutants into
marine environments as shown in Fig. 2.

Effect on marine Fauna

Invertebrates

The presence of microplastics in aquatic environments
poses a significant threat to marine ecosystems. Algae,
including species like Chlorella sp, Scenedesmus, and
Dunaliella sp, are fundamental components of aquatic
food webs, serving as primary producers and providing
energy for various marine organisms [22]. However, the
accumulation of microplastics in algae can disrupt their
normal physiological functions and ultimately impact
the entire ecosystem. One of the primary mechanisms
through which microplastics affect algae is through their
physical and chemical properties. Microplastics are often
positively charged due to their surface properties, while
algae tend to carry a negative charge. This difference in
charge facilitates the adsorption and accumulation of
microplastics onto the surfaces of algae cells. As a result,
microplastics can interfere with essential processes in
algae, such as photosynthesis and growth [45].
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The reduced photosynthetic activity is a common con-
sequence of microplastic exposure in algae. Photosyn-
thesis is a vital process through which algae convert light
energy into chemical energy, which is essential for their
growth and survival. However, the presence of micro-
plastics can obstruct light penetration and disrupt the
biochemical pathways involved in photosynthesis. This
disruption leads to decreased photosynthetic efficiency
and, consequently, reduced biomass production in algae
populations.

The accumulation of microplastics can induce oxidative
stress in algae cells. Oxidative stress occurs when there is
an imbalance between the production of reactive oxygen
species (ROS) and the antioxidant defence mechanisms
within cells [16]. Microplastics can trigger the generation
of ROS in algae, leading to oxidative damage to cellular
components such as lipids, proteins, and DNA. This oxi-
dative damage can impair cellular functions and compro-
mise the overall health and viability of algae populations.
The consequences of microplastic-induced alterations in
algae extend beyond the algae themselves and can have
cascading effects throughout the marine ecosystem [31].
Algae serve as a primary food source for various marine
organisms, including zooplankton, fish, and marine
mammals. Therefore, any decline in algae biomass result-
ing from microplastic exposure can disrupt food webs
and impact the abundance and distribution of higher
trophic levels.

Vertebrates

The impact of microplastics on fish species from various
water sources has been extensively studied by research-
ers. Studies have shown a direct link between the pres-
ence of microplastics in fish samples collected from
urbanized freshwater streams. Research has revealed
the ingestion of microplastics and the presence of hard

Biomagnification
of

microplastic
pollution

Fig. 2 Transportation of micro plastics through marine environment different trophic levels (biomagnification)
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fragments and fibers in the stomach cells of over 100
fish species, particularly in areas close to urban popula-
tions [8]. The toxic nature of microplastics is exacerbated
by the presence of additives like dyes, heavy metals, and
chemical compounds, leading to adverse effects on fish
health, including inflammation, altered enzyme activ-
ity, metabolic changes, and even gene expression altera-
tions [35]. Fish samples from urban areas exhibit higher
concentration of microplastics compared to non-urban-
ized samples, underscoring the role of human activities
in microplastic pollution. Furthermore, microplastics
have been found in marine cetaceans such as whales and
dolphins, causing chronic and acute toxicity by block-
ing filtering apparatuses [24] documented the presence
of microplastics in dolphin stomachs. Various synthetic
polymers, including nylon, polyvinyl chloride, and poly-
styrene, of diverse shapes and sizes have been identified
in the intestines of Megaptera sp. [10]. The ingestion of
these microplastics by cetacean species can result in both
chronic and acute toxicity. Additionally, studies indicate
that microplastics can obstruct the filtering mechanisms
of marine organisms such as Balaenoptera Physalus L.
Ingestion of microplastics by marine turtles has also been
documented [38]. Common toxic effects of microplastic
ingestion in turtles include severe damage and block-
age of the digestive tract, reduced stomach capacity, and
mortality. Other adverse effects include alterations in
swimming behavior, immune response, growth rate, and
prey avoidance capacity, all of which significantly impact
marine turtle populations. Plastic debris can also have
impact on environmental factors such as habitat tem-
perature, negatively influencing the reproductive capacity
of marine vertebrates. Plastic debris accumulated on the
beach are seen to increase the temperature by making the
sand warmer than the clean beaches. It in turn influence
the behaviour of organisms living there. Also it impacts
the behaviour of the organisms which have temperature
dependent sex- determination.

Effect on ecological habitat

Coastal habitats, coral reefs and estuarine habitats are
gravely affected by microplastic pollution [50]. Coastal
habitats being the first to encounter the microplastics are
the most vulnerable. It includes beaches, rocky shores,
and salt marshes. As the shorelines acts as nurses for
many marine species, microplastic pollution can impact
the development and survival of the young organisms.
Coral reefs being the hotspot of marine life diversity has
a major role in the marine ecosystem [22]. Microplastics
pose a great threat to the coral reefs by causing physical
damage to the coral tissues leading to disease and bleach-
ing. Hence there is a habitat loss for the species living in
and around the coral reef. Estuarian regions support a
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diversity of species and ecosystem and are very suscep-
tible to microplastic pollution as they are close to urban
area and industrial activities [41, 49]. Microplastics can
accumulate in the sediments of these regions unbalanc-
ing the ecosystem function. These habitat regions are
important for commercially valuable fresh water and salt
water fishes for their reproduction [35]. The contamina-
tion of waterways by microplastics (MPs) can lead to the
presence of MPs in the raw materials used to produce
commercial salts [32, 33]. This is concerning because salt
is an essential nutrient for humans and a common food
additive, so the potential exposure to MPs through salt
ingestion should not be underestimated. A global review
has concluded that the main types of MPs found in com-
mercial salts are polypropylene (PP), which is highly
abundant in European and Asian salts, and polyethylene
(PE), which is prevalent in Oceanian, South American,
and North American salts [42]. Hence presence of micro-
plastic can affect the marine food web as well.

Degradation and control of microplastic

In the past, conventional methods were employed to
remove microplastics (MPs) from the environment.
Additionally, gathering plastic waste from beaches,
including items like containers, bags, and bins, can
reduce the influx of plastics into rivers and oceans,
thereby preventing the formation of secondary MPs. Sus-
tainable solutions for eliminating accumulated plastics
are lacking. Traditional waste treatment methods such as
incineration or landfilling are unsuitable for addressing
the challenge of MP degradation. Although incineration
effectively processes plastic waste, it also significantly
contributes to greenhouse gas emissions like CO2,
CH4, and CO [51]. Landfilling not only consumes large
land resources but also raises concerns about chemi-
cal releases such as plasticizers and dyes, as well as soil
depletion. In recent years, various innovative approaches
have been proposed to address the immediate issue of
MPs [3].

Advanced oxidation processes (AOPs) and biological
decomposition represent two emerging options under
investigation for the degradation of microplastics (MPs).
These techniques break down the molecular bonds of
MPs, reducing them into smaller molecules that can be
converted into harmless by-products or completely oxi-
dized into CO2 and H20O [47]. The specific by-products
and mechanisms of breakdown depend on the com-
position of the polymer, which is in turn influenced by
environmental factors. The process of polymer chain
breakdown cannot be predicted and can occur at any
monomer within the polymer. As a result, the cracking
of MPs happens at the ends of monomer repeats, with
the remaining monomers subsequently breaking down
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through a process known as chain depolymerization [17].
Abiotic degradation processes such as AOPs precede bio-
logical deterioration and are triggered by factors like heat,
water, or UV-light exposure in natural settings [6]. As a
result of abiotic breakdown, smaller plastic fragments are
formed, which can permeate through biological mem-
branes and be broken down by metabolic enzymes within
various organisms. However, certain organisms release
exoenzymes capable of targeting specific types of plastic
polymers. Initially, most microplastics disintegrate on
their exposed surfaces, which are susceptible to chemi-
cal and enzymatic actions. Consequently, microplas-
tics degrade faster than larger plastic pieces due to their
higher surface-to-volume ratio. The changes in color and
the appearance of surface cracks serve as initial signs of
polymer disintegration. Surface cracking facilitates fur-
ther degradation of the microplastic material, leading to
brittle fractures and eventual breakdown [20].

The degradation of microplastics (MPs) in the environ-
ment results from both biotic and abiotic processes. Biotic
degradation involves living organisms such as bacteria,
fungi, and microorganisms breaking down MPs enzymati-
cally into smaller fragments [51]. On the other hand, abiotic
degradation, also known as non-biological degradation,
occurs through physical weathering, hydrolysis, and pho-
tochemical reactions induced by factors like sunlight (UV
radiation), temperature variations, mechanical stress, and
chemical reactions [6]. One advantage of biotic degradation
is its selective nature, where certain bacteria can target and
degrade particular types of MPs. Since microbes naturally
exist in the environment and have evolved mechanisms for
breaking down organic materials, biotic degradation mim-
ics natural processes [47]. In certain conditions, microbial
action can accelerate the breakdown of MPs, expediting
the cleanup process. However, the effectiveness of biotic
degradation is influenced by environmental factors such
as temperature, pH, nutrient availability, oxygen levels, and
others, which must be optimized for efficient degradation
[51]. The biotic degradation also has drawbacks. The effec-
tiveness of microbial breakdown depends on the specific
environmental conditions and the types of microorgan-
isms present. Some MPs may exhibit resistance to natural
microbial degradation. Additionally, scaling up biotic deg-
radation processes to manage large quantities of environ-
mental MPs can be costly and technically challenging.

Therefore, comprehensive strategies for managing
microplastic pollution should incorporate a combina-
tion of approaches, including reduction at the source,
improved waste management, and targeted interventions
to enhance degradation where feasible in order to have
proper control over the usage of plastic.

In the “16th Global Meeting of the Regional Seas Con-
ventions and Action Plans’, the major concerned raised
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was the substantial increase of availability of plastic to
marine ecosystem by the end of 2025 [26]. To combat
this issue the States needs to literate the society about
the harmful effect of plastic wastes [46]. New policies and
strong legislative rules should be enforced to keep the
use of plastics in check. The The United Nations Envi-
ronment Assembly (UNEA) passed a resolution “UN
Global Plastics Treaty (2022)” to develop a legally bind-
ing international treaty to combat plastic pollution and
aiming to enhance global cooperation on technology
and capacity building for managing plastic waste. In the
developing countries heavy restrictions and bans are put
on the use of plastic bags, bottles and other goods made
of low-grade plastic (Plastic pollution coalition 2017).
India enacted a comprehensive ban on single-use plas-
tics to promote the use of sustainable and biodegrad-
able alternatives addressing the issue of plastic pollution.
However, sadly the FMCGs still continue using plastics
in their products like toothpaste as well in the packag-
ing of those products. Strict judicial actions should be
taken against such companies which do not follow the
protocol. Schemes like Extended Producer Responsibility
(EPR) which encourage manufacturers to use packaging
materials other than plastic should be strictly enforced.
Moreover, scientific inventions and innovations can also
facilitate produce environment friendly alternatives of
plastics ofr different usage.

Future perspective

The issue of microplastics in marine environments
necessitates a multifaceted approach that incorporates
scientific inquiry, technological advancement, policy
enactment, and community involvement. Developing
standardized procedures to collect and examine small
fragments of plastic in the ocean and coastal areas is
essential for gaining accurate insights into their global
abundance, distribution, and characteristics [2]. This
standardized approach is vital for effective management
strategies aimed at mitigating their impact. It is crucial to
bridge the gap between laboratory experiments and real-
world applications by conducting extensive, long-term
field studies. These studies can provide valuable insights
into how pollutants interact with microplastics over time
in natural environments [44]. Further research is required
to understand the mechanisms underlying the sorp-
tion of pollutants onto microplastics and to evaluate the
potential risks and fate of microplastics in diverse envi-
ronmental settings. Exploring the interactions between
microplastics and a wider array of pollutants, such as
radioactive heavy metals and antibiotics, is also critical.
Comprehensive studies are necessary to assess the risks
posed by microplastics to marine organisms and human
health. This includes investigating how microplastics
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may serve as vectors for transporting harmful pollutants
through marine food webs. Recent studies have concen-
trated on the advancement of biodegradable polymers
and the utilization of microbial techniques to hasten the
breakdown of plastic waste in composting facilities. Bio-
degradable polymers, derived from sources like starch
or cellulose, have been engineered to be more easily
decomposed by microorganisms than traditional petro-
chemical-based plastics. Concurrently, scientists have
been pinpointing specific microbial strains and enzymes
that can enhance the degradation of these biodegradable
plastics during composting. The objective is to establish
a harmonious system where biodegradable plastics can
be efficiently composted alongside other organic waste,
thereby diminishing the environmental repercussions of
plastic pollution [34]. Ultimately, these research endeav-
ours are vital for informing effective mitigation strate-
gies and guiding policy decisions aimed at safeguarding
marine ecosystems and human well-being.

Conclusion

The widespread global usage of plastics has led to the
pervasive presence of microplastics across various envi-
ronmental domains. Research indicates that these tiny
plastic particles originate from diverse sources and follow
multiple pathways before ultimately reaching the oceans,
where they disperse both horizontally and vertically.
Given their detrimental impact on marine ecosystems,
including their ability to harm marine life by accumula-
tion in organisms through food chains, addressing this
has become imperative. Despite numerous strategies
to combat marine microplastic pollution, none alone is
sufficient. Hence, there is a pressing need for ongoing
research to innovate and develop advanced or uncon-
ventional technologies capable of effectively removing
microplastics from marine ecosystem.
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