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Abstract

Plastic is an indispensable material essential for modern human life. With highly increasing de-
mand for plastic use, however, environmental contamination by plastic litters has become an 
emerging issue. Globally, large quantity of used plastics is landfi lled or emitted directly to the 
aquatic and terrestrial environments, albeit a part of the plastics is recycled or incinerated as 
energy source. In particular, microplastic debris that are smaller than 5 mm are considered to be 
emerging contaminants of global concern. In the past decade, however, most of the researches 
on impacts of microplastic contamination have been focused on the marine ecosystem, whereas 
very limited ones on the terrestrial ecosystem. Soil can be considered as a major sink and a car-
rier of microplastic contaminants to the aquatic environment. Most sources of microplastics in 
the soil environment are entered via a variety of routes and subsequent fragmented and spread 
to the surrounding environments, vertically and horizontally. In addition, there are negative im-
pacts on soil biota, which in turn would cause concerns of human health by affecting the food 
web. Here, we provide an overview of characteristics, research trend, analytical methods, migra-
tion and degradation processes, effects on soil biogeochemistry, and interaction with soil organ-
isms of microplastics suggesting the importance of ongoing research impacts of microplastics on 
the terrestrial ecosystem.
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1. Introduction

Plastic is a greatly versatile material and is beneficial to 
manufacture due to convenience, economics, hygiene, high 
durability, and ease of processing, affecting on a wide range 
of industry and life (Andrady and Neal, 2009). Because of such 
benefits, the plastics have been ideally used for a wide range 
of consumers and industrial applications such as packaging, 
building, healthcare materials, auto parts, household goods, and 
agricultural materials. Plastics have been produced from differ-
ent sources including fossil origin (crude oil, natural gas, etc.) 
or renewable materials (sugar cane, starch, vegetable oils, etc.). 
Depending on the intended use, each plastic is designed with ap-
propriate characteristics for ideal application. 

In general, plastics made of synthetic organic polymers are 
largely divided into two types such as thermoplastics and ther-
moset resins (Geyer, 2020). The thermoplastics have a reversible 
trait and can be melted when heated and hardened when cooled. 
Thereby it is easy to reshape as new materials by reheating and 
cooling. They include polyethylene (PE), polypropylene (PP), 
polyvinyl-chloride (PVC), polyethylene terephthalate (PET), poly-
styrene (PS), expanded polystyrene (EPS), acrylonitrile butadi-
ene styrene (ABS), styrene acrylonitrile (SAN), polyamides (PA), 

polycarbonate (PC), poly methyl methacrylate (PMMA), thermo-
plastic elastomers (TPE) etc. On the other hand, the thermosets 
have an irreversible trait that cannot be re-melted nor reshaped 
by heating due to a chemical change when heated initially. The 
examples of thermosets include polyurethane (PUR), unsaturat-
ed polyesters, epoxy resin, silicone, phenol-formaldehyde (PF), 
acrylic resin etc. 

Plastics based on synthetic resins were first made in 1907, 
and the plastics industry has developed with the development 
of highly functional plastics (Thompson et al., 2009). With in-
crease in demands of plastic use, the global production of plas-
tics has skyrocketed in the past decades. The plastic production 
in 1950 was about 2 million tonnes (Mt) and currently, reached 
to 359 Mt in 2018, with an annual growth rate of 8.4% (Geyer 
et al., 2017; Plastics Europe, 2019). Of the plastic production in 
2018, 51% are produced in Asia (Plastic Europe, 2019). In par-
ticular, China has been the world’s largest manufacturer and 
consumer since 2010, accounting for a third of the global pro-
duction (Jiang et al., 2020). The Republic of Korea (ROK) pro-
duced 21 Mt of the plastics, accounting for about 6.2% of the 
world’s total plastics production (Statistics Korea, 2019). Also, 
Europe and North America contribute to 17 and 18% of the glo-
bal total production, respectively (Plastic Europe, 2019). It can 
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be estimated that total cumulative primary plastics production 
is about 9.6 billion tonnes between 1950 and 2018 (Plastics Eu-
rope, 2019; Geyer, 2020) and will reach up to 34 billion tonnes 
by 2050 (Geyer, 2020). 

 With a rapid economic growth, the plastic is closely as-
sociated to our lives. However, plastic-production boom with 
excess use causes the global environmental concern as other 
anthropogenic pollutants such as heavy metals. In particular, 
the continuous increase in the amount of plastic waste propor-
tionate to the amount of plastics produced, which can cause the 
serious plastic pollution in the future. As of 2015, 60–99 Mt of 
mismanaged plastic waste was globally generated as estimated 
by Lebreton and Andrady (2019). In ROK alone, the amount of 
generated plastic waste was about 7.1 Mt in 2016, which in-
creased by 7.2% in 5 years since 2012 (Kim et al., 2018). Such 
wasted plastic materials are persistent and recyclable, but 
about 80% of global plastic wastes is piled in landfills (Geyer 
et al., 2017; Ng et al., 2018). The stacked plastic debris on lands 
can be fragmented by physical, chemical, and biological degra-
dation, contributing to high abundance of smaller plastic par-
ticles in soil. 

Microplastics (MPs) are small-size plastic fragments with 
smaller than 5 mm and were recently detected in a wide range 
of environments such as soil, freshwater, ocean, and organisms 
(He et al., 2018). Extreme increase of microplastic contamina-
tion is a growing environmental concern around the world. 
Studies focusing on MPs contamination in the ocean have been 
mainly performed due to a threat to a wide range of aquatic 
organisms and subsequent food security, whilst lacking studies 
of its impacts on the soil environment. Considering the fact that 
most of the microplastic litters are accumulated in fresh water 
and marine ecosystems following passing through the terres-
trial environment, soil would be the origin and dominant sink 
of microplastics (Guo et al., 2020). Therefore, it can be expect-
ed, regardless of the pathway processes, that the presence of 
microplastics directly and indirectly influences terrestrial or-
ganisms (e.g., microorganisms, invertebrates, animals) as well 
as soil characteristics, affecting soil function and ecosystem.

Up to now, review papers related to microplastic in soils 
are quite limited although the number of soil scientists and 
ecologists who have a strong interest on that are significantly 
increasing in recent years (Horton et al., 2017; He et al., 2018; 
Wang et al., 2020). In the present review, we provide an over-
view of characteristics, research trend, analytical methods, 

and effects on soil biogeochemistry of MPs, and suggest the 
importance of continuous research on impacts of MPs on soil 
ecosystem. 

2. Microplastics in soil

2.1. Definition, classification and sources

The presence of small plastic debris in the ocean was first 
highlighted in the 1970s (Carpenter and Smith, 1972), and such 
tiny plastic fragments, granules, and fibers were collectively re-
ferred to as ‘microplastics’. In recent years, microplastics (MPs) 
are highly considered as one of the newly emerging pollutants, 
causing the potential to infest biota in the marine and terres-
trial ecosystems. In general, MPs are defined as fragmented or 
weathered plastic debris, which are smaller than 5 mm, by the 
National Oceanic and Atmospheric Administration (NOAA). In 
the early stage of research on MPs, however, a wide range of 
size of plastic debris, varying from study to study, had been ap-
plied to classify without a scientific standard (Cole et al., 2011): 
e.g. with diameters of < 10 mm; < 5 mm; 2–6 mm; < 2 mm; and 
< 1 mm. This discrepancies in the size category caused difficul-
ties when comparing data referring to MPs. Currently, plastics 
are categorized according to the size (Fig. 1): macroplastics 
(MAPs; > 25 mm), mesoplastics (MEPs; 5–25 mm), large micro-
plastics (LMPs; 1–5 mm), small microplastics (SMPs; 1 μm–1 
mm) and nanoplastics (NPs; < 1 μm) (GESAMP, 2016; Hanvey et 
al., 2017). 

Microplastics can be classified into primary and secondary 
MPs according to the manufacturing purpose and fragmenta-
tion (Browne et al., 2011; Masura et al., 2015). Primary MPs are 
purposefully produced for specific items which are smaller than 
5 mm. They include industrial scrubbers, plastic powders, mi-
cro-beads in household goods such as toothpaste and face wash, 
cosmetics, and fabric softeners etc. (GESAMP, 2016). Once these 
MPs enter into wastewater, it is usually difficult to remove by 
sewage disposal technologies (Guo et al., 2020). Secondary MPs 
originate from larger plastic particles by progressive fragmenta-
tion or weathering. Once used plastic items such as tires, paint, 
vinyl, disposables, or electronics are emitted into the surround-
ings, multiple environmental conditions like wind, temperature, 
and UV light etc. lead to decomposition of large plastics and sub-
sequent create these MPs (Andrady, 2011; Kim et al., 2017). In the 
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Fig. 1. Classification of particulate plastics based on size (GESAMP 2016; Hanvey et al., 2017)
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soil environment, relatively more naturally fragmented second-
ary MPs exist than primary MPs (Horton et al., 2018; Townsend 
et al., 2019).

Sources of MPs to the terrestrial environment originate 
mostly from anthropogenic inputs, including landfills, soil 
amendments, irrigation, road runoff, and atmospheric deposi-
tion (Bläsing and Amelung, 2018). Such anthropogenic activities 
generate multiple sources of MPs, which unintentionally enter 
and accumulate in agricultural and urban soils. Application of 
organic wastes such as sewage sludge and compost as fertilizer 
is the main source of MPs in agricultural soil (He et al., 2018). As 
several studies reported MPs concentration in the organic ferti-
lizers, compost and sewage sludge range from 14 to 1,200 par-
ticles kg–1 (Gajst, 2016; Bläsing and Amelung, 2018; Weithmann 
et al., 2018) and from 250 to 24,000 particles kg–1 (Mahon et al., 
2017; Mintenig et al., 2017; Zhang et al., 2020), respectively. As 
such, the organic fertilizers can act as vehicles for MPs to en-
ter into soils. Nizzetto et al. (2016) estimated that up to 0.43 and 
0.03 Mt of MPs are annually entered by application of sewage 
sludge into European and North American farmland soils, re-
spectively. Additionally, plastic residues of mulching films and 
wastewater-irrigation for farming practices to improve crop 
yields have been significant sources of MPs in the soil (Bläsing 
and Amelung, 2018; Guo et al., 2020). In addition to agricultural 
sources, high diversity of sources contributes to MPs contamina-
tion in urban areas including tires of vehicles, industrial plas-
tics, littering, wastewater effluent, and atmospheric dust (Grbić 
et al., 2020; Wright et al., 2020). 

2.2. Study trend in soil microplastics

The first scientific report on MPs investigation was pub-
lished in the early 1970s by Carpenter and Smith (1972) who 

found plastic pellets and fragments on the Sargasso Sea surface. 
Then, Carpenter et al. (1972) raised concerns of these harmful 
impacts on fish species. Following Carpenter’s publications, 
there had been a growing interest in plastic litter and its impacts 
on the marine ecosystem, so that a large number of MPs stud-
ies have been reported after 1972 (Ryan, 2015). Thompson et al. 
(2004) first raised the issue of microplastic debris in the marine 
environment and according to the Web of Science, the number 
of microplastic-related papers published between 2010 and 2020 
has been steadily increased (Fig. 2). However, albeit soil plays a 
mediating role for microplastic to accumulate and move to the 
water system, unlike the ocean, researches on MPs in soil began 
relatively too late. When surveying the trend of research papers 
on MPs over the past decade, there have been few studies re-
lated to the presence of MPs in soils (Fig. 3). Rillig (2012) first 
addressed that accumulation of MPs greatly affect the functions 
and biodiversity of the soil and subsequent many studies on dis-
tribution and investigation of MPs in soils of various regions are 
being actively conducted in recent 5 years (Fig. 2) in order to 
understand impact of MPs on the soil biogeochemistry and ter-
restrial ecosystem. 

Among the countries of the world, China is the largest of 
plastic producers and consumers in the past decade and has 
predominantly conducted studies of soil microplastic contami-
nation, followed by the United States, and European and Asian 
countries (Table 1). Considering most of plastic waste is prima-
rily exposed to soil at first, it can be expected that there will be 
more microplastic litters in the soil than the ocean (Hurley and 
Nizzetto, 2018). Thus, the more presence of MPs in soil environ-
ment would degrade quality and health of soil as other toxic pol-
lutants, contributing to negative impacts on food security as well 
as ecosystem. Hence, a lot of researches are needed to be imple-
mented to uncover the unknown effects of MPs yet. 

Fig. 2. Annual number of published papers related to microplastics, including microplastics in 
soil, from 2010 to 2020. Data are from the Web of Science through searching “microplastic” or 
“micro-plastic”

Fig. 3. Proportion of microplastics studies 
in sea, freshwater, biology, soil, and others 
between 2010 and 2020, by referring to the 
database of the Web of Science
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Table 1
The number of published papers on microplastics according to country during 
2010–2020 (classifying papers about microplastics in Fig. 2 from Web of Science)

Ranking Country No. of papers Share (%)

1 China 872 22.0

2 USA 574 14.5

3 UK 427 10.8

4 Germany 436 11.0

5 Italy 306 7.7

6 Spain 245 6.2

7 France 239 6.0

8 Australia 208 5.2

9 Netherlands 179 4.5

10 Canada 174 4.4

12 Republic of Korea 125 3.2

33 Poland 30 0.8

Table 2
Solutions for extracting microplastics in soil through the density separation method

Polymer type Extracting solution Density

Polyethylene (PE) NaCl 1.2 g/cm3

Polypropylene (PP) 

Polystyrene (PS) 

Polyvinyl chloride (PVC) ZnCl2 
or
NaI

1.5-1.7 g/cm3

1.8 g/cm3Polyester (PET)

Polyamide (PA)

2.3. Analytical methods for soil microplastics

In the past 5 years, the number of researches on micro-
plastics in soil is extremely increasing, yet the analytical meth-
ods for MPs research varied among research groups (He et al., 
2018). Most of the analytical procedures, from soil extraction to 
identification and quantification, used for MPs in soils are sim-
ilar with those in water and sediments. Throughout the analy-
sis for MPs in soil, proper soil sampling is the most important 
phase for MPs analysis (He et al., 2018). This is because the dis-
tribution and quantity of MPs can vary considerably with land 
use type and other anthropogenic legacies on each sampling 
site. Yet, difference in knowledge and views on microplastics in 
the terrestrial ecosystem still makes a difficulty to standardize 
the methods available for identification and quantification of 
MPs in soil.

In addition to non-standardized protocols, the accuracy in 
MPs measurement depends highly upon consistency and uni-
formity of the analytical procedure. Generally, the analytical 
procedure of soil microplastics includes drying, sieving, den-

sity separation, extraction, organic matter (OM) digestion, and 
filtration (Bläsing and Amelung, 2018; Wang et al., 2020). Prior 
to separate microplastics from soil, the samples are air-dried 
and sieved with a 5 mm metal sieve, followed by density sepa-
ration to remove the mineral fractions of soil with saturated 
salt solutions. Varying the density of plastic types requires the 
solutions with different densities (Table 2). Sodium chloride 
(NaCl) has been widely used for separation but limited to plas-
tics with density lower than 1.2 g/cm3 (Thompson et al., 2004); 
e.g. PE (0.92-0.97 g/cm3), PP (0.85-0.94 g/cm3), and PS (0.96–1.05 
g/cm3). Alternatively, high-density solutions of ZnCl2 (1.5–1.7 g/
cm3) or NaI (1.8 g/cm3) are suggested to be used for better sepa-
ration of more diverse plastic types, including PVC (1.3–1.7 g/
cm3) and PET (1.4–1.6 g/cm3), albeit both salts are costly (Imhof 
et al., 2012; Nuelle et al., 2014; Wang et al., 2020). 

Separation of MPs in organic-rich soils by density is usual-
ly insufficient because the density of soil organic matter (SOM, 
1.0–1.4 g/cm3) is similar with several types of plastic including 
PET and nylon (Bläsing and Amelung, 2018). Soil contains vari-
ous solids such as organic matter, minerals, and clay, which 
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not only affect the soil characteristics but also act as habitats 
for soil biota. Soil organic matter can interact with minerals 
and also other impurities. In terms of the OM trait, thus, tiny 
plastic fragments can be embedded in SOM, leading to an ex-
treme challenge for identification and quantification of MPs 
by interfering with reading the signals of Fourier transformed 
infrared (FT-IR) and Raman spectroscopy mainly used as iden-
tifiers (Bläsing and Amelung, 2018; He et al., 2018). Hence, SOM 
removal from the samples is needed. For water, sediment, and 
biological samples, various chemicals such as acid (HNO3), al-
kaline (NaOH, KOH), oxidizing agent (H2O2), enzymes (cellulase, 
lipase, proteinase, amylase, and chitinase), or the mixtures of 
those mentioned above were utilized (Hurely et al., 2018; Wang 
et al., 2020). However, several studies reported that acid, al-
kaline, and H2O2 treatments cause damage or degradation of 
the plastic particles during the digestion process. Recently, Fen-
ton’s reagent (a solution of H2O2 with ferrous iron) in conjunc-
tion with density separation method is suggested as an optimal 
digestion protocol for the OM removal efficiency to address 
this limitation (He et al., 2018; Hurely et al., 2018). 

After extraction procedure, microplastics isolated from soil 
samples can be identified and quantified by several methods. 
First, visual sorting and use of spectroscopic technique are the 
most essential step for MPs identification, representing the sur-
face texture and characteristics of suspected plastic particles. 
Through the visual identification, morphological characteris-
tics of MPs such as size, shape, and color can be classified (Shim 
et al., 2017); however, this is often inaccurate (e.g., Eriksen et 
al., 2013; Lenz et al., 2015). Thus, it is important to combine the 
visual identification with other physical or chemical technolo-
gies (He et al., 2018). For chemical identification of MPs, FT-IR 
and Raman spectroscopies have been widely used and which 
can detect very small particles, down to 10 μm and less than 
1 μm, respectively (Wang et al., 2020). Currently, both spectro-
scopies are the key techniques, but greatly relying on removal 
effectiveness of OM from soil samples (Bläsing and Amelung, 
2018). Additionally, some thermoanalytical techniques such 
as pyrolysis and thermal extraction desorption-gas chroma-
tography mass spectrometry (pyr-GC-MS and TED-GC-MS) and 
thermogravimetric analysis mass spectrometry (TGA-MS) have 
been developed for efficiency in identifying and quantifying 
MPs (Dumichen et al., 2017; David et al., 2018; Kappler et al., 
2018). However, they cannot analyze the number and morpho-
logical characteristics of MPs. Recently, new techniques of mac-
roscopic dimensioned near-infrared (NIR) process-spectros-
copy in combination with chemometrics (visible NIR spectros-
copy) and hyperspectral imaging have been applied, which are 
capable of economic and faster analysis than other techniques 
(Corradini et al., 2019; Shan et al., 2019). 

2.4. Migration of microplastics in soil

Microplastic debris have now been detected in a wide range 
of terrestrial ecosystems, such as farmlands (Steinmetz et al., 
2016; Choi et al., 2020), urban/industrial areas (Sommer et al., 
2018; Choi, 2020), and forests as undisturbed areas (Klein and 
Fisher, 2019). Generally, higher abundance of MPs has found in 

shallow soils than in deep soils (Liu et al., 2018), with variance 
at different soil depths. Once MPs are deposited at the soil sur-
face via a variety of entry routes, they migrate into deeper soil 
or disperse to the surrounding environment (Guo et al., 2020). 
Accordingly, soil is not only a major sink of MPs, but also a car-
rier of MPs to groundwater and the ocean environment (Qi et 
al., 2020). Transport of soil MPs into the aquatic ecosystem is 
mainly associated with surface runoff, erosion, etc. (Steinmetz 
et al., 2016; Bläsing and Amelung, 2018); however, knowledge of 
the migration of MPs in the soil profile is quite limited. 

There are several possible mechanisms related to the 
transport of MPs into belowground: bioturbation by plant roots 
and soil fauna (Rillig et al., 2017), agricultural practices such 
as tillage and crop harvest (Liu et al., 2018; Zhang et al., 2018), 
water infiltration (Luo et al., 2018), and wet-dry circles caus-
ing soil cracking (O’Connor et al., 2019). These factors could fa-
cilitate microplastics downward movement of MPs. Among soil 
animals, earthworm, especially anecic species, is considered as 
a transporter or diffuser of soil MPs via burrowing, ingestion, 
and casting (Cao et al., 2017; Rillig et al., 2017). Also, other soil 
biota including mites, collembola, and mosquito larvae have 
been reported to disperse and redistribute MPs in soils by bur-
rowing and feeding activities (Rillig, 2012; Maaß et al., 2017; 
Al-Jaibachi et al., 2019). Additionally, the characteristics of MPs 
such as shape, type, and surface condition are important for 
MPs to migrate in soils (Guo et al., 2020; Qi et al., 2020). For ex-
ample, de Souza Machado et al. (2018) found that microbeads 
and microfibers have different interaction with soil aggrega-
tion, which greatly influence the mobility of MPs in soils. 

2.5. Impacts of microplastics on soil biogeochemistry

Once MPs are deposited in top soils, the fragmentation or 
weathering of MPs occur by solar UV radiation as well as ele-
vated oxygen availability and temperature (Horton et al., 2017; 
He et al., 2018). These fragmented MPs can migrate vertically 
through soil profile and horizontally along the surface of soils, 
leading to spreads of plastic contamination over a wide range 
including deep soil, groundwater, and the aquatic ecosystems. 
Indeed, intensive anthropogenic activities can stimulate the 
dispersion of microplastic pollutants, which may influence the 
soil biogeochemical properties and biodiversity (Rillig, 2012; 
He et al., 2018). However, few studies have been conducted 
and reviewed for possibility of changes in the biogeochemical 
status and biota community of soil by contamination of MPs as 
well as its potential risks to human health so far (e.g., Horton et 
al., 2017; Guo et al., 2020).

Incorporation of MPs with the soil matrix can alter soil 
structure (Guo et al., 2020). Microplastics migrated into soil 
profile could transmute physical properties of soil, in particu-
lar porosity, thereby influencing water cycling and soil aggre-
gation that are important parameters for soil function (Wang et 
al., 2020). de Souza Machado et al. (2019) revealed that inputs 
of MPs altered several physical parameters of the soil: decreas-
es in bulk density (by PEHD, PES, PET, PP, and PS) and water 
stable aggregates (by PA, PES, and PS) and increase in water 
availability with all MPs. On the other hand, water evaporation 
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increased with polyethylene films (Wan et al., 2018); this is be-
cause a channel has been created for water movement by the 
presence of MPs. The results of earlier studies showed signifi-
cant impact of MPs present on the soil structure, but varying 
with type of MPs, aggregate size fraction, and plant roots that 
contribute to water dynamics and related microbial activity in 
belowground (de Souza Machado et al., 2019). 

Plastic materials contain a high content of carbon (Rillig, 
2018), which is very recalcitrant to decompose. Since MPs are 
fragmented over the years can be eventually degraded, the 
presence of MPs in soil would become a potential C source for 
microbiota (Rillig et al., 2019). Additionally, de Souza Machado 
et al. (2019) suggested that some plastic polymers have nutrient 
elements that may affect biogeochemical properties of soil: for 
example, nitrogen (N) for polyacrylonitrile and polyaramide; 
and fluor (F) for polytetrafluoroethylene. Although such nour-
ishable role of MPs in the soils should be further proved, it is 
likely that some of MPs could alter soil biogeochemical cycle 
through leaching process. Also, due to microplastic’s hydro-
phobicity and large surface area, a variety of toxic chemicals 
such as heavy metals (Hodson et al., 2017; Rodríguez-Seijo et 
al., 2019; Wang et al., 2019a), hydrophobic organic compounds 
(Ramos et al., 2015; Yang et al., 2019), and antibiotics (Sun et 
al., 2018) can be adsorbed on the surface of MPs. Microplas-
tics that have already adsorbed these contaminants can affect 
negatively the soil ecosystem if exposed to the surroundings 
via leaching. Hence, this may aggravate soil contamination and 
increase a risk to the surrounding organisms and humans (Guo 
et al., 2020). Reversely, newly introduced MPs into contaminat-
ed soils could be a good adsorbent that can reduce the mobility 
and bioavailability of the contaminants. However, the process 
of both sorption and desorption varies greatly among polymers 
as well as by interaction of MPs and soil media (Wang et al., 
2019a). Therefore, more studies are needed to understand the 
relationship between MPs and contaminants and their impact 
on the terrestrial ecosystem.

2.6. Interaction of microplastics with soil organisms

Recently, a large number of researchers are interested in 
microplastic contamination, focusing on the aquatic ecosys-
tem, rather than the terrestrial ecosystem. Microplastics in soil 
can be ingested by soil organisms mostly through their feeding 
activity. In most cases, MPs are unconsciously ingested by the 
organisms that are unable to digest the plastic particles (Wang 
et al., 2019b). Based on researches about the marine organisms 
(e.g., da Costa et al., 2016; Lönnstedt and Eklöv, 2016; Setälä 
et al., 2016; Lahive et al., 2019), the intake of MPs may cause 
growth loss, reproduction reduction, and mortality of terrestri-
al organisms due to nutritional imbalance, organ damage, and 
disorders of immune responses and metabolisms. In addition, 
capacity of MPs to adsorb inorganic and organic pollutants 
may facilitate the pathway of the pollutants into the organ-
isms through degradation process (Hodson et al., 2017; Wang 
et al., 2019b). Moreover, the bioaccumulation and subsequent 
trophic transfer of MPs via the terrestrial food chain system 
may eventually adversely affect the health of humans as the 

highest predator (Guo et al., 2020). As an estimation by Cox et 
al. (2019), the amount of microplastic intake via air, water, and 
food consumption, including seafoods, salt, sugar, poultry etc., 
is 39,000–52,000 particles per person per year. 

In soil ecosystem, microbes account for a significant por-
tion of the whole terrestrial organisms, but knowledge of the 
impact of MPs on them is quite limited. Nevertheless, we can 
easily expect that alteration of soil structure and function by 
the presence of MPs could influence composition and diversity 
of microbial community, in particular, of rhizosphere microbes 
such as N-fixers, mycorrhizal fungi, and pathogens (Rillig et al., 
2019). Many studies also reported that the presence of MPs al-
tered activities of soil microbial enzymes such as dehydroge-
nase, leucine-aminopeptidase, alkaline-phosphatase, β-glucosi-
dase, cellobiohydrolase, and fluorescein diacetate hydrolase. 
They vary with the traits and concentrations of MPs, enzyme 
types, and presence of plants (Awet et al., 2018; de Souza Mach-
ado et al., 2019). On the other hand, MPs can serve as novel 
microbial habitats in soil (Wang et al., 2019b), so are called as 
‘plastisphere’ (Zettler et al., 2013). Hence, biodegradation of 
MPs can be promoted by some bacteria and fungi that inhabit 
in this space (Shah et al., 2008). However, research into the im-
pact on the soil environment is needed in the future since some 
toxic pollutants contained or adsorbed by MPs can be released 
into the surroundings during the microbial biodegradation 
process.

3. Summary

Recently, MPs are ubiquitous contaminants of globally 
emerging concerns in their toxicity and other negative effects 
on both aquatic and terrestrial ecosystem. However, there 
are very limited studies about MPs contamination in the soil 
environment despite the fact that soil acts as a primary reser-
voir and a carrier of MPs transferring to other environments. 
Microplastics enter soil ecosystem mostly through landfills, 
soil amendments, agricultural films, tire abrasion, and atmos-
pheric deposition. Microplastics amended with soil can alter 
soil structure and interact with other soil factors, significantly 
influencing soil function and organism abundance. Soil sci-
entists suggest some positive aspects of MPs presence in soil 
such as increases in C pool, fertility, and microbial habitats; 
however, it should be more focused on hazardous substances 
derived from the plastics that directly or unintentionally dete-
riorate the quality and health of soil, which in turn will affect 
human health via the food chain system eventually. However, 
there is a significant lack of studies on the effects of MPs in 
soil ecosystems and human health so far. Moreover, the MPs 
influence can depend considerably on their type, size, shape, 
and purpose of use, which requires more intensive researches 
on MPs contamination in soil. Therefore, we need to improve 
our insights of migration and degradation processes of diverse 
types of MPs as well as their interactions with a variety of soil 
parameters including soil organisms in order to prevent wide 
spread of MPs contamination and decrease the risks to the ter-
restrial ecosystem.
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