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Abbreviations

MPs: Microplastics; PAH: Polycyclic Aromatic Hydrocarbons; PBDEs: Polybrominated Diethyl Ethers; PCBs: Polychlorinated Biphenyls; 
EDC: Endocrine Disruption Chemicals; POPs: Persistent Organic Pollutants; PE: Polyethylene; PET: Polyethylene Terephthalate; CEAZA: 
Center for Advanced Studies in Arid Zones; ESMOI: Millennium Nucleus Center of Ecology and Sustainable Management of Oceanic Islands; 
PFASs: Perfluoroalkyl Substances; PM: Particulated Matter

Introduction

The omnipresence of microplastics (MPs, plastic particles < 5 mm) represents the largest proportion of plastic debris in the global 
biosphere and is raising increasing concerns about their implications for human health [1,2]. Plastic is one source of chemical exposure, 
with a global production of almost 360 million metric tons in 2018. More than 900 chemicals likely associated with plastic and, 63 chemicals 
that ranked highest for human health concerns underwent a tiered prioritization based on biomonitoring data, endocrine disrupting 
properties, and their regulatory status [3]. Endocrine disruption compounds (EDC) refer to environmental factors that interfere with 
hormone metabolism and homeostasis, a process that might explain developmental programming by prenatal chemical exposure [4]. Only 
30% of the world’s countries have reported research on MPs and their effects, with countries from Europe (38%) and Asia (36%) regions 
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Current investigations concerning the abundance and distribution of microplastics in different bodies of water and biota through-
out the world include very few studies conducted in Latin America. However, the occurrence, transportation and fate of microplastics 
present in the environment could have potential health impacts of the population exposed to the consumption of food contaminated 
with microplastics. These materials include in their composition several persistent organic pollutants (POPs) such as polychlori-
nated biphenyls (PCB), polycyclic aromatic hydrocarbons (PAH), phthalates and others, all of them known as endocrine-disrupting 
chemicals (EDC). This review presents current studies and advances on the subject in Chile, a country with a large coastal area, by 
compiling the research carried out to date in the region.
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contributing to the studies [5]. In contrast, research in Latin America has only just begun and is limited to countries such as Argentina, 
Brazil, Chile, Colombia and Mexico. 

Although Latin America shares 4% of the production and 8% of the total consumption of plastics worldwide, the physical-chemical 
nature of PMs has become a major public health problem worldwide due to its high stability, low degradation, high toxicity, and persistence 
in the environment. This means that MPs can travel far from their sources acting as vectors and their populations can be equally affected 
by their contamination.

Materials and Methods

There is a growing amount of research on the abundance and distribution of microplastics in different bodies of water and biota 
around the world and their consequences. However, in Latin America and Chile, there is little data available on the presence of MPs in the 
human diet. Therefore, in this review, a broad and indirect approach was adopted to analyze articles on the presence of PM in the territory 
and coasts of Chile since 2010. More than 60 articles were classified by combining the keywords “microplastic contamination”, “health 
risk” and “Chile” in the Scopus (Elsevier’s Scopus) and Google Scholar databases.

Results and Discussion

The accumulation of MPs in the marine environment has been a long-known problem. Due to their small size, they are easily ingested 
by marine fauna and can accumulate in the food web, along with associated toxins and microorganisms that colonize plastic [6,7]. The 
results of experimental studies on the abundance of MPs in the Pacific Ocean using a numerical model suggested that the concentrations 
of pelagic MPs around the subtropical convergence zone would approximately double (four times) by 2030 from the current condition 
[8]. The coast of continental Chile extends from 18° S to approximately 56° S and is approximately 4200 km long, and although the main 
populated areas are concentrated between 33° S and 35° S in central Chile, the discharges of MPs waste can be transported long distances 
by ocean currents, affecting not only the coast but deep waters of the South Pacific.

An investigation on the transport dynamics of MPs in the coastal ocean that evaluated the occurrence and distribution in the water 
column in the fjords of the Chilean Patagonia (Chile) and its potential use of MPs as vectors of persistent organic (POPs). These are a 
group of potential EDC that are toxic, persistent, and are able to bioaccumulate and move long distances using natural processes on 
soil, water, air, and biota. It includes polycyclic aromatic hydrocarbons (PAH), polychlorinated biphenyls (PCB), polybrominated diethyl 
ethers (PBDEs), polyfluorinated compounds (PFC), phthalates, organochlorine pesticides (OCPs). Polyfluorinated compounds, one of the 
pathways by which PFC can be taken up is through the ingestion of contaminated foodstuffs, and plants (e.g. grains). Plants can take up PFC 
from contaminated soils. Sheringer., et al. [9] concluded that 90% of all PFC exposure is derived from food and dietary intake. By another 
hand, phthalates are a family of artificial chemicals that have applications as plasticizers in polyvinylchloride (PVC) materials such as food 
packaging. They are classified as EDC and, have been linked to adverse health effects, particularly about early-life exposure [10]. Today, 
humans are exposed to PCBs, PBDEs, and OCPs by breastfeeding and the consumption of fish, meat, and dairy products [11,12]. 

The microplastic particles can function as vectors of persistent organic pollutants (POPs) in the coastal ocean, depending on polymer 
properties and environmental variables. The distribution and abundance of MPs in the water column along a large remote estuarine system 
located between the North and South Patagonian Ice Fields in Chilean Patagonia that connects to the Pacific Ocean showed polymers such 
as acrylic, polyethylene terephthalate and cellophane. The higher abundance of MPs observed in the deeper waters towards the Gulf of 
Penas points to groundwater intrusions that transport plastic particles from the ocean to the channel system [13,14]. A study of sediments 
collected on the coast of Chiloe (Chile) detected MPs particles in 35 stations, consisting mainly of fibers (88%), fragments (10%), and films 
(2%). The distribution and abundance of MPs are explained by the proximity and intensity of local salmon production activities [15,16].
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Studies by Pozo., et al. in a coastal area of central Chile (San Vicente Bay) detected the compounds, polybrominated diethyl ethers 
(PBDEs), polychlorinated biphenyls (PCBs), and organochlorine pesticides (OCPs) in plastic resin granules, probably influenced by the 
presence of industrial activities in the surrounding area. Plastic resin has a high adsorption capacity, so it may be able to transport 
(persistent organic pollutants, POPs) to coastal environments [17]. In another study, polymers such as polyester, polyethylene (PE), 
and polyethylene terephthalate (PET) were detected in MPs particles in six commercially important fish species in central Chile (Biobío 
region), which shows the potential risk of the population who consumes these marine products and the impact of MPs in Chilean fishing 
activities [18].

The importance of knowing in detail the cycle of MPs particles in the marine environment to assess the biological impacts of MPs in 
marine organisms must consider not only the risk of the species themselves but also the implications at the higher levels of the trophic 
chain [19-22]. Some studies on the southern coasts of the Pacific Ocean show that the density of the MPs influences their dispersal 
capacity, being able to be transport long distances and accumulation in convergence zones such as subtropical gyres or sinks in the water 
column [23-25].

Studies by Pannetier., et al. in Easter Island (Rapa Nui) in the southeastern Pacific Ocean 3900 km off the Chilean coast showed 
ingestion and toxicity in the early life stages of fish at realistic concentrations of MPs particles [26-28]. Alternatively, in Northern Chilean 
Patagonia, similar studies have been conducted in a population of Arctocephalus australis (sea lions) that showed a remarkable abundance 
of microfibers [30]. Andrade and Ovando reported MP particles in the stomach content of the king crab Lithodes santolla, which could 
present a risk not only for the species itself, but also for other trophic levels in the food web [20].

Pollution in a certain area is related to territorial organization, activities and land use [31,32]. Thus, the combination and interaction 
of MP particles with contaminants that they absorb can affect health, soil function, and even migration along the food chain. Only recently 
has the relevance of this contamination in the terrestrial system been recognized as a possible source that contributes MPs particles to 
rivers and oceans. The little interest between economic development and environmental problems in Chile calls for further studies and 
research [33-35]. Chilean agriculture has made it a common practice to use sludge from water treatment plants on agricultural soils as 
fertilizer. Corradinni., et al. have studied MP contamination of soil by this practice, evaluating the implications of this practice by observing 
the total count of MP particles in soil samples, and finding evidence of MP contamination in croplands, and grasslands [36-38]. A study 
on the effects of exposure to MPs in soil samples from an organic farm in the city of Chillan (Ñuble Region, Chile), demonstrated that 
Lumbricus terrestris functioned as a suitable bioindicator to test the contamination by MPs in soils [39].

The assessment of the production of publications on MPs considers China, USA, and Germany as the main players. However, Portugal, 
Chile, and Ireland are among the top countries where socioeconomic characteristics and research expenditures are included. In Chile, 
concerning MP investigations, there are some publications from the Center for Advanced Studies in Arid Zones (CEAZA) and the Millennium 
Nucleus Center of Ecology and Sustainable Management of Oceanic Islands (ESMOI) [40,41]. Limited studies and the lack of standardized 
methodologies make it difficult to establish fundamental information on the abundance and types of MPs in most countries in this region 
[42,43]. The quantification of the research in these aspects would allow propose a threshold level of MPs and formulate control measures 
to reduce the use of plastics and compromise the affected communities [44-47]. A group of Chilean scientists working on plastic pollution 
has created the Chilean Plastic Pollution Scientific Alliance network to promote collaborative and coordinated research focused on these 
pollutants. Chile’s vast geographic spread, with researchers working in diverse ecosystems, provides a unique opportunity to better 
understand the consequences of one of the most recent and serious threats to biodiversity [48].

It is hoped that this review will serve to understand that efforts to address the health hazards of MPs must be approached 
multidisciplinary. In addition to showing the scarce and insufficient research in the region, which would prevent the support of mitigation 
strategies and the formulation of sound health policies [49].
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Conclusion

The spread and impact of MPs have come under scrutiny. First, intentional MP additives are being considered for the ban due to their 
negative impact on human and animal health, and second, products that release MPs upon normal use may eventually must switch to 
non-persistent polymers that biodegrade in the environment within a finite and acceptable period. Design rules must to anticipate the 
emergence of new technologies in identification/sorting and chemical recycling. They also need to consider the biodegradation of the 
small fraction of products that, despite all efforts, will still be released into the environment and will generate MPs.

Conflict of Interest

The authors declare no conflict of interest.

Bibliography

1. Kershaw PJ and CM Rochman. “Sources, fate and effects of microplastics in the marine environment: part 2 of a global assessment”. 
Reports and Studies-IMO/FAO/Unesco-IOC/WMO/IAEA/UN/UNEP Joint Group of Experts on the Scientific Aspects of Marine Envi-
ronmental Protection (GESAMP) Eng No 93 (2015).

2. Vethaak AD and J Legler. “Microplastics and human health”. Science 371.6530 (2021): 672-674.

3. Plastics Europe: Plastics-The Facts. Int (2019).

4. Barouki Robert., et al. “Developmental origins of non-communicable disease: implications for research and public health”. Environ-
mental Health 1.1 (2012): 1-9.

5. Ajith N., et al. “Global distribution of microplastics and its impact on marine environment - a review”. Environmental Science and Pol-
lution Research 27.21 (2020): 25970-25986.

6. Oberbeckmann S., et al. “Marine microplastic-associated biofilms–a review”. Environmental Chemistry 12.5 (2015): 551-562.

7. Aguila-Torres Patricia., et al. “Associations between bacterial communities and microplastics from surface seawater of the Northern 
Patagonian area of Chile”. Environmental Pollution 306 (2022): 119313.

8. Isobe A., et al. “Abundance of non-conservative microplastics in the upper ocean from 1957 to 2066”. Nature Communications 10.1 
(2019): 1-13.

9. Sheringer M., et al. “Konsumentenexposition gegenüber PFOS und PFOA”. Mitt Unweltchem Okotex 14 (2007): 32-36.

10. Wisse Brent E. “The inflammatory syndrome: the role of adipose tissue cytokines in metabolic disorders linked to obesity”. Journal of 
the American Society of Nephrology 15.11 (2004): 2792-2800.

11. Kiviranta Hannu., et al. “Market basket study on dietary intake of PCDD/Fs, PCBs, and PBDEs in Finland”. Environment International 
30.7 (2004): 923-932.

12. Schecter Arnold., et al. “Polybrominated diphenyl ether (PBDE) levels in an expanded market basket survey of US food and estimated 
PBDE dietary intake by age and sex”. Environmental Health Perspectives 114.10 (2006): 1515-1520.

13. Castillo C. “Microplásticos en la costa de la Patagonia de Chile y su potencial rol como vectores de contaminantes”. Thesis of Magister 
of Oceanography, Faculty of Natural and Oceanographic Sciences, University of Concepcion, Chile (2020).

52

Presence of Plastic Microparticles in Chile: Human Health Risk

http://www.gesamp.org/site/assets/files/1275/sources-fate-and-effects-of-microplastics-in-the-marine-environment-part-2-of-a-global-assessment-en.pdf
http://www.gesamp.org/site/assets/files/1275/sources-fate-and-effects-of-microplastics-in-the-marine-environment-part-2-of-a-global-assessment-en.pdf
http://www.gesamp.org/site/assets/files/1275/sources-fate-and-effects-of-microplastics-in-the-marine-environment-part-2-of-a-global-assessment-en.pdf
https://www.science.org/doi/10.1126/science.abe5041
https://ehjournal.biomedcentral.com/articles/10.1186/1476-069X-11-42
https://ehjournal.biomedcentral.com/articles/10.1186/1476-069X-11-42
https://link.springer.com/article/10.1007/s11356-020-09015-5
https://link.springer.com/article/10.1007/s11356-020-09015-5
https://www.researchgate.net/publication/281848463_Marine_microplastic-associated_biofilms_-_A_review
https://pubs.acs.org/doi/abs/10.1021/es401288x
https://pubs.acs.org/doi/abs/10.1021/es401288x
https://www.nature.com/articles/s41467-019-08316-9
https://www.nature.com/articles/s41467-019-08316-9
https://www.researchgate.net/publication/228506261_Konsumentenexposition_gegenuber_PFOS_und_PFOA
https://jasn.asnjournals.org/content/15/11/2792
https://jasn.asnjournals.org/content/15/11/2792
https://pubmed.ncbi.nlm.nih.gov/15196840/
https://pubmed.ncbi.nlm.nih.gov/15196840/
https://pubmed.ncbi.nlm.nih.gov/17035135/
https://pubmed.ncbi.nlm.nih.gov/17035135/
http://repositorio.udec.cl/xmlui/handle/11594/462
http://repositorio.udec.cl/xmlui/handle/11594/462


Citation: Rubén Pastene and Oscar Díaz. “Presence of Plastic Microparticles in Chile: Human Health Risk”. EC Nutrition 17.9 (2022): 49-
54.

14. Castillo C., et al. “Water column circulation drives microplastic distribution in the Martínez-Baker channels; A large fjord ecosystem 
in Chilean Patagonia”. Marine Pollution Bulletin 160 (2020): 111591.

15. Jorquera Alberto., et al. “Physical and anthropogenic drivers shaping the spatial distribution of microplastics in the marine sediments 
of Chilean fjords”. Science of The Total Environment 814 (2022): 152506.

16. Bergmann Sven. “Speculative Ecologies: Salmon Farming and Marine Microplastics as Slow Disasters”. Ecologies of Gender Routledge 
(2022): 206-226.

17. Pozo K., et al. “Persistent organic pollutants sorbed in plastic resin pellet- “Nurdles” from coastal areas of Central Chile”. Marine Pol-
lution Bulletin 151 (2020): 110786.

18. Pozo K., et al. “Presence and characterization of microplastics in fish of commercial importance from the Biobío region in central 
Chile”. Marine Pollution Bulletin 140 (2019): 315-319.

19. Gómez V., et al. “Occurrence of perfluoroalkyl substances (PFASs) in marine plastic litter from coastal areas of Central Chile”. Marine 
Pollution Bulletin 172 (2021): 112818.

20. Andrade C and F Ovando. “First record of microplastics in stomach content of the southern king crab Lithodes santolla (Anomura: 
Lithodidadae), Nassau bay, Cape Horn, Chile”. Anales del Instituto de la Patagonia 45.3 (2017): 59-65.

21. Bajt Oliver. “From plastics to microplastics and organisms”. FEBS Open Biology 11.4 (2021): 954-966.

22. Perez-Venegas DJ., et al. “Monitoring the occurrence of microplastic ingestion in Otariids along the Peruvian and Chilean coasts”. 
Marine Pollution Bulletin 153 (2020): 110966.

23. Mizraji R., et al. “Is the feeding type related with the content of microplastics in intertidal fish gut?” Marine Pollution Bulletin 116.1-2 
(2017): 498-500.

24. Ory N., et al. “Low prevalence of microplastic contamination in planktivorous fish species from the southeast Pacific Ocean”. Marine 
Pollution Bulletin 127 (2018): 211-216.

25. Thiel M., et al. “Impacts of marine plastic pollution from continental coasts to subtropical gyres-fish, seabirds, and other vertebrates 
in the SE Pacific”. Frontiers in Marine Science 5 (2018): 238.

26. Pannetier P., et al. “Toxicity assessment of pollutants sorbed on environmental sample microplastics collected on beaches: Part I-
adverse effects on fish cell line”. Environmental Pollution 248 (2019): 1088-1097.

27. Pannetier P., et al. “Toxicity assessment of pollutants sorbed on environmental microplastics collected on beaches: Part II-adverse 
effects on Japanese medaka early life stages”. Environmental Pollution 248 (2019): 1098-1107.

28. Pannetier P., et al. “Environmental samples of microplastics induce significant toxic effects in fish larvae”. Environment International 
134 (2020): 105047.

29. Ory NC., et al. “Amberstripe scad Decapterus muroadsi (Carangidae) fish ingest blue microplastics resembling their copepod prey 
along the coast of Rapa Nui (Easter Island) in the South Pacific subtropical gyre”. Science of the Total Environment 586 (2017): 430-
437.

30. Ory NC., et al. “Capture, swallowing, and egestion of microplastics by a planktivorous juvenile fish”. Environmental Pollution 240 
(2018): 566-573.

31. Bonnail E., et al. “Coastal uses and contaminant spread in the desert coastal region of Atacama”. Chemosphere 288 (2022): 132519.

53

Presence of Plastic Microparticles in Chile: Human Health Risk

https://www.sciencedirect.com/science/article/pii/S0025326X20307098
https://www.sciencedirect.com/science/article/pii/S0025326X20307098
https://pubmed.ncbi.nlm.nih.gov/34968600/
https://pubmed.ncbi.nlm.nih.gov/34968600/
https://www.researchgate.net/publication/359759276_Speculative_Ecologies_Salmon_Farming_and_Marine_Microplastics_as_Slow_Disasters
https://www.researchgate.net/publication/359759276_Speculative_Ecologies_Salmon_Farming_and_Marine_Microplastics_as_Slow_Disasters
https://www.sciencedirect.com/science/article/abs/pii/S0025326X19309427
https://www.sciencedirect.com/science/article/abs/pii/S0025326X19309427
https://www.sciencedirect.com/science/article/abs/pii/S0025326X19300359
https://www.sciencedirect.com/science/article/abs/pii/S0025326X19300359
https://www.sciencedirect.com/science/article/abs/pii/S0025326X21008523
https://www.sciencedirect.com/science/article/abs/pii/S0025326X21008523
https://www.scielo.cl/scielo.php?script=sci_arttext&pid=S0718-686X2017000300059&lng=en&nrm=iso
https://www.scielo.cl/scielo.php?script=sci_arttext&pid=S0718-686X2017000300059&lng=en&nrm=iso
https://pubmed.ncbi.nlm.nih.gov/33595903/
https://www.sciencedirect.com/science/article/abs/pii/S0025326X20300849
https://www.sciencedirect.com/science/article/abs/pii/S0025326X20300849
https://www.sciencedirect.com/science/article/abs/pii/S0025326X17300061
https://www.sciencedirect.com/science/article/abs/pii/S0025326X17300061
https://www.sciencedirect.com/science/article/abs/pii/S0025326X17310433
https://www.sciencedirect.com/science/article/abs/pii/S0025326X17310433
https://www.frontiersin.org/articles/10.3389/fmars.2018.00238/full
https://www.frontiersin.org/articles/10.3389/fmars.2018.00238/full
https://hal.archives-ouvertes.fr/hal-03486962/document
https://hal.archives-ouvertes.fr/hal-03486962/document
https://hal.archives-ouvertes.fr/hal-03486956/document
https://hal.archives-ouvertes.fr/hal-03486956/document
https://www.sciencedirect.com/science/article/pii/S0160412019306026
https://www.sciencedirect.com/science/article/pii/S0160412019306026
https://pubmed.ncbi.nlm.nih.gov/28196756/
https://pubmed.ncbi.nlm.nih.gov/28196756/
https://pubmed.ncbi.nlm.nih.gov/28196756/
https://www.sciencedirect.com/science/article/abs/pii/S0269749117338599
https://www.sciencedirect.com/science/article/abs/pii/S0269749117338599
https://www.sciencedirect.com/science/article/abs/pii/S004565352102991X


Citation: Rubén Pastene and Oscar Díaz. “Presence of Plastic Microparticles in Chile: Human Health Risk”. EC Nutrition 17.9 (2022): 49-
54.

32. Silva Gilda Carrasco., et al. “Microplastics and Their Effect in Horticultural Crops: Food Safety and Plant Stress”. Agronomy 11.8 
(2021): 1528.

33. Santillán L., et al. “Primer registro de microplasticos en la nutria marina (Lontra felina)”. Mastozoologia Neotropical 27.1 (2020): 
211-216.

34. Perez-Venegas DJ., et al. “First detection of plastic microfibers in a wild population of South American fur seals (Arctocephalus aus-
tralis) in the Chilean Northern Patagonia”. Marine Pollution Bulletin 136 (2018): 50-54.

35. Ahrendt C., et al. “Microplastic ingestion cause intestinal lesions in the intertidal fish Girella laevifrons”. Marine Pollution Bulletin 151 
(2020): 110795.

36. Corradini F., et al. “Evidence of microplastic accumulation in agricultural soils from sewage sludge disposal”. Science of the Total En-
vironment 671 (2019): 411-420.

37. Corradini Fabio., et al. “Microplastics occurrence and frequency in soils under different land uses on a regional scale”. Science of the 
Total Environment 752 (2021): 141917.

38. Santander Fabio Alfonso Corradini. “Development and application of tests for microplastic detection in soil”. Diss. Wageningen Uni-
versity and Research (2021).

39. Baeza C., et al. “Experimental exposure of Lumbricus terrestris to microplastics”. Water, Air, and Soil Pollution 231.6 (2020): 1-10.

40. Bajt O. “From plastics to microplastics and organisms”. FEBS Open Biology 11.4 (2021): 954-966.

41. Do Sul J and MF Costa. “The present and future of microplastic pollution in the marine environment”. Environmental Pollution 185 
(2014): 352-364.

42. Sharma D., et al. “Scientometric Analysis and Identification of Research Trends in Microplastics Research for 2011-2019”. Research 
Square (2021).

43. Kutralam-Muniasamy G., et al. “Review of current trends, advances and analytical challenges for microplastics contamination in Latin 
America”. Environmental Pollution (2020): 115463.

44. Paredes-Osses Esteban., et al. “Microplastics Pollution in Chile: Current Situation and Future Prospects”. Frontiers in Environmental 
Science (2021): 564.

45. Hidalgo-Ruz V and M Thiel. “Distribution and abundance of small plastic debris on beaches in the SE Pacific (Chile): a study supported 
by a citizen science project”. Marine Environmental Research 87 (2013): 12-18.

46. Hamm Thea., et al. “Plastic and natural inorganic microparticles do not differ in their effects on adult mussels (Mytilidae) from differ-
ent geographic regions”. Science of the Total Environment 811 (2022): 151740.

47. Jamieson Alan J., et al. “Microplastics and synthetic particles ingested by deep-sea amphipods in six of the deepest marine ecosystems 
on Earth”. Royal Society Open Science 6.2 (2019): 180667.

48. Urbina MA., et al. “A country’s response to tackling plastic pollution in aquatic ecosystems: The Chilean way”. Aquatic Conservation: 
Marine and Freshwater Ecosystems 31.2 (2021): 420-440.

49. Hernández Fernández Joaquín., et al. “Identification and Quantification of Microplastics in Effluents of Wastewater Treatment Plant 
by Differential Scanning Calorimetry (DSC)”. Sustainability 14.9 (2022): 4920.

Volume 17 Issue 9 September 2022
© All rights reserved by Rubén Pastene and Oscar Díaz.

54

Presence of Plastic Microparticles in Chile: Human Health Risk

https://www.mdpi.com/2073-4395/11/8/1528
https://www.mdpi.com/2073-4395/11/8/1528
https://go.gale.com/ps/i.do?id=GALE%7CA654649337&sid=googleScholar&v=2.1&it=r&linkaccess=abs&issn=03279383&p=IFME&sw=w
https://go.gale.com/ps/i.do?id=GALE%7CA654649337&sid=googleScholar&v=2.1&it=r&linkaccess=abs&issn=03279383&p=IFME&sw=w
https://pubmed.ncbi.nlm.nih.gov/30509835/
https://pubmed.ncbi.nlm.nih.gov/30509835/
https://www.sciencedirect.com/science/article/abs/pii/S0025326X19309518
https://www.sciencedirect.com/science/article/abs/pii/S0025326X19309518
https://www.sciencedirect.com/science/article/pii/S004896971931366X
https://www.sciencedirect.com/science/article/pii/S004896971931366X
https://www.sciencedirect.com/science/article/pii/S0048969720354462
https://www.sciencedirect.com/science/article/pii/S0048969720354462
https://www.wur.nl/en/Research-Results/Chair-groups/Environmental-Sciences/Soil-Physics-and-Land-Management-Group/show-slm/Development-and-application-of-tests-for-microplastic-detection-in-soil.htm
https://www.wur.nl/en/Research-Results/Chair-groups/Environmental-Sciences/Soil-Physics-and-Land-Management-Group/show-slm/Development-and-application-of-tests-for-microplastic-detection-in-soil.htm
https://search.proquest.com/openview/8b22cd3ca9783695ea14e0e019ed73e5/1?pq-origsite=gscholar&cbl=54157
https://pubmed.ncbi.nlm.nih.gov/33595903/
https://www.sciencedirect.com/science/article/abs/pii/S0269749113005642
https://www.sciencedirect.com/science/article/abs/pii/S0269749113005642
https://link.springer.com/article/10.1007/s11356-022-20872-0
https://link.springer.com/article/10.1007/s11356-022-20872-0
https://www.sciencedirect.com/science/article/abs/pii/S0269749120361510
https://www.sciencedirect.com/science/article/abs/pii/S0269749120361510
https://www.frontiersin.org/articles/10.3389/fenvs.2021.796989/full
https://www.frontiersin.org/articles/10.3389/fenvs.2021.796989/full
https://www.sciencedirect.com/science/article/abs/pii/S0141113613000445
https://www.sciencedirect.com/science/article/abs/pii/S0141113613000445
https://www.sciencedirect.com/science/article/pii/S0048969721068169
https://www.sciencedirect.com/science/article/pii/S0048969721068169
https://royalsocietypublishing.org/doi/10.1098/rsos.180667
https://royalsocietypublishing.org/doi/10.1098/rsos.180667
https://onlinelibrary.wiley.com/doi/abs/10.1002/aqc.3469
https://onlinelibrary.wiley.com/doi/abs/10.1002/aqc.3469
https://www.mdpi.com/2071-1050/14/9/4920
https://www.mdpi.com/2071-1050/14/9/4920

	_Hlk111641774

