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Abstract  

Plastics are ubiquitous in our daily life. Large quantities of plastics leak in the environment 

where they weather and fragment into micro- and nanoparticles. This potentially releases 

additives, but rarely leads to a complete mineralization, thus constitutes an environmental 

hazard. Plastic pollution in agricultural soils currently represents a major challenge: 

quantitative data of nanoplastics in soils as well as their effects on biodiversity and ecosystem 

functions need more attention. Plastic accumulation interferes with soil functions, including 

water dynamics, aeration, microbial activities, and nutrient cycling processes, thus impairing 

agricultural crop yield. Plastic debris directly affects living organisms but also acts as 

contaminant vectors in the soils, increasing the effects and the threats on biodiversity. Finally, 

the effects of plastics on terrestrial invertebrates, representing major taxa in abundance and 

diversity in the soil compartment, need urgently more investigation from the infra-individual 

to the ecosystem scales.  

 

 

Keywords. Microplastics; nanoplastics; environmental pollution; trojan effect; toxicity 

 

1. Introduction 

Plastics are omnipresent in our daily life as wrapping, plastic-made items (Rodrigues et al., 

2019; Li et al. 2023), or constituents of cosmetics and personal care products (Sun et al., 2020). 

Plastics can be produced with many different properties which, in combination with low-cost 

in production, make them ideal for almost any shape with the desired flexibility, durability and 

stability (Birley, 2012). The world’s plastic dependance is reflected by the wide array of short 

time use plastic-made - plastic-containing - items including textiles, furniture, packaging, or 

healthcare products (Geyer, 2020). By adopting plastics into every aspect of our lives, plastic 
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production has grown exponentially, from almost no production in the 50s to about 460 

million tonnes a year in 2019 (Jambeck et al., 2015; Geyer et al. 2017; Plastics Europe, 2018; 

OECD, 2022). The recent COVID19 pandemic has further boosted plastic production owing to 

the strong demand for personal protective equipment (gloves, gowns, hand sanitiser bottles, 

masks) (WHO, 2020). In sum, in a few decades plastic use has become ubiquitous and now 

represents one of the most significant environmental issues, all of this placing the world in a 

Plasticene era. 

Plastic recycling and waste management remain inadequate, inefficient, or even non-

existent in many regions of the world (OECD, 2022). Consequently, massive amounts of plastic 

objects and debris are improperly stored and progressively discharged into the environment. 

Shockingly, few actions aim at reducing the 22-39 million metric tons (Mt) of meso-, macro- 

and microplastics leaking to the environment every year (Lau et al., 2020; OECD, 2022). 

Between 1950 and 2015, it has been estimated that 4900 Mt of the total world's plastic 

production ended up in landfills and natural environments (Geyer et al., 2017). Moreover, 

nanoplastics are difficult to retain in the waste-water treatment process (Murphy et al., 2016; 

Ali et al., 2021; Šaravanja et al., 2022). As small sized plastics debris from cosmetics, personal 

care products, fibers and debris from polymer textiles and fiber-reinforced plastics are hardly 

detected in the environment, our current calculations of environmental plastic pollution are 

likely underestimated.  

Plastic leakage in the environment has long-lasting economic, health and ecological 

consequences. Plastic debris can accumulate and persist in the environment for decades, or 

even centuries (Chamas et al., 2020). For example, Otake et al. (1995) reported that 

polystyrene and polyvinyl chloride were not degraded 32 years after they were buried into 

soil. These authors also found little degradation of a low density polyethylene bottle (Ohtake 
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et al., 1995). Using the specific surface degradation rate, plastic half-lives were estimated to 

range from 58 years (bottles) to 1200 years (pipes) (Chamas et al., 2020). 

In the environment, plastic fragments of different polymers are found: high- and low-

density polyethylene (HDPE, LDPE), polypropylene (PP), polyvinyl chloride (PVC), polyethylene 

terephthalate (PET), polyurethane (PUR), and polystyrene (PS). Plastic fragments also have 

different sizes (macroplastics (MAP), > 5 mm; microplastics (MP), 5mm - 1000 nm; and 

nanoplastics (NP), < 1000 nm) (Gigault et al., 2018) and shapes. Primary (i.e. produced for 

commercial or industrial purposes) and secondary MP and NP (i.e. produced from the 

degradation of larger plastic debris) accumulate in most environments (Andrady, 2011; Rillig 

and Lehmann, 2020; Allen et al., 2022a, Aliko et al. 2022) and are nowadays ubiquitous (Alimi 

et al., 2018; Patil et al., 2022; Allen et al., 2022b). While the presence of plastic wastes in the 

oceans is well known, it has been quantified more recently upstream in landfills (He et al., 

2019), agricultural soils (Wahl et al., 2021), urban effluents (Ziajahromi et al., 2017) and rivers 

(Lechner et al., 2014; Dris et al., 2018). With regards to soils, however, this problem only 

recently reached the necessary attention (Rochman, 2018; Baho et al., 2021). This is surprising 

when considering that MP soil contamination can be 4-23 times higher than the yearly 

amounts of plastic wastes released in the oceans (Horton et al., 2017; de Souza Machado et 

al., 2018; FAO, 2021).  

A growing body of literature reports the deleterious effects of environmental plastic 

accumulation on the life cycle of organisms and on numerous biogeochemical processes in 

the soil. Plastic accumulation interferes with soil aggregation, structure and bulk density, pore 

size and availability with cascading consequences on water dynamics, aeration, microbial 

community composition and activities. Moreover, plastic debris impact soil pH and 

conductivity, and therewith nutrient cycling processes, seed germination and plant growth, 

thus impairing agricultural crop yield (Boots et al., 2022; Rillig et al.; 2021; Sajjad et al., 2022; 
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Maddela et al., 2023). The ubiquitous presence of plastic fragments in the environment also 

increases the risk of chronic or acute exposure of soil fauna, particularly earthworms and 

arthropods which represent the greatest diversity of terrestrial animals and provide many 

ecosystem services. By being present in soils, plastic fragments can be absorbed by plants, 

thus contaminating fruits and vegetables with uncertain consequences for animal consumers, 

including humans, and more broadly for ecosystems (Conti et al., 2020; He et al., 2021; Colzi 

et al., 2022; Dainelli et al., 2023). 

To identify data gaps in scientific knowledge on the intensifying environmental 

impacts of plastic pollution, we first summarize the current information on the status of plastic 

pollution in agricultural soils, the concurrent threat to soil functionality, and the roles of plastic 

debris as vectors of other contaminants. We then evaluate the consequences for organisms 

and biodiversity, and discuss the main challenges that remain to be overcome in future 

studies. By realerting on the presence of MP and NP in soils, we evidence the crucial need for 

additional investigations on the effects of MP and NP on (a) soil water infiltration and 

retention capacity, (b) soil organic matter content and soil properties in general, and (c) the 

need for documenting the behavior of MP and NP in soils. Within the growing research 

concerning plastic-related environmental issues, the present perspective article highlights 

research gaps in our understanding of the effects of plastics on soil organisms. In particular, it 

is concluded that further investigations on the transfer of MP and NP in the soil food web, 

from soil organisms to other ecosystem compartments, and on effects of MP/NP at the 

different organizational scales (organism to community to ecosystem) are needed. 

2. The fate of plastic pollution in agricultural soils and spotlights on research challenges  

 

Functional soils deliver numerous ecosystem services. The production of more than 80% of 

the food consumed by humans, the regulation and supply of clean water as well as the 
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regulation of climate through carbon sequestration rely on soils. These services involve the 

activity of soil organisms (Barrios, 2007). Soils, including agricultural soils, where PE, PP and 

PVC debris are frequently found, risk becoming plastic waste sinks (Hurley & Nizzetto, 2018). 

In North America, 44 to 300 kt of microplastics per year are transferred to the soil (Nizzetto et 

al., 2016), with  significant impacts on human health (Li et al., 2023). Soil plastic pollution can 

be so significant that FAO experts estimated that the quantities of plastic present in 

agricultural soils exceed those measured from aquatic and marine ecosystems (Nizzetto et al., 

2016; Hurley & Nizzetto, 2018; FAO, 2021). 

 

Plastic pollution of soils has a variety of sources: plastic soil covers and mulches, water 

pipes for irrigation or drainage, bale twine and wraps, containers, packaging and netting, 

polymers for seed coating, many of which often contain incorporated pesticides (Steinmetz et 

al., 2016; Horton et al., 2017); the application of composts from household waste are 

additional sources of plastic pollution in soils. As 99% of MP and NP remain in the sludges 

during water treatment processes (Magnusson & Norén, 2014), their subsequent use as 

fertilizers in agriculture, or during landscaping (Raju et al., 2018) represents an additional way 

for plastic debris to enter soils (Figure 1).  

 

In soils, degradation of plastic debris occurs merely at the surface under UV light and 

temperature-enhanced oxidation (Andrady et al., 2022). This leads to chemical changes of 

plastic debris such as breaking or introduction of chemical changes increasing plastics’ 

hydrophilicity and therewith their transport possibilities. In deeper soil layers, (anaerobic) 

degradation is, however, limited to either very little mechanical-chemical interactions, 

leached acidity or to limited biodegradation (bacteria, fungi, microfauna). Plastic degradation 

by bacterial communities (measured as plastic weight loss) depends on soil type and its 

conditions, and on the type of plastic debris (Huang et al., 2021). For instance, it is very slow 
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and inefficient for PVC, PP, more efficient for PU and HDPE products, and to some extent for 

LDPE and PS (Maddela et al., 2023). The activity of soil macrofauna adds to this plastic 

degradation with the help of their gut microbiome, by the action of chewing and shredding, 

or by interactions between plant and their microbiota (Pérez-Reverón et al., 2023 and 

references therein) (Figure 1). Finally, the soil itself can be an important driver of plastic 

fragmentation by acting as an ‘environmental grinder’: changes in soil volumes resulting from 

natural hydration and dehydration cycles could lead to a random fragmentation process 

(Berenstein et al., 2024).    

In soils, the smallest particles (NP) can be transported by vertical processes: upwards 

by root actions and downwards with water infiltration to the underlying groundwater (Chia et 

al., 2021). Nanoplastics are regulated by the physico-chemical properties of soil and by their 

own characteristics (Pérez-Reverón et al., 2023). Factors controlling these fluxes include 

physicochemical soil properties, e.g. structure, porosity, organic matter content, pH via 

surface charges, infiltration capacity and water retention. The existing literature reports a high 

variability in the behavior and impacts of plastic debris in soils, most probably reflecting the 

diversity of MP and NP types, the heterogeneous characteristics of the studied soils, and the 

current challenges in the detection and quantification of these pollutants in complex 

environmental matrices, particularly for NP (Cai et al., 2021). Micro- and macro-fauna (in 

particular earthworms) may also translocate MP and NP via their activities (Heinze et al., 

2021). Translocation of MP including adherent bacteria and metal pollutants by springtails has 

been evidenced, which in turn influenced soil bacteria community and function (Luo et al., 

2023). Meanwhile, despite recent studies, we still have limited knowledge on the modalities 

of their transport, including transfer by soil fauna and burial by agricultural practices, and this 

requires more investigation (Huerta Lwanga et al., 2017; Maddela et al., 2023).  
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In soils, the characteristics of NP pose numerous research challenges: sampling, 

discrimination and identification of these particles embedded among other natural and/or 

anthropogenic carbonaceous particles. For these reasons, there is currently no reliable 

quantitative data on NP in soils. Estimates by Besseling et al. (2019) suggest concentrations of 

NP (< 100 nm) to be ~ 1,000 times higher than those measured for MP. In soil contaminated 

with plastics from a compost amendment, Wahl (2022) determined an average of 251 

particles of MP kg-1 of soil, but agricultural soil contamination by MP can reach values as high 

as 13,000 particles kg-1 of dry soil (He et al., 2021). Conversely, we have little knowledge of 

NP concentrations in soils, and the collection of accurate quantitative information thus 

represents an emerging research field. Moreover, soil is a heterogeneous material whose 

specific characteristics are defined by its composition (clay, silt, loam), and by the quality and 

quantity of its organic matter (humus). Soil characteristics may also change with soil depth, 

and, on a very fine scale, horizontally with the presence or absence of organisms such as 

earthworms, plant roots, and microorganisms (Lavelle & Spain, 2002). This heterogeneity 

needs to be addressed in the research of MP and NP dynamics in soil.     

In sum, there is an urgent need to gather knowledge of the quantities of plastic debris 

present in soils, and to rapidly develop reliable and reproducible quantification methods, in 

particular for NP. In the recent EU directive to protect soil (European Commission, 2023), 

reducing pollution is one of the targets which does include plastics. Improved knowledge of 

the impacts of MP and NP on the environment, including soils, is needed to support the 

“International Plastic Treaty'', a resolution taken by the United National Environmental 

Assembly (UNEA). To date, work on the impact of plastic contamination has been limited to 

(1) the characterization of the distribution of different particle sizes, (2) the nature of 

associated polymers and their additives in natural environments, and (3) on the impact of MP 

and NP on living organisms. In addition, the monodisciplinary nature of most studies prevents 

us from obtaining a general, integrative and environmentally realistic vision of the 
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impregnation of plastics in the environment, their dynamics, and cascading impacts on 

environmental health. Here, we emphasize that the lack of data on the environmental factors 

governing aggregation and dynamics (degradation, flux, release) of MP and NP in soils is a 

major obstacle to accurate assessments of the impact of plastic debris (Figure 1). We also 

advocate for more projects gathering multidisciplinary teams of experts in soil and 

contaminant biogeochemistry, particle physico-chemistry, soil ecology, biological diversity 

and ecotoxicology. Such consortia could produce cutting-edge data on the life cycle of plastics 

and associated pollutants, their behavior and dispersion, as well as their impact on terrestrial 

living organisms. 

 

3. The role of plastic debris as contaminant vectors in soils: where do we stand?  

In the environment, plastic fragments can bind or attract other pollutants, leading to Trojan 

horse effects (Hu et al., 2022; Zhang & Xu, 2022). Due to their ultrahigh sorption capacities, 

MP and NP have strong potential for transporting other environmental pollutants: the 

sorption coefficient of polychlorinated biphenyls by microplastics could be up to 106 l kg-1, and 

polyethylene film residues could concentrate more pesticides (584 – 2284 µg pesticide g-1 

plastic) than soil (13 – 32 µg pesticide g-1 soil) (Ramos et al., 2015). It is also important to bear 

in mind that plastics are manufactured with different additives to reach the chosen  

physicochemical and visual characteristics and properties. These additives include plasticisers, 

UV stabilizers, anti-oxidants, flame retardants, and biocides, being made of phthalates, 

bisphenols, metals, metal oxide nanoparticles, all of them having the potential for being 

released into leachates (Hahladakis et al., 2018). One of the phthalic acid ester plasticisers, di 

(2-ethylhexyl) phthalate (DEHP) with known endocrine effects, is added to plastic used for 

agricultural mulch films to increase their elasticity and stability, but as it is not covalently 

bound, it leaches directly into the soil, water and air (He et al., 2014). Other phthalic acid ester 
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plasticisers from polyethylene cover used in agriculture, such as the dibutyl phthalate and its 

degradation product monobutyl phthalate, also migrate in the environment and affect the 

reproduction of earthworms (Berenstein et al., 2022). MP and NP can also be sources of 

microorganism transport, as those debris provide substrate for the development of bacterial 

communities, resulting in the formation of a plastisphere promoting the spread of pathogens 

and resistance genes (Wang et al., 2022a). 

Adsorbed hydrophobic organic contaminants and metals or metalloids, along with the 

leachable plasticizers or additives, render microplastics a cocktail of hazardous chemicals for 

living organisms (Wang et al., 2020). Plastic additives such as phthalates and bisphenols are a 

significant source of endocrine disruption (ED) (Canesi & Fabbri, 2015; Gunaalan, et al. 2020). 

Although the toxicity and ED induced by these pollutants are known, MP and NP are not 

subject to environmental quality standards due to a lack of data on their effects on living 

organisms. The “International Plastic Treaty” by the United National Environmental Assembly 

(UNEA, 2022) decided to develop an international legally binding instrument on plastic 

pollution, addressing the full life cycle of plastic, and calls upon all member states to move 

forward with all necessary actions against plastic pollution. This includes, amongst others, to 

develop and implement national action plans, and to increase scientific knowledge and 

socioeconomic assessments related to plastic pollution (see Stöfen-O’Brien, 2022).  

To date, we have little knowledge on the dispersion of plastics (MP, NP and their 

additives or co-contaminants) or impacts on water cycles, or soil functions. Although few 

studies deal with plastics in water cycle (Wan et al. 2019) or soil function (Qi et al. 2020), 

investigations on the effects of co-exposure of MP with plastic additives and their effects on 

wildlife, or the effects of cocktails of NP, plastic additives, and pesticides on living organisms 

are still urgently required. In particular, future investigations should consider the diversity of 

contaminating substances potentially associated with plastics, including the nature of the 
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additives and co-contaminants. Research priorities and experimental methods aiming at 

characterizing the effects of the plastisphere in soils were recently developed by Wang et al. 

(2022a). Such investigations would provide valuable information on the effects of the 

plastisphere on biogeochemical and ecological processes. 

 

4. From assumptions to evidence: the need for collecting information on the effects of 

nanoplastics on soil invertebrates 

Ingestion of plastic fragments by animals does not necessarily result in lethality; yet, it can 

have significant effects on life traits and cause cytotoxicity, necrosis, and even carcinogenic 

effects (Banerjee & Shelver, 2021). While the impact of microplastics has been demonstrated 

on the growth, metamorphosis, and fecundity of freshwater and marine invertebrates, the 

molecular mechanisms behind these effects are not well understood (Cole et al. 2015; 

Sussarellu et al., 2016; Leung & Chan, 2018; Lo & Chan, 2018; Murphy & Quinn, 2018; 

Ziajahromi et al., 2018).  

Ingestion of plastic fragments can limit organisms’ energy acquisition (false satiety or 

reduced nutrient absorption) or lead to changes in energy allocation. In particular, plastic 

ingestion can force organisms to increase their energy requirements to repair and maintain 

key biological processes at the expense of other important biological functions such as 

reproduction and growth. Several recent reviews summarized the impacts of plastics’ 

ingestion on terrestrial and soil organisms (microbiota, macroinvertebrates, mice and plants, 

see Wu et al., 2021; Hodkovicova et al., 2022; Jiménez-Arroyo et al., 2023; Liu et al., 2023). 

Generally, most of the literature agrees that smaller particles have more harmful effects. MP 

and NP can alter molecular (DNA damage), physiological (ROS production, lipofuscin 

accumulation, immune priming) and cellular (neurological maldevelopment) processes; they 
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can also cause biological damages (apoptosis, histological damages, reproductive disorders, 

lifespan reduction, transgenerational effects) (Détrée & Gallardo-Escarate, 2018; Sharifinia et 

al., 2020). Finally, exposure to plastic fragments and their additives may also have unknown 

and long-term effects, with accumulation of damages across multiple generations. The 

literature reporting transgenerational effects of MP and NP ingestion in terrestrial organisms 

is still scarce in comparison with aquatic species (Junaid et al. 2023). There are however few 

studies conducted with model terrestrial organisms (nematodes, earthworms and flies) which 

have evidenced that plastic particles can accumulate over multiple generations (Liu et al., 

2021; Sobhani et al., 2021; Tu et al., 2023). It is likely that long-term exposure increases 

sublethal toxicity, even at very low MP and MP concentrations, and future studies should thus 

explore the transgenerational effects of MP and NP exposure in terrestrial invertebrates.  

MP and NP toxicity has been widely tested experimentally, but the actual 

ecotoxicological risk still lacks the necessary environmental realism in terms of the complexity 

of MP and NP sizes, shapes, materials and additives (Lambert et al., 2017; Boots, 2022; Figure 

2). Importantly, as their physical and chemical properties vary, MP and NP cannot be regarded 

as one group for ecotoxicity testing. Similar to particulate matter, size may be a pivotal factor: 

the smaller the more dangerous (Huo et al., 2022). Moreover, fiber- and needle-like structures 

may be more harmful than spherical ones, as they more readily interact with and attach to 

biotic structures (Lambert et al., 2017 and citations therein). Thus, more detailed toxicological 

investigations are required to better take into account the physicochemical variability and 

environmental modifications due to weathering of MP and NP. Plastic debris and its co-

contaminants, when ingested by soil invertebrates, will be transferred to the food web. To our 

knowledge, most of the literature focused on the MP and NP transfers in aquatic food webs 

(Wang et al., 2019; Benson et al., 2022 for a review). The counterpart of these studies are 

scarce in terrestrial food webs, as pointed out by Wang et al. (2022b). While trophic transfer 
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of these plastics has been demonstrated (see Chae and An, 2020), the consequences of this 

trophic transfer to communities remain to be explored.  

MP and NP contamination poses a significant threat not only to terrestrial 

invertebrates, but also affects soil health which is equally crucial for numerous ecosystem 

functions, thereby presenting potential lasting effects on biodiversity and ecosystem services 

(Browne et al., 2013; Galli et al. 2022). For instance, this can occur when MP contamination 

modifies the soil's physical framework, detrimentally influencing water dynamics (Jazaei et al., 

2022). Specifically, the infiltration of MP and NP can lead to a substantial decrease in soil 

porosity, which hinders soil in its ability to retain moisture and facilitate the filtration of water 

(Guo et al., 2022). Consequently, this alteration in soil structure could hamper the soil's 

inherent capacity to hold and purify water efficiently, impacting not just plant growth but also 

groundwater quality (Keesstra et al., 2012; Rabot et al., 2018). A better comprehension of the 

effects of MP and NP on structure and water-holding capacity of soils is needed, and this 

requires additional research efforts. 

Additionally, MP may pose an interference with the activity of soil microbes 

responsible for vital processes such as nutrient cycling and the decomposition of organic 

matter. The disruption of these microbial activities by microplastics impedes the breakdown 

of organic substances and the natural cycle of nutrients, leading to diminished soil fertility 

(Wang et al., 2022c; Kumar et al., 2023). NP can then be absorbed by vegetation (as shown in 

laboratory experiments), which could then be consumed by invertebrates and re-enter the 

food chain (Chae & An, 2020). Trophic transfer of NP, as well as MP, to herbivorous organisms 

is still unknown and urgently needs more investigation (Wang et al. 2022d). 

 

5. The way forward for improved understanding of the ins and outs of the Plasticene era 
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So far, studies have used artificially produced MP and NP. However, such artificially 

synthesized particles do not reflect the physicochemical characteristics of the plastic debris 

polluting the environment (Agathokleous et al., 2021; Rozman and Kalčikova, 2021). MAP, MP 

and NP present in the environment are typically polydisperse and weathered, whereas 

laboratory-synthesized particles are monodisperse, smooth, and have spherical or ovoid 

shapes. Collecting and isolating ecologically relevant NP fragments from the environment 

remain difficult, leading many studies to rely on artificially produced NP. To better understand 

the fate of NP in soils, and their impacts on organisms, we need to develop more realistic 

experiments and models that accurately reflect the characteristics of environmental NP. For 

this, future studies must consider the toxicity of various shapes of MP and NP. Indeed, He et 

al. (2023) suggested that randomly-shaped NP can induce a different, or even a stronger, 

toxicity than sphere-like ones on the earthworm Eisenia fetida. Hence, there is an urgent need 

for data on the effects of NP of environmentally realistic shapes and structures, their additives 

with potential endocrine disrupting effect, and the cocktail effects in case of adsorption of 

other pollutants on soil fauna. Dose-response effects of NP, including effects of low chronic 

concentrations, on life history traits and ecotoxicological responses of invertebrates also need 

to be studied as effects have been only reported for high concentrations (Sanchez-Herandez, 

2021). 

In the context of the rapidly changing climate, another emerging concern is the 

temperature that may affect the interactions between nanoparticles and soil organisms (Boyle 

& Örmeci, 2020). Temperature can affect how pollutants are absorbed and metabolized by 

insects, and warmer temperatures can increase the risk of toxicity (Buchwalter et al., 2003).  

To address these issues, we need more integrated studies that consider the 

complexity of environmental exposures and temperature effects. This type of research is 

crucial for shedding new light on these topical environmental issues and for a better 
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understanding of the cross-toxicity of plastic nanoparticles and their co-contaminants. Boots 

(2022) emphasized the need to better understand impacts and underlying physiological and 

molecular mechanisms. Future research must also consider higher organization levels, such as 

communities, including different trophic levels, including assessment of micro- and 

nanoplastics effects on human health (as reviewed by Xu et al., 2022). Moreover, considering 

environmental realistic scenarios in field studies remains a scientific gap. To our perspective, 

research contributing to address the following questions are crucially needed: 

 

1. Micro- and nanoplastic physical perspectives: are there differences in the fate of 

plastics in the environment as a function of the nature of the polymer or the 

weathering state of the debris? What are the effects of soil parameters on plastic 

dynamics in soils? Can a standardization of sampling and analytics be achieved 

concerning particle identification, declaration as volume/size, density separation? 

 

2. Organismal perspectives: what are the phenotypic (life history and performance 

traits,) and physiological impacts (metabolism, energetic and redox status, endocrine 

and inflammatory responses) of exposure to MP/NP? Are the responses dependent 

on NP size, type (single or mixed), concentration, weathering? What are the long term 

and transgenerational impacts of the ingestion of MP or NP, and their co-

contaminant? Are there additive, synergistic, or antagonistic interactions between 

NP, additives, and pesticides?  

 

3. Exposure perspectives: what are the effects of exposure modalities: chronic/acute, 

cocktails (additives or environmental pollutants), confounding factors? In particular, 

how does temperature modulate the observed effects on life history traits of parental 

and offspring generations? 
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4. Chemical perspectives: How is environmental fate impacted by environmental 

conditions? How is the fate, transport and bioavailability of NP in soil depending on 

both plastic and soil properties/types? How is the impact of MAP, MP and NP on soil 

properties and functioning depending on plastic properties/quantities? How can large 

scale field-surveys be conducted to add valuable data, also for modeling?  

 

5. Ecosystem perspectives: How are MP and NP transferred through ecological 

interactions in the food web and thus affect ecosystem services, ecosystem stability 

and ecosystem resilience (as suggested recently in plant-pollinator interactions; Shah 

et al., 2023)? Another complex question concerns the mutual interaction/direct - 

indirect impact via soil microorganisms (bacteria and fungi), which play a crucial role 

in the soil, with consequences for ecosystem processes and services such as water 

dynamics, plant growth, crop yield etc.  

6. Mitigation perspectives: How can we mitigate the long-term and transgenerational 

effects of MP and NP contamination? Future strategies need to focus on reducing 

plastic usage and improving waste management practices globally (Kiran et al. 2022). 

Additionally, promoting the development and use of biodegradable materials can 

serve as an effective measure to decrease the accumulation of microplastics in soil 

environments, safeguarding ecosystem health for future generations. 
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Figure captions 

Figure 1. Transformation, transfer and transport of nanoplastics in soils. 

Figure 2. Effects of nanoplastics at different organizational scales. These effects are linked to 

various factors of the polymer.  

  

  



Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof

References 

Agathokleous, E., Iavicoli, I., Barceló, D., & Calabrese, E. J. (2021). Micro/nanoplastics effects 

on organisms: A review focusing on ‘dose’. Journal of hazardous materials 417, 126084. 

https://doi.org/10.1016/j.jhazmat.2021.126084 

Allen, D., Allen, S., Abbasi, S., Baker, A., Bergmann, M., Brahney, J., ... & Wright, S. (2022a). 

Microplastics and nanoplastics in the marine-atmosphere environment. Nature Reviews Earth 

& Environment 3(6), 393-405. https://doi.org/10.1038/s43017-022-00292-x 

Allen, S., Allen, D., Karbalaei, S., Maselli, V., & Walker, T. R. (2022b). Micro (nano) plastics 

sources, fate, and effects: What we know after ten years of research. Journal of Hazardous 

Materials Advances 6, 100057.  https://doi.org/10.1016/j.hazadv.2022.100057 

Ali, I., Cheng, Q., Ding, T., Yiguang, Q., Yuechao, Z., Sun, H., ... & Liu, J. (2021). Micro-and 

nanoplastics in the environment: Occurrence, detection, characterization and toxicity–A 

critical review. Journal of Cleaner Production 313, 127863. 

https://doi.org/10.1016/j.jclepro.2021.127863 

Aliko, V., Beqiraj, E. G., Qirjo, M., Cani, M., Rama, A., Bego, K., ... & Faggio, C. (2022). Plastic 

invasion tolling: First evaluation of microplastics in water and two crab species from the nature 

reserve lagoonary complex of Kune-Vain, Albania. Science of The Total Environment 849, 

157799. https://doi.org/10.1016/j.scitotenv.2022.157799 

Alimi, O. S., Farner Budarz, J., Hernandez, L. M., & Tufenkji, N. (2018). Microplastics and 

nanoplastics in aquatic environments: aggregation, deposition, and enhanced contaminant 

transport. Environmental science & technology 52(4), 1704-1724. 

https://doi.org/10.1021/acs.est.7b05559 



Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof

Andrady, A. L. (2011). Microplastics in the marine environment. Marine pollution bulletin 

62(8), 1596-1605. https://doi.org/10.1016/j.marpolbul.2011.05.030 

Andrady, A. L., Barnes, P. W., Bornman, J. F., Gouin, T., Madronich, S., White, C. C., ... & Jansen, 

M. A. K. (2022). Oxidation and fragmentation of plastics in a changing environment; from UV-

radiation to biological degradation. Science of The Total Environment 851, 158022. 

https://doi.org/10.1016/j.scitotenv.2022.158022 

Aviles, A., Cordeiro, A., Maria, A., Bozzolan, F., Boulogne, I., Dacher, M., ... & Siaussat, D. 

(2020). Effects of DEHP on the ecdysteroid pathway, sexual behavior and offspring of the moth 

Spodoptera littoralis. Hormones and Behavior 125, 104808. 

https://doi.org/10.1016/j.yhbeh.2020.104808 

Baho, D. L., Bundschuh, M., & Futter, M. N. (2021). Microplastics in terrestrial ecosystems: 

Moving beyond the state of the art to minimize the risk of ecological surprise. Global Change 

Biology 27(17), 3969-3986. https://doi.org/10.1111/gcb.15724 

Banerjee, A., & Shelver, W. L. (2021). Micro-and nanoplastic induced cellular toxicity in 

mammals: A review. Science of the Total Environment 755, 142518. 

https://doi.org/10.1016/j.scitotenv.2020.142518 

Barrios, E. (2007). Soil biota, ecosystem services and land productivity. Ecological economics 

64(2), 269-285. https://doi.org/10.1016/j.ecolecon.2007.03.004 

Benson, N. U., Agboola, O. D., Fred-Ahmadu, O. H., De-la-Torre, G. E., Oluwalana, A., & 

Williams, A. B. (2022). Micro (nano) plastics prevalence, food web interactions, and toxicity 

assessment in aquatic organisms: a review. Frontiers in Marine Science 9, 851281. 

https://doi.org/10.3389/fmars.2022.851281 



Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof

Berenstein, G., Hughes, E. A., Zalts, A., Basack, S., Bonesi, S. M., & Montserrat, J. M. (2022). 

Environmental fate of dibutylphthalate in agricultural plastics: Photodegradation, migration 

and ecotoxicological impact on soil. Chemosphere 290, 133221. 

https://doi.org/10.1016/j.chemosphere.2021.133221 

Berenstein, G., Córdoba, P., Díaz, Y. B., González, N., Ponce, M. B., & Montserrat, J. M. (2024). 

Macro, meso, micro and nanoplastics in horticultural soils in Argentina: Abundance, size 

distribution and fragmentation mechanism. Science of The Total Environment 906, 167672. 

https://doi.org/10.1016/j.scitotenv.2023.167672 

Besseling, E., Redondo-Hasselerharm, P., Foekema, E. M., & Koelmans, A. A. (2019). 

Quantifying ecological risks of aquatic micro-and nanoplastic. Critical reviews in environmental 

science and technology 49(1), 32-80. https://doi.org/10.1080/10643389.2018.1531688 

Birley, A. W. (2012). Plastics materials: properties and applications. Springer Science & 

Business Media. https://doi.org/10.1007/978-1-4615-3664-2 

Boots, B. (2022). Implication of microplastics on soil faunal communities—identifying gaps of 

knowledge. Emerging Topics in Life Sciences 6(4), 403-409. 

https://doi.org/10.1042/ETLS20220023 

Boyle, K., & Örmeci, B. (2020). Microplastics and nanoplastics in the freshwater and terrestrial 

environment: a review. Water 12(9), 2633. https://doi.org/10.3390/w12092633 

Browne, M. A., Niven, S. J., Galloway, T. S., Rowland, S. J., & Thompson, R. C. (2013). 

Microplastic moves pollutants and additives to worms, reducing functions linked to health and 

biodiversity. Current biology 23(23), 2388-2392. https://doi.org/10.1016/j.cub.2013.10.012 

Buchwalter, D. B., Jenkins, J. J., & Curtis, L. R. (2003). Temperature influences on water 

permeability and chlorpyrifos uptake in aquatic insects with differing respiratory strategies. 



Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof

Environmental Toxicology and Chemistry: An International Journal 22(11), 2806-2812. 

https://doi.org/10.1897/02-350 

Cai, H., Xu, E. G., Du, F., Li, R., Liu, J., & Shi, H. (2021). Analysis of environmental nanoplastics: 

Progress and challenges. Chemical Engineering Journal 410, 128208. 

https://doi.org/10.1016/j.cej.2020.128208 

Canesi, L., & Fabbri, E. (2015). Environmental effects of BPA: focus on aquatic species. Dose-

Response 13(3), 1559325815598304. https://doi.org/10.1177/1559325815598304 

Chae, Y., & An, Y. J. (2020). Nanoplastic ingestion induces behavioral disorders in terrestrial 

snails: trophic transfer effects via vascular plants. Environmental Science: Nano 7(3), 975-983. 

https://doi.org./10.1039/C9EN01335K 

Chamas, A., Moon, H., Zheng, J., Qiu, Y., Tabassum, T., Jang, J. H., ... & Suh, S. (2020). 

Degradation rates of plastics in the environment. ACS Sustainable Chemistry & Engineering 

8(9), 3494-3511. https://doi.org/10.1021/acssuschemeng.9b06635 

Chia, R. W., Lee, J. Y., Kim, H., & Jang, J. (2021). Microplastic pollution in soil and groundwater: 

a review. Environmental Chemistry Letters 19(6), 4211-4224. https://doi.org/10.1007/s10311-

021-01297-6 

Cole, M., Lindeque, P., Fileman, E., Halsband, C., & Galloway, T. S. (2015). The impact of 

polystyrene microplastics on feeding, function and fecundity in the marine copepod Calanus 

helgolandicus. Environmental Science & Technology 49(2), 1130-1137. 

https://doi.org/10.1021/es504525u 

Colzi, I., Renna, L., Bianchi, E., Castellani, M. B., Coppi, A., Pignattelli, S., ... & Gonnelli, C. 

(2022). Impact of microplastics on growth, photosynthesis and essential elements in Cucurbita 



Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof

pepo L. Journal of Hazardous Materials 423, 127238. 

https://doi.org/10.1016/j.jhazmat.2021.127238 

Conti, G. O., Ferrante, M., Banni, M., Favara, C., Nicolosi, I., Cristaldi, A., ... & Zuccarello, P. 

(2020). Micro-and nano-plastics in edible fruit and vegetables. The first diet risks assessment 

for the general population. Environmental Research 187, 109677. 

https://doi.org/10.1016/j.envres.2020.109677 

Dainelli, M., Pignattelli, S., Bazihizina, N., Falsini, S., Papini, A., Baccelli, I., ... & Gonnelli, C. 

(2023). Can microplastics threaten plant productivity and fruit quality? Insights from Micro-

Tom and Micro-PET/PVC. Science of The Total Environment 165119. 

https://doi.org/10.1016/j.scitotenv.2023.165119 

de Souza Machado, A. A., Kloas, W., Zarfl, C., Hempel, S., & Rillig, M. C. (2018). Microplastics 

as an emerging threat to terrestrial ecosystems. Global Change Biology 24(4), 1405-1416. 

https://doi.org/10.1111/gcb.14020 

Détrée, C., & Gallardo-Escárate, C. (2018). Single and repetitive microplastics exposures 

induce immune system modulation and homeostasis alteration in the edible mussel Mytilus 

galloprovincialis. Fish & Shellfish Immunology 83, 52-60. 

https://doi.org/10.1016/j.fsi.2018.09.018 

Dris, R., Imhof, H. K., Löder, M. G., Gasperi, J., Laforsch, C., & Tassin, B. (2018). Microplastic 

contamination in freshwater systems: Methodological challenges, occurrence and sources. In 

Microplastic contamination in aquatic environments (pp. 51-93). Elsevier. 

https://doi.org/10.1016/B978-0-12-813747-5.00003-5 

European commission (2023) EU Directive on Soil Monitoring and Resilience, 05th July 2023. 

https://ec.europa.eu/commission/presscorner/detail/en/qanda_23_3637" 



Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof

FAO (2021). Assessment of agricultural plastics and their sustainability. A call for action. Rome. 

https://doi.org/10.4060/cb7856en 

Galli, M., Tepsich, P., Baini, M., Panti, C., Rosso, M., Vafeiadou, A., ... & Fossi, M. C. (2022). 

Microplastic abundance and biodiversity richness overlap: Identification of sensitive areas in 

the Western Ionian Sea. Marine Pollution Bulletin 177, 113550. 

https://doi.org/10.1016/j.marpolbul.2022.113550 

Geyer, R., Jambeck, J. R., & Law, K. L. (2017). Production, use, and fate of all plastics ever made. 

Science Advances 3(7), e1700782. https://doi.org/10.1126/sciadv.1700782 

Geyer, R. (2020). Production, use, and fate of synthetic polymers. In Plastic waste and recycling 

(pp. 13-32). Academic Press. https://doi.org/10.1016/B978-0-12-817880-5.00002-5 

Gigault, J., Ter Halle, A., Baudrimont, M., Pascal, P. Y., Gauffre, F., Phi, T. L., ... & Reynaud, S. 

(2018). Current opinion: what is a nanoplastic?. Environmental pollution 235, 1030-1034. 

https://doi.org/10.1016/j.envpol.2018.01.024 

Gunaalan, K., Fabbri, E., & Capolupo, M. (2020). The hidden threat of plastic leachates: A 

critical review on their impacts on aquatic organisms. Water Research 184, 116170. 

https://doi.org/10.1016/j.watres.2020.116170 

Guo, Z., Li, P., Yang, X., Wang, Z., Lu, B., Chen, W., ... & Xue, S. (2022). Soil texture is an 

important factor determining how microplastics affect soil hydraulic characteristics. 

Environment International 165, 107293. https://doi.org/10.1016/j.envint.2022.107293 

Hahladakis, J.N., Velis, C.A., Weber, R., Iacovidou, E., Purnell, P. (2018) An overview of 

chemical additives present in plastics: Migration, release, fate and environmental impact 

during their use, disposal and recycling. Journal of Hazardous Materials 344, 179-199. 

https://doi.org/10.1016/j.jhazmat.2017.10.014 



Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof

He, D., Zhang, Y., & Gao, W. (2021). Micro (nano) plastic contaminations from soils to plants: 

human food risks. Current Opinion in Food Science 41, 116-121. 

https://doi.org/10.1016/j.cofs.2021.04.001 

He, F., Shi, H., Liu, R., Tian, G., Qi, Y., & Wang, T. (2023). Randomly-shaped nanoplastics 

induced stronger biotoxicity targeted to earthworm Eisenia fetida species: Differential effects 

and the underlying mechanisms of realistic and commercial polystyrene nanoplastics. Science 

of The Total Environment 877, 162854. https://doi.org/10.1016/j.scitotenv.2023.162854 

He, L., Gielen, G., Bolan, N. S., Zhang, X., Qin, H., Huang, H., & Wang, H. (2015). Contamination 

and remediation of phthalic acid esters in agricultural soils in China: a review. Agronomy for 

Sustainable Development 35, 519-534. https://doi.org/10.1007/s13593-014-0270-1 

He, P., Chen, L., Shao, L., Zhang, H., & Lü, F. (2019). Municipal solid waste (MSW) landfill: A 

source of microplastics?-Evidence of microplastics in landfill leachate. Water Research 159, 

38-45. https://doi.org/10.1016/j.watres.2019.04.060 

He, D., Zhang, Y., Gao, W. (2021). Micro(nano)plastic contaminations from soils to plants: 

human food risks. Current Opinion in Food Science 41, 116-121. 

Heinze, W. M., Mitrano, D. M., Lahive, E., Koestel, J., & Cornelis, G. (2021). Nanoplastic 

transport in soil via bioturbation by Lumbricus terrestris. Environmental Science & Technology 

55(24), 16423-16433. https://doi.org/10.1021/acs.est.1c05614 

Hodkovicova, N., Hollerova, A., Svobodova, Z., Faldyna, M., & Faggio, C. (2022). Effects of 

plastic particles on aquatic invertebrates and fish–a review. Environmental Toxicology and 

Pharmacology 104013. https://doi.org/10.1016/j.etap.2022.104013 

Horton, A. A., Walton, A., Spurgeon, D. J., Lahive, E., & Svendsen, C. (2017). Microplastics in 

freshwater and terrestrial environments: Evaluating the current understanding to identify the 



Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof

knowledge gaps and future research priorities. Science of the Total Environment 586, 127-141. 

https://doi.org/10.1016/j.scitotenv.2017.01.190 

Hu, L., Zhao, Y., & Xu, H. (2022). Trojan horse in the intestine: a review on the biotoxicity of 

microplastics combined environmental contaminants. Journal of Hazardous Materials 439, 

129652. https://doi.org/10.1016/j.jhazmat.2022.129652 

Huang, D., Xu, Y., Lei, F., Yu, X., Ouyang, Z., Chen, Y., ... & Guo, X. (2021). Degradation of 

polyethylene plastic in soil and effects on microbial community composition. Journal of 

Hazardous Materials 416, 126173. https://doi.org/10.1016/j.jhazmat.2021.126173 

Huerta Lwanga, E., Mendoza Vega, J., Ku Quej, V., Chi, J. D. L. A., Sanchez del Cid, L., Chi, C., ... 

& Geissen, V. (2017). Field evidence for transfer of plastic debris along a terrestrial food chain. 

Scientific Reports 7(1), 14071. https://doi.org/10.1038/s41598-017-14588-2 

Huo, Y., Dijkstra, F. A., Possell, M., & Singh, B. (2022). Ecotoxicological effects of plastics on 

plants, soil fauna and microorganisms: A meta-analysis. Environmental Pollution 119892. 

https://doi.org/10.1016/j.envpol.2022.119892 

Hurley, R. R., & Nizzetto, L. (2018). Fate and occurrence of micro (nano) plastics in soils: 

Knowledge gaps and possible risks. Current Opinion in Environmental Science & Health 1, 6-

11. https://doi.org/10.1016/j.coesh.2017.10.006 

Jambeck, J. R., Geyer, R., Wilcox, C., Siegler, T. R., Perryman, M., Andrady, A., ... & Law, K. L. 

(2015). Plastic waste inputs from land into the ocean. Science 347(6223), 768-771. 

https://doi.org/10.1126/science.1260352 

Jazaei, F., Chy, T. J., & Salehi, M. (2022). Can Microplastic Pollution Change Soil-Water 

Dynamics? Results from Controlled Laboratory Experiments. Water 14(21), 3430. 

https://doi.org/10.3390/w14213430 



Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof

Jiménez‐Arroyo, C., Tamargo, A., Molinero, N., & Moreno‐Arribas, M. V. (2023). The gut 

microbiota, a key to understanding the health implications of micro (nano) plastics and their 

biodegradation. Microbial Biotechnology 16(1), 34-53. https://doi.org/10.1111/1751-

7915.14182 

Junaid, M., Liu, S., Chen, G., Liao, H., & Wang, J. (2023). Transgenerational impacts of micro 

(nano) plastics in the aquatic and terrestrial environment. Journal of Hazardous Materials 443, 

130274. https://doi.org/10.1016/j.jhazmat.2022.130274 

Keesstra, S. D., Geissen, V., Mosse, K., Piiranen, S., Scudiero, E., Leistra, M., & van Schaik, L. 

(2012). Soil as a filter for groundwater quality. Current Opinion in Environmental Sustainability, 

4(5), 507-516. https://doi.org/10.1016/j.cosust.2012.10.007 

Kiran, B. R., Kopperi, H., & Venkata Mohan, S. (2022). Micro/nano-plastics occurrence, 

identification, risk analysis and mitigation: challenges and perspectives. Reviews in 

environmental science and bio/technology 21(1), 169-203. https://doi.org/10.1007/s11157-

021-09609-6 

Kumar, A., Mishra, S., Pandey, R., Yu, Z. G., Kumar, M., Khoo, K. S., ... & Show, P. L. (2023). 

Microplastics in terrestrial ecosystems: Un-ignorable impacts on soil characterises, nutrient 

storage and its cycling. Trends in Analytical Chemistry 158, 116869. 

https://doi.org/10.1016/j.trac.2022.116869 

Lambert, S., Scherer, C., & Wagner, M. (2017). Ecotoxicity testing of microplastics: Considering 

the heterogeneity of physicochemical properties. Integrated Environmental Assessment and 

Management 13(3), 470-475. https://doi.org/10.1002/ieam.1901 



Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof

Lau, W. W., Shiran, Y., Bailey, R. M., Cook, E., Stuchtey, M. R., Koskella, J., ... & Palardy, J. E. 

(2020). Evaluating scenarios toward zero plastic pollution. Science 369(6510), 1455-1461. 

https://doi.org/10.1126/science.aba9475 

Lavelle, P., & Spain, A. (2002). Soil ecology. Springer Science & Business Media. 

Lechner, A., Keckeis, H., Lumesberger-Loisl, F., Zens, B., Krusch, R., Tritthart, M., ... & 

Schludermann, E. (2014). The Danube so colourful: a potpourri of plastic litter outnumbers 

fish larvae in Europe's second largest river. Environmental Pollution 188, 177-181. 

https://doi.org/10.1016/j.envpol.2014.02.006 

Leung, J., & Chan, K. Y. K. (2018). Microplastics reduced posterior segment regeneration rate 

of the polychaete Perinereis aibuhitensis. Marine Pollution Bulletin 129(2), 782-786. 

https://doi.org/10.1016/j.marpolbul.2017.10.072 

Li, M., Pan, Y., Hou, Z., Wu, Z., Zeng, Z., & Wang, B. (2023). Plastic or plastic-free life: From 

formation to removal. Science of The Total Environment 164359. 

https://doi.org/10.1016/j.scitotenv.2023.164359 

Liu, H., Tian, L., Wang, S., & Wang, D. (2021). Size-dependent transgenerational toxicity 

induced by nanoplastics in nematode Caenorhabditis elegans. Science of the Total 

Environment 790, 148217. https://doi.org/10.1016/j.scitotenv.2021.148217 

Liu, W., Zhang, B., Yao, Q., Feng, X., Shen, T., Guo, P., ... & Liu, N. (2023). Toxicological effects 

of micro/nano-plastics on mouse/rat models: a systematic review and meta-analysis. Frontiers 

in Public Health 11, 1103289. https://doi.org/10.3389/fpubh.2023.1103289 

Lo, H. K. A., & Chan, K. Y. K. (2018). Negative effects of microplastic exposure on growth and 

development of Crepidula onyx. Environmental Pollution 233, 588-595. 

https://doi.org/10.1016/j.envpol.2017.10.095 



Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof

Luo, Y., Wang, L., Cao, T., Chen, J., Lv, M., Wei, S., ... & Tian, X. (2023). Microplastics are 

transferred by soil fauna and regulate soil function as material carriers. Science of The Total 

Environment 857, 159690. https://doi.org/10.1016/j.scitotenv.2022.159690 

Maddela, N. R., Ramakrishnan, B., Kadiyala, T., Venkateswarlu, K., & Megharaj, M. (2023). Do 

Microplastics and Nanoplastics Pose Risks to Biota in Agricultural Ecosystems? Soil Systems 

7(1), 19. https://doi.org/10.3390/soilsystems7010019 

Magnusson, K., & Norén, F. (2014). Screening of microplastic particles in and down-stream a 

wastewater treatment plant. IVL Swedish Environmental Research Institute. 

Naturvardsverket-2226. 

Murphy, F., & Quinn, B. (2018). The effects of microplastic on freshwater Hydra attenuata 

feeding, morphology & reproduction. Environmental Pollution 234, 487-494. 

https://doi.org/10.1016/j.envpol.2017.11.029 

Murphy, F., Ewins, C., Carbonnier, F., & Quinn, B. (2016). Wastewater treatment works 

(WwTW) as a source of microplastics in the aquatic environment. Environmental Science & 

Technology 50(11), 5800-5808. https://doi.org/10.1021/acs.est.5b05416 

Nizzetto, L., Futter, M., & Langaas, S. (2016). Are agricultural soils dumps for microplastics of 

urban origin? Environmental Science & Technology 50(20), 10777–10779  

https://doi.org/10.1021/acs.est.6b04140 

OECD (2022). Global plastics outlook: economic drivers, environmental impacts and policy 

options. OECD publishing. https://doi.org/10.1787/de747aef-en 

Otake, Y., Kobayashi, T., Asabe, H., Murakami, N., & Ono, K. (1995). Biodegradation of low‐

density polyethylene, polystyrene, polyvinyl chloride, and urea formaldehyde resin buried 



Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof

under soil for over 32 years. Journal of Applied Polymer Science 56(13), 1789-1796. 

https://doi.org/10.1002/app.1995.070561309 

Patil, S. M., Rane, N. R., Bankole, P. O., Krishnaiah, P., Ahn, Y., Park, Y. K., ... & Jeon, B. H. (2022). 

An assessment of micro-and nanoplastics in the biosphere: A review of detection, monitoring, 

and remediation technology. Chemical Engineering Journal 430, 132913. 

https://doi.org/10.1016/j.cej.2021.132913 

Pérez-Reverón, R., Álvarez-Méndez, S. J., González-Sálamo, J., Socas-Hernández, C., Díaz-Peña, 

F. J., Hernández-Sánchez, C., & Hernández-Borges, J. (2022). Nanoplastics in the soil 

environment: Analytical methods, occurrence, fate and ecological implications. Environmental 

Pollution 120788. https://doi.org/10.1016/j.envpol.2022.120788 

Plastics Europe (2018). Plastics – the facts 2018: an analysis of European plastics production, 

demand and waste data. www.plasticseurope.org (2018). 

Qi, R., Jones, D. L., Li, Z., Liu, Q., & Yan, C. (2020). Behavior of microplastics and plastic film 

residues in the soil environment: A critical review. Science of the Total Environment 703, 

134722. https://doi.org/10.1016/j.scitotenv.2019.134722 

Rabot, E., Wiesmeier, M., Schlüter, S., & Vogel, H. J. (2018). Soil structure as an indicator of 

soil functions: A review. Geoderma 314, 122-137. 

https://doi.org/10.1016/j.geoderma.2017.11.009 

Raju, S., Carbery, M., Kuttykattil, A., Senathirajah, K., Subashchandrabose, S. R., Evans, G., & 

Thavamani, P. (2018). Transport and fate of microplastics in wastewater treatment plants: 

implications to environmental health. Reviews in Environmental Science and Bio/Technology 

17, 637-653. https://doi.org/10.1007/s11157-018-9480-3 



Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof

Ramos, L., Berenstein, G., Hughes, E. A., Zalts, A., & Montserrat, J. M. (2015). Polyethylene film 

incorporation into the horticultural soil of small periurban production units in Argentina. 

Science of the Total Environment 523, 74-81. https://doi.org/10.1016/j.scitotenv.2015.03.142 

Rillig, M. C., & Lehmann, A. (2020). Microplastic in terrestrial ecosystems. Science 368(6498), 

1430-1431. https://doi.org/10.1126/science.abb5979 

Rillig, M. C., Leifheit, E., & Lehmann, J. (2021). Microplastic effects on carbon cycling processes 

in soils. PLoS Biology 19(3), e3001130. https://doi.org/10.1371/journal.pbio.3001130 

Rochman, C. M. (2018). Microplastics research—from sink to source. Science 360(6384), 28-

29. https://doi.org/10.1126/science.aar7734 

Rodrigues, M. O., Abrantes, N., Gonçalves, F. J. M., Nogueira, H., Marques, J. C., & Gonçalves, 

A. M. M. (2019). Impacts of plastic products used in daily life on the environment and human 

health: What is known? Environmental Toxicology and Pharmacology 72, 103239. 

https://doi.org/10.1016/j.etap.2019.103239 

Rozman, U., & Kalčíková, G. (2022). Seeking for a perfect (non-spherical) microplastic particle–

the most comprehensive review on microplastic laboratory research. Journal of Hazardous 

Materials 424, 127529. https://doi.org/10.1016/j.jhazmat.2021.127529 

Sajjad, M., Huang, Q., Khan, S., Khan, M. A., Liu, Y., Wang, J., ... & Guo, G. (2022). Microplastics 

in the soil environment: A critical review. Environmental Technology & Innovation 27, 102408. 

https://doi.org/10.1016/j.eti.2022.102408 

Sanchez-Hernandez, J. C. (2021). A toxicological perspective of plastic biodegradation by 

insect larvae. Comparative Biochemistry and Physiology Part C: Toxicology & Pharmacology 

248, 109117. https://doi.org/10.1016/j.cbpc.2021.109117 



Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof

Šaravanja, A., Pušić, T., & Dekanić, T. (2022). Microplastics in wastewater by washing polyester 

fabrics. Materials 15(7), 2683. https://doi.org/10.3390/ma15072683 

Shah, S., Ilyas, M., Li, R., Yang, J., & Yang, F. L. (2023). Microplastics and Nanoplastics Effects 

on Plant–Pollinator Interaction and Pollination Biology. Environmental Science & Technology 

57(16), 6415-6424. https://doi.org/10.1021/acs.est.2c07733 

Sharifinia, M., Bahmanbeigloo, Z. A., Keshavarzifard, M., Khanjani, M. H., & Lyons, B. P. (2020). 

Microplastic pollution as a grand challenge in marine research: a closer look at their adverse 

impacts on the immune and reproductive systems. Ecotoxicology and Environmental Safety 

204, 111109. https://doi.org/10.1016/j.ecoenv.2020.111109 

Sobhani, Z., Panneerselvan, L., Fang, C., Naidu, R., & Megharaj, M. (2021). Chronic and 

transgenerational effects of polystyrene microplastics at environmentally relevant 

concentrations in earthworms (Eisenia fetida). Environmental toxicology and chemistry 40(8), 

2240-2246. https://doi.org/10.1016/j.eti.2021.102226 

Stöfen-O’Brien, A. (2022). The Prospects of an International Treaty on Plastic Pollution. The 

International Journal of Marine and Coastal Law 37(4), 727-

740. https://doi.org/10.1163/15718085-bja10108 

Sussarellu, R., Suquet, M., Thomas, Y., Lambert, C., Fabioux, C., Pernet, M. E. J., ... & Huvet, A. 

(2016). Oyster reproduction is affected by exposure to polystyrene microplastics. Proceedings 

of the National Academy of Sciences 113(9), 2430-2435. 

https://doi.org/10.1073/pnas.1519019113 

Steinmetz, Z., Wollmann, C., Schaefer, M., Buchmann, C., David, J., Tröger, J., ... & Schaumann, 

G. E. (2016). Plastic mulching in agriculture. Trading short-term agronomic benefits for long-



Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof

term soil degradation? Science of the Total Environment 550, 690-705. 

https://doi.org/10.1016/j.scitotenv.2016.01.153 

Sun, Q., Ren, S. Y., & Ni, H. G. (2020). Incidence of microplastics in personal care products: An 

appreciable part of plastic pollution. Science of the Total Environment 742, 140218. 

https://doi.org/10.1016/j.scitotenv.2020.140218 

Tu, Q., Deng, J., Di, M., Lin, X., Chen, Z., Li, B., ... & Zhang, Y. (2023). Reproductive toxicity of 

polystyrene nanoplastics in Drosophila melanogaster under multi-generational exposure. 

Chemosphere 330, 138724. https://doi.org/10.1016/j.chemosphere.2023.138724 

UNEA (2022) UNEA Resolution 5/14 “End plastic pollution: Towards an international legally 

binding instrument”. UNEP/PP/OEWG/1/INF/1, 2022 

Wahl, A., Le Juge, C., Davranche, M., El Hadri, H., Grassl, B., Reynaud, S., & Gigault, J. (2021). 

Nanoplastic occurrence in a soil amended with plastic debris. Chemosphere 262, 127784. 

https://doi.org/10.1016/j.chemosphere.2020.127784 

Wahl, A. (2022). Distribution et comportement de débris plastiques dans un sol agricole 

amendé en compost de déchets ménagers (Doctoral dissertation, Rennes 1), University of 

Rennes, France. 

Wan, Y., Wu, C., Xue, Q., & Hui, X. (2019). Effects of plastic contamination on water 

evaporation and desiccation cracking in soil. Science of the Total Environment 654, 576-582. 

https://doi.org/10.1016/j.scitotenv.2019.134722 

Wang, W., Gao, H., Jin, S., Li, R., & Na, G. (2019). The ecotoxicological effects of microplastics 

on aquatic food web, from primary producer to human: A review. Ecotoxicology and 

Environmental Safety 173, 110-117. https://doi.org/10.1016/j.ecoenv.2019.01.113 



Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof

Wang, W., Ge, J., Yu, X., & Li, H. (2020). Environmental fate and impacts of microplastics in soil 

ecosystems: Progress and perspective. Science of the Total Environment 708, 134841. 

https://doi.org/10.1016/j.scitotenv.2019.134841 

Wang, C., Wang, L., Ok, Y. S., Tsang, D. C., & Hou, D. (2022a). Soil plastisphere: Exploration 

methods, influencing factors, and ecological insights. Journal of Hazardous Materials 430, 

128503. https://doi.org/10.1016/j.jhazmat.2022.128503 

Wang, W., Do, A. T. N., & Kwon, J. H. (2022b). Ecotoxicological effects of micro-and 

nanoplastics on terrestrial food web from plants to human beings. Science of The Total 

Environment 834, 155333. https://doi.org/10.1016/j.scitotenv.2022.155333 

Wang, F., Wang, Q., Adams, C. A., Sun, Y., & Zhang, S. (2022c). Effects of microplastics on soil 

properties: current knowledge and future perspectives. Journal of Hazardous Materials 424, 

127531. https://doi.org/10.1016/j.jhazmat.2021.127531 

Wang, F., Feng, X., Liu, Y., Adams, C. A., Sun, Y., & Zhang, S. (2022d). Micro (nano) plastics and 

terrestrial plants: Up-to-date knowledge on uptake, translocation, and phytotoxicity. 

Resources, Conservation and Recycling 185, 106503. 

https://doi.org/10.1016/j.resconrec.2022.106503 

WHO (2020) Shortage of personal protective equipment endangering health workers 

worldwide. https://www.who.int/news/item/03-03-2020-shortage-of-personal-protective-

equipment-endangering-health-workers-worldwide. Accessed 17 November 2023 

Wu, X., Lu, J., Du, M., Xu, X., Beiyuan, J., Sarkar, B., ... & Wang, H. (2021). Particulate plastics-

plant interaction in soil and its implications: A review. Science of the Total Environment 792, 

148337. https://doi.org/10.1016/j.scitotenv.2021.148337 



Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof

Zhang, M., & Xu, L. (2022). Transport of micro-and nanoplastics in the environment: Trojan-

Horse effect for organic contaminants. Critical Reviews in Environmental Science and 

Technology 52(5), 810-846. https://doi.org/10.1080/10643389.2020.1845531 

Ziajahromi, S., Neale, P. A., Rintoul, L., & Leusch, F. D. (2017). Wastewater treatment plants as 

a pathway for microplastics: development of a new approach to sample wastewater-based 

microplastics. Water research 112, 93-99. https://doi.org/10.1016/j.watres.2017.01.042 

Ziajahromi, S., Kumar, A., Neale, P. A., & Leusch, F. D. (2018). Environmentally relevant 

concentrations of polyethylene microplastics negatively impact the survival, growth and 

emergence of sediment-dwelling invertebrates. Environmental Pollution 236, 425-431. 

https://doi.org/10.1016/j.envpol.2018.01.094 

 

  



Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof

Fig 1 

 

  



Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof

Fig 2 

 

  



Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof

Graphical abstract 

 

  



Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof

Highlights (3-5 bullet points) 

- research on micro and nanoplastic must consider environmentally realistic scenarios 

- our knowledge of impacts and fate of plastics in the environment must be improved 

- More research revealing the small-sized plastics on living organisms are required 

- Scaling the impacts at different organizational levels is critically needed  


