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ABSTRACT

Microplastics, a multi-dimensional environmental stressor group, capable of transboundary migration, 
are a threat to the global ecosystem. Transboundary migration of microplastics across all environmental 
matrices is known to originate from a multitude of sources and acts in conjugation with each other. This 
inter-dependence of sources calls for a detailed scientific analysis of all the sources that are in play. 
Waste management facilities have already been established as a significant contributor of microplastics 
to the aquatic and terrestrial environment. A systematic overview of the scientific literature reveals 
that the existing body of scientific knowledge is mainly focused on wastewater treatment facilities as 
a source/pathway of microplastics in the environment.  Recently the focus shifted towards solid waste 
management facilities through landfills. Poor plastic waste management practices made discarded 
plastics the most dominant component of solid wastes. This review elucidates the occurrence and 
distribution of microplastics, characteristics of microplastics, including size, shapes, colors, and polymer 
types, in leachate and refuse of landfills. Furthermore, we discussed the transport mechanisms and 
pathways used by microplastic present in landfills to migrate to subsurface or groundwater and adjacent 
aquatic bodies. Last, based on the findings, we summarized the gaps in existing studies and suggested 
future perspectives to be focused on the future.  The abundance of microplastics is attributed to the 
volume of plastic waste in landfills, management of leachate originating from landfills, application of 
leachate, and age of landfills. Microplastics abundance and characteristics vary in leachate and refuse. 
Smaller microplastics are predominant in leachate while larger microplastics are predominant in refuse. 
Landfills are capable of generating secondary microplastics from fragmentation and degradation. 
Further studies on microplastics in landfills are necessary to tackle this ever-growing menace. 

INTRODUCTION

Mass production and increased consumption of plastics 
resulted in plastic accumulation in terrestrial and aquatic hab-
itats (Colton & Knapp 1974, Coe & Rogers 2012). The plastic 
material, after its usefulness, ends up in the environment as 
waste or garbage (Gregory 1996, Moore et al. 2002, Derraik 
2002). Plastic waste in the environment exists in different 
sizes range and classified as macroplastics, mesoplastics, 
and microplastics (Gregory & Andrady 2003, Van Sebille et 
al. 2015). The term ‘microplastic’ was used by Thompson 
in 2004, to define smaller plastic pollutants present in the 
marine environment with emphasis been given to their size 
(Thompson et al. 2004). The size boundary used in defining 
microplastics was further refined by various authors (An-
drady 2011, Arthur et al. 2008, Verschoor 2015).

The most popular and widely used definition of mi-
croplastics was proposed by United States National Oceanic 
and Atmospheric Administration (NOAA), defining ‘mi-
croplastics’ as any piece of plastic with upper size < 5 mm, 
covering all types of plastic in the environment, regardless of 

the difference in chemical composition. Recently, a group of 
experts from this field, fixed the lower size limit of microplas-
tics to 1 μm, to make results of future studies comparable 
and introduced a definition for submicron plastics (Size < 1 
μm) known as nano plastics (Hartman et al. 2019).

The ever-growing body of scientific understanding from 
the studies demonstrates that microplastics are ubiquitous in 
the terrestrial environment and the terrestrial environment 
act as a “source and sink” for microplastics.  A study reports 
that annual plastics released to land are estimated to be 4–23 
times higher than that released to oceans (Geyer et al. 2017).

The major portion of plastic garbage after material/re-
source recovery and subsequent reuse, eventually ends up in 
landfills. It has been roughly estimated that 95 % of MSW 
generated in the world ends up in landfills. The large portion 
of wastes in landfills is of plastic origin with a rough estimate 
to be 79 %, thereby suggesting landfills to be abundant with 
microplastics (Zhou et al. 2014). While waste management 
facilities such as wastewater treatment plants and landfills 
are presumed to be a potential source of microplastics, our 
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understanding of the role of landfills as a source or sink of 
microplastics is limited (Ngo et al. 2019, Kazour et al. 2019, 
Cowger et al. 2019). 

Landfill leachate, whether treated or otherwise, has 
been known to pollute environmental matrices with heavy 
metals and other toxic compounds, primarily in the soil and 
groundwater. Such contamination of groundwater results in 
a substantial risk to local groundwater resource users and the 
ecosystem. The presence of toxic plasticizers in leachate has 
been reported in many studies, which establish that landfills 
are a significant source of plastic-associated pollutants (Jons-
son et al. 2003, Asakura et al. 2004, Baderna et al. 2011, 
Kalanatarifard & Yang 2012, Wowkonowicz et al. 2013). 
Besides primary microplastics already present in the solid 
waste and landfills generates secondary microplastics due to 
the substantial amount of plastic waste buried in landfills and 
providing favorable environmental conditions for progressive 
and continuous degradation of macroplastics to microplastics 
(Ishigaki et al. 2004, Webb et al. 2013).

Thus, it is likely that landfills are also capable of stor-
ing, fragmenting, and releasing microplastics further in the 
environment, and may likely be the crucial link in better 
understanding the cyclic movement of microplastics in 
the environment.  This paper aims to provide a review of 
the existing literature reporting microplastic pollution in 
landfills, focusing on their abundance and characteristics. 
Further, we examined whether landfills act as a sink, source of 
microplastics, or both and discussed transfer mechanisms of 
microplastics to the aquatic environment. Last, we discussed 
current gaps in knowledge regarding the understanding of 
microplastic pollution in landfills.

RESULTS AND DISCUSSION

Microplastic Occurrence and Abundance in Landfills

Results from 31 landfills that were examined in five studies 
portray that number of microplastics varies significantly 
with almost none to 25 particles per liter. The abundance 
of microplastics from each landfill site is mentioned in 
Table 1. The five studies considered under this review are 
geographically dispersed, spreading across Nordic countries 
of Europe to south Asian countries like China and Thailand, 
suggesting that microplastics are heterogeneously dispersed 
in landfills around the globe (Kilponen 2016, Praagh et al. 
2018, He et al. 2019, Su et al. 2019, Puthcharoen & Suchat 
2019). This trend is in line with microplastic distribution in 
the aquatic and terrestrial environment around the globe, 
though microplastic abundances in landfills remain lower 
than in the aquatic ecosystem. Microplastics are found to 
be abundant in mostly all leachate samples. 

 This section also includes studies in which the report-
ed quantity of microplastics in freshwater, sediment, and 
wastewater treatment plants are on par with the abundance 
of microplastics in landfills. Microplastic abundance and 
distribution in Flemish rivers of Belgium, River Seine of 
France, Lake Hovsgol of Mongolia, Great Lakes of USA, 
and various lakes of Switzerland are reported to be 17 par-
ticles.L-1, 0.03 particles.L-1, 0.00012 particles.L-1, 0.016 
particles.L-1, and 20 particles.L-1 respectively (Slootmaekers 
et al. 2019, Dris et al. 2015, Eriksen et al. 2013, Van Wezel 
et al. 2016, Faure et al. 2015). 

 A significant difference in microplastic abundance 
was observed among the analyzed landfill sites, with the 
highest abundance of microplastics recorded at landfill 
No. 2 of Shanghai, China (24.58 particles.L-1) and lowest 
around landfill site of Tali, Helniski (0.002 particles.L-1). 
Furthermore, microplastic abundance varies from landfill to 
landfill within a country and other countries. Country-wise 
the maximum abundance was found at Álfsnes landfill (4.51 
particles.L-1) in Iceland, Böler landfill (1.3 particles.L-1) in 
Norway, Hollola landfill (1.97 particles.L-1) in Finland, and 
Shanghai landfill No. 2 (24.58 particles.L-1) in China. This 
trend can be attributed to the difference in living standards, 
human activity, and type of industries, waste management 
practices, the quantity of plastic waste in MSW, and local 
laws and policies among countries. The nature and quantity 
of waste generated and handled by landfills are likely to be 
different, in turn influencing the abundance and character-
istics of microplastics present in landfills.  For example, the 
municipal solid waste of China has been reported to have 
less plastic content when compared with plastic content in 
municipal solid waste of Nordic countries (Yang et al. 2018).  
The other important aspect which affects the variation in 
microplastics abundance is the targeted microplastics size 
in the study. Variation in the mesh sizes or filter paper used 
during sampling and analysis influences the abundance of 
microplastic particles present in the samples. 

 Apart from leachate, refuse and dry waste from land-
fills was analyzed for the presence of microplastics in two 
studies. In the refuse sample obtained from Laogang landfill 
in Shanghai, China, the microplastic abundance was found 
to be in the range of 20-91 particle.g-1. Similarly, in 12 
landfills of Thailand, microplastic abundance in refuse was 
in the range of 0.6-2.2 particle.g-1. Microplastic abundance 
in landfill refuse is reportedly higher when compared with 
microplastic abundance in aquatic sediments, agricultural 
soil, and sewage sludge, again solidifying landfills as one 
of the major land-based sources of microplastics (Hu et al. 
2015, Li et al. 2018, Liu et al. 2018).

Variation in leachate composition and concentration 
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of pollutants when compared with refuse is attributed to 
the amount of water that infiltrates or percolates into the 
landfill and the environmental degradation and fragmen-
tation processes occurring inside the landfill. Landfills are 
known to behave like an anaerobic reactor due to a favorable 
environment (sufficient moisture and lack of oxygen etc.), 
where a diverse range of microbial communities thrive. These 
microorganisms have the potential to bio-degrade plastic 
waste present in landfills depending on the environmental 
conditions of the landfill and the chemical nature of the 
polymer. Degradation of biodegradable plastics, through 
microbial activities in the landfill, results in the production of 
methane and biomass while degradation of other polymeric 
materials results in the production of microplastics. Hence 
the abundance of microplastics in landfills directly depends 
upon the volume of plastic waste present in the landfill, the 
volume of primary microplastics present in the landfill, and 
the degradation process occurring in the landfill (Ishigaki et 
al. 2004, Themelis & Ulloa 2007)

Characteristics and Nature of Microplastics in Landfill

Characteristics of microplastics play a key role in the distri-
bution and transference of microplastics in the environment. 
It is a common practice to characterize microplastics into 
different sizes; shapes, colors, and polymer types, etc. which 
aids in identifying the source, transfer pathway, fate, degra-
dation status, potential to act as a vector for toxic chemicals 
and microbes, their interaction with organisms, and impact 
on the environment. The characteristics of microplastics from 
studies on landfills are summarized in Table 1. 

Size of Microplastics

The size of the microplastics plays a crucial role in their 
interaction with the biotic component and long-term threat 
to the ecosystem. The lowest boundary of mesh size used 
during the sampling and analysis portion will fix the size 
of microplastics reported in the study. Continuous environ-
mental degradation of macroplastics and microplastics keeps 

Table 1: Abundance and characteristics of microplastics found in landfills.

Location Abundance
(Particle/L)

Size Classification Shape Microplastics polymer com-
position (%)

Reference

Álfsnes Iceland 4.51 5,000-500 μm and 
500-50 μm

NM PE (41.46%), PP (4.27%), 
PVC (2.07%), PS (12.26 
%), PET (13.91%), PUR 
(21.35.%), PA (0.55%), 
PMMA (4.13%).

A

Anonymous 1*Finland 0.30

Anonymous 2* Norway 1.40

Böler Norway 1.3

Fiflholt new cell Iceland 0.20

Fiflholt old cell Iceland -

Gjerdrum Norway 1

Hollola Finland 1.97

Korvenmäki Finland 1.10

Kujala Finland 0

Topinoja Finland 0.16

LF1 Shangha CW: 3.58 EB: 18.38 1,000-5000 μm and 
1000-100 μm

lines (14.81%), flakes 
( 2 2 . 8 7 % )  f r a g m e n t s 
(58.62%), pellets (0.64 
%) and foams (3.06%)

PE (34.94%), PP (34.94%), 
PVC (0.32%), PS (4.99%), 
ABS (0.32%), PET (5.96%), 
PUR (1.45%), EVA (0.64%), 
PA (0.64%), PES (2.74%), 
EP (0.32%), PF (0.16%), 
P P C  ( 0 . 1 6 ) ,  P M M A 
(0.32%), ALK (4.35%), 
PMDS (2.25%),  PTFE 
(5.48%).

B

LF2 Shanghai CW: 0.79 EB: 24.58

LF# Shanghai CW: 1.38 EB: 1.17

LF4 Wuxi CW: 0.96 EB: 0.96

LF5 Suzhou CW: 0.42 EB: 2.96

LF6 Changzhou CW: 2.21 EB: 3.58

Laogang, Shanghai, Chi-
na

4 to 13 < 0.5 mm; 0.5-1 
mm; 1-5 mm

Leachate: fiber (60%), 
granules (24.62%) , frag-
ments (15.38%) ,Refuse: 
f ragments  (59.28 %) 
granules (18.57 %) , fibre 
(13.39 %) films (7.86 %) 
and rods (0.36%)

Leacha te :  Ce l lophane 
(45.12%), PE (9.76%), PP 
(8.54%) and PS  (8.54%, 
refuse)
Refuse: PE, PEUR, PS, 
EPM, and PP polymers (60 
%)

C

Table cont....
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generating secondary microplastics, making exact estimation 
of microplastics based on size tough. Furthermore, smaller 
microplastics with a larger surface area are more prone to 
sorptive processes making a higher possibility of adsorption 
of toxic pollutants. Out of 5 studies, size distribution was 
mentioned in 3 studies, Detail of various size classifications 
used in the studies are summarized in Table 1. 

Microplastics present in the leachate of 11 landfills of 
Nordic countries were classified in two size range- 5,000–500 
μm and 500–50 μm. Results concluded that when compared 
with raw or treated sewage, landfill leachate is likely to be 
a relatively small source of microplastic particles between 
5000 and 50 μm.  Microplastics present in leachate samples 
from 6 landfills of China were reported in 3 size classifica-
tion. The highest percentage (74.88%) of microplastics was 
found to be in the size range of 100-1000. Microplastics in 
leachate and refuse from Shanghai landfill were categorized 
into 3 classes, < 0.5 mm, 0.5-1 mm, and 1-5 mm. The size 
of microplastics ranged from 0.07 to 3.67 mm in leachate, 
and 0.23 to 4.97 mm for refuse samples. The average size of 
microplastics in refuse (1.03 mm) was larger than leachate 
(0.83 mm) suggesting large microplastic particle entraps 
in refuse while smaller microplastics particles migrate to 
the leachate. It can also be inferred that, due to continuous 
environmental degradation of the large microplastic particle, 
smaller secondary microplastics are being generated which 
migrates to the leachates. Microplastics in leachate sample 
collected near Talli, Helniski were classified into 3 size 
groups: <300 μm;100 μm -300 μm, and 100 μm to 20 μm.

Results of the five studies revealed that the abundance of 
microplastic varies with the size fraction of microplastics. 
The smaller microplastics remain abundant in leachate while 
larger microplastics are abundant in refuse. In the aquatic 
environment, smaller particles are reported to be dominant 
in the entire microplastics size range due to continuous deg-

radation and fragmentation; results from the landfill studies 
also confirm this trend (Isobe et al. 2014, Zhang et al. 2017, 
Auta et al. 2017).

Problems associated with reporting size distribution and 
abundance of microplastics in microplastic research studies 
due to different sampling strategies and analytical methods 
being used by researchers, make comparative studies chal-
lenging. Standardization and harmonization of the microplas-
tic analysis protocols and guidelines for reporting the size 
distribution of microplastics are much needed to use the size 
distribution data efficiently (Filella, 2015).

Shape of Microplastics

Microplastics in the environment appear in a wide diversity 
of shapes. Visual identification of microplastics through 
naked eyes and microscopes reveals morphological charac-
teristics such as shape and color. Microplastic morphologies 
commonly described in research literature include spheres, 
beads, pellets, foam, fibers, fragments, films, and flakes. The 
shape of environmental microplastics depends upon the type 
of microplastics.  Primary microplastics are intentionally 
made in that form, as the specific shape of primary microplas-
tics serves a specific purpose, for example, microbeads in 
facial cleansers and face scrubs. In nature, degradation and 
fragmentation of microplastics occur, where a wide range of 
mechanical forces act on the surface of plastic which results 
in rugged and irregular-shaped secondary microplastics.  
Secondary microplastics with sharp edges illustrate a recent 
introduction into the environment while smooth edges are 
associated with a large residence time (Hidalgo-Ruz et al. 
2012, Free et al. 2017, Paco et al. 2014, Weinstein et al. 2016, 
Upadhyay & Bajpai 2021).

Out of 5 studies, only 3 studies report the shape of mi-
croplastics. Microplastics in 12 leachate samples from 6 land-
fills were categorized into 5 groups: lines, flakes, fragments, 

Location Abundance
(Particle/L)

Size Classification Shape Microplastics polymer com-
position (%)

Reference

Tali, Helsinki 0.002 and 0.017. <300 μm;100 μm 
-300 μm and 100 μm 
to 20 μm.

Textile fibres : 0.080 to 
0.261 fibres/L and syn-
thetic particle : 0.002 and 
0.017 particle/L

NM
D

12 landfill of Thailand

13.5- 27.5 Items/
kg.dry weight 330 μm to 5000 μm

         

Grannules: 32% films 
27%,
irregulars 22% and spheres 
1%
leachates: granules 47% 
films (28%),
fibers (17%), irregular 
(8%) and spheres (0%).

PS, PP, PET

      

E

References: A - Praagh et al. (2018); B - He et al. (2019); C - Su et al. (2019); D - Kilponen (2016); E - Puthcharoen & Suchat (2019)
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pellets, and foams. Fragments and flakes were found in all 
samples. Pellets and foam were found only in the landfills 
of Shanghai.  The majority of the microplastics found were 
irregular in shape and had rough edges suggesting that sec-
ondary microplastics are the major source of microplastics 
in landfill leachate. Morphologically, microplastics from Le-
ogang, Shanghai, China was categorized as fibers, granules, 
films, rods, and fragments in leachate and fibers, granules, 
and films in refuse. In leachate samples, fibers (60%) were 
abundant while in soil samples, fragments (59.28 %) were 
abundant as mentioned in Table 1. 

Microplastics in leachate from a landfill in Talli, Helsinki, 
were analyzed for the presence of textile fiber and synthetic 
particles. Fibers were prevalent in all the samples. Microplas-
tics in 12 soil samples and 10 leachates from 12 landfills of 
Thailand were categorized as fibers, films, spheres, granules, 
and irregular. In soil and leachate samples, granules (32% & 
47% respectively) were the dominant type of microplastics. 

The shape is crucial in determining the sources and types 
of microplastics. The shape also reveals the residence time 
of microplastic, meaning when the microplastics entered 
into the environment.  Resins and pellets are reported to be 
dominant in the aquatic environment near industrial activi-
ties, suggesting the use of primary microplastic in industries 
while fragments and foams remain dominant near heavy 
marine aquatic traffic, tourist spots, and marine environment, 
suggesting secondary microplastics due to degradation. In 
domestic wastewater and wastewater treatment plants, beads 
found in personal care products and textile fibers from textile 
washing forms the majority of microplastics while fibers 
form the major component of microplastics deposited from 
the atmosphere (Napper et al. 2015, Dris et al. 2016, Her-
nandez et al. 2017)

The abundance of irregular shapes and rough edges of 
microplastics resulting from fragmentation and degradation 
of microplastics, and the volume of plastic waste buried in 
landfills implies a long-term process of generation, accumu-
lation, and release of microplastics in the landfills.  Earlier 
studies concluded that the abundance of the fragment in 
the aquatic environment is the result of environmental 
weathering and fragmentation of larger plastic products, 
or input of effluents from the wastewater treatment plants 
and industrial activities or derived from vessel activities 
(cargo, fishing, etc.). Furthermore, microplastics of smaller 
size having an irregular shape and rough surface provides 
active sorption sites which increases the sorptive potential 
of microplastics. This coupled with a higher residence time 
of microplastics in the environment (more residence times, 
increases the likelihood to), enhances the environmental risk 
of leachate discharged to the environment (Koelmans et al. 
2016, Machado et al, 2018).

Color of Microplastics

Pigments and dyes are used by plastic manufacturing indus-
tries to produce colored macroplastics and microplastics. The 
consensus among microplastic pollution researchers remains 
in favor of reporting color classification of microplastics with 
the majority of microplastic studies reporting quantitative 
data on different colors of microplastic in the environment; 
still, none of the studies on landfill reports any information 
related to microplastic color. Microplastics have been re-
ported in a range of colors, including red, orange, yellow, 
brown, tan, off-white, white, grey, blue, green, etc. Trans-
parent microplastics originate from single-use plastic such 
as plastic bags and plastic plates or cups or from industries 
where transparent microplastics are used as feed material. 
Colored microplastics are mainly secondary microplastics 

 

 

microplastics, a plume of contamination will occur and aquatic sources in that plume will be 

contaminated. The dry (long) and wet (intense) cycle leads to accelerated dispersion of leachate in 

the surrounding areas causing microplastic contamination of subsurface water.  

The transport mechanism of microplastics from landfills is complex and remains unidentified, 

though few mechanisms have been conceptualized based on the transport and fate of microplastics 

in soil and terrestrial environment. Microplastics from landfills can transfer to groundwater and 

nearby water bodies using 5 distinct routes as shown in Fig.1.  

 

Fig.1: Detail of potential pathways for microplastics migration and transference from landfills to 

aquatic environment.  

Fig.1: Potential pathways for microplastics migration and transference from landfills to aquatic environment. 
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resulting from the fragmentation of colored macroplastics. 
However, the color of the plastic particle cannot easily be 
used to deduce the type or origin. Importantly, color infor-
mation can be biased as brighter colors are spotted more 
easily during visual inspection.

Polymer Type of Microplastics 

Analysis of the microplastic composition mainly in form 
of polymer types reveals pertinent useful information on an 
individual particle. The polymeric information alone can 
point towards sources and origin in most cases, but when 
supplemented with morphological information, will reveal 
the completed information (Digka et al. 2018).

726 microplastics present in 16 leachate samples (treated 
and untreated) from 11 landfills of the Nordic nation were 
identified to confirm the presence of 8 polymer types.  PE 
(301 particles) was found to be abundant. 17 types of poly-
mers were found in 621 microplastics particles from 12 lea-
chate samples of 6 landfills in China. PE (217 particles) and 
PP (217 particles) dominated the entire polymer group (92). 
Microplastics present in leachate and refuse from landfills 
near Laogang, Shanghai, China were analyzed for polymer 
identification. For refuse samples, the highest abundance 
was represented by PE. In leachate samples, the highest 
abundance was represented by cellophane.

Polyethylene is the most dominating polymer type found 
in landfills. Cellophane, a typical semi-synthetic material, 
classified as microplastics, was abundant in landfills near 
Laogang, Shanghai, China. PE is also observed to be the 
most frequent polymer type found in other environmental 
matrices.  In the aquatic environment, PE, PP, and PS mi-
croplastics are dominant.  Similarly, PS and PE are the most 
detected microplastic polymer in wastewater samples (Van 
Sebille et al. 2015, Galgani et al. 2015, Ballent et al. 2016, 
Talvitie et al. 2017). 

Polythene dominates the most produced polymer type 
in the world and has a wide range of applications such as 
packaging material and in personal care products. PS is ex-
tensively used in packaging and for manufacturing disposable 
items (coffee cups and food containers, eating utensils), while 
PP is used to make rigid plastic tools and furnishings, such as 
textile floor coverings, carpets, and fishing nets. Cellophane 
is often used as packing material for food items, batteries, and 
cigars (Vianello et al. 2013, 2019, Su et al. 2016, Kershaw 
& Rochman 2016). 

Migration and Transport of Microplastics from 
Landfills to Aquatic Environment

The fate of microplastics in landfills not only deals with 
microplastics buried in the landfill but also the secondary 

microplastics generated in landfills. Waste present in land-
fills, over time, gets decomposed and starts sweating, and 
generates a sufficient quantity of liquid waste known as ‘lea-
chate’. Landfill leachate can be defined as the liquid effluents 
generated from rainwater percolation or infiltration through 
a landfill, as well as, the moisture present in the waste and 
the degradation of waste (Mukherjee et al. 2015, Costa et al. 
2018). The quantity of leachate generated depends upon the 
intensity and duration of rainfall, evapotranspiration, surface 
runoff, groundwater infiltration, and degree of compaction 
of waste in landfills.

Landfill facilities have a special arrangement for the 
collection of leachates which are eventually being disposed 
of in the environment, with or without treatment (Salem et 
al. 2018). Areas near landfills have a greater possibility of 
groundwater contamination because of the potential pollution 
source of leachate originating from the nearby site (Mor et 
al. 2006). The leachate pollutes large amounts of ground-
water, rendering it unsuitable for use. Such contamination 
of groundwater resources poses a substantial risk to local 
resource users and the natural environment (Han et al. 2016). 
The plastic waste present in landfills is subjected to various 
environmental forces that facilitate their fragmentation or 
degradation and horizontal or vertical movement either due to 
groundwater underflow or infiltration. Overtime the leachate 
generated in the landfill starts accumulating at the bottom of 
the landfill and percolates through the soil and reaches the 
groundwater (El-Fadel et al. 1997, Islam & Singhal 2004, 
Themelis & Ulloa 2007, Bilgili et al. 2007).

Microplastic contamination of groundwater from landfill 
leachate is of paramount importance due to its association 
with chemicals and pathogens. Their eco-toxicological effect 
depends upon various factors such as volume and toxicity 
of microplastics present in leachate, permeability and nature 
of the geological strata which govern vertical and horizontal 
distribution, and direction of groundwater flow. Of these 
factors, groundwater flow is crucial as groundwater moves 
slowly and continuously through the pervious strata of soil. 
If a landfill contaminates groundwater with microplastics, 
a plume of contamination will occur and aquatic sources in 
that plume will be contaminated. The dry (long) and wet 
(intense) cycle leads to accelerated dispersion of leachate 
in the surrounding areas causing microplastic contamination 
of subsurface water. 

The transport mechanism of microplastics from landfills 
is complex and remains unidentified, though few mechanisms 
have been conceptualized based on the transport and fate of 
microplastics in soil and terrestrial environment. Microplas-
tics from landfills can transfer to groundwater and nearby 
water bodies using 5 distinct routes as shown in Fig. 1. 
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I. Stormwater or surface runoff carries microplastics 
from landfills into aquatic systems: Stormwater runoff is 
an important pathway for the transport of microplastics from 
landfills to groundwater and aquatic bodies.  Macroplastics 
and microplastics present near roads, on the ground surface, 
in open solid waste dumping sites and landfills, gets carried 
away with surface runoff which eventually ends up being 
part of groundwater or aquatic system. The presence of 
microplastics in surface runoffs has already been reported 
and modeling studies confirm that surface runoffs carry mi-
croplastics (including tire wear and road wear/dust particle) 
from terrestrial to the aquatic environment (Nizzetto et al. 
2016, Siegfried et al. 2017, Vogelsang et al. 2019, Kole et 
al. 2017).

II. Atmospheric transport (due to wind) of microplastics 
from the surface of landfills to the aquatic environment:  
Microplastics are light in weight and their atmospheric trans-
port has been highlighted as an important pathway that carries 
microplastics in the environment. Microplastics having low 
buoyancy, get carried away from the surface of the landfill by 
the wind and may deposit into aquatic bodies. Researchers 
have discovered that wind pushes and mixes the lightweight 
plastic particle down into the water (Rezaei et al. 2019). The 
wind can carry microplastics from the ground surface, open 
solid waste dump sites, and landfills and deposits them in 
environments farther from their original site, including the 
aquatic environment (et al. 2021).

III. Transference through leachate either by direct dis-
charge or leakage from drainage: Leakage of leachate due 
to defects in landfill liners have been a matter of concerns 
for so long, Sufficient evidence is available which suggests 
that leakage through landfill liners would be a pathway for 
microplastics to enter into the adjacent environmental matrix 
(from subsurface soil to groundwater which eventually ends 
up in aquatic sources) (Foose et al. 2001). The immediate 
surface below landfill and landfill themselves are composed 
of porous soil medium containing pores of different sizes.  
These pores provide an opportunity for contaminants like 
microplastics to escape from the landfill. Recent studies 
discussed the vertical and horizontal distribution of mi-
croplastics in soil. Smaller microplastics easily move through 
soil pores while larger microplastic gets trapped. Similarly, 
in landfills, smaller microplastics migrate through the pores 
while larger microplastics get trapped in the pore. Trapped 
microplastics are under constant environmental degradation 
forces and with time, they break down into smaller mi-
croplastics, which then escape through the pores and reach 
aquifers via soil (Foose et al. 2001, Blasing & Amelung 2018, 
Grayling et al. 2018, Yong et al. 1992, Brandon et al. 2016).

IV. Microbes and terrestrial organisms present in land-
fills as the carrier of microplastics: The most recent studies 

demonstrate that microbes and terrestrial organisms present 
in soil act as a carrier of microplastics. In laboratory con-
ditions, two collembola species (i.e. Folsomia candida and 
Proisotoma minuta) carried and distributed microplastics.   A 
study showed that mite (i.e. Hypoaspis aculeifermoved) can 
also move and disperse the commercial PVC microplastics. 
Similarly, earthworms were also observed to be the carrier 
of microplastics.  Due to the abundance of microplastics in 
the terrestrial environment and terrestrial trophic transfer 
of microplastics, microplastics get ingested by terrestrial 
organisms and microbes. These organisms carry microplas-
tics into the environment and release microplastics back to 
the environment through excretion. Microplastics can also 
get attached to the outer surface of organisms and migrate 
freely (Maaß et al. 2017, Zhu et al. 2018a, 2018b, Rillig et 
al. 2017, Huerta Lwanga et al. 2017a, 2017b)

V. Application of treated leachate as soil conditioner: 
Leachate, a toxic mix of chemicals, also contains minerals 
and nutrients (iron, nitrogen, phosphorus, and biomass from 
anaerobic digestion, etc.). Effluent from leachate treatment 
plants, after removal of toxic chemicals, contains a sufficient 
quantity of nutrients, which is used as a soil stabilizer and 
conditioner.    Although technologies for the treatment of 
landfill leachate are mainly focused on the removal of toxic 
chemicals, they remain efficient in microplastic removal too.  
But the high volume of leachate effluent generated daily 
contains a huge amount of microplastics and when applied 
as a soil conditioner, will reintroduce microplastics back to 
the terrestrial environment from where they will migrate to 
aquatic sources (Nunes Júnior et al. 2017, Praagh et al. 2018). 

Among transport mechanisms discussed above, leaking 
and disposal of leachate appear to be the dominant mecha-
nism. Leachate being a highly concentrated chemical soup 
often undergoes treatment facilities to reduce its toxicity 
and volume.   Despite the complex, efficient, and sophis-
ticated treatment processes, just like wastewater effluent 
from wastewater treatment facilities, a substantial amount of 
microplastics remains present in treated leachate which even-
tually gets discharged either into the terrestrial environment 
or aquatic sources. Common leachate treatment processes 
include conditioning off leachate in equalization basins and 
subsequent physio-chemical and biological treatment units. 
The pathway for microplastic released from landfills to the 
environment will depend upon the discharge procedures 
adopted for treated leachate. Furthermore, the presence of 
microplastics from closed landfills of China highlights the 
importance of considering closed landfills as a source of 
microplastic pollution as degradation and fragmentation of 
microplastics is a continuous process. 

The age of landfills is also an important fact to consider 
while addressing microplastic pollution in landfills.  Landfill 
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age is considered to be a determinant factor controlling the 
leachate composition because physio-chemical and biolog-
ical properties change as the landfill tends to stabilize. The 
abundance and characteristics of microplastics in refuse 
have been reported to vary with different landfill ages. Due 
to increased plastic consumption in the last 3 decades, young 
landfills are abundant with microplastics while older landfill 
shows the presence of secondary microplastics resulting from 
environmental degradation (Kjeldsen et al. 2002, Kulikowska 
& Klimiuk 2008, Su et al. 2019)

Apart from the aforementioned active traditional path-
ways, few passive transport pathways are available for 
microplastics to use. Landfill mining (excavation, screen-
ing, and separation of valuable materials in landfills) is an 
important form of resource recovery being used in many 
countries. The application of landfill materials (having high 
organic content and low toxic substances) as soil conditioner 
has been studied in various literature and are now being prac-
ticed (Hogland et al. 2004, Krook et al. 2012, Quaghebur et 
al. 2013, Jones et al. 2013, Canopoli et al. 2018). Sufficient 
evidence is now available which confirms that wastewater 
sludge used as soil conditioner contributes to soil contam-
ination by microplastics (Corradini et al. 2019, Edo et al. 
2020). The soil application of landfill refuse may introduce 
microplastics to the soil, from where they can either migrate 
to groundwater, accumulate in soils, or be transported and 
redistributed by wind or carried by surface run-off to the 
aquatic environment (Zubris & Richards 2005, Duis & Coors 
2016, Da Costa 2018).

Compared with the aquatic environment, landfills are also 
a complex and heterogeneous medium where many factors 
(heterogeneous plastic waste, environmental condition, phys-
io-chemical and biological properties of leachate and refuse) 
influence the transport of microplastics. The meteorological 
forces directly influence the abundance, distribution, and 
migration of microplastics. In the post-monsoon season, 
due to precipitation, the volume of leachate generated and 
volume of surface runoff increases, similarly, high wind 
may plausibly carry more microplastics from landfill surface 
(Van Breukelen et al. 2004, Wijesekara et al. 2014). How do 
these factors in association with external transport mecha-
nisms affect the transport and retention of microplastics in 
landfills remains unsolved which affects our understanding 
of the transport of microplastics from landfills to soil and the 
aquatic environment. Future studies (laboratory studies, field 
studies, column experiments, transport modeling, and in-situ 
imaging) are required, considering all transport mechanisms 
individually and simultaneously to fill the knowledge gap 
highlighted in the next section. 

Knowledge Gap

In this section, we are highlighting several key gaps in un-
derstanding microplastic pollution in landfills based on the 
published literature. 

All the studies considered engineered landfills for 
analysis except few landfills in Thailand. Open dumping of 
municipal solid waste is commonly practiced in developing 
countries. Due to a lack of infrastructure and resources, these 
dumpsites generate leachate which directly flows to the drains 
or migrates to the groundwater. A holistic approach encom-
passing engineered landfills and open dumps is required to 
increase our understanding.

	 ∑	 The physicochemical properties of leachate have not 
been reported in many studies which makes it difficult 
to assess the overall risk of leachate on the ecosystem.  

	 ∑	 Several studies have theoretically conceptualized the 
transfer route of microplastics from landfills to aquatic 
bodies, yet scientific understanding of transport mech-
anisms remains unclear. It is of paramount importance 
to understand the transport processes of microplastics 
originating from landfills to the environment. The 
microplastic transport and distribution among various 
zones of landfills must be modeled to estimate the level 
of microplastic abundance and distribution that has 
happened and that is going to happen. Furthermore, 
these models will help propose preventive measures. 

	 ∑	 The body of knowledge available on microplastics in 
landfills is based on studies conducted in developed 
countries. Developing countries rely mostly on landfills 
and open dumps to deal with solid wastes. Given the 
fact that microplastics are capable of long-term trans-
portation and transboundary migration, it is therefore 
important to address the presence of microplastic in 
developing countries. 

	 ∑	 Further studies should focus on the plastic biodegrada-
tion process and underlying mechanism in the landfill, 
such as the isolation of microorganisms capable of 
degrading polymer and rate of degradation in field con-
dition and controlled laboratory stimulated condition to 
make the predictive estimation of microplastics likely 
to generate in near future.  

	 ∑	 Future studies need to investigate the ecotoxicological 
impact of microplastics originating from landfills by 
studying their interaction with toxic chemicals and 
pathogens already present in the landfill.  

	 ∑	 Toxicological studies on the interaction of chemicals in 
leachate with microplastics in a laboratory simulated 
landfill environment are required to understand the 
distribution characteristics of microplastic-associated 
chemicals and sorptive behavior in the environment. 
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CONCLUSION 

Despite profound efforts to limit the use of landfills, landfills 
remain the most popular method to handle solid wastes. A 
review of the available literature indicates that microplas-
tics are abundant in both active and closed landfills.  The 
abundance and characteristics of microplastics varied across 
different regions. Fibers and fragments are the most dominant 
microplastic shapes and polyethylene is the most dominant 
polymer type in landfill leachate. Comparison of results is not 
possible due to varying size classification used in the study to 
report the abundance of microplastics.  None of the studies 
reports a color classification of microplastics. Degradation 
and fragmentation of microplastics seem to generate second-
ary microplastics in landfills.  The migration of microplastics 
present in landfills to groundwater is a continuous process 
that does not stop even after the ceasing of landfill operations. 
Hence, it is very essential to keep assessing and monitoring 
the surroundings of decommissioned landfill sites.

Finally, only through collaborative efforts of legislation, 
public participation, multi-disciplinary research effort, and 
advancement in research and monitoring, the issue of mi-
croplastic pollution can be properly addressed.
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