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Pollution Status and Research Progress on Treatment of
Microplastics in Soil
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Abstract As a new type of pollutant, microplastics have been widely detected in environments such as the ocean, lakes, atmosphere and soil. As a ma-
jor sink for plastic waste, soil is particularly severely polluted. The current situation and hazards of microplastic pollution in agricultural soils in China are
summarized, and the research progress of microplastic degradation and treatment is elaborated, providing a basis for further studies on soil microplastics.
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Plastics and their products have become an essential part of
production and daily life. Residues can decompose into microplas-
tics through certain physical, chemical, biological and other
processes, and enter the human body through direct or indirect
channels, which may have adverse effects on lung function, im-
mune system, efc. Its harmfulness is self-evident'''. Microplastics
(MPs) refer to plastic particles with a particle size of less than
5 mm. Currently, MPs found in the environment include polyethy-
lene (PE), polypropylene (PP), polyvinyl chloride (PVC), pol-
ystyrene ( PS), polyamide ( PA), polyester ( PEst), eic. In
2022, the General Office of the State Council issued the Action
Plan for the Control of New Pollutants, which clearly stated that
MPs are a new pollutant that currently poses a threat to ecosystems

and human health'’.

1 Current situation of microplastic pollution
in soil

1.1 Single pollution caused by microplastics At present,
microplastics are commonly detected in agricultural land, mainly
from residual agricultural film or greenhouse film weathering and
external inputs. External inputs mainly include microplastics pro-
duced by atmospheric deposition, agricultural irrigation, organic
fertilizer application and other processes” . The types of micro-
plastics vary in different regions or crop planting agricultural are-
as, and there are also significant spatial differences in abundance.
The particle size of microplastics in different tillage layers also has
different distribution patterns. Among them, the types of micro-

plastics in Harbin farmland in Northeast China are PE, PP, PET,
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PS, PA, PMMA, etc. , mainly manifested as fibrous, fragmented,
film like, and microsphere like, with an abundance of 198.32 —
1 002.61 n/kg. It is mainly caused by agricultural films and plas-
tic products appearing around farmland™’. The abundance of dif-
ferent soil layers varies in the greenhouse planting area of
Guanzhong Plain in Shaanxi Province. The average abundance in
the 0 — 10 cm of soil layer is 34.9 wg/g, while the content in the
20 -30 cm of soil layer is 4.79 pg/ ¢”’. The types of microplas-
tics in agricultural facility land in Beijing are PP, PE, RY, eic. ,
with an abundance of (440.00 +179.63) - (2 366.67 £347.21)
n/kg. The shape of microplastics is mainly fragmented, and the
colors are mainly white, transparent, and blue. Pollution is main-
ly caused by plastic film and greenhouse film, organic fertilizer
application, agricultural irrigation, tying ropes, and packaging
bags'® .

1.2 Microplastic composite pollution

1.2.1 Composite pollution of microplastics — heavy metals. Due
to their small particle size, large specific surface area, and strong
mobility, microplastics usually enrich heavy metals in various
forms such as physical, chemical, or multi-layer adsorption. The
adsorption capacity is mainly related to soil acidity, heavy metal
content, and microplastic adsorption performance, and the adsorp-
tion performance is mainly affected by hydrophobicity and chemi-

cal bonding between cations and anions'” .

Research has shown
that there is a significant correlation between the content of heavy
metals such as Cr, Ni, As, Cd, Zn, Pb, Cu, Zn, and the abun-
dance of microplastics. Microplastics inhibit the germination rate,

stem and root growth, and fresh weight of plants'™

. The impact of
different types of microplastics coexisting with heavy metals on soil
crops varies greatly. Microplastics can alter the abundance and
types of microorganisms in heavy metal contaminated soil, and can
change the proportion of different valence states of heavy metals at
different stages of plant growth, thereby promoting the absorption

of heavy metals"®’. Huang et al. """’ demonstrated that microplas-
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tics can increase the accumulation of heavy metals in plants by
studying the bioavailability of microplastic PE on Cd in soil.

1.2.2  Composite pollution of microplastics — persistent organic
pollutants. Microplastics can adsorb persistent organic pollutants
such as polybrominated biphenyls, polychlorinated biphenyls, or-
ganochlorine pesticides, polycyclic aromatic hydrocarbons, bis-

phenol A (BPA), petroleum hydrocarbons, et

. Microplastics
can interact with organic pollutants in soil through hydrophobic in-
teractions, electrostatic forces, 1 —a bonds, etc. , affecting their
co-migration in soil, soil physicochemical properties and enzyme
activity. Qu Zichao’s team'”’ found that PE-PHE composite pollu-
tion has a synergistic effect on increasing soil pH and reducing soil
cation exchange capacity. PE-PHE composite pollution can syner-
gistically promote the increase of soil organic matter content, and
microplastics can activate soil catalase, dehydrogenase, and ure-
ase activities. Microplastics and organic pollutants also have var-
ying degrees of impact on the growth of crops. Zhu Zhengyi et

al. '

" studied the effects of three types of microplastics, namely
polyethylene, polystyrene, and polyvinyl chloride, combining with
benzo "' pyrene on rice growth. The results showed that the com-
bined pollution of microplastics and Bap had an interactive effect
on rice seeds. Microplastics had a significant impact on rice seed
growth, including inhibiting germination rate, vitality index, and
germination speed, promoting germination potential and moisture
content. The coexistence of Bap had a promoting effect on the vi-
tality index, root length, shoot length, and moisture content of
rice seeds, but its impact on germination potential was more

complex.

2 Progress in governance research

The pollution situation of microplastics in soil is not optimis-
tic, and its effective control is imperative. However, there is cur-
rently limited research on related governance, with a focus on mi-
crobial governance. The process of microbial degradation of micro-
plastics in soil is relatively complex. Microorganisms that exist in
nature or have been screened and cultured adsorb and colonize on
the surface of microplastics, forming communities with special
functions. These microbial communities can reproduce using mi-
croplastics as the sole carbon source. By secreting extracellular or
intracellular targeted hydrolytic enzymes and oxidoreductases,
chemical bonds in the structure are broken to form oligomers or
monomers. The products are then transported to the microbial
community cells to generate CO,, CH,, and H,O or assimilate in-
to microbial biomass through the B-oxidation pathway and tricar-
boxylic acid cycle, thereby achieving effective decomposition' ™.
Microorganisms with the potential to degrade microplastics include
bacteria and fungi, and different bacterial genera have specificity.
Common bacterial genera include Pseudomonas adaceae, Rhodo-
coccus , Trichoderma, Bacillus, and Bacillus subtilis, which can

degrade polyethylene; Bacillus, Rhodococcus, white-rot fungi,

Candida albicans, and other bacteria can degrade polypropylene;
super thermophilic bacteria such as Exiguobacterium sp. YT2,
Serratia, Staphylococcus and Rhodococcus , Pseudomonas aerugino-
sa, thermobacterium, Bacillus, and Terrabacter can degrade poly-
styrene microplastics; Alcanivorax, Hyphomonas, Cycloclasticus,
Pseudomonasaeruginosa SWI36, Bacillus thuringiensis C15, Bacil-
lus albicans PFYNOl can degrade polyethylene terephthalate
(PET)™. In addition, Li Zelin et al. "’ constructed a highly ef-
ficient polyethylene degradation composite strain. Compared to in-
dividual fungi or bacteria, it showed a 3. 3-fold improvement in
degradation performance, with a degradation efficiency of up to
0.936 7 mg/d.

Although the products of microbial degradation of microplas-
tics do not cause secondary pollution, their degradation rate is
slow, and other metabolites produced during the process may have
adverse effects on the physical and chemical properties of the soil
environment''”’. In addition, current research on the degradation
of microbial communities is mostly focused on laboratory environ-
ments. It is necessary to screen for native bacteria that can de-
grade specific microplastics with good performance and low re-
quirements for growth environment and degradation conditions, ac-
tively construct efficient and controllable green microbial commu-

nities, and actively carry out field research.

3 Research prospects and directions

First, it should strengthen source control and guide the re-
duction of usage. Based on the fact that agricultural sources are
the main input, it should actively advocate controlling the use of
mulching, fertilization, and sewage irrigation in farmland to effec-
tively reduce plastic input. It is necessary to clarify the sources
and pollution levels of microplastics in soil in different regions,
and to address them from the source, to provide data support for
subsequent management.

Second, it should actively develop effective biodegradable
plastics. At present, common biodegradable plastics include poly-
lactic acid (PLAs), polyhydroxyalkanoates ( PHAs), poly (3-
hydroxybutyrate) (PHB), cellulose acetate esters ( CAs), ther-
( TPSs ),

After a certain period of time, their chemical bonds

moplastic  starches succinate

(PBS) ™.

break. Under suitable conditions, they are ultimately converted

and  polybutylene

into substances such as carbon dioxide and/or methane, water,
etc. Therefore, it is particularly important to actively develop effi-

cient biodegradable plastics without secondary pollution.
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