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Microplastics (MPs) in soil cause severe damage to the ecological environment

and organisms, and research on their health risks has received extensive

attention, but there is no comprehensive review of this research. From the

perspective of bibliometrics, this paper systematically and comprehensively

describes the progress, trends, and hotspots of health risks of MPs in soil based

on the Web of Science Core Collection, Pubmed, and Scopus databases. Since

2016, people’s research on the health risks of MPs in soil has increased yearly;

MPs in soil mainly come from Plastic mulch, Plastic waste, Sludge and sewage,

andOrganic fertilizer. China has themost publications on the health risks of MPs

on soil, and more than half of the top 10 institutions with active publications in

this field are from China. This paper systematically expounds on the health risks

of MPs to organisms (plants, humans, and microorganisms) and control

measures. Cooperation between different countries/institutions and fields/

disciplines on the health risk analysis of MPs in soil and research on more

efficient, green, and environmentally friendly methods and technologies for

reducing soil MPs content will become the frontier trends of future

development which provide valuable reference and help for future researchers.
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1 Introduction

Since 2014, due to the convenience, durability, and low cost of plastics, people’s large-

scale use of plastics has led to the global annual output of plastics exceeding 300 million

tons in 2015, an increase of nearly 84 million tons compared with 2004, but only 6%–26%

of them is recycled, which means that 74%–94% will end up in landfills or discharged into

the ecological environment through various human activities (Barnes et al., 2009;

Dayaratne and Gunawardana, 2015; Pittmann and Steinmetz, 2016). Once plastic

enters the ecological environment, it will threaten the safety of the ecosystem, such as

the release of toxic and endocrine substances, such as bisphenol A (Sajiki and Yonekubo,

2003), and as an adsorbent for other toxic pollutants (heavy metals and polychlorinated

biphenyls) (Ashton et al., 2010; Velzeboer et al., 2014). As the COVID-19 outbreak in
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2019 gained global attention, it led to a sudden and dramatic

increase in the number of people hospitalized with multi-organ

disease pneumonia worldwide. On 11 March 2020, COVID-19

was declared a pandemic by the World Health Organization

(WHO), posing amassive threat to global public health due to the

absence of specific treatments and vaccines for disease control

(Wiersinga et al., 2020; Yan-Chao Li et al., 2020). Then people

began to pay more attention to health risks, such as healthy food,

clean water, healthy soil, and a healthy ecological environment.

Plastic fragments can shatter at sea and on land, with large

plastic fragments breaking down to form microplastics (defined

here as >25 mm), mesoplastics (5–25 mm), microplastics

(0.1–5 mm), and nano plastics (<100 nm) (Claessens et al.,

2011; Jahnke et al., 2017). According to the different sources

of MPs, they can be divided into primary plastics and secondary

plastics (Cole et al., 2011). Primary MPs are mainly derived from

plastic particles from personal care products (exfoliants, facial

cleansers) and factory effluents (Browne et al., 2011; Prata,

2018b). Secondary plastics are the result of hydrolysis,

biodegradation (agricultural mulch), photodegradation, and

mechanical wear (automotive tires) of larger plastics in the

environment (Mattsson et al., 2015; McDevitt et al., 2017).

Soil is a fragile, non-renewable resource whose health and

sustainable development are affected by human activities and

natural processes (X. Guo et al., 2022; Keesstra et al., 2016; K. Liu

et al., 2022). MPs smaller than 1 mm are easily ingested by

organisms in the soil. These MPs act as a medium for different

organisms in the soil to communicate with their surrounding

environment, thereby causing adverse effects on the survival and

adaptability of organisms and further harming the health of

organisms (Lusher et al., 2014; Auta et al., 2017; Amy L). MPs

particles can also enter the soil microstructure through

agglomeration, thereby directly changing soil porosity, water-

holding capacity, bulk density, and soil structural integrity

(Machado et al., 2018; Wan et al., 2019).

MPs pollution is considered one of the most important

influencing factors for destroying biodiversity on a global

scale. In recent years, the scientific community’s attention to

MPs has increased significantly, and there is abundant evidence

that MPs may have adverse effects on soil (Huerta Lwanga et al.,

2016) and coastal and marine biota (A. L. Lusher et al., 2017;

Sutherland et al., 2010). In addition, MPs also pose a significant

challenge to human health, and the intake of MPs usually does

not cause direct fatal injury but may have chronic adverse effects

(Wright et al., 2013; Van Cauwenberghe and Janssen, 2014).

Bibliometrics is the quantitative analysis of patterns in

scientific literature to review a field of research and analyze its

emerging trends (Carve et al., 2021; C. Chen et al., 2012).

Compared with traditional reviews, scientometric reviews are

more systematic, comprehensive, and objective. To date,

scientometric analysis has been applied in many research

fields, such as urban metabolism (Xinjing Wang et al., 2021),

environment and energy (Niu et al., 2021), ecosystem services

(Bojie Wang et al., 2021), polycyclic aromatic hydrocarbon

biology (Xian Chen et al., 2021), and capacitive deionization

(Pang and Shen, 2022). However, since the 21st century, MPs

have emerged pollutants in soil systems. Despite increasing

attention to their dynamics in recent years and increasing

research results in this field, the health risk analysis of MPs in

soils still lacks a systematic scientometric view. Mapping and

visualizing the structure and dynamics of this research area

enable the rapid organization of a large number of published

articles, and subsequent analysis can identify major research

themes and fronts (X. Chen and Liu, 2020). Here, we use

CiteSpace software to visualize, scientometric analysis, and

map the field of MPs’ health risk research in soil. In this

paper, we performed a scientometric analysis of the health

risks of MPs in soil. The main objectives are to 1) elucidate

an overview of research on health risks of MPs in the soil in terms

of annual yields and primary sources; 2) analyze the most

influential research forces (national, institutional, and

journals); 3) Determine the health risks of MPs to plants,

people, and soil microorganisms and what measures should be

taken to mitigate the emerging environmental threats of MPs in

soil; 4) Predict emerging trends, possible opportunities, and

challenges in the health risks of MPs in soil. We hope this

article can provide readers with an unbiased and

comprehensive picture of the current status and trends of

MPs’ health risks in soil.

2 Methodology and data

2.1 Data source and retrieval

Articles related to the health risks of MPs in soil were

retrieved from the three databases of Web of Science Core

Collection (Science Citation Index Expanded (SCIE), Social

Sciences Citation Index (SSCI)), Pubmed, and Scopus on

15 May 2022. The specific retrieval strategy is shown in

Figure 1. In order to avoid bias due to the daily update of the

database, the articles required for the retrieval were conducted

within 15 May 2022, and the retrieval time range was set in the

21st century (1 January 2000-31 December 2021), and articles

published after 1 January 2022, were excluded, as any collection

for that year from this period onwards would include incomplete

bibliometric data for that year. After reading the full text through

manual screening, excluding articles not related to the subject

content, 435 articles were retrieved.

2.2 Statistical methods

CiteSpace software is based on Java applications for data

analysis and visualization, focusing on finding critical points in a

field, especially turning points. In the development of a field,
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transforming some of the traditional labor burdens of content

analysis into computer algorithms and interactive visualizations

facilitates a comprehensive analysis of developments in this field

(C. M. Chen, 2006). Content analyzed by CiteSpace includes

countries, institutions, and keywords. The time-slicing was set to

2000–2021 with 1 year per slice; the source terms selected were

title, abstract, author, keywords, and keywords plus; and the

threshold settings were the top 50 (Top N) and 10% (Top N%),

respectively. A visual atlas can represent the results of health risk

analysis of MPs in the soil, and in the knowledge domain

mapping, each node represents an item, such as a country or

an institution, between them. The size of the circle represents the

frequency of keyword occurrence. The larger the purple circle,

the more critical the node’s status; the color of the line represents

different times, and the number of lines represents the coupling

strength between the index nodes, and the thicker the line, the

stronger the cooperative relationship. The analysis results can

reflect the development speed and progress of research on the

health risk of MPs in the soil to a certain extent and reflect the

concentration and fluctuation of research in this field. Centrality

refers to the strength of the correlation between the index node

and other nodes in a particular measurement analysis content.

The higher the centrality, the stronger the correlation and the

greater the importance of the indicator.

Centrality(node i) � ∑
i≠j≠k

Pjk(i)
Pjk

(1)

In Eq. 1, ρjk represents the number of shortest paths between

node j and node k, a n d ρjk 1) is the number of those paths that

pass-through node i.In CiteSpace, nodes whose betweenness

centrality exceeds 0.1 are called key nodes. At the documental

FIGURE 1
Document selection and flowchart for the health risks of soil microplastics.

FIGURE 2
Number of studies on health risks of soil microplastics in
different years.
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level, the importance of each document in a co-citing network

can be partially evaluated by the indicator between-ness

centrality (C. M. Chen, 2006; Ghisi et al., 2020).

3 Results

3.1 Characteristics of publication outputs

After literature identification and screening, 435 pieces of

literature about the health risk of MPs in soil were extracted

(Figure 2). It can be seen that since the 21st century, the first

article on the health risk field of MPs in soil was published in

2009, which has attracted widespread attention since then.

There were few articles in this field in the subsequent time,

and people mainly focused on the research of marine MPs

(Andrady, 2011; Cole et al., 2011; Lebreton et al., 2012). Since

2016, with the strengthening of the concept of global

sustainable development and low-carbon environmental

protection, especially in recent years with the global COVID-

19 (Guan et al., 2020; Huang et al., 2020; Wu and McGoogan,

2020), people have paid more and more attention to the concept

of health. Many studies have been carried out in the field of

MPs’ health risk, and the number of publications has been

increasing, reaching a peak of 213 in 2021. It can be seen that

this field has become a research hotspot and will become a

future research trend.

3.2 Major sources of health risks from soil
microplastics

In order to find a reasonable way to manage MPs in soil and

conduct a comprehensive and comprehensive health risk analysis

of MPs in soil, a significant part is to explore its primary sources.

Figure 3 shows the ten principal sources of MPs in soil.

3.2.1 Plastic mulch
Plastic mulch was first noticed in 1950 to increase soil

temperature (M. Liu et al., 2018). The number of plastic

mulch films widely used in agriculture is increasing year by

year, and its introduction has wholly changed the commercial

production mode of traditional crops and brought substantial

economic benefits to human beings (Steinmetz et al., 2016).

Plastic film mulching will increase soil carbon and nitrogen

metabolism, deplete organic matter storage, help maintain soil

moisture and temperature, and promote nutrient cycling (Zhang

et al., 2015). However, as one of the primary sources of MPs,

plastic mulch is not biodegradable and has specific toxicity.

When the plastic mulch is embedded in the soil, it will

FIGURE 3
Sources of health risks from soil microplastics.(MPs in soil mainly come from agricultural mulch film, plastic waste, sludge, and sewage
discharged from factories, organic fertilizers applied on farmland, atmospheric deposition, fine particles from road tire wear, and the migration of
plastic debris in oceans and lakes).
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undergo multiple processes such as fragmentation, aging, and

biodegradation, and finally be converted intoMPs, causing severe

pollution to soil health and toxicity to various soil

microorganisms and plants (Blaesing and Amelung, 2018).

Therefore, it is imperative to find a material to replace the

plastic mulch.

3.2.2 Plastic waste
Some plastic products (plastic bottles, shopping bags,

packaging bags) have been used in large quantities, and plastic

products have become increasingly dominant in the consumer

market (Jambeck et al., 2015). According to statistics, in

2008 alone, the International Coastal Conservation

Association removed 1,377,141 plastic bags (Roman et al.,

2021). The widespread use of plastics has caused severe “white

pollution” in many areas (Horton et al., 2017). The severe

pollution of MPs in the soil is inseparable from the massive

reuse of single-use plastic products. When plastic products are

improperly used and discarded by humans, much plastic debris

accumulates in the environment. During the degradation of these

plastics, the additives and toxic substances in the plastics will be

released, breaking the balance of the ecological environment,

causing severe pollution, and it is easy to accumulate in the soil to

produce poison. The development of alternatives to plastic

products and policies to restrict plastics in some countries will

become the future trend.

3.2.3 Sludge and sewage
As a biological residue, sewage sludge is often used in

agriculture as an alternative disposal technology for waste.

Therefore, an essential source of direct input of MPs to soil is

sewage sludge containing plastic sediments (Horton et al., 2017).

Since a sewage treatment plant can efficiently remove most MPs

particles in wastewater, many of the removed particles will

remain in the sludge (Iqbal et al., 2020). Studies have shown

that through the index detection of sewage sludge produced by

sewage discharge plants, it is found that the MPs in it are as high

as 15,385 items/kg (Athey and Erdle, 2022). In addition, the

European Union has also researched sewage sludge and found

that about 5 million tons of dry weight sewage sludge are used for

arable land every year, causing severe MPs pollution. (Willen

et al., 2017). Although there are regulations for hazardous

substances in sludge applied to land, these do not consider

MPs (Nizzetto et al., 2016). Improper treatment methods can

increase soil MPs contamination to alarming levels and pose a

significant risk to human health. Therefore, using new

technologies and methods is of great significance in improving

sludge treatment, disposal efficiency, and utilization (Corradini

et al., 2019).

3.2.4 Organic fertilizer
Organic fertilizers provide vital crop nutrients for agricultural,

forestry, and horticultural production, which can increase the

activity of microorganisms in the soil, improve soil quality, and

stabilize the physical and chemical properties of soil. (Karimi et al.,

2018). Composting organic waste is essential for producing

organic fertilizers, reducing the need for chemical fertilizers.

However, extensive application of organic fertilizers may lead to

MPs contamination in the soil, resulting in residual toxic

substances (T. Guo et al., 2018). Studies have shown that

organic fertilizers are one of the significant sources of neglected

MPs in the environment (Weithmann et al., 2018). Scientists find

plastic content of up to 1,200 mg kg−1 in organic compost in

Slovenia (Lagace et al., 2017). Therefore, there is an urgent need to

assess the impact of organic fertilizer application on the

accumulation of MPs in agricultural soil and balance the pros

and cons of using biological waste for fertilizer production.

3.2.5 Others
In addition, the MPs in soil include sewage discharged from

various chemical plants (Kim et al., 2006); fine particles

(containing rubber, mainly synthetic polymers) from road tire

wear (Wik and Dave, 2009); atmospheric deposition, and wind-

driven plastic debris (Dris et al., 2015); and the migration of

plastic debris in oceans and lakes (Gregory, 2009; Horton et al.,

2017). MPs appear almost everywhere and have caused severe

health risks to the ecological environment, and some measures

and technologies are urgently needed to improve.

3.3 Analysis of research countries
(regions), institutions and journals

In order to further explore the cooperation between countries,

the top 10 countries in the field of published papers (Table 1), the

geographic distribution of the top 10 countries (Figure 4), and the

top 20 countries through the Cite Space software were compiled.

They were drawing the map (Figure 5). China has published the

most significant number of papers in this field (the largest node),

with 174 papers, accounting for 40.00% of the global total, with a

centrality of 0.18. The first paper was published in 2012, and the

cooperation with countries such as Australia and England started in

2012 Start; followed by the United States (76%, 17.47%, 0.29); the

first article was also published in 2012; it is worth noting that the

centrality of the United States is the largest (the outer ring has the

deepest purple), indicating that there are many high-quality and

high-quality articles. China, theUnited States, andAustralia have the

most representative and authoritative research in this field, and the

number of published papers exceeds 50% of the total number of

papers in the world, occupying a dominant position in the field of

MPs health risk research in soil. Among the top ten countries in

terms of the number of published papers, only China and India are

developing countries, and the remaining 8 are developed countries.

It can be seen that developed countries attach more importance to

environmental health and have more authoritative scholars and

more financial and technical support in this field.
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In the same research field, the cooperation between institutions

can best reflect the relationship between organizations, professional

information, and institutions. The top ten institutions in this field by

the number of published papers are counted (Table 2), and the top

20 research institutions are conducted through Cite Space software

Mapping the inter-agency partnership map (Figure 6). The Chinese

Academy of Sciences in China is the most productive institution. It

has published 30 articles on the health risk research of MPs in soil,

accounting for 6.90% of the global total. The centrality is the largest

at 0.09. Agency, whose first article was published in 2018. Among

the top 10 institutions in terms of publication volume, eight are from

China, which shows that China has contributed the most. On the

other hand, it can be seen that most institutions cooperate among

institutions in the same country, and there is less cooperation

between multinational institutions. Observing the cooperation

between existing institutions will help future researchers to find

potential partner institutions faster and more accurately and help

more institutions to carry out cross-border cooperation.

Among the top ten journals in terms of publication volume

(Table 3), the publication volume, TCa value, and h-index value

(81; 5,414; 32) of the journal Science of the Total Environment

are the highest, indicating that the journals published in the

journal have The overall quality of the articles onMPs health risk

analysis in the soil is high, and more authoritative scholars have

contributed to this journal. On the other hand, the journal has a

significant influence. Among the top ten journals in terms of

TABLE 1 Top ten most productive countries in terms of relevant articles.

Country Count Percentage (%) Centrality Initial year

China 174 40.00 0.18 2012

United States 76 17.47 0.29 2012

Australia 45 10.34 0.27 2012

England 33 7.59 0.28 2012

India 27 6.21 0.14 2013

Netherlands 23 5.29 0.14 2012

Germany 22 5.06 0.1 2016

Spain 20 4.60 0.06 2016

Italy 20 4.60 0.01 2018

Canada 13 2.99 0.07 2017

Note: Count: Number of publications by country. Initial year: The year the publications were originally published in a country.

FIGURE 4
Geographical distribution of the top ten countries.Count: Number of publications by country. Year: The year the publications were originally
published in a country. Centrality: The importance of each article in the co-citation network.(The color of the top ten countries in the figure
represents the number of their posts.The China region in the picture only includes the mainland region).
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publication volume, except for “Environmental Science and

Pollution Research” and “International Journal of

Environmental Research and Public Health,” the remaining

eight journals (80%) have IF more remarkable than five and

JCI greater than 1, with Significant international influence.

3.4 Health risks of MPs to different
organisms

3.4.1 Plants
The entry of MPs into the soil can cause serious

environmental problems, especially related to some

characteristics of plants (H. Liu et al., 2017). As the starting

point of biosphere cycle accumulation, plants are inseparable

from human life (Li Chen et al., 2021). Residual MPs in the soil

can be quickly absorbed by plants and accumulate in large

quantities in plants, which may cause toxic effects (Jiang

et al., 2019), like inhibiting plant nutrients, affecting plant

growth and development, hindering photosynthesis in plants,

and making lipid membrane oxidation and genotoxic effects,

changes in enzyme activity, etc., lead to plant degradation or

death (Dong et al., 2020; Maity et al., 2020). Some studies have

shown that MPs in the soil can accumulate in large quantities in

plant roots, affecting plant root growth and traits (root length,

root rooting ability, root activity, etc.) (Machado et al., 2019;

Zhenxia Li et al., 2020; Meng et al., 2021). Wu et al. (2021)

explored the effects of polystyrene MPs of different sizes (0.1 and

FIGURE 5
Country/Region cooperation knowledge graph. (Nodes represent country/region. The size of a node is proportional to the literature number of
the country/region. The links represent the co-occurring relationship between different subject categories. The color of the rings and links
corresponds to the year. The purple rings indicate high centrality).

TABLE 2 Top ten most productive institutions in terms of relevant articles.

Institutions Count Percentage (%) Centrality Country Initial year

Chinese Academy of Sciences 30 6.90 0.09 China 2018

East China Normal University 13 2.99 0.02 China 2018

University of Chinese Academy of Sciences CAS 13 2.99 0.03 China 2019

South China Agricultural University 11 2.53 0.02 China 2019

Wageningen University Research 9 2.07 0.02 Netherlands 2017

University of Newcastle 9 2.07 0.02 Australia 2018

Nanjing University 8 1.84 0.01 China 2017

Northwest A&F University China 8 1.84 0.01 China 2020

Ministry of Agriculture & Rural Affairs 8 1.84 0.01 China 2020

Zhejiang University 7 1.61 0.04 China 2020
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1 μm) on rice. They found that the length of primary roots of rice

was reduced, nutrient absorption was inhibited, and lateral roots

were stimulated. 1 μmMP exhibited stronger phytotoxicity than

100 nmMP; Hu et al. (2020) explored the effect of MPs on maize

and found that MPs had adverse effects on root and stem growth

in several growth stages of maize crops, significantly when it

exceeded 300 kg ha−1. In addition, some studies have also shown

that MPs can promote root growth. MPs in the soil can increase

the biomass of plant roots, mainly by expanding the root system

and increasing the root/cap of plants to meet water and nutrient

requirements (Maskova and Herben, 2018). The absorption and

transfer of nutrients by plant tissues is a complex biological

process, and MPs in soil may be toxic to plants by disrupting the

balance of plant hormones, nutrient metabolism, and nutrient

absorption (X. Wu et al., 2020). Studies have shown (Li et al.,

2021) that MPs with a concentration of 2 g ml−1 and a size of

5.64 ± 0.07 µm disrupt redox homeostasis, carbohydrate

metabolism, and phytohormone regulatory networks in barley.

Zhou et al. (2021) found that the complex effect of MPs and Cd at

10 mg L−1 could change leaves through energy metabolism and

reduce the Zn concentration in wheat tissues. Table 4 shows the

research on the response of 10 different plants to MPs, and the

effects produced by different plants are also different. Overall,

most studies on plant responses to MPs in soil are short-term pot

FIGURE 6
Institutions cooperation knowledge graph.

TABLE 3 Top ten journals with publication volume.

Journal Count Percentage (%) TCa TC/Pb h-index IF JCI

Science of the total environment 81 16.23 5,414 67 32 7.842 1.66

Environmental pollution 41 8.22 1,831 45 23 8.35 1.61

Journal of hazardous materials 38 7.62 621 16 14 10.129 1.85

Chemosphere 27 5.41 637 24 15 6.956 1.43

Marine pollution bulletin 19 3.81 544 29 12 5.907 1.44

Environmental science technology 14 2.81 2,426 173 9 9.922 1.45

Environmental science and pollution research 13 2.61 269 21 5 4.306 0.78

Water research 11 2.20 764 69 9 11.547 2.12

International journal of environmental research and public health 8 1.60 266 33 5 3.789 0.87

Chemical engineering journal 7 1.40 147 21 7 11.529 2.04

Note: TCa: the total citations for a journal. TC/Pb: average number of citations per paper for a journal. h-index: A scientist has index H if H of his/her Np papers have at least H citations each,

and the other Np-H, papers have no more than H citations each, in which Np is the number of articles published during n years. A higher H-index indicates greater academic impact.JCI:

Journal Citation Indicator (The average JCI, in a category is 1. Journals with a JCI, of 1.5 have 50% more citation impact than the average in that category. It may be used alongside other

metrics to help you evaluate journals.); IF: 5-years impact factor, impact factor data from the 2020 edition of Journal Citation Reports® in Web of Science.
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TABLE 4 Responses of soil MPs to plants.

Location Name Experimental
type

Experimental
Materials

Health risk
analysis

Duration
time

Author

Henan Province,
China

Soybeans
and Green
Beans

Pot experiment Tianjin BaseLineChromTech Research
Centre located in Tianjin city, PR China
(6.5 µm and 13 µm; 0, 10, 50, 100, 200,
and 500 mg/L)

13 µm PE-MPs were able to
inhibit the growth of soybean
seedling root and shoot growth,
and 13 µm PE-MP (10, 50 and
100 mg/L) had a strong
inhibitory effect on soybean
growth.

7 days Lin Wang (Lin
Wang et al.,
2021)

Ambon Island, the
capital of Maluku
Province,
Indonesia

Mangrove
forest

Field experiment Plastic debris from land such as homes
and markets (film: 63%, fibre: 31%)

Microplastics damage
mangrove seedlings and block
photosynthesis, leading to
death and degradation

60 days Suyadi (Suyadi
and Manullang,
2020)

Netherlands Wheat Pot experiment low-density polyethylene (LDPE) and
starch-based biodegradable plastic (Bio)

During vegetative and
reproductive growth, both
macro- and microplastic
residues affect the above- and
below-ground parts of wheat
plants. The type of plastic
mulch used had a strong effect
on wheat growth, with
biodegradable plastic mulch
showing a stronger negative
effect compared to
polyethylene.

139 days Yueling Qi (Qi
et al., 2018)

Hainan Province,
China

Rice Pot experiment Black plastic film (cadmium free) Plastic mulch residues altered
bacterial community
composition, diversity, and
metabolic functions,
significantly reduced available
carbon accumulation, and
negatively affected rice growth.

129 days Yin Liu(Y. Liu
et al., 2021)

Nigeria Linden tree Pot experiment polyethylene (LDPE), polypropylene
(PP) and polystyrene (PS)

low-density polyethylene
(LDPE) plastic residues had the
greatest negative impact on
phytochemicals (tannins,
alkaloids) in different parts of
young linden trees.

8 months Christian Ebere
Enyoh (Enyoh
et al., 2020)

Tianjin, China Chinese
cabbage

Pot experiment polystyrene microplastics (PS-beads) Microplastics negatively affect
soil properties, rhizosphere
microbial community
composition and growth,
reducing photosynthesis in
plants.

6 weeks Xinwei Ren(Ren
et al., 2021)

Tianjin, China Corn Field experiment Residual plastic film (RPF) These residues have a negative
impact on root and shoot
growth at several growth stages
of corn crop, particularly if
above 300 kg ha−1.

6 weeks Qi Hu(Hu et al.,
2020)

Netherlands Beans Pot experiment low-density polyethylene (LDPE-MPs)
and biodegradable plastic (Bio-MPs)

1.0% LDPE-MPs resulted in a
significant increase in leaf area,
and 0.5% LDPE-MPs resulted
in a significant decrease in
relative chlorophyll content in
leaves. ≥1.5% Bio-MPs showed
significantly reduced shoot and
root biomass, and ≥2.0% Bio-
MPs showed significantly
reduced leaf area and fruit
biomass.

4 months Fanrong Meng
(Meng et al.,
2021)

Italy Garden cress Pot experiment polypropylene (PP), polyethylene (PE),
polyvinylchloride (PVC), and a
commercial mixture (PE + PVC)

PE-treated plants showed that
all parameters considered were
affected in both acute and
chronic exposure experiments,

— Sara Pignattelli
(Pignattelli
et al., 2020)

(Continued on following page)
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experiments using soils containing MPs, which can only provide

rapid stimulation of plants by MPs but not chronic responses.

3.4.2 Humans
The presence of MPs poses a considerable risk to human health

asmassive plastic waste increases globally (Cole et al., 2011). A study

has shown that because MPs in soil are widely present in the food

chain of nature, MPs can enter the human food chain and become

toxic to humans in various ways (Vethaak and Leslie, 2016; Ohlwein

et al., 2019). Such as some animals (cattle, sheep, chicken, duck) that

people eat in their lives, these animals are rich in MPs by eating

MPs-containing plants in the natural environment (Santillo et al.,

2017); and food processing and production processesMPs produced

in contamination or MPs leached from plastic packaging of some

food and beverages (Karami et al., 2017; Mason et al., 2018). MPs

inhaled into the nasal cavity are mainly derived from urban dust in

the air, including synthetic textiles and rubber tires, and atmospheric

deposition (Prata, 2018a). Although the skin membrane is too thin

for some daily cosmetics containing MPs, shampoos, etc., to pass

directly, they may enter the human body through wounds, sweat

glands, or hair follicles (Schneider et al., 2009). Since the maximum

functional size of the associated pores at tight junction channels in

humans is around 1.5 nm, MPs are unlikely to penetrate at the

paracellular level (Farrar and Schreiber, 1993). Nevertheless, MPs

are likely to enter lymphoid tissue with larger pores, and they may

enter via phagocytosis or endocytosis and infiltrate the microfold

(M) cells in the Peyer’s patches (Nelms et al., 2017).Particles of MPs

may also penetrate deep into human lungs and then accumulates on

the surface of the alveoli, potentially causing severe damage to the

lungs (Porter et al., 2010). Wang et al. (2020) studied the intake of

polystyrene plastics with five different particle sizes (0.3, 0.5, 1, 3, and

6 μm) by colon cancer Caco-2 cells and found that different particle

sizes of PolystyreneMPswere toxic to colon cancer Caco-2 cells, and

the toxicity mainly depended on particle size and concentration.

Forte et al. (2016) found that unaltered or carboxylated polystyrene

nanoparticles significantly upregulated IL-6 and IL-8 genes in

human gastric adenocarcinoma, leukemia, and histiocytic

lymphoma cells. In addition to this, some effects, such as

changes in lipid metabolism, were observed in the offspring of

mice by oral administration of a mixture of MPs(Luo et al., 2019).

There are three critical pathways for MPs to enter the human body

(Figure 7): 1) Microplastics enter the human body through the nasal

cavity in the form of airborne particles; 2) Microplastics enter the

human body through the mouth in the form of food; and 3) Plastic

products and cosmetics containing microplastics enter the human

body through contact with the skin. There are few studies on the risk

analysis of MPs in soil on human health, and further research is

needed to study the effect of MPs on the human body in the future:

potential toxicity mechanisms and treatment and preventive

measures.

3.4.3 Soil microorganisms
As the leading life form of the soil biological cycle, soil

microorganisms are the prominent participants in the soil

nutrient cycle (Crawford et al., 2005; Lowery and Ursell,

2019). Different soil microorganisms can hinder or inhibit

plants (Bever, 1994). Soil microbial communities can lay the

foundation for plant growth and development (Classen et al.,

2015; Smith-Ramesh and Reynolds, 2017). Soil microbes can also

indirectly affect plants, and through mediated methods, they

interact with different plants, giving plants species-specific

advantages (Hartnett and Wilson, 1999; Smith et al., 1999).

However, the presence of MPs in soil has several adverse

effects on microorganisms, such as decreased growth rate,

reduced microbial biomass, slower energy regeneration

(metabolic rate), and blocked synthesis of new

macromolecules for cytoprotective purposes (Abbasi et al.,

2020; Bhatt et al., 2021), MPs can also attach to the secretions

TABLE 4 (Continued) Responses of soil MPs to plants.

Location Name Experimental
type

Experimental
Materials

Health risk
analysis

Duration
time

Author

indicating that this toxicity was
the first to appear when
observed after a short exposure;
while for other microplastic
toxicity, it was always in the
biological signature level, long
term.

Italy Cucurbita
pepo L

Pot experiment polypropylene (PP), polyethylene (PE),
polyvinylchloride (PVC), and
polyethyleneterephthalate (PET)

Of all the microplastics, PVC
was determined to be the most
toxic and PE was determined to
be the less toxic material. PVC
reduced leaf size, and values of
photosynthetic performance
index and plant iron
concentration were higher
relative to other treatments.

— lIlaria Colzi
(Colzi et al.,
2022)
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of microorganisms, thereby affecting enzyme activity and carbon

(C) cycling in soil (Rillig et al., 2017). After MPs pollutes the soil,

they will produce different microbial environments, change the

composition of the microbial community in the soil, enrich the

community members involved in the degradation of MPs in the

soil, and affect the function of the microbial community (Yu

et al., 2021), and also make The diversity of microbial activities in

bacterial communities decreased (Fei et al., 2020).Liu et al. (2017)

conducted soil incubation experiments in a climate-controlled

room and found that microplastic addition stimulated luciferin

diacetate hydrolase (FDAse) s soil activity and that higher levels

of microplastic addition significantly increased the nutrient

composition of organic matter solutions. Machado et al.

(2018), in a 5-weeks garden experiment, found that the

correlation of MPs with microbial activity may be related to

the inadequate response of the whole process. In future studies,

we should consider the effects of different factors affecting soil

microbes (climate, rainfall, sunshine, and land type) on MPs and

further investigate the effects of MPs on microbial activity and

function in soil.

3.5 Countermeasures for soil
microplastics

Based on the mass production of plastics around the world

and the improper disposal of plastic waste by humans (Wright

et al., 2013; Van Cauwenberghe and Janssen, 2014), and our

study of annual changes in the number of publications on the

health risks of MPs in soil, MPs’ output will continue to increase

in the future. However, MPs’ massive emission and

accumulation may lead to varying degrees of destruction of

soil-plant systems, soil-human systems, and soil-microbe

systems. Therefore, there is an urgent need to reduce the

contamination of MPs in the soil and mitigate its risk. The

main measures to reduce MPs pollution include substituting

new materials, policies, sustainable methods, and emerging

technologies.

3.5.1 Substitution of novel materials
The growing global focus on issues such as sustainability

means that these non-biodegradable materials will eventually be

phased out. Natural biopolymers have attracted much attention

among the various polymers currently produced due to their easy

availability, low cost, biocompatibility, unique properties, and

wide range of uses (Koh et al., 2015; Huber et al., 2017), and a

large number of related products have been Instead of plastic

products, such as brackets (Arango et al., 2021), food packaging

bags (Rhim and Ng, 2007) and films, etc.(Kasirajan and

Ngouajio, 2012). In addition, biodegradable materials are also

an important measure to replace plastic products, which can be

produced from renewable resources, fossil fuels, or a

mixture.(Vroman and Tighzert, 2009). Its new definition

refers to materials that microorganisms can degrade with no

residues or new biogenesis (Orgiles-Calpena et al., 2014; Siwek

et al., 2019). Among them, the most common is the replacement

FIGURE 7
The main route for microplastics to enter the human body.
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of traditional plastic mulch with biodegradable mulch in

agriculture.

3.5.2 Policies and sustainable methods
Many MPs’ pollution in soils is mainly due to inadequate

planning and policy interventions for plastic waste management.

With the emphasis on health, the development/implementation

of solid policies and sustainable approaches must begin to

ameliorate pollution from MPs and reduce their adverse

effects on the environment and human health. The scientific

community has made recommendations to governments and the

public to encourage the process of reforming existing plastic

waste management models (Kulkarni and Anantharama, 2020;

Parashar and Hait, 2021). In addition to replacing plastic

materials with novel materials, implementing public health

conservation strategies can also help reduce waste generation.

For example, the World Health Organization recommends

minimizing the need for protective equipment by maintaining

social distancing in the outside world (Leddin et al., 2020).

Governments can levy landfill taxes to local municipalities

based on landfill plastic waste (Kulkarni and Anantharama,

2020), provide consumers with recycling benefits (e.g., buy-

back programs for plastic bags and plastic bottles), and use

intelligent sorting bins for waste sorting, the recycling of

plastic products. Taking China as an example, treatment

equipment such as Sterilwave SW440 is applied in hospitals

(sterilized by microwave at 110°C, with a processing capacity of

up to 80 kg/h). After sterilization, biomedical plastic waste no

longer poses a threat to public health and can follow conventional

waste streams to appropriately end the useful life of these

materials (Ilyas et al., 2020). The central authority in Taiwan

Province of China, the Environmental Protection Agency (EPA),

has also promulgated laws on reducing and recycling plastic

waste, intending to increase the total amount of recycled plastic

containers to 194,133 tons in 2019 (Tsai, 2021).

3.5.3 Emerging technologies
Some emerging technologies are also necessary means of

dealing with MPs, such as: Implementing a biorefinery at (or

near) landfills, provided that plastic waste is separated from

mixed waste, will help reduce on-site plastic waste and

indirectly reduce waste Converted to the cost of an energy

plant (Madadian et al., 2020). There is also a strategy to

reduce plastic in landfills by using plastic compactors, which

melt plastic waste into a disc, reducing the amount of water

available for biodegradation, pollutant adsorption, and

monomers and additives Leached surface area (Inghelbrecht

and Remon, 1998). In addition, some microorganisms in the

soil environment decompose MPs through their activities (Ball,

2017), and studies have shown that some polyethylene-degrading

bacteria can be isolated from the Waxworm body, and

polystyrene-degrading bacteria can be isolated from the

Tenebrio molitor (Yang et al., 2015). Bioreactor technology

can transform and stabilize MPs within 5–10 years through

enhanced microbial processes, and with the help of crucial

microorganisms, this technology can even improve plastic

degradation, significantly increasing the decomposition,

conversion rate, and processing efficiency of MPs(Kumar

et al., 2011). Metabolomics technology can understand

exogenous disturbances in biological systems, understand soil

metabolites and metabolic pathways under the influence of

exogenous pollutants, and interact with microorganisms in the

soil to obtain additional potential degradation biomarkers (Jones

et al., 2014; Matich et al., 2019). Munir et al. (2021), by using

different dosages of MPs to modify biochar, found that the

modification of biochar by MPs can repair the toxicity of Cr

and Pb in soil, providing safe disposal for MPs waste and an

alternative convenience strategy.

3.6 Hotspots and trend directions of MPs
research

Outbreak detection can be used to find keywords of

particular interest to the scientific community at a specific

time so that we can determine the development of keywords

and potential research topics (Keesstra et al., 2016); the

appearance time, end time, and keyword strength of

keywords can be seen, Predict future research trends in hot

areas. Therefore, outbreak keywords can be used as indicators

to investigate research fronts and predict research trends.

This paper uses CiteSpace software to perform outbreak

detection based on the keywords appearing in the article

(Table 5).

The keywords “litter,” “marine debris,” and “accumulation”

appeared the earliest and appeared for the first time in 2009. The

burst intensities of these three keywords were 4.25, 2.92, and 2.37,

respectively, which shows that they are significant for the

research of MPs. Mainly from Gregory, MR (Gregory, 2009),

“Environmental implications of plastic debris in marine settings-

entanglement, ingestion, smothering, hangers-on, hitch-hiking

and alien invasions” on land-derived marine debris (“plastic and

other synthetic non-biodegradable materials”) have caused

severe pollution to the sea and various waters, thus causing

significant damage to natural health and species habitat

environment. In the next few years, people’s research on MPs

mainly Focused on the ocean; less research has been done onMPs

on land and soil. The keyword “plastic debris” first appeared in

2017 but had the highest burst intensity with a value of 4.49. It

continued to burst into 2021 because the fragmentation of plastic

fragments produces MPs or as pre-production pellets or

components of consumer industrial products are released into

the environment.

In addition, there are 9 keywords that will continue to break

out until 2021 and will become future research hotspots and

directions, namely “polymer,” “lake,” “polystyrene
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microplastics,” “chemical,” “china,” “phthalate ester,” “carbon,”

“extracting microplastics” and “environmental risk”.

Among them, the appearance of the keyword “China” is

because China is currently in a leading position in the field of

research on the health risks of MPs in soil, and the number of

published papers ranks first in the world, far surpassing the

second-ranked United States, which shows that China is in the

field of this field. It has made significant contributions and has

excellent international influence and status.

The emergence of “lake,” “carbon,” “extracting

microplastics,” and “environmental risk” is because the

currently emerging MPs pose severe risks to the

environment, destroying the ecological balance and

biodiversity. MPs from lakes, rivers, land, and other pathway

inputs through which plastic concentrations in soils may reach

the per-unit range of soil organic carbon (Xu et al., 2021). Most

of these plastics are likely to remain in the soil for decades or

more, with immeasurable consequences, so there is an urgent

need for a way to address this dilemma. Huber et al., 2017

demonstrated the suitability of Fenton’s reagent in conjunction

with density separation to extract MPs by experimentally

analyzing the removal of organic material during MPs in

complex solid matrices. While Koh et al., 2015 provided an

improved and optimized process for the extraction of MPs

particles by improving the flotation technology and the

flotation solution, using a mixture of NaCl as the flotation

solution.

“polymer,” “polystyrene microplastics,” “chemical,” and

“phthalate ester” appear because, as the main chemical

constituents of MPs, once they enter the environment such as

soil, they will be toxic to organisms, and the persistence of

adsorption and Toxic desorption elements such as organic

pollutants and heavy metals accumulate in the tissues of

organisms and may biomagnify along the food chain (Arango

et al., 2021). Therefore, further studies on the prevalence and fate

of this synthetic polymer in soil are urgently needed.

4 Discuss

(1) The health risks to MPs were mainly concentrated in marine

ecosystems at the beginning (A. L. Lusher et al., 2017;

Sutherland et al., 2010) and gradually began to turn to

MPs research in soil ecosystems. The effect of MPs on

TABLE 5 Top 25 keywords with the strongest citation bursts.

Keywords Year Strength Begin End 2009–2021

litter 2009 4.25 2009 2018 ▃▃▃▃▃▃▃▃▃▃▂▂▂

marine debri 2009 2.92 2009 2017 ▃▃▃▃▃▃▃▃▃▂▂▂▂

accumulation 2009 2.37 2009 2018 ▃▃▃▃▃▃▃▃▃▃▂▂▂

ingestion 2009 3.44 2013 2019 ▂▂▂▂▃▃▃▃▃▃▃▂▂

marine litter 2009 3.22 2016 2019 ▂▂▂▂▂▂▂▃▃▃▃▂▂

plastic debri 2009 4.49 2017 2021 ▂▂▂▂▂▂▂▂▃▃▃▃▃

marine environment 2009 3.5 2017 2018 ▂▂▂▂▂▂▂▂▃▃▂▂▂

debri 2009 3.1 2017 2018 ▂▂▂▂▂▂▂▂▃▃▂▂▂

land 2009 2.6 2017 2017 ▂▂▂▂▂▂▂▂▃▂▂▂▂

mytilus edulis l. 2009 2.46 2017 2019 ▂▂▂▂▂▂▂▂▃▃▃▂▂

synthetic fiber 2009 1.84 2017 2019 ▂▂▂▂▂▂▂▂▃▃▃▂▂

waste water 2009 2.66 2018 2018 ▂▂▂▂▂▂▂▂▂▃▂▂▂

polymer 2009 1.92 2018 2021 ▂▂▂▂▂▂▂▂▂▃▃▃▃

transport 2009 1.85 2018 2019 ▂▂▂▂▂▂▂▂▂▃▃▂▂

fresh water 2009 1.72 2018 2019 ▂▂▂▂▂▂▂▂▂▃▃▂▂

lake 2009 1.68 2018 2021 ▂▂▂▂▂▂▂▂▂▃▃▃▃

environment 2009 2.05 2019 2019 ▂▂▂▂▂▂▂▂▂▂▃▂▂

polystyrene microplastics 2009 1.75 2019 2021 ▂▂▂▂▂▂▂▂▂▂▃▃▃

beach sediment 2009 1.65 2019 2019 ▂▂▂▂▂▂▂▂▂▂▃▂▂

chemical 2009 3.06 2020 2021 ▂▂▂▂▂▂▂▂▂▂▂▃▃

china 2009 2.29 2020 2021 ▂▂▂▂▂▂▂▂▂▂▂▃▃

phthalate ester 2009 2.21 2020 2021 ▂▂▂▂▂▂▂▂▂▂▂▃▃

carbon 2009 1.85 2020 2021 ▂▂▂▂▂▂▂▂▂▂▂▃▃

extracting microplastics 2009 1.75 2020 2021 ▂▂▂▂▂▂▂▂▂▂▂▃▃

environmental risk 2009 1.75 2020 2021 ▂▂▂▂▂▂▂▂▂▂▂▃▃
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soil pH, trace elements, water, and nutrients needs to be

further studied by scientists in the future.

(2) The current research on the health risks of MPs in soil shows

an increasing trend yearly. The most representative force in

China is less cooperation between countries/institutions.

Cooperation between different countries/institutions will

become a development trend in the future.

(3) The current research on the health risks of MPs in the soil is

mainly concentrated in the field of environmental science,

and the health risks of plants, microorganisms, and humans

are almost all acute adverse reactions caused by short-term

experiments, while there are almost no chronic reactions in

long-term experiments. Long-term experiments on the

health risks of MPs and research on cross-disciplinary

cooperation in various fields such as ecology and

medicine are yet to be carried out.

(4) In the current research on the health risks of MPs in soil,

almost only one pollutant is targeted at MPs, and the health

risks are caused by the typical reaction of MPs with other

harmful pollutants (heavy metals, organic pollutants, etc.) in

the soil environment are lacking.

(5) At present, the control methods for MPs are still few and in

their infancy, mainly suppressing at the root (reducing the

use of plastic products) and using bioreactor technology

(Kumar et al., 2011). One of the primary sources of MPs in

the soil is organic fertilizer; the existence of MPs has been

integrated into the cycle of the entire ecosystem. In the

future, scholars need to carry out more work to study

more efficient, green, and environmentally friendly ways

to reduce MPs in soil—content methods and techniques.

5 Conclusion

We systematically reviewed the publication characteristics,

representative forces, research status, hotspots, and prospects of

MPs’ health risks in soil. At present, research on the health risks

of MPs in the soil is still in its infancy, and in this study, readers

can obtain exciting information from the rich bibliometric data,

which has particular value and reference for future research.
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