4 A iR
Acta Pedologica Sinica

DOI: 10.11766/trxb202504200184 CSTR: 32215.14.trxb202504200184
T4, AkEH, R, XUE, AL, AR, RFEE, KJY, RN, XPRE. RIEMIERNS YURE. AR AT
PRAR[I]. LaEeEd, 2026,

WANG Kai, ZHANG Jinrui, XU Li, LIU Qin, HU Can, REN Siyang, LIU Xiuting, ZHU Tong, YAN Changrong, LIU Xuejun.
Research Status on the Pollution Characteristics and Control Technologies of Soil Microplastics[J]. Acta Pedologica Sinica,

2026,

TIRWEBRLTRAFIE . E S R
E Y, e Y, %l 0 W3 8 Y R

TR, G L R, KR

(LIRS B U5t 200 P A 6 2 sl e R PR s el 15 S S ALt B s, o [ ol R 2% 5 B B A o T R Lk 4
R EF G, bt 100193 24K 7= Sh = M AT AL ST H A9 5, Jbat T ARMOREE e B ReAR v S5 A AR AU BT, b
100097; 3 AN RAFRME G RpiEE RS, hERR BRI 5808 RITIUHT, Jbat 100081; 4. mslFR (R
PRP=0F T 54 R B R s, B AR U AR 0%, BT ERTHL/R 843300)

O RIEROERNT RO RO ARG R, IR AR AR B 2 A B, 1 R RS2 B )
KPR H 2N, EES IR — B A A 14, WEZ AR A B b, I R TS
JEBUARA i G PR R o AR SO B 2 B AT IR N B IR, % >4 BRI 5 v - 3 O R
TTORHIE S SRR S ARSI RN AT 2, SR T 2w e R T AL IR BRSNS 1) R RS
DA AMEAREE S, RE T LSBT TR 7], 5L T B H OB Rh S G Rt
TRELEN, DU 3RO RN Y K 4% VA BT 5T BT R

XBEI: LHEORRL; SHRRIE; RIRVERIAEE N BiiA TS i

hESES: X53 XHERESE: A

Research Status on the Pollution Characteristics and Control Technologies of

Soil Microplastics

WANG Kai'*, ZHANG Jinrui*, XU Li%, LIU Qin®, HU Can*, REN Siyang', LIU Xiuting"?3, ZHU
Tong", YAN Changrong®, LIU Xuejun®'

(1. State Key Laboratory of Nutrient Use and Management, Beijing Key Laboratory of Farmland Soil Pollution Prevention and
Remediation, College of Resources and Environmental Sciences, National Academy of Agriculture Green Development, China

Agricultural University, Beijing 100193, China; 2. Beijing Municipal Key Laboratory of Agriculture Environment Monitoring,

* HEREARRF SR (42277097) SEEFHIT S 605 B IR POE AT AR 54 (NE/V005871/1) FFHL 4 & )2 IR A A U H
(2024HBQZYCXY037)HL:[7] %t B Supported by the National Natural Science Foundation of China (No. 42277097), the UKRI Global
Challenges Research Fund (No. NE/\VV005871/1), and the High-level Talent Program of Hebei Province (No. 2024HBQZYCXY037)

+ 1@AE#H Corresponding author, E-mail: yanchangrong@caas.cn, liu310@cau.edu.cn
EE TN £ (1991—), 55, WHTEgNA, W5, 8lEdR, ETNFREHNG RO EATAFPET . E-mail:
kaiwang_ly@cau.edu.cn. K45 (1993—), 5, WwdbMEa A, L, FENF BN RMEAREHT . E-mail:
18833450270@163.com
W BT 2025-04-20; W EIfEekRi HIY: 2025-07-24; M%E & HE (www.enkinet): 2025- -

http://pedologica.issas.ac.cn



4 A iR
Acta Pedologica Sinica

Institute of Quality Standard and Testing Technology, Beijing Academy of Agriculture and Forestry Sciences, Beijing 100097,
China; 3. Key Laboratory of Prevention and Control of Residual Pollution in Agricultural Film, Ministry of Agriculture and
Rural Affairs, Institute of Environment and Sustainable Development in Agriculture, Chinese Academy of Agricultural Sciences,
Beijing 100081, China; 4. Xinjiang Production and Construction Corps (XPCC) Key Laboratory of Utilization and Equipment of
Special Agricultural and Forestry Products in Southern Xinjiang, College of Mechanical and Electrical Engineering, Tarim

University, Alar, Xinjiang 843300, China)

Abstract: Microplastics in soils pose potential threats to human health and food security, and the attention to this
issue is increasing. However, there is still no clear and unified conclusion on the current status of soil microplastic
pollution, as well as corresponding governance measures. Clarifying the current status of soil microplastic
pollution is of great significance for its effective management. This article provides an in-depth exposition on the
concept and development of microplastics, summarizes the pollution characteristics, sources, and ecological
environmental effects of soil microplastics, and discusses the obstacles and uncertainties existing in current soil
microplastic research. We have suggested potential research directions for soil microplastics according to the
current research gaps. We have also proposed strategies for addressing and managing soil microplastic pollution,
aiming to lay the foundation for research on soil microplastic pollution and its prevention and control.

Key words: Soil microplastics; Pollution characteristics; Limitation and uncertainty; Prevention and control

measures
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2004 RHRERE = (Thompson et al., Science, 2004)

2012 | REMHAESRSERNHEERRIRE (Rillig, Environ. Sci. Technol., 2012)

i BRI HIEEN (BEE) 4K (Huerta Lwanga et al., Environ. Sci. Technol., 2016)
2017 HEELA R YL BRIEF MRS (Huerta Lwanga et al. Sci. Rep., 2017)

2018 IR TS HIEIR L I R A YTh AR (de Souza Machado et al., Environ. Sci. Technol., 2018)
2019 AR R 4 SRR B AR AR (de Souza Machado et al., Environ. Sci. Technol., 2019)
2020 TEYIIR R AR R B (Liet al., Nat. Sustain., 2020)

2021 BRI T IR R IR A2 (Rillig, PLOS Biol., 2021)

2022 metaZ) 7 B SRR B TR E AR (Zhang et al., J. Hazard. Mater., 2022)

2023 LERHATIENEE S RHREES (Ren et al., Crit. Rev. Environ. Sci. Technol., 2023)
2024 | IRHCTHEBEMA” (microplastome) HEE (Li et al., Environ Sci Technol, 2024)
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Fig. 1 Key historical nodes in the research of soil microplastics
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FEMJUAELE TG items-kg ™+ () ANSE,  E T JFRE A T AR MR 93 88 5 A
EW A LIERUIBRL SR T EAIE TR0 8 B FRE R R
Bk, bR PR R R BRIV (NaCl. ZnCl, Al Nal) FrO%5 8 43 B 7 iEPo, el
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nm A H PR ZE RAK T p-FTIR 1) 20 pm. )5, Rl 75k 2 8 30 7 ik s AR
AN, FEASRHERERE (AL EE IR E A RO MR (AL R
SA BRI R R AR ITERY S, X TN K T S R T4 A ) bR .
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X IS RGN E SRR R AL T S0 N IR RS, HAE SR A B b, SRNA I A A
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P PP R O, T2 TR 95 M 71 90 77 10 SR A 0 2 0T B X A R P A /7 b
B AF P T BRI K 4 T, 83 I ARSI Gt 3R o R e mr U Ay
SRS G BT AEAE S50 B A DR T R SRR R R ) R X Rk s 9 £
A A K Z AR . SR, FIRIE S 7 e SEHD IR B o S FEAR O, 19 1 2R DL 381 s i
FIRERRRITE . DRIIE, AT A LR GO RS G Y A U SRR Sk A A AR B [
I, RO A RS G Rt ia BRI 9T .

SE Xk (References)
[1] Thompson R C, Olsen Y, Mitchell R P, et al. Lost at sea: Where is all the plastic?[J]. Science, 2004, 304(5672): 838.

[2] Thompson R C, Courtene-Jones W, Boucher J, et al. Twenty years of microplastic pollution research—What have we
learned?[J]. Science, 2024, 386(6720): eadl2746.

[3] Zou Z, Li S, Wu J, et al. Effects of nanopolystyrene addition on nitrogen fertilizer fate, gaseous loss of N from the soil, and
soil microbial community composition[J]. Journal of Hazardous Materials, 2022, 438: 129509.

[4] QinF, DuJ, Gao J, et al. Bibliometric profile of global microplastics research from 2004 to 2019[J]. International Journal of

Environmental Research and Public Health, 2020, 17(16): 5639.

http://pedologica.issas.ac.cn



4 A iR
Acta Pedologica Sinica

[5] Yang L, Zhang Y, Kang S, et al. Microplastics in soil: A review on methods, occurrence, sources, and potential risk[J].
Science of the Total Environment, 2021, 780: 146546.

[6] Xing Z, Fu W, Li L, et al. Bibliometric analysis of microplastics research: Advances and future directions (2020—-2024)[J].
Continental Shelf Research, 2025, 285: 105371.

[7]1 Rillig M C. Microplastic in terrestrial ecosystems and the soil?[J]. Environmental Science & Technology, 2012,
46(12): 6453-6454.

[8] Fok L, Lam T W L, Li H, et al. A meta-analysis of methodologies adopted by microplastic studies in China[J]. Science of
the Total Environment, 2020, 718: 135371.

[9]1 Zhang J, Ren S, Xu W, et al. Effects of plastic residues and microplastics on soil ecosystems: A global meta-analysis[J].
Journal of Hazardous Materials, 2022, 435: 129065.

[10] Fuller S, Gautam A. A procedure for measuring microplastics using pressurized fluid extraction[J]. Environmental Science
& Technology, 2016, 50(11): 5774-5780.

[11] Li L, Luo Y, Li R, et al. Effective uptake of submicrometre plastics by crop plants via a crack-entry mode[J]. Nature
Sustainability, 2020, 3(11): 929-937.

[12] Huerta Lwanga E, Mendoza Vega J, Ku Quej V, et al. Field evidence for transfer of plastic debris along a terrestrial food
chain[J]. Scientific Reports, 2017, 7(1): 14071

[13] Ren S, Wang K, Zhang J, et al. Potential sources and occurrence of macro-plastics and microplastics pollution in farmland
soils: A typical case of China[J]. Critical Reviews in Environmental Science and Technology, 2023, 54(7): 533-556.

[14] Zhang J, Ren S, Xu W, et al. Effects of plastic residues and microplastics on soil ecosystems: A global meta-analysis[J].
Journal of Hazardous Materials, 2022, 435: 129065.

[15] Rillig M C, Leifheit E, Lehmann J. Microplastic effects on carbon cycling processes in soils[J]. PLOS Biology, 2021,
19(3): €3001130.

[16] de Souza Machado A A, Lau C W, Kloas W, et al. Microplastics can change soil properties and affect plant performance[J].
Environmental Science & Technology, 2019, 53(10): 6044-6052.

[17] de Souza Machado A A, Lau C W, Till J, et al. Impacts of microplastics on the soil biophysical environment[J].
Environmental Science & Technology, 2018, 52(17): 9656-9665.

[18] Huerta Lwanga E, Mendoza Vega J, Ku Quej V, et al. Field evidence for transfer of plastic debris along a terrestrial food
chain[J]. Scientific Reports, 2017, 7(1): 14071.

[19] Huerta Lwanga E, Gertsen H, Gooren H, et al. Microplastics in the terrestrial ecosystem: implications for Lumbricus
terrestris (Oligochaeta, Lumbricidae)[J]. Environmental Science & Technology, 2016, 50(5): 2685-2691.

[20] Li C, Li X, Bank M S, et al. The “microplastome” — A holistic perspective to capture the real-world ecology of
microplastics[J]. Environmental Science & Technology, 2024, 58(9): 4060-4069.

[21] Ministry of Ecology and Environment of the People’s Republic of China. A guide to the emission coeddicient of the second
national census on pollution sources[M]. Beijing: China Environment Publishing Group, 2022. [H#2 A\ R RN E A 253045
. B8 TR ARG R B ARG R MI. AERt: op E RS H A AR, 2022.]

[22] Lozano Y M, Lehnert T, Linck L T, et al. Microplastic shape, polymer type, and concentration affect soil properties and
plant biomass [J]. Frontiers in Plant Science, 2021, 12: 616645.

[23] Bai R, Liu H, Cui J, et al. The characteristics and influencing factors of farmland soil microplastic in Hetao Irrigation
District, China[J]. Journal of Hazardous Materials, 2024, 465: 133472.

[24] Yang J, Li L Z, Zhou Q, et al. Microplastics contamination of soil environment: Sources, processes and risks[J]. Acta
Pedologica Sinica, 2021, 58(2): 281-298. [#7, 2=, FifY, & LIEMErhREERS G RIE. SRR AR[]. £
HE224R, 2021, 58(2): 281-298.]

[25] Chen L, Yu L, Li Y, et al. Spatial distributions, compositional profiles, potential sources, and intfluencing factors of

microplastics in soils from different agricultural farmlands in China: A national perspective[J]. Environmental Science &

http://pedologica.issas.ac.cn



4 A iR
Acta Pedologica Sinica

Technology, 2022, 56(23): 16964-16974.

[26] Kou S Q, Guan Z, Lu X Y, et al. Migration of microplastics in soil and its effect on organic pollutants: A Review[J]. Soils,
2024, 56(3): 457-470. [ERAHE, KA, GO, 5. HIEHRIERLTR L H XA PG R RE T T R[], I,
2024, 56(3): 457-470.]

[27] Chen Y L, Sun K, Han L F, et al. Separation, identification, and quantification methods in soil microplastics analysis: A
review[J]. Acta Pedologica Sinica, 2022, 59(2): 364-380. [ff =%, Fhrl, Wh=275, & LR iRHY 4 8 Kk i 7%
DRt RI]. T3, 2022, 59(2): 364-380.]

[28] Zhang J, Wang K, Hao T, et al. Long-term plastic film mulching promotes microplastic accumulation and alters gross
nitrogen transformation in soil[J]. Applied Soil Ecology, 2025, 208: 106007.

[29] Li S, Ding F, Flury M, et al. Macro- and microplastic accumulation in soil after 32 years of plastic film mulching[J].
Environmental Pollution, 2022, 300: 118945.

[30] Giindogdu R, Onder D, Giindogdu S, et al. Plastics derived from disposable greenhouse plastic films and irrigation pipes in
agricultural soils: A case study from Turkey[J]. Environmental Science and Pollution Research, 2022, 29(58): 87706-87716.

[31] Huang Y, Liu Q, Jia W, et al. Agricultural plastic mulching as a source of microplastics in the terrestrial environment[J].
Environmental Pollution, 2020, 260: 114096.

[32] Salehi Z, Hashemi S H, Flury M. Micro- and mesoplastics in farmlands with different irrigation water sources[J]. Water, Air,
& Soil Pollution, 2023, 234(4): 267.

[33] Pifion-Colin T d J, Rodriguez-Jimenez R, Rogel-Hernandez E, et al. Microplastics in stormwater runoff in a semiarid region,
Tijuana, Mexico[J]. Science of the Total Environment, 2020, 704: 135411.

[34] LiJ, Zhang J, Ren S, et al. Atmospheric deposition of microplastics in a rural region of North China Plain[J]. Science of the
Total Environment, 2023, 877: 162947.

[35] Dris R, Gasperi J, Rocher V, et al. Microplastic contamination in an urban area: A case study in Greater Paris[J].
Environmental Chemistry, 2015, 12(5): 592-599.

[36] Liu K, Wang X, Fang T, et al. Source and potential risk assessment of suspended atmospheric microplastics in Shanghai[J].
Science of the Total Environment, 2019, 675: 462-471.

[37] Luo Y M, Zhou Q, Zhang H B, et al. Pay attention to research on microplastic pollution in soil for prevention of ecological
and food chain risks[J]. Bulletin of Chinese Academy of Sciences, 2018, 33(10): 1021-1030. [¥&/K ¥, JifE, =ik, 4.
AR ST RO RS et TR AR A S AR AR I].  ERHERERE T, 2018, 33(10): 1021-1030.]

[38] Weithmann N, Méller J N, Léder M G J, et al. Organic fertilizer as a vehicle for the entry of microplastic into the
environment[J]. Science Advances, 2018, 4(4): eaap8060.

[39] Evangeliou N, Grythe H, Klimont Z, et al. Atmospheric transport is a major pathway of microplastics to remote regions[J].
Nature Communications, 2020, 11(1): 3381.

[40] Li RJ, Li L Z, Zhang Y C, et al. Uptake and accumulation of microplastics in a cereal plant wheat[J]. Chinese Science
Bulletin, 2020, 65(20): 2120-2127. [Z=Hii A, Z5iEM, Kz, & RARHEY /N Z GETSOMA R BRI LIG 2 RHAMER ).
R, 2020, 65(20): 2120-2127.]

[41] Zhou J, Xia R. Leafy vegetable assimilation of atmospheric microplastics/nanoplastics: an overlooked source in human
food?[J]. Environmental Science & Technology Letters, 2024, 11(2): 51-53.

[42] Zhou L, Chu J, Zhang Y, et al. Potential impacts of microplastic particle size and type on soil properties and buckwheat
performance[J]. Agronomy, 2025, 15(5): 1064.

[43] Chen Y, Liu X, Leng Y, et al. Defense responses in earthworms (Eisenia fetida) exposed to low-density polyethylene
microplastics in soils[J]. Ecotoxicology and Environmental Safety, 2020, 187: 109788.

[44] Zhu D, Chen Q, An X, et al. Exposure of soil collembolans to microplastics perturbs their gut microbiota and alters their
isotopic composition[J]. Soil Biology & Biochemistry, 2018, 116: 302-310.

[45] Liu X B, Dong X S, Xie Z H, et al. Ecological effects and biodegradation of microplastics in soils[J]. Acta Pedologica

http://pedologica.issas.ac.cn



4 A iR
Acta Pedologica Sinica

Sinica, 2022, 59(2): 349-363. [XlZ&f%, /0, MEL, 5. TIEh BRI AR S VR[] 3R, 2022,
59(2): 349-363.]

[46] Zhang L, Sun D, Zhang J Q, et al. Research progress on the migration of agricultural film microplastics and phthalates in
soil[J]. Soils, 2024, 56(5): 938-947. [#K7E, FhZ, sk, &5 ARBGIBR S BRIRNRTE g TOT R R st R 0], 3%,
2024, 56(5): 938-947.]

[47] da Costa Araljo A P, Malafaia G. Microplastic ingestion induces behavioral disorders in mice: A preliminary study on the
trophic transfer effects via tadpoles and fish[J]. Journal of Hazardous Materials, 2021, 401: 123263.

[48] Rawle D J, Dumenil T, Tang B, et al. Microplastic consumption induces inflammatory signatures in the colon and prolongs
a viral arthritis[J]. Science of the Total Environment, 2022, 809: 152212.

[49] lkuta T, Tame A, Takahashi T, et al. Microplastic particles are phagocytosed in gill cells of deep-sea and coastal mussels[J].
Frontiers in Marine Science, 2022, 9: 1034950.

[50] Okeke E S, Okoye C O, Atakpa E O, et al. Microplastics in agroecosystems-impacts on ecosystem functions and food
chain[J]. Resources, Conservation and Recycling, 2022, 177: 105961.

[51] Ding W, Li Z, Qi R, et al. Effect thresholds for the earthworm Eisenia fetida: Toxicity comparison between conventional
and biodegradable microplastics[J]. Science of the Total Environment, 2021, 781: 146884.

[52] Brown R W, Chadwick D R, Thornton H, et al. Field application of pure polyethylene microplastic has no significant
short-term effect on soil biological quality and function[J]. Soil Biology & Biochemistry, 2022, 165: 108496.

[53] Qi R, Tang Y, Jones D L, et al. Occurrence and characteristics of microplastics in soils from greenhouse and open-field
cultivation using plastic mulch film[J]. Science of the Total Environment, 2023, 905: 166935.

[54] Wang K, Liu X, Chadwick D R, et al. The agricultural plastic paradox: Feeding more, harming more?[J]. Environment
International, 2025, 198: 109416.

[55] Méller J N, Léder M G J, Laforsch C. Finding microplastics in soils: A review of analytical methods[J]. Environmental
Science & Technology, 2020, 54(4): 2078-2090.

[56] Qi R M. Characteristics and ecological effects of soilmicroplastic in typical agricultural region with plastic film mulching in
China[D]. Beijing: Chinese Academy of Agricultural Sciences, 2021. [F . [l s 704 7 F Ak [X - SFE R4 B A=
BRMD]. Abxt: A ERRARE, 2021.]

[57] Jia Z, Wei W, Wang Y, et al. Occurrence characteristics and risk assessment of microplastics in agricultural soils in the loess
hilly gully area of Yan' an, China[J]. Science of the Total Environment, 2024, 912: 169627.

[58] Zhu Y E, Wen H X, Li T H X, et al. Distribution and sources of microplastics in farmland soil along the Fenhe River[J].
Environmental Science, 2021, 42(8): 3894-3903. [&F R, SCHE, 250N, . VMR AR H LIRS0 RL A AR AR
K RIERT[I]. FREERE, 2021, 42(8): 3894-3903.]

[59] Zhou B, Wang J, Zhang H, et al. Microplastics in agricultural soils on the coastal plain of Hangzhou Bay, east China:
Multiple sources other than plastic mulching film[J]. Journal of Hazardous Materials, 2020, 388: 121814.

[60] Ren S, Kong S, Ni H. Contribution of mulch film to microplastics in agricultural soil and surface water in China[J].
Environmental Pollution, 2021, 291: 118227.

[61] Ndahebwa Muhonja C, Magoma G, Imbuga M, et al. Molecular characterization of low-density polyethene (LDPE)
degrading bacteria and fungi from Dandora dumpsite, Nairobi, Kenya[J]. International Journal of Microbiology, 2018,
2018(1): 4167845,

[62] Vimala P P, Mathew L. Biodegradation of polyethylene using Bacillus subtilis[J]. Procedia Technology, 2016, 24: 232-239.

[63] Corradini F, Meza P, Eguiluz R, et al. Evidence of microplastic accumulation in agricultural soils from sewage sludge
disposal[J]. Science of the Total Environment, 2019, 671: 411-420.

[64] Han X, Liu W, Huang J W, et al. Structural insight into catalytic mechanism of PET hydrolase[J]. Nature Communications,
2017, 8(1): 2106.

(SfE4W%E: MH&9D)

http://pedologica.issas.ac.cn



