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REVIEW ARTICLE
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INTRODUCTION

If a visitor from 50 years ago came to town, he would
most likely notice the amount of plastic in the area. In
addition, we often use plastic containers for our food
and medicine. In the construction industry, we
increasingly use plastic and composite materials to
make various products. In 2010, the demand for
plastic packaging in the European Union reached 46.4
million tons (Amaral-Zettler et al., 2021). In total,
there are around 24.7 million tons of plastic debris
that enter the waste stream each year. This figure
shows that about 4.8 to 12.7 million tons of waste
ends up in the ocean. Despite the alarming
environmental impacts, it is still not clear how this
widespread and increasing use of plastic will affect
human health. For instance, in 2010, almost 14.5
million tons of plastic was used for the packaging of
food (Zhu et al., 2021).

The migration of contaminants from plastic packaging
into food has been identified as the main route of
exposure to harmful substances. Although regulations
are in place to prevent the use of harmful substances
in the food chain, it is not yet clear how they protect
the plastic materials when they are discarded
(Moreno-Jiménez et al.,, 2021). This issue could
contribute to the accumulation of toxins in the food
chain. Biomonitoring is a technique that can help
identify the presence of chemicals in the body. This
process involves analyzing the concentrations of
pollutants in human tissues and body fluids. It can
provide an estimate of the exposure to different
sources of contamination (Williams and Osahon,
2021)
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This method has revealed that many of the chemicals
used in the plastic industry are known to be present
in the human population. These chemicals can cause
harm to animal models (Vitali et al.,, 2024).The
NICHES is a program of the US Department of Health
and Human Services that aims to evaluate the
nutritional status of children and adults. According to
the National Health Assessment Agency, about 40
chemicals are known to have harmful effects on the
human body. Some of these include styrene,
acrylamide, and bisphenol A (Rondoni et al., 2021).

This review explores the various kinds of plastic and
the possible effects they have on the human body. It
also reviews the routes that these materials take
when they enter the human body and the potential
effects of their consumption on our health. The
materials that were identified as the most hazardous
were those made from monomers that are
carcinogenic or mutagenic. The lack of data on the
safety of these chemicals affected the rankings.
Unfortunately, there is no hazard class for some of the
chemicals that are known to have endocrine-
disrupting properties. This limitation could limit the
ability of the scientific community to predict the
effects of certain plastics on humans. Despite the lack
of data, this study was still very useful in trying to
identify the various types of polymers that could pose
a threat to human health.

PLASTICS AND MICROPLASTICS

Plastic is an umbrella term that refers to various
materials made of synthetic organic compounds.
These materials can be used for various applications.
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Due to their flexible composition, these materials can
be molded into various shapes and sizes. Their
etymology shows that they originated from Greek
words. Most commonly, synthetic plastics are made
from petrochemicals. They have long chains and are
known as monomers. A good analogy is to see a
polymer as a pearl necklace (Yuan et al., 2020).

Through the process of polymerization, these
materials are linked to each other. They can be
classified as poly-addition, cross-linking, or
condensation. Among the various groups that are
known to be important are polyesters, acrylics, and
halogenated plastics (Wu et al., 2024). Some of these
are also known to be useful for various applications.
Thermoplastics are materials that can be melted and
hardened when heated. They can then be reheated
and reused repeatedly. However, thermosets are
materials that can't be re-melted and reformed
(Amobonye et al., 2021).

Eight thermoplastics are known to be made from
various polymers such as Polyethylene, Polyamides,
Polyester, and PP. Some of these include
Polyurethane, Polyester, and Polystyrene. The fate of
the plastic debris in the ocean is the subject of various
environmental studies. Many of these studies are
conducted in areas where the plastic particles can
accumulate. In the North Pacific Ocean, a massive
patch of garbage and debris has been estimated to
cover a region of about 1.6 million square kilometers.
Known as the Pacific trash vortex, it was discovered in
1985(Islam et al., 2019).

The plastic particles are commonly dispersed over
large areas of surface area. In the Great Pacific
garbage patch, the concentration of plastic particles is
estimated to be about 100 kilograms per kilometer.
The garbage patch that's floating around the Pacific
Ocean is composed of suspended, dispersed, and
small plastic particles. These particles can pose a
threat to humans and marine life (Othman et al.,
2021).

Studies indicate that the species of organisms found
in plastic materials vary greatly from those found in
the surrounding marine communities. It's estimated
that the total mass of the materials in the garbage
patch exceeds 130 thousand tons. In total, that patch
has about 1.8 trillion pieces of debris. The other
particles, which are known as microplastics, are
considered a threat to the environment (Anggiani,
2020).

Due to their large size and the variety of colors they
show, microplastics can be classified as primary or
secondary. They can be found in various household
items such as toothpaste, facial cleansers, and
exfoliating creams. It has been estimated that 6% of
the cosmetic products sold in the European Union
contain microplastics. The particles are mainly found
in the raw materials used to make these products.
Production issues and accidental loss are also known
to contribute to the accumulation of these particles
(zhang et al., 2020).

Air-blasting media are known to use microplastics in
their production. After their use, they can reach the
environment and contaminate domestic wastewaters.
The origin of primary microplastics can be traced to
their sources. They can also be identified through the
various steps that can be taken to reduce their impact
on the environment (Lehmann et al., 2022).

One of these steps is to prevent the accumulation of
these materials before they enter the environment. In
most cases, this process can be done using special
methods and equipment designed to remove
microplastics. Unfortunately, this can be very
challenging in areas where the existing treatment
facilities are not adequate or have inadequate
capacity. Aside from this, the efficiency of the
treatment process is also affected by the materials'
composition (Leifheit et al., 2021).

PLASTIC DEGRADATION
Biodegradable plastics

The concept of bio-based or bioplastics has been
presented as a potential solution to the plastic
pollution problem globally. However, it is important to
note that these are only the first steps in addressing
the issue. On the other hand, bioplastics are not the
same as traditional plastic materials. They can be
classified as either bio-based or biodegradable. Some
bio-based polymers include those used in the
production of technical performance polymers
(Wiedner and Polifka, 2020).

Simultaneously, bio-based and bio-degradable
plastics are being produced. These include PLA, PHA,
PBS, and starch blends. Regardless of the type of
material used, these plastics tend to have the same
issues as their conventional counterparts due to their
dependence on high humidity and hot temperatures
(Riaz et al., 2024).
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Figure 1. microplastic in the environment (Guo ad Wang, 2019).
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Figure 2. Plastic waste management (Glaser, et al., 2022).
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Also, these materials can't decompose properly in the
environment due to their various properties. For
instance, some bio-degradable materials are known
to have an oxidizing agent that can cause their
disintegration. Due to their properties, these
materials can quickly form microscopic fragments.
Since they are not suitable for long-term reusable
applications, they can't be used for recycling (Yang et
al., 2020).

In response to the increasing number of bioplastics,
the European Commission has proposed that the EU
impose measures against these harmful materials.
According to the agency, the use of bioplastics could
help reduce greenhouse gas emissions. Despite the
advantages of  bio-based materials,  their
commercialization has been very limited due to their
high production costs. Despite this, the marketability
of PHA has remained limited (Gao et al., 2021).

Despite the advantages of bioplastics, their various
characteristics remain unclear. For instance, even
though they can reduce greenhouse gas emissions,
they are not ideal for food packaging. This issue could
require the involvement of various industries to
successfully implement bioplastics in their packaging.
Also, the various characteristics of bioplastics are not
ideal for various applications. For instance, the high
strength of bioplastics derived from starch may not be
ideal for food packaging.

The easiest way to overcome these issues is by
producing copolymers using PCL. Since this is a fossil-
based material, it is vulnerable to biodegradation.
However, the improved biodegradability of starch-PCL
blends can still reduce their malleability and reduce
their applications.

Biodegrading organisms

The most urgent issue facing the environment is how
to deal with the plastic debris that's floating around.
various actions can be performed to minimize this
issue. The concept of biodegradability has been
studied to develop strategies that can help minimize
the use of plastic-consuming organisms (Han et al.,
2024).

Various fungi and bacteria have been identified as
possible tools for the biodegradability of plastic. Some
of these include the Streptomyces badius, the
Rhodococcus ruber, and the Butyrivibrio fibrisolvens.
Various fungi have been identified as promising
biotechnological agents for the recovery of plastic
debris. They can be isolated from various

environments, such as landfill sites, marine water
bodies, and plantations (Mbachu et al., 2021).

The efficiency of these biotechnological approaches
can be enhanced by treating plastic substrates and
organisms subjected to different conditions. Although
various treatments are available for plastic debris, the
effectiveness of these procedures depends on the
type of resin used. In most cases, these procedures
are not feasible for large-scale operations (Zhong et
al., 2024).

Although the results of the experiments have been
presented as proof-of-concept, the use of
biodegradable organisms in the environment is not
feasible. The use of energy recovery as a means of
disposal of plastic waste is known to have detrimental
effects on the environment. This is because it
generates more greenhouse gas emissions and toxic
exposure for nearby communities (Liang et al., 2019).

This issue is especially alarming since the amount of
greenhouse gas emissions associated with the
incineration of plastic waste is equivalent to about
900 kilograms of CO2 per metric ton of waste. In
addition, the process of solid waste incineration
produces high levels of microplastics. Although
incineration is generally considered an efficient
method for recovering plastic debris, the exact
composition of the ash may vary depending on the
environment and the operation conditions (Khan et
al., 2024).

Chemical recycling

Chemical recycling refers to the process of converting
plastic materials into their basic components. Various
technologies are currently being studied to develop
these recycling methods. Usually, high-temperature
and solvent-based chemical recycling techniques are
used to recover plastic waste. This process is
considered an attractive alternative to incineration
(Loganathan and Kizhakedathil, 2023).

Various technologies can be used for chemical
recycling, some of these are not yet ready for
commercial use. Due to their high energy inputs and
limited data, these are not suitable for evaluation.
Although these techniques are more costly than
traditional ones, they can still provide a better final
product and a more homogeneous plastic supply. In
addition, their ability to reduce the amount of plastic
waste in the environment is also key to achieving a
comprehensive solution to the plastic waste problem
(Leifheit et al., 2021).
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Types of Plastic Debris (Based on Size)

Megaplastic > Macroplastic > Mesoplastic > Microplastic > Nanoplastic

Figure 3. Classification of plastics by size (Debroy et al., 2021).

Most of the challenges in chemical recycling are
related to the obtaining of quality feedstock and
reducing contamination. Unfortunately, the use of
post-consumer plastic feedstocks for chemical
recycling doesn't seem feasible. Aside from posing
various environmental issues, it consumes a high
amount of energy and is not suitable for most used
plastics (Kye et al., 2023).

Micro- and Nanoplastics in the Environment

Concerns about the effects of tiny plastic debris
particles have been raised. Studies indicate that these
objects are known to have detrimental effects on the
environment and human health. Microplastics are
mainly made up of small objects such as microbeads
used in cosmetic products and plastic fragments that
are from larger vessels. Aside from oceans, there are
also reports of them being present in other
environments (Kye et al., 2023).

A study revealed that synthetic polymer fibers and
microplastic particles were found in soil and sewage
sludge samples. The particles were also detectable for
several years after they were applied (Meng et al.,
2023). Battistin et al. conducted in 2023a study
revealed that the acrylic and polyester fibers used in
clothing were very similar to the microplastics found
in the sediments of Lake Garda.

The concentrations of these particles were like those
found in the Great Lakes. They most likely came from
sources such as landfill, litter, and wastewater
treatment plants. Although the presence of
microplastics in freshwater and agricultural soils is not
surprising, the lack of reliable methods for detecting
them in aquatic environments is still a bit unclear
(Binelli et al., 2020).

Human health risks associated with the presence of
microplastics are associated with their potential to
accumulate in the food chain. There are various
aquatic organisms that can be commonly found in the

marine food web because of the ingestion of plastic
particles. Some of these include seabirds, fish, and
turtles (Lamichhane et al., 2023).

Most studies show that microplastics are found in the
guts of organisms, which are not consumed by
humans. Some exceptions include certain seafood
species, such as mussels and certain shrimps
(Alberghini et al., 2023; Meng et al., 2023; Saud et al.,
2023).In addition to their harmful effects on the
environment, ingesting microplastics could also have
detrimental effects on the human body. The particles'
surface area could allow pollutants to cling to them
and enter human tissue.

This topic is covered in various studies published in
the past couple of years. These studies show that the
particles can be transferred to tissues by wildlife
organisms (Anand et al, 2023; L et al,
2023).Currently, there is no evidence supporting the
effects of microplastics on the biological or physical
properties of humans.

Plastics derivatives and its effect on human health

In addition to their physical properties, plastic
particles can also contain additives that can improve
their chemical composition. This could result in their
leaching into the surrounding environment. Even
though the particles do not have long-term effects,
they could still enter the body through their leaching.
Many of the chemicals found in plastic particles have
short half-lives. Their migration into the human body
could be a major source of exposure to the population
(Sun et al.,, 2023). The migration rates of plastic
particles can be estimated using various solvents and
various partitioning models. These methods can
simulate the environment where they're being
transported. The European Food Safety Authority has
a total migration limit of 10 mg/dm2 for various
additives within plastic food packaging. For certain
chemicals of concern, this limit is lowered to 0.01
mg/kg (Kabir et al., 2023).
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Plastic Pollution
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Figure 4. Effect of plastic on human health (Anuar et al.2023).

Bisphenol and Human Health

Although the exact effects of additives on the human
body are not yet clear, one chemical known as
Bisphenol A has been widely focused on due to its
human health effects. This chemical is a high-volume
chemical that's used as a monomer to produce plastic
bottles and food cans. Studies suggest that exposure
to BPA can occur through the consumption of soft
drinks and foodstuffs. It is also known that the
chemical can migrate out of polycarbonate and enter
the human body through the inhalation of household
dust. Studies have shown that Bisphenol A is widely
known to enter the human body through its exposure
to over 95 percent of the population in various
countries. The chemical is known to exert its
biological effects through its interaction with certain
hormone receptors (Pan et al., 2023).

Various models have shown that exposure to the
chemical can alter a cell's function and promote
weight gain. Exposure to BPA at concentrations found
in the general population is associated with increased
risk of various chronic diseases such as diabetes and
heart disease (Hawke et al., 2024).

Other studies have also shown that exposure to
Bisphenol A can lead to an increase in the number of
neurodevelopmental disorders and cancer among
male offspring. Although it's widely believed that
exposure to nanoplastics or micro-plastics directly
into the body can contribute to human exposure, the

exact level of exposure to the body is still not known
(Wu et al., 2024).

It has also been suggested that exposure to high
concentrations of BPA can occur through the
consumption of food and drink. Although the
chemical can be absorbed through the gut, it can also
be taken across various body surfaces. A study
revealed that Bisphenol A can be absorbed with high
efficiency through a process known as sublingual
absorption. Another study conducted by scientists
revealed that the chemical can be transported into
aquatic organisms (Binelli et al., 2020).

Polymer Formulations

Due to the wide variety of applications of nanoplastics
and microplastics, the risks posed by their accidental
entry into the food chain can be assessed through
existing risk assessments. In a study, the European
Food Safety Authority noted that the uncertainties
involved in detecting and identifying contaminants in
food are significant. The agency's recommendations
help minimize the risk posed by nanoplastics and
microplastics(Stapleton et al., 2023).

Based on the recommendations of the FDA, it's widely
believed that the risks posed by nanoplastics and
microplastics to humans can be assessed through
their chemical composition and properties. The
factors that can influence their uptake and exposure
levels are also known. A modeling study conducted by
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scientists suggested that the migration of
nanoparticles from low dynamic viscosity polymers
would be limited to particles with diameters of less
than 1 nm (Saud et al., 2023).

Although the nanoparticles did migrate out of the
food matrix, their concentrations were well below the
safety limit. The agency noted that their entry could
lead to toxicity. The scientists noted that the
characteristics of nanoplastics and microplastics, such
as their reactivity and the presence of toxic chemicals,
could pose a hazard to human health (Li et al., 2023).

Biodegradation of micro-Plastics

Many microorganisms can degrade plastic materials
such as polypropylene, polyester, and PS. They can
also be isolated from the open environment through
the soil, marine water, and waste of plastic-containing
materials (Anand et al., 2023).

Polyethylene (PE)

In the 1970s, an experiment was carried out to
determine the microbial degradation rate of 14C-
labeled PE by introducing three different soil
microorganisms. When 14C-labeled polyethylene was
extracted with cyclohexane, the bacterial degradation
rate dropped to less than a percent. This study
revealed that the release of 14CO;, which was
produced by the microbial degradation of 14C-labeled
PE, was mainly caused by the low molecular weight of
the material. In 1999, a study presented by scientists
stated that the maximum molecular weight of
microorganisms that can cause the degradation of PE
is 2,000 Da (Sun et al., 2023).

Although the high molecular weight of PE was
considered a key factor in the microbial degradation
of the material, other factors such as the use of
oxidizing agents and UV radiation could help in the
depolymerization of the product. This process led to
the development of low molecular-weight products
from resin. It was also interesting to study how
microorganisms could be degraded from nature's
sources, such as landfill sites, marine water, and soil-
contaminated sewage. The results of this study
revealed that numerous strains could be isolated from
these environments (Kabir et al., 2023).

Some of the strains isolated from these sources were
able to generate a carbon source from unpretreated
PE. For instance, the Serratia marcescens strain
exhibited a significant weight loss after being
degraded for 70 days. In addition, two cyanobacteria
that live in soil exhibited the capability of

degranulating 30% of tested PE. However, these
reports were not supported by the evidence
supporting the weight loss caused by the degradation
of the resin (He et al., 2022).

Various studies have shown that the wax worm, which
to digest and feed on wax, can also consume films
made from PE (Russell and Webster, 2021; Yang et al.,
2022; Yu et al., 2022). The biodegradation of the resin
was detected through the interaction with the wax
worm's homogenate or through the gut of another
animal. Further studies are needed to analyze the
effects of the depolymerization on the waxworm's
gut. It has been theorized that the presence of certain
microbial symbionts in the wax worm's gut can
contribute to the depolymerization of PE (Tirkey and
Upadhyay, 2021).

A pair of bacterial strains isolated from the gut of a
wax worm known as the Enterobacter asburiae YT1
and the Bacillus sp. YP1 exhibited the capability to
degrade PE. The results of the study indicated that the
microbes could be used as a source for further studies
related to the depolymerization process. Although it's
been known that various microbial enzymes can
contribute to the depolymerization of PE, only four
known enzymes are responsible for the degradation
of the resin (L. Yang et al., 2021a).

Polystyrene (PS)

In 1974, researchers first assessed the microbial
degradation of PS using two different types of 14C-PS.
They discovered that the concentration of microbes
that degraded the resin was less than 0.01%. After
analyzing the data, they learned that the PS
degradation rate was only 1.5 to 3% during the 16-
week. Aside from the microbes that live in the soil,
researchers also tried to isolate microorganisms that
can depolymerize PS.  Wu., 2024 researchers
discovered that soil microorganisms can also reduce
the resin's molecular weight. Also, three fungi and
three bacterial strains were isolated from soil-buried
PS films. Although these organisms exhibited low
biodegradation rates, they did not cause noticeable
physical or chemical changes in the resin (Wu et al.,
2024).

Polypropylene (PP)

In 1993, cultures were analyzed to determine the
microbial degradation of PP. The concentration of the
degraded products consumed about 40% of the
resin's initial weight. The researchers discovered that
most of the degraded products were phenolic
compounds that were added to plastic to improve its
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flexibility and workability. Although the hydrocarbons
were identified as non-natural, the sandy soil
microorganisms degraded the plasticizers. Various
studies have been performed on the effects of soil
microorganisms on PP. For instance, after 12 months,
the residual PP content increased 33% and 0.4%
weight loss was observed. The results indicate that
the resin could be degraded by the microbes living in
the soil (Uheida et al., 2021).

The mixed consortia of bacterial strains isolated from
waste management facilities and sewage treatment
plants could also reduce the PP resin's weight loss.
These organisms caused a weight loss of 44.2 to
56.3% after about 140 days. It's not clear if the weight
loss caused by the microbes came from the
depolymerization of the resin or the degradation of its
low molecular weight components (Zhong et al.,
2024).

The Stenotrophomonas panacihumi PA3-2 strain,
which was isolated from the soil of a waste storage
yard, can reduce the molecular weight of two kinds of
PP. However, it only degraded the low molecular
weight fraction and not the long-chain PP. Until now,
there's been no evidence that enzymes can effectively
depolymerize PP. However, several such as the use of
UV radiation and thermo-oxidation can help the
resin's microbial degradation.

Polyvinyl chloride (PVC)

Due to the properties of its plasticizers, which can be
used by fungi and bacteria as sources of nutrients,
plasticized PVC is considered a vulnerable material to
bacterial or fungal attack. For instance, some of the
plasticized bathmats and shower curtains that were
made from PVC were found to be damaged by fungi
(Zhong et al., 2024).

Various fungal isolates isolated from soil, plasticized
sheets in the atmosphere, and waste disposal sites
were found to be capable of causing the plastic to
deteriorate. The bacterial strains isolated from
various environments such as landfill sites, garden
soil, and marine environments were also able to
degrade the plastic.

Although the microorganisms can successfully
depolymerize PVC, they only degraded a component
of the plasticizer instead of its core. This suggests that
the enzymes involved in the degradation of
plasticizers are still undiscovered. The strains that can
depolymerize long-chain molecules of PVC must be
able to do so using virgin plastic. This method involves

extracting low molecular weight components from
the resin using a solvent (Wu et al., 2024).

Polyurethane (PUR)

The term PUR refers to the plastic resin that's
produced from the condensation of polyisoether and
polyester polyols. In 1968, scientists Robert Kaplan
and Geoffrey Darby discovered that seven fungi can
live on the surface of polyester PUR. Since then,
various fungi have been able to successfully
depolymerize the resin (Uheida et al., 2021).

In 2010, a fungus known as Alternaria sp. PURDK2 was
able to reduce the weight of polyether PUR foam by
almost 30% after about 70 days. The ability to reduce
the resin's molecular weight has been regarded as a
key step in the evolution of fungi that can
depolymerize plastic. In 2016, eight fungal strains
were able to grow in the mineral medium and
degraded 65% of polyether PUR foams. A study
revealed that three bacteria and one yeast could
cause a weight loss of up to 10% within 5 months after
deactivating commercial polyether PUR films (Wu et
al., 2024).

The role of enzymes and genes in the
depolymerization of polyester PUR has been studied
extensively. In 1994, scientists from the University of
Maryland discovered that an esterase produced by a
polyester PUR-degrading fungus can cleavage the
resin's ester bonds. The scientists involved in the
study cloned a gene encoding a polyester PUR-
degrading esterase. They also purified various
esterases from different bacteria and successfully
used a lipase from Bacillus subtilis (Uheida et al.,
2021).

Stages of microplastic biodegrading

To break down plastic fragments, microorganisms
have evolved to develop enzymes that can convert
them into carbon sources. This process has been
observed in various ecosystems. Various enzymes are
involved in the depolymerization and degradation of
various types of plastic. They can vary widely in their
substrate scope and their efficiency (Bai et al., 2021).

Since the inception of plastics, it has been assumed
that they would never be discarded. This paradigm is
now being challenged by the development of
enzymes that can break down these materials.
Following are the steps necessary for the
biodegradation of plastic. The first one involves
introducing a microbial community on the polymer's
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surface. This step can be followed by the growth of
bacterial communities on the surface (Bajt, 2021).

After introducing the plastic substrate, secreted
enzymes are required to break it down into lower
molecular weight oligomers. This step is considered
the most challenging part of the biodegradation
process. As the plastic is degraded, the bacteria take
up the fragments and produce usable energy. These
products can then be used to mineralize the
environment. The resulting products can be used as
useful products (Piyawardhana et al., 2022).

The bottlenecks in the biodegradation process can be
addressed to increase its throughput and make it a
feasible solution to plastic pollution. Bio-
fragmentation is a process that occurs when the
biofilm grows and causes plastic fragments to crack
and get pitted. During this step, the bacteria attack
the fragments with their nonspecific enzymes (Tsering
etal., 2021).

After the fragments are pitted, they are further
degraded by the presence of intracellular enzymes,
which can convert them into waste products. The
ocean is awash in microbial life. Many of these life
forms are formed by the interactions between organic
and inorganic debris. When mixed with plastic, the
resulting surface can quickly become contaminated
(Huang et al., 2022).

Studies reveal that many of the marine communities
that live on plastic surfaces are closely related to
petroleum-derived organisms. These species could be
involved in the plastic degradation process. Further
studies are needed to establish the stages of
biodegradation on marine microplastics (Yang et al.,
2021b).

formation

mineralizat‘mn

Figure 5. Stages of microplastic biodegrading.

CONCLUSION

Various types of plastic additives are commonly
encountered in everyday use. The hazards they pose
to human health are discussed. The concept of
contamination by nanoplastics and microplastics is
still in its infancy. Despite this, many unanswered
guestions remain regarding the environmental
impacts of these materials. If so, what species are
most at risk from the effects of plastic additives? How
does the aging of plastic affect its physico-chemical
properties and toxicity?

Various techniques such as field flow fractionation,
multi-angled light scattering, ICP-MS, and bioimaging
have been studied to extract nanoplastics and micro-
plastics. The increasing number of legislative and
regulatory actions related to plastic additives are
usually affected by the lag time between the
gathering of data and their implementation. This
review aims to develop science-based strategies that
are focused on addressing the various aspects of
plastic pollution. Aside from regulations, policies, and
tools that can be used to address plastic pollution also
need to be considered. In the long term, education
and outreach are considered the most effective way
of addressing plastic pollution. Doing so can help
children develop a better understanding of the
environmental impacts of plastic pollution. Despite
the various problems associated with the increasing
use of plastic additives, the issue is not only related to
one cause. It also has a common solution.

AVAILABILITY OF DATA

This investigation offers all the data collected.
CONFLICT OF INTEREST

All authors proclaim that there is no conflict of interest.
AUTHORS' CONTRIBUTION

Naser Ahmed Alkenani constructed the framework,
data collection, data representation, writing,
reviewing, and editing.

REFERENCES

Alberghini L, Truant A, Santonicola S, Colavita G, Giaccone V
(2023) Microplastics in Fish and Fishery Products and
Risks for Human Health: A Review. In International
Journal of Environmental Research and Public Health,
20 (1). https://doi.org/10.3390/ijerph20010789

Amaral-Zettler LA, Ballerini T, Zettler ER, Asbun AA, Adame
A, Casotti R, Dumontet B, Donnarumma V, Engelmann
JC, Frere L, Mansui J, Philippon M, Pietrelli L, Sighicelli,
M (2021) Diversity and predicted inter- and intra-

148

Egypt. J. Bot. Vol. 64, Special Issue (2024)



Innovative approaches to microplastic and nano-plastic biodegradation

domain interactions in the Mediterranean Plastisphere.
Environmental Pollution, 286.
https://doi.org/10.1016/j.envpol.2021.117439

Amobonye A, Bhagwat P, Singh S, Pillai, S (2021) Plastic
biodegradation: Frontline microbes and their enzymes.
In  Science of the Total Environment 759.
https://doi.org/10.1016/j.scitotenv.2020.143536

Anand U, Dey S, Bontempi E, Ducoli S, Vethaak AD, Dey A,
Federici S (2023) Biotechnological methods to remove
microplastics: a review. In Environmental Chemistry
Letters 21 (3). https://doi.org/10.1007/s10311-022-
01552-4

Anggiani M (2020) Potensi mikroorganisme sebagai agen
bioremediasi mikroplastik di laut. OSEANA, 45(2).
https://doi.org/10.14203/0seana.2020. 45(2.92)

Bai Z, Wang N, Wang M (2021) Effects of microplastics on
marine copepods. In Ecotoxicology and Environmental
Safety 217.
https://doi.org/10.1016/j.ecoenv.2021.112243

Bajt O (2021) From plastics to microplastics and organisms.
In FEBS Open Bio 11(4). https://doi.org/10.1002/2211-
5463.13120

Battistin G, Latella L, lannilli V (2023) Microplastic pollution
in the food web: observation of ingestion by the talitrid
amphipod Cryptorchestia garbinii on the shores of Lake
Garda.  European  Zoological Journal,  90(1).
https://doi.org/10.1080/24750263.2022.2160019

Binelli A, Pietrelli L, Di Vito S, Coscia L, Sighicelli M, Torre C
Della Parenti CC, Magni S (2020) Hazard evaluation of
plastic mixtures from four Italian subalpine great lakes
on the basis of laboratory exposures of zebra mussels.
Science of the  Total Environment, 699.
https://doi.org/10.1016/j.scitotenv.2019.134366

Debroy A, George N, Mukherjee G (2021) Role of biofilms in
the degradation of microplastics in aquatic
environments, J Chem Technol Biotechnol, 1-13, DOI
10.1002/jctbh.6978

Glaser A, Sahle-Demessie J, Richardson LT (2022) Are
Reliable and Emerging Technologies Available for Plastic
Recycling in a Circular Economy? IntechOpen. doi:
10.5772/intechopen.101350

Gao B, Yao H, Li Y, Zhu Y (2021) Microplastic Addition Alters
the Microbial Community Structure and Stimulates Soil
Carbon Dioxide Emissions in Vegetable-Growing Soil.
Environmental Toxicology and Chemistry, 40 (2).
https://doi.org/10.1002/etc.4916

Guo X Wang J (2019) The chemical behaviors of
microplastics in marine environment: A review, Marine
Pollution Bulletin, 142, 1-14,
https://doi.org/10.1016/j.marpolbul.2019.03.019.

Han SW, Choi J, Ryu KY (2024) Recent progress and future
directions of research on nanoplastic-induced
neurotoxicity. In Neural Regeneration Research 19(2).
https://doi.org/10.4103/1673-5374.379016

Hawke, AM, Trujillo, JE, Oey, |, Giteru, SG, and Allan, BIM
(2024) Exposure to petroleum-derived and biopolymer
microplastics affect fast start escape performance and
aerobic metabolism in a marine fish. Science of the Total

Environment, 906.
https://doi.org/10.1016/j.scitotenv.2023.167423

He S, Jia M, Xiang, Y, Song B, Xiong W, Cao J, Peng H, Yang Y,
Wang W, Yang Z, Zeng G (2022) Biofilm on microplastics
in aqueous environment: Physicochemical properties
and environmental implications. Journal of Hazardous
Materials, 424,
https://doi.org/10.1016/j.jhazmat.2021.127286

Huang S, Huang X, Bi R, Guo Q, Yu X, Zeng Q, Huang Z, Liu T,
Wu H, Chen Y, Xu J, Wu Y, Guo P (2022) Detection and
Analysis of Microplastics in  Human Sputum.
Environmental Science and Technology, 56(4).
https://doi.org/10.1021/acs.est.1c03859

Islam S, Apitius L, Jakob F, Schwaneberg U (2019) Targeting
microplastic particles in the void of diluted suspensions.
Environment International, 123.
https://doi.org/10.1016/j.envint.2018.12.029

Kabir MS, Wang H, Luster-Teasley S, Zhang L, Zhao R (2023)
Microplastics in landfill leachate: Sources, detection,
occurrence, and removal. In Environmental Science and
Ecotechnology 16.
https://doi.org/10.1016/j.ese.2023.100256

Khan ML, Hassan HU, Khan FU, Ghaffar RA, Rafig N, Bilal M,
Khooharo AR, Ullah S, Jafari H, Nadeem K, Siddique
MAM, Arai T (2024) Effects of microplastics in
freshwater fishes’ health and the implications for
human health. Brazilian Journal of Biology, 84.
https://doi.org/10.1590/1519-6984.272524

Kye H, Kim J, Ju S, Lee J, Lim C, Yoon Y (2023) Microplastics
in water systems: A review of their impact on the
environment and their potential hazards. In Heliyon
9(3). https://doi.org/10.1016/j.heliyon.2023.e14359

Lamichhane G, Acharya A, Marahatha R, Modi B, Paudel R,
Adhikari A, Raut BK, Aryal S, Parajuli N (2023)
Microplastics in  environment: global concern,
challenges, and controlling measures. In International
Journal of Environmental Science and Technology 20(4).
https://doi.org/10.1007/s13762-022-04261-1

Lehmann A, Leifheit EF, Feng L, Bergmann J, Wulf A, Rillig
MC (2022) Microplastic fiber and drought effects on
plants and soil are only slightly modified by arbuscular
mycorrhizal fungi. Soil Ecology Letters, 4(1).
https://doi.org/10.1007/s42832-020-0060-4

Leifheit EF, Lehmann A, Rillig MC (2021) Potential Effects of
Microplastic on Arbuscular Mycorrhizal Fungi. Frontiers
in Plant Science, 12.
https://doi.org/10.3389/fpls.2021.626709

Li Z, Yang Y, Chen X, He Y, Bolan N, Rinklebe J, Lam SS, Peng
W, Sonne C (2023) A discussion of microplastics in soil
and risks for ecosystems and food chains. In
Chemosphere 313.
https://doi.org/10.1016/j.chemosphere.2022.137637

Liang Y, Lehmann A, Ballhausen MB, Muller L, Rillig MC
(2019) Increasing Temperature and Microplastic Fibers
Jointly Influence Soil Aggregation by Saprobic Fungi.
Frontiers in Microbiology, 10.
https://doi.org/10.3389/fmicb.2019.02018

Egypt. J. Bot. Vol. 64, Special Issue (2024)

149



Alkenani, 2024

Loganathan Y, and Kizhakedathil MPJ (2023) A Review on
Microplastics - An Indelible Ubiquitous Pollutant. In
Biointerface Research in Applied Chemistry 13(2).
https://doi.org/10.33263/BRIAC132.126

Mbachu O, Jenkins,G, Kaparaju P, ad Pratt C (2021) The rise
of artificial soil carbon inputs: Reviewing microplastic
pollution effects in the soil environment. In Science of
the Total Environment 780.
https://doi.org/10.1016/j.scitotenv.2021.146569

Meng K, Lwanga EH, }an der Zee M, Munhoz DR, Geissen V
(2023) Fragmentation and depolymerization of
microplastics in the earthworm gut: A potential for
microplastic bioremediation? Journal of Hazardous
Materials, 447.
https://doi.org/10.1016/j.jhazmat.2023.130765

Moreno-Jiménez E, Leifheit EF, Plaza C, Feng L, Bergmann J,
Wulf A, Lehmann A, Rillig MC (2021) Effects of
microplastics on crop nutrition in fertile soils and
interaction with arbuscular mycorrhizal fungi. Journal of
Sustainable Agriculture and Environment.
https://doi.org/10.1002/sae2.12006

Anuar NNA, Antonius AS, Dewantara EC, et al., (2023)
Prediction of What Would Occur if Plastic Pollution
Continued and Strategies for Reducing It. AEBMR 236,
pp. 157-166, https://doi.org/10.2991/978-94-6463-
144-9_16

Othman AR, Hasan HA, Muhamad MH, Ismail N ’lzzati,
Abdullah SRS  (2021) Microbial  degradation
of microplastics by enzymatic processes: a review. In
Environmental Chemistry Letters 19(4).
https://doi.org/10.1007/s10311-021-01197-9

Pan Y, Gao,SH, Ge C, Gao Q, Huang S, Kang Y, Luo G, Zhang
Z, Fan L, Zhu Y, Wang AJ (2023) Removing microplastics
from aquatic environments: A critical review. In
Environmental Science and Ecotechnology 13.
https://doi.org/10.1016/j.ese.2022.100222

Piyawardhana N, Weerathunga V, Chen H Sen, Guo L, Huang
PJ, Ranatunga, RRMKP, and Hung, CC (2022) Occurrence
of microplastics in commercial marine dried fish in Asian
countries. Journal of Hazardous Materials, 423.
https://doi.org/10.1016/j.jhazmat.2021.127093

Riaz S, Nasreen S, Burhan Z, Shafique S, Alvi SA, Khan MA
(2024) Microplastics assessment in Arabian Sea fishes:
accumulation, characterization, and method
development. Brazilian Journal of Biology, 84.
https://doi.org/10.1590/1519-6984.270694

Rondoni G, Chierici E, Agnelli A, Conti E (2021) Microplastics
alters behavioural responses of an insect herbivore to a
plant-soil system. Science of the Total Environment,
787. https://doi.org/10.1016/].scitotenv.2021.147716

Russell M, Webster L (2021) Microplastics in sea surface
waters around Scotland. Marine Pollution Bulletin, 166.
https://doi.org/10.1016/j.marpolbul.2021.112210

Saud S, Yang A, Jiang Z, Ning D, Fahad S (2023) New insights
into the environmental behavior and ecological toxicity
of microplastics. In Journal of Hazardous Materials
Advances 10.
https://doi.org/10.1016/j.hazadv.2023.100298

Stapleton MJ, Ansari AJ, Hai Fl (2023) Antibiotic sorption
onto microplastics in water: A critical review of the
factors, mechanisms and implications. In Water
Research 233.
https://doi.org/10.1016/j.watres.2023.119790

Sun XL, Xiang H, Xiong HQ, Fang YC, Wang Y (2023)
Bioremediation of microplastics in freshwater
environments: A systematic review of biofilm culture,
degradation mechanisms, and analytical methods. In
Science of  the Total Environment 863.
https://doi.org/10.1016/j.scitotenv.2022.160953

Tirkey A, Upadhyay LSB (2021) Microplastics: An overview
on separation, identification and characterization of
microplastics. In  Marine Pollution Bulletin 170.
https://doi.org/10.1016/j.marpolbul.2021.112604

Tsering T, Sillanpaa M, Sillanp&aa M, Viitala M, Reinikainen SP
(2021) Microplastics pollution in the Brahmaputra River
and the Indus River of the Indian Himalaya. Science of
the Total Environment, 789.
https://doi.org/10.1016/j.scitotenv.2021.147968

Uheida A, Mejia HG, Abdel-Rehim M, Hamd W, Dutta J
(2021) Visible light photocatalytic degradation of
polypropylene microplastics in a continuous water flow
system. Journal of Hazardous Materials, 406.
https://doi.org/10.1016/j.jhazmat.2020.124299

Vitali C, Peters RJB, Janssen HG, Undas AK, Munniks S,
Ruggeri FS, Nielen MWF (2024) Quantitative image
analysis of microplastics in bottled water using artificial
intelligence. Talanta, 266.
https://doi.org/10.1016/j.talanta.2023.124965

Wiedner K, Polifka S (2020) Effects of microplastic and
microglass particles on soil microbial community
structure in arable soil (Chernozem). SOIL, 6(2).
https://doi.org/10.5194/s0il-6-315-2020

Williams JO, Osahon NT (2021) Assessment of Microplastic
Degrading Potential of Fungal Isolates from an Estuary
in Rivers State, Nigeria. South Asian Journal of Research
in Microbiology.
https://doi.org/10.9734/sajrm/2021/v9i230204

Wu D, Lu X, Dong,LX, Tian J, Deng J, Wei L, Wen H, Zhong S,
Jiang M (2024) Nano polystyrene microplastics could
accumulate in Nile tilapia (Oreochromis niloticus):
Negatively impacts on the liver and intestinal health
through water exposure. Journal of Environmental
Sciences (China), 137.
https://doi.org/10.1016/j.jes.2023.02.018

Yang L, ZhangY, Kang S, Wang Z, Wu C (2021a) Microplastics
in freshwater sediment: A review on methods,
occurrence, and sources. In Science of the Total
Environment 754.
https://doi.org/10.1016/j.scitotenv.2020.141948

Yang L, Zhang Y, Kang S, Wang Z, Wu C (2021b) Microplastics
in soil: A review on methods, occurrence, sources, and
potential risk. In Science of the Total Environment 780.
https://doi.org/10.1016/j.scitotenv.2021.146546

Yang X, Man YB, Wong MH, Owen RB, Chow KL (2022)
Environmental health impacts of microplastics exposure
on structural organization levels in the human body. In

150

Egypt. J. Bot. Vol. 64, Special Issue (2024)



Innovative approaches to microplastic and nano-plastic biodegradation

Science of the Total Environment  825.
https://doi.org/10.1016/j.scitotenv.2022.154025

Yang Y, Liu W, Zhang Z, Grossart HP, Gadd GM (2020)
Microplastics provide new microbial niches in aquatic
environments. In  Applied  Microbiology and

Biotechnology 104(15). https://doi.org/10.1007/s00253-
020-10704-x

Yu H, Zhang Y, Ta, W, Zhang Z (2022) Microplastics as an
Emerging Environmental Pollutant in Agricultural Soils:
Effects on Ecosystems and Human Health. In Frontiers in
Environmental Science 10.
https://doi.org/10.3389/fenvs.2022.855292

Yuan J, Ma J, Sun Y, Zhou T, Zhao Y, Yu F (2020) Microbial
degradation and other environmental aspects of
microplastics/plastics.  Science  of the  Total
Environment, 715.
https://doi.org/10.1016/j.scitotenv.2020.136968

Zhang J, Gao D, Li Q, Zhao Y, Li L, Lin H, Bi,Q, Zhao Y (2020)
Biodegradation of polyethylene microplastic particles
by the fungus Aspergillus flavus from the guts of wax
moth Galleria mellonella. Science of the Total
Environment, 704.
https://doi.org/10.1016/j.scitotenv.2019.135931

Zhong Y, Zhuo L, Lu W (2024) Analysis of photocatalytic
degradation of polyamide microplastics in metal salt
solution by high resolution mass spectrometry. Journal
of Environmental Sciences (China), 139.
https://doi.org/10.1016/j.jes.2023.06.018

Zhu D, Li G, Wang HT, Duan GL (2021) Effects of nano- or
microplastic exposure combined with arsenic on soil
bacterial, fungal, and protistan communities.
Chemosphere, 281.
https://doi.org/10.1016/j.chemosphere.2021.130998.

Egypt. J. Bot. Vol. 64, Special Issue (2024)

151



