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Abstract

Although research on microplastics (MPs) interactions with other soil pollutants is increasingly becoming available, most studies do not consider
risks to soil fertility or plant growth. This review aims: 1) to summarize the results of current studies on interactions between MPs, heavy metals,
and organic pollutants; and 2) subsequently evaluate risks to the soil-plant nexus. Available-literature shows that polypropylene, polyethylene
and polylactic acid increase cadmium (Cd) bioavailability and subsequently reduce root growth. Such effects are not evident in sandy or clay soils
due to the formation of CdCO; and iron-oxide by altered bacterial communities that stabilize Cd contamination. Chronic instead of short-term
exposure to polystyrene in copper (Cu) - polluted soils decreases crop yield. With coexistence of MPs and lead (Pb) in soil, the uptake of Pb in
crops increases, causing altered malondialdehyde content and superoxide dismutase and guaiacol peroxidase activities. Moreover, co-toxicity of
polystyrene or polytetrafluoroethylene with arsenic (As) decreases root biomass, photosynthesis rate and the chlorophyll-a content. In alkaline
soil, polyvinyl-chloride could decrease the bioavailability of MeHg due to changes in the abundance of Proteobacteria, and Firmicutes. We also
found strong interactions between MPs and organic pollutants. Polystyrene decreases negative impacts of sulfamethazine on bacterial diversity,
and structure in soil. Polyethylene, polyvinyl-chloride and polystyrene have a strong adsorption capacity for 17p-estradiol. This implies that 174-
estradiol toxicity can be reduced by these MPs. At low concentrations, polyethylene, polypropylene, and polystyrene have low affinity to
diazepam. In conclusion, serious ecological risks are associated with MPs and other pollutants' interactions to soil-plant system.
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plants (e.g. wheat, carrot and beans), threatening human and
animal health(416-191_ Consequently, MPs pollution in soil has
received increased research attention[2%), Given that this mate-
rial is found in different parts of plants, research on microplas-
tic uptake by crops is now well underway. The initial results
show that MPs infiltrate into casparian strips during root forma-
tion and subsequently translocate into aerial parts via the
apoplast pathway!'l. An initial focus on crop productivity/
toxicity and soil properties under MPs pollution is a very
reasonable starting point but the effects of MPs interaction
with other pollutants are unclear.

With the increase in soil MP pollution and their interactions
with other pollutants, a new set of issues that are particularly
relevant to soil and plant toxicity may emerge. MPs have a large
surface area; thus, they can adsorb other pollutant materials
(e.g. heavy metals and pharmaceuticals; Fig. 1) on their surface
and serve as vectorsl2'-231. The mechanisms of MPs adsorption

Introduction

Microplastics (MPs; < 5 mm) are ubiquitous in different envi-
ronmental compartments, including soil, water, air, mountain
catchments and sediments'-4. Among different environmen-
tal compartments, soils are one of the largest sinks of these
high molecular polymer particles®l. The concentrations of MPs
in agricultural soils and natural soils have reached 50-18,760
particles kg=' and 50-130 particles kg~', respectively®7l,
Because of the underdevelopment of accurate quantification
methods, these figures for MPs concentration in soils might be
underestimated. In agricultural soils, MPs enter directly through
soil additives (such as sewage sludge and organic fertilizers) or
fragmentation of large plastic materials such as films, creating
MPs indirectly in soils(®. After entering into soils, MPs change
soil physicochemical properties (such as aggregates, organic
matter, pH and nutrient content), alter microbial abundance
(such as Ruminiclostridium, Mobilitalea and Xylanophilum), and

impact plant growth®-13l, These changes ultimately lead to
adverse effects on crop yield and qualityl'#'5l, More impor-
tantly, MPs traverse the food web by entering into many crop

© The Author(s)

include strong electrostatic and hydrophobic interactions(24251,
These interactions are mainly linked to functional groups (such
as hydroxyl and carboxyl groups and benzene rings) on the
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Fig. 1 Effects of microplastics (MPs) and other pollutants on soil-

plant systems.

surface of microplastics as well as the soil solution pH and ionic
strength[26-281, Some studies claim that the adsorption capacity
of MPs is much lower than soill2%3%, This is because soil
contains a large number of reactive minerals such as iron
oxides, clays and carbonatesB3'l. Other studies show that due to
hydrophobicity, MPs exhibit stronger adsorption over soil3233],
In addition to acting as vectors, MPs influence the bioavailabil-
ity of pollutants (such as heavy metals) by altering the soil
properties such as aggregates and dissolved organic carbon
(DOQ)B4331, In conclusion, MPs with other pollutants can bring
more diverse risks compared to MPs alone that are associated
with increasing the bioaccumulation and ecotoxicities of coex-
isting pollutants by serving as vectors and governing the speci-
ation of pollutantsl'523.2436-38] Thus, studies on interactions
between MPs and other pollutant materials are important.

The combined effects of MPs and other soil pollutants (e.g.
heavy metals) on the crop-soil-microbe system are of diverse
nature (Fig. 1). In particular, interactions between MPs and
other contaminants may alter their environmental behaviours,
bioavailability and toxicity, leading to varied risks to soil ecosys-
temst'3), Such effects are directly inferred from the depletion of
organic matter, organo-mineral complexes, or aggregation in
soil by MPsB9401 Nevertheless, MPs type has varied effects on
soil properties (including aggregate stability and organic
matter composition) and microbes (e.g. Firmicutes and Proteo-
bacteria), and thus on the bioavailability of the pollutants39411,
The altered bioavailability may lead to increased uptake of
heavy metals by plants or root toxicity causing stunted growth,
and yield reduction. Any change to the bioavailability of heavy
metals by MPs is also likely to affect the symbiotic relationship
between plants and microbes (e.g. Arbuscular mycorrhizal
fungi (AMF)) by negatively affecting their abundance and
diversityl'>l. Thus, it is highly likely that the co-occurrence of
pollutants may produce combined toxic effects on cropsf2%.
Higher plants are the primary basis of many food chains, and
the adverse impacts of the bioaccumulation of MPs and associ-
ated contaminants on higher plants have been primarily
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reported separately. However, it is unknown if MPs with other
pollutants can coexist in the plant body, and what will be its
consequences? Given that MPs adsorb many pollutants on their
surface, it is highly likely that the impacts of such coexistence
on crop growth, yield, and food safety will be catastrophic. In
addition, MPs presence with other pollutants in the soil can
facilitate its uptake by plant, which ultimately negatively affect
crop productivity!l,

Notably, soil has a mixed cocktail of pollutants (Fig. 1), and
there is a paucity of knowledge on how MPs coexistence with
different soil pollutants affects the soil-plant-microbe
systeml15.201 Although such interactive studies are limited, it is
pertinent to discuss possible risks to soil-plant-microbe system.
Indeed, reviews based on the available literature provide sound
bases for further investigating the impacts of MPs interactions
with other soil pollutants, and highlighting the knowledge
gaps. With this review, we intend to evaluate the interaction of
MPs with heavy metals and organic pollutants commonly
found in agricultural soils and investigate the effects on soil
quality characteristics, microbial life, and plant growth.

Coexistence of microplastics and heavy
metals

Since both MPs and heavy metals are persistent in soils, the
interactions among these pollutants are receiving increased
attention(204%. However, there are an insufficient numbers of
studies as research has just started to embrace such interac-
tions, having initially focused on MP toxicity alone (Fig. 2).
There are mixed effects of MPs on the bioavailability of heavy
metals (such as Cd), soil microbes, and yield (Table 1); however,
the mechanistic understanding of such effects is lacking.

Microplastics x cadmium (Cd)

Cd is a highly toxic heavy metal introduced in soil through
anthropogenic activities!?. After entering soils, Cd is distri-
buted within different compartments through adsorption,
complexation, and precipitation*344l, Although MPs may inter-
act with Cd and affect its bioavailability, the resultant environ-
mental risks are unclear!*l, The presence of polypropylene MPs
in soil has been shown to increase Cd bioavailability by the
decomposition of organic matter and organo-mineral com-
plexes. This also results in an increase in soil DOC contento,
Similarly, both polyethylene and polylactic acid MPs increase
the bioavailability of Cd with a greater extent by polylactic acid.
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Fig. 2 Cumulative papers on interactions between microplastics
(MPs) and heavy metals or organic pollutants.
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Thus, MPs can increase or decrease Cd bioavailability depend-
ing on their type (Table 1). The interaction between polyethy-
lene and Cd reduces root biomass in maize. Both MPs with Cd
reduced AMF symbiosis by affecting the abundance of AMFU3],
In wheat crops, the combination of MPs polyethylene and Cd
appeared to decrease phenological indices, leaf gas exchange,
and belowground root traits*l. Such bioavailable and subse-
quent toxic effects may depend on soil types. In sandy and clay
sails, polypropylene and polyurethane MPs decrease the avail-
ability of Cd. The strong reduction of Cd bioavailability occurs
in clay soil. This could be due to the influence on adsorption
and precipitation of Cd resulting from the formation of CdCO;,
mineral adsorption, and iron oxide formation by affecting
bacterial communities related to carbon and iron cycles!“el.
Moreover, aged MPs (such as polyethylene and butyleneadi-
pate-co-terephthalate biodegradable) have more reactive func-
tional groups on the surface that strongly interact with Cd and
reduce bioavailability!28l. Thus, it is implied that aged MPs could
reduce the toxicity of Cd for crops and soil microorganisms.

Despite MPs affect Cd bioavailability, the information on the
uptake of Cd by crops and subsequently effects on yield are not
available (Table 1). The initial focus has been on polypropylene,
polyethylene, and polylactic acid. Other types of MPs are not
yet explored, for example, polyester, polyurethane, and
polystyrene. In addition, different shapes of these MPs will also
have very different effects on Cd availability, and might also
present different challenges for crop production and food
safety. All these research aspects are quite relevant, and we
currently do not know if such interactions can affect our agri-
cultural systems.

Microplastics x copper (Cu)

Cu is one of the essential micronutrients for plant growth as
it is required for balancing nutrition during protein synthesis. In
soils, excessive amounts of Cu cause phytotoxicity such as
stunted growth and decreased metabolite activity and photo-
synthesis4/=49], Few studies have investigated the combined
effects of MPs and Cu on plant performance. Therefore, the
information on soil and plant variables are limited (Table 1). The
chronic exposure to polystyrene MPs and Cu has shown to
decrease the yield of pea (Pisum sativum) crops. Surprisingly,
nutrient content increased in beans (proteins and amino acids),
but Cu accumulation in plants did not change. Polystyrene
particles are able to penetrate into incomplete Casparian strips
during root formation and translocate into aerial parts via the
apoplast pathway!'4l. Thus, the coexistence of polystyrene and

Table 1. Effects of microplastics (MPs) and heavy metal interactions on
the soil and plant properties.

Variables MPs x Cd MPs x Cu MPs x Pb MPs x As MPs x Hg
Heavy metal T - - - l
solubility

Organic matter l - - - -
Microbes/animals l - | T
Heavy metal - 1 T - -
uptake

Root biomass l - - l -
Shoot biomass l l - - -
Yield - l - - -

Cd: Cadmium; Cu: Copper; Pb: Lead; As: Arsenic; Hg: Mercury; 1: Increase; |:
Decrease; 1: Increase or Decrease; —: not known.
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Cu could be a new threat to other crops; however, further
investigations are required to confirm it.

Nonetheless, short-term exposure to polystyrene MPs in Cu-
contaminated soils could reduce the accumulation of Cu in
wheat seedlings, thus increasing chlorophyll content and
photosynthesis while reducing the accumulation of reactive
oxygen speciest®, These results imply the role of chronic and
short-term exposure of MPs in mediating the interaction effects
with Cu on crop growth and yield. In rapes (Brassica napus L.),
MPs facilitate Cu uptake. Subsequently, this alters malondialde-
hyde content, and activities of superoxide dismutase and
guaiacol peroxidase in rape plants, suggesting server damage
to the quality of the cropl®'l. Although an initial focus on Cu
uptake, crop growth, and yield is a very reasonable starting
point, we lack information on soil quality characteristics (Table
1). Such information is important to mechanistically under-
stand the interactions between different MPs and Cu.

Microplastics x lead (Pb)

Pb is the second most toxic heavy metal after As that
decreases seed germination and plant growth and yield2,
Since MPs have a strong sorption capacity of Pb (Fig. 1), this
could lead to serious ecological concerns and environmental
riskst3>39, However, sorption of Pb depends upon the type of
MP as they cause varied physical changes in soil e.g. aggre-
gatesB9, The coexistence of MPs with Pb appeared to facilitate
Pb uptake in rapes (Brassica napus L.). Subsequently, oxidative
stress occurs in plants. In particular, Pb uptake alters malondi-
aldehyde content and superoxide dismutase and guaiacol
peroxidase activities in rapes plants®'l. These facts suggest that
the co-toxicity of MPs and Pb could seriously reduce crop
growth and yield.

Many fundamental questions related to the effects of MPs
and Pb are not yet investigated. For example, microfibers,
micofilms, and microbeads have varied effects on soil
structurel>3], and it is unknown how they will affect Pb bioavail-
ability, soil microbial life, and crop performance. It is also
reasonable to assume that MPs size has substantial effects on
these soil and plant variables as different sizes of MPs cause
significant changes in soil aggregates and organic matterl>4,

Microplastics x arsenic (As)

In agricultural soils, As pollution is widespread and increas-
ingly severe. The knowledge on co-toxicity of MPs and As for
soil and plant toxicity is in its infancy (Table 1). Due to the sorp-
tion of As on MPsl28], the contaminated effects on gut bacteria
in earthworms could be reduced!®!. This implies that MP pollu-
tion saves earthworms from As toxicity, so they can perform
important soil ecological processes. However, we lack empiri-
cal evidence of such benéefits in soil-plant system. On the other
hand, the presence of polystyrene and polytetrafluoroethylene
with As decreased root biomass, photosynthesis rate, chloro-
phyll fluorescence, and the Chl content in rice. Moreover, oxida-
tive stress is induced in roots and leaves with the destruction of
antioxidant enzymes, induction of lipid peroxidation and
destruction of cell membranes®. Thus, it can be concluded
that the co-toxicity of MPs and As represents a serious concern
for plant growth and yield.

Currently, there is considerable uncertainty about the effects
of cotoxicity of MPs and As on the soil-plant system (Table 1). It
is unknown, whether the toxicity is related to chemical, physi-
cal, or both. Thus, research exploring the possible effects of
MPs and As interactions are crucial.
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Microplastics x mercury (Hg)

The contamination of Hg in our food is a global concernl>71,
Dietary consumption of contaminated crops such as rice repre-
sents an important route of human exposure to Hgl%8l, Still,
there is not enough research available to explain the interac-
tions between MPs and Hg (Table 1). An initial study in paddy
soil showed that exposure to PVC MPs could decrease the
bioavailability of MeHg concentrations both in red and alkaline
soil. These effects are related to differences in DOM composi-
tion, sulfate and dissolved Fe concentrations, and the abun-
dance of Proteobacteria, Firmicutes, and the hgcA genel*'l,
However, we suggest that these bioavailable effects may be
different in the case of other crops, MPs type and soil type.
Therefore, future studies should consider more crops and MPs.
In addition, measuring diverse soil characteristics and plant
growth parameters will be important to understand the joint
pollution effects.

Coexistence of microplastics and organic
pollutants

Soils are also sinks of organic pollutants. These pollutants are
potentially toxic, persistent and interact with MPs which could
negatively impact soil ecosystem functioning. So far, studies
that consider the interactive effects of MPs and organic pollu-
tants are limited (Fig. 2).

Sulfonamides (e.g. sulfamethazine and sulfadiazine) are the
antimicrobial chemicals used for livestock. Approximately 30-
90% of applied dose discharge into the soil environment causes
severe risks to the food chain®9.%, Polystyrene MPs have strong
affinities to sulfonamides because of polar and 7=
interactions6'62, Research that discloses the effects of these
interactions on soil microbial life and plant growth is however
scarce. An early study shows that polystyrene MPs decrease the
negative impacts of sulfamethazine on bacterial diversity,
composition and structure in the soil®l, Similarly, another
study found that co-contamination of polystyrene MPs and
sulfadiazine or norfloxacin decreased the nutrient contents in
plants and impacted leaf metabolites(®¥. These results suggest
potential ecological risks to the soil-plant nexus from contami-
nation of MPs and antibiotics. Therefore, future studies should
intensively check the interactions of different MPs with antibi-
otics.

High levels of steroids are also detected in soil environments
due to extensive application in livestockl®565l, In particular,
estrogens 17p-estradiol contamination has received growing
attentionl®”], The environmental behaviour of both MPs and
17p-estradiol in combination should be clear in the Anthro-
pocene. Among MPs, polyethylene, polyvinyl chloride and poly-
styrene have strong adsorption capacity for 17-estradioll®l,
This might result in the control of 174-estradiol pollution in soil;
nonetheless, it needs to be studied carefully.

Diazepam and phenanthrene contamination in the environ-
ment represent another growing concernl6869, Due to the
potential role of MPs in the distribution of such organic
contaminantsl’%, it is important to understand the interactions
of MPs with diazepam and phenanthrene from the perspective
of soil and plant health. So far, studies on such interactions are
scarce. It is noted in a study that at different concentrations
(0.1%, 1%, and 10%) of polyethylene, polypropylene, and
polystyrene, the sorption of diazepam decreases only with the
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highest dose of MPs. This shows that diazepam has a low
affinity with MPs. The sorption of phenanthrene to polyethy-
lene is the highest as compared to polypropylene, and
polystyrenel’!, Such varied behaviours of diazepam and
phenanthrene with MPs suggest that soil and plant may experi-
ence different levels of toxicity.

Conclusions and future direction

Overall, the interactive effects of MPs and heavy metals on
soil and plant are toxic. These toxic effects are linked to certain
factors: MP type, MP exposure time and soil type. The main
pathway through which MPs alter the toxicity of heavy metals
is an increase or decrease in bioaccumulation. Co-existance of
MPs polypropylene, polyethylene and polylactic acid with Cd,
and MPs polystyrene with Cu and As, are able to negatively
affect plant growth and soil properties. However, positive
effects of MPs and heavy metals are also possible. MPs PVC can
decrease Hg bioavailability and alter soil bacterial abundances.
A strong affinity of MPs with organic pollutants such as
sulfamethazine, 17p-estradiol and diazepam can reduce their
toxicity for bacteria and subsequently on plants. Future
research should consider the following: 1) effects of more prop-
erties of MPs, including size and shape, on the interactions with
other pollutants; 2) long-term studies are needed to check
these effects with the prospectives of plant and soil health; and
3) the impacts of aged and fresh MPs in determining the inter-
actions with pollutants are important.

Author contributions

The authors confirm contribution to the paper as follows:
study conception and design: Igbal S; draft manuscript prepara-
tion: Gui H, Khan S, Nadir S; Supervision and Editing: Xu J, Bu D,
Alharbi SA. All authors reviewed the results and approved the
final version of the manuscript.

Data availability

Data sharing not applicable to this article as no datasets were
generated during the current study.

Acknowledgments

Authors gratefully acknowledge funding from the Postdoc-
toral Directional Training Foundation of Yunnan (Grant No.
EO3A581261), CAS-President’s International Fellowship Initia-
tive (2021PB00094), and National Natural Science Foundation
of China (Grant No. 31861143002). Prof. Jianchu Xu acknow-
ledges funding from Yunnan Department of Sciences and
Technology of China (Grant Nos 202101AS070045, 202205
AMO070007, 202302AE090023, 202303AP140001).

Conflict of interest

The authors declare that they have no conflict of interest.

Dates

Received 20 August 2023; Revised 24 January 2024; Accepted
31 January 2024; Published online 16 April 2024

Igbal et al. Circular Agricultural Systems 2024, 4: 007



Microplastic interactions with typical pollutants

References

1.

10.

1.

12.

13.

14,

15.

16.

17.

18.

19.

Collard F, Gasperi J, Gabrielsen GW, Tassin B. 2019. Plastic particle
ingestion by wild freshwater fish: a critical review. Environmental
Science Technology 53:12974-88

Lenaker PL, Baldwin AK, Corsi SR, Mason SA, Reneau PC, et al. 2019.
Vertical distribution of microplastics in the water column and surfi-
cial sediment from the Milwaukee River Basin to Lake Michigan.
Environmental Sience Technology 53:12227-37

Auta HS, Emenike CU, Fauziah SH. 2017. Distribution and impor-
tance of microplastics in the marine environment: a review of the
sources, fate, effects, and potential solutions. Environment Interna-
tional 102:165-76

Allen S, Allen D, Phoenix VR, Le Roux G, Durantez Jiménez P, et al.
2019. Atmospheric transport and deposition of microplastics in a
remote mountain catchment. Nature Geoscience 12:339-44

Horton AA, Walton A, Spurgeon DJ, Lahive E, Svendsen C. 2017.
Microplastics in freshwater and terrestrial environments: Evaluat-
ing the current understanding to identify the knowledge gaps and
future research priorities. Science of the Total Environment
586:127-41

Jacques O, Prosser RS. 2021. A probabilistic risk assessment of
microplastics in soil ecosystems. Science of the Total Environment
757:143987

Scheurer M, Bigalke M. 2018. Microplastics in Swiss floodplain soils.
Environmental Science Technology 52:3591-98

Ng EL, Huerta Lwanga E, Eldridge SM, Johnston P, Hu HW, et al.
2018. An overview of microplastic and nanoplastic pollution in
agroecosystems. Science of the Total Environment 627:1377—-88
Wang F, Feng X, Liu Y, Adams CA, Sun Y, et al. 2022. Micro (nano)
plastics and terrestrial plants: Up-to-date knowledge on uptake,
translocation, and phytotoxicity. Resources, Conservation Recycling
185:106503

Wang F, Wang Q, Adams CA, Sun Y, Zhang S. 2022. Effects of
microplastics on soil properties: current knowledge and future
perspectives. Journal of Hazardous Materials 424:127531

Igbal S, Xu J, Allen SD, Khan S, Nadir S, et al. 2020. Unraveling
consequences of soil micro-and nano-plastic pollution on soil-
plant system: Implications for nitrogen (N) cycling and soil micro-
bial activity. Chemosphere 260:127578

Igbal S, Xu J, Khan S, Arif MS, Yasmeen T, et al. 2021. Deciphering
microplastic ecotoxicology: impacts on crops and soil ecosystem
functions. Circular Agricultural Systems 1:8

Xiao M, Ding J, Luo Y, Zhang H, Yu Y, et al. 2022. Microplastics
shape microbial communities affecting soil organic matter decom-
position in paddy soil. Journal of Hazardous Materials 431:128589
Kim D, An S, Kim L, Byeon YM, Lee J, et al. 2022. Translocation and
chronic effects of microplastics on pea plants (Pisum sativum) in
copper-contaminated soil. Journal of Hazardous Materials
436:129194

Wang F, Zhang X, Zhang S, Zhang S, Sun Y. 2020. Interactions of
microplastics and cadmium on plant growth and arbuscular
mycorrhizal fungal communities in an agricultural soil. Chemo-
sphere 254:126791

Huerta Lwanga E, Mendoza Vega J, Ku Quej V, Chi JdIA, Sanchez
del Cid L, et al. 2017. Field evidence for transfer of plastic debris
along a terrestrial food chain. Scientific Reports 7:14071

Li L, Luo Y, Li R, Zhou Q, Peijnenburg WIGM, et al. 2020. Effective
uptake of submicrometre plastics by crop plants via a crack-entry
mode. Nature Sustainability 3:929-37

Conti GO, Ferrante M, Banni M, Favara C, Nicolosi |, et al. 2020.
Micro-and nano-plastics in edible fruit and vegetables. The first
diet risks assessment for the general population. Environmental
Research 187:109677

Moghaddasi S, Hossein Khoshgoftarmanesh A, Karimzadeh F,
Chaney R. 2015. Fate and effect of tire rubber ash nano-particles

Igbal et al. Circular Agricultural Systems 2024, 4: e007

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Circular
Agricultural Systems

(RANPs) in cucumber.
115:137-43

LiuY, Cui W, Li W, Xu S, Sun Y, et al. 2023. Effects of microplastics
on cadmium accumulation by rice and arbuscular mycorrhizal
fungal communities in cadmium-contaminated soil. Journal of
Hazardous Materials 442:130102

Chen Q, Zhang H, Allgeier A, Zhou Q, Ouellet JD, et al. 2019.
Marine microplastics bound dioxin-like chemicals: model explana-
tion and risk assessment. Journal of Hazardous Materials 364:82—90
Wang F, Yang W, Cheng P, Zhang S, Zhang S, et al. 2019. Adsorp-
tion characteristics of cadmium onto microplastics from aqueous
solutions. Chemosphere 235:1073-80

Ren Z, Gui X, Xu X, Zhao L, Qiu H, et al. 2021. Microplastics in the
soil-groundwater environment: aging, migration, and co-trans-
port of contaminants - a critical review. Journal of Hazardous Mate-
rials 419:126455

Tang S, Lin L, Wang X, Feng A, Yu A. 2020. Pb (Il) uptake onto nylon
microplastics: interaction mechanism and adsorption perfor-
mance. Journal of Hazardous Materials 386:121960

KalCikova G, Skalar T, Marolt G, Jemec Kokalj A. 2020. An environ-
mental concentration of aged microplastics with adsorbed silver
significantly affects aquatic organisms. Water Research 175:115644
Guo X, Hu G, Fan X, Jia H. 2020. Sorption properties of cadmium on
microplastics: the common practice experiment and a two-dimen-
sional correlation spectroscopic study. Ecotoxicology Environmen-
tal Safety 190:110118

Li X, Mei Q, Chen L, Zhang H, Dong B, et al. 2019. Enhancement in
adsorption potential of microplastics in sewage sludge for metal
pollutants after the wastewater treatment process. Water Research
157:228-37

Li C, Sun H, Shi Y, Zhao Z, Zhang Z, et al. 2023. Polyethylene and
poly (butyleneadipate-co-terephthalate)-based biodegradable
microplastics modulate the bioavailability and speciation of Cd
and As in soil: Insights into transformation mechanisms. Journal of
Hazardous Materials 445:130638

Zhou Y, Wang J, Zou M, Jia Z, Zhou S, et al. 2020. Microplastics in
soils: A review of methods, occurrence, fate, transport, ecological
and environmental risks. Science of the Total Environment
748:141368

Yu H, Zhang Z, Zhang Y, Fan P, Xi B, et al. 2021. Metal type and
aggregate microenvironment govern the response sequence of
speciation transformation of different heavy metals to microplas-
tics in soil. Science of the Total Environment 752:141956

Sipos P, Németh T, Kis VK, Mohai I. 2008. Sorption of copper, zinc
and lead on soil mineral phases. Chemosphere 73:461-69

Huffer T, Metzelder F, Sigmund G, Slawek S, Schmidt TC, et al.
2019. Polyethylene microplastics influence the transport of
organic contaminants in soil. Science of the Total Environment
657:242-47

Velzeboer |, Kwadijk CJAF, Koelmans AA. 2014. Strong sorption of
PCBs to nanoplastics, microplastics, carbon nanotubes, and
fullerenes. Environmental Science Technology 48:4869—-76

Serrano S, Garrido F, Campbell CG, Garcia-Gonzélez MT. 2005.
Competitive sorption of cadmium and lead in acid soils of Central
Spain. Geoderma 124:91-104

Huang B, Li D, Yuan Z, Zheng M, Liang C, et al. 2022. Adsorption
characteristics of cadmium onto aggregates of various acidic red
soils from South China. Journal of Soils and Sediments 22:120—-33

Li J, Zhang K, Zhang H. 2018. Adsorption of antibiotics on
microplastics. Environmental Pollution 237:460—67

Herzke D, Anker-Nilssen T, Ngst TH, Gotsch A, Christensen-Dals-
gaard S, et al. 2016. Negligible impact of ingested microplastics on
tissue concentrations of persistent organic pollutants in northern
fulmars off coastal Norway. Environmental Science Technology
50:1924-33

Santini G, Memoli V, Vitale E, Di Natale G, Trifuoggi M, et al. 2023.
Metal Release from Microplastics to Soil: Effects on Soil Enzymatic

Ecotoxicology ~Environmental Safety

Page 5 of 6


https://doi.org/10.1021/acs.est.9b03083
https://doi.org/10.1021/acs.est.9b03083
https://doi.org/10.1021/acs.est.9b03850
https://doi.org/10.1016/j.envint.2017.02.013
https://doi.org/10.1016/j.envint.2017.02.013
https://doi.org/10.1016/j.envint.2017.02.013
https://doi.org/10.1038/s41561-019-0335-5
https://doi.org/10.1016/j.scitotenv.2017.01.190
https://doi.org/10.1016/j.scitotenv.2020.143987
https://doi.org/10.1021/acs.est.7b06003
https://doi.org/10.1016/j.scitotenv.2018.01.341
https://doi.org/10.1016/j.resconrec.2022.106503
https://doi.org/10.1016/j.jhazmat.2021.127531
https://doi.org/10.1016/j.chemosphere.2020.127578
https://doi.org/10.48130/cas-2021-0008
https://doi.org/10.1016/j.jhazmat.2022.128589
https://doi.org/10.1016/j.jhazmat.2022.129194
https://doi.org/10.1016/j.chemosphere.2020.126791
https://doi.org/10.1016/j.chemosphere.2020.126791
https://doi.org/10.1038/s41598-017-14588-2
https://doi.org/10.1038/s41893-020-0567-9
https://doi.org/10.1016/j.envres.2020.109677
https://doi.org/10.1016/j.envres.2020.109677
https://doi.org/10.1016/j.ecoenv.2015.02.020
https://doi.org/10.1016/j.jhazmat.2022.130102
https://doi.org/10.1016/j.jhazmat.2022.130102
https://doi.org/10.1016/j.jhazmat.2018.10.032
https://doi.org/10.1016/j.chemosphere.2019.06.196
https://doi.org/10.1016/j.jhazmat.2021.126455
https://doi.org/10.1016/j.jhazmat.2021.126455
https://doi.org/10.1016/j.jhazmat.2021.126455
https://doi.org/10.1016/j.jhazmat.2019.121960
https://doi.org/10.1016/j.watres.2020.115644
https://doi.org/10.1016/j.ecoenv.2019.110118
https://doi.org/10.1016/j.ecoenv.2019.110118
https://doi.org/10.1016/j.ecoenv.2019.110118
https://doi.org/10.1016/j.watres.2019.03.069
https://doi.org/10.1016/j.jhazmat.2022.130638
https://doi.org/10.1016/j.jhazmat.2022.130638
https://doi.org/10.1016/j.scitotenv.2020.141368
https://doi.org/10.1016/j.scitotenv.2020.141956
https://doi.org/10.1016/j.chemosphere.2008.06.046
https://doi.org/10.1016/j.scitotenv.2018.12.047
https://doi.org/10.1021/es405721v
https://doi.org/10.1016/j.geoderma.2004.04.002
https://doi.org/10.1007/s11368-021-03024-8
https://doi.org/10.1016/j.envpol.2018.02.050
https://doi.org/10.1021/acs.est.5b04663

Circular
Agricultural Systems

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Activities and Spinach Production. International Journal of Environ-
mental Research Public Health 20:3106

Chen L, Han L, Feng Y, He J, Xing B. 2022. Soil structures and
immobilization of typical contaminants in soils in response to
diverse microplastics. Journal of Hazardous Materials 438:129555
Cao Y, Ma X, Chen N, Chen T, Zhao M, et al. 2023. Polypropylene
microplastics affect the distribution and bioavailability of
cadmium by changing soil components during soil aging. Journal
of Hazardous Materials 443:130079

Yang X, Li Z, Ma C, Yang Z, Wei J, et al. 2022. Microplastics influ-
ence on Hg methylation in diverse paddy soils. Journal of
Hazardous Materials 423:126895

Wang P, Chen H, Kopittke PM, Zhao FJ. 2019. Cadmium contami-
nation in agricultural soils of China and the impact on food safety.
Environmental Pollution 249:1038—48

Liu L, Li W, Song W, Guo M. 2018. Remediation techniques for
heavy metal-contaminated soils: Principles and applicability.
Science of the Total Environment 633:206—19

Sarwar N, Imran M, Shaheen MR, Ishaque W, Kamran MA, et al.
2017. Phytoremediation strategies for soils contaminated with
heavy metals: modifications and future perspectives. Chemo-
sphere 171:710-21

Igbal B, Javed Q, Khan |, Tarig M, Ahmad N, et al. 2023. Influence of
soil microplastic contamination and cadmium toxicity on the
growth, physiology, and root growth traits of Triticum aestivum L.
South African Journal of Botany 160:369—75

Zhao M, Li C, Zhang C, Han B, Wang X, et al. 2022. Typical
microplastics in field and facility agriculture dynamically affect
available cadmium in different soil types through physicochemi-
cal dynamics of carbon, iron and microbes. Journal of hazardous
materials 440:129726

Rehman M, Liu L, Wang Q, Saleem MH, Bashir S, et al. 2019. Copper
environmental toxicology, recent advances, and future outlook: a
review. Environmental Science Pollution Research 26:18003—16

De Conti L, Ceretta CA, Melo GWB, Tiecher TL, Silva LOS, et al. 2019.
Intercropping of young grapevines with native grasses for
phytoremediation of Cu-contaminated soils. Chemosphere
216:147-56

De Conti L, Cesco S, Mimmo T, Pii Y, Valentinuzzi F, et al. 2020. Iron
fertilization to enhance tolerance mechanisms to copper toxicity
of ryegrass plants used as cover crop in vineyards. Chemosphere
243:125298

Zong X, Zhang J, Zhu J, Zhang L, Jiang L, et al. 2021. Effects of
polystyrene microplastic on uptake and toxicity of copper and
cadmium in hydroponic wheat seedlings (Triticum aestivum L.).
Ecotoxicology Environmental Safety 217:112217

JiaH, WuD, YuY, Han S, Sun L, Li M. 2022. Impact of microplastics
on bioaccumulation of heavy metals in rape (Brassica napus L.).
Chemosphere 288:132576

Zulfigar U, Farooq M, Hussain S, Magsood M, Hussain M, et al.
2019. Lead toxicity in plants: Impacts and remediation. Journal of
Environmental Management 250:109557

Rillig MC, Lehmann A, de Souza Machado AA, Yang G. 2019.
Microplastic effects on plants. New Phytologist 223:1066—70

Boots B, Russell CW, Green DS. 2019. Effects of microplastics in soil
ecosystems: above and below ground. Environmental Science and
Technology 53:11496—506

Wang H-T, Ding J, Xiong C, Zhu D, Li G, et al. 2019. Exposure to
microplastics lowers arsenic accumulation and alters gut bacterial
communities of earthworm Metaphire californica. Environmental
Pollution 251:110-16

Page 6 of 6

56.
57.
58.

59.
60.
61.

62.

63.
64.

65.
66.

67.
68.
69.
70.

71.

Microplastic interactions with typical pollutants

Dong Y, Gao M, Song Z, Qiu W. 2020. Microplastic particles
increase arsenic toxicity to rice seedlings. Environmental Pollution
259:113892

Driscoll CT, Mason RP, Chan HM, Jacob DJ, Pirrone N. 2013.
Mercury as a global pollutant: sources, pathways, and effects. Envi-
ronmental Science Technology 47:4967—-83

Du B, Feng X, Li P, Yin R, Yu B, et al. 2018. Use of mercury isotopes
to quantify mercury exposure sources in inland populations,
China. Environmental Science Technology 52:5407-16

Cheng S, Shi M, Xing L, Wang X, Gao H, et al. 2020. Sulfamethoxa-
zole affects the microbial composition and antibiotic resistance
gene abundance in soil and accumulates in lettuce. Environmental
Science Pollution Research 27:29257—-65

Haack SK, Metge DW, Fogarty LR, Meyer MT, Barber LB, et al. 2012.
Effects on groundwater microbial communities of an engineered
30-day in situ exposure to the antibiotic sulfamethoxazole. Envi-
ronmental Science Technology 46:7478—86

Bouwmeester H, Hollman PCH, Peters RJB. 2015. Potential health
impact of environmentally released micro-and nanoplastics in the
human food production chain: experiences from nanotoxicology.
Environmental Science and Technology 49:8932—-47

Llorca M, Schirinzi G, Martinez M, Barcelé D, Farré M. 2018. Adsorp-
tion of perfluoroalkyl substances on microplastics under environ-
mental conditions. Environmental Pollution 235:680-91

Xu M, DuW, Ai F, Xu F, Zhu J, et al. 2021. Polystyrene microplastics
alleviate the effects of sulfamethazine on soil microbial communi-
ties at different CO, concentrations. Journal of Hazardous Materials
413:125286

Khan KY, Li G, Du D, Ali B, Zhang S, et al. 2023. Impact of
polystyrene microplastics with combined contamination of
norfloxacin and sulfadiazine on Chrysanthemum coronarium L.
Environmental Pollution 316:120522

Li Y, Hu B, Gao S, Tong X, Jiang L, et al. 2020. Comparison of 174-
estradiol adsorption on soil organic components and soil remedia-
tion agent-biochar. Environmental Pollution 263:114572

Hu B, Li Y, Jiang L, Chen X, Wang L, et al. 2020. Influence of
microplastics occurrence on the adsorption of 17-estradiol in soil.
Journal of Hazardous Materials 400:123325

Duan Q, Li X, Wu Z, Alsaedi A, Hayat T, et al. 2019. Adsorption of
17p-estradiol from aqueous solutions by a novel hierarchically
nitrogen-doped porous carbon. Journal of Colloid Interface Science
533:700-8

Crampon M, Soulier C, Sidoli P, Hellal J, Joulian C, et al. 2021.
Dynamics of soil microbial communities during diazepam and
oxazepam biodegradation in soil flooded by water from a WWTP.
Frontiers in Microbiology 12:742000

Adhami S, Jamshidi-Zanjani A, Darban AK. 2021. Phenanthrene
removal from the contaminated soil using the electrokinetic-
Fenton method and persulfate as an oxidizing agent. Chemo-
sphere 266:128988

Xu B, Liu F, Cryder Z, Huang D, Lu Z, et al. 2020. Microplastics in the
soil environment: occurrence, risks, interactions and fate - a
review. Critical Reviews in Environmental Science Technology
50:2175-222

Xu B, Huang D, Liu F, Alfaro D, Lu Z, et al. 2021. Contrasting effects
of microplastics on sorption of diazepam and phenanthrene in
soil. Journal of Hazardous Materials 406:124312

Copyright: © 2024 by the author(s). Published by
Maximum Academic Press, Fayetteville, GA. This

article is an open access article distributed under Creative
Commons Attribution License (CC BY 4.0), visit https://creative-
commons.org/licenses/by/4.0/.

Igbal et al. Circular Agricultural Systems 2024, 4: 007


https://doi.org/10.3390/ijerph20043106
https://doi.org/10.3390/ijerph20043106
https://doi.org/10.3390/ijerph20043106
https://doi.org/10.1016/j.jhazmat.2022.129555
https://doi.org/10.1016/j.jhazmat.2022.130079
https://doi.org/10.1016/j.jhazmat.2022.130079
https://doi.org/10.1016/j.jhazmat.2021.126895
https://doi.org/10.1016/j.jhazmat.2021.126895
https://doi.org/10.1016/j.envpol.2019.03.063
https://doi.org/10.1016/j.scitotenv.2018.03.161
https://doi.org/10.1016/j.chemosphere.2016.12.116
https://doi.org/10.1016/j.chemosphere.2016.12.116
https://doi.org/10.1016/j.sajb.2023.07.025
https://doi.org/10.1016/j.jhazmat.2022.129726
https://doi.org/10.1016/j.jhazmat.2022.129726
https://doi.org/10.1007/s11356-019-05073-6
https://doi.org/10.1016/j.chemosphere.2018.10.134
https://doi.org/10.1016/j.chemosphere.2019.125298
https://doi.org/10.1016/j.ecoenv.2021.112217
https://doi.org/10.1016/j.chemosphere.2021.132576
https://doi.org/10.1016/j.jenvman.2019.109557
https://doi.org/10.1016/j.jenvman.2019.109557
https://doi.org/10.1111/nph.15794
https://doi.org/10.1021/acs.est.9b03304
https://doi.org/10.1021/acs.est.9b03304
https://doi.org/10.1016/j.envpol.2019.04.054
https://doi.org/10.1016/j.envpol.2019.04.054
https://doi.org/10.1016/j.envpol.2019.113892
https://doi.org/10.1021/es305071v
https://doi.org/10.1021/es305071v
https://doi.org/10.1021/acs.est.7b05638
https://doi.org/10.1007/s11356-020-08902-1
https://doi.org/10.1007/s11356-020-08902-1
https://doi.org/10.1021/es3009776
https://doi.org/10.1021/es3009776
https://doi.org/10.1021/acs.est.5b01090
https://doi.org/10.1016/j.envpol.2017.12.075
https://doi.org/10.1016/j.jhazmat.2021.125286
https://doi.org/10.1016/j.envpol.2022.120522
https://doi.org/10.1016/j.envpol.2020.114572
https://doi.org/10.1016/j.jhazmat.2020.123325
https://doi.org/10.1016/j.jcis.2018.09.007
https://doi.org/10.3389/fmicb.2021.742000
https://doi.org/10.1016/j.chemosphere.2020.128988
https://doi.org/10.1016/j.chemosphere.2020.128988
https://doi.org/10.1080/10643389.2019.1694822
https://doi.org/10.1016/j.jhazmat.2020.124312
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

	Introduction
	Coexistence of microplastics and heavy metals
	Microplastics × cadmium (Cd)
	Microplastics × copper (Cu)
	Microplastics × lead (Pb)
	Microplastics × arsenic (As)
	Microplastics × mercury (Hg)

	Coexistence of microplastics and organic pollutants
	Conclusions and future direction
	Author contributions
	Data availability
	References

