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Abstract

Microplastics (MPs) are persistent pollutants that pose significant long-term environmental risks,
particularly in urban landfill soils, which have received less attention than aquatic environments.
This review sought to address this gap by investigating microplastic contamination across various
soil layers at landfill sites. The results indicated that factors such as landfill age and waste
composition significantly influence the types and concentrations of MPs. Concentrations varied
with soil depth, with higher levels observed in older landfills containing substantial quantities of
plastic waste. Regions characterized by extensively weathered plastic waste exhibited a greater
prevalence of smaller microplastic particles. The extensive production of plastic waste, coupled
with its associated health and environmental risks, highlights the urgent need for policies to
reduce plastic consumption and enhance recycling efforts. Given the critical role of soil
in the food chain and its connections to air and water pollution, ongoing monitoring of soil
contamination by MPs is essential. Additionally, identifying sources of microplastic pollution
and implementing strategies to mitigate their entry into the environment are crucial to addressing

this growing environmental concern.
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1. Introduction

Plastics, a diverse group of synthetic polymers, have
become an integral part of modern life due to their
versatility, durability, lightweight nature, and cost-
effective production (1-3). These properties have
facilitated the widespread replacement of natural materials
across various industries, increasing dependence on
plastic products. Consequently, global demand for plastics
continues to rise (4). Plastic pollution has emerged as one
of the most pressing environmental challenges of the 21st
century (3, 5). In 2015, global plastic production reached
4.9 billion tons, with projections indicating it will increase
to 12 billion tons per year by 2050 (6). Unfortunately,
approximately 80% of all produced plastics are either
landfilled or released into the open environment, resulting
in a rapidly growing environmental concern (4).

Plastics can be categorized by size into macroplastics
(greater than 25 mm), mesoplastics (25-5 mm),
microplastic (5 mm to 1 pm), and nanoplastics (less
than 1 um) (7-9). Microplastic particles are primarily
generated through the fragmentation of larger plastics
due to mechanical forces, ultraviolet (UV) radiation,

weathering, and biological degradation processes (10-14).
Microplastics (MPs) have garnered significant attention in
both scientific and social contexts due to their widespread
presence in the environment and their potential health
risks (15).

Landfills, as the most common solid waste management
system (16), serve as both reservoirs and sources of MPs
(3, 10, 17-19). Plastic waste in landfills is subjected to
harsh environmental conditions, which facilitate complex
biochemical reactions and physical transformations.
These conditions, which include fluctuations in leachate
pH (ranging from 4.5 to 9), high salinity, temperature
variations, gas emissions (e.g., CO, and CH,), physical
stress, and microbial activity, contribute to the
degradation of plastics into MPs (20). This suggests that
plastic decomposition in landfills is a significant source
of MPs (21).

Although MPs have not been the primary focus of
traditional landfill pollution studies, their potential
for transport via leachate pathways is an emerging
concern. Research on landfill emissions indicates that
the physicochemical characteristics of waste, along with
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Microplastics in landfills

landfill age and environmental conditions, influence the
leaching behavior of pollutants. Leachate from landfills
contains various pollutants, including heavy metals
and organic contaminants (22). MPs transported via
leachate can infiltrate groundwater and accumulate in
agricultural soils, here they may act as carriers of other
pollutants, exacerbating environmental damage (23, 24).
Additionally, MPs can disperse from landfills through
airborne pathways, driven by wind and precipitation,
thereby contributing to their spread into surrounding
ecosystems (25).

Plastic waste enters the soil through multiple pathways,
including agricultural and industrial waste, urban
activities, and improper disposal practices (26, 27). Soil,
as a vital renewable resource, underpins ecosystems and
human societies, playing a crucial role in sustaining life
(28). However, the slow rate of soil formation compared
to its rapid rate of degradation highlights the need for
urgent soil conservation measures (10).

Soil serves as a crucial medium for pollutant transfer
between air and water systems. The risks associated with
MPsin soil extend beyond pollution, as these particles may
infiltrate food chains, posing potential threats to human
health (26). While studies on microplastic contamination
in aquatic ecosystems have been conducted for over a
decade, research on MPs in soil has received less attention
due to the challenges associated with their detection and
assessment, as soil contamination is less visible and more
difficult to quantify (29).

Given the essential role of soil in food production and
its interconnectivity with air and water systems, further
research into the potential spread of MPs from landfills
is necessary (13). Studies indicate significant variation
in the composition, shape, color, and concentration of
MPs present in landfill soil (25). Moreover, the presence
of MPs in soil can alter its structure, fertility, and water
retention capacity, ultimately affecting plant growth and
microbial communities (30-33).

According to the Globally Harmonized System of
Classification and Labeling of Chemicals (GHS), more
than 50% of plastics contain hazardous monomers,
additives, and chemical byproducts, which can have
severe environmental consequences (34, 35). Prolonged
exposure to MPs may pose significant health risks to
humans due to the presence of organic and inorganic
pollutants (2, 36-38). For instance, organic pigments (e.g.,
chromophores) and inorganic pigments (e.g., metals)
used in colored plastics can negatively impact the nervous
and reproductive systems of both humans and animals
(39). Once ingested, MPs can release toxins, additives,
and monomers, some of which have been linked to
carcinogenic effects (40). Furthermore, human ingestion
of MPs has been associated with lung damage and altered
liver function (41, 42). Organisms that consume MPs may
be preyed upon by higher trophic-level species, leading
to the biomagnification of these particles within the food
chain. MPs can persist in living organisms, causing liver

inflammation, fat accumulation, increased toxicity, and
inhibited growth. Additionally, they can act as carriers
for chemical pollutants and heavy metals, thereby
exacerbating their toxic effects (43).

These findings raise concerns regarding the long-term
environmental impact of MPs, underscoring the need for
continuous soil quality monitoring and improved plastic
waste management practices to mitigate their adverse
effects. A comprehensive understanding of the sources,
pathways, and degradation mechanisms of MPs is essential
for effectively addressing plastic pollution (44). While
solid waste remains the predominant source of MPs in the
environment, their fate, treatment, and breakdown across
various solid waste streams remain poorly understood.
This knowledge gap hinders the development of effective
mitigation strategies. Extensive research is necessary
to elucidate these processes and enhance our ability to
manage and reduce microplastic pollution.

2. Methods

2.1. Search Strategies and Data Collection

The search strategies for this study were developed by
reviewing similar previous studies to achieve the research
objective, which centers on examining microplastic
pollution in the soils of urban landfill sites. To identify
relevant studies, key terms and their synonyms were used,
including “Microplastic”, “Soil”, “Landfill”, and “Waste
Disposal”. A comprehensive search was conducted across
several international electronic databases, including
Scopus, Science Direct, Web of Science, and PubMed, as
well as domestic databases such as Magiran, Civilica, and
the Scientific Information Database (SID). The search
was not restricted by time, covering studies available up
to 2025 (Fig. 1). The extracted data from the reviewed
studies included the study location, year of publication,
detection methods, concentration levels, size of MPs,
sample numbers, as well as the shape and composition of
the MPs. The findings are summarized in Table 1.

3. Results and Discussion
3.1. Microplastic Pollution in Urban Landfills
In most studies, the improper management of municipal
solid waste landfills has been identified as a primary
pathway for the release of microplastic particles in urban
areas. The MPs discharged into landfill sites may pose
additional risks to human health and the environment.
They can absorb hazardous, toxic, and persistent
chemicals such as heavy metals, which are known as
carcinogenic substances. These heavy metals can exert
toxic effects on the central nervous system, liver, kidneys,
heart, lungs, skin, and reproductive system, depending on
the level and duration of exposure (64). Additionally, MPs
have the potential to accumulate these toxic substances
on their surfaces, thereby amplifying their harmful effects
multiple times.

The role of landfills as a source of MPs in terrestrial
environments requires further investigation. Given the
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Fig. 1. Network of Related Studies on Microplastic Contamination in Soil at MSW Landfills

simultaneous occurrence of chemical, physical, and
biological processes in landfills, these sites represent
practical intervention points for MP removal and for
preventing exposure to both the environment and
humans effectively. To date, no effective strategy for the
removal of MPs has been implemented in landfills (65).
Understanding the occurrence, fate, and degradation
pathways of MPs within solid waste is essential for the
development of effective control and reduction strategies
(26). The abundance of MPs in landfills is attributed
to the volume of plastic waste, the waste management
practices at these sites, and the age of the landfills. The
concentration and characteristics of MPs vary; smaller
MPs are typically more prevalent in older landfills, while
larger MPs tend to dominate in newer landfills. Landfills
can also generate secondary MPs through fragmentation
and degradation processes (66). Consequently, the
abundance of MP particles in landfills is higher than in
agricultural soils, sediments, sewage sludge, and urban
areas, establishing landfills as significant sources of MPs
in terrestrial environments.

A study by Rafique et al (45) collected samples from
various land use types, including agricultural areas,

new and old waste disposal sites, industrial zones, and
green spaces. The results indicated that microplastic
contamination in Lahore is closely associated with
human activities and environmental conditions, with the
emergence of this pollutant linked to plastic production,
plastic use, as well as waste management practices.
Additionally, lower concentrations of MPs were found
in newer landfill sites compared to older ones, which
could be attributed to the relative freshness of the solid
waste deposited in these locations. This suggests that
the degradation of larger plastics into microplastic
particles requires a significant amount of time. Similarly,
Sholokhova et al (46) found that approximately one-
quarter of plastic produced in Europe ends up in landfills.
In addition to the loss of valuable resources, this leads
to the generation and accumulation of MPs in landfill
sites. The study examined changes in the abundance and
characteristics of MPs in landfill waste from the Lepis
region of Lithuania across three age categories and two
depths. The lowest abundance of MPs was observed in
the older sections, while the highest levels were found
in the younger sections. Furthermore, the abundance of
smaller MPs increased with the age of the buried waste,
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Table 1. Characteristics of Microplastics in Landfill Soils

. . . . Abundance . Detection
Location Polymer Samples  Extraction  Particle Size (Particles/kg) Particle Shape Methods Year Ref.
. PE, PVC, PS, PP, Fiber, fragment,
Indonesia PET PA 6 N/A N/A 60,111 p/kg film, pellet FTIR 2024 3)
China N/A 7 zncl,  <10Hm-5 3573 g-1 Pellet, fiber Fluorescence 2024 (5
mm mlcroscope
Bangladesh LDPE, HDPE 10 NaCl 10-200 pm N/A Film, fiber, FTIR 2020 (17)
fragment
Korea PP, PE, PET, PS, PVC 2 landfills LMT 1-5mm  73.4-97.8 MPs/kg Film, fiber, FTIR, Stereo 2023 (20)
fragment microplastic
China PET, PVC, PAPE PU, A N/A <100pm - 4h00-168000 i fiber, p-FTIR, SEM 2022 (27)
PS, PP 5 mm fragment
China PE, PP, PET 10 N/A 30-1000 pm  570-14200 LM fiber FTIR, SEM, Stereo 5055 (0g)
fragment microplastic
Pakistan  N/A 40 N/A >0pm -3 1750-12200  [1BMent fben o oo microscope 2020 (45)
mm foam, film
. . 3 Age .
Lithuania PE, PP . N/A 1-5 mm 55000 Film FTIR 2023 (46)
sections
Iran LDPE, HDPE, PE, PS, 6 ZnCl 0.4 pm -5 3160- 76513 E[lm, fragment, FT]R, Stere.o 2023 47)
PET 2 mm fiber, pellet microplastic
Iran LDPE, PP, PS, PET, 56 NaCl,ZnCl2  0.1-2 mm 225- 863 Film, fiber, FTIR, SEM, Stereo 5053 (4g)
PA, PVC fragment microplastic
Sphere,
Thailand PE, PP, PET 12 NaCl, ZnClI2 N/A 686.45 to 2278.44 granule, fiber, FTIR 2019 (49)
films, irregular
25 ym Fiber, fragment, ~ATR-FTIR, p-FTIR,
UK PS, PET, PP, PE 6 N/A ->567 ym 120-420 foam GC-MS 2023 (50)
0.5 mm - 1 Fiber, film,
China PE, PP, PS 30 N/A ’ mm 5.49-7.62 kg/ton  fragment, Py-GC/MS 2023 (51)
granule
China PE, PP, PS 9 NaCl 0-23-497  »5000-91000  28ment fiber, | e 2019 (52)
mm film, granule
India PP 7 NaCl 1 pym-2 mm 370-410 Fiber, fragment ~ FTIR, SEM 2022 (53)
India PP, PE 10 NaCl 600 pm -1 180-1120  [ragment, fiber, FTIR, SEM, Stereo )5 ()
mm film, foam microplastic, EDS
Kazakhstan N/A 6 NaCl, ZnCl, <5 mm 810 ;‘:”e;t ilf Microscope 2023 (55)
Portugal PE, PP, PS 10 ZnCl, 50 pim - 250 106000 Films, fiber, H-FTIR, Stereo 2023 (56)
pm fragment, pellet microscope
Indonesia PE, PP 6 NaCl, ZnCl, N/A 16600-21900 Fragment, film  FTIR, Image-J 2024 (57)
fragment, film, .
Iran N/A 12 ZnCl, 100 pm- 1 1872 fiber, foam, Stereomicroscope/ ), 5q)
2 mm Binocular, SEM
sphere
India PP, PE, PET, PA Lan?jfil[s N/A >425 um 25950-41110 Fiber, fragment ~ FTIR, SEM 2024 (59)
3 .
Turkey PE, PP Landiills K,CO, >500 pm 311-463 Fiber, fragment ~ FTIR 2025 (60)
Iran PP, PS, PA, PVC 22 ZnCl, 0.3-4.75 470 Fiber, fragment ~ Raman, SEM 2025 61)
Indonesia  PE, PP, PS 12 NaCl N/A 920- 2340 Fiber, fragment, .o 2025 (62)
film, pellet
China PET, PP, PU, PS 18 ZnCl, 20-100 pm 592-47819 Fiber, fragment  N/A 2025 (63)

Note. p-FTIR: Micro Fourier transform infrared spectrometer; SEM: Scanning electron microscopy; EDS: Energy dispersive spectroscopy; GC-MS: Gas
chromatography—Mass spectrometer; Image-J: Image processing and analysis in Java; PP: Polypropylene; PS: Polystyrene; PE: Polyethylene; PVC: Polyvinyl
chloride; PA: Polyamide; PET: Polyethylene terephthalate; PS: Polyurethane; LDPE: Low-density polyethylene; HDPE: High density polyethylene.

indicating the degradation and transport of MPs over
time. In a separate study, Rahmani et al (47) investigated
the abundance and characteristics of MPs in various old
and active landfill areas in Hamadan. The results clearly
demonstrated that MPs were significantly more abundant
in the sludge and old waste sites compared to active and
pristine locations.

In summary, the improper management of municipal
solid waste landfills significantly contributes to the release

and accumulation of MPs in terrestrial environments,
posing considerable risks to human health and ecosystems.
Several studies highlight that older landfill sites exhibit
higher concentrations of MPs compared to newer sites,
indicating the prolonged degradation of larger plastics
into MPs. Furthermore, the spatial distribution of MPs is
closely linked to human activities and waste management
practices. Overall, there is an urgent need for further
research to understand the dynamics of MPs in landfills
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and to develop effective strategies for their removal and
mitigation. Such strategies are crucial for improving waste
management practices and protecting environmental
health.

3.2. Sampling Methods and Preparation

The methods employed for sampling MPs in soil vary
significantly depending on multiple factors, including
soil depth, proximity to landfills, and specific research
objectives. These methods can be broadly categorized into
two primary approaches: surface soil sampling and deep
soil sampling, typically extending to a maximum depth of
30 cm.

3.2.1. Surface Soil Sampling

Surface soil sampling is commonly employed to assess
the immediate impacts of microplastic contamination in
areas directly influenced by anthropogenic activities such
as urbanization and landfill sites. This method typically
involves collecting soil from the uppermost layers, where
MPs tend to accumulate due to their lightweight nature.
Surface sampling is particularly useful for evaluating
contamination in residential areas, agricultural fields, and
public green spaces adjacent to landfills (5, 45, 48).

3.2.2. Deep Soil Sampling

In addition to surface sampling, deeper soil sampling is
frequently used to investigate the vertical distribution of MPs.
Sampling at depths of up to 30 cm provides a comprehensive
understanding of microplastic migration through soil
profiles over time. This method is crucial for assessing the
potential long-term impacts of microplastic contamination
on soil health and ecosystem functioning. Typically, samples
are collected at predetermined depth intervals (e.g., every 10
cm) to analyze variations in microplastic concentrations at
different soil depths (5, 27, 46).

3.2.3. Influence of Land(fill Proximity

Sampling strategies are also influenced by the type and
age of the landfill under investigation. Research often
differentiates between new and old landfills, as the age and
condition of waste can significantly affect the degradation
of plastics and the subsequent formation of MPs. Newer
landfills may exhibit different microplastic profiles
compared to older sites, where waste has undergone
extensive physical and chemical breakdown over time
(27, 46, 47, 49).

3.2.4. Geographical and Environmental Variability

Sampling is often conducted across diverse geographical
locations to account for environmental variations.
High-risk sites such as those near landfills or industrial
zones are often prioritized due to their potential health
hazards. Sampling locations may include residential
areas, agricultural lands, and public spaces that are
likely to be affected by plastic pollution. The primary
objective of these sampling efforts is to assess the extent
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of contamination and its possible implications for human
health and environmental integrity (45, 48, 50).

3.2.5. Challenges Due to Lack of Standardization

Despite the significance of these sampling strategies, there
is currently no standardized methodology for collecting
MPs from soil environments. The selection of a sampling
technique is largely determined by the specific research
objectives, the types of samples being analyzed, and the
expected outcomes. Researchers must carefully design
their sampling protocols to ensure reliability and validity,
as these factors directly affect policy recommendations
and remediation strategies. The establishment of
standardized protocols is crucial for enhancing the
comparability of research findings and improving the
overall understanding of microplastic pollution.

Sholokhova et al (46) collected samples in three
landfill sections of different ages, with samples taken at
depths of 10 and 20 cm. The results indicated that the
lowest frequency of MPs occurred in the older landfill
sections, whereas the highest concentration was found
in the younger sections. This suggests that microplastic
abundance increases with the age of the buried waste,
potentially reflecting the degradation and subsequent
transport of MPs over time. Similarly, Shirazi et al (48)
employed soil sampling at the surface level, combining
three subsamples taken from a depth of 0 to 3 cm. For
deeper soil sampling followed the same approach, they
collected approximately one kilogram of soil per site,
with a total of 20 samples taken from both surface (0-3
cm) and deeper (3-6 cm) layers. Furthermore, Lou et al
(51) examined both new and old landfills, finding that
older landfills contained a higher frequency of smaller
microplastic particles compared to newer sites. These
variations in findings across different studies may be
attributed to differences in sampling methodologies, the
depths at which samples were collected, and the number
of samples analyzed over time.

In sum, soil sampling methods for MPs are diverse and
heavily influenced by factors such as depth, proximity to
landfills, and the research objectives. Surface sampling
provides insights into immediate contamination, while
deep soil sampling helps understand vertical distribution
and long-term environmental effects. The age and
condition of landfills also play a crucial role in shaping
microplastic profiles. Additionally, geographical and
environmental factors necessitate targeted sampling in
high-risk areas. However, thelack of standardized methods
presents a major challenge, potentially undermining
the reliability of data and affecting subsequent policy
decisions. The establishment of uniform sampling
protocols is critical for improving the comparability of
research findings and advancing our understanding of
microplastic pollution in soil ecosystems.

3.3. Characteristics of Microplastics in Landyfill Soil
The characteristics of MPs are critical in determining
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their distribution and transfer within the environment.
Generally, MPs are categorized based on their shape, color,
size, and polymer type. This classification helps identify
the source, transfer pathways, fate, degradation status,
and potential for MPs to act as carriers for toxic chemicals
and microbes. Furthermore, understanding these
characteristics is essential for assessing the interactions of
MPs with living organisms and their overall impact on the
environment (45). The characteristics of MPs in landfill
soils, based on studies, are summarized in Table 1.

3.3.1 Size of Microplastics

The size of MPs is a complex parameter because it is
influenced by researchers’ definitions of MPs and the
sensitivity of the extraction and analytical methods
employed (45). Studies have identified microplastic
particles ranging in size from 1 pm to 5 mm. However,
most research indicates that MPs identified in landfill soils
are generally smaller than 100 um. These smaller particles
may result from the aging of the landfill and the increased
physical degradation of plastic waste due to exposure to
environmental factors and weathering )67(. Specifically,
over time, plastics in landfills are subjected to various
factors such as UV light, moisture, and temperature, which
can lead to both physical and chemical degradation of the
plastics. This process results in the reduction of plastic
sizes, producing smaller microplastic particles that can
easily disperse into the soil and surrounding environment
(68). The reporting of microplastic size distribution is
challenging due to the variation in sampling strategies
and analytical methods employed by researchers, making
cross-study comparisons difficult. Therefore, it is essential
to develop standardized and harmonized protocols and
guidelines for the analysis of MPs and the reporting of
their size distribution. Such guidelines would facilitate the
optimal utilization of size distribution data.

3.3.2 Polymer Composition of Microplastics

Analyzing the polymer composition of MPs provides
valuable insights into the characteristics of each particle.
In many cases, polymer-related information alone can
help identify the sources and origins of the MPs (44).
The polymer composition found in landfills can vary
significantly depending on regional factors, the types
of waste being disposed of, and consumer behavior (3).
Based on findings from various studies in this field, Table 1
indicates that the most commonly identified polymers in
landfill soils include polyethylene (PE), polypropylene
(PP), polyethylene terephthalate (PET), and polyvinyl
chloride (PVC), as depicted in Fig. 2. PET is commonly
utilized in bottles containing water, juices, and cleaning
products, while polystyrene (PS) is found in items such as
packaging materials and food containers. PE is primarily
used for reusable bags, trays, containers, agricultural films,
food packaging, toys, and pipes (1). In a study by Kim et al
(20), the highest frequency of MPs in landfill samples was
attributed to PP and PE, which constituted a significant

Polymer Composition

MPE PP WPET WPVC ®WPS mPU ®PA

Fig. 2. Frequency Percentage of Microplastic Particle Polymer
Composition in Studies

percentage of the samples. In their study conducted in a
landfill in England, Billings et al (50) identified several
polymers, including PE, PP, and PS. Similarly, Shirazi
et al (48) found that over 90% of MPs were composed of
low-density PE (LDPE), PP, and PS, which are commonly
used in single-use and daily consumer products.

All varieties of microplastic polymers can adversely
affect both the environment and public health, especially
when they accumulate in ecosystems and the food
chain. Certain microplastic types are regarded as more
dangerous than others, particularly those that contain
harmful substances such as bisphenol A (BPA), PVC, and
PS. In the landfill of Depok city, the presence of different
microplastic polymers such as PE, PVC, PS, PP, PET, and
polyamide presents considerable risks to the environment
and human health. These materials have the potential to
accumulate in soil and water, contaminate ecosystems,
and eventually be ingested by living organisms, including
humans. While PE, PP, and PET are generally stable
and can remain in the environment for long periods,
making them resistant to natural biodegradation, PVC
is particularly concerning due to its toxic additives such
as cadmium and lead. These harmful substances can
leach into the environment over long periods, causing
significant damage to ecosystems (3).

3.3.3 Color and Shape of Microplastics

MP particles exhibit a wide range of colors, including
white, green, blue, yellow, black, transparent, and red,
with transparent and black MPs being the most prevalent.
Transparent MPs are commonly found in everyday plastic
products such as plastic bags, packaging, and disposable
containers (69), while black MPs are frequently used in
various applications, including textiles, packaging, rubber,
ropes, and flooring (10, 20, 68). Colors are widely utilized
by industries for the production of colored macroplastics.
Given the diversity of particle colors reported in the
literature, it is essential to implement a color classification
system for MPs to facilitate standardization and
consistency in future studies. However, identifying the
type or source of plastic based solely on particle color is
not straightforward. Moreover, color-related data may be
subject to visual biases, as brighter colors are more easily
discernible during identification processes. This can lead
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to the oversight of darker colors, ultimately reducing the
accuracy of results (45).

Moreover, the types of found MPs can indicate local
waste management practices and consumer behavior.
For instance, regions with high plastic consumption
and inadequate waste disposal systems are likely to
exhibit greater diversity and abundance of MPs. Studies
demonstrate (Table 1) that a higher percentage of
microplastic forms, including fibers, films, and fragments
(Fig. 3), are more prevalent in these areas due to several
factors. These forms predominantly originate from various
sources of plastic waste found in urban environments and
consumer products (3). Films and fibers are often derived
from packaging materials and textiles (1, 70, 71), which
are widely used and frequently discarded. Additionally,
fragments result from the gradual degradation of larger
plastic items over time (72). This degradation process
that requires significant periods for complete breakdown
leads to the persistence of smaller microplastic forms in
the environment, making them more prevalent in landfill
sites and surrounding areas. The lightweight nature of
these materials also facilitates their dispersion by wind,
leading to their accumulation in surface soils and urban
landscapes. The variation in microplastic shapes may be
attributed to differences in the composition of plastic
waste and the weathering processes occurring in landfills
(69, 73). Understanding the composition, shape, and
color of MPs is crucial for assessing their environmental
impacts, as variations in shape and size can influence
their behavior in ecosystems and their potential harm to
wildlife. Additionally, this information can inform the
development of targeted strategies for waste management
and pollution reduction.

In conclusion, the characteristics of MPs such as size,
polymer composition, color, and shape are critical in
understanding their distribution and environmental
impact. MPs typically range in size from 1 pm to 5 mm,
with smaller particles being more prevalent in landfill
soils due to degradation processes. The predominant
polymers found in landfill MPs include PE, PP, and PET
terephthalate, which reflect common consumer products
and waste management practices. The diversity of colors
in MPs suggests multiple sources of pollution, but reliance
on color alone for identification can result in inaccuracies.
Furthermore, the prevalence of MPs in landfill sites
varies with soil depth and is influenced by factors such
as waste history and surrounding human activities.
Overall, a comprehensive understanding of microplastic
characteristics is vital for developing effective waste
management and pollution reduction strategies.

3.4. Prevalence of Microplastics in Landfill Sites

The prevalence of MPs at varying soil depths can be
influenced by the extent of microplastic pollution, their
transfer through leachate, and the structure of the soil.
Rahmani et al (47) and Shirazi et al (48) reported that the
abundance of identified MPs in soil samples extracted
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from landfills ranged from 3160 to 76513 and 225 to
863 particles per kilogram, respectively. These findings
indicate the considerable variability in the frequency
of MPs in landfill soils, which can be linked to factors
such as the history of waste disposal, the characteristics
of the waste, soil properties, and the collection sites.
Additionally, some MPs may also originate from other
human activities in the vicinity such as vehicle traffic.

As illustrated in Table 1, the concentration of MPs in
landfill soil is influenced by several factors. Research by
Shirazi et al (48) conducted around the Tehran landfill
demonstrated that microplastic concentration varies
with sampling depth, revealing a significant difference
in abundance between surface and deeper soils. This
study exhibited a higher density of MPs in surface soils,
likely due to the atmospheric deposition of plastics and
their accumulation in upper soil layers. Smaller MPs are
generally more prevalent in landfills where plastic waste
has undergone weathering, and the diversity of microbial
communities also plays a crucial role in the degradation
of MPs (74, 75). Consequently, it can be inferred that the
concentration of MPs tends to increase with the age of
the landfill and the plastics themselves. Moreover, MPs
consistently migrate and accumulate in the surrounding
soil of landfill sites. The review of existing literature
indicated that MP concentrations in Bangladesh (17),
Thailand (49), and two landfills in China (52) were
measured at 220, 1458, 18760, and 91000 particles per
kilogram of soil, respectively. These results demonstrate
significant differences in the prevalence of MPs across
these locations, which may be attributed to several
factors, including the depth at which soil samples were
collected, seasonal fluctuations, the implementation of
plastic consumption regulations, the presence of recycling
facilities, and the techniques used for extracting and
identifying MPs (17).

Leachate from landfills also contains MPs, and its acidic
properties can accelerate the degradation of plastics,
facilitating their transfer into groundwater. MPs found
in leachate and groundwater samples are typically smaller
than those in landfill soil (76). This observation suggests
that smaller MPs are more likely to migrate into landfill
leachate and groundwater, while larger MPs may remain
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trapped in waste or in soil pores (25).

To summarize, the prevalence of MPs in landfill soils
is significantly influenced by various factors, including
pollution levels, leachate transfer, soil structure, and the
age of the landfill. Studies have indicated a wide range of
microplastic concentrations, with higher concentrations
typically found in surface soils due to atmospheric
deposition and accumulation. The degradation of
plastics over time, along with the diversity of microbial
communities, further contributes to the increased
microplastic concentrations. Furthermore, leachate from
landfills contributes to the complexity, often containing
smaller MPs that can migrate into groundwater. This
underscores the need for comprehensive monitoring and
management strategies to address microplastic pollution
in and around landfill sites.

4. Conclusion

Landfills remain one of the most common methods for
managing solid waste. According to conducted studies,
MPs are abundantly found in both active and closed
landfills. The type and abundance of MPs vary across
geographicallocations due to differences in environmental
conditions and landfill management practices. PE and
PP are recognized as the most prevalent polymer types
in these sites. In terms of morphology, films, fibers, and
fragments are the most abundant forms. The variation in
size classification methods and the lack of standardized
color classification make it challenging to compare results
across various studies. Additionally, the migration of MPs
from these sites into groundwater is a continuous process
that persists even after landfill operations have ceased.

A significant gap in most of the studies conducted in
this field is that most studies have primarily focused on
the analysis of engineered landfills, while open dumping
systems are still prevalent in many developing countries
for waste management. The lack of proper infrastructure
in these countries exacerbates the dispersion of
microplastic particles through air, leachate, and soil.
Therefore, addressing the presence and impacts of MPs
in developing countries is of paramount importance and
warrants more comprehensive and rigorous research.
Given the significance of microplastic pollution, it is
recommended to place greater emphasis on the presence
of MPs in soil. Moreover, the adoption of innovative
waste management practices, including source separation
and recycling, is essential.

Reducing microplastic pollution may also be partially
achieved through the establishment of stricter regulations
and their effective enforcement. The United Nations has
published a report titled “Legal Restrictions on Single-Use
Plastics and Microplastics,” which outlines measures such
as bans, taxes, and waste management to improve disposal
methods, encourage reuse and recycling, and promote
alternatives to plastic products. Notably, plastic bags,
other single-use plastics, and microbeads are particularly
highlighted. In developed countries such as the United

States, Canada, the Netherlands, and New Zealand, the
use of microbeads in personal care products has been
prohibited, representing a swift and effective approach to
reducing microplastic sources.
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