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Abstract

Plastic pollution has emerged as a critical global issue, with the impacts of microplastics (MPs) on ecosystems becoming
increasingly significant. These microscopic plastic particles pose severe threats to ecological systems and their atmospheric fate.
The formation of MPs is a complex process influenced by a variety of sources. Their distribution is significantly affected by
atmospheric dynamics, including wind and weather events, leading to their deposition on the Earth's surface through rain, snow,
and dust. Consequently, MPs infiltrate both aquatic and terrestrial ecosystems, accumulating in water bodies, soil, and plant life,
thereby posing potential risks to human health via trophic transfer. Understanding the fate of MPs in the atmosphere is crucial, yet
information on this topic remains limited. This study aims to address this gap by investigating the ecological impacts of MPs and
their atmospheric behavior. Additionally, it highlights the analysis methods used to detect the adverse effects of MP pollution on
the environment and ecosystems. The study also discusses the misinformation arising from various analytical techniques, the
environmental threats posed by both MP and non-MP substances due to misinformation, and the challenges in maintaining quality
control during analysis.

By addressing these current limitations, this study provides a foundation for future research and policy development, emphasizing
the need for accurate analysis methods and comprehensive understanding of MP pollution. This work not only underscores the
urgent need to mitigate MP pollution but also sets the stage for developing effective strategies to address this pervasive
environmental challenge.
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1. Introduction

Plastic pollution ranks among the top
environmental issues globally and poses a significant
threat to human habitats. The non-biodegradability of
plastics and their massive production lead to a severe

accumulation of plastic in water systems, soils, and
oceans (Iroegbu et al., 2021), which causes spread
through drainage systems (Tran-Nguyen et al., 2022),
runoff from wastewater treatment plants (Li et al.,
2023), and by the action of wind (Yang et al., 2023),
current and waves (Issac and Kandasubramanian,
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2021), penetrating freshwater ecosystems and life
forms (Li et al., 2023). MPs are microscopic-sized
fragments formed when plastic materials are broken
into small pieces by various means (Sharma and
Chatterjee, 2017). In general, the main factors
affecting the formation of MPs are known as
photodegradation (Liu et al.,, 2022), mechanical
abrasion (Song et al., 2017), chemical degradation
(Zhang et al., 2021), and some industrial processes
(Enfrin et al., 2019) and product production stages
(Duis and Coors, 2016). MPs are generally spread
from various environmental sources into water
systems, soils, and air, damaging ecosystems and
affecting biodiversity (He et al., 2018; Wang et al.,
2021). There are also concerns about the potential
impacts of MPs on human health (Al Mamun et al.,
2023). MPs sizes are generally smaller than 5
millimeters (Dris et al., 2015; Kumar et al., 2023) but
can go down to nanoscale sizes (Caputo et al., 2021).
This size range facilitates the spread of MPs into
environmental systems through water, soil, and air (de
Souza Machado et al., 2018).

Therefore, MP pollution has become a global
environmental problem today. In terms of their effects
on ecosystems, MPs, with their non-digestible nature
and ability to adsorb toxic chemicals, pose a serious
concern that demonstrates their potential to harm the
health of aquatic organisms and disrupt the balance of
ecosystems  (Harmon,  2018), resulting in
accumulation in organisms' digestive systems and
trigger toxic effects. The ingestion of MPs as food by
aquatic organisms such as fish, marine mammals, and
aquatic invertebrates can lead to their accumulation in
the digestive systems and a decrease in food intake,
adversely affecting organisms' growth, reproduction,
and survival abilities (Hollman et al., 2013). The
effects of MPs on hydrological (Nakayama and
Osako, 2023) and phenolic (Li et al., 2023) variables
may also have implications for ecosystem health,
biodiversity, food security and human health (Gao et
al., 2023). A study by Gao et al. (2023) examined the
habitat suitability of waterfowl for hydrological and
phenological variables under drought and non-drought
conditions. The results showed that under different
degrees of drought, habitat suitability of waterbird
habitats decreased (Gao et al., 2023). Toxic chemicals
adsorbed onto the surfaces of MPs can pass into the
organisms' bodies and give rise to toxic effects. The
release of toxic chemicals adsorbed onto the surfaces
of MPs can also contribute to the increase in
ecological impacts (Auta et al., 2017). Specific toxic
chemicals (Verla et al., 2019), such as phthalates
(Deng et al., 2021), bisphenols (Han et al., 2022),
organophosphates (Onoja et al., 2022), biocides
(Verdu et al., 2021), and brominated flame retardants
(Cheng et al., 2020), can lead to severe adverse health
effects, displaying persistent and bioaccumulative
characteristics. MPs pose a significant threat to human
health and the well-being of other living organisms
due to their inhalable nature, contributing to a range of
potential health issues. Reaching the lungs of
microscopic particles can adversely affect the
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respiratory system and contribute to an increase in
respiratory diseases (Ageel et al., 2022).

In the realm of environmental impact, MPs,
engendered through plastic waste breakdown, textile
fibers, or industrial processes, undergo release into the
atmosphere. Propelled over substantial distances by
winds traverse diverse regions and ecosystems,
imparting a far-reaching influence on environmental
dynamics (Horton and Dixon, 2018), causing them to
return to soil or water sources through precipitation
due to their presence in the atmosphere (Zhou et al.,
2021). Studies conducted in this context show that
MPs in the atmosphere can also negatively affect soil
and aquatic ecosystems. In recent years, MPs'
ecological effects and atmospheric fate have received
significant attention, and researchers are conducting
several studies to develop a further understanding on
this subject. Yao et al. (2022) state that MPs are
present in the atmosphere in large quantities and
significantly affect the digestive and reproductive
systems and metabolism of organisms exposed to
them. Additionally, it has been noted that MPs can
cause various health risks, including oxidative stress
and inflammatory damage to human health. Prata et al.
(2020) expressed the potential of MPs in the
atmosphere to penetrate deep into the body through
the respiratory system, leading to neurotoxicity,
cancer, respiratory problems, cytotoxicity, and other
adverse effects. Mattsson et al. (2015) estimated that
approximately 10% of the plastic released into the
environment enters the oceans each year, and it is
believed that about 7% of ocean pollution occurs
through atmospheric transfer. Recent studies by
Ahmad et al. (2023); Haque and Fan (2023); Lopez et
al. (2023) have drawn attention to the sources and
environmental fate of atmospheric MPs alongside
these findings. Gavrilescu (2021) stated that MPs can
affect the photosynthetic abilities of vegetation, limit
light uptake and nutrient absorption, reduce soil
fertility and degrade the quality of agricultural
products, reducing plants’ growth and development
potential, affect soil fertility and reduce the quality of
agricultural products, which is a significant concern
for ecosystem health and food security.

The potential for MPs to accumulate in soil and
plants could also significantly impact human health.
Some studies show that MPs can trigger respiratory
diseases and have toxic effects ( Al Mamun et al.,
2023; Lu et al., 2022;Prata et al., 2020). According to
Al Mamun et al. (2023), plants can absorb MPs from
the soil and reach humans along the food chain during
growth. This suggests that MPs are a potential source
of exposure for humans. Also, MPs can be suspended
in the air and taken into the body by breathing. As a
result, it is possible for MP particles to reach the lungs
and spread from there to other organs. Some studies
show that MPs can trigger respiratory diseases and
damage the lungs. Amato-Lourenco et al. (2021) have
demonstrated the negative effects of airborne MPs on
human respiratory systems by detecting the presence
of MPs in lung tissues. Lopez et al. (2023) evaluated
the toxic effects of MP particles in humans and found
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that normal human lung epithelial cells exhibited
adverse effects such as inflammation and oxidative
stress after exposure to MPs. The release of toxic
chemicals adsorbed on the inner surfaces of MPs can
increase the potentially harmful effects of MPs (Prata
et al., 2020). A study conducted by Forte et al. (2016)
demonstrated that NPs exhibit a pronounced ability to
upregulate interleukin genes in human gastric
adenocarcinoma cells. The genes that encode
cytokines involved in the development of gastric
diseases exert an influence on cell viability,
inflammation, and cellular morphology.

In a study conducted by Jeong et al. (2016)
utilizing in vitro experimentation, the researchers
investigated the activation of defense mechanisms in
response to MP exposure. The study showed a
significant size-dependent activation of related
enzymes and mitogen-activated protein kinases
(MAPKS). Furthermore, the accumulation of MPs in
the digestive systems of fish was found to regulate
genes and enzymatic activities associated with
reactive oxygen species (ROS). Notably, the presence
of MPs led to the increased expression of diverse
genes, such as superoxide dismutase 3 (SOD 3),
caspase 3 (Casp3), tumor protein p53 (Tp53), and
chemokine (C-X-C motif) receptor 5 (CXCR5), which
play crucial roles in processes related to oxidative
stress, apoptosis, and immune response, respectively.
In this context, MPs' ecological effects and
atmospheric fate are of great importance in terms of
environmental sciences and public health (Patil et al.,
2021).

Therefore, learning more about MP sources,
release mechanisms, effects and solutions is critical to
supporting environmental protection and
sustainability efforts. This study aims to evaluate the
ecological effects and atmospheric fate of MPs and
discuss the important results by targeting the fate of
MPs in the atmosphere and their effects on
ecosystems, the fight against plastic pollution and the
development of environmental protection strategies.
The study will also help better understand the impacts

of MPs on ecosystems and living organisms and
provide effective solutions.

2. Transport mechanisms of MPs in the
atmosphere

The transport of MPs in the atmosphere occurs
through various mechanisms such as wind,
atmospheric deposition, and precipitation ( Ahmad et
al., 2023; Habibi et al., 2022;Huang et al., 2021). The
wind plays a crucial role in the dispersion of MP
particles in the atmosphere and poses significant
environmental and human health risks (Fig. 1).

High-speed winds can carry MPs to greater
distances and facilitate their dispersion. Strong winds
can lift MP particles and keep them suspended in the
air, allowing them to spread over a wider area. Wind
speed and direction cause MPs to move away from
their sources and reach different regions, causing MPs
to be transported from coastal areas to the oceans and
terrestrial regions to the poles (Zylstra, 2013; Haque
and Fan, 2023). Significantly, a continuous and
regular wind flow contributes to the widespread
distribution of MPs in a specific direction and greater
distances (Haque and Fan, 2023). The transport of
MPs by wind enhances environmental interaction and
pollution. Due to their small and lightweight nature,
MPs can easily be transported by air currents,
spreading to distant locations. These particles can
remain suspended in the air in open areas,
disseminating to different geographic regions and
increasing their potential to spread in the environment
(Camarero etal., 2017; Allen et al., 2019; Zhang et al.,
2019; Wright et al., 2020). MPs originating from
industrial centers and densely populated areas,
especially in coastal regions, can be transported inland
by the influence of the wind (Ambrosini et al., 2019).
MP particles in the atmosphere can contribute to
atmospheric deposition by combining with other
atmospheric particles, which occurs through the
interaction of MPs with environmental dust, pollen,
water vapour, and other particles (Yao et al., 2022).
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Fig. 1. Schematic representation of the distribution of MPs in the atmosphere

As a result, MPs become heavier and settle
towards the Earth's surface under the influence of
gravity. The combination process can occur through
various mechanisms such as electrostatic interactions,
chemical bonds, or physical interactions (Lopez et al.,
2023). Atmospheric deposition allows MP particles to
accumulate in the environment and reach ecosystems
such as soil, water sources, and seas (Wright et al.,
2020), contributing to the accumulation of MP
particles in the environment and their dissemination to
different ecosystems (Yao et al., 2022; Haque and Fan,
2023).

Atmospheric precipitation plays an important
role in the deposition of MPs from the atmosphere to
the surface (Jia et al., 2022). MP particles in the
atmosphere can fall to the Earth's surface with
precipitation. The rain, snow, or hail play a significant
role in the transportation of MPs. The dispersion of
MP particles into the receiving environment through
precipitation contributes to the global problem of MP
pollution (Smith et al., 2018; Yang et al., 2021). MPs
can attach to rain droplets or ice crystals and move
downwards in this way. During this process, MPs
become part of rain droplets or ice crystals and fall to
the Earth's surface. With the impact of precipitation,
MPs can be transported to soils, plants, water sources,
and seas, enhancing environmental interaction and
transporting MP particles to soils, plants, water
sources, and seas (Yao et al., 2022). The rain is an
effective mechanism for the deposition of MPs from
the atmosphere to the surface. Raindrops trap MP
particles and fibers in the atmosphere and bring them
to the ground (Allen et al., 2019). Heavy rain causes
MPs to precipitate faster and more. The amount, type,
intensity and duration of rainfall affect the rate and
distribution of MPs (Cordova et al., 2022). Rain can
increase the settling of MP fibers, while snow can
reduce the settling of MP particles (Huang et al.,
2021). Snow is a less effective mechanism for
precipitating MPs from the atmosphere to the surface
(Abbasi et al., 2022), but snowflakes exhibit more
efficient scavenging compared to raindrops.
Snowflakes can trap MP particles and fibers in the
atmosphere but can melt or be blown back up before
landing on the ground (Osterlund et al., 2023). The
density and thickness of snow can affect the rate and
amount of MP precipitation (Abbasi et al., 2022). The
work by Abbasi et al. (2022) showed snow seems to
encompass a broader range of MP sizes and shapes
compared to rainfall, mostly nylon and cellulose-
based materials (Abbasi et al., 2022). However, which
factor is most decisive in the transportation of MPs
may vary depending on geographical, climatic, and
environmental conditions. For example, although
some studies claim that wind is more effective than
precipitation, it is unclear which factor is the most
determining factor in transporting MPs. Therefore,
understanding these mechanisms is a crucial step in
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combating MP pollution and protecting the
environment.

3. Biological effects of MPs
3.1. Effects of atmospheric MPs on humans

Plastic products and by-products from various
industrial processes may contain toxic components (da
Costa et al., 2022). MPs' chemical composition and
surface properties can contribute to their toxic effects
(Potthoff et al., 2017). According to Gasperi et al.
(2018), when MPs settle in the lungs, these particles
can pass through cell membranes and release the toxic
substances contained, which induce various biological
responses in lung cells. The observed health outcomes
suggest that MPs have the potential to elicit localized
biological responses due to their uptake and
persistence in organisms. Sangkham et al. (2022)
reported that exposure to MPs can lead to a range of
severe health consequences, including oxidative
stress, cytotoxicity, DNA damage, inflammation,
immune response abnormalities, neurotoxicity,
metabolic disruption, and impacts on various
physiological systems such as the digestive system,
immune system, respiratory system, reproductive
system, and nervous system, causing significant
implications for overall well-being and biological
functioning. The work by Choudhury et al. (2023)
explained MPs can enter the human body through
three main routes: inhalation, ingestion, and cutaneous
contact. Also, when inhaled, MPs typically settle in
the upper respiratory tract but can also enter the
bloodstream and distribute throughout the body. The
study showed that inhalation of these particles can
lead to respiratory tract irritation, inflammation,
oxidative stress, and genotoxicity, which can have
adverse effects on respiratory health. According to the
work by Ornatowski et al. (2020), chronic
inflammation can be associated with lung damage,
fibrosis (formation of scar tissue), and the
development of respiratory diseases. Additionally, the
surface properties of MPs can contribute to increased
oxidative stress and the formation of free radicals that
can damage cellular DNA (Liu et al., 2023). The work
by Qiao et al. (2019) has shown that MPs can
accumulate in the gastrointestinal system, affecting
gut flora, digestive system functions, and nutrient
absorption, leading to impaired digestive health and
the emergence of metabolic effects. According to
Persiani et al. (2023), the presence of plastic particles
in the mammalian body initiates interaction with
circulating cells, subsequently triggering an
inflammatory response, leading to genotoxicity and
cytotoxicity in immune cells, enhanced hemolysis,
and adhesion to the endothelium. In addition, the
interaction between MPs and nanoparticles with
plasma proteins facilitates transportation to remote
organs, including the heart. As a result of the
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internalization  of  plastic ~ fragments  into
cardiomyocytes, oxidative stress is increased, and
metabolic parameters may be altered, which can have
detrimental effects on cardiovascular health and
overall metabolic function. Segovia-Mendoza et al.
(2020) examined bisphenol and phthalates, which
belong to two broad chemical classes associated with
plastics, and have significant implications for human
health. The researchers noted that these compounds
are not covalently bonded to the plastic matrix,
making them prone to leaching and resulting in high
human exposure. The study also showed that these
compounds exhibited diverse cellular effects by
influencing various endocrine pathways, including
estrogen, androgen, peroxisome proliferator-activated
receptor gamma, and arylhydrocarbon receptor
pathways. Based on the findings, the researchers
concluded that exposure to both classes of plastic
derivatives during critical periods can have
detrimental effects on human health. As a result of
these interactions, changes and disturbances in
immune system functions can occur. Thus, the entry
of MPs into living organisms through inhalation is
recognized as an environmental concern because these
particles can pose health risks when inhaled into the
body. Fig. 2 shows the impact of MPs on humans.

3.2. Effects of atmospheric MPs on animals

The effects of atmospheric MPs on animals
usually occur due to exposure through the respiratory
tract, digestive tract and skin. Respiratory exposure
can lead to adverse consequences such as
inflammation, oxidative stress, cell damage, fibrosis
and cancer in lung tissue. Exposure through the
digestive system can cause irritation and blockage of
the stomach and intestines, reduced nutrient
absorption and microbiota imbalance. Skin exposure
can cause skin conditions such as allergic reactions,
inflammation, infection and delayed wound healing.
Atmospheric MPs can also negatively affect animals'
hormones, immune, nervous and reproductive
systems. The impacts vary depending on factors such
as size, shape, chemical composition, surface
properties, concentration, duration and frequency of
exposure. For example, in mice, exposure to
atmospheric MPs has been shown to impair lung
function, cause inflammation and fibrosis in lung
tissue, oxidative stress and DNA damage in lung cells
(Luetal., 2022; Woo et al., 2023). In fish, exposure to
atmospheric  MPs has been found to cause
inflammation and bleeding in the gills, oxidative stress
and lipid peroxidation in the liver, increased mucus
secretion in the intestines and disruption of microbiota
balance (Kaloyianni et al., 2021; Kim et al., 2021;
Bhuyan, 2022; Subaramaniyam et al., 2023). A study
by Chan et al. (2019) examined the presence of MPs
in over 100 fish species and observed the presence of
hard fragments and fibers in the stomach cells. The
study further noted that fish samples collected from
areas close to urban populations exhibited higher
ingestion of MPs. Additionally, the researchers found

that other additives, such as dyes, heavy metals, and
chemical compounds, made the MPs more toxic in
nature (Chan et al., 2019). Similarly, Oliveira et al.
(2013) investigated the toxic effects of a combination
of pyrene and MPs on Pomatoschistus sp. under
controlled conditions. The research revealed oxidative
damage in the organisms and a decrease in the activity
of the isocitrate dehydrogenase enzyme. This is clear
evidence of the presence of MPs and their potential
toxic effects on various fish species inhabiting marine
environments (Oliveira et al., 2013). In a study aiming
to evaluate the effects of MPs on bees, Al Naggar et
al. (2023) investigated the possible toxicity of
irregularly shaped polystyrene (PS)-MP fragments on
honey bee health. In the first such experiment with
honey bees, which exposed bees with a well-
established gut microbiome to small (27 + 17 um) or
large (93 + 25 um) PS-MP fragments at varying
concentrations (1, 10, 100 ug/mL) for 14 days. In the
study, bee mortality, nutrition and body weight were
analyzed. The study found that chronic exposure to
PS-MP fragments did not affect honey bee survival
but reduced feeding rate and body weight, especially
at 10 pg PS-MP fragments per mL, which may have
long-term consequences for honey bee health (Al
Naggar et al., 2023). Overall, the effects of
atmospheric MPs on animals show that inhaled
particles cause a wide range of biological effects, from
the digestive system to the circulatory system, leading
to disruptions in a range of important biological
processes, from the feeding habits of animals to the
reproductive  system, endangering interspecies
interactions and biodiversity. Fig. 3 shows the effects
of MPs in the atmosphere on animals.

3.3. Effects of atmospheric MPs on plants

The effects of atmospheric MPs on plants
generally occur due to exposure through leaves, seeds,
roots and soil. Foliar exposure may affect
physiological processes such as photosynthesis,
respiration, transpiration, gas exchange, and light
energy utilization (Li et al., 2022). Exposure through
seeds may alter factors that determine plant
performance, such as germination, growth,
development and yield (Roy et al., 2023). Exposure
through the root can disrupt important functions such
as water and nutrient uptake, root growth, root
microbiota, and plant-stress tolerance (Li et al., 2020).
Exposure through soil can affect soil physicochemical
properties, soil microorganisms, soil nutrient cycles
and soil health (Li et al., 2022; Roy et al., 2023). The
effects of atmospheric MPs on plants may also vary
depending on variables such as the properties of the
MPs and plants, exposure conditions, and
environmental factors (Li et al., 2020). A study by
Zhang et al. (2022) indicated that various forms
(fibers, films, foams, and fragments) and types of MPs
could result in a 25% decline in soil aggregation,
contributing to elevated soil water evaporation and a
decrease in both aboveground and root biomass of
plants (Zhang et al., 2022). The work by Shorobi et al.
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(2023) showed MPs changed the elemental uptake of
plants, but this change depended on the elements and
plant varieties. Cu increased a lot in the stem of the
tomato but decreased in the root of the cherry tomato.

Ingestion through food and water

Airborne Exposure

Inflammatory Responses

Organ Demage

Endocrin Disruption

Transfer of Chemicals

Impact of the Immune System
Developmental and Reproductive Concerns
Emerging Health Risks

Fig. 2. The impact of MPs on humans
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Behavior Changes

Impact of Biodiversity

Migration and Bicaccumulation
Long-Term Ecologival Consequences

Fig. 3. Effects of atmospheric MPs on animals

Nitrogen uptake was lower in MP-treated
plants compared to the control group, and phosphorus
uptake was much lower in the stem of cherry tomatoes.
However, the root-to-stem transit rate of many
macronutrients decreased with exposure to PP-MP,
indicating that prolonged exposure to MP may disrupt
the nutrient balance in plants (Shorobi et al., 2023). It
has been determined that exposure to atmospheric
MPs in onions can reduce germination rate, root
length, seed weight and seed health, causing
morphological and anatomical changes in the seeds. In
a study by Giorgetti et al. (2020), experiments were
conducted using Allium cepa seeds to explore the
impact of nanoplastics (NPs) on plants. In the study,
the germination process lasted for 72 hours in the
presence of polystyrene NPs with a size of 50 nm at
concentrations of 0.01, 0.1, and 1 g/L. However, no
significant effect on seed germination percentage was
observed at any NP concentration, but root growth was
hindered at 0.1 and 1 g/L NP concentrations.
Cytological examination of root meristems revealed
cytotoxicity (reduction in mitotic index) and
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genotoxicity (induction of cytogenetic anomalies and
micronuclei) even at the lowest dose. Additionally,
biochemical and histochemical analysis of oxidative
stress markers indicated stress induction, particularly
at higher doses. The reported damages attributed to
mechanical surface contact in the outer root layers, as
characterized by histological localization and the
internalization of NP in wvarious cellular
compartments, were observed through a transmission
electron microscope (Giorgetti et al., 2020).
Therefore, the adverse effects of atmospheric MPs on
plants are characterized by problems that occur
through various mechanisms, ranging from changes in
soil structure to reduced water-holding capacity. Plant
growth, photosynthesis, nutrition and stress tolerance
can be affected by atmospheric MPs, hindering the
healthy development of plants and negatively
affecting agricultural productivity and ecosystem
balance. Figure 4 shows the effects of MPs in the
atmosphere on plants.

4. Review of policies and regulations, and measures
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for controlling MPs in the atmosphere

Policies, regulations and measures are
important to control and reduce MPs in the
atmosphere (Gong and Xie, 2020). Steps to be taken
in this area can contribute to reducing MP pollution
and protecting the environment. Some policies and
measures that need to be reviewed to combat MPs in
the atmosphere are shown in Table 1. In the projected
scenario 2040, greenhouse gas emissions are
anticipated to maintain the same levels as recorded in
2019. This marks a noteworthy 40% decline in
greenhouse gas emissions within the global plastics

system compared to the Business as Usual Scenario's
forecasted levels for 2040. To achieve this reduction,

a comprehensive set of plastic emission restriction
policies has been outlined, which encompass
minimizing the use of virgin plastic, ensuring the
affordability of plastics throughout their lifecycle,
implementing specialized applications to decrease
plastic usage, enforcing bans on preventable single-
use plastics, establishing targets for avoidable single-
use plastics, and taking measures to eliminate
threatening chemicals and problematic plastics.

Deposition on Plant Surfaces
Alteration of Plant Physiology

Soil Contamination

Impacts on Soil Microorganisms
Water Absorption and Translocation
Stress Responses

Nutrient Cycling Disruption
Potential for Bioaccumulation
Genetic and Epigenetic Effects
Overall Ecosystem Effects

Fig. 4. Effects of MPs in the atmosphere on plants

Table 1. Critical steps in tackling MPs

Policy and Action plans References
measures
Implementing regulations to curtail the production and use of single-use plastics is .

. . . . A - ; Vieraetal.
Reducing imperative. Encouraging the development and utilization of environmentally friendly (2020); Tan et al
plastic use alternatives to plastic products should be prioritized. Furthermore, plastic manufacturers (2023)’ '

ought to embrace sustainable production practices.
blishing effecti . ial . di | Raveesh et al.
Recycling Establishing effective waste management systems is crucial to ensuring proper disposa (2015): Silva et
and recycling of plastics. Promoting recycling and adopting a circular economy approach .
and waste - _ - L - al. (2020);
should be encouraged. Additionally, policies must be implemented to minimize plastic ;
management - - Kurniawan et al.
waste leakage into the environment. (2021)

Undating air Establishing air quality standards and regulations to address MP pollution is essential. Mbachu et al.
upalit 9 Regular monitoring and measurement of MP concentrations in the atmosphere should be (2020); Shen et
gtan dz:,r ds conducted. Furthermore, implementing emission control measures is necessary to mitigate | al. (2020; Lusher

and reduce MP emissions into the atmosphere. et al. (2021)

. Establishing regulations controlling MP emissions in the industrial and manufacturing Shen et al.
Industrial . . R - - - . .
regulations sectors |s.cru0|al. _Encour_ag_mg industrial enterprises _to adopt more sustainable production (2020); Yu and

methods is essential to minimize the release of MPs into the environment. Ma (2022)
Policymakers and regulators need to implement more effective measures. Funding and Chen ,Et a_I.
Research \ . . (2020; Mitrano
support for research on MPs' sources, behavior, and health effects are essential.
and e - . . . and Wohlleben,

. Additionally, there is a need to develop innovative technologies and methods to detect, .

monitoring - : (2020); Prata et

monitor, and remove plastics from the atmosphere.

al. (2020)
To combat MPs, there is a need to develop coordinated strategies and initiatives in
. . i . A - . Yang et al.
International | collaboration with international organizations and governments. Sharing best practices, (2021; Munhoz
cooperation | research findings, and technological advancements can enhance collective efforts in '
. . et al. (2022)

addressing MP pollution.

. To raise awareness about the risks of MPs, creating campaigns that inform individuals is Jiang et al.
Public - . - - - - - i
AWATENess crucial. Promoting sustainable lifestyle choices and encouraging responsible consumer (2021);

behavior are important aspects of this initiative. Collaborating with educational institutions | Omoyajowo et
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and to incorporate MPs-related topics into curricula can also be beneficial in fostering al. (2021); Raab
education understanding and responsible attitudes toward plastic pollution. and Bogner
(2021)

Additionally, there is a focus on promoting
reliable reuse, durability, and cost-effective recycling
strategies and setting targets for waste collection and
recycling rates. The policies advocate for adopting
management programs across sectors, ensuring fair
management planning instead of informal sectors, and
concerted efforts to curb unregulated plastic waste
trade.

European Commissioner responsible for
Environment, Oceans, and Fisheries, Virginijus
Sinkevicius, served as the Minister of Economy and
Innovation in the Lithuanian government and as a
member of the Lithuanian parliament before joining
the EU Commission in 2019. With a focus on
evaluating the pollution of European seas, particularly
emphasizing the need for a shift in our habits,
including the pervasive use of single-use packaging,
Sinkevicius has articulated the challenges posed by
marine pollution. The European Environment
Agency's consecutive reports highlighting these issues
have played a pivotal role in assessing pollution in
European seas. Sinkevicius asserts, "Pollution comes
from the coast. It's industrial pollution - urban
wastewater that is not properly treated. It's also
partially agricultural pollution. All this pollution is
worsening with additional pressures such as climate
change. We see a rise in sea temperatures."

Regarding the actions taken in this context,
Sinkevi¢ius states, "Concerning chemical and
fertilizer pollution, we have taken concrete steps
within our Farm to Fork strategy. However, it is
equally crucial for us to address our waste, such as
plastic packaging.” He claims an "inescapable plastic
crisis” associated with recycling and warns against
complacency, saying, "Plastic pollution, especially
originating from  packaging, has increased
significantly. While recycling has increased, the rise
in plastic pollution has been even more pronounced.
Essentially, there is a growing gap between the two."

When asked about the lobbying activities of
industries behind single-use packaging, Sinkevi¢ius
responds, "At times, we've encountered some absurd
debates; for instance, claiming that a certain coating
on plastic forks or spoons is not considered when
declaring an item as single-use. It makes the product
disposable. | believe civil society is very active in this
regard. However, | am content with our progress, and
currently, we have 10 products within the scope of the
single-use directive."”

He adds, "But we want to go further. We want
to eliminate unnecessary packaging. Therefore, | find
it absolutely unnecessary for you to have those small
bottles for refillable shampoo and shower gel when
staying at a hotel." Sinkevicius then shifts the
discussion to Ocean Governance, a part of his
portfolio in the European Commission, and the
COP28 summit held in Dubai. "At COP28, we
celebrated Ocean Day, indicating its centrality in
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climate discussions. If the oceans cannot reduce and
regulate temperatures, we will perish. So, we
undoubtedly need healthy oceans. It has been a
significant year because, after 20 years of
negotiations, we managed to conclude the Agreement
on the High Seas, and now we are moving forward,
putting great effort into getting 60 countries to ratify
the agreement. This will provide us with a tool to have
a rule-based system for ocean areas outside national
jurisdiction, which actually constitute the majority of
ocean ecosystems" (France24, 2023).

The emphasis lies in promoting dependable
reuse, durability, and economically efficient recycling
methodologies, accompanied by establishing targets
for waste collection and recycling rates. The
advocated policies underscore the implementation of
comprehensive management programs spanning
various sectors, endorsing equitable management
planning instead of informal sectors and concerted
endeavors to mitigate the unregulated trade of plastic
waste. Standard procedures for the controlled
destruction of non-recyclable plastics are being
developed, along with systems to mitigate the
environmental impact of outdated plastics. In this
context, policies regarding measures to reduce the use
and emissions of MPs and policies regarding measures
for the collection and controlled destruction of MPs
are also addressed. As part of the commitment to
combat MPs, as outlined in the European Green Deal
and the Circular Economy Action Plan, the policies
aim to reduce MP pollution by 30% by 2030, as
specified in the Zero Pollution Action Plan. The focus
extends beyond traditional plastic  sources,
encompassing restrictions on plastic waste, litter, tire
degradation, clothing release, and intentional product
use, underscoring a multifaceted approach to curbing
plastic pollution from diverse origins (Dennis, 2023;
Johannes et al., 2023).

In  his statement dated 25.09.2023,
Commissioner for Environment, Oceans, and
Fisheries Virginijus Sinkevi¢ius expressed serious
concerns regarding the deliberate use of MPs and its
potential repercussions on the environment and human
health. MPs, pervasive in seas, rivers, and on land,
extend their presence to food and drinking water.
While today's restrictions primarily target these
minute particles, deeming a significant stride in
curbing human-induced pollution (Johannes et al.,
2023).

The plastic emissions restriction policy is
poised to prevent the release of approximately half a
million tonnes of MPs into the environment,
accompanying a discontinuation of products
responsible for MP emissions. Businesses can sustain
operations by adhering to the prescribed procedures
and aligning with the new regulations. The
overarching objective is to minimize the MP
population as much as possible. Notable products
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falling under the purview of these restrictions include
granular filling materials on synthetic sports surfaces,
posing a significant threat to the formation of
environmental MP residues. Additionally, products
such as cosmetic items, which release microbeads to
enhance color, scent, and texture, along with
detergents, glitters, fertilizers, plant protection
products, toys, pharmaceuticals, medical devices, and
softeners, are identified as contributors to MP
pollution. Industrial products that do not release MPs
into the environment post-use are currently exempt
from the sales ban. However, future regulations will
necessitate manufacturers to provide instructions on
product usage and disposal methods to prevent MP
emissions effectively. This holistic approach aligns
with the overarching goal of mitigating the impact of
MPs on the environment and human health.

These policies and regulations play a
significant role in reducing MP pollution. The
effective implementation and continuous review of
these measures are essential for environmental
protection and safeguarding human health. Innovative
approaches and perspectives are crucial in combating
MP pollution for environmental sustainability and
human health preservation. Encouraging scientific
research, data sharing, and international collaboration
are crucial for developing more effective solutions to
combat MP pollution. Furthermore, the collaboration
between policymakers, regulators, and industry in
creating appropriate regulations and policies is
critical, establishing a framework for more effective
MP pollution control, protecting the environment and
human health. These innovative perspectives
represent significant steps towards progress in
combating MP pollution and working towards a
sustainable  future. Constant exploration and
implementation of new ideas are crucial in addressing
this issue that harms the environment and human
health.

5. Effect of MP concentration in the atmosphere
indoors and outdoors

Much research has been conducted on marine
and terrestrial MPs. However, the dynamics of MPs
are limited. Studies on MPs in the atmosphere have
generally been conducted on samples collected from
the atmosphere. Direct measurements of MPs in air are
very few. Furthermore, the concentration of airborne
MPs is an important factor in assessing the health risk
of MP exposure through human inhalation.

Airborne  MPs in indoor and outdoor
environments in urban and rural areas in a coastal city
in eastern China were investigated. The indoor
airborne MP concentration was 1583 + 1180 n/m?, the
urban airborne MP concentration was 224 + 70 n/m®
and the rural airborne MP concentration was 101 + 47
n/mé. MPs smaller than 100 pm dominated in air and
were found in fragments of very different shapes than
fibrous MPs. Larger MPs had a higher proportion of
fibers, while smaller MPs were almost entirely
composed of small fragments. The fact that there are

no concentrations of MPs in the air does not
necessarily mean that it is safe from a health risk
perspective. This is because while the annual outdoor
exposure to airborne MPs is 1 million, indoor MP
exposure is higher because indoor MP concentration
is higher than outdoors (Liao et al., 2021).

Sample collection tools to detect MPs vary
depending on the location of the indoor and outdoor
areas examined. A sampling pump is used as the
sample collection tool for the interior. The
independent sampling pump used by Dris et al. (2016)
was introduced. However, while indoor dust particles
can be removed with devices such as vacuum cleaners
and vacuum pumps, the resulting dust is also collected
from the environment with the help of cleaning bags.
Outdoor analysis for airborne MPs includes a rain
sampler, a particulate fallout collector, and a filter
sampler. These equipment were placed in areas with
certain heights on the ground, in the air and at the
upper levels, and the density in the air was determined
(Dris et al., 2016; Liu et al., 2019).

In a study aimed at the presence of airborne
MPs, Dris et al. (2016) conducted research on
atmospheric fallout in dense urban and less dense
suburbs in Paris, France. The study used an outdoor
rain sampling technique; MPs were collected and
filtered. Subsequently, observation was carried out
using microscopes. Along with observation, counting
was also carried out, and it was observed that the fibers
were dense. However, a lower MP density was
observed in suburban areas than in urban areas.
Another study by Dris et al. (2017) addressed the
concentration of MPs in France's indoor and outdoor
air quality. As the subject of the study, private flats
and offices were considered interior spaces, whereas
the sampled exterior was taken as the apartment's
exterior.

When the results were examined, the possible
rooms' partitioning, ventilation and airflow conditions
showed more dense accumulation and fiber
concentration indoors than outdoors. Therefore, MP
density in indoor and outdoor factors indicates that
attention is paid and precautions should be taken
regarding environmental threats (Dris et al., 2016;
Dris et al., 2017; Prata, 2018). The effect of the
concentration of MPs in the indoor and outdoor
atmosphere is shown in Fig. 5.

6. Analysis methods used for the identification of
MPs and quality control challenges

MP pollution drivers have emerged as a recent
concern for ecosystems, prompting the need to
develop advanced analytical methods. The analysis of
MPs holds significant importance in monitoring their
presence and assessing the effectiveness of removal
strategies in various environments (Zhang et al.,
2018). MP analysis is a crucial prerequisite for
devising effective interventions to mitigate this
pollution. Despite the plethora of MP analysis
techniques developed to date, it is important to note
that irregularities and inconsistencies  often
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characterize the information obtained. Many
techniques are used to detect MP, including fourier

transform infrared spectroscopy (FTIR), flow
cytometry and matrix-assisted laser
desorption/ionization, stereomicroscope, scanning

electron microscopy (SEM), and Raman spectroscopy.
Table 2 provides an overview of the methods used for
detecting MPs. When scrutinizing MP analysis results,
it becomes evident that they are highly susceptible to
selecting sampling methods (Razeghi et al., 2022).

External Atmosphere:

. Environmental Contamination

. Ecological Impact

. Bioaccumulation in Organisms

. Water and Soil Pollution

. Transport of Harmful Substances
Internal Atmosphere:

. Indoor Air Quality

. Human Exposure

. Respiratory and Health Concerns
. Contamination of Indoor Surfaces
. Surces of Indoor Microplastics

. Occupation Exposure

Therefore, the foundational step in MP analysis lies in
meticulous sampling, as it significantly influences the
accuracy of the results. Various techniques, including
visual inspection, density difference analysis,
flotation, sieving and filtering based on size
classification, digestion methods, biological removal,
and ingestion, as well as chemical methods, stand out
as the most commonly utilized approaches for MP
detection in our environment (Mai et al., 2018;
Padervand et al., 2020).

Internal atmosphere

R N

External atmosphere

Fig. 5. Effect of the concentration of MPs in the internal and external atmosphere

Table 2. Methods used in MP detection

Methods Advantages

Limitations

A traditional method in terms of MP
definition and quantity (Hidalgo-Ruz et
al., 2012).

Visual analysis

Visual analysis proves to be time-consuming and challenging for
detecting MP objects. Due to their diminutive size and diverse
composition, incorporating both organic and inorganic
substances from the environment, the stand-alone application of
visual analysis is no longer suitable for the accurate identification
of MPs (Hidalgo-Ruz et al., 2012; Shim et al., 2017).

Scanning electron | This technique contributes to the

The pretreatment process is complex (Fu et al., 2020). Business

microscope- simultaneous analysis of MPs regarding | activity performance is low, and costs are high. It does not have a
energy dispersive | their surface properties and elemental very high detection rate in MP prediction. Since SEM devices
X-ray (SEM- contents (Eriksen et al., 2013; Fries et will give black and white images, MP colors cannot be easily
EDS) al., 2013). distinguished (Wagner et al., 2017).
It is a vibration spectroscopy It can only be used to identify MPs larger than 20 pm (Araujo et
technology that can provide information | al., 2018; Prata et al., 2019), easily affected by various
about chemical bonds and functional environmental factors such as sample preparation, purity of the
FTIR groups in samples (Loder and Gerdts, sample, solvents used, temperature and humidity conditions. In
2013; Araujo et al., 2018). It is widely addition, properties such as the chemical structure, density, and
used in the qualitative detection and size of the analyzed MPs can also affect the results (Rocha-
component analysis of MPs. Santos and Duarte, 2015).
There is no need for pretreatment
Raman before the samp_les are detected (Araujo S _
et al., 2018). With FTIR, the structural The analysis time is long (Araujo et al., 2018).
spectroscopy

analysis process is completed (Wright
etal., 2019)

It analyzes samples by examining them
according to temperature and time
(Majewsky et al., 2016). This method is
used to perform chemical and mass
density analyses.

Thermal analysis

The sample preparation process is difficult and arduous. This
method causes severe damage to environmental samples. This
shows that MPs cannot be applied in physical property
determination studies (Majewsky et al., 2016; Huppertsberg and
Knepper, 2018)

Mass
spectrometry

It is an important technique for polymer
analysis in MPs (Weidner and Trimpin,

The method's application area is limited (Kirstein et al., 2016;
Huppertsberg and Knepper, 2018). Currently, this method is
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2010). This method provides support
for chemical characterization.

insufficient to analyze the population in MP density measurement
in the environment (Wang et al., 2017; Zhang et al., 2021).

Since MP and NP structures are present in air,
water, soil, food, plant, human and animal tissues, as
well as in various environmental situations, the
detection of plastics in this complex structure and the
determination of their population cannot be achieved
with a single method. On the contrary, in MP
detection, the processes of first determining the area to
be taken, sampling, creating a concentration
difference, separation, detection and identification,
and then quantifying it as the last part have critical
importance. Because if a situation is overlooked at any
step, the MP population will be determined
incorrectly.

In recent years, researchers to detect plastic
pollution have focused on NPs instead of MPs, which
greatly threaten humans, animals, plants, and the
environment. Developments and improvements have
been made in MP and nanoplastic (NP) detection and
measurement methods. FTIR spectra could not help
detect increases in monomer types of organic and
inorganic substances in plastic production. The wide
variety of monomers and additives used in plastic
production brings uncertainty in reporting data on the
plastic population that creates environmental
pollution. Working with multiple analysers can obtain
a meaningful value for these uncertainties. Although
different analysis types are used in MP detection,
analysis with more than one and combined analysis
systems in NP detection have great importance in
confirming plastic detection. Standardizing various
analysis methods will make reporting criteria for
plastic pollution analysis an elusive goal.

Besides analytical and methodological
systems, many questions arise in modern plastic
pollution reduction. Consistency and identification of
MPs obtained by different analysis methods will be a
serious step. In addition, it is critical in terms of
reporting. If attention is not paid to the report, the
measures to be taken will be insufficient, and
environmental threats can cause major problems.

Despite notable advancements in MP analysis
detection in recent years, the methods employed in MP
analysis are not without their limitations. Relying on a
singular method introduces a potential information
gap regarding MPs. The sensitivity of a single method
to false positive and/or negative signal reception and
potential interference can adversely impact the
analysis  process, leading to  measurement
inconsistencies. A common practice in environmental
MP analysis involves employing various methods to
enhance the reliability of information regarding MPs.
By amalgamating the results from different methods,
a more comprehensive and logical conclusion can be
drawn, mitigating the impact of individual method
limitations and bolstering the overall accuracy of the
analysis (Shim et al., 2017).

The significance of MP analysis has been
heightened with the development of integrated and

effective detection techniques (Nguyen et al., 2019).
MPs exhibit distinctive characteristics, including
diverse composition, small particle size, widespread
distribution, and various shapes, aligning with
findings from studies such as those conducted by
Masud et al. (2023). The study focused on four
beaches in the Bodrum peninsula, collecting twenty-
four samples comprising sandy gravel, gravel, and/or
gravel sand from coastlines and the middle of 1 m?
areas. After the light intensity and ethanol density
analyses, they performed the analyses using a
separation system twice. The identified MPs included
polyethylene (PE), polypropylene (PP), polyvinyl
chloride (PVC), polystyrene (PS), polyethylene
terephthalate (PET), and polyurethane (PU), present in
both fiber and particle forms. The researchers
correlated the results with FTIR and SEM analyses to
enhance the overall analysis, attributing the presence
of MPs in the study areas primarily to anthropogenic
activities, as indicated by the study results (Masud et
al., 2023).

MPs are highly susceptible to the influence of
external factors, making it impractical to create MP
samples completely isolated from the surrounding
environment. The intricate structures formed by these
external factors pose challenges in verifying MP
detection and constrain the practical applications of
MP analysis techniques. Hence, there is a pressing
need for methods that facilitate rapid, accurate, and
consistent information transfer and are cost-effective
and practical for MP analysis and sample creation,
which are essential for preserving ecosystem health.
Among the various methods employed for MP
samples, the flotation method is emerging as a
promising approach with the potential to evolve into a
distinctive technique for efficiently removing and
recycling MPs from the external environment.

It is important to increase further studies to
address risk factors regarding the electrostatic effects
of MPs and their ability to absorb environmental
pollutants. This study is of critical importance in the
field of MP, as the number of MPs and NPs in our
environment will increase day by day. Since MP and
NP structures harm humans, animals, plants, and the
environment, and considering that these damages are
increasing day by day, optimizing the methods used in
the detection of these MPs should focus on advanced
single-type analysis devices instead of combined
systems and simple techniques, as well as MP and NP.
It is also necessary to focus on non-plastic particles.
No matter how dangerous MPs and NPs are, when
literature studies are examined, all non-plastic
particles are not drawn to attention and are not given
importance.

To date, one of the main reasons for
environmental pollution, deterioration of human
health and increase in diseases is the fact that plastic
products have been identified, but it is not possible to
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detect non-plastic ones. In the future, repairing all
structures alongside MP and NP will contribute to
taking correct environmental precautions and
successfully preventing and reducing potential threats.

7. Future perspectives and challenges

Assessing  MPs' ecological impacts and
atmospheric fate is still largely unexplored, with many
knowledge gaps and potential research areas. The
distribution of respirable MPs in the environment,
their sources, exposure pathways, and their effects on
human health and ecosystems are not yet fully
understood. The analysis of MPs in biological samples
is a significant challenge in laboratories (Jacob et al.,
2020). The small size, diverse physical forms,
chemical composition and colours of MPs make them
challenging to identify and distinguish from natural
matrices (Fu et al., 2020). The lack of standardized
methods, protocols and quality control for analyzing
MPs limits the comparability and reliability of results
(Scopetani et al., 2020). The atmospheric sources,
emissions, transport, deposition, accumulation,
sedimentation and removal of MPs are complex and
dynamic processes (Darabi et al., 2021). Although
several studies have examined the effects of
atmospheric precipitation, wind (Yang et al., 2023),
rain (Jia et al., 2022), snow (Bergmann et al., 2019)
and hail (Kozjek et al., 2023) on MP transport, the
specific roles of these factors in determining the fate
of MPs in the atmosphere are still poorly understood.
This uncertainty may hinder a more complete
understanding of the environmental impacts of MPs.
In future research, further efforts should be made to
understand in more detail the interactions between
these factors and the mechanisms involved in
determining the behavior of MPs in the atmosphere.
This would be an important step towards developing
more effective strategies to manage environmental
impacts and combat MP pollution.

MP pollution is recognized as a global
environmental problem, and a multidisciplinary
approach is required to address it (Kumar et al., 2021).
Further research on the fate and transport of MPs in
the hydrosphere, pedosphere and atmosphere is
important to understand the dynamics and distribution
of MPs between environmental compartments.
Furthermore, more comprehensive and standardized
test methods need to be developed to assess the
ecotoxicological effects of MPs in the atmosphere.
Further ~ measurement, inventory,  modelling,
monitoring and experimental studies are needed to
understand their emissions, transport, sources,
behavior and impacts on the atmosphere.

Developing and implementing plastic waste
management strategies is vital to control MP pollution
(Sarkar et al., 2022). Measures such as reducing
plastic waste at source, recycling, reusing, and
recovering energy should be taken. To identify
sources of MPs, the chemical composition, shape,
size, colour and reflectivity of MPs can be analyzed,
and the plastic products, industries, regions or
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activities where MPs originate can be identified. To
reduce the sources of MPs, stricter regulations,
standards and inspections can be introduced on the
design, production, consumption and disposal of
plastic products. The principle of sustainability in the
production and consumption of plastics should be
adopted, and more research and innovation should be
done on the design, lifecycle and recycling of plastic
products. Furthermore, raising public awareness on
plastic pollution's environmental and health impacts is
an important step towards properly disposing of
plastic waste and reducing plastic consumption
(Kumar et al., 2021). Education and awareness-raising
campaigns can be organized to provide information on
the causes, consequences and solutions to plastic
pollution, provide incentives for recycling, reusing
and reducing plastic waste, and encourage using
alternative materials to replace plastic products
(Sandu et al., 2020).

The impacts of MPs on ecosystems include
both biotic and abiotic factors (Darabi et al., 2021).
Biotic impacts of MPs can affect vital functions of
organisms (Al-Thawadi, 2020), such as physiology
(Costantini, 2014), behavior (Costa et al., 2020),
nutrition (Franzellitti et al., 2019), growth (Yu et al.,
2021), reproduction (Sharifinia et al., 2020), stress
tolerance (Baihetiyaer et al., 2023) and survival
(Jaikumar et al., 2021). Abiotic impacts of MPs can
affect soil, water and air quality, nutrient cycles,
carbon storage and climate change (Kumar et al.,
2023). More ecotoxicological, biogeographic, and
biochemical studies are needed to understand the
effects of MPs on ecosystems. Furthermore, the entry
pathways, distribution, accumulation, biological
interactions and excretion of MPs into the
environment are not yet fully understood and reliable
and sensitive biomarkers need to be developed to
monitor them. Further research in this area is vital to
develop strategies to prevent and reduce MP pollution
and take measures to protect ecosystems. Therefore,
how MPs behave in nature and their impacts on
ecosystems need to be investigated in more detail
(Ozgenc et al., 2024).

Nanotechnology and filtration systems can be
developed to remove MPs from the atmosphere (Liu
et al., 2020), aquatic (Ouda et al., 2023) and soil
environments  (Chellasamy et al., 2022).
Nanotechnology can be used to identify, separate and
destroy MPs (Chellasamy et al., 2022). Recycling
plastic waste can be an important strategy to reduce
plastic production and consumption (Chen et al.,
2021). Innovative recycling methods can enable more
efficient, economical and environmentally friendly
utilization of plastic waste (Kumar et al., 2021). For
example, methods such as converting plastic waste
into energy sources such as biogas (Awogbemi and
Von Kallon, 2023), biodiesel (Papari et al., 2021),
electricity or heat (Nanda and Berruti, 2021),
chemically or biologically decomposing plastic waste
(Nanda and Berruti, 2021), and using plastic waste to
produce new plastic products or composite materials
can be developed (Awoyera and Adesina, 2020).
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Promoting natural, biodegradable, renewable and
recyclable materials that can replace plastic products
effectively can prevent plastic pollution (Moshood et
al., 2022). For example, plastic bags can be replaced
with bags made from materials such as paper, cloth or
cornstarch; plastic bottles can be replaced with bottles
made from materials such as glass, metal or bamboo;
and plastic packaging can be replaced with packaging
made from materials such as algae, mushrooms or
plant fibers.

Remediation methods can also be used to
reduce MP pollution (Rai et al., 2021). For example,
more research is needed on certain microorganisms
that eat or break down MPs, plant-based materials that
can trap or break down MPs, and marine organisms
that filter or digest MPs. In addition, synthetic biology
can be used to prevent or reduce MP pollution.
Synthetic biology can be used to produce new
microorganisms or enzymes that identify, sort,
degrade or destroy MPs (Jenkins et al., 2019).
Furthermore, synthetic biology can also be used to
produce bioplastics derived from biological sources
instead of petroleum used to produce plastics, which
could enable biological waste management (Pooja et
al., 2023).

Machine learning and artificial intelligence can
be used as decision-making and optimization tools to
develop and implement plastic waste management
strategies (Huang and Koroteev, 2021). Machine
learning and artificial intelligence can be used to
analyze, improve and optimize the performance of the
plastic waste management system, including plastic
waste generation, collection, transport, recycling,
disposal and energy recovery (Huang and Koroteev,
2021; Noman et al., 2022). Air quality monitoring and
modelling networks can also be used to determine the
concentration, distribution and sources of MPs in the
atmosphere (Wright et al., 2021). Air quality sensors
can identify MPs based on their characteristics, such
as size, shape, chemical composition, colour and
reflectance, and track the movement of MPs in the
atmosphere (Munyaneza et al., 2022), which can be
deployed on different platforms such as satellites,
drones, balloons, airplanes or ground stations
(Lambey and Prasad, 2021).

MP pollution poses a serious threat to humanity
as it is a global problem (Al Mamun et al., 2023), and
urgent and effective steps need to be taken to prevent
it. The sources, sizes, shapes, chemical compositions
and concentrations of respirable MPs vary widely, and
no standardized identification or measurement method
exists (Dioses-Salinas et al., 2020). MPs' entry routes
into the human body, distribution, accumulation,
biological interactions and excretion are not yet fully
understood (Wu et al.,, 2022), and reliable and
sensitive biomarkers must be developed to monitor
them (Proki¢ et al., 2019). Understanding the
biomarkers of MPs is important to assess their
potential effects on human health and aquatic
ecosystems (Patra et al., 2022). Reliable toxicity data
is needed, necessitating a more comprehensive
understanding of MP toxicity and a better

characterization of its potential dangers. To better
comprehend the potential health effects of MPs on
humans and aquatic ecosystems, particularly in
determining critical thresholds for health risks in
drinking water and environmental waters, it is
essential to address literature findings and rectify
significant data gaps (Thornton Hampton et al., 2022).
Efforts to enhance understanding of the potential risks
of MPs on human health and aquatic ecosystems rely
on addressing current data gaps (Rahman et al., 2021).
This initiative can contribute to a clearer and more
precise understanding of the primary drivers of MP
toxicity and the specific concentrations at which
adverse effects may occur.

Long-term and large-scale epidemiologic
studies, experimental animal models, in vitro cell
systems, and toxicologic and immunologic studies are
needed to assess human health effects, but these face
ethical, financial and methodological problems. Other
environmental and vital factors need to be controlled
and statistically adjusted to distinguish their impact on
human health, but this is very difficult and complex.
Therefore, studying the effects of respirable MPs on
human health requires a multidisciplinary approach,
international collaboration, standardized protocols,
data sharing and communication between the
scientific community, policymakers, industry and the
public. Further research in this area is vital to develop
strategies to prevent and reduce MP pollution and take
measures to protect human health.

Collaborations and partnerships should be
established at national, regional and international
levels to combat MP pollution. Further scientific
studies and policy action are needed to reduce MP
pollution's environmental and health impacts and
ensure a sustainable plastic-use future.

Collaborations and partnerships should be
developed in areas such as scientific research, policy
making, education, awareness raising, capacity
building, financing, technology transfer and
implementation on MP pollution. It shows the focus
areas for a more comprehensive understanding of
MPs' ecological impacts and atmospheric fate and for
exploring new research areas. Further research in
these areas will improve the effectiveness of strategies
to combat MP pollution and develop strategies to
ensure environmental sustainability, which helps
better understand the environmental impacts of MPs
and achieve our goal of ensuring that future
generations live in a healthy environment. Innovative
solutions and scientific advances will be an important
step forward in the fight against MP pollution, but
more work, resources and global cooperation are
needed to achieve these goals.

8. Conclusions

The occurrence of MPs, their impacts on
ecosystems, their fate in the atmosphere, measurement
and detection methods, concentration determination
and monitoring techniques, distribution estimation,
potential impacts on ecosystems and human health,

1297



Ozgeng et al./Environmental Engineering and Management Journal 23 (2024), 6, 1285-1304

and existing policies and regulations are among the
important issues that need to be reviewed. Research in
these areas will help us understand the impacts of MP
pollution and develop future protection strategies.
Scientific research and data will be a valuable resource
for health authorities, scientists and policymakers.
These scientific studies will help us better understand
the effects of MPs on human health and take more
effective measures to combat plastic pollution. This
process is vital for maintaining a healthy environment
and ensuring a sustainable future.

Therefore, more research and scientific work is
needed to tackle this complex problem and develop
effective solutions. Learning more about the sources,
dispersion mechanisms, impact on ecosystems, and
potential effects on the human health of MPs is crucial.
This information will help improve environmental
protection policies and sustainability efforts and
formulate effective strategies to combat plastic
pollution. Within the realm of green management's
emphasis on sustainability strategies, substantial
progress can be realized in addressing the
environmental threat posed by MPs (MPs) through
enhancements in the subheadings of green
management, namely risk/benefit perception, control
power and belief, intention and action, and attitude
and behavior.

By fortifying these dimensions, significant
measures can be implemented to counteract the impact
of MPs, fostering improvements that align with
sustainability objectives. At the same time, measures
such as raising public awareness and reducing plastic
use will play an important role in addressing MPs'
ecological impacts and atmospheric fate.
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