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       ABSTRACT
The rapid global plastic production of 348 million tonnes in 2018 has led to widespread 
environmental pollution, especially in terrestrial ecosystems. This study examines 
microplastics in agricultural soils, coming alarmingly. Particles ≤5 mm, which are defined as 
microplastics, have detrimental effects on the earth’s environment. Because of its ecological 
importance, soil acts as an important microplastic sink, affecting soil and plant health and 
microbial activity. A variety of factors contribute to microplastic pollution in agricultural soils, 
including plastic mulching, manure, agricultural products (silage nets, twine), sewage sludge, 
weathering, and other indirect processes. These microplastics migrate, threatening soil 
integrity and biodiversity. Soil microplastics are analyzed for size, volume fraction, and polymer. 
Common materials include polyethylene, polypropylene, polyamide, polystyrene, polyvinyl 
chloride, and polyesters. Techniques, including optical microscopy and spectroscopy, extract 
and analyze microplastics. This comprehensive review calls for increased concern about 
the ecological effects of microplastics in agricultural soils. It emphasizes the importance 
of managing plastics to solve environmental challenges. The integrated environmental 
assessment highlights the complex relationship between microplastics and soil ecosystems, 
providing insights into potential risks and suggesting strategies to combat this looming 
environmental threat.

INTRODUCTION

Plastic is a flexible, long-lasting, and cost-effective material 
used in a variety of important industries such as packaging, 
electronics, agricultural production, etc. (Plastic Europe 
2018). The widespread use of these synthetic materials 
increased manufacturing, resulting in a huge amount of 
plastic litter in the environment (Geyer et al. 2017). In 
2018, the anticipated global plastic production was 348 
million tonnes (Plastic Europe 2018). Around ≥6000 Mt 
of plastic garbage was generated in 2015, with around 80% 
of the material ending up being dumped directly into the 
environment that finds its way to landfills (Geyer et al. 
2017). It is also observed that around 8078 Mt of Plastic has 
been generated in the last 50 years between 1950 and 2020 
(Plastic Europe 2021). Plastic waste is ubiquitous and has 
been discovered in a variety of environmental compartments 
(de Souza Machado et al. 2018a), where it is subjected to 
increasing fragmentation caused mostly by thermo-oxidation, 
photo-oxidation, UV light, and mechanical abrasion (Wang et 
al. 2019, Hayes 2019 & Da Costa et al. 2019). Unfortunately, 
the fragmentation process does not entirely disintegrate 

the plastic waste but instead transforms it into a plethora 
of fine-sized plastic particles, encompassing Microplastics 
defined as 5 mm in diameter (Arthur et al. 2009, Thompson 
et al. 2004).

CHARACTERISTIC FEATURES OF 
MICROPLASTICS

The sink of Microplastics discovered in the soil can indicate 
localized usage, adjacent artificial activities, or atmospheric 
deposition, but the soil is a potential sink for Microplastics 
from different sources (Forster et al.2020). The capacity to 
understand the formation of Microplastics in soil, where the 
distribution distance on both temporal and spatial scales, 
among the point of origin and the sampling site, may be 
shorter than that in atmospheric transfer, is made possible 
by correlations among different kinds and occurrences of 
Microplastics discovered and regional human activities 
(Eerkes-Medrano et al. 2018, Luo et al. 2020). Additionally, 
the effects of different types of Microplastics on terrestrial 
systems vary (de Souza Machado et al. 2019, Lozano et al. 
2020).
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Shape

According to researchers (Xu et al. 2020, Yang et al. 2021), 
the Microplastics seen may be divided into numerous shapes, 
including pellets, fragments, foam, fiber, and film. According 
to a laboratory weathering experiment, PP pellets may create 
6084±1061 particles after being subjected to UV light for 
12 months and mechanical abrasion for 2 months (Yang et 
al. 2021).

In addition to being the master batch for products like 
industrial pellets, pellet particles are also connected to 
personal care items like cosmetics and cleaning supplies (Xu 
et al. 2020). Additionally, a new class called “fiber balls” is 
created since fibers frequently tangle and form balls. Such 
a fiber ball often comes in bundles and is made up of fibers 
in various colors (Weber & Opp 2020).

Size Fractions

The definition of Microplastics by researchers, as well as 
the sensitivity of the extraction and analytical techniques 
utilized, makes determining the size of Microplastics fairly 
challenging. The concept of Microplastics has become clearer 
as a result of an early study that focused on their presence in 
aquatic ecosystems. Microplastics are known to have a size 
of less than 5 mm. However, the sampling, pretreatment, 
and identification procedures directly affect the minimum 
particle size (Yang et al. 2021, Weber & Opp. 2020). In soil 
environments, Microplastics with minute particle sizes (≤1 
mm) have been commonly reported.

Polymer Identification

According to the study of Yang et al. (2021), the presence 
of Microplastics is crucial for determining the source of 
contamination. Polyethylene, polypropylene, polyvinyl 
chloride, polyamide, polystyrene, and polyester are the 
most prevalent polymers found in soil. Polyethylene and 
polypropylene are the most commonly found in soil.

Microplastic pollution has recently received a lot of 
attention both from the general public as well as scientific 
communities all over the world, with a focus on aquatic 
settings, particularly the marine environment (Hidalgo-Ruz et 
al. 2012, Auta et al. 2017). The availability of Microplastics 
in the oceans has been linked mostly to ongoing inputs and 
also the degradation and fragmentation of large plastic litter 
(Hidalgo-Ruz et al. 2012), the vast majority of which are 
emitted from land (Rezania et al. 2018).

Microplastics in aquatic conditions may be consumed 
by Oligochaeta, crustacea, mollusks, nematodes, and 
vertebrates (Jambeck et al. 2015, Desforges et al. 2015, 
Hurley et al. 2007, Lei et al. 2018b). Microplastics and  

plastic-derivative compounds, such as plastic additives 
and adhered contaminants, have been linked to diversified 
toxicological effects that include inflammatory responses, 
metabolic disorders, stunted growth and reproduction 
issues, and other lethal issues (Hurley et al. 2007). Such 
circumstances are also likely for soil biota. Microplastics have 
been a research-intensive subject in aquatic environments for 
over a decade (Van Cauwenberghe et al.2015, Akdogan & 
Guven et al. 2019, Rillig 2018, Cole et al. 2014, Riilig & 
Bonkowski 2018, Cozar et al. 2014, Ivleva et al. 2017).

Microplastics accumulate more in terrestrial soil than in 
aquatic habitats (Zhao et al. 2018). As per UNEP reports, 
substantial amounts of particle plastics observed in the 
marine environment worldwide originate from land-based 
sources (UNEP, 2016). According to Rezania (2018), around 
4.8 - 12.7 Mt of terrestrial plastic garbage is found entering 
the ocean every year, accounting for approximately 1.7-
4.6% of total plastic waste generated globally. Sediment 
transmission during soil erosion is an event that permits 
particle plastics to be transported from terrestrial to aquatic 
habitats. Despite this connection to terrestrial resources, 
numerous scientific studies on the particles of plastic have 
overlooked the consequences of these synthetic materials 
(Bolan & Bradney 2019). Given that the majority of plastic 
waste is generated and discharged on land, it is surprising 
that Microplastics research has only recently begun to 
focus on terrestrial systems, where soil appears as a long-
term sink for Microplastics debris (Kumar et al. 2020, 
Moller et al. 2020, Rochman 2018). Terrestrial domains, 
such as soils, are more vulnerable to plastic contamination 
than the oceans. According to Nizzetto et al. (2016), the 
annual input of Microplastics from sewage and wastewater 
treatment sludge on agricultural fields could exceed the total 
amount of Microplastics currently floating in the global 
oceans. Although the underlying mechanisms are unknown, 
preliminary data suggest that the presence of Microplastics in 
soils may impact the soil properties, plant performance, and 
microbial activity (de Souza Machado et al. 2019).

Recent research has discovered a considerable amount 
of filamentous and fragmented Microplastics in soils 
all around the world (Zhao et al. 2018). For example, 
recently discovered fragmented-dominated Microplastics 
in agricultural soils, where sewage sludge application 
promotes a Microplastics buildup (van den Berg et al. 2020). 
Microplastics accumulated in the soil can be easily taken 
up by plants and transferred through the food chain (Guo 
et al. 2020).

Although the genesis and potential translocation 
pathways of Microplastics in soil are varied, including the 
use of sewage-generated sludge and organic compost (Huerta 
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Lwanga et al. 2017), irrigation (Blasing & Amelung 2018), 
plastic mulching (Yang et al. 2021), littering (Akdogan & 
Given 2019), and atmospheric deposition (Allen et al. 2019), 
urban soil used for agriculture is more prone to Microplastics 
pollution since they are often exposed to Microplastics 
(Moller et al. 2020, Chase et al. 2018).

Microplastics have been shown to harm soil health and 
function (de Souza Machado et al. 2018b, Liu et al. 2018), as 
well as in marine environments. Contamination will certainly 
result in inadvertent Microplastics ingestion by soil fauna. 
Worms, including Earthworms and ringworms, have been 
shown to consume Microplastics, with the rate increasing 
substantially as the amount of Microplastics rises; for 
example, Huerta Lwanga et al. (2017) detected around 14.8-
28.8 Microplastics particles/gram of earthworm casts and 
129.8- 82.3 particles/grams of chicken feces in home garden 
soils. Panebianco et al. (2019) discovered Microplastics in 
the majority of the snails (a total of 425 specimens), with an 
average of 0.92-1.21 particles/5 snails.

Plastic trash, particularly biodegradable plastics, is more 
prone to physical fragmentation than decay by mineralization, 
resulting in smaller plastic sizes. Natural disintegration and 
degradation of Microplastics can produce plastic particles 
as small as 0.1 mm in diameter, known as nano-plastics 
(NPs)(de Souza Machado et al. 2018a, 2018b). The plastics 
gradually weather and accumulate in the soil, contaminating 
the soil with Microplastics fragments. Furthermore, the 
recent increase in the number of waste sites has made soil 
huge Microplastics sink. Microplastics migration in soil 
happens both vertically as well as horizontally, i.e., they are 
conveyed to people and animals horizontally via the terrestrial 
food chain and drain down vertically into groundwater with 
run-off. Microplastics have also been identified in sheep 
faces, which were most likely biomagnified by feed and the 
surrounding environment (Beriot et al. 2021).

In agricultural fields, plastic mulching is widely used 
across the world to boost yields, improve fruit quality, and 
improve water usage efficiency (Ashrafuzzamann et al. 
2011). Furthermore, due to their specific optical and material 
properties, plastic mulches are employed globally (Chalker-
Scott et al. 2007). Besides this, the use of organic fertilizers 
and films made up of plastic in agricultural operations is 
the primary cause of Microplastics (MP) buildup in farms 
(Weithmann et al. 2018).

A study by Kumar et al. (2021) shows that plastic 
mulching has been detected in four locations for producing 
vegetables viz tomatoes and beans in different regions of 
Tamil Naidu, India. The soil from the Sulur region had more 
plastic residues than the soil compared to the other areas. At 
a depth of 0-10 cm, the plastic content of the soil taken from 

Sulur varied from 0.092 ± 0.02 to 4.96 ±0.08 g kg-1 soils. 
The plastic content varied from 0.075 ± 0.01 to 3.45 ± 0.01 
at a depth of 11-20 cm. At a depth of around 21-30 cm, the 
plastic content was determined to be in a range of 0.01 ± 
0.02 to 2.81± 0.01 g kg-1 soils.

SOURCES OF MICROPLASTICS IN 
AGRICULTURAL SOIL

Microplastic sources are primarily characterized as either 
primary or secondary (Cole et al. 2011, Thompson & Richard 
2015). Primary Microplastics are designed with specific 
applications in mind, such as cosmetic harsh chemicals, drug 
vectors, and engineering-related uses such as air blasting 
(Auta et al. 2017, Hays et al. 1974). Microplastics are difficult 
to eliminate utilizing sewage disposal systems, and once 
they enter the wastewater, they eventually accumulate in the 
environment (Van Cauwenberghe et al. 2015). 

Secondary Microplastics are formed when bigger 
plastics are gradually shattered into smaller bits by a variety 
of complicated environmental factors, including wave 
action, temperature of wind, and UV radiation (Andrady 
2011, Rocha-Santos & Duarte 2015). Repeated usage of 
products made of plastics can induce fragmentation and 
the development of additional Microplastics (Hartline et 
al. 2016). Furthermore, plastic emissions from vehicle 
transportation, such as wearing and tearing of tires, brakes, 
and road markings, are major contributors to Microplastics 
in the natural environment (Gieré et al. 2018). The World 
average of Microplastics emissions from road vehicle tire 
abrasion was calculated to be 0.81 kg.year-1.capita-1 (Kole et 
al. 2016). Aside from Vehicles, abrasion from aircraft tires 
accounts for around 2% of total tire disintegration emissions 
in the Netherlands (Kole et al. 2016).

Furthermore, artificial grass is a major secondary 
source of Microplastics, with estimates ranging from 760- 
4500 t.y-1 (Kole et al. 2016, Lassen et al. 2015, Magnusson et 
al. 2016) result, many types of Microplastics are discharged 
into natural environments and ecosystems. Compared to the 
sources of Microplastics in the ocean, which primarily include 
land-based sources (80%), tourism on the coast, recreational 
and commercial fishing gear contributing 18%, shipping and 
marine industries (e.g., aquaculture, oil rigs, etc.) (Cole et al. 
2011, Hays & Cormons 1974, Kole et al. 2016). Microplastics 
enter soil through a variety of pathways, including landfills 
(He et al. 2019), amendments of the soil (Zubris et al. 2005), 
sewage sludge land application (Corradini et al. 2019, 
Mintenig et al. 2017, Ziajahromi et al. 2017), wastewater 
irrigation. Furthermore, plastic debris in soil also fragments 
into Microplastics by the actions of soil fauna, such as feeding, 
digesting, and excretion (Chae et al. 2018).
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Direct Sources/Primary Sources of Microplastics in 
Agricultural Oils

Plastic Mulching
Massive but undetectable sources of plastics are continually 
flooding the soil, causing Microplastics deposition, but with 
no obvious ability to stop or disrupt them. Mulch film, which 
is made of polyvinyl chloride and polyethylene, has become 
a popular technique in worldwide agriculture because of its 
numerous economic benefits, including increased harvest, 
enhanced quality of fruits, and water use efficiency (Yang et 
al. 2021). In 2016, the worldwide market for agricultural films 
made of plastic was 4 million tonnes, and it is predicted to 
rise at a pace of 5.6 percent per year by 2030 (Jambeck 2015).

Large chunks of plastic mulch debris lying on the farm 
land’s surface are naturally exposed to UV light, producing 
photo-degradation and becoming brittle (Astner et al. 2019). 
Shear pressures on plastic trash in farmland will also be felt 
when agricultural soils are plowed and cultivated, potentially 
fragmenting already fragile polymers (Piehl et al. 2018).

According to the study by Kumar et al. (2021), 
Microplastics are found in the 3 regions of India in the 
amount of 37.97%, 35.07%, and 36.99% of the tomato fields 
that use the process of Plastic Mulching in Fig. 1.

Littering
The excessive growth of plastics and unplanned or poor 
management procedures have increased the presence of a 
large variety and range of Microplastics waste in the soil 

(Akdogan & Given 2019, Kumar et al. 2020). Microplastics 
in aquatic environments can emerge from a substantial 
volume of plastic trash (Blasing et al. 2018). From the 1950s 
till 2015, roughly 6.3 Bt of plastic rubbish was created 
globally, with 4.97 Bt ending up in landfills and natural 
habitats (Geyer et al. 2017).

Silage and Bale Nets
In the first research addressing the issue of the presence of 
Microplastics in soils at an agricultural scale, (Piehl et al. 
2018) indicated the pollution of livestock feeds due to the 
use of plastics in the form of wrapped grass bales and silage 
after intake, may enter the soil through excretion.

Twine
The twine composed of Polypropylene (PP) is used for 
various agricultural uses (Guerrini et al. 2017). Twine helps 
to secure plants to stakes for significant crops, including 
tomatoes, crucifers, sweet peppers, etc. It is utilized in the 
cultivation of bananas to connect plants and keep them from 
toppling over (Hernandez & Witter 2016). During harvesting, 
the twine is cut and frequently dumped carelessly in the fields 
only, where it ends up in the form of Microplastics in the 
soil. There are initiatives to promote the use of biodegradable 
twine, which may be gathered along with plant leftovers and 
composted (Guerrini et al. 2017, Biothop 2019).

Plastics Used for Plant Protection
Plastic films, along with non-woven textiles made of plastic, 
such as those utilized in greenhouses, polytunnels, shade 

amendments of the soil (Zubris et al. 2005), sewage sludge land application (Corradini et al. 2019, 
Mintenig et al. 2017, Ziajahromi et al. 2017), wastewater irrigation. Furthermore, plastic debris in 
soil also fragments into Microplastics by the actions of soil fauna, such as feeding, digesting, and 
excretion (Chae et al. 2018). 

Direct Sources/Primary Sources of Microplastics in Agricultural Oils 

Plastic Mulching 

Massive but undetectable sources of plastics are continually flooding the soil, causing 
Microplastics deposition, but with no obvious ability to stop or disrupt them. Mulch film, which 
is made of polyvinyl chloride and polyethylene, has become a popular technique in worldwide 
agriculture because of its numerous economic benefits, including increased harvest, enhanced 
quality of fruits, and water use efficiency (Yang et al. 2021). In 2016, the worldwide market for 
agricultural films made of plastic was 4 million tonnes, and it is predicted to rise at a pace of 5.6 
percent per year by 2030 (Jambeck 2015). 

Large chunks of plastic mulch debris lying on the farm land's surface are naturally exposed to UV 
light, producing photo-degradation and becoming brittle (Astner et al. 2019). Shear pressures on 
plastic trash in farmland will also be felt when agricultural soils are plowed and cultivated, 
potentially fragmenting already fragile polymers (Piehl et al. 2018). 

 

Fig. 1: Effect of the duration of plastic film mulching on percent distribution of plastic residues at different soil depths 
(A) 0-10 cm (B) 11-20 cm (C) 21-30 cm by Kumar et al. (2021). 

Fig. 1: Effect of the duration of plastic film mulching on percent distribution of plastic residues at different soil depths (A) 0-10 cm (B) 11-20 cm  
(C) 21-30 cm by Kumar et al. (2021).

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
mailto:sujaul@ukm.edu.my
mailto:sujaul@ukm.edu.my


2147MICROPLASTICS IN AGRICULTURAL SOIL AND THEIR IMPACT 

Nature Environment and Pollution Technology • Vol. 23, No. 4, 2024This publication is licensed under a Creative 
Commons Attribution 4.0 International License

This publication is licensed under a Creative 
Commons Attribution 4.0 International License

2018). Weithmann et al. (2018) discovered that the compost 
from municipal organic waste and green clipping in German 
contained 24MP particles/kg ranging in size from 1mm to 
5mm. Furthermore, according to (Crossman 2020), despite 
compliance with current regulations, biosolid applications 
may result in significant rates of Microplastics export. Liu 
(2021) discovered that total Microplastics concentrations in 
soils are 545.9 and 87.6 items/kg after yearly launch with 
30 and 15 t ha-1 of sludge composts, respectively, which is 
considerably higher than soil lacking compost application.

Irrigation
The presence of Microplastics in agricultural irrigation water 
resources has been widely verified (Jian et al. 2020). Rivers, 
lakes, reservoirs, and aquifers are the primary irrigation water 
sources worldwide. Sewage is also utilized for irrigation in 
some locations when water resources are restricted (Blasing 
& Amelung 2018). Despite the fact that a substantial number 
of Microplastics may be eliminated during the sewage 
treatment process, high quantities of Microplastics remain 
in the purified wastewater (Ziajahromi 2017). Several 
studies have shown significant amounts of Microplastics 
in rivers, lakes, reservoirs, and aquifers (Koelmans et al. 
2019). Microplastics contained within water reservoirs will 
be transported to the soil by irrigation, creating a pedigree 
of Microplastics in the soil.

Flooding and Street Runoff
Street runoff and floods, in addition to purposeful irrigation, 
are key channels for the transfer and accumulation of 
Microplastics into the soil (Blasing & Amelung 2018). 
Street runoff and floods can introduce unmanaged rubbish 
dumping near roadways, as well as rubber tire abrasion into 
soils. Some of them already constitute Microplastics, while 
others are progressively changed into Microplastics as a 
result of numerous environmental encounters.

Input From the Atmosphere 
Atmospheric transmission is a significant mode of 
Microplastics deposition to land. A study (Liu et al. 2019) 
quantified and recorded the first to record and quantify the 
accumulation of fibrous Microplastics both indoors and 
outdoors, with the settled flux of atmospheric Microplastics 
outside reaching 0.3-1.5 fibers m-3 (Liu et al. 2019). Every 
day, relative averages of around 249 fragments, 74 pieces 
of film, and 43 fibers might be deposited in a distant 
mountainous catchment region (Allen et al. 2019).

TRANSPORTATION OF MICROPLASTICS TO 
AGRICULTURAL SOILS

Migration, which includes horizontal and vertical movement 
as well as biological and non-biological transportation, is 

nets, and also as wind barriers, enhance the presence of 
Microplastics in soil samples. Liu (2021) reported that for 
an identical productive area, samples of soil collected from 
farms without greenhouses contained fewer Microplastics 
compared to soil samples collected from farms with 
greenhouses. At fields where greenhouses were initially 
utilized in the 1980s, the authors recorded a range of 1000 
- 3786 particles of MP kg-1. Liu (2021) also observed an 
average of 2110 MP kg-1 in soil samples collected within 
greenhouses compared to 310/kg Microplastics in soil 
samples collected outdoors.

Improper Storage
According to Svensk Ensilageplast Retur, Plastic may be 
found in abundance on an agricultural farm. Farmers have to 
put additional efforts into collecting and storing old plastics 
since they frequently lack the time or technical competence 
to securely clean and preserve the used ones. To keep plastic 
garbage clean and avoid it from blowing away, it must be 
deposited in a dry spot that is shielded from the wind. Plastic 
waste management in agricultural regions is a major problem, 
which can be ascribed in part to inappropriate plastic storage 
on farms.

Indirect Sources/Secondary Sources of Microplastics 

Sewage Sludge
Sludge from sewage and wastewater treatment plants causes 
Microplastics contamination, and Microplastics can build in 
soil with repeated sludge use (Xu et al. 2021). Microplastics 
enter wastewater treatment facilities via a variety of routes 
(Gao 2018). Micro beads from personal cleaning and care 
products, polymer fibers released from washing textiles, plastic 
masterbatches seeped from the plastic production facility, 
and Microplastics from automobile tires are all transmitted 
to sewage. These tiny particles flow and settle throughout the 
sewage treatment process. A portion of them is released from 
the sewage system, while the majority is segregated during 
the sewage treatment sedimentation process and eventually 
enters the wastewater sludge (Gao 2018).

Compost
Compost soil addition can potentially provide a conduit 
for Microplastics to enter the soil. Organic waste is often 
placed in fields as nutrients after it has been composted 
and fermented for reuse nutrients, minerals, trace elements, 
and humus. Composts made from biological waste, for 
example, have been shown to include plastics as a result 
of improper disposal and insufficient waste categorization 
(Blasing & Amelung 2018). The concentration of plastic 
pieces detectable to the human eye in a composting factory 
in Bonn is 2.38 to 180 mg kg-1, confirming the presence 
of Microplastics in organic compost (Blasing & Amelung 
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a critical link for extending the effect of Microplastics in 
soil (Xu et al. 2021). Surface runoff or wind can transport 
Microplastics in surface soil (Koelmans et al. 2019, Qi et al. 
2018). The presence of Microplastics in deep soil indicates 
that Microplastics migrate downhill (Liu et al. 2018). Since 
Soil is porous, Microplastics in the micrometer (µm) range 
can be percolated through soil pores via leaching. External 
pressures such as biological disturbance by the fauna and 
flora and agricultural operations cause bigger Microplastics 
to move in the soil.

Also, the bioturbation of plant roots in soil may 
influence Microplastics translocation through root growth 
and movement, root water extraction, and furthermore. 
Soil fauna may help to move Microplastics vertically and 
horizontally in the soil (Xu et al. 2020). Microplastics 
have been discovered to be transferred and dispersed by 
earthworms and collembola species, either by adhesion or 
excretion (de Souza Machado et al. 2019, Maaß et al. 2017). 
Furthermore, the formation of fractures in the soil produced 
by the dry environment allows Microplastics to enter deep 
soil (Koelmans et al. 2019, Qi et al. 2018).

METHODS TO EXTRACT MICROPLASTICS 
FROM THE SOIL

Density Separation

The technique of density separation is one of the most 
often used techniques for separating soil Microplastics. 
To ensure every particle in the bulk sample sinks or floats, 
the soil is first treated with ultrasonics (Liu et al. 2018). 
Sodium chloride is a low-cost, ecologically friendly salt 
that is commonly used in suspension solutions (Zhou et al. 
2018). Yet, the density of a saturated solution of NaCl is  
1.2 g cm-3, implying that high-density polymers such 
as polyvinyl chloride (PVC, 1.35 g cm-3), polyethylene 
terephthalate (PET, 1.38 g cm-3), and others cannot be 
separated in this method (Ruggero et al. 2020). As a result, for 
the suspension medium, several researchers employ a saturated 
solution of zinc chloride (ZnCl2), sodium iodide (NaI), sodium 
bromide (NaBr), calcium chloride (CaCl2), and zinc bromide 
(ZnBr2) (Imhof et al. 2017, Scheurer & Bigalke 2018).

Electrostatic Separation

Plastics are not electrically conductive, unlike soil minerals 
and other particles. An external electric field can be used to 
separate the two because of the difference in electrostatic 
characteristics. Electrostatic separation is a dry processing 
technology that uses electric forces working on charged 
particles to separate main and secondary raw materials 
(Deotterl et al. 2000). It was investigated that plastic 

particle’s electrostatic behavior can be improved before 
separation from sediment samples using a tiny electrostatic 
separation apparatus. Without sacrificing Microplastics, up 
to 99% of the original sample mass might be eliminated 
(Felsing et al. 2018).

Oil Separation

The lipophilic characteristics of microplastics are used as an 
alternative to density-based oil recovery technologies in a 
new, cost-effective oil extraction process (OEP)(Crichton et 
al. 2017). For seven polymers, the OEP exhibited a recovery 
ratio of 90-100%, showing a better efficiency than density 
separation in a salt solution. OEP is less complicated, 
easier, and less expensive than salt solution separation. 
However, oil interferes with Fourier Transform Infrared 
Spectroscopy (FTIR) for identification; thus, a wash with 
90% ethanol is required following extraction. Using castor 
oil, Mani et al. (2019) separated MPs from fluvial suspended 
surface solids, marine suspended surface solids, marine 
beach sediments, and agricultural soil substrates. In this 
investigation, 0.3-1 mm MP particles were extracted utilizing 
four virgin polymers [polypropylene (PP), polystyrene (PS), 
polymethyl-methacrylate (PMMA), and glycol-modified 
polyethylene terephthalate (PETG)]. The average SD MPs 
spike recovery percentage was 99 4%, with a 95 4% matrix 
decrease (dry weight, n = 16). This process is less expensive, 
less risky, and more rapid than salt solution isolation.

Froth Flotation

Froth flotation takes the use of the material’s density and the 
hydrophilic nature of its surface. It is widely employed in the 
recycling sector. Froth preferentially binds to hydrophobic 
particles and lifts them upward, segregating them from 
hydrophilic molecules. To remove plastics from dirt, this 
approach employs various hydrophilic properties. Plastic 
flotation techniques include gamma flotation, reagent 
adsorption, and surface modification (Fraunholcz 2014, Huang 
et al. 2017) attained a 95% recovery rate for PVC and PMMA by 
using pinacol (97.71% pure) as the foaming agent and potassium 
permanganate as the surface modification. In study conducted 
by Imhof et al. (2017) extracted MPs from sediments using froth 
flotation but observed low observed found low efficiency and 
substantial variance across various polymers.

Magnetic Extraction

Grbic et al. (2019) created a magnetic plastic extraction 
technique in which Magnetized hydrophobic iron 
nanoparticles are bonded to plastic particles. Iron 
nanoparticles bond to the surface of Microplastics after 
being treated with hydrophobic hydrocarbons using cetyl 
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trimethyl silane (HDTMS) and may be retrieved using a 
magnetic field. Microplastics (polyethylene, polystyrene, 
polyurethane, PVC, and polypropylene) recovered from 
fresh water and sediment were 84% and 78%, respectively, 
spanning particle sizes ranging from 200 m to 1 mm.

ANALYTICAL TECHNIQUES FOR ANALYSIS OF 
MICROPLASTICS

Identification and quantification of Microplastics from the 
ambient matrix are required after separation and purification 
(Kumar et al. 2020). The common strategy is to first identify 
obvious/possible Microplastics using a microscope, followed 
by confirmation using spectroscopy and thermodynamic 
methods such as Fourier Transform infrared spectroscopy 
(FTIR) or Raman spectroscopies, and Pyrolysis gas 
chromatography-mass spectrometry (Yang et al. 2021). 
Optical microscopes, particularly stereomicroscopes, are 
essential tools for documenting the physical features of 
Microplastics (Wang et al. 2018a, 2018b)

By using the microscope, the micron (µm) range of 
the particles can be analyzed. This approach can swiftly 
identify Microplastics and record their physical properties 
and abundance. However, Microplastics with diameters 
of 1 mm are difficult to detect. As a result, only visible 
Microplastics are easily identified. Furthermore, in order 
to avoid inaccurate results and other misinterpretations, the 
technique necessitates labor-intensive pre-concentration 
and laboratory hygiene. Integrating high-resolution digital 
cameras into microscopes, on the other hand, allows for the 
identification of smaller particles as well as the determination 
of particle size. This approach has the advantage of being 
non-destructive (Zhang et al. 2019). Unfortunately, visual 
detection of Microplastics can be occasionally inaccurate 
(David et al. 2018, David et al. 2019). Additionally, without 
the assistance of FTIR and Raman spectroscopies, which 
use their distinctive absorption spectrum to identify the 
associated functional groups, the microscope can’t determine 
the detailed chemical composition of Microplastics.

Furthermore, without the support of FTIR and Raman 
spectroscopies, which employ distinctive absorption 
spectra to identify the relevant functional groups, the 
microscope cannot detect the exact chemical composition 
of Microplastics. Optical microscopes, particularly 
stereomicroscopes, are essential tools for documenting the 
physical features of Microplastics ((Wang et al. 2018a, 
Wang et al. 2018b). However, visual assessment alone might 
result in a large number of false positives, particularly for 
small fibers. FTIR and its optimization technologies, such 
as micro-FTIR (- FTIR), attenuated total reflectance FTIR 
(ATR-FTIR), and focal plane arrays FTIR (FPA-FTIR), 

thereby demonstrate significantly increased Microplastics 
characterization capabilities (Wang et al. 2018a, 2018b). 
These infrared spectroscopic sensors have a detection limit 
of 5-10 m for Microplastics (Mintenig et al. 2017, Yang et 
al. 2021). FTIR can identify Microplastics with a particular 
thickness and has a detection limit of 10 m. The use of ATR-
FTIR can benefit from the high signal-to-noise ratio and 
the extensive literature spectrum (Yang et al. 2021). Focal 
plane array FTIR can be employed in precision equipment 
to automatically identify the Microplastics in the sample 
filter of the preliminary polymer types allocated (Mintenig 
et al. 2017).

Raman spectroscopy is a further technique for identifying 
Microplastics. When used in conjunction with a microscope, 
it can identify Microplastics as tiny as 1 m in size, with spatial 
resolution reaching as low as 500 nm in some situations 
(Elert et al. 2017). Another significant benefit of Raman 
spectroscopy is its ability to analyze wet materials while 
also identifying fillers or pigments (Dumichen et al. 2017).

 Three mass spectrometry analysis methods offer novel 
approaches for identifying Microplastics (Pual et al. 2019). 
Pyrolysis-gas chromatography-mass spectrometry (Pyr-GC-
MS) (Nuelle et al. 2014), thermo-gravimetric analysis-mass 
spectrometry (TGA-MS) (Majewsky et al. 2016), as well 
as thermal extraction desorption-gas chromatography-mass 
spectrometry (TED-GC-MS) (Pual et al. 2019) have also 
been demonstrated to be in useful identifying and quantifying 
Microplastics (Wang et al. 2018). Thermo analytical methods 
do not need sample pretreatment, and the processed particle 
size that may be analyzed is limited only by the ability 
to manually place them into the pyrolysis tube (Zhao et 
al. 2018). Unfortunately, these procedures remove the 
Microplastics’ color, size, and shape information, which is 
critical for assessing the potential hazards of Microplastics.

A new approach for size-independent Microplastics 
analysis has developed (Piehl et al. 2018). Polycarbonate 
(PC) and polyethylene terephthalate (PET) Microplastics 
were effectively quantified using the alkali-assisted 
heating depolymerization technique (Wang et al. 2018). 
This technology represents a significant advancement in 
the painstaking separation, recognition, and counting of 
Microplastics. However, for polymers containing a wide 
range of important structural components, this technique 
e requires further validation.

Several technologies, including NIR spectroscopy 
(Du et al. 2020a), quantitative H-NMR spectroscopy, and 
hyperspectral imaging technology, offer alternative options 
for high-throughput Microplastics investigation (Shan et 
al. 2018). Although these methods need minimum sample 
preparation, they do have certain intrinsic limitations that 

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
mailto:sujaul@ukm.edu.my
mailto:sujaul@ukm.edu.my


2150 P. Solanki et al.

Vol. 23, No. 4, 2024 • Nature Environment and Pollution Technology  This publication is licensed under a Creative 
Commons Attribution 4.0 International License

This publication is licensed under a Creative 
Commons Attribution 4.0 International License

may limit their use (Wang et al. 2018a, 2018b). So far, 
the sensitivity and specificity trials of the integrated NIR 
spectroscopic chemometric method have failed (Du et al. 
2020a). To reduce signal variations, the best setting for the 
H-NMR approach is to remove any organic debris from the 
sample (Moller et al. 2020). It is now hard to entirely remove 
organic materials from environmental samples without 
destroying the Microplastics, and the application of H-NMR 
for the examination of soil Microplastics samples is dubious 
(Moller et al. 2020).

(TOF-SIMS) Time-of-flight secondary ion mass 
spectrometry might offer information on the Microplastic’s 
size distribution and chemical components (Rillig et al. 
2017a). This approach, however, can only be utilized to 
analyze Microplastics with known composition.

IMPACT AND POTENTIAL RISK OF 
MICROPLASTICS IN AGRICULTURAL  
SOIL ECOSYSTEM

Soil nature influences Microplastics migration, and 
Microplastics change soil properties such as soil structure and 
functioning as well as the diversity of microbes (Rillig et al. 
2017b, Zhang et al. 2018), which may have implications for 
plant and animal health and pose possible risks for the safety 
and quality of food, ultimately jeopardizing human health 
(Rillig et al. 2018). The presence of substantial residual 
plastic films in soil has been found to reduce soil-saturated 
hydraulic conductivity and influence soil microbial activity 
and abundance, thereby influencing soil fertility (Wan et 
al. 2018).

Impact on Soil Structure

Because Microplastics can interact with different soil features, 
soil nature may be the fundamental metric for assessing the 
dangers presented to terrestrial ecosystems by Microplastics 
(de Souza Machado et al. 2018a). To variable degrees, 
Microplastics particles may penetrate soil aggregations and 
clumps: loosely in fragment types and more firmly in linear 
types (Liu et al. 2018). Furthermore, de Souza Machado et 
al. (2018b) discovered that polyester fibers may significantly 
boost capacity while decreasing bulk density and water-
stable aggregation; yet, the impacts of polyethylene (PE) 
and polyacrylic acid on water-holding capacity show no 
clear trends. As a result, Microplastics of various materials 
have varying impacts on soil. Microplastics have also been 
demonstrated to influence soil permeability and water 
retention, which affects the evaporation of water (de Souza 
Machado et al. 2018a, Wang et al. 2018). Wan evaluated how 
the addition of Microplastics affects the evaporation of water 
and desiccation cracking in two clay soils and found that 

both are significant and rise with increasing Microplastics 
concentration (Allison & Jastrow et al. 2006). According to 
these findings, Microplastics can change the water cycle in 
soils, increase soil water shortages, and influence pollutant 
migration into deep soil layers through fissures (Rillig 2018).

Soil Fertility and Nutrient 

Soil enzymes with high catalytic capacity are closely 
associated with a variety of soil biochemical processes; these 
enzymes serve as an indicator for assessing soil fertility 
and play an important role in regulating the process of soil 
nutrient cycling for nutrients like C, N, and P (Trasar-Cepeda 
et al. 2008, Arthur et al. 2012). Since Microplastics include 
polymer chains, Microplastics -Carbon may be disguised as a 
significant caused by human components of the soil organic 
carbon pool (Rillig 2018). Therefore, according to de Souza 
Machado et al. (2018b), the impacts of Microplastics on soil 
are largely dependent on Microplastics content as well as 
the exposure period.

Soil Microorganisms

According to researchers ((Rillig 2018, Girvan et al. 2003, 
Naveed et al. 2016, and Rubol et al. 2013), soil characteristics 
and nutrients are highly linked with soil microbial activity. 
Changes in the physical environment of the soil, particularly 
soil aggregation, which has been shown to include linear 
microfibers (de Souza Machado et al. 2018a, Zhang et al. 
2019), are likely to affect microbial development more 
significantly than non-microfiber-structured soils (Rillig et 
al. 2017b, Zhang et al. 2018). Furthermore, Microplastics-
induced changes in soil porosity and wetness may affect 
the flow of oxygen in the soil, altering the proportions of 
anaerobic and aerobic microbes (Veresoglou et al. 2015). 
Changes in pore spaces induced by Microplastics may 
also result in the extinction of indigenous microorganisms 
(Judy et al. 2019). Furthermore, DeForest et al. (2004a) 
discovered that the addition of Microplastics considerably 
interacted with the microbial community composition, and 
the substrate-induced respiration (SIR) levels dramatically 
dropped, showing that Microplastics generated alterations in 
soil microbial function. Because Dissolved organic matter 
(DOM) serves as a substrate and an important source of 
carbon for microorganisms, it has been linked to both water 
eutrophication and the greenhouse effect (DeForest et al. 
2004b, Marschner & Kalbitz 2003, Alimi et al. 2018). Thus, 
changes in DOM caused by Microplastics could impact soil 
function and microbial communities (Judy et al. 2019).

Soil Contamination

The growing prominence of Microplastics as an ecosystem 
stressor impacts not only soil health and function but also soil 
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biophysical characteristics, resulting in complicated changes 
in the environmental behavior of other soil contaminants 
(Wang et al. 2018a, 2018b, Yang et al. 2021, Hahladakis et 
al. 2018). Due to their high specific surface area and elevated 
adsorption capacity, Microplastics not only contain additives 
like diethylhexyl phthalate (DEHP), a common organic 
pollutant used during the manufacture of plastic (Groh et al. 
2019, Brennecke et al. 2016), but they also adsorb dangerous 
contaminants, such as heavy metals like zinc, copper, and 
lead, antibiotics, toxic organic chemicals like polybrominated 
diphenyl ether (PBDE) and perfluorochemicals (PFOS), and 
PFOS (Gaylor et al. 2013, Li et al. 2018, Lagana et al.2018, 
He et al. 2018).

Transfer Along Food Chains

The most alarming findings in the research on Microplastics 
in soil come from the ecological and health concerns posed 
by Microplastics exposure (Guo et al. 2020, Sarker et al. 
2020, Kumar et al. 2020, Schwabl et al. 2019). The concept 
that Microplastics can be transported from prey (at a lower 
nutritional level) to a predator (at a higher nutritional level) 
in the food chain is supported by food chain modeling and 
field experiments (Guo et al. 2020). Evidence of macro- and 
Microplastics transmission from soils to chickens in traditional 
Mayan household gardens in Southeast Mexico is well 
documented by Huerta Lwanga et al. (2017). Microplastics 
have recently been found in human feces and adult colectomy 
tissues, demonstrating their presence in the human digestive 
system (Ibrahim et al. 2021, Jiang et al. 2019).

Uptake of Microplastics by Plants

According to Zhou et al. (2018), the presence of Microplastics 
would alter the physical and chemical properties of the soil, 
which will alter the root system and the vegetative phase and 
thus impair plant growth. Certain Present studies showed 
significant effects of Microplastics on plants, including 
wheat (Triticum aestivum) (Qi et al. 2018), perennial 
ryegrass (Lolium perenne), Vicia faba (Khalid et al. 2020), 
Polystyrene Microplastics(PS-MPs) were shown to cause 
evident growth suppression, genotoxic and oxidative damage 
to hydroponic Vicia faba, and a substantial number of 100 
nm PS-MPs were found to collect in root tips using laser 
confocal scanning microscopy (Khalid et al. 2020).

Agricultural Production 

Soil Microplastics can cause direct crop harm in the early 
stages by physically blocking the seed capsule openings or 
roots (Pignattelli et al. 2020). Indeed, with Microplastics 
exposure, extremely short-term unfavorable impacts on 
edible plant development may show as early as 6 days after 

sowing (Napper & Thompson 2019). Furthermore, the 
extreme durability of polymeric plastic particles hinders 
breakdown processes; even biodegradable plastic bags stay 
unchanged after 27 months in soil (Kumari et al. 2022, Silva 
et al. 2021). The direct absorption of Microplastics from soils 
through apoplastic and symplastic routes, and by distribution 
to the plant as a whole through the vascular system, is well 
documented to affect the development of agriculturally 
important plants. According to Bouaicha et al. (2022), from 
the perspective of agricultural output, Microplastics generally 
have a detrimental influence on crop productivity.

FUTURE CHALLENGES

There are several future challenges associated with 
Microplastics contamination in the agricultural soil -

	 •	 Widespread Soil Contamination: The proliferation 
of microplastics in soil poses an ongoing challenge, as 
current levels continue to rise due to persistent plastic 
use and inadequate waste management.

	 •	 Ecosystem Disruption: Microplastics impact soil 
ecosystems, potentially altering microbial communities, 
nutrient cycling, and overall soil health, leading to 
cascading effects on plant and animal life.

	 •	 Agricultural Concerns: The use of plastic mulching 
in agriculture, a primary source of microplastics in soil, 
presents a dilemma, as alternatives must be developed 
and adopted to reduce environmental harm without 
compromising crop productivity.

	 •	 Human Health Risks: The potential transfer of 
microplastics through the food chain raises concerns 
regarding human health impacts. Research is needed 
to figure out the extent of these risks and implement 
strategies to minimize exposure.

	 •	 Lack of Comprehensive Regulation: The absence of 
strict regulations governing plastic production, use, and 
disposal contributes to the persistence of microplastic 
pollution. A coordinated global effort is necessary to 
address these gaps.

	 •	 Limited Biodegradation: The slow degradation of 
plastics exacerbates the persistence of microplastics 
in the environment. Developing and adopting more 
biodegradable alternatives is essential for reducing 
long-term environmental impacts.
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