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ABSTRACT

Microplastics are so widely dispersed and abundant throughout the globe that many scientists consider them to be
important markers of the recent and current time, which is known as the Plasticene. The effects of microplastics
are still not fully known, though. Because microplastics are multiple stressors with a variety of physical-chemical
characteristics, understanding their impact is quite complicated. Toxic chemicals are transported by microplastics
in ecosystems, acting as vectors of transport. Also, many dangerous chemicals are added during polymer produc-
tion to enhance their properties as well as lengthen their life, and these chemicals must have detrimental effect.
To date, many significant studies have been conducted, making a good progress to understand the effect of the
key plastic additives on the environment. These additives are discharged into the environment and, hence become
a source of many health issues, especially, when are coupled with micro-plastics. The current study thoroughly
reviewed the most toxic and dangerous chemicals used in the plastic industry, elaborating the effects on organism

health. Also, it provided information about the works that explored their abundance on microplastics.
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INTRODUCTION

Ingeneral, ’plastic”asatermreferstopolymeric
materials that are made from whether synthetic or
natural materials and have high molecular weights.
Industrially, plastics have been turned into many
useful products since the 1950s. This is mainly
due to their unique characteristics: affordability,
high strength-to-weigh ratio, versatility and
durability. Statistically, more than six billion tons
of plastic products have been manufactured over
the last sixty years. Of this quantity, about nine
percent was recycled and re-used as secondary
raw material, while about twelve percent was
recycled using incineration technique (Alabi et
al., 2019). One of the issues of plastic materials is
the slow process of decomposition. For instance, 1
mm piece of plastic can take many years (perhaps
hundreds) to break down into smaller parts. The
decomposed plastic pieces that have size less than
5 mm are known as “microplastic”’s or “MPs”
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(Chamas et al., 2020). In some studies, the term
“nanoplastic” or “NPs” is used to describe tiny
particles of plastic, especially the particles with
size 100 nm and less. There are many methods to
classify MP. One of the best methods is classifying
plastics based on their origin. Accordingly, the
micro-plastics can be classified into: primary
and secondary MP. The primary is intentionally
manufactured as microparticles for the consumers
such as abrasive blasting agents, carriers for
drug delivery, fertilizers, and plastic coating. The
latter (i.e., Secondary MP) is a by-product of
decomposition process of polymeric waste (Yee et
al., 2021; Hirt and Body-Malapel, 2020).

Because MPs are small in size, they can
be carried easily by air and water currents.
Accordingly, MPs can be found everywhere (in
rivers, lakes, in air we breathe, deep oceans and
even in human bodies) (Fackelmann and Sommer,
2019). The MPs have a detrimental effect on living
organisms. The effect of MPs, of course, depends
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on the type of the polymers that are made of and
hence the physical and chemical properties of that
polymer. Chemically, particles of thermoplastic
polymers such polypropylene, polystyrene and
polyethylene are well-known as dangerous MPs.
Also, the additives used in the manufacturing
of these polymers to improve certain properties
are also harmful. These additives include fire
retardants, colorants, UV stabilizers, plasticizers,
antioxidants, molding agents. In terms of physical
properties (i.e., shape, size, shear strength), MPs
could be a highly poisonous agent. The large
surface area per unit volume of tiny MPs makes
them an excellent adsorbent media of pollutants
and also the harmful micro-objects and hence they
act as a poisonous agent once they enter the cells
of living organisms, causing many health problems
(Campanale et al., 2020; Wright et al., 2020).

ENVIRONMENTAL IMPACT OF MPS

Globally, about three — quarters of wastes
found on Earth are plastic wastes and about ten
percent of them are in the seas and oceans, Such
huge quantity of wastes, as discussed, need hun-
dreds of years to decompose into small parts
(Gorbi and Regoli, 2017; Erni-Cassola et al.,
2019). While it is difficult to quantify the marine
load of plastic, a preliminary estimate indicates
that at least five trillion plastic particles could
be found in seas and oceans, making about 270
thousand tons (Eriksen et al., 2014). For instance,
large quantities of plastic waste can be found in
the center of north Pacific Ocean. Sometimes, it
is named as “Pacific trash vortex”. In some ref-
erences, it is called “The Great Pacific Garbage
Patch”. According to Lebreton et al. (2018), this
area is estimated to extend over of 1.6 million
km? surface area. In terms of mass, the area in-
cludes not less than 80000 tons of plastics (i.e.,
about eight percent of the micro-plastics). To
date, the accumulated plastic wastes have been
determined in five important oceans. These are
north and south of both Pacific and South Atlantic
oceans and the South Indian Ocean) (Avio Gorbi

and Regoli, 2017). Polyethylene is one of the
most plastic wastes observed in the marine areas,
forming about 23% of the plastics wastes. The co-
polymer of polyesters-polyamides-acrylics is also
observed accumulated in the marine areas, con-
tributing to about 20%. Then, polypropylene and
polystyrene are also prevalent forms of plastics of
about 13 and 4%, respectively. Erni-Cassola et al.
(2019) reported that plastic particle concentration
is around 10°-10* particles per each cubic meter
in the tidal sediments, whereas it is about 0.1-1
particles per each cubic meter found close to wa-
ter surfaces (mostly polyethylene). Further, in the
deep-sea sediments, the concentration could be
more than 10° particles/m? (mostly the other types
of plastics, i.e., polyesters-polyamides-acrylics
copolymer, polypropylene and polyester).

Effect of MPs on water

The main route that helps in transferring plas-
tic wastes from the end users to far seas and oceans
are rivers. They are responsible for transferring,
about 1 to 2.5 million tons of plastic waste per year
from the land to the deep-seas and oceans. Micro-
plastic concentration range is shown in Table 1.
As it can be seen, the highest concentration can be
found in in Asian water bodies and then in North
and South America and European rivers. This may
be due to lack of regulations in Asia in relation to
North and South America and European. Most the
micro-plastic found in the area listed in Table 1 are
as films, fibers and even shreds and foam of plas-
tics (Sarijan et al., 2021). Although many efforts
have been made in reducing MPs in tap water,
plastic particles can be observed there. Accord-
ing to Kosuth, Mason and Wattenberg, (2018),
samples were taken randomly from 159 sources
(tap) around the world and the results showed that
about 81% of them contain MPs with an average
concentration of about 5.5 particles per each liter.

Moreover, MPs are not only in aquatic areas
but also can be found in large quantities in soils.
This includes greenhouses, gardens, large agricul-
tural areas, floodplain, industrial areas and coastal
(Hirt and Body-Malapel, 2020). In agricultural

Table 1. Range of microplastic concentration worldwide (Sarijan et al., 2021)

Location MPs concentration (particles/m?®)
North and South America 0.16 to 3,438
European rivers 0.28 to 1,265

Asian water bodies

293 to 19,860
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lands, MPs can come and accumulate as a result
of precipitation or using polymeric fertilizers, ir-
rigation runoff, mulch and pesticides (Kumar et
al., 2020). Floodplain areas in Sweden, for ex-
ample, can contain about 600 particles for each
kilogram of soil (Scheurer and Bigalke, 2018).
The plastics found in soils are usually not differ-
ent than those observed in seas and oceans, such
as polyethylene, polypropylene, polystyrene and
polyvinyl chloride (Kumar et al., 2020).

It is also obvious that MPs particles are avail-
able in the atmosphere. Dris et al. (2016) reported
that the daily average rates of MPs precipitation
in urban and suburban Paris are 110 and 53 par-
ticles/m?, respectively, while according to Cai et
al. (2017) in Dongguan (China) and central Lon-
don are 36 and 771 particles/m?/day, respectively.
To be more specific, the MPs in air mainly consist
of acrylic fibers (5-75 pm thick and 250-2,500
um long). Such MPs originally come from tex-
tiles. Non-fibrous particles of PE, PP, and PS with
50-350 pum in size can also be found in air. The
source of most non-fibrous particles is the paint,
industrial fumes, degradable packaging materials,
as well as worn tires (Wright et al., 2020).

Sources of microplastic in drinking water

Microplastic contamination in drinking wa-
ter has become a growing concern worldwide.
These tiny plastic particles, measuring less than

5 millimeters in size, can originate from various
sources and find their way into water systems.
Understanding the sources of microplastic in
drinking water is crucial in developing effective
strategies to mitigate its presence and protect hu-
man health. In this section, the primary sources
of microplastic contamination in drinking water
were explored (Koelmans et al., 2019).

One significant source of microplastic in drink-
ing water is urban runoff and stormwater. When it
rains, water flows over roads, sidewalks, and other
surfaces, picking up debris and pollutants along
the way (Muller et al., 2020). This runoff carries
microplastic particles from plastic litter, such as
bottles, bags, and packaging materials, into storm
drains and eventually into rivers, lakes, as well as
reservoirs that serve as sources of drinking water.
The fragmentation of larger plastic items due to
weathering and mechanical forces further contrib-
utes to the release of microplastic particles into the
water (Li et al., 2020).

Wastewater treatment plants play a crucial role
in removing contaminants from domestic and in-
dustrial wastewater before it is discharged into the
environment or reused. However, these treatment
plants are not designed to effectively remove mi-
croplastic particles (Rout et al., 2020). As a re-
sult, the microplastics present in wastewater can
pass through the treatment process and enter riv-
ers, lakes, and groundwater sources that serve as
drinking water supplies. The primary sources of
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Figure 1. Effect of microplastic on water (Ziani et al., 2023)
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microplastic in wastewater include personal care
products, such as microbeads in exfoliating scrubs
and toothpaste, as well as synthetic fibers shed from
clothing during washing (Barchiesi et al., 2021).

Plastic items, such as bottles, bags, and pack-
aging materials, can break down over time due
to the exposure to sunlight, heat, and mechani-
cal forces. This process, known as fragmentation,
leads to the release of microplastic particles into
the environment. These particles can then find
their way into water bodies through various path-
ways, including wind transport, surface runoff,
and direct deposition. Additionally, plastic degra-
dation can occur in marine environments, where
larger plastic debris is exposed to saltwater and
wave action, resulting in the formation of mi-
croplastics that can be transported to freshwater
sources (Zhang et al., 2021).

The impact of microplastic on land ecosystems

Microplastics can accumulate in soil through
different mechanisms. One of the primary sources
of microplastics in soil is the application of plas-
tic-based mulches and films in agriculture. These
materials, commonly used to control weeds and re-
tain moisture, can degrade over time, releasing mi-
croplastic particles into the soil. Additionally, the
breakdown of larger plastic debris, such as bottles
and bags, can also contribute to microplastic con-
tamination in soil. These plastic fragments can be
transported by wind or water and eventually settle
in terrestrial environments (Lwanga et al., 2022).

Once microplastics enter the soil environment,
they can follow various pathways of accumula-
tion. One pathway is through the application of
microplastic-containing products, where the par-
ticles are directly introduced into the soil matrix.
Another pathway is through the deposition of mi-
croplastics from the atmosphere, where they can
be carried by wind or rainfall and settle onto the
soil surface. Microplastics can also accumulate in
soil through the decomposition of larger plastic
items, as the particles break down and become in-
corporated into the soil (Piehl et al., 2018).

The transport of microplastics within soil is
influenced by several factors. Soil texture plays a
significant role, as microplastics tend to accumu-
late more in soils with higher clay and silt con-
tent, which have smaller pore sizes and greater
potential for particle retention (Guo et al., 2022).
The presence of organic matter in soil can also af-
fect microplastic transport, as organic matter can

bind to microplastics and facilitate their move-
ment through the soil profile. Additionally, the
presence of earthworms and other soil-dwelling
organisms can contribute to the transport of mi-
croplastics, as they create burrows and channels
that allow for particle movement (Xu et al., 2020)

Microplastics can alter the physical properties
of soil, affecting its structure, porosity, and water-
holding capacity. The presence of microplastics
can lead to increased soil compaction, reducing
the infiltration of water and air into the soil. This
can result in poor root growth and decreased nu-
trient availability for plants. Additionally, micro-
plastics can contribute to the formation of soil ag-
gregates, which can further impact soil structure
and stability (Wang et al., 2023).

Microplastics can also influence nutrient cy-
cling in soil ecosystems. These particles can ad-
sorb and accumulate nutrients, such as nitrogen
and phosphorus, on their surfaces. This can lead
to reduced nutrient availability for plants and mi-
croorganisms, affecting their growth and overall
productivity. Furthermore, microplastics can alter
the microbial communities in the soil, potentially
disrupting important nutrient cycling processes,
such as nitrogen fixation and organic matter de-
composition ( Kumar et al., 2023).

A fundamental step in managing microplastic
pollution in land ecosystems is to establish com-
prehensive monitoring and assessment programs.
These programs should aim to identify the sourc-
es, distribution, and abundance of microplastics
in different land environments. By understand-
ing the extent of contamination, policymakers
and researchers can develop targeted strategies to
mitigate the problem effectively. Monitoring pro-
grams can involve regular sampling and analysis
of soil, sediment, and vegetation to track the pres-
ence and concentration of microplastics over time
(Kershaw et al., 2019).

One of the primary sources of microplastics in
land ecosystems is the improper disposal of plas-
tic waste. To mitigate this issue, it is essential to
improve the waste management practices and pro-
mote recycling. Governments and local authorities
should implement strict regulations and policies
to encourage proper waste disposal and recycling.
This can include initiatives such as promoting the
use of biodegradable or compostable materials,
implementing extended producer responsibility
programs, and establishing recycling facilities for
plastic waste. By reducing the amount of plastic
waste entering land ecosystems, the potential for
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Figure 2. Effects of microplastics on the terrestrial environment (Dissanayake et al., 2022)

microplastic pollution can be significantly re-
duced (Kumar et al., 2021). Raising public aware-
ness about the impacts of microplastics on land
ecosystems is crucial for promoting behavioral
changes and responsible consumption. Educa-
tional campaigns can be conducted to inform indi-
viduals about the sources and consequences of mi-
croplastic pollution. This can include educational
programs in schools, community workshops, and
public awareness campaigns through various me-
dia channels. By empowering individuals with
knowledge, they can make informed choices and
adopt sustainable practices that minimize the re-
lease of microplastics into the environment (Gar-
cia-Vazquez and Garcia-Ael, 2021).

SOURCE OF MPS IN LIVING ORGANISMS

It is not surprising to find MPs in animals.
This is due to using the plastics extensively and
that leads, in turn, to a series pollution in all habi-
tats by MPs and hence the animals. There are two
sources for MPs to go inside animals anatomy:
direct (from the media) or indirect (from prey,
spread through the food chain) (Smith et al.,
2018). It seems that MPs accumulate in the animal
types that work as biofilters such as zooplankton
sea squirts, and molluscs. For example, the MPs
concentration in mussels and oysters (Pacific gi-
ant) are about 37 and 48 particles per 100 g of soft
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tissue of these creatures, respectively. Further, a
mid-size fish can hold about 40 particles in their
intestinal tract (Van Cauwenberghe and Janssen,
2014; Kwon et al., 2020).

MPs can also be found inside the animals
organs that live on land (terrestrial food chain).
Many studies detected MPs in chicken stomach
(5.1 particles/g) and manure (105 particles/g)
(Huerta Lwanga et al., 2017) and sheep manure
(1,000 particles/g) (Beriot et al., 2021). It should
be expected that human can also be exposed to dif-
ferent levels of MPs concentration. This can occur
during having food and water, and also inhaling
MPs through spreading in the air. Further, MPs are
observed in many types of essential food, as shown
in Table 2 (Cox et al., 2019; Yee et al., 2021).

A study done by Danopoulos et al. (2020)
showed that high concentrations of MPs can be
found in Seafood. The results were up to 27,825,
17,716 and 8,323 MPs particles in shellfish, crus-
taceans, and fish, respectively, per year. Thus, the
total amount of MPs in seafood can reach 53,864
MPs per person each year. Another study con-
ducted by Kwon et al. (2020) shows that half the
polymer type found in food as plastics are poly-
ethylene, polypropylene, polyethylene terephthal-
ate (PET), as well as polystyrene. The form of
MPs are usually filaments and fibres. It is believed
that fibers have more detrimental effect than than
spherical particles, even at lower doses (Kwon et
al., 2020). Additionally, according to Cox et al.
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Table 2. Microplastic concentration in different essential food (Sarijan et al., 2021)

Food types MPs concentration
Sugar 0.44 particles/g
Salt 0.11 particles/g
Alcohol 33 particles/L
Water bottle 95 particles/L
Hoeny 0.10 particles/g

(2019), the average human consumption of food
and beverages corresponds to 39,000 to 52,000
MPs particles per year. Adding the respirable plas-
tic particles in the air, about 74,000—-121,000 MPs
per year can enter a person (Yee et al., 2021). It
is important to note here, however, that these sta-
tistics are rough and may need further investiga-
tion. Further, human feces can contain 20 MPs per
50-500 mm (Schwabl et al., 2019), while human
placenta contains single MPs (Ragusa et al., 2021).

EFFECTS OF MICROPLASTIC ON ANIMALS

Invertebrates

The effect of MPs on many aquatic species
has been discussed in detail. Haegerbaeumer et
al. (2019) reviewed critically the effects of MPs
on freshwater invertebrates and benthic marine.
This comprises sea urchins, annelids, arthro-
pods, rotifers and bivalves. In general, about
twenty-eight studies explore the effect of MPs
on mortality. While these studies are useful, only
three of them reported pronounced changes. The
main outcomes of Haegerbaeumer et al. (2019)
reviews are summarized in Table 3.

The effect of MPs on invertebrates may cause
many compilations such decreased foraging activ-
ity and fertility. Further, MPs slow larval growth
and development and can increase the consump-
tion of O, and production of reactive forms. De-
spite a wide range of parameters is considered in
the studies (i.e., different types, sizes, and concen-
trations of MPs and using different animal strains),

a comparative study showing clearly the effects of
MPs is of lesser interest.

Mammals

Mammals can also be exposed to microplastics
through trophic transfer, where microplastics move
up the food chain. This occurs when microplastics
are ingested by prey organisms and subsequently
consumed by predators. For example, a predator
mammal that feeds on the fish contaminated with
microplastics, can be indirectly exposed to these
particles (Egbeocha et al., 2018). Trophic transfer
of microplastics can result in the bioaccumulation
of these particles in mammalian tissues. As preda-
tors consume multiple prey items over time, the
concentration of microplastics can increase, posing
a greater risk to their health. This route of exposure
highlights the interconnectedness of ecosystems
and the potential for microplastic pollution to im-
pact multiple trophic levels (Alava, 2020).

In conclusion, mammals can be exposed to
microplastics through various routes, including
ingestion, inhalation, dermal contact, transplacen-
tal transfer, and trophic transfer. Each exposure
route presents unique risks and potential impacts
on mammalian health. Understanding these ex-
posure routes is crucial for developing effective
mitigation strategies and protecting the well-be-
ing of mammals in ecosystems (Rahman et al.,
2020). Mammals can be exposed to microplastics
through various routes, including ingestion, inha-
lation, and dermal contact. Ingestion is considered
the primary route of exposure for many mamma-
lian species (Meaza et al., 2021). Microplastics

Table 3. Outcomes of the recent studies reviewed by Haegerbaeumer et al. (2019)

Creatures name

MPs type and size

MPs concentration

Perinereis aibuhitensis (Polychaetas)

Polystyrene (8—12 mm)

100-1,000 MPs/mL

Tigriopus japonicas (Copepods)

Polystyrene (0.05 mm)

1.25 mg/L

Shrimps Palaemonetes pugio

Polyethylene, polystyrene and
polypropylene (30-165 mm)

50,000 MPs/L
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can be mistaken for food items, leading to their
ingestion by mammals. For example, filter-feeding
mammals, such as whales and dolphins, may inad-
vertently consume microplastics while feeding on
plankton or small fish (Ryan, 2019).

Once ingested, microplastics can accumu-
late in the gastrointestinal tract of mammals,
leading to potential health issues. The accumu-
lation of microplastics can cause physical block-
ages, leading to reduced nutrient absorption and
digestive problems. Additionally, the presence
of microplastics in the gut can disrupt the gut
microbiota, which plays a crucial role in main-
taining overall health and immune function in
mammals (Deng et al., 2020).

Microplastics can also pose a chemical tox-
icity risk to mammals. Many plastic polymers
contain additives such as plasticizers, flame retar-
dants, and dyes, which can leach out into the sur-
rounding environment (Campanale et al., 2020).
When ingested by mammals, these chemicals can
be absorbed into their tissues and organs, poten-
tially causing adverse health effects (Pandey and
Madhuri, 2014). Some of these chemicals have
been linked to endocrine disruption, reproductive
abnormalities, and developmental issues in mam-
mals. For example, certain plasticizers, such as
phthalates, have been found to interfere with hor-
mone signaling pathways in mammals, leading to
reproductive disorders and impaired fertility. The
accumulation of these chemicals in mammalian
tissues over time can have long-term consequenc-
es for individual health and population dynamics
(Mathieu-Denoncourt et al., 2015).

Microplastic exposure can also have physi-
ological and immunological effects on mammals.
Studies have shown that microplastics can induce
oxidative stress and inflammation in mammalian
tissues, leading to cellular damage and impaired
organ function. This can compromise the over-
all health and well-being of affected individuals
(Yong et al., 2020).

Furthermore, microplastics can trigger im-
mune responses in mammals, leading to chronic
inflammation and immune system dysregulation.
This can make mammals more susceptible to in-
fections and diseases, ultimately impacting their
survival and reproductive success. The immune
system plays a vital role in maintaining the health
and resilience of mammalian populations, and
any disruption caused by microplastic exposure
can have cascading effects throughout the ecosys-
tem (Hirt and Body-Malapel, 2020).
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Fish

Many studies have been done about the im-
pact of MPs on fishes. The results showed that
MPs are present in about half the studied fishes in
the northeast Atlantic (Scomber colias, Trachur-
us trachurus and Dicentrachus labrax). Interest-
ingly, it was found that about 35% of the tested
samples containing MPs in their intestinal tract
and about 36 and 32% in the back muscles and
gills of the examined fishes, respectively. MPs
are essentially composed of 151-1500 pum of fi-
bers as well as 100—-1500 um of polyethylene and
polyester chips. In terms of health complications,
the fishes exposed to MPs suffer from increas-
ing lipid peroxidation in the spinal muscles, gills,
and brain. MPs also make acetylcholinesterase
more active in the brain of the examined fishes
(Barboza et al., 2019).

Recently, Yong, Valiyaveetill, and Tang (2020)
carried out an analysis. They showed that a signifi-
cant toxic or a pathological effect caused by the
presence of MPs in fishes tissues. During the ex-
periments, MPs were added with roe to fish tank at
concentrations of 1 to 1,000 mg per liter (typically
20 mg per liter). The experiments showed that the
detrimental reactions are generally caused by the
particles that have diameter < 5 pm, while larger
(greater than 100 pm) ones had no series effects. In
general, the exposure time to MPs is variable and
ranged from hours to months (typically is 7 days).
However, it is shown that the effective amount of
MPs can change the feeding behavior in general
and makes musculoskeletal system less effective
at any age, and also can affect the breeding activ-
ity adversely. The development of fish offspring
exposed to MPs has observed in many studies (Pitt
et al., 2018a). There is evidence that exposure to
MPs affects the development of fish in their early
age (Wang et al., 2019). Also, as the dose of MP
increases, they accumulate in tissues more and
hence the histological and biochemical changes
become worse (Lu et al., 2016; Wang et al., 2019;
Pannetier et al., 2020). As a protocol, most studies
done on the effect of MPs on fishes are made in ze-
brafish using usually polystyrene and sometimes
polyethylene (but rare). It is found that the small
particles of polystyrene (25—70 nm) can affect
the deeper organs and tissues, such as yolk sac,
caviar membrane and the intestinal tract. Even in
the early developmental stage of fish (embryos),
micro/nanoplastics are found in the liver, gut,
pancreas, heart and brain. The transportation of
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micro/nanoplastics (polystyrene) from fish mother
to embryos has been proven experimentally.

Further, the nanoparticles of plastic could also
cause juvenile fish to move fast (hyperactivity) or
slow their movement (weakness). Metabolically,
the nanoparticles of plastic can rise cortisol levels
and heart rate as well as lower blood sugar levels.
Inflammatory response and hepatic lipolysis also
can occur. Same complications can happen to adult
fishes. The nanoparticles of plastic can inhibit ace-
tylcholinesterase activity, affecting the synaptic
transmission (Lu et al., 2016; Chen et al., 2017; Pitt
et al., 2018a; Pitt et al., 2018b; Brun et al., 2019).

Although larger polystyrene particles (5 mm)
may not easily penetrate into fish organs, they can be
found in the liver, intestine and gills of both embryos
and adult fishes. Such particles can lead to steatosis
in hepatocytes and changes in the mentioned organs
(i.e liver and intestine). Also, they can change the
lipid metabolism and the expression of genes that
are responsible for antioxidant protection associated
with oxidative stress (Lu et al., 2016; Qiao et al.,
2019; Wan et al., 2019).

Birds

When birds mistakenly consume micro-plas-
tics, these tiny particles can have detrimental ef-
fects on their physiology (Chatterjee and Sharma,
2019). One of the primary concerns is the physi-
cal obstruction caused by the accumulation of
microplastics in the digestive system. These par-
ticles can block the passage of food, leading to
reduced nutrient absorption and weight loss. In
severe cases, the blockage can result in starvation
and even death (Ziani et al., 2023). Furthermore,
the chemical composition of microplastics poses
additional risks to avian health. Many plastics
contain additives such as plasticizers, flame retar-
dants, and dyes, which can leach into the birds’
digestive system. These chemicals may disrupt
hormonal balance, impair reproductive functions,
as well as weaken the immune system, making
birds more susceptible to diseases and infections
(Huang et al., 2021).

Studies have also shown that microplastics
can cause inflammation and damage to the gas-
trointestinal tract of birds. The abrasive nature
of these particles can lead to ulceration and tis-
sue necrosis, further compromising the birds’
overall health and well-being. Additionally, the
accumulation of microplastics in the liver and
other organs can impair their normal functioning,

potentially leading to organ failure (de Souza et
al., 2022). Microplastic ingestion can also have
profound behavioral impacts on birds. Research
has indicated that the birds exposed to micro-
plastics may exhibit altered feeding behaviors.
The presence of microplastics in their environ-
ment can lead to reduced foraging efficiency, as
birds mistakenly consume these particles instead
of their natural prey. This can result in decreased
energy intake and nutritional deficiencies, affect-
ing their growth, reproduction, and overall fitness
(Courtene-Jones et al., 2022).

Furthermore, the ingestion of microplastics can
disrupt the birds’ feeding hierarchy and social inter-
actions. In some cases, birds may compete for the
food contaminated with microplastics, leading to
increased aggression and territorial disputes. This
disruption in social dynamics can have cascading
effects on population dynamics and ecosystem sta-
bility (Critchell and Hoogenboom, 2018). Another
behavioral impact of microplastic ingestion is the
potential for altered migration patterns. Birds rely
on precise navigation and orientation during their
long-distance migrations. However, the presence
of microplastics in their system may interfere with
their ability to navigate accurately, leading to dis-
orientation and the inability to reach their intended
destinations. This disruption in migration patterns
can have severe consequences for population dy-
namics and the overall functioning of ecosystems
(Sau and Shiuly, 2023).

EFFECTS OF MICROPLASTIC
ON MICROORGANISMS

Microplastics can interact with microbial
communities in various ways. Firstly, microor-
ganisms can colonize the surface of microplas-
tics, forming biofilms. These biofilms consist of
a complex matrix of microorganisms embedded
in a slimy substance, known as extracellular
polymeric substances (EPS). Biofilm formation
on microplastics can alter their physical and
chemical properties, potentially affecting their
fate and transport in the environment (Stabniko-
va et al., 2021). Furthermore, microplastics can
serve as a substrate for microbial growth and ac-
tivity. The presence of microplastics can provide
a surface for microbial attachment and biofilm
formation, creating microhabitats for microbial
communities. This colonization of microplastics
by microorganisms can lead to the degradation
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of the plastic through enzymatic activity, poten-
tially influencing the persistence and breakdown
of microplastics in the environment (Ukil et al.,
2022). The presence of microplastics can have
significant effects on microbial diversity and
function. Studies have shown that microplas-
tics can alter the composition and structure of
microbial communities. The colonization of mi-
croplastics by specific microbial taxa can lead
to shifts in community composition, potentially
favoring certain microbial species over others.
These changes in microbial diversity can have
cascading effects on ecosystem functioning and
nutrient cycling (Li et al., 2020).

Microplastics can also influence microbial
activity and function. Some studies have sug-
gested that microplastics can stimulate micro-
bial growth and activity, potentially leading
to increased nutrient cycling rates. However,
other studies have shown that microplastics
can have negative effects on microbial func-
tion, such as reducing microbial respiration
rates and impairing enzymatic activity. These
conflicting findings highlight the complexity of
microplastic-microbe interactions and the need
for further research to fully understand their
implications (Lin et al., 2020). The disruption
of microbial communities and functions by mi-
croplastics can have significant implications
for biogeochemical cycles. Microbes play a vi-
tal role in the cycling of carbon, nitrogen, and
other essential elements in ecosystems. Chang-
es in microbial diversity and function can dis-
rupt these cycles, leading to imbalances and
potential long-term consequences (Wang et al.,
2020). For example, the breakdown of organic
matter by microorganisms releases carbon di-
oxide (CO,) into the atmosphere. However,
when microplastics inhibit microbial activity,
the decomposition process slows down, result-
ing in the accumulation of organic matter and
reduced CO, release. This can contribute to car-
bon sequestration and potentially impact global
climate patterns (Raza et al., 2023).

Similarly, microplastics can affect the cycling
of nitrogen, a critical nutrient for plant growth.
Microbes are responsible for converting nitro-
gen in the environment into the forms that plants
can utilize. However, the disruption of microbial
communities and functions by microplastics can
impair this process, leading to reduced nitrogen
availability for plants and potential nutrient limi-
tations in ecosystems (Zhang et al., 2023).
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EFFECTS OF MICROPLASTIC
ON HUMAN HEALTH

All research done by World Health Organi-
zation (WHO) confirmed that microplastics are
present in the atmosphere and water. WHO also
warned in many reports that MPs have a detri-
mental effect on human health when they are
present at a certain level (Lehner et al., 2019;
Revel and Mouneyrac, 2018; Rist et al., 2018;
Bradney et al., 2019).

The food contaminated by polymeric waste is
considered one of the main sources of MPs. MPs
can enter into human body through skin (by ab-
sorption) or mouth (by ingestion) (Waring et al.,
2018; Toussaint et al., 2019). According to Table 2,
MPs can be found in human essential food. Fruits
and vegetables are also a source of human MPs.
A person can have about eighty grams of MPs
per day from plants only. Transferring MPs to
plants usually occurs through a diffusion process
from contaminated soil (Ebere et al., 2019). An-
other source of MPs is eating seafood (e.g., fish
and crustaceans) and animals. This is reported in
many papers (Smith et al., 2018).

The absorption process of MPs from food to
human body is quite clear. It was proven that the
polymeric particles can penetrate through body
skin, reaching human internal organs (intestine,
liver, bladder). Nano-size plastic particles are
able to pass across cellular membranes. Further,
such tiny particles can circulate through the blood
steam reaching brain barrier and even placenta
(Barboza et al., 2018). While dose amounts can
be detected, the information on nano/microplas-
tics in the ambient is still lacking. This is, per-
haps, due to the difficulties in identifying, charac-
terizing and quantifying such tiny particles.

After the plastics particles enter human
body when having food, the tiny ones (i.e.,
those smaller than 2.5 pm) penetrate easily to
the intestinal tract. This happens through endo-
cytosis by Peyer’s lymph node. Microfold cells
helps the transport of MPs, leading them to the
mucosa-associated lymphoid tissues from lu-
men. This can happen also through intercellular
shunt pathway (i.e., between cells). Osmosis is
the mechanical transport of solid particles into
the circulatory system through the epithelial
monolayer at the tip of the villi in the gastro-
intestinal tract (the desquamative zone). As the
microplastics infiltrate into human body, an in-
flammation can be noticed as a result of toxicity
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Neurodevelopmental disorders
Attention deficit hyperactivity disorder (ADHD)
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Neurobehavioral deficits
Decreased I1Q

Cognitive deficits

Hormonal diseases

Thyroid disease
Thyroid cancer

Cardiovascular
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Respiratory
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Asthma

Male reproductive
health Impacts
Subfertility

Reduced sperm quality

Female reproductive
health impacts
Polycystic ovarian syndrome
Endometriosis
Delayed time to pregnancy
Abnormal Pap smears
Pregnancy-induced hypertension
and/or preeclampsia

Metabolic disorders
Type 2 diabetes
Excessive childhood weight gain
Increased waist circumference
Serum lipid levels,

e.g., total cholesterol

and LDL cholesterol

Other health impacts
Decreased antibody
response to vaccines
Physical damage
Carcinogen absorption

Pregnancy outcomes

Preterm birth

Lower birth weight

Abnormal genital structure
(anogenital distance)

Altered pubertal timing

Figure 3. Effect of microplastic on human health

effect of MPs (Wright and Kelly, 2017). In ad-
dition to above, MPs are observed in human
feces. Statistically, twenty plastic particles are
appromitaly can be found in human feces. Two
types of MPs are typically found in feces: poly-
ethylene and polypropylene and PP with a wide
range of size (from 50 to 500 mm) (Schwabl
et al., 2019). In general, most of MPs (about
90%) can be removed through human excretory
systems (Smith et al., 2018).

REMOVAL AND REMEDIATION
TECHNIQUES FOR MICROPLASTIC

Physical removal methods

Microplastics have become a significant envi-
ronmental concern due to their widespread pres-
ence in various ecosystems. To address this issue,
several physical removal methods have been de-
veloped to help mitigate the impact of microplas-
tics on the environment. These methods aim to re-
move microplastics from different sources, such
as water bodies, soil, and even the atmosphere.
In this section, some of the physical removal
methods that have shown promise in tackling the
microplastic pollution problem (Padervand et al.,
2020) were explored.

Filtration systems

Filtration systems are commonly used to re-
move microplastics from water bodies. These
systems work by passing water through a series
of filters with different pore sizes, effectively
trapping microplastic particles. The filters can be
made of various materials, such as mesh screens,
membranes, or even activated carbon. The choice
of filter material depends on the size and type of
microplastics being targeted (Cai et al., 2020).
One example of a filtration system is the use of
mesh screens in wastewater treatment plants.
These screens are designed to capture larger mi-
croplastic particles, preventing them from enter-
ing rivers and oceans. Additionally, advanced
filtration techniques, such as ultrafiltration and
nanofiltration, can be employed to remove small-
er microplastics that may pass through conven-
tional filters (Ziajahromi et al., 2017).

Sedimentation and settling tanks

Sedimentation and settling tanks are common-
ly used in water treatment facilities to remove sus-
pended particles, including microplastics. These
tanks work on the principle of gravity, allowing
the microplastic particles to settle at the bottom of
the tank while the clean water is collected from the
top (Bilgin et al., 2020). In these tanks, the water
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is allowed to flow slowly, giving enough time for
the microplastics to settle. The settled microplas-
tics can then be removed and properly disposed
of, preventing them from re-entering the environ-
ment. Sedimentation and settling tanks are partic-
ularly effective in removing larger microplastics
and can be used in combination with other physi-
cal removal methods for enhanced efficiency (Bil-
gin et al., 2020).

Skimming and surface collection

Skimming and surface collection methods are
primarily used to remove microplastics from wa-
ter bodies, such as rivers, lakes, and oceans. These
methods involve the use of specialized equipment,
such as skimmers or floating booms, to skim the
surface of the water and collect floating microplas-
tic particles (Nikiema et al., 2020). Skimmers are
designed to create a thin layer of water flow, allow-
ing the microplastics to be efficiently collected. The
collected microplastics can then be separated from
the water and properly disposed of. Surface collec-
tion methods are particularly effective in the areas
with high concentrations of microplastics, such as
near wastewater discharge points or coastal regions
(Tang and Hadibarata, 2021).

Chemical remediation techniques

Chemical remediation techniques are an im-
portant aspect of addressing the issue of micro-
plastics in the environment. These techniques in-
volve the use of various chemicals to break down
or remove microplastics from different sources,
such as water bodies, soil, and even the atmo-
sphere. In this section, some of the commonly
used chemical remediation techniques and their
effectiveness in tackling the problem of micro-
plastics were explored (Bhatt et al., 2021).

Oxidation

Oxidation is a chemical process that involves
the use of strong oxidizing agents to break down
microplastics into smaller fragments or even
completely degrade them. One commonly used
oxidizing agent is hydrogen peroxide (H,0O,).
When applied to microplastics, hydrogen perox-
ide reacts with the polymer chains, causing them
to break down. This process can be accelerated
by the addition of catalysts, such as iron or titani-
um dioxide (Kim et al., 2022). Another effective
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oxidizing agent is ozone (O,). Ozone treatment
involves exposing microplastics to ozone gas,
which reacts with the polymer chains, leading
to their degradation. Ozone treatment has been
found to be particularly effective in removing
microplastics from water bodies, as it not only
breaks down the plastic particles but also helps
in removing any associated organic contaminants
(Cai et al., 2023).

Photocatalysis

Photocatalysis is a chemical process that uti-
lizes light energy and a catalyst to degrade micro-
plastics. Titanium dioxide (TiO,) is one of the most
commonly used photocatalysts. When exposed to
ultraviolet (UV) light, titanium dioxide generates
reactive oxygen species (ROS) that can break down
the polymer chains of microplastics. This process
is known as photocatalytic degradation (Ge et al.,
2022). Photocatalysis has shown promising results
in the removal of microplastics from water bodies.
It not only breaks down the plastic particles but
also helps in the removal of organic contaminants.
However, the efficiency of photocatalysis can be in-
fluenced by various factors, such as the concentra-
tion of the photocatalyst, the intensity of UV light,
and the presence of other substances in the water
(Xuetal., 2021).

Advanced oxidation processes

Advanced oxidation processes (AOPs) are a
combination of various chemical processes that in-
volve the generation of highly reactive species to
degrade microplastics. One commonly used AOP
is the Fenton process, which involves the use of
hydrogen peroxide and iron catalysts. The Fenton
process generates hydroxyl radicals (OHe), which
are highly reactive and can break down the polymer
chains of microplastics (Kim et al., 2022). Another
AOP is the photo-Fenton process, which combines
the Fenton process with UV light. The UV light
activates the catalysts, leading to the generation
of additional hydroxyl radicals. This process en-
hances the degradation efficiency of microplastics
(Brillas, 2020). AOPs have shown promising re-
sults in the removal of microplastics from water
bodies and wastewater treatment plants. However,
the implementation of AOPs on a larger scale can
be challenging due to the high cost of the required
chemicals and the need for specialized equipment
(Dos Santos et al., 2023).
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Solvent extraction

Solvent extraction is a chemical remediation
technique that involves the use of solvents to dis-
solve microplastics. This technique is particularly
effective for removing microplastics from soil
and sediment. Organic solvents, such as chloro-
form, acetone, and methanol, are commonly used
for this purpose (Goli et al., 2022). The solvent
extraction process involves mixing the contami-
nated soil or sediment with the solvent, which
dissolves the microplastics. The mixture is then
filtered to separate the dissolved microplastics
from the soil or sediment. The solvent can be
evaporated to recover the microplastics (Raguso
et al., 2021). Solvent extraction is a relatively
simple and cost-effective technique for removing
microplastics from soil and sediment. However,
it is important to ensure that the solvents used are
properly handled and disposed of to prevent any
environmental contamination (Sajid et al., 2018).

Biological remediation strategies

Biological remediation strategies offer prom-
ising solutions for the removal and degradation of
microplastics in the environment. These strategies
utilize the natural abilities of various organisms to
break down and remove microplastics, providing a
sustainable and eco-friendly approach to tackle this
global issue. In this section, some of the most ef-
fective biological remediation strategies that have
been developed and their potential applications
were explored (Bhatt et al., 2021).

Microorganisms

Microorganisms, such as bacteria and fungi,
play a crucial role in the degradation of organic
matter in the environment. Recent research has
shown that certain microorganisms have the
ability to break down microplastics as well.
These microorganisms produce enzymes, known
as plastic-degrading enzymes, which can break
down the chemical bonds of microplastics, lead-
ing to their degradation (Othman et al., 2021.
One example of a microorganism with plastic-
degrading capabilities is Ideonella sakaiensis.
This bacterium was discovered in 2016 and has
the ability to degrade polyethylene terephthalate
(PET), a common type of plastic used in bottles
and packaging. The enzymes produced by /de-
onella sakaiensis can break down PET into its

basic building blocks, which can then be utilized
by the bacterium as a carbon source (Taniguchi
etal., 2019).

Another group of microorganisms that have
shown potential in microplastic degradation are
marine bacteria. These bacteria have been found
to colonize microplastic particles in marine en-
vironments and produce the enzymes that can
degrade various types of plastics. By harnessing
the power of these microorganisms, it may be
possible to develop the biological remediation
strategies that can effectively remove microplas-
tics from marine ecosystems (Roager and Son-
nenschein, 2019).

Enzymes

Enzymes are biological catalysts that can ac-
celerate chemical reactions. In recent years, re-
searchers have been exploring the use of enzymes
for the degradation of microplastics. By identify-
ing and isolating the enzymes that have the abil-
ity to break down specific types of plastics, it is
possible to develop enzymatic treatments for the
removal of microplastics (Othman et al., 2021).
One enzyme that has shown promise in micro-
plastic degradation is called PETase. PETase is an
enzyme produced by Ideonella sakaiensis and is
capable of breaking down PET into its constituent
parts. Researchers have been studying the struc-
ture and function of PETase to better understand
its mechanism of action and to potentially opti-
mize its activity for industrial applications (Cui et
al., 2021). In addition to PETase, other enzymes
— such as esterases and lipases — have also been
found to have plastic-degrading capabilities. These
enzymes can break down the ester bonds present in
many types of plastics, including polyethylene and
polypropylene. By harnessing the power of these
enzymes, it may be possible to develop enzymat-
ic treatments that can effectively degrade a wide
range of microplastics (Khairul Anuar et al., 2022).

Biodegradable polymers

Biodegradable polymers offer an alternative to
conventional plastics that are designed to degrade
more rapidly in the environment. These polymers
are typically made from natural materials, such
as starch or cellulose, and can be broken down
by microorganisms through natural processes
(Luckachan and Pillai, 2011) One example of a
biodegradable polymer is polylactic acid (PLA).
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PLA is derived from renewable resources, such as
corn or sugarcane, and can be used as a substitute
for conventional plastics in various applications.
PLA has been shown to degrade more rapidly
than traditional plastics, and when it does break
down, it produces non-toxic byproducts (Taib et
al., 2023). By promoting the use of biodegradable
polymers and encouraging the development of
new biodegradable materials, the accumulation of
microplastics in the environment can be reduced.
However, it is important to ensure that these bio-
degradable materials are properly managed and
disposed of, to prevent them from becoming a
source of pollution themselves (Qin et al., 2021).

Biofilms and biofouling

Biofilms are complex communities of micro-
organisms that adhere to surfaces and form a pro-
tective matrix. These biofilms can play a role in the
degradation of microplastics by providing a suit-
able environment for microorganisms to colonize
and break down the plastics (Percival et al., 2011).
Biofouling, on the other hand, refers to the accumu-
lation of microorganisms, algae, and other organic
matter on the surface of microplastics. This pro-
cess can enhance the degradation of microplastics
by promoting the growth of the microorganisms
that have plastic-degrading capabilities (Debroy et
al., 2022). By understanding the mechanisms be-
hind biofilm formation and biofouling, it may be
possible to develop the strategies to enhance the
degradation of microplastics in various environ-
ments. For example, the use of biofilm-forming
microorganisms in wastewater treatment plants or
the development of biofouling-resistant materials
could help to improve the removal of microplastics
from water sources (Rummel et al., 2017).

CONCLUSIONS

Huge quantities of plastic waste are gener-
ated each year, reaching millions of tons. Un-
fortunately, less than 25% of this quantity can
be recycled and/or handed in a proper way. One
of the challenges is that plastic waste could de-
compose, producing tiny particles that pollute
the environment and spread easily with wind
and water. Moreover, these tiny particles (micro-
plastics) penetrate through living organism bod-
ies, including humans, causing a serious health
issues. The experimental studies reviewed here
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confirm the effect of these particles on fish,
mice, invertebrates. Further, the studies sug-
gest that MPs are a threat to human health as
well. However, the magnitude of this threat is
not fully known or even clear. There are some
essential parameters that are uncertain and must
be studied thoroughly, such as the adsorption ca-
pacity and degradation level of pathogens. Ac-
cordingly, one can infer that further works are
definitely needed to better understand the impact
of MPs on the environment.
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