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Microplastics in Our Environment: Assessing Sources, Fate, and Health Impacts

Microplastic pollution, a pervasive environmental issue, has garnered  
significant global attention due to its adverse impacts on human health and  
ecosystems. This review paper examines the origins, environmental behaviour, and 
consequences of microplastics, which are plastic particles less than 5 mm in size. 
The ubiquitous presence of microplastics in aquatic, terrestrial, and atmospheric 
environments poses significant hazards to human health and biodiversity.  
Microplastics infiltrate the food chain by being ingested by marine organisms,  
accumulating in higher trophic levels, and ultimately becoming available to humans. 
This review focuses on the potential health impacts, environmental behavior, and 
numerous sources of microplastics. Additionally, it underscores existing mitigation 
initiatives, including the circular economy, recycling, and waste management, while 
advocating for more stringent regulations and public education to reduce plastic 
contamination. Safeguarding public health and ecosystems necessitates sustainable 
consumption practices, technological innovation, and global collaboration to address 
the microplastic crisis.

Introduction 
 
The quantity of human-produced debris in both 

water and land ecosystems has surged significantly in 
recent decades, with around 60-80% of this debris being 
composed of plastic (Akdogan & Guven, 2019).  
Large-scale plastic production began in the 1950s  
and presently exceeds 280 million metric tons (MMT) 
globally (Plastics Europe, 2017). A study by Jambeck et 
al. (2015) states that coastal countries contribute between 
4.8 and 12.7 MMT of improperly managed plastic waste 

to the oceans each year. Since 1950, global plastic  
production surged significantly, aimed at enhancing 
human well-being. By 2015, production had nearly 
reached 381 Million metric tons (Padervand et al., 2020). 
Unfortunately, this surge has resulted in widespread 
plastic pollution, making plastics a major issue as  
pollutants (MacArthur et al., 2016). In 2019, global 
plastic production reached approximately 368 million 
metric tons, with half of this production occurring in Asia 
(Tiseo, 2021). By 2050, it is estimated that plastic waste 
in landfills or natural environments will surpass 12 billion 
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metric tons, marking an increase of over 250% compared 
to the 4.9 billion metric tons generated in 2015 (Geyer 
et al., 2017). The COVID-19 pandemic caused a slight 
de crease in plastic production in 2020, with around 367 
MMT being produced, representing a 0.3% decline. 
However, the production of facial masks has led to  
a notable rise in plastic production following the  
COVID-19 pandemic (Lamichhane et al., 2023). Plastics 
are highly persistent, resulting in delayed breakdown  
and rapid accumulation. At present, there is growing 
international concern among scientists about the  
pervasive presence of microplastics — tiny plastic  
particles with significant environmental impacts, as 
highlighted by research from Vaid et al. (2021) and 
Wright et al. (2013). Microplastics (MPs) are plastic 
fragments that range from 5 mm to 1 µm in size, assessed 
along their longest dimension. The composition includes 
several polymers such as polyethylene (PE), polystyrene 
(PS), polypropylene (PP), polyethylene terephthalate 
(PET), and polyvinyl chloride (PVC) (Crawford &  
Quinn, 2017). MPs are small plastic particles that pollute 
the environment and are significantly more prevalent 
than other forms of plastics because of their durability.

MPs greatly influence ecosystems across marine, 
freshwater, and terrestrial environments globally  
(Prabhu et al., 2022). The term "microplastics" was  
initially introduced 19 years ago by Thompson et al. 
(2004) during their investigation of plastic pollution in 
the UK's oceans. Since then, MPs have garnered the 
interest of the scientific community, governments, 
non-governmental organizations, and various other  
entities. Evidence suggests that MPs pose serious risks 
to ecosystems and human health (Osman et al., 2023). 
Plastics emerged as novel materials in the latter part of 
the previous century (Gündogdu and Çevik, 2017). 
However, their extensive manufacturing and utilization 
across several industries have posed a substantial  
environmental hazard (Qasim et al., 2021). Due to their 
small size and high surface-to-volume ratio, MPs can 
absorb inorganic pollutants and persistent organic  
pollutants from their environment, potentially causing 
harmful effects on organisms when they are exposed (Lee 
et al., 2014). Various organic substances contaminate 
MPs, each with significant health impacts, as detailed  
in Table 1. MPs have a notable environmental impact, 
entering soil and water through wind, rainfall, surface 
runoff, and atmospheric deposition. The environmental 
behaviours of MPs, such as aggregation, migration, and 
degradation, are influenced by their physicochemical 

characteristics, including size, color, shape, density, 
composition, and surface charges (Lambert & Wagner, 
2016). Previous studies have shown that microplastic 
pollution is present in various environments, such as 
mountainous regions, lakes (Sighicelli et al., 2018), the 
remote Gobi Desert with limited human influence, and 
karst groundwater (Panno et al., 2019).

Due to their tiny dimensions, MPs can be taken 
in by organisms, infiltrate the food chain, move through 
it, and accumulate in higher trophic levels (Deng et al., 
2020). In recent decades, microplastic pollution has 
emerged as a major environmental issue because of its 
widespread presence in numerous ecosystems worldwide. 
The investigation of MPs is essential for understanding 
their impact on human health and the environment, as 
their repercussions can be extensive. The widespread 
prevalence of MPs poses substantial hazards to wildlife, 
as numerous marine species consume these particles, 
mistakenly perceiving them as food and nourishment. 
Ingesting MPs can cause physical injury and potentially 
harmful effects due to the presence of compounds, such as 
additives and absorbed pollutants from the environment 
(Campanale et al., 2020; Kaban et al., 2021). This review 
is driven by the growing global concern about MPs  
in marine, freshwater, terrestrial, and atmospheric  
ecosystems. The problem of microplastic pollution is 
internationally acknowledged as an urgent environmental 
issue. However, substantial knowledge gaps remain  
regarding the full range of its effects, especially the 

Table 1 Organic substances contaminating microplastics and their health impacts

	 Contaminant	 Source	 Health Impact	 Reference
Persistent organic 
pollutants (POPs)

Plastic additives

Hydrophobic 
organic chemicals 
(HOCs)

Polycyclic 
aromatic 
hydrocarbons 
(PAHs)

Neurotoxic and 
genotoxic 
substances

PCBs, PAHs, 
Dioxins

Bisphenol A 
(BPA), phthalates, 
flame retardants

Environmental 
adsorption

Environmental 
adsorption

Contaminants and 
additives

Endocrine 
disruption, 
carcinogenicity, 
reproductive 
toxicity
Hormonal 
disruptions, 
developmental 
defects, cancer 
risks

Oxidative stress, 
neurotoxicity, 
cellular damage

Immune 
suppression, 
oxidative stress

Oxidative stress, 
inflammation,  
DNA damage, 
increased risk of 
neurodegenerative 
diseases and cancer

Bakir et al. (2014)

Prata et al. (2019)

Ziccardi et al. (2016)

Pittura et al. (2018)

Barboza et al. (2018)
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potential threats to human health. Gaining an in-depth 
understanding of microplastic pollution is essential to 
formulate effective measures and policies to mitigate 
their negative effects on ecosystems.

Microplastic sources in the environment

MPs can be classified into two categories: primary 
and secondary MPs, depending on their source (Duis  
& Coors, 2016; Smith et al., 2018; Avio et al., 2017). 
Primary MPs are tiny synthetic polymers used as  
exfoliants in various processes, such as the production 
of synthetic clothing, the upkeep of plastic items, and 
the creation of chemical formulations (Ziani et al., 
2023). Their main sources are plastic pellets, personal 
care products, washing wastewater, paint, and sewage 
treatment plants.
1.	 Plastic pellets

Plastic pellets are small, granular pieces of plastic, 
usually measuring 2-5 mm in diameter. They are  
commonly used in the production of various plastic  
goods (Karlsson et al., 2018). These materials are  
predominantly derived from petroleum and coal and  
are classified into two categories: thermoplastics and 
thermoset plastics. Plastic pellets find extensive  
application across multiple sectors, including consumer 
products, construction, and automotive industries. Due 
to their long-lasting nature and small dimensions, they 
undergo gradual degradation in the environment and pose 
hazards to both wildlife and human health by entering 
the food chain.
2.	 Personal care products
	 Microbeads are tiny, processed particles used in  
personal care products as alternatives to synthetic  
pigments for cosmetic effects like cleansing and  
exfoliation. They can be categorized into two types 
(Leslie, 2015): thermoplastics and thermoset plastics. 
Notably, polyethylene microbeads constitute 93% of the 
total microplastic beads (Gouin et al., 2012). Typical 
products that contain microbeads include facial cleansers, 
toothpaste, sunscreen, shower gel, and hair dye. Due to 
their tiny size, inability to dissolve, and gradual  
breakdown, microbeads find their way into sewage  
systems along with wastewater. Current sewage treatment 
methods fail to adequately eliminate these MPsMPs, 
allowing their release into the environment via sewage 
sludge, which is frequently utilized in agricultural  
practices.

3.	 Washing wastewater
	 Substantial quantities of plastic microfibers are  
released into the environment during the washing  
process, which encompasses wastewater from domestic 
laundry and washing facilities. These microfibers are 
predominantly sourced from synthetic fabrics made of 
polyamides and polyesters. A single wash can result in 
the shedding of over 1,900 microfibers from each item 
of clothing. Unfortunately, wastewater treatment plants 
are incapable of eliminating these MPs (Cheung & Fok, 
2017), enabling them to infiltrate the environment via 
discharged effluent or sludge. Research indicates that 
plastic microfibers are the predominant form of MPs 
identified in various ecosystems, including soil, rivers, 
and oceans (Horton et al., 2017).
4.	 Paint
	 Pigments, fillers, solvents, and minor quantities of 
beneficial ingredients constitute paint in general.  
Depending on their intended use, coatings can be  
categorized into marine, automotive, architectural, and 
aerospace coatings. They can also be categorized based 
on the materials used to produce the film, including 
natural resin, phenolic, alkyd, epoxy, and other varieties. 
Research indicates that the process of painting may 
produce minuscule plastic particles, which are then  
discharged into the surroundings through aging, erosion, 
and abrasion. Environmental MPs are primarily caused 
by painting, especially from architectural coatings (such 
as paint peeling from buildings), maritime coatings, 
automobile coatings, and road-marking paint (Wang  
et al., 2019).
5.	 Sewage treatment plants (STPs)
	 Sewage treatment facilities are exposed to various 
MPs originating from plastic manufacturing, personal 
care items, chemical laundry products, and tire  
degradation. These MPs enter the system through  
household sewage, industrial waste, and surface water 
discharge. Although treatment processes remove over 
90% of MPs, effluents from these facilities are one of 
the largest sources of microplastic pollution in natural 
waters, as they are directly discharged into surface  
water (Murphy et al., 2016). MPs in sewage sludge 
predominantly result from sedimentation during  
treatment, with over 98% of MPs in influents  
accumulating in sludge (Magnusson et al., 2016).  
However, due to the lack of standardized methods for 
MPsmicroplastic removal from sludge, its use in  
composting and agriculture results in the introduction of 
MPs into the soil (Corradini et al., 2019).
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Secondary MPs form when macro-or mesoplastics, 
fragment due to various environmental processes,  
including biodegradation, photodegradation, thermo- 
oxidative degradation, thermal degradation, and  
hydrolysis (Sharma & Chatterjee, 2017). Their production 
occurs in two distinct phases: in-use fragmentation and 
post-use fragmentation. In-use fragmentation occurs 
through processes such as tire degradation, microfiber 
release during laundry, and the deterioration of fishing 
equipment (Carney et al., 2018; Welden & Cowie, 2017). 
Furthermore, plastics in use can degrade due to animal 
activity—for example, MPsdigging isopods and  
polychaetes create MPs while burrowing in polystyrene 
(PS) floats (Davidson and Dudas, 2016; Jang et al., 2018). 
Post-use fragmentation refers to the breakdown of  
abandoned or discarded plastics. Secondary sources of 
MPsMPs include municipal debris, fishing waste,  
agricultural film. 
6.	 Municipal debris
	 This category includes items like plastic bottles, bags, 
and disposable cutlery. Plastic bags are produced by 
blending different types of plastic with additives and then 
heat-sealing or gluing the mixture. Common plastics used 
include PET, PE, HDPE, PVC, among others. Plastic 
bags are widely utilized because of their affordability, 
light weight, and ease of production. Global consumption 
of plastic bags reaches up to 5 trillion annually. Made 
from materials like PET, PE, and PP, plastic bottles are 
produced through processes such as blow moulding and 
injection moulding. They are primarily used as disposable 
containers for liquids and solids, including beverages 
and food items. Plastic bottles are favoured for their 
convenience, hygiene, affordability, and transparency. It 
is currently estimated that one million plastic bottles  
are sold globally on every minute (An et al., 2020). 
Single-use plastic tableware, which is manufactured 
through thermoplastic moulding of resin or similar  
materials, includes utensils, straws, plates, and lunch 
cases. These items are favoured worldwide for their  
affordability, portability, waterproof qualities, and  
durability.
7.	 Fishing wastes
	 A wide variety of objects, including buoys, floating 
containers, fishing poles, aquariums, nets, lines, and 
wires, make up plastic fishing waste. Every year, people 
around the world discard commercial fishing gear  
weighing anywhere from 0.13 to 135,000 tons (Merrel, 
1980). The aquaculture industry contributes to marine 
plastic pollution by discarding excessive amounts of feed 

sacks, while the use and disposal of plastic fishing nets 
and gear add to the problem. These nets, primarily made 
from materials like PE, LDPE, nylon, and PP, shed fibers 
after entering the ocean (Lu et al., 2018; Yong et al., 
2014). Maritime accidents further exacerbate the issue 
by releasing plastic products into the sea. 
8.	 Farming film
	 Plastic films used in agriculture are a substantial 
source of environmental MPs. Typically produced from 
polyvinyl chloride (PVC), polyethylene (PE), and other 
polymers, these films have been employed since the 1950s 
to elevate soil temperature, reduce soil contamination, 
and enhance crop yield, thus strengthening food  
security. However, their extensive utilization, brief 
lifespan, and inadequate recycling efficiency pose  
challenges in recovery and contribute to the release of 
MPs into the soil. The largest consumer of plastic film 
mulch is China, with 143.37 million tons consumed in 
2017 (National Bureau of Statistics of China, 2018). These 
MPs have the potential to negatively affect human health, 
enter the food chain, be ingested by crops, reduce  
agricultural productivity, and pollute the soil.

Properties of microplastics

The environmental behaviour and toxicity of MPs 
are profoundly influenced by their physical attributes—
size, density, colour, shape, and crystallinity—which are 
often assessed using microscopes (Wright et al., 2013). 
The dimensions of MPs are a critical aspect of MPs study, 
varying according to the collection and separation  
techniques applied, as well as the pore size of the filter 
membrane used (Cai et al., 2020). Accurately measuring 
the dimensions of MPs is crucial in scientific investigations, 
as size is the primary characteristic that differentiates 
thisnovel form of pollutants from traditional ones (Ho et 
al., 2000). Research indicates that the dimensions of MPs 
influence counting precision: smaller particles correlate 
with increased error rates, while larger particles are  
associated with reduced error rates (Lenz et al., 2015). 
MPs that are less dense than water will either float on 
the surface or remain suspended in the water making 
them susceptible to consumption by creatures that inhabit 
the upper and middle layers of water (Hidalgo-Ruz  
et al., 2012). The colour of MPs can indicate their  
probable sources and affect their persistence and  
breakdown in the environment. Colourful samples are 
more readily identifiable, and the degree of fading can 
signify the duration of exposure (Andrady et al., 1993; 
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4. Microplastics in the environment 
    Aquatic environment 
    In aquatic systems, the spatial distribution of MPs is influenced by factors such as concentration and 
contamination, which affect marine species. Lower-density MPs remain buoyant, while higher-density ones 
settle in sediment after fragmentation (Kane et al., 2019). Subsequently, MPs are exchanged among biota, water, 
and sediment through bioturbation, ingestion, and excretion, as illustrated in Fig. 1. 

 

 
Fig. 1 Aquatic microplastics' source, life cycle, and effects on humans, animals, and 
plants (Ali et al., 2024, used with permission) 
 

The introduction of freshwater and turbulence can disrupt the migration of MPs in aquatic environments. 
A recent study utilizing modeling approaches found that the mobility of MPs in rivers is substantially affected by 
water flow, which then influences their transit into aquatic ecosystems (Besseling et al., 2017). Studies have 
demonstrated that invertebrates, fish, birds, and marine mammals can consume MPs in aquatic biota. Upon 
ingestion, they transfer toxic chemicals that are either adsorbed onto the MPs during emission and transportation 
or added as additives during the manufacturing process (Song et al., 2015). Despite the anticipation of substantial 
quantities of MPs in aquatic biota, there is no experimental evidence that MPs are capable of passing high 
concentrations of pollutants to tissues or impairing the functions of organisms MPsMPs (Browne et al., 2013). 
Consequently, this domain necessitates intensive future research. Without adequate filtration or treatment, the 
presence of MPs in drinking water has a direct impact on human health, potentially resulting in diseases such as 
cancer and genetic abnormalities (Ali et al., 2021a; Ali et al., 2021b). Both primary and secondary MPs can 
invade marine ecosystems. Macro- and mega-plastics occasionally find their way into the environment and break 
down into MPs and Nanoplastics (Fotopoulou et al., 2017). Contamination by MPs is a significant issue in 
marine and freshwater ecosystems, with prevalence documented in Europe, Africa, Asia, and North America. 
MPs have a stronger correlation with their parent materials in freshwater, underscoring the distinction between 
freshwater and marine environments, even though they share analogous transport mechanisms and potential 
impacts (Ashrafy et al., 2023; Cera et al., 2020; Galafassi et al., 2021; Onoja et al., 2022). The majority of MP 
particles that are discharged to land ultimately end up in the marine environment, making terrestrial sources a 
significant contributor to marine plastic debris. An estimated 1.15-2.41 million tons of plastic debris are 
transported by rivers annually, contributing between 80% and 94% of the total plastic burden that enters the seas 
and oceans. (Jambeck et al., 2015; Hale et al., 2020; Lebreton et al., 2017; Schmidt et al., 2017). Inadequate 
waste management and population density can result in elevated contamination levels. The global distribution of 
MP in the marine ecosystem causes high interaction with biota in surface waters, deep abysses, and sediments 
(Pedrotti et al., 2016; Lots et al., 2017; Zhao et al., 2015; Mathalon et al., 2014). Through ingestion and 
entanglement, more than 1,400 marine species interact with marine plastic debris. Due to their size and 
coloration, MPs are frequently misidentified as food (Vroom et al., 2017). Corals, zooplankton, phytoplankton, 
crustaceans, sea urchins, and fish are all susceptible to the consumption of MPs, as are larger animals such as sea 
turtles, whales, sharks, polar bears, and seals (Chatterjee and Sharma, 2019; Sharma and Chatterjee, 2017). 
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Turner et al., 2011). MPs, present in diverse forms such 
as films, foams, and fibers, significantly influence  
environmental adsorption, desorption, and ecological 
impacts. Their morphology can offer traceability and data 
on their existence, with pellets, thin films, pieces, foams, 
and fibers being the predominant categories (Muller  
et al., 2018). Crystallinity, a characteristic of polymers, 
denotes the mass or volume ratio of crystalline areas. 
The range is from 30% to 85%, affecting the mechanical 
characteristics of MPs (Guo et al., 2012). Polymers  
can be classified into three categories: crystalline,  
semicrystalline, and amorphous polymers. However, 
there are no crystallinity polymers. Environmental MPs 
undergo progressive modifications in their crystallinity 
over time due to the selective transformation of  
amorphous polymers or the rearrangement of polymer 
chains at the molecular level (Stark et al., 2004; Rouillon 
et al., 2016). The chemical composition and surface 
groups of MPs are the primary determinants of their 
chemical properties. These materials consist of polymers, 
additives such as antioxidants and plasticizers, and  
contaminants that adhere to their surface. During the 
manufacturing, usage, and decomposition of plastics, 
these chemical substances are readily released into the 
environment (Gandara et al., 2016; O’Connor et al., 

2016). A significant portion of the environmental impact 
of MPs is due to their discharge, particularly PVC, which 
is considered highly hazardous because of its elevated 
chlorine content and the emission of dioxins (Paluselli 
et al., 2018). The physical characteristics of polymers, 
including molecular size, degradation level, and  
porosity, are associated with the rate at which chemical 
substances leach (Hermabessiere et al., 2017). The release 
of additives can be significantly enhanced by surface 
deterioration, with the extent of the effect depending on 
the concentration and distribution coefficient of the 
compounds within the original plastic (Hahladakis et al., 
2018). The diversity of surface groups in primary MPs, 
influenced by artificial modifications, affects their  
interactions with chemicals and alters their surface  
oxidation capacities (Lambert & Wagner, 2016).  
Conversely, environmental MPs undergo ongoing  
oxidation processes, leading to a progressive rise in their 
surface group content as they age and degrade (Song  
et al., 2017). To evaluate the behaviour of MPs in the 
environment and their potential impact on human health 
and ecosystems, it is imperative to analyze their physical 
and chemical properties (Ahmed et al., 2022; Cai et al., 
2019).

Fig. 1 Aquatic microplastics' source, life cycle, and effects on humans, animals, and plants (Ali et al., 2024, used with permission)
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Microplastics in the environment

1.	 Aquatic environment
In aquatic systems, the spatial distribution of MPs is 

influenced by factors such as concentration and  
contamination, which affect marine species. Lower- 
density MPs remain buoyant, while higher-density ones 
settle in sediment after fragmentation (Kane et al., 2019). 
Subsequently, MPs are exchanged among biota, water, 
and sediment through bioturbation, ingestion, and  
excretion, as illustrated in Fig. 1.

The introduction of freshwater and turbulence can 
disrupt the migration of MPs in aquatic environments.  
A recent study utilizing modeling approaches found that 
the mobility of MPs in rivers is substantially affected  
by water flow, which then influences their transit into 
aquatic ecosystems (Besseling et al., 2017). Studies have 
demonstrated that invertebrates, fish, birds, and marine 
mammals can consume MPs in aquatic biota. Upon  
ingestion, they transfer toxic chemicals that are either 
adsorbed onto the MPs during emission and transportation 
or added as additives during the manufacturing process 
(Song et al., 2015). Despite the anticipation of substantial 
quantities of MPs in aquatic biota, there is no experimental 
evidence that MPs are capable of passing high  
concentrations of pollutants to tissues or impairing the 
functions of organisms MPsMPs (Browne et al., 2013). 
Consequently, this domain necessitates intensive future 
research. Without adequate filtration or treatment, the 
presence of MPs in drinking water has a direct impact 
on human health, potentially resulting in diseases such 
as cancer and genetic abnormalities (Ali et al., 2021a; 
Ali et al., 2021b). Both primary and secondary MPs can 
invade marine ecosystems. Macro- and mega-plastics 
occasionally find their way into the environment and 
break down into MPs and Nanoplastics (Fotopoulou  
et al., 2017). Contamination by MPs is a significant issue 
in marine and freshwater ecosystems, with prevalence 
documented in Europe, Africa, Asia, and North America. 
MPs have a stronger correlation with their parent  
materials in freshwater, underscoring the distinction 
between freshwater and marine environments, even 
though they share analogous transport mechanisms and 
potential impacts (Ashrafy et al., 2023; Cera et al., 2020; 
Galafassi et al., 2021; Onoja et al., 2022). The majority 
of MP particles that are discharged to land ultimately  
end up in the marine environment, making terrestrial 
sources a significant contributor to marine plastic debris. 
An estimated 1.15-2.41 million tons of plastic debris are 

transported by rivers annually, contributing between 80% 
and 94% of the total plastic burden that enters the seas 
and oceans. (Jambeck et al., 2015; Hale et al., 2020; 
Lebreton et al., 2017; Schmidt et al., 2017). Inadequate 
waste management and population density can result in 
elevated contamination levels. The global distribution of 
MP in the marine ecosystem causes high interaction with 
biota in surface waters, deep abysses, and sediments 
(Pedrotti et al., 2016; Lots et al., 2017; Zhao et al., 2015; 
Mathalon et al., 2014). Through ingestion and  
entanglement, more than 1,400 marine species interact 
with marine plastic debris. Due to their size and  
coloration, MPs are frequently misidentified as food 
(Vroom et al., 2017). Corals, zooplankton, phytoplankton, 
crustaceans, sea urchins, and fish are all susceptible to 
the consumption of MPs, as are larger animals such as 
sea turtles, whales, sharks, polar bears, and seals  
(Chatterjee & Sharma, 2019; Sharma & Chatterjee, 
2017). Marine biota can also consume MPs through 
predation (Watts et al., 2014; Green et al., 2015).  
Predatory vertebrates may consume MPs by mistaking 
them for prey or by consuming invertebrates that have 
already ingested them, while marine species that feed on 
phytoplankton can ingest MPs when these particles  
aggregate with photosynthetic organisms. This process 
allows MPs to transfer between species at various levels 
of the food chain, exposing marine organisms from deep 
sea to surface habitats. Ultimately, these interactions lead 
to MPs entering the human food chain (Tursi et al., 2022). 

Wastewater treatment plants (WWTPs) play a crucial 
role in managing microplastic (MP) pollution. These 
facilities are highly efficient, removing between 84% 
and over 99% of MPs in many cases. However, due to 
the enormous volumes of treated water processed daily, 
even small inefficiencies can lead to the release of  
millions to billions of microplastic particles into aquatic 
environments (Raju et al.,2018). These MPs come from 
diverse sources, such as industrial discharges and  
household activities like washing synthetic fabrics. The 
most common microplastic found in WWTP influent and 
effluent are fibers, especially those made of polyethylene 
and polyester (Tang et al., 2020). While WWTPs are 
generally effective at retaining MPs, they still serve as a 
significant route for MPs to infiltrate aquatic ecosystems. 
Discharged MPs can harm aquatic organisms by  
acting as carriers for toxic chemicals, amplifying their 
ecological impact (Leslie et al., 2017). Moreover, a large 
amount of MPs remains in the sediment produced by 
WWTPs. This sediment is often used as agricultural 
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fertilizer, potentially transferring MPs to terrestrial  
ecosystems (Magni et al., 2019).

Land use patterns affect the spatial concentration of 
microplastic, while factors like microplastic density, land 
use, and hydrodynamic parameters (such as flow  
dynamics and tidal exchanges) influence longitudinal 
patterns in flowing water (Li et al., 2020; Tien et al., 
2020). Rivers carry large amounts of plastic particles, 
causing MPs along with sinking sediment, particularly 
when the energy flow decreases during riverbed  
development (Vivekanand et al., 2021). A German study 
revealed that the concentration of MPs in river sediment 
was 600,000 times greater than in water. MPs MPs 
Microplastic concentrations decreased steadily from 
upstream to downstream due to barrage retention and 
limited tidal influence. However, no such trend was 
observed in the concentration of aqueous MPs (Scherer 
et al., 2020). Various studies indicate that microplastic 
contamination significantly impacts freshwater systems 
in Africa, Asia, Europe, and North America (Eerkes- 
Medrano et al., 2015; Khan et al., 2018; Faure et al., 
2012; Imhof et al., 2013). While both freshwater and 
marine environments face similar transport pressures, 
such as surface currents, and share potential consequences 
like harm to organisms and the transmission of toxins, 
there are key differences due to the proximity of MPs to 
their sources. This leads to the presence of various forms 
of MPs in freshwater systems, such as rivers, displaying 
consistent patterns in their shapes, sizes, and numerical 
distribution (Blettler et al., 2017). Research indicates that 
plastic contamination is present in lakes and ponds 
worldwide, including remote areas like the Andes of the 
Patagonian region (Vaughan et al., 2017; Alfonso et al., 
2020). Plastic tends to accumulate in these water bodies 
as it settles in sediment without further transit to the 
ocean, thereby accumulating over time. Although MPs 
have been identified in freshwater, their presence and 
distribution remain inadequately understood (Khan et 
al., 2018; Dubaish et al., 2013; Klein et al., 2015). The 
lack of understanding regarding the transmission of MPs 
from freshwater to terrestrial habitats and their potential 
health impacts is alarming. Allocating resources for  
research and promoting education and awareness,  
especially in developing nations, is crucial to address 
this issue and establish effective policies and management 
tools (Horton et al., 2017). In aquatic animals and  
mammals, MPs have been found to cause reproductive 
failure and can lead to mortality if the dosage exceeds a 
specific threshold (Gao et al., 2022). Exposure to MP 

results in decreased larvae growth length and lower egg 
hatching rates (Wu et al., 2021). Entanglement and  
ingestion of the remains of the MPs can directly impact 
aquatic organisms. Once ingested, MPs create a false 
sense of satiety, potentially leading to internal blockages 
or damage to the digestive system, and affecting appetite 
(Wang et al., 2018). Plastic microparticles accumulate 
in the digestive tract of organisms, with even smaller 
particles entering and persisting in the circulatory system 
(Jingjing et al., 2018). The accumulation of MPs,  
influenced by the size of the organism, negatively affects 
growth and reproduction of living organisms. Research 
shows that MPs accumulate significantly in fish tissues, 
especially in the liver, and are widely distributed  
throughout the gastrointestinal tract, muscular system, 
and gills. Evidence suggests that ingestion of MPs  
by marine creatures can lead to oxidative stress,  
immunological depression, growth suppression, altered 
gene expression, and changes in the physiology of the 
gastrointestinal systemMPs (Meaza et al., 2020). MPs 
enter the food chain and undergo biomagnification, 
starting with primary consumers and moving up to  
secondary consumers before ultimately reaching humans. 
Consequently, microplastic particles disrupt the food 
chain (van Raamsdonk et al., 2020). Additionally, MPs 
can act as vectors for environmental pollutants and heavy 
metals, adsorbing and later releasing them, thereby  
exposing aquatic organisms to these pollutants (Kang  
et al., 2019).
2.	 Terrestrial environment

MPs enter terrestrial environments through various 
methods, including landfills, atmospheric fallout, and 
agricultural practices like plastic mulching (Geyer et  
al., 2017). Agroecosystems are significant entry points, 
especially when wastewater treatment sludge is applied 
to soil (Corradini et al., 2019). Additionally, direct  
littering and poorly managed waste, such as industrial 
spillages and landfill discharges, exacerbate MP pollution 
(Hale et al., 2020). Furthermore, the deliberate or  
accidental incineration of plastics can emit particles into 
the atmosphere and surrounding environment, which  
may subsequently enter nearby rivers. Effective waste 
management and disposal are essential to mitigate the 
detrimental effects of plastic pollution (Hale et al., 2020). 
The primary sources of microplastic pollution in the 
terrestrial environment include plastic debris, microfibers 
from synthetic textiles, and the degradation of plastic 
fertilizers used in agriculture. According to recent  
research, agricultural settings are major recipients of 
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micro and nanoplastic pollution (ECHA., 2019), primarily 
from sources such as sewage sludge biosolids, plasticulture, 
synthetic polymers, plastic litter decomposition, and  
irrigation with microplastic-contaminated water. These 
sources significantly exacerbate pollution in agricultural 
environments (Kallenbach et al., 2022). Urban  
environments are crucial for the release and cycling  
of plastic debris due to high population densities and 
industrial activities involved in plastic production or 
manufacturing. MPs can be dispersed through textile 
disintegration, environmental degradation, and  
industrial emissions. Three studies in Iran identified MPs 
in urban dust samples, primarily originating from road 
sources such as tire rubber, with concentrations ranging 
from 2.9 to 166 particles per g. This underscores road 
environments as key contributors to urban microplastic 
pollution (Abbasi et al., 2019; Dehghani et al., 2017). In 
terrestrial environments, MPs are transported by physical, 
chemical, and biological mechanisms (Du et al., 2020). 
Airflow and water flow are environmental forces that 
drive physical migration, while degradation and  
adsorption are the primary drivers of chemical migration. 
Biological migration involves the assimilation,  
metabolism, growth, and movement of organisms. The 
biological migration of MPs is significantly influenced 
by their accumulation within the food chain (Yu et al., 
2024). Low-density MPs on soil surfaces can be released 
into the atmosphere through direct emission, bombardment 
during saltation, and aggregate disintegration. Upon 
exiting the atmosphere, MPs migrate to distant terrestrial 
regions and re-enter the Earth's surface through  
precipitation (Allen et al., 2019). Their dispersion,  
migration, and sedimentation are influenced by  
atmospheric parameters, surface characteristics, and MP 
characteristics (Bento et al., 2017). MPs can infiltrate 
soil, sediments, and pollutants in the terrestrial  
environment through various processes and pathways. 
The dynamics of nutrients can be altered by priming 
effects (PEs) (Zhang et al., 2023; Yang et al., 2025). 
Degradable MPs can significantly impact the  
decomposition rate of soil organic carbon. They can be 
transported from urban areas, agricultural fields, or 
landfills by wind and water discharge. According to 
Kumar et al. (2023), MPs can alter the physicochemical 
characteristics of soil, such as its structure and nutrient 
cycling. Consequently, they can influence the growth of 
vegetation and soil-dwelling organisms. Physiological 
and behavioral alterations, as well as the transmission of 
MPs through various food chains, can result from the 

absorption of MPs by organisms such as earthworms  
and insects. Traceable microplastic particles have been 
identified in terrestrial organisms, particularly urban and 
agricultural ravens in California, USA, where plastics 
have become entangled and integrated into their nests 
(Townsend & Barker, 2014). In the gastrointestinal tracts 
of birds of prey from central Florida, Carlin et al. (2020) 
observed an average of 6.22 microplastic particles. 
However, many of these particles were identified as 
rayon, which is sometimes excluded from microplastic 
counts due to its classification as a synthetic polymer. 
The gut contents of bird species now commonly contain 
MPs (Holland et al., 2016). 

Soil, an essential environmental matrix, facilitates the 
functions and services of ecosystems (Bardgett & van 
der Putten, 2014). MPs can significantly impact soil 
physicochemical properties, including bulk density, 
water retention capacity, water stable aggregate  
distribution, and pH. These changes depend on the  
concentration, polymer type, and morphology of MPs 
(Lozano et al., 2021; Zhang et al., 2019). Recent research 
has revealed that fibers have a more substantial influence 
on the formation of macropores, aggregate distribution, 
and soil bulk density. The physicochemical properties  
of soil can also be influenced by interactions with 
soil-dwelling organisms, including fungi and plants 
(Liang et al., 2019; Wang et al., 2020). Significant  
contributors of MPs to soil ecosystems include sewage 
sludge, plastic film mulching, inadequate plastic waste 
management, and agricultural amendments, posing  
serious environmental hazards (Guo et al., 2020; He  
et al., 2022). Inefficient waste management and the  
unauthorized dispersal of plastic waste are substantial 
contributors to land pollution (Prokic et al., 2018).  
Current literature indicates that soil is a more significant 
reservoir of MPs than oceanic basins, as the majority  
of plastic waste is generated and disposed of on land. 
Vertical transfer of MPs into soil aggregates is facilitated 
by various mechanisms, including soil fissures,  
agronomic techniques, plant root elongations, and 
soil-burrowing animals (He et al., 2018; Rillig et al., 
2017). Due to their inherent and ubiquitous presence  
in the environment, MPs act as vectors for soil  
contamination. MPs can significantly impact microbial 
communities that are essential for nitrogen cycling, 
carbon digestion, and other biogeochemical processes 
by altering soil structures (Rong et al., 2021; Rillig et al., 
2021). Research has shown that MPs can significantly 
affect nutrient cycling by influencing soil microbial 
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activity (Machado et al., 2019; Machado et al., 2018;  
Liu et al., 2017). The potential of MPs to alter the  
performance of microbial communities and influence 
nutrient accumulation is demonstrated by the correlation 
between increased microbial activity associated  
with MPs and elevated soil-water dissolved nutrient 
concentrations (Liu et al., 2017). The accumulation of 
MPs in soil adversely affects the animals inhabiting  
the pedosphere. These animals struggle to digest MPs, 
resulting in the accumulation of undigested MPs MPsin 
their bodies (Ju et al., 2019; Kim et al., 2019; Peng et al., 
2017). While smaller organisms like earthworms can 
digest MPs, this can damage their intestinal tract and 
impact their survival MPs (Zhu et al., 2018; Rillig et al., 
2012). Biopores that facilitate the profound infiltration 
of MPs into the soil can be generated by specific soil 
organisms, such as Lumbricus terrestis L. (earthworm), 
as demonstrated by a study. Various organic pollutants 
that are adsorbed onto the surface of the MPs are also 
transported through these biopores (Rillig et al., 2017). 
Consequently, the intrusion of MPs into soil, which  
involves deposition, translocation, erosion, deterioration, 
and percolation to groundwater, poses a threat to  
microorganisms. Ultimately, all living organisms are 
impacted by this interference through indirect utilization 
(Hurley et al., 2018). 
3.	 Atmospheric environment

Atmospheric MPs are associated with human  
activities, although few studies have explored their  
occurrence (Frere et al., 2017). Dris was the first to study 
MPs in the atmosphere, discovering that they are easily 
dispersed by wind and can have long-term ecological 
consequences (Dris et al., 2015). According to this  
research (Dris et al., 2015), MPs can be transported to 
remote regions through wind and atmospheric deposition, 
ultimately entering marine environments, and posing 
health hazards to humans and animals through potential 
inhalation (Prata, 2018). Research on airborne MPs is 
categorized into three types: suspended atmospheric MPs 
(SAMPs), atmospheric deposition, and dust (both indoor 
and outdoor). The density of MPs is a critical  
classification factor, as higher particulate density leads 
to a faster deposition process (Evangeliou et al., 2020). 
MPs present in the air can enter the human body through 
inhalation and ingestion, leading to cytotoxicity,  
oxidative stress, and inflammatory lesions (Stapleton, 
2021; Abbasi et al., 2021). They have the potential to 
accumulate in organs, translocate to tissues, and remain 
unaltered for extended periods (Rahman et al., 2021). 

The immune system's inability to eliminate MPs can lead 
to chronic inflammation and the risk of neoplasia (Prata 
et al., 2020). The presence of MP fibers (MFs) in urban 
air is a significant characteristic of MP pollution. MFs 
are produced from various ground sources, including city 
pollution, erosion of rubber tires, and synthetic textiles. 
Reports indicate that in 2011, the production of textile 
fibers exceeded 90 million metric tons, with two-thirds 
being synthetic and plastic (Zhou et al., 2017; Liu et al., 
2019). In recent decades, the fibrous plastic has  
experienced a 6.6% annual increase (Geyer et al., 2017). 
Both indoor and outdoor environments can exhibit  
fiber-dominated MPs. The commercial use of fine- 
diameter (1–5 mm) plastic fibers, particularly in  
sportswear, may influence the prevalence of microfiber 
in the atmospheric environment (Gasperi et al., 2018).  
A study found that the concentration of microfibers in 
indoor air (1–60 fibers m-3) was considerably higher  
than that in outdoor air (0.3–1.5 fibers m-3) (Dris et al., 
2016). Consequently, indoor exposure to ambient MP 
fibers or particles may impact human health (Chang  
et al., 2006). The primary sources of airborne MPs in 
outdoor environments are synthetic garments, textile 
abrasion, plastic waste incineration, municipal solid 
waste, dust storms, rubber tire abrasion, scaffolding mesh, 
and synthetic turf for ground cover (Cai et al., 2021;  
Hu et al., 2022; Sun et al., 2022). The discharge of  
microscopic fibers from furniture, draperies, carpets, and 
other objects is a significant source of MPs in indoor air 
(Abad López et al., 2023). MP concentration is also  
influenced by factors such as the type of flooring, paint 
coatings, and air conditioners (Chen et al., 2022; Uddin 
et al., 2022). MPs are generated as a result of the opening 
and handling of plastics, such as containers or packaging. 
Their concentrations in the atmosphere depend on the 
plastic content of objects, interior activities, and the 
presence of individuals (Bahrina et al., 2020; Sobhani  
et al., 2020). Waste disposal, vehicular traffic, and  
anthropogenic activities are the primary contributors to 
microplastic pollution in metropolitan environments. 
Open landfills substantially contribute by releasing 
plastic waste into the atmosphere. Continuous exposure 
further increases the probability of coarse plastic  
fragments disintegrating and releasing MPs (Andrady, 
2011; Cole et al., 2011). Additionally, ground activities 
such as industrial cutting, mowing, and tire wear  
contribute to the release of MPs, which are subsequently 
transported into the atmosphere (Liu et al., 2019). The 
abundance of MPs in atmospheric environments depend 
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on factors such as altitude, latitude, climatic conditions, 
and the season of the year (Yang et al., 2021). MP levels 
fluctuate seasonally, with the maximum levels occurring 
in the spring, summer, and winter, and the minimum 
levels occurring in the autumn (Zhou et al., 2017).  
Elevated levels of MP in densely populated regions are 
associated with the density of plastic usage. However, 
other variables such as waste incineration, construction 
materials, industrial operations, soil suspension,  
deforestation, infrastructure, and macroplastic  
breakdown also influence the abundance of MPs (Klein 
& Fischer, 2019; Wright et al., 2020). Airborne MPs  
can contaminate both terrestrial and aquatic ecosystems 
due to their low density and light weight, enabling  
dynamic exchanges among various environmental  
systems (Prata, 2018). Wind, precipitation, and  
atmospheric disturbances can facilitate the transportation 
of MPs in urban environments (Abbasi et al., 2019). 
Recent research indicates that the morphology and  
chemical composition of marine and terrestrial MPs are 
comparable, suggesting that they may have originated 
from terrestrial environments through atmospheric  
transportation and deposition (Free et al., 2014). In  
terrestrial ecosystems, wind erosion is crucial for the 
transportation of MPs, as higher wind velocities lead to 
reduced concentrations of these particles in the  
atmosphere (Rezaei et al., 2019). The dispersion of MPs 
in the atmosphere may be affected by urban topography, 
including the spacing of structures, local meteorological 
conditions, and thermal circulation (Fernando et al., 
2001), particularly for low-density polymers (Horton et 
al., 2017; Nizzetto et al., 2016). Studies confirm that 
atmospheric MPs contaminate terrestrial ecosystems 
through both dry and moist deposition, (Klein &  
Fischer, 2019). Effluent from tires can be discharged  
into the soil near roads and beyond. In the terrestrial 
environment, MPs introduced from the atmosphere  
either remain in the soil layer for an extended period or 
undergo gradual degradation (Baensch-Baltruschat et al., 
2020). MPs accumulate in significant quantities in the 
soil, posing a threat to terrestrial ecosystems (Li et al., 2020). 

Impact of microplastics on human health

MPs pose a potential threat to human health due  
to their reported toxic effects and pervasive presence in 
the environment. Understanding the extent of human 
exposure to MPs is of utmost importance, with oral  
ingestion being the primary pathway, followed by  

inhalation and skin contact (Prata et al., 2020). The  
incorporation of MPs into the intestinal microbiome  
can disturb the equilibrium between beneficial and  
harmful bacteria, resulting in gastrointestinal complaints 
such as stomach discomfort, bloating, and altered  
bowel habits (Jin et al., 2019). MPs can induce  
chemical toxicity by incorporating and accumulating 
MPsenvironmental pollutants such as polycyclic aromatic 
hydrocarbons and heavy metals. When ingested, these 
toxins can cause abdominal pain, vomiting, and nausea, 
impacting the digestive system (Abbasi et al., 2021). The 
persistence of MPs in the intestine can lead to intestinal 
oxidative injury, characterized by an imbalance in the 
production and detoxification of reactive oxygen  
species. If left unchecked, this can result in the  
destruction of cell structures, including DNA, proteins, 
and lipids (Shan et al., 2022). This, in turn, can lead to 
severe inflammatory bowel disease and colon cancer 
(Hettiarachchi et al., 2023). Airborne MPs have the  
potential to impact respiratory health through inhalation 
(Emenike et al., 2023). Shortness of breath, coughing, 
wheezing, and exacerbation of pre-existing respiratory 
conditions, such as asthma, are potential symptoms  
of the irritation and inflammation that these small  
contaminants can induce in the respiratory tract (Abbasi 
et al., 2019; Sangkham et al., 2022). In workers in the 
synthetic textile and flock industries, exposure to  
airborne MPs may lead to respiratory symptoms that are 
associated with the development of airway and  
interstitial pulmonary diseases (Atis et al., 2005; Ahmad 
et al., 2023). An examination of the lungs of flock  
workers exposed to nylon flock revealed that some  
individuals developed persistent interstitial lung disease 
and experienced a progressive decline in lung function. 
This condition ultimately led to secondary pulmonary 
hypertension and respiratory failure, even after they left 
the work environment (Turcotte et al., 2013). These 
airborne fibrous MPs can absorb contaminants from  
their surroundings due to their hydrophobic surface (Endo 
et al., 2013). 

In urban areas, MPs present alongside vehicular  
contaminants MPshave the potential to transport  
polycyclic aromatic hydrocarbons and toxic metals. The 
release of contaminants from MPs can cause  
genotoxicity and lung health issues. Additionally, studies 
have demonstrated that environmental MPs may disrupt 
circadian rhythms and melatonin synthesis, leading to 
sleep disruptions and an increased risk of sleep disorders 
(Melendez-Fernandez et al., 2023; Moralia et al., 2022; 
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Sinha et al., 2022). The presence of MPs has been  
suggested to disrupt hormone regulation and metabolism, 
potentially contributing to weight gain and obesity,  
according to evidence from numerous studies (Ghosh  
et al., 2019; Landrigan et al., 2023; Sinha et al., 2014). 
There is a potential correlation between higher  
susceptibility to diabetes and exposure to MPs (Huang 
et al., 2022). Experimental evidence has demonstrated 
the MPs induce oxidative stress and inflammation, both 
recognized as risk factors for diabetes MPs (Zhao et al., 
2022; Caputi et al., 2022). Numerous endocrine disorders, 
including metabolic, developmental, and reproductive 
disorders, can be caused by MPs, which can disrupt  
the production, release, transport, metabolism, and  
elimination of hormones (Vandenberg et al., 2017; Lee 
et al., 2023). The absorption of environmental hazardous 
substances, such as bisphenol A, through MPs (MPs) can 
lead to specific disorders affecting the endocrine and 
reproductive systems. MPsPrevious research has  
demonstrated that exposure to MPs can result in  
structural abnormalities in testicular and sperm cells, 
decreased sperm viability, and disturbance of the  
endocrine system in males (He et al., 2023). The  
detrimental effects caused by MPs on the male  
reproductive system could lead to reproductive  
dysfunction and decreased fertility (Grechi et al., 2022). 
A recent study using Raman micro spectroscopy found 
MPs in the placentas of six expectant women MPs  
(Ragusa et al., 2021). Research findings suggest that the 
prevalence of MPs may contribute to the development 
or exacerbation of cardiovascular diseases, including 
hypertension, atherosclerosis, and abnormal cardiac 
rhythms (Persiani et al., 2023; Zhao et al., 2021).  
MPs have been observed to induce oxidative stress,  
inflammation, endothelial dysfunction, and disruption of 
normal cardiac function, thereby elevating the risk of 
cardiovascular complications (Prata, 2018; Chang, 2010). 
MPs have been associated with cardiovascular disease 
in recent research. Human kidney and liver cells  
exhibit altered gene expression, decreased proliferation, 
structural abnormalities, and elevated reactive oxygen 
species levels (Goodman et al., 2022). When microplastic 
particles come into contact with the epidermis, they can 
trigger allergic responses. This occurs because the body's 
immune system recognizes these foreign particles as 
hazardous and releases histamines and inflammatory 
substances, inducing allergic symptoms (Tiwari et al., 
2023; Kershaw & Rochman, 2015). MPs have also been 
found to contribute to the development of antibiotic  

resistance, as they may serve as breeding grounds for 
bacteria that can eventually develop resistance. This is 
an important global health problem with profound  
consequences for human health (Shi et al., 2021; Dong 
et al., 2021).

Microplastics mitigation

Global plastic production presents significant 
control challenges, with source control being the most 
acceptable approach (Ruan et al., 2018). It is essential 
for society to minimize the use of unnecessary plastic 
items, including straws, water bottles, plastic bags, and 
utensils. Governments should prioritize recycling and 
refuse collection systems to mitigate environmental waste 
(Lamichhane et al., 2023). Promoting environmentally 
favourable and cost-effective alternatives to plastics is 
crucial (Zhang et al., 2018). Researchers must develop 
techniques to decompose plastics into their basic  
constituents for reconstitution into new materials in the 
coming years (Thompson, 2018). Unlike the centuries it 
takes for plastic beverage bottles to decompose in oceans, 
researchers have identified a mutant enzyme that can 
decompose them in just a few days (Carrington, 2018). 
Recycling conserves resources and energy while  
decreasing harmful emissions, benefiting both society 
and the environment (Prata et al., 2019). The recovery 
process fundamentally relies on using plastics for energy 
production or creating new raw materials (Quesada  
et al., 2019). Various mechanical, biological, and  
caloric systems can be employed to recover the energy 
inherent in residual materials. These systems convert, 
reprocess, and decompose plastic waste into new  
materials or energy when it is not practicable to reuse  
or recycle plastic products (Calero et al., 2021). The 
circular economy is essential for reducing the prevalence 
of secondary MPs in the environment MPs (Munhoz  
et al., 2023). The mechanical properties, shelf-life, and  
recyclability of the products can be enhanced through 
the use of alternative materials and green design  
for single-use plastic items (Rajmohan et al., 2019). 
Fundamental behavioural adjustments and multi-layered 
governance at the level of the general population,  
governments, industries, NGOs, academia, fishermen, 
and local communities are necessary to prevent the  
discharge of MPs into the environment (Rochman et al., 
2016). It is, therefore, crucial to implement measures that 
focus on enhancing environmental knowledge among 
young people (Kuo et al., 2014) and adults (Brennan  

Journal of Food Health and Bioenvironmental Science (January - April 2025), 18(1): 71-92

Pandit & Sharma Microplastics in Our Environment: Assessing Sources, Fate, and Health Impacts



82

et al., 2019), and involve stakeholders in advocating for 
the reduction of plastic pollution to effectively address 
the issue of littering (Clausen et al., 2020). To advance 
toward circularity and reduce plastic waste, the plastics 
industry must be continuously reinvented within the 
context of a circular economy (Jia et al., 2019). Key 
strategies include the prohibition of single-use plastics, 
the extension of producer responsibility, the redesign of 
plastics for circularity, the reduction of preproduction 
plastic particle loss, and the support of the market for 
recycled plastics (Civancik-Uslu et al., 2019; Czarnecka- 
Komorowska & Wiszumirska, 2020; Nahman, 2010). 
The degradation or elimination of MPs from soil and 
water has been achieved through various methods,  
including advanced oxidation processes (Ye et al., 2021), 
photocatalysis (Jiao et al., 2020), microwave treatment 
(Jie et al., 2020), and bioremediation. During  
photocatalysis, plastic particles undergo degradation and 
create cavity structures surrounding the catalysts, which 
trigger oxidation. This results in the formation of  
carbonyl and carboxyl groups, which are subsequently 
photo-oxidized to transform them into volatile organics, 
specifically CO2 and H2O (Hu et al., 2021). A  
microwave-assisted catalytic procedure using an  
iron-based catalyst took about 30–90 sec to transform 
powdered plastic into hydrogen and mostly carbon  
nanotubes (Watt et al., 2021). The removal of MPs, 
whether synthetic or biodegradable, from soil or water 
(Bhatt et al., 2021; Mohanan et al., 2020) can be achieved 
by microorganisms through a four-step bioremediation 
process: biodeterioration, bio-fragmentation, assimilation, 
and mineralization. Microbes initiate physicochemical 
degradation, fragmenting polymers into oligomers and 
monomers, integrating molecules into microbial  
metabolism, and ultimately liberating oxidized  
metabolites (Roy et al., 2022). Preventing microplastic 
leakage into the environment requires effective waste 
management, which includes planning, infrastructure 
development, education, and community involvement to 
minimize the environmental impact. Secured landfills 
and alternative disposal methods, such as incineration or 
pyrolysis, are also crucial (Nikpay et al., 2024). The 
continuous struggle against microplastic pollution  
necessitates the promotion of educational initiatives  
and increase in public awareness. Communities must be 
informed about the environmental repercussions of MPs 
through public awareness campaigns. These campaigns 
utilize a diverse array of strategies, such as videos,  
infographics, social media, and community events, to 

disseminate information about the sources, hazards,  
and consequences of MPs. These efforts encourage  
individuals to adopt practical measures to mitigate  
microplastic contamination, such as minimizing single- 
use plastics and engaging in responsible waste disposal 
(Felipe-Rodriguez et al., 2022). Integrating MPs into 
educational courses, from primary schools to universities, 
is essential for comprehending the emerging  
environmental challenge. This not only explains the  
influence of MPs on the ecosystem but also fosters a 
sense of environmental stewardship and responsibility 
in the younger generation. By doing so, we empower 
environmentally conscious citizens to address microplastic 
contamination (Araujo et al., 2023). Recent research has 
shown substantial progress in implementing biodegradable 
plastics as a sustainable solution to plastic waste. The 
biodegradable nature of bioplastics, including polylactic 
acid (PLA) and polyhydroxyalkanoates (PHAs), has led 
to their integration into applications such as agriculture 
and packaging. However, significant obstacles persist,  
including the necessity of specific environmental 
 conditions for effective degradation, limited recycling 
infrastructure, and high production costs (Keith et al., 
2024). It has been shown that bioplastics make up less 
than 2% of the world's plastic production and are  
mostly employed in low-value sectors. Advancements 
in the creation of bio-based elastomers and other  
polymers are facilitating high-value applications that 
conform to circular economy concepts (Burelo et al., 
2024). Additionally, innovative chemical recycling  
techniques, including pyrolysis and depolymerization, 
are emerging as viable alternatives for managing PLA 
and other biodegradable polymers (Shareefdeen &  
ElGazar, 2024). The transition to bioplastics is also being 
supported by policy measures. Certain nations are 
 implementing legislative instruments to reduce the use 
of single-use plastics and encourage the adoption of  
biodegradable alternatives. However, there is a  
substantial void in the standardization of biodegradation 
protocols, infrastructure development, and consumer 
education to facilitate the efficient processing of waste 
(Mhaddolkar et al., 2024).

Future perspectives

Future studies must focus on the potential health 
hazards associated with MPs pollution and its interactions 
with environmental pollutants. Developing integrated 
MP treatment technologies, effective management  
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strategies, and laws is essential for mitigating negative 
impacts. To mitigate MP pollution, it is necessary to 
adhere strictly to the "Reduce, Reuse, Recycle" principle. 
Additionally, research should investigate the toxic  
impacts of MPs, develop sustainable alternatives to 
single-use plastics, and improve recycling and reuse 
methods while maintaining a low carbon footprint. The 
current state of MP removal efforts is underdeveloped, 
but there is potential for development by integrating 
various methods. Future research may explore the  
potential for organic integration between different  
technology categories (Nasir et al., 2024). Well-designed 
human studies are essential to establish evidence  
regarding the health hazards associated with MPs  
exposure, particularly through long-term studies on 
chronic exposure. Such evidence would help develop 
interventions and inform policy to alleviate the effects 
of MPs on human health. Additionally, spreading  
knowledge within educational institutions, organizations, 
and campaigns on reducing plastic use through rejection, 
reduction, reuse, and recycling can effectively address 
the issue of microplastic pollution (Lamichhane et al., 
2023). There is an urgent need for standardized  
techniques to collect, extract, and identify MPs during 
sampling. Improving data quality will enable cross- 
comparison of various research, therefore facilitating a 
comprehensive picture of the worldwide scope of  
microplastic pollution. The long-term health consequences 
of microplastic exposure should be the primary focus  
of research, with a particular emphasis on vulnerable 
populations, such as expectant women and young  
children. Gaining insight into the interactions between 
MPs and other environmental contaminants is crucial, 
especially their role in the transportation of hazardous 
chemicals and diseases. Developing effective methods 
for eliminating and accelerating the degradation of MPs 
in various environments is imperative to mitigate  
ecological and health risks. Research should prioritize 
the development of cutting-edge, environmentally  
sustainable methods for preventing microplastic  
contamination. Future endeavours to address  
microplastic contamination should prioritize the  
establishment of international monitoring networks to 
optimise data exchange and enhance the understanding 
of microplastic distribution and effects on a global scale. 
This collaborative strategy will facilitate thorough  
evaluations and guide the development of policies.  
Facilitating collaborations between scientists from a 
variety of fields, including public health, toxicology, and 

environmental science, would promote comprehensive 
research and generate more robust solutions. Developing 
standardized international guidelines for microplastic 
research and management is crucial to ensure consistent 
and efficient solutions to this global problem, supporting 
regulatory frameworks and best practices. Enhancing 
public awareness, promoting sustainable practices, and 
empowering global efforts in tackling microplastic  
pollution can be achieved by engaging local communities, 
industries, NGOs, and supporting research in low-income 
countries through capacity-building interventions.

Conclusion

In summary, microplastic pollution is a substantial 
and expanding hazard to both human and environmental 
health. Global ecosystems have been infiltrated by  
microplastic pollution, which has reached alarming 
levels. This pollution poses significant risks to both 
human and environmental health. The persistence of MPs 
in water, soil, and air allows them to disrupt food chains, 
impact wildlife, and expose humans to potentially  
hazardous chemicals. Wildlife is affected by the  
widespread presence of MPs through ingestion and  
entanglement, which may result in toxic effects due to 
chemical contaminants that are absorbed onto plastic 
surfaces. These pollutants not only impair ecosystems 
but also present health hazards to humans through  
skin contact, inhalation, and ingestion. To decrease  
microplastic pollution, it is imperative to prioritize the 
reduction of plastic production and consumption, with a 
particular emphasis on single-use plastics. Advancements 
in sustainable alternatives, recycling technologies, and 
plastic degradation methods present potential solutions. 

Various techniques, such as microwave-assisted 
catalysis,  advanced oxidation processes, and  
bioremediation, can be employed to degrade and remove 
MPs from soil and water. These processes convert into 
volatile compounds such as CO2 and H2O. Powdered 
plastics are swiftly converted to hydrogen and carbon 
nanotubes through microwave-assisted catalysis, which 
employs an iron-based catalyst. Bioremediation involves 
microorganisms degrading plastics through a four-step 
process: biodeterioration, bio-fragmentation, assimilation, 
and mineralization. The results in the conversion of  
MPs into innocuous metabolites. These strategies for 
mitigating microplastic pollution in the environment  
are promising when combined with effective waste 
management practices.
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Furthermore, to effectively address this global 
issue, it is essential to improve waste management  
systems and raise public awareness. Future research 
should focus on the health hazards associated with MPs, 
their interactions with environmental contaminants, and 
the development of integrated technologies for microplastic 
removal. To safeguard the public welfare and the  
environment for future generations and prevent  
microplastic pollution, it is crucial that governments, 
industries, and communities participate in a global  
collaborative effort. Moreover, the most effective  
approach to reducing future pollution will be to increase 
awareness through education and enforce more  
stringent regulations on plastic production and disposal. 
Addressing the microplastic crisis will necessitate  
comprehensive, interdisciplinary endeavours that  
encompass community action, science, and policy.

References

Abad López, A.P., Trilleras, J., Arana, V.A., Garcia-Alzate, 
L.S., & Grande-Tovar, C.D. (2023). Atmospheric  
microplastics: Exposure, toxicity, and detrimental 
health effects. RSC Advances, 13(11), 7468–7489.

Abbasi, S. (2021). Routes of human exposure to micro(nano) 
plastics. Current Opinion in Toxicology, 27, 41–46.

Abbasi, S., Keshavarzi, B., Moore, F., Turner, A., Kelly, F.J., 
Dominguez, A.O., ... Jaafarzadeh, N. (2019). Distribution 
and potential health impacts of microplastics and  
microrubbers in air and street dusts from Asaluyeh 
County, Iran. Environmental Pollution, 244, 153–164.

Abbasi, S., Moore, F., & Keshavarzi, B. (2021). PET-microplastics 
as a vector for polycyclic aromatic hydrocarbons in a 
simulated plant rhizosphere zone. Environmental 
Technology and Innovation, 21, 101370.

Ahmad, M., Chen, J., Khan, M.T., Yu, Q., Phairuang, W.,  
Furuuchi, M., Ali, S.W., Nawab, A., ... Panyametheekul, 
S. (2023). Sources, analysis, and health implications 
of atmospheric microplastics. Emerging Contaminants, 
9(3), 100233. 

Ahmed, R., Hamid, A.K., Krebsbach, S.A., He, J., & Wang, D. 
(2022). Critical review of microplastics removal from 
the environment. Chemosphere, 293, 133557. 

Akdogan, Z., & Guven, B. (2019). Microplastics in the  
environment: A critical review of current understanding 
and identification of future research needs.  
Environmental Pollution, 254(Pt A), 113011. 

Alfonso, M.B., Scordo, F., Seitz, C., Mavo Manstretta, G.M., 
Ronda, A.C., Arias, A.H., … Piccolo, M.C. (2020). 
First evidence of microplastics in nine lakes across 
Patagonia (South America). Science of the Total  
Environment, 733, 139385.

Ali, S.S., Elsamahy, T., Al-Tohamy, R., & Sun, J. (2024). A 
critical review of microplastics in aquatic ecosystems: 
Degradation mechanisms and removing strategies. 
Environmental Science and Ecotechnology, 21, 100427.

Ali, S.S., Elsamahy, T., Al-Tohamy, R., Zhu, D., Mahmoud, 
Y.A. G., Koutra, E., …Sun, J. (2021b) Plastic wastes 
biodegradation: Mechanisms, challenges and future 
prospects. Science of the Total Environment, 780, 
146590.

Ali, S.S., Elsamahy, T., Koutra, E., Kornaros, M., El-Sheekh, 
M., Abdelkarim, E.A., … Sun, J. (2021a) Degradation 
of conventional plastic wastes in the environment:  
A review on current status of knowledge and  
future perspectives of disposal. Science of the Total 
Environment, 771, 144719.

Allen, S., Allen, D., Phoenix, V.R., Le Roux, G., Durántez 
Jiménez, P., Simonneau, A., … Galop, D. (2019).  
Atmospheric transport and deposition of microplastics 
in a remote mountain catchment. Nature Geoscience, 
12(5), 339–344.

An, L., Liu, Q., Deng, Y., Wu, W., Gao, Y., & Ling, W. (2020). 
Sources of microplastic in the environment. In D.  
He & Y. Luo (Eds.), Microplastics in Terrestrial  
Environments (pp 143-159). Cham: Springer.

Andrady, A.L. (2011). Microplastics in the marine environment. 
Marine Pollution Bulletin, 62(8), 1596–1605.

Andrady, A.L., Pegram, J.E., & Song, Y. (1993). Studies on 
enhanced degradable plastics. II. Weathering of  
enhanced photodegradable polyethylenes under  
marine and freshwater floating exposure. Journal of 
Environmental Polymer Degradation, 1(2), 117–126.

Araujo, J.L., Morais, C., & Paiva, J.C. (2023). Students’  
attitudes towards the environment and marine litter  
in the context of a coastal water quality educational 
citizen science project. Australian Journal of  
Environmental Education, 39(4), 522–535. 

Ashrafy, A., Liza, A.A., Islam, M.N., Billah, M.M., Arafat, 
S.T., Rahman, M.M., … Rahman, S.M. (2023).  
Microplastics pollution: A brief review of its source 
and abundance in different aquatic ecosystems. Journal 
of Hazardous Materials Advances, 9, 100215.

Atis,S., Tutluoglu, B., Levent, E., Ozturk, C., Tunaci, A., Sahin, 
K., … Nemery, B. (2005). The respiratory effects of 
occupational polypropylene flock exposure. The  
European Respiratory Journal, 25(1), 110–117. 

Avio, C.G., Gorbi, S., & Regoli, F. (2017). Plastics and  
microplastics in the oceans: From emerging pollutants 
to emerged threat. Marine Environmental Research, 
128, 2–11. 

Baensch-Baltruschat, B., Kocher, B., Stock, F., & Reifferscheid, 
G. (2020). Tyre and road wear particles (TRWP) - A 
review of generation, properties, emissions, human 
health risk, ecotoxicity, and fate in the environment. 
Science of the Total Environment, 733, 137823.

Bahrina, I., Syafei, A.D., Satoto, R., Jiang, J.J., Nurasrin, N.R., 
Assomadi, A.F., … Nasir, M. (2020). An occupant- 
based overview of microplastics in indoor environments 
in the city of Surabaya, Indonesia. Journal of Ecological 
Engineering, 21(8), 236–242.

Journal of Food Health and Bioenvironmental Science (January - April 2025), 18(1): 71-92

Microplastics in Our Environment: Assessing Sources, Fate, and Health Impacts Pandit & Sharma



85

Bakir, A., Rowland, S., & Thompson, R. (2014). Enhanced 
desorption of persistent organic pollutants from  
microplastics under simulated physiological conditions. 
Environmental Pollution, 185, 16–23

Barboza, L., Vieira, L., Branco, V., Figueiredo, N., Carvalho,  
F., Carvalho, C., ...Guilhermino, L. (2018). Microplastics  
cause neurotoxicity, oxidative damage and energy- 
related changes and interact with the bioaccumulation 
of mercury in the European seabass, Dicentrarchus 
labrax (Linnaeus, 1758). Aquatic Toxicology, 195, 
49–57.

Bardgett, R.D., & van der Putten, W.H. (2014). Belowground 
biodiversity and ecosystem functioning. Nature, 
515(7528), 505–511.

Bento, C.P.M., Goossens, D., Rezaei, M., Riksen, M., Mol, 
H.G.J., Ritsema, C.J., & Geissen, V. (2017). Glyphosate 
and AMPA distribution in wind-eroded sediment  
derived from loess soil. Environmental Pollution, 
220(Part B), 1079–1089.

Besseling, E., Quik, J.T.K., Sun, M., & Koelmans, A.A. (2017). 
Fate of nano- and microplastic in freshwater systems: 
A modeling study. Environmental Pollution, 220(Part 
A), 540–548. 

Bhatt, P., Pathak, V.M., Bagheri, A.R., & Bilal, M. (2021). 
Microplastic contaminants in the aqueous environment, 
fate, toxicity consequences, and remediation strategies. 
Environmental Research, 200, 111762. 

Blettler, M.C.M., Ulla, M.A., Rabuffetti, A.P., & Garello, N. 
(2017). Plastic pollution in freshwater ecosystems: 
Macro-, meso-, and microplastic debris in floodplain 
lake. Environmental Monitoring and Assessment, 189, 581.

Brennan, C., Ashley, M., & Molloy, O. (2019). A system  
dynamics approach to increasing ocean literacy.  
Frontiers in Marine Science, 6, 360. 

Browne, M.A., Niven, S.J., Galloway, T.S., Rowland, S.J., & 
Thompson, R.C. (2013). Microplastic moves pollutants 
and additives to worms, reducing functions linked to 
health and biodiversity. Current Biology, 23, 2388–
2392.

Burelo, M., Martínez, A., Hernández-Varela, J.D., Stringer, T., 
Ramírez-Melgarejo, M., Yau, A. Y., … Treviño- 
Quintanilla, C.D. (2024). Recent Developments in 
Synthesis, Properties, Applications and Recycling of 
Bio-Based Elastomers. Molecules (Basel, Switzerland), 
29(2), 387.

Cai, H., Chen, M., Chen, Q., Du, F., Liu, J., & Shi, H. (2020). 
Microplastic quantification affected by structure and 
pore size of filters. Chemosphere, 257, 127198. 

Cai, L., Wu, D., Xia, J., Shi, H., & Kim, H. (2019). Influence 
of physicochemical surface properties on the adhesion 
of bacteria onto four types of plastics. Science of the 
Total Environment, 671, 1101–1107.

Cai, Y., Mitrano, D.M., Hufenus, R., & Nowack, B. (2021). 
Formation of fiber fragments during abrasion of  
polyester textiles.  Environmental Science &  
Technology, 55(12), 8001–8009.

Calero, M., Godoy, V., Quesada, L., & Martín-Lara, M.A. 
(2021). Green strategies for microplastics reduction. 
Current Opinion in Green and Sustainable Chemistry, 
28, 100442.

Campanale, C., Massarelli, C., Savino, I., Locaputo, V., & 
Uricchio, V.F. (2020). A detailed review study on  
potential effects of microplastics and additives of 
concern on human health. International Journal of 
Environmental Research and Public Health, 17(4), 1212. 

Caputi, S., Diomede, F., Lanuti, P., Marconi, G.D., Di Carlo, 
P., Sinjari, B., … Trubiani, O. (2022). Microplastics 
affect the inflammation pathway in human gingival 
fibroblasts: A study in the Adriatic Sea. International 
Journal of Environmental Research and Public Health, 
19, 7782.

Carlin, J., Craig, C., Little, S., Donnelly, M., Fox, D., Zhai, L., 
& Walters, L. (2020). Microplastic accumulation in  
the gastrointestinal tracts in birds of prey in central 
Florida, USA. Environmental Pollution, 264, 114633.

Carney Almroth, B.M., Åström, L., Roslund, S., Petersson, H., 
Johansson, M., & Persson, N.K. (2018). Quantifying 
shedding of synthetic fibers from textiles; a source  
of microplastics released into the environment.  
Environmental Science and Pollution Research, 25(2), 
1191–1199. 

Carrington, D. (2018). Scientists accidentally create mutant 
enzyme that eats plastic bottles. The Guardian.  
Retrieved from https://www.theguardian.com/environ 
ment/2018/apr/16/scientists-accidentally-create- 
mutant-enzyme-that-eats-plastic-bottles

Cera, A., Cesarini, G., & Scalici, M. (2020). Microplastics  
in freshwater: What is the news from the world?.  
Diversity, 12, 276. 

Chang, C. (2010). The immune effects of naturally occurring 
and synthetic nanoparticles. Journal of Autoimmunity, 
34(3), J234–J246.

Chang, T.J., Hsieh, Y.F., & Kao, H.M. (2006). Numerical  
investigation of airflow pattern and particulate matter 
transport in naturally ventilated multi-room buildings. 
Indoor Air, 16(2), 136–152.

Chatterjee, S., & Sharma, S. (2019). Microplastics in our oceans 
and marine health. Field Actions Science Reports: The 
Journal of Field Actions,(19), 54–61.

Chen, Y., Awasthi, A.K., Wei, F., Tan, Q., & Li, J. (2021). 
Single-use plastics: production, usage, disposal, and 
adverse impacts. Science of the Total Environment, 
752, 141772.

Chen, Y., Li, X., Zhang, X., Zhang, Y., Gao, W., Wang, R., & 
He, D. (2022). Air conditioner filters become sinks and 
sources of indoor microplastics fibers. Environmental 
Pollution, 292(Part B), 118465.

Cheung, P.K., & Fok, L. (2017). Characterisation of plastic 
microbeads in facial scrubs and their estimated  
emissions in Mainland China. Water Research, 122, 
53–61. 

Civancik-Uslu, D., Puig, R., Voigt, S., Walter, D., & Fullana- 
i-Palmer, P. (2019). Improving the production chain 
with LCA and eco-design: Application to cosmetic 
packaging. Resources, Conservation and Recycling, 
151, 104475.

Clausen, L.P.W., Hansen, O.F.H., Oturai, N.B., Syberg, K., & 
Hansen, S.F. (2020). Stakeholder analysis with  
regard to a recent European restriction proposal on 
microplastics. PLOS ONE, 15, e0235062.

Journal of Food Health and Bioenvironmental Science (January - April 2025), 18(1): 71-92

Pandit & Sharma Microplastics in Our Environment: Assessing Sources, Fate, and Health Impacts



86

Cole, M., Lindeque, P., Halsband, C., & Galloway, T. S. (2011). 
Microplastics as contaminants in the marine environment: 
A review. Marine Pollution Bulletin, 62(12), 2588–2597.

Corradini, F., Meza, P., Eguiluz, R., Casado, F., Huerta-L 
wanga, E., & Geissen, V. (2019). Evidence of  
microplastic accumulation in agricultural soils from 
sewage sludge disposal. Science of the Total Environment, 
671, 411–420. 

Crawford, C.B., & Quinn, B. (2017). Plastic production, waste 
and legislation. In C.B. Crawford & B. Quinn (Eds.), 
Microplastic Pollutants (pp. 39–56). Amsterdam:  
Elsevier Science.

Czarnecka-Komorowska, D., & Wiszumirska, K. (2020).  
Sustainability design of plastic packaging for the  
circular economy. Polimery, 65, 8.

Davidson, K., & Dudas, S.E. (2016). Microplastic ingestion by 
wild and cultured Manila clams (Venerupis philippinarum) 
from Baynes Sound, British Columbia. Archives  
of Environmental Contamination and Toxicology, 
71(2), 147–156. 

Dehghani, S., Moore, F., & Akhbarizadeh, R. (2017). Microplastic 
pollution in deposited urban dust, Tehran metropolis, 
Iran. Environmental Science and Pollution Research, 
24(25), 20360–20371.

Deng, Y., Yan, Z., & Zhu, Q. (2020). Tissue accumulation of 
microplastics and toxic effects: Widespread health risks 
of microplastics exposure. In D. He & Y. Luo (Eds.), 
Microplastics in Terrestrial Environments (p. 454). 
Cham: Springer. 

Dong, H., Chen, Y., Wang, J., Zhang, Y., Zhang, P., Li, X., … 
Zhou, A. (2021). Interactions of microplastics and 
antibiotic resistance genes and their effects on the 
aquaculture environments. Journal of Hazardous  
Materials, 403, 123961. 

Dris, R., Gasperi, J., Rocher, V., Saad, M., Renault, N., & 
Tassin, B. (2015). Microplastic contamination in an  
urban area: A case study in Greater Paris. Environmental 
Chemistry, 12(5), 592–599.

Dris, R., Gasperi, J., Saad, M., Mirande, C., & Tassin, B. (2016). 
Synthetic fibers in atmospheric fallout: A source of 
microplastics in the environment? Marine Pollution 
Bulletin, 104(1–2), 290–293.

Du, J., Xu, S., Zhou, Q., Li, H., Fu, L., ... Du, X. (2020). A 
review of microplastics in the aquatic environment:  
Distribution, transport, ecotoxicology, and toxicological 
mechanisms. Environmental Science and Pollution 
Research, 27(11), 11494–11505.

Dubaish, F., & Liebezeit, G. (2013). Suspended microplastics 
and black carbon particles in the Jade system, Southern 
North Sea. Water, Air, and Soil Pollution, 224, 1352.

Duis, K., & Coors, A. (2016). Microplastics in the aquatic  
and terrestrial environment: sources (with a specific 
focus on personal care products), fate and effects. 
Environmental Sciences Europe, 28, 1–25. 

Eerkes-Medrano, D., Thompson, R. C., & Aldridge, D.C. 
(2015). Microplastics in freshwater systems: A review 
of the emerging threats, identification of knowledge 
gaps and prioritization of research needs. Water  
Research, 75, 63–82.

Emenike, E.C., Okorie, C.J., Ojeyemi, T., Egbemhenghe, A., 
Iwuozor, K.O., Saliu, O.D., … Adeniyi, A.G. (2023). 
From oceans to dinner plates: The impact of  
microplastics on human health. Heliyon, 9(10), e20440. 

Endo, S., Yuyama, M., & Takada, H. (2013). Desorption  
kinetics of hydrophobic organic contaminants from marine 
plastic pellets. Marine Pollution Bulletin, 74(1), 125–131. 

European Chemicals Agency (ECHA). (2019). ANNEX XV 
restriction report, proposal for a restriction: Intentionally 
added microplastics (p. 146). Retrieved from https://
echa.europa.eu/documents/10162/05bd96e3-b969-0a
7c-c6d0-441182893720

Evangeliou, N., Grythe, H., Klimont, Z., Heyes, C., Eckhardt, 
S., Lopez-Aparicio, S., & Stohl, A. (2020). Atmospheric 
transport is a major pathway of microplastics to remote 
regions. Nature Communications, 11(1), 3381.

Faure, F., Corbaz, M., Baecher, H., & de Alencastro, L. (2012). 
Pollution due to plastics and microplastics in Lake 
Geneva and in the Mediterranean Sea. Archives des 
Sciences, 65, 157–164.

Felipe-Rodriguez, M., Bohm, G., & Doran, R. (2022). What 
does the public think about MPs? Insights from an 
empirical analysis of mental models elicited through 
free associations. Frontiers in Psychology, 13, 920454. 

Fernando, H.J.S., Lee, S.M., Anderson, J., Princevac, M., 
Pardyjak, E., & Grossman-Clarke, S. (2001). Urban 
fluid mechanics: Air circulation and contaminant  
dispersion in cities. Environmental Fluid Mechanics, 
1(1), 107–164.

Fotopoulou, K.N., & Karapanagioti, H.K. (2017). Degradation 
of various plastics in the environment. In H. Takada & 
H.K. Karapanagioti (Eds.), Hazardous Chemicals 
Associated with Plastics in the Marine Environment. 
The Handbook of Environmental Chemistry vol. 78. 
(pp. 71–92). Cham: Springer.

Free, C.M., Jensen, O.P., Mason, S.A., Eriksen, M., Williamson, 
N.J., & Boldgiv, B. (2014). High levels of microplastic 
pollution in a large, remote, mountain lake. Marine 
Pollution Bulletin, 85(1), 156–163.

Frere, L., Paul-Pont, I., Rinnert, E., Petton, S., Jaffre, J.,  
Bihannic, I., … Huvet, A. (2017). Influence of  
environmental and anthropogenic factors on the  
composition, concentration, and spatial distribution  
of microplastics: A case study of the Bay of Brest 
(Brittany, France). Environmental Pollution, 225, 
211–222.

Galafassi, S., Campanale, C., Massarelli, C., Uricchio, V.F., & 
Volta, P. (2021). Do freshwater fish eat microplastics? 
A review with a focus on effects on fish health and 
predictive traits of MPs ingestion. Water, 13, 2214. 

Gandara, E.S.P.P., Nobre, C.R., Resaffe, P., Pereira, C.D.S., & 
Gusmão, F. (2016). Leachate from microplastics  
impairs larval development in brown mussels. Water 
Research, 106, 364–370.

Gao, D., Liu, X., Junaid, M., Liao, H., Chen, G., Wu, Y., ...
Wang, J. (2022). Toxicological impacts of micro(nano)
plastics in the benthic environment. The Science of the 
Total Environment, 836, 155620. 

Journal of Food Health and Bioenvironmental Science (January - April 2025), 18(1): 71-92

Microplastics in Our Environment: Assessing Sources, Fate, and Health Impacts Pandit & Sharma



87

Gasperi, J., Wright, S.L., Dris, R., Collard, F., Mandin, C., 
Guerrouache, M., ... Tassin, B. (2018). Microplastics 
in air: Are we breathing it in?. Current Opinion in 
Environmental Science and Health, 1, 1–5.

Geyer, R., Jambeck, J.R., & Law, K.L. (2017). Production, use, 
and fate of all plastics ever made. Science Advances, 
3(7), e1700782. 

Ghosh, S., Sinha, J. K., and Raghunath, M. (2019). 'Obesageing': 
Linking obesity and ageing. Indian Journal of Medical 
Research, 149, 610–615.

Goodman, K.E., Hua, T., & Sang, Q.A. (2022). Effects of 
polystyrene microplastics on human kidney and liver 
cell morphology, cellular proliferation, and metabolism. 
ACS Omega, 7(38), 34136–34153. 

Gouin, T., Avalos, J., Brunning, I., Brzuska, K., de Graaf, J., 
Kaumanns, J., … Wolf, T. (2012). Use of micro-plastic 
beads in cosmetic products in Europe and their  
estimated emissions to the North Sea environment. 
SOFW Journal, 141, 40–46.

Grechi, N., Franko, R., Rajaraman, R., Stockl, J. B., Trapphoff, 
T., Dieterle, S., … Ferraz, M.A.M.M. (2022).  
Microplastics are present in women’s and cows’  
follicular fluid and polystyrene microplastics  
compromise bovine oocyte function in vitro. eLife, 12, 
RP86791. 

Green, D.S., Boots, B., Blockley, D.J., Rocha, C., & Thompson, 
R. (2015). Impacts of discarded plastic bags on marine  
assemblages and ecosystem functioning. Environmental 
Science and Technology, 49(9), 5380–5389. 

Gündoğdu, S., & Çevik, C. (2017). Micro- and mesoplastics 
in northeast levantine coast of Türkiye: The preliminary  
results from surface samples. Marine Pollution Bulletin, 
118(1–2), 341–347. 

Guo, J.J., Huang, X.P., Xiang, L., Wang, Y.Z., Li, Y.W., Li, H., 
… Wong, M.H. (2020). Source, migration, and  
toxicology of microplastics in soil. Environment  
International, 137, 105263.

Guo, X., Wang, X., Zhou, X., Kong, X., Tao, S., & Xing, B. 
2012). Sorption of four hydrophobic organic  
compounds by three chemically distinct polymers: Role 
of chemical and physical composition. Environmental 
Science and Technology, 46(13), 7252–7259.

Hahladakis, J.N., Velis, C.A., Weber, R., Iacovidou, E., & 
Purnell, P. (2018). An overview of chemical additives 
present in plastics: migration, release, fate, and  
environmental impact during their use, disposal, and 
recycling. Journal of Hazardous Materials, 344, 
179–199.

Hale, R.C., Seeley, M.E., La Guardia, M.J., Mai, L., & Zeng, 
E.Y. (2020). A global perspective on microplastics. 
Journal of Geophysical Research: Oceans, 125, 
e2018JC014719. 

He, D., Luo, Y., Lu, S., & Liu, M. (2018). Microplastics in soil: 
Analytical methods, pollution characteristics, and 
ecological risks. Trends in Analytical Chemistry, 109, 
163–172.

He, Y., & Yin, R. (2023). The reproductive and transgenerational  
toxicity of microplastics and nanoplastics: a threat to 
mammalian fertility in both sexes. Journal of Applied 
Toxicology, 44, 66–85. 

Hermabessiere, L., Dehaut, A., Paul-Pont, I., Lacroix, C., 
Jezequel, R., Soudant, P., & Duflos, G. (2017).  
Occurrence and effects of plastic additives on marine 
environments and organisms: A review. Chemosphere, 
182, 781–793.

Hettiarachchi, H., & Meegoda, J.N. (2023). Microplastic  
pollution prevention: the need for robust policy  
interventions to close the loopholes in current waste 
management practices. International Journal of  
Environmental Research and Public Health, 20(14), 6434. 

Hidalgo-Ruz, V., Gutow, L., Thompson, R.C., & Thiel, M. 
(2012). Microplastics in the marine environment: a 
review of the methods used for identification and 
quantification. Environmental Science and Technology, 
46(6), 3060–3075. 

Ho, Y.S., Ng, I.Y., & McKay, G. (2000). Kinetics of pollutant 
sorption by biosorbents: Review. Separation and  
Purification Methods, 29, 189–232. 

Holland, E.R., Mallory, M.L., & Shutler, D. (2016). Plastics 
and other anthropogenic debris in freshwater birds from 
Canada. Science of the Total Environment, 571, 251–258.

Horton, A.A., Walton, A., Spurgeon, D.J., Lahive, E., & Svendsen, 
C. (2017). Microplastics in freshwater and terrestrial 
environments: evaluating the current understanding to 
identify the knowledge gaps and future research priorities. 
Science of the Total Environment, 586, 127–141. 

Hu, K., Tian, W., Yang, Y., Nie, G., Zhou, P., Wang, Y., … 
Wang, S. (2021). Microplastics remediation in aqueous 
systems: strategies and technologies. Water Research, 
198, 117144. 

Hu, T., He, P., Yang, Z., Wang, W., Zhang, H., Shao, L., & Lü, 
F. (2022). Emission of airborne microplastics from 
municipal solid waste transfer stations in downtown. 
Science of the Total Environment, 828, 154400.

Huang, D., Zhang, Y., Long, J., Yang, X., Bao, L., Yang, Z., … 
and Yan, D. (2022). Polystyrene microplastic exposure 
induces insulin resistance in mice via dysbacteriosis 
and pro-inflammation. The Science of the Total  
Environment, 838(1), 155937.

Huerta Lwanga, E., Thapa, B., Yang, X., Gertsen, H., Salánki, 
T., Geissen, V., … Garbeva, P. (2018). Decay of 
low-density polyethylene by bacteria extracted from 
earthworm's guts: a potential for soil restoration.  
Science of the Total Environment, 624, 753–757. 

Hurley, R.R., & Nizzetto, L. (2018). Fate and occurrence of 
micro(nano)plastics in soils: Knowledge gaps and 
possible risks. Current Opinion in Environmental 
Science & Health, 1, 6–11.

Imhof, H.K., Ivleva, N.P., Schmid, J., Niessner, R., & Laforsch, 
C. (2013). Contamination of beach sediments of a 
subalpine lake with microplastic particles. Current 
Biology, 23, R867–R868.

Jambeck, J.R., Geyer, R., Wilcox, C., Siegler, T.R., Perryman, 
M., Andrady, A., … Law, K.L. (2015). Plastic waste 
inputs from land into the ocean. Science, 347, 768–771. 

Jang, M., Shim, W.J., Han, G.M., Song, Y.K., & Hong, S.H. 
(2018). Formation of microplastics by polychaetes 
(Marphysa sanguinea) inhabiting expanded polystyrene 
marine debris. Marine Pollution Bulletin, 131(Part A), 
365–369. 

Journal of Food Health and Bioenvironmental Science (January - April 2025), 18(1): 71-92

Pandit & Sharma Microplastics in Our Environment: Assessing Sources, Fate, and Health Impacts



88

Jia, L., Evans, S., & van der Linden, S. (2019). Motivating 
actions to mitigate plastic pollution. Nature  
Communications, 10, 4582.

Jiao, X., Zheng, K., Chen, Q., Li, X., Li, Y., Shao, W., ... Xie, 
Y. (2020). Photocatalytic conversion of waste plastics 
into C2 fuels under simulated natural environment 
conditions. Angewandte Chemie International Edition, 
59(36), 15497–15501. 

Jie, X., Li, W., Slocombe, D., Gao, Y., Banerjee, I., Gonzalez- 
Cortes, S., ... Edwards, P. (2020). Microwave-initiated 
catalytic deconstruction of plastic waste into hydrogen 
and high-value carbons. Nature Catalysis, 3, 902–912. 

Jin, Y., Lu, L., Tu, W., Luo, T., & Fu, Z. (2019). Impacts of  
polystyrene microplastic on the gut barrier, microbiota, 
and metabolism of mice. Science of the Total  
Environment, 649, 308–317.

Jingjing, Y., Li, X., Anxiang, L., Wei, L., Junyi, L., & Wei, C. 
(2018). Research progress on the sources and  
toxicology of micro(nano) plastics in environment. 
Environmental Chemistry, 37(3), 383–396.

Ju, H., Zhu, D., & Qiao, M. (2019). Effects of polyethylene 
microplastics on the gut microbial community,  
reproduction, and avoidance behaviors of the soil 
springtail, Folsomia candida. Environmental Pollution, 
247, 890–897.

Kaban, S., Muthmainnah, D., Wibowo, A., Toshiya, S., Rais, 
A.H., & Sulit, V.T. (2021). Highlighting the importance 
of studying microplastics in freshwater fishes. Fish for 
the People, 19(1), 48–51. 

Kallenbach, E.M.F., Rødland, E.S., Buenaventura, N.T., & 
Hurley, R. (2022). Microplastics in terrestrial and 
freshwater environments. In M.S. Bank (Ed.),  
Microplastic in the environment: Pattern and process. 
Environmental contamination remediation and  
management (pp. 87-130). Springer, Cham.

Kane, I.A., & Clare, M.A. (2019). Dispersion, accumulation, 
and the ultimate fate of microplastics in deep-marine 
environments: a review and future directions. Frontiers 
in Earth Science, 7, 1–27.

Kang, J., Zhou, L., Duan, X., Sun, H., Ao, Z., & Wang, S. 
(2019). Degradation of cosmetic microplastics via 
functionalized carbon nanosprings. Matter, 1(3), 
745–758. 

Karlsson, T.M., Arneborg, L., Broström, G., Almroth,  
B.C., Gipperth, L., & Hassellöv, M. (2018). The  
unaccountability case of plastic pellet pollution. Marine 
Pollution Bulletin, 129(1), 52–60. 

Keith, M., Koller, M., & Lackner, M. (2024). Carbon recycling 
of high value bioplastics: A route to a zero-waste  
future. Polymers, 16(12), 1621.

Kershaw, P., & Rochman, C. (2015). Sources, fate and effects 
of microplastics in the marine environment, part 2 of 
a global assessment. GESAMP Reports and Studies, 
93. 

Khan, F.R., Mayoma, B.S., Biginagwa, F.J., & Syberg,  
K. (2018). Microplastics in inland African waters: 
presence, sources, and fate. In M. Wagner & S.  
Lambert (Eds.), Freshwater Microplastics: Emerging 
Environmental Contaminants?  (pp. 101–124). Cham, 
Switzerland: Springer International.

Kim, S.W., & An, Y.J. (2019). Soil microplastics inhibit  
the movement of springtail species. Environment  
International, 126, 699–706.

Klein, M., & Fischer, E.K. (2019). Microplastic abundance in 
atmospheric deposition within the metropolitan area 
of Hamburg, Germany. Science of the Total  
Environment, 685, 96–103.

Klein, S., Worch, E., & Knepper, T.P. (2015). Occurrence and 
spatial distribution of microplastics in river shore 
sediments of the Rhine-Main area in Germany.  
Environmental Science and Technology, 49, 6070–
6076.

Kumar, A., Mishra, S., Pandey, R., Yu, Z.-G., Kumar, M., Khoo, 
K.S., … Show, P.L. (2023). Microplastics in terrestrial  
ecosystems: Unignorable impacts on soil characteristics, 
nutrient storage, and its cycling. Trends in Analytical 
Chemistry, 158, 116869.

Kuo, F.-J., & Huang, H.-W. (2014). Strategy for mitigation of 
marine debris: analysis of sources and composition of 
marine debris in Northern Taiwan. Marine Pollution 
Bulletin, 83, 70–78.

Lambert, S., & Wagner, M. (2016). Characterisation of  
nanoplastics during the degradation of polystyrene. 
Chemosphere, 145, 265–268. 

Lamichhane, G., Acharya, A., Marahatha, R., Modi, B., Paudel, 
R., Adhikari, A., … Parajuli, N. (2023). Microplastics 
in the environment: global concern, challenges, and 
controlling measures. International Journal of  
Environmental Science and Technology, 20(4), 4673–4694. 

Landrigan, P.J., Raps, H., Cropper, M., Bald, C., Brunner, M., 
Canonizado, E.M., … Enck, J., (2023). The minderoo- 
monaco commission on plastics and human health. 
Annals of Global Health, 89, 23.

Lebreton, L.C.M., van der Zwet, J., Damsteeg, J.W., Slat, B., 
Andrady, A., & Reisser, J. (2017). River plastic  
emissions to the world's oceans. Nature Communications, 
8, 15611. 

Lee, H., Shim, W.J., & Kwon, J.H. (2014). Sorption capacity 
of plastic debris for hydrophobic organic chemicals. 
The Science of the Total Environment, 470-471(2), 
1545–1552. 

Lee, Y., Cho, J., Sohn, J., & Kim, C. (2023). Health effects of 
microplastic exposures: Current issues and perspectives 
in South Korea. Yonsei Medical Journal, 64(5), 301–308. 

Lenz, R., Enders, K., Stedmon, C.A., Mackenzie, D.M.A., & 
Nielsen, T.G. (2015). A critical assessment of visual 
identification of marine microplastic using Raman 
spectroscopy for analysis improvement. Marine  
Pollution Bulletin, 100(1), 82–91. 

Leslie, H., Brandsma, S., van Velzen, M.V., & Vethaak,  
A. (2017). Microplastics en route: Field measurements 
in the Dutch river delta and Amsterdam canals,  
wastewater treatment plants, North Sea sediments and 
biota. Environment International, 101, 133-142. 

Leslie, H.A. (2015). Plastic in cosmetics: are we polluting  
the environment through our personal care? Plastic 
ingredients that contribute to marine microplastic  
litter. Retrieved from https://wedocs.unep.org/bitstream/
handle/20.500.11822/9664/Plastic_in_cosmetics_Are_
we_polluting_the_environment_through_our_personal_ 
care_-2015Plas.pdf?sequence=3&isAllowed=y

Journal of Food Health and Bioenvironmental Science (January - April 2025), 18(1): 71-92

Microplastics in Our Environment: Assessing Sources, Fate, and Health Impacts Pandit & Sharma



89

Li, Y., Shao, L., Wang, W., Zhang, M., Feng, X., Li, W., & 
Zhang, D. (2020). Airborne fiber particles: Types, size, 
and concentration observed in Beijing. Science of the 
Total Environment, 705, 135967.

Li, Z., Gao, C.M., Yang, J.L., Wu, L.Z., Zhang, S., Liu, Y.H., 
… Jin, D. (2020). Distribution characteristics of  
microplastics in surface water and sediments of Haizhou 
Bay, Lianyungang. Huanjing Kexue Environmental 
Science, 41(7), 3212–3221.

Liang, Y., Lehmann, A., Ballhausen, M.-B., Muller, L., & 
Rillig, M.C. (2019). Increasing temperature and  
microplastic fibers jointly influence soil aggregation 
by saprobic fungi. Frontiers in Microbiology, 10, 2018.

Liu, F., Olesen, K.B., Borregaard, A.R., & Vollertsen, J. (2019). 
Microplastics in urban and highway stormwater  
retention ponds. Science of the Total Environment, 671, 
992–1000.

Liu, H., Yang, X., Liu, G., Liang, C., Xue, S., Chen, H., Ritsema, 
C.J., & Geissen, V. (2017). Response of soil dissolved 
organic matter to microplastic addition in Chinese loess 
soil. Chemosphere, 185, 907–917.

Liu, K., Wang, X.H., Fang, T., Xu, P., Zhu, L.X., & Li, D.J. 
(2019). Source and potential risk assessment of  
suspended atmospheric microplastics in Shanghai. 
Science of the Total Environment, 675, 462–471.

Lots, F.A.E., Behrens, P., Vijver, M.G., Horton, A.A., & Bosker, 
T. (2017). A large-scale investigation of microplastic 
contamination: abundance and characteristics of  
microplastics in European beach sediment. Marine 
Pollution Bulletin, 123(1–2), 219–226. 

Lozano, Y. M., Lehnert, T., Linck, L. T., Lehmann, A., & Rillig, 
M. C. (2021). Microplastic shape, polymer type, and 
concentration affect soil properties and plant biomass. 
Frontiers in Plant Science, 12, 169.

Lu, J., Liu, Y., Hu, Z., Xiang, H., Zhou, Z., Sun, B., ... Zhu,  
M. (2018). A study on the radial difference of PLA 
monofilament. In Physics and Techniques of Ceramic 
and Polymeric Materials (pp. 141–153). Singapore: 
Springer.

Machado, A.A.D., Lau, C.W., Kloas, W., Bergmann, J., Bachelier, 
J.B., Faltin, E., Becker, R., Görlich, A. S., and Rillig, 
M. C. (2019). Microplastics can change soil properties 
and affect plant performance. Environmental Science 
and Technology, 53(10), 6044–6052. 

Machado, A.A.D., Lau, C.W., Till, J., Kloas, W., Lehmann,  
A., Becker, R., … Rillig, M.C. (2018). Impacts of 
microplastics on the soil biophysical environment. 
Environmental Science and Technology, 52(17), 
9656–9665. 

Magni, S., Binelli, A., Pittura, L., Avio, C., Della Torre, C.C., 
Parenti, S.C., … Regoli, F. (2019). The fate of  
microplastics in an Italian wastewater treatment plant. 
The Science of the Total Environment, 652, 602-610.

Magnusson, K., Eliaeson, K., Fråne, A., Haikonen, K., Olsham-
mar, M., Stadmark, J., & Hultén, J. (2016). Swedish 
sources and pathways for microplastics to the marine 
environment. Report C183. Swedish Environmental 
Research Institute, Stockholm (revised 2017).  
Retrieved from https://www.diva-portal.org/smash/
record.jsf?dswid=8623&pid=diva2%3A1549783

Mathalon, A., & Hill, P. (2014). Microplastic fibers in the  
intertidal ecosystem surrounding Halifax Harbor, Nova 
Scotia. Marine Pollution Bulletin, 81(1), 69–79. 

Meaza, I., Toyoda, J.H., & Sr, J.W. (2020). Microplastics in 
sea turtles, marine mammals, and humans: A one  
environmental health perspective. Frontiers in  
Environmental Science, 8, 575614. 

Melendez-Fernandez, O.H., Liu, J.A., & Nelson, R.J. (2023). 
Circadian rhythms disrupted by light at night and 
mistimed food intake alter hormonal rhythms and 
metabolism. International Journal of Molecular 
Sciences, 24, 3392.

Merrel, T.R. (1980). Accumulation of plastic litter on beaches 
of Amchitka Island, Alaska. Marine Environmental 
Research, 3, 171–184. 

Mohanan, N., Montazer, Z., Sharma, P.K., & Levin, D.B. 
(2020). Microbial and enzymatic degradation of  
synthetic plastics. Frontiers in Microbiology, 11, 
580709. 

Moralia, M.A., Quignon, C., Simonneaux, M., & Simonneaux, 
V. (2022). Environmental disruption of reproductive 
rhythms. Frontiers in Neuroendocrinology, 66, 100990.

Muller, A., Becker, R., Dorgerloh, U., et al. (2018). The effect 
of polymer aging on the uptake of fuel aromatics and 
ethers by microplastics. Environmental Pollution, 240, 
639–646.

Munhoz, D.R., Harkes, P., Beriot, N., Larreta, J., & Basurko, 
O.C. (2023). Microplastics: a review of policies and 
responses. Microplastics, 2, 1-26. 

Murphy, F., Ewins, C., Carbonnier, F., & Quinn, B. (2016). 
Wastewater treatment works (WwTW) as a source of  
microplastics in the aquatic environment. Environmental 
Science and Technology, 50(11), 5800–5808. 

Nahman, A. (2010). Extended producer responsibility for 
packaging waste in South Africa: Current approaches 
and lessons learned. Resources, Conservation and 
Recycling, 54, 155–162.

Nasir, M.S., Tahir, I., Ali, A., Ayub, I., Nasir, A., Abbas, N., …  
Hamid, K. (2024). Innovative technologies for removal 
of microplastic: a review of recent advances. Heliyon, 
10(4), e25883. 

National Bureau of Statistics of China. (2018). China statistical 
yearbook 2018. China: China Statistics Press.

Nikpay, M., & Toorchi Roodsari, S. (2024). Crafting a  
scientific framework to mitigate microplastic impact 
on ecosystems. Microplastics, 3, 165–183. 

Nizzetto, L., Bussi, G., Futter, M.N., Butterfield, D., &  
Whitehead, P.G. (2016). A theoretical assessment of 
microplastic transport in river catchments and their 
retention by soils and river sediments. Environmental 
Science: Processes & Impacts, 18(8), 1050–1059.

O’Connor, I.A., Golsteijn, L., & Hendriks, A.J. (2016). Review 
of the partitioning of chemicals into different plastics: 
Consequences for the risk assessment of marine plastic 
debris. Marine Pollution Bulletin, 113(1–2), 17–24.

Onoja, S., Nel, H.A., Abdallah, M.A., & Harrad, S. (2022). 
Microplastics in freshwater sediments: analytical 
methods, temporal trends, and risk of associated  
organophosphate esters as exemplar plastics additives. 
Environmental Research, 203, 111830. 

Journal of Food Health and Bioenvironmental Science (January - April 2025), 18(1): 71-92

Pandit & Sharma Microplastics in Our Environment: Assessing Sources, Fate, and Health Impacts



90

Osman, A.I., Hosny, M., Eltaweil, A.S., Omar, S., Elgarahy, 
A.M., Farghali, M., … Akinyede, K.A. (2023).  
Microplastic sources, formation, toxicity, and  
remediation: A review. Environmental Chemistry  
Letters, 21(4). 2129-2169.  

Padervand, M., Lichtfouse, E., Robert, D., & Wang, C. (2020). 
Removal of microplastics from the environment: a review. 
Environmental Chemistry Letters, 18(3), 807–828. 

Paluselli, A., Fauvelle, V., Galgani, F., et al. (2018). Phthalate 
release from plastic fragments and degradation in 
seawater. Environmental Science and Technology, 
53(1), 166–175.

Panno, S.V., Kelly, W.R., Scott, J., Zheng, W., McNeish, R.E., 
Holm, N., … Baranski, E.L. (2019). Microplastic 
contamination in karst groundwater systems. Ground 
Water, 57(2), 189–196. 

Pedrotti, M.L., Petit, S., Elineau, A., Bruzaud, S., Crebassa, 
J.C., Dumontet, B., … Cózar, A. (2016). Changes in 
the floating plastic pollution of the Mediterranean Sea 
in relation to the distance to land. PLoS ONE, 11, 
e0161581. 

Peng, J., Wang, J., & Cai, L. (2017). Current understanding of 
microplastics in the environment: Occurrence, fate, risks, 
and what we should do. Integrated Environmental 
Assessment and Management, 13, 476–482.

Persiani, E., Cecchettini, A., Ceccherini, E., Gisone, I., Morales, 
M.A., & Vozzi, F. (2023). Microplastics: A matter of 
the heart (and vascular system). Biomedicines, 11(2), 264. 

Pittura, L., Avio, C., Giuliani, M., d’Errico, G., Keiter, S., 
Cormier, B., … Regoli, F. (2018). Microplastics as 
vehicles of environmental PAHs to marine organisms: 
Combined chemical and physical hazards to the  
Mediterranean mussels, Mytilus galloprovincialis. 
Frontiers in Marine Science, 5, 103. 

Plastics Europe. (2017). An analysis of European plastics 
production, demand and waste data. Retrieved from 
https://plasticseurope.org/knowledge-hub/plastics-the-
facts-2017-2/

Prabhu, P.P., Pan, K., & Krishnan, J.N. (2022). Microplastics: 
global occurrence, impact, characteristics and sorting. 
Frontiers in Marine Science, 9, 893641. 

Prata, J.C., da Costa, J.P., Lopes, I., Duarte, A.C., and  
Rocha-Santos, T. (2020). Environmental exposure to 
microplastics: an overview on possible human health 
effects. Science of the Total Environment, 702, 134455.

Prata, J., Da Costa, J., Lopes, I., Duarte, A., & Rocha-Santos, 
T. (2019). Environmental exposure to microplastics: 
An overview on possible human health effects. The 
Science of the Total Environment, 702, 134455. 

Prata, J.C. (2018). Airborne microplastics: consequences to 
human health? Environmental Pollution, 234, 115–126.

Prata, J.C., Silva, A.L., da Costa, J.P., Mouneyrac, C., Walker, 
T.R., Duarte, A.C., … Rocha-Santos, T. (2019).  
Solutions and integrated strategies for the control  
and mitigations of plastic and microplastic pollution. 
International Journal of Environmental Research and 
Public Health, 16, 2411.

Prokic, M.D., Radovanovic, T.B., Gavric, J.P., & Faggio, C. 
(2018). Ecotoxicological effect of microplastics:  
Examination of biomarkers, current status, and future 
perspective. Trends in Analytical Chemistry, 111, 37–46.

Qasim, U., Osman, A.I., Al-Muhtaseb, A.H., Farrell, C.,  
Al-Abri, M., Ali, M., … Rooney, D.W. (2021). Renewable 
cellulosic nanocomposites for food packaging to avoid 
fossil fuel plastic pollution: A review. Environmental 
Chemistry Letters, 19(1), 613-641. 

Quesada, L., Blázquez, G., Calero, M., Martín-Lara, M.A., & 
Pérez, A. (2019). Characterization of fuel produced 
from pyrolysis of plastic waste. Energy, 186, 115874.

Ragusa, A., Svelato, A., Santacroce, C., Catalano, P., Notarstefano, 
V., Carnevali, O., et al. (2021). Plasticenta: first evidence 
of microplastics in human placenta. Environment  
International, 146, 106274.

Rahman, A., Sarkar, A., Yadav, O.P., Achari, G., & Slobodnik, 
J. (2021). Potential human health risks due to  
environmental exposure to nano- and microplastics  
and knowledge gaps: A scoping review. Science of  
the Total Environment, 757, 143872.

Rajmohan, K.V.S., Ramya, C., Raja Viswanathan, M., &  
Varjani, S. (2019). Plastic pollutants: effective waste 
management for pollution control and abatement. Current 
Opinion in Environmental Science and Health, 12, 72–84.

Raju, S., Carbery, M., Kuttykattil, A., Senathirajah, K.,  
Subashchandrabose, S., Evans, G., … Thavamani,  
P. (2018). Transport and fate of microplastics in  
wastewater treatment plants: Implications to  
environmental health. Reviews in Environmental  
Science and Bio/Technology, 17, 637-653.

Rillig, M.C. (2012). Microplastic in terrestrial ecosystems and 
the soil? Environmental Science & Technology, 46(12), 
6453–6454.

Rillig, M.C., Leifheit, E., & Lehmann, J. (2021). Microplastic 
effects on carbon cycling processes in soils. PLOS 
Biology, 19(3), e3001130.

Rillig, M.C., Ziersch, L., & Hempel, S. (2017). Microplastic transport 
in soil by earthworms. Scientific Reports, 7(1), 1362.

Rochman, C.M., Cook, A.M., & Koelmans, A.A. (2016).  
Plastic debris and policy: Using current scientific  
understanding to invoke positive change. Environmental 
Toxicology and Chemistry, 35, 1617–1626.

Rong, L., Zhao, L., Zhao, L., Cheng, Z., Yao, Y., Yuan, C., … 
Sun, H. (2021). LDPE microplastics affect soil  
microbial communities and nitrogen cycling. Science 
of the Total Environment, 773, 145640.

Rouillon, C., Bussiere, P.O., Desnoux, E., Collin, S., Vial, C., 
Therias, S., & Gardette, J.L. (2016). Is carbonyl index 
a quantitative probe to monitor polypropylene  
photodegradation? Polymer Degradation and Stability, 
128, 200–208.

Roy, P., Mohanty, A.K., & Misra, M. (2022). Microplastics  
in ecosystems: their implications and mitigation  
pathways. Environmental Science Advances, 1, 9–29.

Ruan, J., Qin, B., & Huang, J. (2018). Controlling measures of 
micro-plastic and nano pollutants: A short review of 
disposing waste toners. Environment International, 
118, 92–96. 

Sangkham, S., Faikhaw, O., Munkong, N., Sakunkoo, P.,  
Arunlertaree, C., Chavali, M., … Tiwari, A. (2022).  
A review on microplastics and nanoplastics in the 
environment: their occurrence, exposure routes, toxic 
studies, and potential effects on human health. Marine 
Pollution Bulletin, 181, 113832. 

Microplastics in Our Environment: Assessing Sources, Fate, and Health Impacts Pandit & Sharma

Journal of Food Health and Bioenvironmental Science (January - April 2025), 18(1): 71-92



91

Scherer, C., Weber, A., Stock, F., Vurusic, S., Egerci, H., 
Kochleus, C., … Reifferscheid, G. (2020). Comparative 
assessment of microplastics in water and sediment  
of a large European river. Science of the Total  
Environment, 738, 139866.

Schmidt, C., Krauth, T., & Wagner, S. (2017). Export of  
plastic debris by rivers into the sea. Environmental 
Science and Technology, 51(21), 12246–12253. 

Shan, S., Zhang, Y., Zhao, H., Zeng, T., & Zhao, X. (2022). 
Polystyrene nanoplastics penetrate across the blood-
brain barrier and induce activation of microglia in the 
brain of mice. Chemosphere, 298, 134261. 

Shareefdeen, Z., & ElGazar, A. T. (2024). Management of 
Plastic Wastes through Recent Advanced Pyrolysis 
Processes. Applied Sciences, 14(14), 6156.

Sharma, S., & Chatterjee, S. (2017). Microplastic pollution:  
a threat to marine ecosystem and human health.  
Environmental Science and Pollution Research, 24(27), 
21530–21547. 

Shi, J., Wu, D., Su, Y., & Xie, B. (2021). Selective enrichment 
of antibiotic resistance genes and pathogens on  
polystyrene microplastics in landfill leachate. Science 
of the Total Environment, 765, 142775. 

Sighicelli, M., Pietrelli, L., Lecce, F., Iannilli, V., Falconieri, 
M., Coscia, L., … Zampetti, G. (2018). Microplastic 
pollution in the surface waters of Italian Subalpine 
Lakes. Environmental Pollution, 236, 645–651. 

Sinha, J.K., Ghosh, S., Swain, U., & Giridharan, N.V. (2014). 
Increased macromolecular damage due to oxidative 
stress in the neocortex and hippocampus of WNIN/Ob, 
a novel rat model of premature aging. Neuroscience, 
269, 256–264.

Sinha, J.K., Vashisth, K., & Ghosh, S. (2022). The importance 
of sleep studies in improving the health indices of a 
nation. Sleep Medicine X, 4, 100049. 

Smith, M., Love, D.C., Rochman, C.M., … Neff, R.A. (2018). 
Microplastics in seafood and the implications for  
human health. Current Environmental Health Reports, 
5(3), 375–386. 

Sobhani, Z., Lei, Y., Tang, Y., Wu, L., Zhang, X., Naidu, R., … 
Fang, C. (2020). Microplastics generated when  
opening plastic packaging. Scientific Reports, 10(1), 4841.

Song, Y.K., Hong, S.H., Jang, M., & Han, G.M. (2015).  
Occurrence and distribution of microplastics in the  
sea surface microlayer in Jinhae Bay, South Korea. 
Archives of Environmental Contamination and  
Toxicology, 69, 279–287.

Song, Y.K., Hong, S.H., Jang, M., et al. (2017). Combined 
effects of UV exposure duration and mechanical  
abrasion on microplastic fragmentation by polymer 
type. Environmental Science and Technology, 51(8), 
4368–4376.

Stapleton, P. A. (2021). Micro- and nanoplastic transfer,  
accumulation, and toxicity in humans. Current Opinion 
in Toxicology, 28, 62–69.

Stark, N.M., & Matuana, L.M. (2004). Surface chemistry 
changes of weathered HDPE/wood-flour composites 
studied by XPS and FTIR spectroscopy. Polymer 
Degradation and Stability, 86(1), 1–9.

Sun, J., Ho, S.S.H., Niu, X., Xu, H., Qu, L., Shen, Z., … Ho, 
K.F. (2022). Explorations of tire and road wear  
microplastics in road dust PM2.5 at eight megacities in  
China. Science of the Total Environment, 823, 153717.

Tang, N., Liu, X., & Xing, W. (2020). Microplastics in  
wastewater treatment plants of Wuhan, Central China: 
Abundance, removal, and potential source in household 
wastewater. The Science of the Total Environment, 745, 
141026.

Thompson, A. (2018). Solving microplastic pollution means 
reducing, recycling, and fundamental rethinking.  
Scientific American. 

Thompson, R.C., Olsen, Y., Mitchell, R.P., Davis, A., Rowland, 
S.J., John, A.W., … Russell, A.E. (2004). Lost at sea: 
where is all the plastic?. Science, 304(5672), 838. 

Tien, C.J., Wang, Z.X., & Chen, C.S. (2020). Microplastics in 
water, sediment, and fish from the Fengshan River  
system: relationship to aquatic factors and accumulation 
of polycyclic aromatic hydrocarbons by fish.  
Environmental Pollution, 265(Part B), 114962.

Tiseo, L. (2021). Global plastic production 1950–2018.  
Statista. 

Tiwari, B.R., Lecka, J., Pulicharla, R., & Brar, S.K. (2023). 
Microplastic pollution and associated health hazards: 
Impact of COVID-19 pandemic. Current Opinion in 
Environmental Science and Health, 34, 100480. 

Townsend, A.K., & Barker, C.M. (2014). Plastic and the nest 
entanglement of urban and agricultural crows. PLoS 
ONE, 9(1), e88006.

Turcotte, S.E., Chee, A., Walsh, R., Grant, F.C., Liss, G.M., 
Boag, A., … Lougheed, M.D. (2013). Flock worker’s 
lung disease: natural history of cases and exposed 
workers in Kingston, Ontario. Chest, 143(6), 1642–1648.

Turner, A., & Holmes, L. (2011). Occurrence, distribution, and 
characteristics of beached plastic production pellets on 
the island of Malta (Central Mediterranean). Marine 
Pollution Bulletin, 62(2), 377–381.

Tursi, A., Baratta, M., Easton, T., Chatzisymeon, E., Chidichimo, 
F., De Biase, M., … De Filpo, G. (2022). Microplastics  
in aquatic systems, a comprehensive review: Origination, 
accumulation, impact, and removal technologies. RSC 
Advances, 12(44), 28318–28340. 

Uddin, S., Fowler, S.W., Habibi, N., Sajid, S., Dupont, S., & 
Behbehani, M. (2022). A preliminary assessment of 
size-fractionated microplastics in indoor aerosol— 
Kuwait’s baseline. Toxics, 10, 71.

Vaid, M., Mehra, K., & Gupta, A. (2021). Microplastics  
as contaminants in Indian environment: A review. 
Environmental Science and Pollution Research, 28(48), 
68025–68052. 

Van Raamsdonk, L.W.D., van der Zande, M., Koelmans, A.A., 
Hoogenboom, R.L.A.P., Peters, R.J.B., Groot, M.J., … 
Weesepoel, Y.J.A. (2020). Current insights into  
monitoring, bioaccumulation, and potential health  
effects of microplastics present in the food chain. 
Foods, 9(1), 72. 

Vandenberg, L.N., Luthi, D., & Quinerly, D.A. (2017). Plastic  
bodies in a plastic world: multi-disciplinary approaches 
to study endocrine disrupting chemicals. Journal of 
Cleaner Production, 140, 373–385.

Journal of Food Health and Bioenvironmental Science (January - April 2025), 18(1): 71-92

Pandit & Sharma Microplastics in Our Environment: Assessing Sources, Fate, and Health Impacts



92

Vaughan, R., Turner, S.D., & Rose, N.L. (2017). Microplastics 
in the sediments of a UK urban lake. Environmental 
Pollution, 229, 10–18.

Vivekanand, A.C., Mohapatra, S., & Tyagi, V.K. (2021).  
Microplastics in aquatic environment: Challenges and 
perspectives. Chemosphere, 282, 131151. 

Vroom, R.J.E., Koelmans, A.A., Besseling, E., & Halsband, C. 
(2017). Aging of microplastics promotes their ingestion 
by marine zooplankton. Environmental Pollution, 
231(Pt 1), 987–996. 

Wang, F., Wong, C.S., Chen, D., Lu, X., Wang, F., & Zeng, 
E.Y. (2018). Interaction of toxic chemicals with  
microplastics: a critical review. Water Research, 139, 
208–219. 

Wang, F., Zhang, X., Zhang, S., Zhang, S., & Sun, Y. (2020). 
Interactions of microplastics and cadmium on plant 
growth and arbuscular mycorrhizal fungal communities 
in an agricultural soil. Chemosphere, 254, 126791.

Wang, T., Li, B., Zou, X., Wang, Y., Li, Y., Xu, Y., … Yu, W. 
(2019). Emission of primary microplastics in mainland 
China: invisible but not negligible. Water Research, 
162(1), 214–224. 

Watt, E., Picard, M., Maldonado, B., Abdelwahab, M.A., 
Mielewski, D.F., Drzal, L.T., … Mohanty, A.K. (2021). 
Ocean plastics: environmental implications and  
potential routes for mitigation - a perspective. RSC 
Advances, 11(35), 21447–21462. 

Watts, A. J., Lewis, C., Goodhead, R. M., Beckett, S. J., Moger, 
J., Tyler, C. R., & Galloway, T. S. (2014). Uptake and 
retention of microplastics by the shore crab Carcinus 
maenas. Environmental Science and Technology, 
48(15), 8823–8830. 

Welden, N.A., & Cowie, P.R. (2017). Degradation of common 
polymer ropes in a sublittoral marine environment. 
Marine Pollution Bulletin, 118(1–2), 248–253. 

Wright, S.L., Thompson, R.C., & Galloway, T.S. (2013). The 
physical impacts of microplastics on marine organisms: 
A review. Environmental Pollution, 178, 483–492. 

Wu, Q., Li, G., Huo, T., Du, X., Yang, Q., Hung, T. C., … Yan, 
W. (2021). Mechanisms of parental co-exposure to 
polystyrene nanoplastics and microcystin-LR  
aggravated hatching inhibition of zebrafish offspring. 
Science of the Total Environment, 774, 145766. 

Yang, H., He, Y., Yan, Y., Junaid, M., & Wang, J. (2021). 
Characteristics, toxic effects, and analytical methods 
of microplastics in the atmosphere. Nanomaterials, 11, 
2747.

Yang, Z., Sha, Y., Kumar, A., Yu, Z., Lin, J., & Lei, Y. (2025). 
Degradable microplastics induce more soil organic 
carbon loss via priming effects: A viewpoint. Plant and 
Soil, 511(1), 99-102.

Ye, H., Wang, Y., Liu, X., Xu, D., Yuan, H., Sun, H., … Ma, X.  
(2021). Magnetically steerable iron oxides-manganese 
dioxide core-shell micromotors for organic and  
microplastic removals. Journal of Colloid and Interface 
Science, 588, 510–521. 

Yong, C.J., Lee, J., Hong, S., Lee, J.S., Shim, W.J., & Song, 
Y.K. (2014). Sources of plastic marine debris on  
beaches of Korea: More from the ocean than the land. 
Ocean Science Journal, 49, 151–162. 

Yu, H., Zhang, W., Zheng, L., Li, T., Hai, C., & Wang, Y. (2024). 
A review of the migration mechanisms of microplastics 
in terrestrial environments. Environmental Engineering 
Research, 29(5), 230734.

Zhang, G.S., Zhang, F.X., & Li, X.T. (2019). Effects of  
polyester microfibers on soil physical properties:  
Perception from a field and a pot experiment. Science 
of the Total Environment, 670, 1–7.

Zhang, G., Liu, D., Lin, J., Kumar, A., Jia, K., Tian, X., Yu, 
Z.-G., & Zhu, B. (2023). Priming effects induced by 
degradable microplastics in agricultural soils. Soil 
Biology and Biochemistry, 180, 109006.

Zhang, K., Shi, H., Peng, J., Wang, Y., Xiong, X., Wu, C., … 
Lam, P.K.S. (2018). Microplastic pollution in China’s 
inland water systems: a review of findings, methods, 
characteristics, effects, and management. Science of 
the Total Environment, 630, 1641–1653. 

Zhao, J., Gomes, D., Jin, L., Mathis, S.P., Li, X., Rouchka, 
E.C., … O’Toole, T.E. (2022). Polystyrene bead  
ingestion promotes adiposity and cardiometabolic 
disease in mice. Ecotoxicology and Environmental 
Safety, 232, 113239.

Zhao, J., Gomes, D.C., Conklin, D., & O'Toole, T.E. (2021). 
Microplastics exposure promotes cardiovascular  
disease risk in mice. Circulation, 144(Suppl_1), 
A9880-A9880.

Zhao, S., Zhu, L., & Li, D. (2015). Microplastic in three urban 
estuaries, China. Environmental Pollution, 206, 597–604. 

Zhou, Q., Tjan, C., & Luo, Y. (2017). Various forms and  
deposition fluxes of microplastics identified in the 
coastal urban atmosphere. Chinese Science Bulletin, 
62, 3902–3909.

Zhu, B.K., Fang, Y.M., Zhu, D., Christie, P., Ke, X., & Zhu, 
Y.G. (2018). Exposure to nanoplastics disturbs the gut 
microbiome in the soil oligochaete Enchytraeus  
crypticus. Environmental Pollution, 239, 408–415.

Ziani, K., Ioniță-Mîndrican, C.B., Mititelu, M., Neacșu, S.M., 
Negrei, C., Moroșan, E., … Preda, O.T. (2023).  
Microplastics: A real global threat for environment and 
food safety: A state of the art review. Nutrients, 15(3), 
617. 

Ziccardi, L., Edgington, A., Hentz, K., Kulacki, K., & Driscoll, 
S. (2016). Microplastics as vectors for bioaccumulation 
of hydrophobic organic chemicals in the marine  
environment: A state-of-the-science review.  
Environmental Toxicology and Chemistry, 35(7), 1667-76. 

Microplastics in Our Environment: Assessing Sources, Fate, and Health Impacts Pandit & Sharma

Journal of Food Health and Bioenvironmental Science (January - April 2025), 18(1): 71-92


