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A review of microplastics in the soil environment

ZHANG Jiajia, CHEN Yanhua**, WANG Xuexia, NI Xiaohui, LIU Dongsheng, LI Lixia, ZOU Guoyuan**
(Institute of Plant Nutrition and Resources, Beijing Academy of Agriculture and Forestry Sciences, Beijing 100097, China)

Abstract: Microplastics are plastic particles widely distributed in the environment. In recent years, environmental pollution
caused by microplastics has attracted widespread attention. Many studies have reported the negative effects of microplastics on
the aquatic environment, but the impact of microplastics on the terrestrial environment, especially on soils, has not been ex-
tensively investigated. This study systematically reviewed the recent researches on the sources, distribution, pollution characte-
ristics, analysis methods, ecological effects, environmental effects, and control measures of soil microplastics, and proposed
relevant countermeasures for research and governance. This review showed that 1) the sources of soil microplastics included
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residues of agricultural plastic film, land use of sludge, organic fertilizer application, surface runoff, sewage irrigation, and
atmospheric deposition. 2) The methods of separation, extraction, identification, and their advantages and disadvantages for
determining soil microplastics were summarized, but standardized detection and quantitative technologies were lacking.
3) Microplastics could affect the soil structure and physical and chemical properties, threatened the growth of plants and ani-
mals, and changed the diversity of microbial communities. 4) Microplastics could adhere to pollutants on the surface, causing
physical and chemical environmental pollution, endogenous toxic substances releasing, and inducing compound pollution.
5) The prevention and control measures of microplastic pollution were mainly focused on three factors: research and deve-
lopment of biodegradable plastic products, input control of microplastics from the source, and strengthening international co-
operation. This study also proposed three areas in need of further development: a standard unified quantitative analysis method,
more accurate traceability analysis technology, and better scientific research on microplastic pollution in the soil. The results
presented here provided a better understanding of the environmental behavior of microplastics in the soil and proposed ideas
for further exploration. This review also provided a theoretical basis and reference for the ecological risk assessment of soil
microplastics and prevention of pollution caused by them.

Keywords: Microplastics; Soil ecosystem; Analysis method; Eco-environmental risk; Control measures
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Table 1 Distribution characteristics of microplastics in different soil types
. Soil depth . .o Refe-
Soil type (cm) Abundance Size (mm) Shape Composition Country/area rence
0~10 1430~3410 pieces-kg{l 0~0.49 [27]
Agricultural soil Shaanxi, China
Film, fiber, fragment,
pellet Polystyrene, polyethylene,
polypropylene, high-density
polyethylene, polyvinylch-
loride, polyethylene tereph-
thalate
0~10  895.1~2197.1 <3 — [28]
: -1
Agricultural soil pieces-kg Inner Mongolia,
10~20  798.6~2111.4 Fiber, fragment, film, China
pieceskg ' pellet
20~30  756.0~1971.8
pieceskg '
0~10  40£126 >0.100 — Polyethylene [29]
: -1
Farmland soil pieces-kg The Loess
10~30  100+141 Plateau, China
pieces-kg '
0~5 0.340.36 pieceskg ' 1~5 [30]
Farmland soil Fragment, film, fiber =~ Polyethylene, polypropylene, Southeast
polystyrene Germany
0~25 600~10 400 0.97 — [31]
: -1
Agricultural soil pieces kg Fiber, film Chile
0~5 1443+977 pieces~kg’] <5 [32]
Facility agricul- 5~10 1312857 pieceskg Shouguang,
tural soil 10~25 13624829 pieceskg ' Fragment, film, fiber, Cpandong,
ina
0~5  1860+1212 pieceskg ! pellet, foam
Open-field agri- 5~10  1726+1596 pieceskg ™' Polypropylene, ethylene-
cultural soil 10~25 10654942 pieceskg | propylene copolymer, poly-
ethylene, polystyrene, poly-
ester fibers, cellophane,
polyurethane, rayon, poly-
methyl methacrylate
0~20 16.4+2.7 pieceskg ' <1 [33]
Agricultural soil ( No pig Jiangxi, China
manure applied) Fiber, pellet, fragment, Polyethersulfone resin,
film polypropylene, rayon
43.8+16.2 pieces-kg '
( Pig
manure amended) Polyethersulfone resin,
polypropylene, polyethylene,
rayon
0~20  100+100 pieces-kg ' >0.100 — Polyethylene [34]
Farmland soil in 20~30  400+£692 pieces-kg7l Harbin, China
suburbs
0~40  80.3+49.3 pieces-kg ™" — — Polyethylene (1]
Cotton field soil ( 5 Film Xinjiang, China
mulching for 5 years)
308.0+138.1
pieceskg '
( 15  Film
mulching for 15 years)
1075.6+346.8
pieceskg ™'
( 24 Film
mulching for 24 years)
0~10 7100~42 960 0.05~10 — [35]

Facility farmland
soil

pieceskg '

Fragment, string, film,
fiber

Yunnan, China
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k1
. Soil depth . .o Refe-
Soil type (cm) Abundance Size (mm) Shape Composition Country/area rence
0~5 320~12 560 0.02~5 [36]
: -1
Vegetable farm- pieces-kg Wuhan, China
land soil Fiber, fragment, mi- Polyamide, polypropylene,
crobead, foam polystyrene, polyvinylch-
loride, polyethylene
0~3 78.00+12.91 0.03~16 [37]
: -1
Farmland soil in pieces-kg Fiber, film, fragment Shanghai,
b ~ .
suburbs 3~6 6.2.50112;?7 Polyethylene, polypropy- China
pieces kg lene, polyethersulfone resin
0~10  100+254 pieces-kg " >0.100 — Polyethylene [29]
Greenhouse soil ~ 10~30  80+193 pieceskg The Loess
0~10 3204329 pieces-kg ' Plateau, China
Orchard soil 10~30  120+169 pieces-kg™"
B} 0~10  10.3+2.2 pieceskg ' 0.02~5 [38]
Fiber, pellet, film Polypropylene, polyethylene Shanghai,
Rice-fish China
co-culture system
0~2 634 picces-kg ™' 1.56+0.63 — [39]
Coastal soil Hebei, China
Fragment, pellet, fiber,
film
0~10  503.3 pieceskg ' — [40]
Lakeside plain Fragment, fiber, film Hangzhou,
soil China
Polyethylene, polypropy-
lene, nylon, polyethersulfone
resin, rayon, acrylic acid,
polyamide
0~5 84.45 pieces-kg’] 0.3~5 [41]
Riverine soil India
Fiber, fragment, film, Polyethylene, polyethylene
foam, pellet terephthalate, polypropylene
0~5 593 pieceskg ' 0.125~0.5 — [42]
Floodplain Soil Switzerland
Polyethylene, polystyrene,
styrene butadiene rubber,
polyvinylchloride
0~20 870 picceskg ' 0.01~1 — — [43]
Garden soil Mexico suburbs
0~10  300~67 500 mg-kg " — — [44]

Industrial area
soil

Polyvinylchloride, polyethy-
lene, polystyrene

Sydney,
Australia

“w “w

2 TIEPHERRY
2.1

[51]

1~6 mm (521

[53]

means no reported.

D&

[54]

Blising [

5 mm 1 mm

2.2
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Table 2 Identification methods and their advantages and disadvantages of characteristics of microplastics (MPs) in soil
Technique Particle size Methodology Advantages Limitations Reference
Visual inspection methods
>500 pm , ; ; , , [60]
Microscopic
counting The particles are counted Easier, faster, and cost effec- ~ Time-consuming, high misiden-
directly and identified. tive; providing morphological tification rate, unable to deter-
information mine chemical composition of
MPs
MPs MPs, MPs [61]
Tagging , Quick, easier, and inexpensive
Microscale MPs Overestimation of MPs due to
can be counted  \ppg are irradiated with blue impurities
and visualized.  Jight and hydrophobic dye
is adsorbed to render them
fluorescent.
Spectroscopic methods
>500 um ATR-FTIR ; [60]
(FTIR) . , FTIR MPs ;
Fourier trans- FTIR ( R
formed infrared  (ATR-FTIR), Depending on molecular ) MPs 20 um ;
spectroscopy <20 pm structure and composition of .
(FTIR) substance, samples are ex- ? . .
ATR.FTIR for posed to defined range of Sensitive to 1nte¥fe‘rence 'o'f water
rticles 5500 IR-radiation. Minimum sample preparation  VaPOT and organic impurities
pm microsco required for ATR-FTIR; FTIR f:ontamed in the sample; .only for
501; o FTIRplz;r can provide both chemical and infrared active sample, difficult
<20p m particles physical information of micro- to analyze n.ontransparent parti-
wmp plastics (such as structure and ~ €le and'partlcles below 20 pm;
abundance), and can detect expensive pretreatment
weathering degree of MPs. A
new, fast, and reliable nonde-
structive testing method.
>1 um, 1~20 um s ; s [62]
Raman ; ; ;
spectroscopy The shift in Raman spectra
can be measured, that pro- Minimum sample preparation  Required refinements of samples
vides substance specific required; non-contact and before analysis, time intensive
spectra. non-destructive measurement;  procedure; sensitive to fluores-
not sensitive to interference of cent interference of colors, pig-
water; suitable for nontrans- ments and biological organic
parent or dark particles materials
> 0.5 mm MPs, [63]
MPs, N
Hyperspectral , Only able to detect microplastics
imaging tech- This method has the potential ~ © the soil surface, and only
1 d : itable fq lyethyl ti-
gl?e(r)fgn?::ltrics The spectral characteristics ~ t0 detect MPs without separa- zlllelsa ¢ for polyethylene parti
of each spatial pixel on the ~ flon from soil, %ﬂd portabl.e
image are connected with and feasible, quick analysis.
the corresponding spatial
information to determine the
chemical properties of the
substances represented by
each pixel.
15 gkg! — : , [64]
No sample preparation needed,
Macroscale fast Only applicable to pollution hot
near-infrared spots, and to a few polymers
spectroscopy
s [19,46]

Scanning elec-

tron microscope
cles can be ana-
lyzed.

Microscale parti-

>
Generating interaction be-
tween electron and samples,
eventually measuring se-
condary ions

Generating high resolution
images

Samples require coating with
less information.
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k2
Technique Particle size Methodolo Advantages Limitations Reference
gy g
Thermal analysis methods
- - >100 pm , s [65-66]
Pyrolysis-gas R Quite sensitive, easier and R
chromatogra- reliable; and avoidir'lg ppssible Limited plastics database, single
Frl:)}r/;cr;:;lss spec- The gas chromatography background contamination Sample at a time w'ith certai'n
P r—Gg—MS) column couples with a weight, one samPllng at a time
Y quadrupole-mass spec- under certain weight
trometry. The generated
spectra are identified by
comparing with available
common plastic database.
B, 0.5~1.0 wt% Pyr-GC-MS ; [65]
- R Faster than pyrolysis gas R MPs
Thermo-extrac- chromatography-mass spec- .
tion and desorp- trometry
ti led with o .
lgsncchorl:)fnztovf_l Identifying and even quan- Destructive measurement; only
fa hy/mass & tifying polymers in different obtaining total mass fraction of
s Iz:c?rometr solid environmental samples polymer, and not providing
(%ED—GC—N}[IS) without any pre-selection information of quantity and
particle size distribution of MPs;
only applicable to certain poly-
mer types
- 0.07 wt% — , Pyr-GC-MS [67]
Thermogra_vime- ; TED-GC-MS ;
tric analysis Pyr-GC-MS  TED-GC-MS ;
coupled with
mass spectrome-
try (TGA-MS) Minimum sample preparation  The quantitative limit is higher
required; suitable for hetero- than the Pyr-GC-MS and
geneous soil samples; cheaper TED-GC-MS measurements. Not
than Pyr-GC-MS or suitable for samples with high
TED-GC-MS organic content; unable to pro-
vide quantitative and morpho-
logical information.
( [66]

Liquid chroma-
tography (LC)
size samples

Applied for large

Samples are prepared
selectively for analysis.

Better recovery of selected
polymers

),
Restricted to specific polymers
(polyethylene and polyethylene
terephthalate), not recommended
for environmental samples.

>

[73].

(10 gkg ™),

[64].

(0.5~5 mm)'**!

(15 gkg "),

3 WMEBRXNITRESREHZM

31

[12,74]

3.2
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