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The biosphere has been suffering severely from the ill effects of various emerging contaminants. Microplastics are among
those that can pose serious threats and elicit widespread consequences. The chemical inertness, high aspect ratio, and
extreme stability mark them as one of the potent destroyers of ecological balance in the marine ecosystem. They can affect
the lives of organisms at various levels by encroaching on the aquatic food chain and altering the biogeochemistry of the
system. Various biogeochemical cycles that maintain the elemental balance and their distribution from one biosystem to
another were disrupted by the action of microplastics. The microplastics will migrate from lower trophic levels to higher
ones through the food chain and bioaccumulate in higher-grade organisms like human beings. It’s ironic to note that the
danger generated by human activity finally accumulates in human beings and causes serious, life-threatening diseases.
Microplastics were found in most of the human body parts and even in the brain. They are potent enough to derail the
biochemical pathways of the human body as well. Better international co-operations, mitigating policies, and strong leadership

Keywords: Energing contaminants, Microplastics,
biggeochemistry, pollution, biosphere

to implement the same are required to safeguard our ecosystems for future generations.

Introduction

Emerging contaminants (ECs) have become the buzzword recently [1,2].
It implies a host of potent chemical contaminants and bio-agents that
have been detected in various strata of the environment as a result of
diverse anthropogenic interventions. They include pathogenic micro-
organisms, inorganic nano materials, perfluoro- and polyfluoroalkyl
substances (PFAS), personal care products, micro and nano plastics,
etc. [3]. The term ‘microplastics’ has become ubiquitous in the com-
mon vocabulary very recently [4]. The arrival of plastics for human use
also didn’t have a very long history. By 1950, coinciding with the Indus-
trial Revolution, plastics emerged as a convenient and cost-effective
material for a wide range of applications [5]. The wortld was astonished
by the fascinating attributes of plastics such as flexibility, mechanical
properties, thermal stability, corrosion resistance, easy and cost-effec-
tive manufacturing routes, etc. Even though polymers were initially con-
sidered a symbol of vanity and the elite class, they soon became an
omnipresent and affordable alternative to many commodity materials.
Generally, when we use certain materials so deatly, we often ignore
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their flaws. Like every material, plastics also have their disadvantages,
one being their poor biodegradability. Highly stable materials lasting
for ages can be useful for certain applications, but not for all. The non-
degradable plastics can stay in the environment for longer periods and
can cause harm to living and non-living things directly or indirectly.
The excessive use (or abuse) of plastics without recycling the used
plastics leads to plastic pollution, one of the severe environmental con-
cerns of the present century. As per recent statistics from the OECD,
global plastic usage grows exponentially every year and is expected to
reach approximately 1.2 billion tons by 2060 [6]. Sadly, less than 10%
of the global plastics are being recycled and the rest goes on to strangu-
late the world in the form of plastic pollution. The exponential usage,
low recycling rate, delayed degradability, and inherent resistance to ero-
sion are responsible for the alarming plastic pollution that disfigures
the face of mother nature. This man-made garbage ultimately piled up
in the marine environment making the majority of marine trash from
surface waters to deep seas. Further, it would cause the deprivation of
necessary living conditions to many living things, affecting the

biodiversity of major ecosystems.
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The environmental conditions and varying climatic shifts mainly low
temperatures and ultraviolet radiation, can act on the plastic materials
grinding and slicing them into tiny microscopic pieces commonly called
microplastics that can be distributed across the globe by air or water
currents. The term microplastics implies “tiny fragments of plastics hav-
ing less than 5 mm of length”. This name was proposed by Richard
Thompson, a European marine ecologist in 2004 when his team found
such plastic particles on British beaches [7]. In recent times, there has
been much debate on the definition of micro and nano plastics and
their size ranges. The plastic fragments with sizes ranging from 1 lm to
5 mm are classed under microplastics, whereas those with sizes between
1nm and 1 Wm are considered as nanoplastics [8].

Microplastics are generally organic polymers composed of long car-
bon chains with hydrogens and occasionally nitrogen, oxygen, and halo-
gens. Their exemplary chemical stability and high surface area made them
more dangerous pollutants. Polyolefins like polystyrene (PS), polypro-
pylene (PP), polyethylene (PE), polyvinyl chloride (PVC), and polyes-
ters like polyethylene terephthalate (PET) are the most common con-
tributors to the global plastic burden (figure 1). In addition to the bare
polymeric fragments, microplastics may contain additives or compound-
ing agents such as plasticizers, conductive additives, catalysts, cross-link-
ing agents, etc., used along with them during the industrial preparation
for value-added polymer articles. Diethyl hexyl phthalates (DEHPs),
bisphenol A (BPA), tetrabromobisphenol A (TBBPA), and polybromi-
nated diphenyl ethers (PBDEs) are some of them. As most of these
chemicals are proven toxic agents, their leaching from the microplastics
to the environment poses a significant risk. Yearly over 8 million tons of
plastic are dumped into our environment which finally lands in the oceans.
The amount of plastic wastes in our environment increases drastically
due to ineffective management [9].

The pollution created by microplastics has already raised a lot of
alarm and presented numerous risks to marine life. These non-biode-
gradable pollutants can be seen in large proportions in most watery en-
vironments across the globe. The major bottlenecks in removing such
microplastics are the high molecular weight, hydrophobic nature, and
absence of favourable functional groups. The localization of these pol-
lutants mainly depends on their density. Denser polymers like PS, PET,
and PVC were usually deposited at the benthic levels, whereas lighter
polymers like polyolefins (PE and PP) often float on the water surfaces
[10]. The aquatic life faces severe risk from microplastics because of
their small size. They may get consumed by small marine organisms and
added to their food chains when they are part of marine ecosystems.
Further, this pollution in the marine ecosystem has a wide range of
impacts on food quality and safety, health, coastal tourism, and climate
change. Microplastic contamination is a serious and pervasive environ-
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Figurel: Commonly found polymers in plastic garbage

mental problem with considerable challenges. Even though the global
think tank has been striving hard to understand its causes, effects, and
possible remedies for the last few decades, it seriously requires persis-
tent international cooperation and innovative actions.

Microplastics can be classified as primary microplastics and second-
ary microplastics based on their origin. Micro-sized plastic particles or
beads are commonly used in the cosmetic or personal care industry,
industrial manufacturing, textile industry, etc as raw materials or build-
ing blocks. They directly mix with the environment via unintentional
spills during transportation, manufacture, or are washed off into efflu-
ent systems and are considered primary microplastics. They are com-
posed of lipophilic polymers, viz. PE, PP, PS, and other polyolefin pat-
ticles are capable of adsorbing other organic pollutants from the sur-
rounding environment. The secondary microplastics are generated by
the fragmentation or deterioration of large plastic materials by chemi-
cal, physical, or biological actions.

Microplastics are widely prevalent in our environment. As per re-
cent studies, they could be found in our atmosphere, in our waters, in
our blood, and even in space. This review focuses on giving an overview
of the influence of microplastics on the biosphere and the subsequent
alteration in the biogeochemistry and human biochemistry. It also sheds
light on the mitigation strategies and the influence of microplastics on
human beings.

Genesis of Microplastics

The inherent chemical stability of plastics enables them to be in the
environment for quite a long time without any change. Knowingly or
unknowingly human interventions contribute to a large pile of plastic
garbage on the ocean floor every year. Considering the microplastic depo-
sitions, the major contributors are fisheries activities, oil exploration,
and inland river flows. Various industrial processes that require poly-
meric raw materials or produce polymeric products or by-products, dis-
charge micro or nano-sized plastic wastes through their effluent lines
that finally reach the ocean [11]. Microplastic fibers originated from the
synthetic clothing industry, packaging industry, bags, paints, micro pel-
lets of polymeric raw materials from several industries, etc, accidentally
or unintentionally spilled into water bodies and washed into the sea by
rivers and rains forming a major chunk of microplastic pollution [12].
Torn or broken parts of plastic utensils, like plastic bags, toys, foam, and

Figure 2: Snapshots from a beach showing the littering of
plastic wastes
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Figure 3: Migration of microplastics from the marine ecosystem to humans via ingestion

fibers on land are carried into the ocean by rivers and wind, resulting in
marine plastic pollution. In short, inland flow, wind, and rain are the
major contributors of microplastics to the ocean.

Tourism has played another important role in the coastal or marine
pollution with plastics. It was noted that the careless approach on the
part of tourists throwing plastic bottles, debris, or pouches at the beach
or oceans causes a significant load of plastic pollution (figure 2). Also, a
huge amount of plastic waste from ships or tourist boats is dumped
into the oceans every year. Shipping accidents are also responsible for
the arrival of huge amounts of plastic waste in the water bodies. The
weathering of these fragments may lead to the creation of microplastics
in the aquatic environment. Fishing activities can also contribute to plastic
pollution. Fishing nets, ropes, and other gear will wear out due to aging,
and interaction with rocks or sharp objects, and end up as microplastics
in the marine environment. Moreover, many fishermen abandon old or
torn fishing gear and utensils in the sea aggravating the dangers of
microplastic pollution. Urban run-off is one of the major sources of
microplastics. The pacy lifestyle, the presence of a large number of in-
dustrial units, lack of awareness, and lack of proper waste management
policies are all responsible for the piling up of plastic waste in the urban
run-off. It carries a huge amount of plastic waste that finally ends up in
the aquatic environment. Global cooperation and source prevention are
mandatory to restrict microplastics in urban run-off [13].

Influence on the Marine Ecosystem

The physical properties of microplastics play a huge role in their distri-
bution. Their transport through the environment is closely related to
the mechanical transport connected to water currents and wind flows.
Plastic films, for instance, have a larger surface area for atmospheric
entrainment than pieces of the same mass because they can differ in
thickness and size [14]. The sizes or shapes of microplastics may have a
greater effect on living things because smaller, sharper particles can more
casily cross membrane barriers than particles with smoother surfaces
[15]. The oceans function as the sink where all the plastic garbage car-
ried by terrestrial and freshwater bodies is finally deposited. It further
transports the micro- or nano-plastics to the atmosphere via bubble
burst ejection and wind-driven sea spray.

The microplastic load of the marine ecosystem increases due to the
exponential use of plastic wares as well as the favorable characteristics
of plastics, such as resistance to corrosion, durability, non-biodegrad-
ability, etc. [16]. Ironically, these are the same characteristics that are
responsible for the popularity of plastics. The large surface area to vol-
ume ratio and lipophilicity enable the microplastics to anchor other or-
ganic pollutants and toxic substances like polycyclic aromatic hydrocar-
bons (PAHs), petrochemicals from oil leaks, and pesticides from culti-
vation runoff, etc., prevalent in the marine environment to make them
even more hazardous. As they are very small, they are bioavailable for
aquatic organisms like fishes, worms, plankton, corals, etc. They enter
the marine food chain through small marine organisms by ingestion,
bioaccumulate in the food chain, and are transferred to higher trophic
levels. Microscopic organisms like copepods are the foundation stones
of the marine food chain. Microplastics are reported to harm these or-
ganisms. Traboni et al. reported that microplastics can change the feed-
ing habits of Centropages typicus, a Mediterranean copepod species
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[17]. The destruction of these microorganisms will lead to the starva-
tion and death of their predatory organisms in the upper tropic levels.
The global issue of marine plastic pollution has negative local impacts.
Microplastics pose a significant threat to marine health, as they are in-
creasingly found in oceans, rivers, and coastal ecosystems. Fishes and
marine organisms like turtles consume microplastics, assuming them as
their food. Sea turtles are reported to suffer from gastrointestinal block-
ages and malnutrition after ingesting plastic debris. The growth and re-
production of many filter feeders, like mussels and oysters, were af-
fected due to the tissue accumulation of microplastics. As these small
particles move up in the food chain, larger predators like seabirds and
marine mammals are also exposed to them and secondary pollutants
leaching out of them. The microplastics upset the balance of marine
ccosystems and are a real threat to marine biodiversity.

Microplastics in marine environments pose a serious concern be-
cause of their potential impact on marine life populations [18].
Microplastic pollutants are extremely harmful to marine organisms and
can cause them serious diseases and even kill them. Microplastics were
detected in a wide range of marine organisms around the globe, such as
crustaceans, turtles, fishes, urchins, birds, etc. [19]. The ingested
microplastics can clog the intestinal tract of these organisms, suppress
feeding by satiation, inhibit gastric enzyme secretion, cause hormonal
imbalance, reproductive disorders, and sterility [20]. The recurring ef-
fects of microplastic ingestion cause a significant reduction in the food
intake by organisms leading to their death. Biomagnification is another
serious threat that originated as a byproduct of microplastic pollution.
Toxic contaminants or pesticides like DDT, etc., can be adsorbed onto
the surface of microplastics due to their lipophilic nature and this may
transfer to the food chain when organisms at the lower trophic levels
ingest the microplastics.

Microplastics are believed to have the power to restrict the growth
and development of specific organisms in the marine ecosystem. For
instance, PS microplastics could inhibit the growth of blow lug lug-
worm, Arenicola marina, and the degree of growth reduction is directly
related to the concentration of microplastics to which it is exposed.
Similarly, polyethylene microplastics can restrict the feeding and devel-
opment of the Collector Urchin, Tripneustes gratilla. 1t was reported that
exposure to microplastics made some species of algae produce
phytotoxins which are harmful to human beings and the environment.
These algal toxins are transferred to other organisms like plankton,
bivalves or crustaceans via feeding and may transfer to the organisms in
the higher trophic levels. One of the common examples of an algal
toxin effect due to microplastic exposure is Paralytic shellfish poisoning
(PSP). The accumulation of algal toxins in shellfish and subsequent trans-
fer to human beings via ingestion causes hazardous symptoms in hu-
mans [21]. The migration of marine microplastics to human beings via
various trophic levels is depicted in figure 3.

Corals and coral reefs host extensive biodiversity in the matine eco-
system. Approximately one-third of the total marine fishes and other
organisms depend on corals for their habitat and living even though
they cover less than 0.5% of the total oceanic area [22]. They meet their
energy requitements by the photosynthetic symbiotic algae living on
them along with other species like amphipods, copepods, phytoplank-
ton, zooplankton, and other small organisms. If these organisms are
contaminated with microplastics, they will finally reach the corals, the
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abode of one-third of marine organisms. As the corals cannot digest
these non-biodegradable microplastics, they will accumulate in the coral
digestive system deteriorating the health of the corals [23]. The most
affected part of the coral digestive system due to the ingestion of
microplastics is the mesentery tissue within the coral gut cavity, which
severely affects coral health [24]. The ingestion of microplastics by phy-
toplankton derails their capability to photosynthesize energy materials
as they penetrate planktonic cell walls and reduce chlorophyll concen-
trations [25]. Since these organisms play key roles in the marine food
chain, any change in their well-being will affect the overall balance of
the marine biodiversity and food chains. Furthermore, the accumulated
microplastics pass from lower to upper trophic levels through the food
chain which ultimately hampers the healthy marine ecosystem.

Influence on Biogeochemistry

The perpetual exchange and conversion of matter and energy between
the biosphere and the other active reservoirs of our planet form the
biogeochemical cycles. As the biogeochemical cycle unfolds, some mo-
lecular species are constantly exchanged and transformed from one form
to another via chemical reactions. Microplastic contamination deterio-
rates the physicochemical, and microbiological features of the soil and
ruins the biogeochemical processes of major elements like carbon and
nitrogen. Microplastics affect the growth of microbiota responsible for
elemental fixation and alter their gene expression to derail their natural
cycling. As a result, the natural forms in which the element is to be fixed
or emitted are altered haphazardly. This would not only affect the natu-
ral fixation of nitrogen or carbon but also affect the entire plant king-
dom.

The majority of plastic debris in the marine environment concen-
trates in the upper strata of the water column, where most of the bio-
geochemical processes related to marine food chains and value-added
resources thrive. Recent studies point out that the presence of
microplastics can adversely affect marine biogeochemistry by altering
nutrient levels, carbon levels, etc. [26]. It was reported that around 4.8 to
12 million Metric Tons (MT) of plastic land on oceans every year due to
human mismanagement [27]. Even though, most of the plastic con-
taminants are lightweight they are seldom retained on the surface water
as the attack of the harsh marine environment alters the size and shape
of the plastic wastes. In surface waters, plastic obviously does not have
a longer residence duration. Whenever the plastic wastes enter the ma-
rine environment, their properties, size, and shape begin to alter with
time owing to mechanical fragmentation, embrittlement, and fouling as
a result of weathering, and/or biological activity leading them to sink.
Hence it would be difficult to estimate the global microplastic content
in the ocean basin accurately [28,29].

The dynamic nature of our mother earth is heavily indebted to the
smooth running of the biogeochemical cycles. Two of the critical com-
ponents in terrestrial soil ecosystems are carbon and nitrogen. The emis-
sion of greenhouse gases and the bioavailability of nitrogenous and
carbonaceous nutrients can be directly influenced by the tweaking of
the soil’s carbon and nitrogen cycling [30]. Various microorganisms in-
habiting the atmosphere, hydrosphere, and geosphere are responsible
for the unhindered transformations of the major components of these
cycles [31]. These microorganisms are highly susceptible to microplastic
pollution and any deviation from their natural physiological function
can impact the biogeochemical cycling of critical components.
Microplastics will influence the growth and development of plants sig-
nificantly. By doing so they are indirectly hindering the absorption of
nitrogen fertilizers which is a part of nitrogen cycling. This would also
affect the CO, assimilation by plants, again part of the carbon cycle
[32]. The influence of microplastics on soil structure, their effect on
water and mineral uptake, and direct toxicity would also cause an imbal-
ance in plant development [33].

Ren et al. reported the influence of microplastics on dissolved or-
ganic carbon, greenhouse gas emissions, and the development of bacte-
rial and fungal colonies in the soil environment [34]. The presence of
microplastics influences the growth and development of various nitro-
gen-fixing microorganisms in the soil and thereby derails the normal

nitrogen cycling and affects the concentration of N,O, a potent green-
house gas. It is also reported to influence the uptake of methane, an-
other potent greenhouse gas. The effect of polyethylene (PE)
microplastics on methane emissions and soil carbon levels was also stud-
ied recently. Microplastics are reported to affect methane emissions by
regulating the ammonium substrates and methanogens in the soil [35].

Microplastics are capable of transmitting through the food chain of
various spheres. Also, they could adsorb or anchor various organic pol-
lutants on their surface due to their high aspect ratio and presence of
chemical functionalities. The encroachment of microplastics into the
living spheres will affect the natural living of favourable microorgan-
isms that support biogeochemical cycles. Some recent reports highlight
that the microplastic contamination of soil causes irrecoverable damage
to the soil microorganisms which play a critical role in Nitrogen cycling.
According to the next-generation sequencing approach, it was reported
that exposure to low-density poly(ethylene)(LDPE) microplastic influ-
enced the network complexity and modularity of the soil bacterial com-
munity and limited the abundance of specific genes required for nitro-
gen cycling [36].

The microbial population is mostly affected by the imbalance that
MPs create in biogeochemical cycles. Microplastics can change soils and
undersea sediments by changing substrate properties, which leads to
biological succession or replacement, as well as transporting invasive
species to different habitats or affecting the health of the microbiota
through the bioavailability of contaminants. The presence of
microplastics in the marine environment has a greater influence on the
biogeochemical cycles prevalent in the aquatic ecosystem (figure 4). A
recent study pointed out that microplastics like polyurethane form and
polylactic acid tend to promote nitrification and denitrification in the
marsh sediments whereas PVC microplastics inhibit both processes. This
could be due to the functioning of microplastics as organic substrates
for the microbial communities [37].

Biological Carbon Pump (BCP) is the term used to represent the
cycle of operation by which atmospheric carbon is fixed by photosyn-
thesis by phytoplankton followed by their export and sequestration to
the deep ocean. BCP helped significantly to maintain the global CO,
levels and climatic regulation to the present state [38]. The organic char-
acter of microplastics would enable them to function as substrates for
the attachment of bacteria and phytoplankton as well. The presence of
microplastics is reported to cause a detrimental effect on the chloro-
phyll content of the phytoplankton which negatively impacts carbon
cycling.[39] Microplastics can also affect the cell growth of both phyto-
and zooplankton when enter their body via ingestion. The
bioaccumulation and biomagnification in plankton impair their physi-
ological functions and natural behaviours severely affecting the marine
biological pump. Zooplankton also contributes a major role to carbon
fixation by ingesting lower organisms, respiration, and producing faecal
pellets and carcasses [40]. They also support the transport of carbon
below the thermocline level during their daily migration and seasonal
descent [41]. The microplastic contamination of faecal pellets of zoop-
lankton would reduce their carbon-sinking capability and hinder carbon
cycling. The attachment and colony formation of phytoplankton over
microplastics generate hetero-aggregates which can impact the carbon
cycling through the sequestration of particulate organic carbon [42].

A recent report suggested that the introduction of microplastics
can affect the dissolved oxygen levels of the marine ecosystem as well.
Already the dissolved oxygen level is threatened by global warming. Kvale
et al reported that the microplastic ingestion by zooplankton will accel-
erate global deoxygenation depleting the dissolved oxygen levels [43].
As zooplankton ingest microplastics as food, more amount of organic
particles are generated in the nutrient-replete regions aggravating the
consumption of dissolved oxygen. Microplastics could impair the growth
of microalgae, which have a significant role in the oxygen and carbon
cycling in the marine environment [44].

The surface of the plastic forms a new biological niche commonly
called the Plastisphere [45]. The surface of microplastics can host many
microorganisms. The characteristics of microplastics hosting plastisphere
such as cellular uptake, biota tastiness, buoyancy, and interparticle inter-
action potential of plastic are mainly governed by the nature and chemi-
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Figure 4: Influence of microplastics on biogeochemical pathways

cal identity of the polymer, its dimension and morphology, and degra-
dation state. These are also the threshold factors controlling their inter-
action with biogeochemical pathways [46]. The microbiota in the
Plastisphere plays a critical role in the downward transport of
microplastics, food web uptake, and their degradation in the orifices of
soil, and sediment [47]. Recent studies have shown that the mineral,
metal, and salt components of the Plastisphere also affect plastic trans-
port in aquatic systems [48]. Even though bulk plastic is a poor conduc-
tor of electricity, microplastics may have redox-active surface functional
groups formed by weathering. These groups may draw microorganisms
that use them as donors or sinks of electrons during their metabolism.
This would intensify the electron transfer processes to alter the Organic
C pathways, making microbial metabolism more energy efficient. This
could lead to reduced methane emissions and quicker decomposition.
Thus, the microplastic pollution adversely affects the marine biota
as well as the marine biogeochemistry. The microbial population is the
prime victim of the imbalance in biogeochemical cycles caused by
microplastics. Microplastics alter the substrate properties of soil or un-
derwater sediments on which these microorganisms grew leading to eco-
logical succession or replacement. Moreover, the transfer of habitat and
the bioavailability of organic pollutants affect the health of microbiota

[49].
Influence on Human Life and Biochemistry

Like all other organisms, human beings are also facing the challenges of
microplastic pollution [50]. For the past couple of decades, the world
has been ardently looking at the effect of microplastics on human health
and the surrounding ecosystem. Over the past few yeats, many reports
have detected the presence of microplastics in many human specimens,
including faeces, blood, and tissues. Yan et al. identified nearly 15 differ-
ent kinds of Microplastics in human faeces and correlated their effect
with inflammatory bowel disease [51]. Subsequently, microplastics with
a wide size range were discovered in human thrombi, an alarming sign
of widespread prevalence. The studies suggested that the main entry
points of microplastics to the human body are through food and water
[52]. In addition to this, they have been detected in bronchoalveolar
lavage fluid samples, suggesting the possibility of inhalatory administra-
tion as well [53]. Dermal absorption of microplastics and plastic addi-
tives was also reported [54].

Even though many toxicological evaluations are not available,
microplastics are known to cause oxidative stress, histological changes,
and inflammatory reactions, as per the reports [55], they are capable of
generating various reactive oxygen species (ROS), which may lead to
severe oxidative stress at the cellular level. This can mutilate the antioxi-
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dant defence mechanisms and damage cell organelles, nucleic acids, in-
tracellular proteins, etc. [56]. The enhancement in ROS levels is reported
to cause apoptosis and inflammation [57,58]. The invasion of
microplastics can also trigger the release of pro-inflammatory
cytokines like IL-6 and TNF-0,, etc. leading severe inflammation and
epithelial damage [59,60].

When microplastics enter the body via ingestion they can affect
digestion and can irritate the GI tract inducing a variety of inflamma-
tory symptoms [61]. Entry of secondary pollutants like heavy metals
and polycyclic aromatic hydrocarbons adhered to the microplastic sur-
face could worsen the situation further. Nasal or airway administration
of microplastics can induce oxidative stress and irritation in the lungs
and airways, and induce sneezing, coughing, and shortness of breath.
The inflammation and damage could lead to fatigue and light-headedness
due to the reduction in blood oxygen levels [62]. A recent study suggests
that nanoplastics can cause mitochondrial damage to human respiratory
cells [63]. Exposure to high doses of polystyrene microplastics can dam-
age the lung tissues leading to the onset of chronic obstructive pulmo-
nary disease (COPD) [64].

Microplastics are also reported to cause hormonal imbalance, lead-
ing to diverse endocrine disorders affecting the metabolic, and repro-
ductive systems [65]. The additives used for improving the properties
of polymers like DEHP and BPA are known to have endocrine and
reproductive toxicity for a long. These toxins may enter the body along
with microplastics and invoke toxic reactions [57]. Shockingly a recent
study with Raman spectroscopy revealed the presence of microplastics
in the placentas (called as plasticenta) [66]. A very recent report shock-
ingly revealed that microplastics could pass the blood-brain barrier to
accumulate in the brain at an alarming rate [67]. Thus, the grave concern
about microplastics enlarges with every passing day. Even though many
experimental reports are available on the harmful effects of microplastics
on human health, a detailed investigation is warranted to estimate the
real harm of microplastics to human health.

Process and Technologies for the Removal of
Microplastics

After the surge in the awareness of microplastic prevalence, the global
scientific community began steps to remove this dreadful pollutant from
our environment. Even though many suggestions and formulations were
put forward, most of them failed to give comprehensive results. Re-
search on the development of technologies to remove microplastics is
still in its nascent form. Furthermore, there are many hurdles to over-
come such as the size, and kind of microplastics, the absence of detec-
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tion tools, etc. One would imagine that only a handful of conventional
polymers might be present in the microplastic garbage. But it’s not the
actual case. It is a laborious task to identify the polymer and to choose
an effective methodology to mitigate it.

Mainly the methods suggested are classified into three viz., physical
methods, chemical methods, and biological methods. Physical methods
are one of the primitive methods which doesn’t alter the chemical or
biological characteristics of water or contaminants. Filtration, adsorp-
tion, froth flotation, magnetic separation, and other physical techniques
are most commonly used to remove microplastics [68]. Microplastics
are successfully eliminated from sewage water and other aquatic systems
using these methods. Chemical treatment relies on the sequential appli-
cation of several chemicals to remove microplastics from water [69].
Chemical treatments are frequently necessary when physical and bio-
logical approaches are unable to remove microplastics from wastewater.
Flocculation, coagulation, photolytic degradation, electrochemical oxi-
dation, ozonation, and sol-gel technology are the types of chemical treat-
ment processes.

The majority of the currently used microplastic removal techniques
belong to physical and chemical categories, such as recycling, pyrolysis,
and landfilling. Filtration, adsorption, magnetic separation, and density
separation are the most commonly used physical methods to remove
microplastics. Chemical methods adopted are mainly coagulation, oxi-
dative treatment, pyrolysis, photocatalysis, electrochemical methods, etc.
Chemical recycling techniques involving pyrolysis are most commonly
used for the removal of plastic waste [70]. In addition to this, a host of
biological methods involving microbial degradation, bioreactors, etc. were
also reported to remove microplastic contamination.

The breakdown of microplastics is influenced by both biotic and
abiotic factors. Microplastics are created by the breakdown of plastic
waste. It can still break up further into smaller, nanoscale plastic par-
ticles. Plastic undergoes bio-fragmentation and bio-deterioration pro-
cesses, which release oligomers and monomers, as a result of the com-
bined action of biotic enzymes and abiotic stimuli. The fundamental
process involves the sequential breakdown of polymers into smaller
particles, oligomers, dimers, and finally monomers. Following this break-
down, microorganisms help with the mineralization processes. FExtra-
cellular enzymes like laccases, lignin peroxides, lipases, and esterases
convert microplastics into more hydrophilic and transform them into
carbonyl or alcohol residues [71]. Hydrolase enzymes like lipases, es-
terases, and cutinases also contributed to the microplastic remediation
by intensifying the chain breakdown. Even though these enzymes can
crack the polymer surface, they are unable to degrade them. The smaller
polymer fragments get assimilated into bacterial cytoplasm and eventu-
ally yield monomers after cycling through several metabolic pathways.
The role of intracellular enzymes in the degradation of microplastics
and how the monomers are absorbed still unclear. It was reported that
the metabolic intermediates containing carbonyl and hydroxyl groups
generated by the fragmentation of microplastics are metabolized by the
tricarboxylic acid cycle and 4-oxidation pathway. Mineralization after
this transforms the plastic waste into simple organic molecules like H,0,
CO,, N,, and CH, [45].

Recently magnetic nanomaterials were utilized for the removal of
microplastics from aquatic bodies. In one of the approaches Nano-Fe O,
was utilized to magnetize microplastics and subsequently they were re-
moved from the water using a magnet [72]. Similatly, electrocatalysis
using a composite cathode made of Ti()z/ graphite was employed for
the degradation of PVC microplastics [73]. Tonic liquids and their de-
rivatives were also found to have an active role in the mitigation of
microplastics. In a recent report, a polyoxometalate ionic liquid was
adsorbed on the surface of magnetic nanoparticles composed of Fe,O, /
SiO, core-shell, and this magnetic POM-supported ionic liquid phase
was utilized for the removal of MPs from water [74].

The application of biological agents like microalgae in the degrada-
tion of microplastics was also tried recently. Moog et al employed a
photosynthetic microalga, Phacodactylum tricornutum, as a chassis to
generate an enzyme, PETase which can degrade PET and its copoly-
mers [75].In comparison with the bacterial system which requires a rich
and constant source of carbon to thrive, the algal system doesn’t require

a specific carbon supply and is capable to adapt with any environment in
which microplastics are profound [706]. It seems that algomics, develop-
ment of novel biodegrading enzymes that can act on microplastics, and
genetic engineering could be the effective strategies for realizing
microplastic degradation [77].

Obligatory parasites or saprotrophs like Zalerion maritimum, As-
pergillus niger, Cladosporium, and Penicillium simplicissimum are the
main genera linked to the degradation of vatious polymers, including
polyethylene, polypropylene, and polyethylene terephthalate [78—80].
These organisms use microplastics as their only carbon source follow-
ing their breakdown by extracellular enzymes. They reduce their hydro-
phobicity and catalyse the formation of various polar linkages like car-
bonyl, carboxylic, and ester functional groups. Various fungal strains of
Aspergillus, Fusarium, Cladosporium, Penicillium, and Pestalotiopsis
genera showed similar degradation of polyurethane [81-83]. Numerous
investigations utilizing bacteria to break down microplastics have been
carried out. Multiple environments, such as contaminated sediments,
wastewater, sludge, compost, municipal landfills, and harsh climates like
Antarctic soils, mangroves, marine sediments, and even in the gut of
carthworms have been found to harbour bacteria that can break down
microplastics [84,85]. Microbes that reside in extremely harsh environ-
ments are known to acquire activated enzyme systems to break down
microplastics. Bioinformatics is an innovative and potent tool to accel-
erate the biodegradation of plastic waste, particularly microplastic par-
ticles. By identifying the enzymes engaged in a desired metabolic path-
way and aiding in the prediction of the biodegradation pathways of
hazardous compounds, bioinformatics databases together with compu-
tational techniques form an admirable framework for the degradation
of plastic [86].

Conclusions

We, the most advanced and learned inhabitants of the planet Farth pro-
duce millions of tons of plastic waste every year. As there’s only a very
minuscule amount of plastic waste generated are gets recycled, the huge
lump of it ends up in our oceans, the abode of a large biodiversity. The
plastic waste may undergo weathering to yield microplastics which are
equally or a little more harmful to the ecosystem. The microplastics
slowly choke the marine ecosystem and in turn, affect the marine biota
and biogeochemical cycling. It would influence climatic shifts, global
warming, the greenhouse effect, etc. The genie released by human be-
ings would come back to choke them also. The global think tank is draw-
ing plans and policies to safeguard our ecosystem from the ill effects of
microplastics. Wider global cooperation and unified and workable strat-
egies are very much required to curb microplastic pollution for a safe
and sustainable future.
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