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Abstract: As a widespread pollutant in the environment, research on microplastics have
attracted much attention. This review systematically analyzed the interaction between
microplastics and soil microorganisms based on existing literatures. Microplastics can change
the structure and diversity of soil microbial communities directly or indirectly. The magnitude
of these effects depends on the type, dose and shape of microplastics. Meanwhile, soil
microorganisms can adapt to the changes caused by microplastics through forming surface
biofilm and selecting population. This review also summarized the biodegradation mechanism
of microplastics, and explored the factors affecting this process. Microorganisms will firstly
colonize the surface of microplastics, and then secrete a variety of extracellular enzymes to
function at specific sites, converting polymers into lower polymers or monomers. Finally, the
depolymerized small molecules enter the cell for further catabolism. The factors affecting this
degradation process are not only the physical and chemical properties of the microplastics, such
as molecular weight, density and crystallinity, but also some biological and abiotic factors that
affect the growth and metabolism of related microorganisms and the enzymatic activities.
Future studies should focus on the connection with the actual environment, and develop new
technologies of microplastics biodegradation to solve the problem of microplastic pollution.
Keywords: microplastics; soil microorganisms; biofilm; biodegradation mechanism
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Publications related to microplastics based on SCI database and CNKI database.
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Figure 2 Co-occurrence map of keywords in microplastics and microorganisms related research.
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F1 AEZEE MPs X HIEREMHIZ M

Table 1 Effects of different types of MPs on soil microbes

Polymer (s) Dose (W/W) Size and shape (um) Experiment Effects Reference

duration (d)

Polyethylene (PE), 1% Particles; 150-180 60 PE and PS altered the taxonomic [27]

polyester (PS), diversity, which may be attributed to the

polybutylene succinate higher DOC contents. While PBS and

(PBS) and polylactide PLA only altered the functional diversity

(PLA)

Polyethylene (PE) 5% Films; <150 30 Actinobacteria replaced Proteobacteria  [28]
as the dominant phylum in microplastics
soil

Polystyrene (PS) 100 and 1 000 ng Nano-particle 28 The significant decrease in microbial [29]
biomass was observed

Polyethylene (PE) 1% Particles; 40-48 3,15,100 MPs promoted the activities of organic C [30]

(ultra-high-molecular and N hydrolase enzymes to promote

weight) SOM decomposition and provide energy
and nutrients for microbial growth

Polyethylene (PE) 0.5%, 1% - - MPs had an obvious effect on soil [31]
microbial community composition and
species diversity

Polyvinyl chloride 0.5% Fragments; 15,30, 60 PVC significantly shaped soil microbiota [32]

(PVC, with plasticizer, <1 000 into a microbial system with more

24.2% DBP) nitrogen-fixing microorganisms

—: The content was not described in detail.
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1.2 A RY EES R

MPs 233 jof e 722 - 3 3 Ak Jo 8] 42 52 el
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x2 BENEZERNEEMARE

Table 2 Bacteria and fungi that degrade microplastics

Plastics Fungi/  Strain Degradation effect Culture time Reference
Bacteria
PE Fungi  Aspergillus sydowii PNPF15/TS The tensile strength of PE decreased by 60 d [72]

(94.44+2.41)%, and the surface of PE
appeared cracks and holes

LDPE  Bacteria Bacillus cereus A5

LDPE weight loss was (35.72+4.01)%,

16 weeks [73]

and intermediate products were detected

PVC Fungi

Phanerochaete chrysosporium PV1 Molecular weight of the PVC film showed

10 months [74]

significant reduction and the structure also

changed

PLA Bacteria Arthrobacter sulfonivorans

On the PET film, changes in surface structure

6 months [75]

were observed in the form of bumps, dulling,

or traces of mycelium

PBSA  Fungi  Aspergillus terreus HC

PBSA weight loss 47.5%, hyphae were 30d [76]

observed on the surface of the plastic film.

After removing the hyphae, several cracks and

cavities were observed on the surface

PP Bacteria Bacillus sp. 27

The weight loss of PP was 6.4%, the strain 40d [77]

can colonize, modify and utilize PP

microplastics as carbon source

PBAT  Bacteria Pseudomonas aeruginosa RD1-3

The degradation rate of PBAT was

8 weeks [78]

(6.88+0.06)%, and a large number of gullies,
pits and folds appeared on the surface of PBAT

plastic surface and significantly reduced the

hydrophobicity of the plastic surface

PUR Fungi  Aspergillus sp. S45

The weight loss of PUR was 20%, and strain 28 d [79]

could grow with PUR as the sole carbon source

Bacteria Bacillus sp. S10-2

The weight loss of PUR was 19%, and strain 60 d [80]

could grow with PUR as the sole carbon

source
PET Bacteria Ideonella sakaiensis 201-F6

The strain adhered to the surface of PET, and 60 h [81]

traces of degradation were observed on the

film surface

FEAER BRI R i5 e, AUAE MPs, i
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PITCIS 2 SR A . MPs, 1 358 43+ 15 A R4 fi

PR AR 3 138 FH
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321 HEYE MPs REEE
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