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Abstract 8 

The majority of micro(nano)plastic research has been concentrated on the marine environment. 9 

Whilst the ocean represents an ultimate sink for contamination, this focus overlooked key processes 10 

and pathways of micro(nano)plastics in the terrestrial environment that are of critical importance for 11 

their global environmental budget and exposure of humans and biota. Lack of robust analytical 12 

methods for the isolation of these materials from complex, organic-rich soil matrices represent a 13 

major hindrance. Regardless, soils in agricultural and urban areas are expected to represent major 14 

environmental reservoirs of micro(nano)plastics, possibly comprehensively larger than the marine 15 

one. Additionally, soils exhibit several potential exposure pathways for micro(nano)plastics to 16 

organism and human health, including contamination of groundwater aquifers.  17 
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1. Introduction 20 

Microplastics research is a rapidly evolving domain. Traditionally, studies have focused on the 21 

marine environment; however, recent research has identified the significance of microplastics in 22 

terrestrial ecosystems [1]. This has included work on freshwater systems, such as rivers and lakes, 23 

and has recorded high microplastic concentrations [2–4]. Very little work has dealt with the 24 

presence, fate, or impact of microplastics in soils [5–7]. Despite recent efforts to establish effective 25 

analytical procedures [e.g. 8,9], detection of nanoplastic in environmental substrates is not yet 26 

possible. Hence, no studies have thus far investigated the occurrence or fate of nanoplastics in soil 27 

systems. This review brings together the existing research on soil micro(nano)plastics and draws 28 

upon wider material to infer potential sources and fate of small plastic particles within soils. We 29 

focus primarily on research published in the last two years with the purpose of identifying recent 30 

advances relevant to the soil micro(nano)plastics research domain. 31 

 32 

2. Existing research 33 

Early studies identified synthetic fibres in soils treated with sewage sludge [10,11] and the potential 34 

for soil microplastic contamination was first reviewed by Rillig [5]. Recently, a large portion of soil 35 

microplastic research has concentrated on interactions with biota. Several studies have investigated 36 

the effects on soil organism health and behaviour [12–18*]. Key findings reveal variable responses to 37 

microplastic ingestion by earthworms, where histological damage in the gut trait was related to 38 

exposure [12*,13]. Fauna are capable of moving microplastic within soil systems, including vertical 39 

transfer [17,18*]. However, thus far, no studies have recorded this under environmental conditions 40 

and realistic exposure scenarios. 41 

Agricultural practices are relevant to soil microplastic contamination. The application of sewage 42 

sludge on farm soils has been theoretically estimated as one of the largest sources of microplastics 43 
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to the environment  [19**,20]. It is proposed that 125-850 tons microplastic million inhabitants-1 are 44 

added each year to agricultural soils in Europe, with an annual total of 63,000-430,000 and 44,000-45 

300,000 tons of microplastic added to European and North American farmlands respectively [19]. 46 

The broad confidence intervals of these estimates stem from the uncertainties regarding the fate of 47 

microplastics deriving from car tire debris and surface runoff, for which efficiency of sewer collection 48 

and fate in wastewater treatment plants (WWTPs) are unknown. These figures suggest that soil 49 

systems may represent a larger environmental reservoir than the global ocean. Very little data are 50 

available on the ecological implications of such an exposure. One study has linked the effect of 51 

microplastics debris from plastic mulching to changes in organic matter cycling and nutrient 52 

dynamics in Chinese loess soils [21]. However, the influence of soil type is unknown. Several studies 53 

have examined methodologies for microplastic analysis in soils and other complex organic-rich 54 

environmental matrices such as sewage sludge [22,23*]. Although, no standardised approach has 55 

yet emerged.  56 

Finally, urban soils are contaminated by microplastics. Soils close to industrial areas in Sydney were 57 

found to be composed of 0.03-6.7% microplastic [23*]. However, details of the type of microplastic 58 

contamination observed were not presented.  59 

 60 

3. Sources of micro(nano)plastics to soils 61 

The sources of micro(nano)plastics to soil have recently been reviewed by Bläsing and Amelung 62 

[24**]. The key sources can be separated into three categories: inputs from agricultural practices, 63 

the influence of runoff and deposition, and the fragmentation of larger plastic debris. Figure 1 64 

depicts these inputs to soil systems.  65 

Sewage sludge is often used as an agricultural fertiliser. Approximately 50% of sludge is recycled in 66 

this way in Europe and North America [19**]. Several studies have investigated the fate of 67 
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microplastics within WWTPs. The findings consistently point to a high trapping efficiency, where the 68 

majority of microplastics are believed to be captured in the solid sludge phase [25–27]. 69 

Micro(nano)plastics entering WWTPs include microbeads from cosmetic products and industry, 70 

fibres from washed synthetic garments, and tire debris and fragmented plastics from road/urban 71 

runoff. Inputs may also include nanoplastics from cosmetics [28*]. The addition of polymeric 72 

flocculants during wastewater treatment has to be accounted as a source, too.  While analytical 73 

methods mainly track polymeric particles at millimetre to micrometre scales, no protocol has been 74 

established so far to quantify car tire debris and nano-scale materials in sludge or recipient soils. This 75 

is a major hindrance for any accurate exposure assessments. On paper, both nanoplastics and tire 76 

debris must represent a major and, thus far, unquantifiable proportion of micro(nano)plastics in the 77 

terrestrial environment.  78 

Micro(nano)plastic debris may also derive from plastic mulching in agriculture. This technique is 79 

widely applied to increase crop yields and reduce pests. Regularly, fragments of the plastic films are 80 

left behind after use [29,30]. This debris may accumulate within soils and further fragment to 81 

produce particles down to a nano-scale or beyond [31]. Although, where biodegradable plastics are 82 

used, ecotoxicological effects may be controlled [32]. Furthermore, polymers such as polystyrene 83 

and polyurethane are sometimes added to compost to improve soil properties [6,33]. These may 84 

integrate with natural soils and disperse micro(nano)plastic components across a wide spatial area. 85 

Runoff from roads or urban areas that is not captured by sewer systems can contaminate 86 

surrounding soils. Moreover, atmospheric transport has the potential to move plastics in the 87 

smallest size classes over long distances and likely contributes a proportion of micro(nano)plastic in 88 

soils. Atmospheric deposition has been demonstrated in urban environments [34] and the transport 89 

of particles from landfill sites to soils has also been discussed [5,35]. Additionally, overbank 90 

deposition likely enriches alluvial soils with micro(nano)plastic particles. Fluvial sediments have been 91 

shown to contain high concentrations of microplastics [2,4], which are mobilised during flooding 92 
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[36]. Inundation of riparian zones will lead to the deposition of plastic particles, which will then 93 

become incorporated into soils. This likely represents a significant, albeit localised, source of 94 

microplastics. 95 

Finally, micro(nano)plastics may be produced in-situ through the breakdown of larger plastic debris. 96 

This may derive from discarded plastic litter that degrade into micro- and nano-sized components. 97 

This fragmentation has been confirmed for both micro- [37] and nanoplastics [38]. In fact, the 98 

process of degradation is considered to be the major source of nanoplastics in the environment 99 

[28*,39*]. 100 

 101 

4. Fate of micro(nano)plastic particles in soils  102 

4.1. Storage 103 

Figure 1 identifies mechanisms related to the fate of micro(nano)plastics in soils. Incorporation of 104 

plastics into soil aggregates may promote long term storage. Aggregation may limit exposure to soil 105 

fauna and hinder the transport of plastic particles. Nanoparticles aggregate rapidly in aquatic 106 

environments [40,41] and hetero-aggregation has been noted as an important control on 107 

nanoplastic fate [28*,39*]. Aggregate stability is associated with soil system health [42], so the role 108 

of aggregates as micro(nano)plastic stores is likely to be dynamic and environment-dependent. 109 

Accumulation may also occur through burial where successive flood events bury contaminated 110 

layers in alluvial soils. A theoretical assessment of microplastic transport and erosion, based on the 111 

frame of a hydrological/sediment transport catchment model, suggested the potential for soils to 112 

effectively retain, and therefore store, micro(nano)plastics [43]. However, experimental data to 113 

confirm these findings are not yet available.  114 

Microplastics are preserved in marine and lacustrine sediment profiles [44,45]. Particle burial limits 115 

degradative forces and thus increases preservation potential [45]. It is probable that a similar effect 116 



6 
 

will occur in soil systems, establishing soils as a sink for contamination. Although, the role of soil 117 

characteristics, such as pH and microbial communities in maintaining degradation must be assessed. 118 

Furthermore, disturbance of buried layers may remobilize stored micro(nano)plastics. For example, 119 

alluvial soils may be reworked and agricultural practices such as tilling can bring buried particles back 120 

to the surface. The accumulation of plastics in soils must also be examined in the context of 121 

ecological risk through long term exposure. While the discussion of the state of ecotoxicological 122 

research for microplastics in soils is not the primary focus of this paper, the increasing number of 123 

publications in this area demonstrates international interest [12*-18*].  124 

4.2. Translocation and erosion 125 

Erosion by water and wind will transport particles across soil systems and eventually towards 126 

streams and rivers [43]. The dynamics of these processes have not yet been investigated; however, 127 

inferences can be drawn from the wider domain of microplastics research. Recent work examining 128 

the sinking velocities of microplastics in the marine realm has established particle shape as a 129 

dominant control [46,47]. It is likely that shape is also relevant for the erosion of micro(nano)plastics 130 

by water in soils. While the effect of erosion and entrainment of microplastics mediated by size and 131 

density has been assessed through a theoretical model [43], the influence of shape on translocation 132 

over soils or sediments as well as on their hetero-aggregation has not yet investigated. However, 133 

these processes will lead to a winnowing effect based on particle morphology and properties, such 134 

as that seen for natural soil particles. 135 

The irregular shape and low mass of particles such as fibres lead to a preferential entrainment by 136 

wind erosion [34,48]. Hence, the scale of wind and water erosion is significant in determining 137 

enrichment or depletion of specific particle types. Furthermore, micro(nano)plastics do not 138 

necessarily represent inert polymers upon entry to soil systems. Particles that have been through 139 

wastewater treatment or have been exposed to the environment may have become significantly 140 

biofouled or gained a surface charge. This can alter the nature of particle mobilisation and erosion.  141 
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Soil fauna also contribute to the transport of microplastics within soil systems. Plastic particles may 142 

adhere to the organism exterior or be transported internally through intake and subsequent 143 

egestion. These mechanisms have been shown to contribute towards the dispersal of plastic 144 

particles from a point source [16]. Bioturbation also results in vertical transport. This occurs through 145 

the process of burrowing, which establishes biopores in the soil matrix and incorporates 146 

microplastics into burrow walls and casts [17,18*]. This process significantly increases the downward 147 

translocation of plastic [18*]. Micro(nano)plastic ingestion may represent a removal from soils 148 

resulting in systemic translocation or trophic transfer. The uptake of microplastics by plants is 149 

unlikely but may occur for nano-sized particles [49]. However, data are insufficient to establish the 150 

significance of this process for the overall budget of particles in a soil.  151 

4.3. Degradation 152 

Environmental degradation has been discussed for aquatic and sedimentary environments 153 

[37,50,51] and many of these processes also occur in soils. The topsoil likely represents a key 154 

degradative environment, due to the direct exposure to UV radiation, increased oxygen availability, 155 

and higher temperatures [52]. Soil microbial communities and terrestrial organisms may accelerate 156 

biodegradation of brittle plastics [5]. Furthermore, agricultural processes such as tilling may 157 

fragment plastic debris. All these processes contribute to the progressive fragmentation of plastic 158 

from macro- to nano-scale.  159 

4.4. Leaching to groundwater 160 

Leaching is an important process driving contaminants with certain properties to groundwater. 161 

Micro(nano)plastics have not yet been analysed in groundwater samples but transport through 162 

biopores has been identified as a possible mechanism for groundwater contamination [12*,18*]. 163 

Theoretically, assuming plastics as mainly inert materials, the potential for leaching will be 164 

modulated by soil texture properties and particle size, density, and shape [24**]. Additional soil 165 

properties such as zeta potential and ionic strength may, in principle, influence transport of non-166 
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inert particles [53]. Fundamental speculative reasoning suggests that nano-scale inert plastics with a 167 

density higher than water may be effectively leached to groundwater. This can represent a potential 168 

pathway to human exposure.  169 

5. Future research 170 

This paper summarises existing studies on soil microplastics and outlines the potential mechanisms 171 

for soil micro(nano)plastic dynamics. Further work is crucial to elucidate sources, behaviour, and 172 

fate. The following steps in soil micro(nano)plastics research should be prioritized: 173 

- Filling the methodological/technological gaps hindering an accurate assessment of 174 

micro(nano)plastics in soil samples, including methods for car tire debris and nano-scale 175 

materials. 176 

- Delivering baseline studies on soil exposure along a gradient of land uses and soil management.  177 

This will establish the scale of contamination and can point towards potential source 178 

apportionment: for example, fibres and microbeads as indicators of sludge application or tire 179 

dust as an indicator for road runoff.  180 

- Unravelling the processes controlling budgets of microplastics in soil environments, including the 181 

assessment of microplastic transfer from soil to humans through the uptake in foodwebs and 182 

through leaching to the groundwater. 183 

- Developing a solid experimental and conceptual framework to characterize risk and impacts from 184 

soil micro(nano)plastics for humans and the environment. 185 

- Timely translating of findings to stakeholders (i.e. industry, wastewater utilities, and farmers) and 186 

governance endorsing knowledge-based decision making. 187 

 188 

6. Conclusions 189 



9 
 

Despite a lack of analytical evidence, it is highly likely that soils are significant, possibly dominant 190 

environmental reservoirs of micro(nano)plastic. Potential sources to soil systems are numerous and 191 

likely exceed primary inputs to freshwater or marine environments. Furthermore, the dynamics of 192 

micro(nano)plastics fate within soil is complex. Unravelling the controlling process will be critical for 193 

risk and impact assessment, as well as for management.  194 

Figure caption 195 

Processes affecting the concentration of micro(nano)plastics in soil systems, including sources and 196 

fate processes.  197 

Acknowledgements 198 

The authors would like to thank the EU and the Research Council of Norway for funding, in the frame 199 

of the collaborative international Consortium (IMPASSE) financed under the ERA-NET 200 

WaterWorks2015 Cofunded Call. This ERA-NET is an integral part of the 2016 Joint Activities 201 

developed by the Water Challenges for a Changing World Joint Programme Initiative (Water JPI). 202 

References 203 

1.  Horton AA, Walton A, Spurgeon DJ, Lahive E, Svendsen C: Microplastics in freshwater and 204 
terrestrial environments: Evaluating the current understanding to identify the knowledge 205 
gaps and future research priorities. Sci Total Environ 2017, 586:127–141. 206 

2.  Leslie HA, Brandsma SH, van Velzen MJM, Vethaak AD: Microplastics en route: Field 207 
measurements in the Dutch river delta and Amsterdam canals, wastewater treatment plants, 208 
North Sea sediments and biota. Environ Int 2017, 101:133–142. 209 

3.  Ballent A, Corcoran PL, Madden O, Helm PA, Longstaffe FJ: Sources and sinks of microplastics 210 
in Canadian Lake Ontario nearshore, tributary and beach sediments. Mar Pollut Bull 2016, 211 
110:383–395. 212 

4.  Castañeda RA, Avlijas S, Simard MA, Ricciardi A: Microplastic pollution in St. Lawrence River 213 
sediments. Can J Fish Aquat Sci 2014, 71:1767–1771. 214 

5.  Rillig MC: Microplastic in Terrestrial Ecosystems and the Soil? Environ Sci Technol 2012, 215 
46:6453–6454. 216 

6.  Duis K, Coors A: Microplastics in the aquatic and terrestrial environment: sources (with a 217 
specific focus on personal care products), fate and effects. Environ Sci Eur 2016, 28:2. 218 



10 
 

7.  Lambert S, Sinclair C, Boxall A: Occurrence, degradation, and effect of polymer-based 219 
materials in the environment. In Reviews of Environmental Contamination and Toxicology, 220 
Volume 227. . Springer; 2014:1–53. 221 

8.  Velzeboer I, Kwadijk CJAF, Koelmans AA: Strong Sorption of PCBs to Nanoplastics, 222 
Microplastics, Carbon Nanotubes, and Fullerenes. Environ Sci Technol 2014, 48:4869–4876. 223 

9.  Gigault J, Pedrono B, Maxit B, Halle AT: Marine plastic litter: the unanalyzed nano-fraction. 224 
Environ Sci Nano 2016, 3:346–350. 225 

10.  Zubris KAV, Richards BK: Synthetic fibers as an indicator of land application of sludge. Environ 226 
Pollut 2005, 138:201–211. 227 

11.  Habib D, Locke DC, Cannone LJ: Synthetic Fibers as Indicators of Municipal Sewage Sludge, 228 
Sludge Products, and Sewage Treatment Plant Effluents. Water Air Soil Pollut 1998, 103:1–8. 229 

12*.  Huerta Lwanga E, Gertsen H, Gooren H, Peters P, Salánki T, van der Ploeg M, Besseling E, 230 
Koelmans AA, Geissen V: Microplastics in the Terrestrial Ecosystem: Implications for 231 
Lumbricus terrestris (Oligochaeta, Lumbricidae). Environ Sci Technol 2016, 50:2685–2691. 232 

This was the first study to quantify the effects of soil microplastics contamination upon a terrestrial 233 

organism, Lumbricus terrestris. The authors note the influence of particle ingestion on growth rate 234 

and mortality. There is also a size selectivity observed for particle ingestion by earthworms, which is 235 

particularly relevant for considered the fate of microplastics affected by bioturbation. 236 

13.  Rodriguez-Seijo A, Lourenço J, Rocha-Santos TAP, da Costa J, Duarte AC, Vala H, Pereira R: 237 
Histopathological and molecular effects of microplastics in Eisenia andrei Bouché. Environ 238 
Pollut 2017, 220:495–503. 239 

14.  Cao D, Wang X, Luo X, Liu G, Zheng H: Effects of polystyrene microplastics on the fitness of 240 
earthworms in an agricultural soil. IOP Conf Ser Earth Environ Sci 2017, 61:012148. 241 

15.  Hodson ME, Duffus-Hodson CA, Clark A, Prendergast-Miller MT, Thorpe KL: Plastic Bag 242 
Derived-Microplastics as a Vector for Metal Exposure in Terrestrial Invertebrates. Environ Sci 243 
Technol 2017, 51:4714–4721. 244 

16.  Maaß S, Daphi D, Lehmann A, Rillig MC: Transport of microplastics by two collembolan 245 
species. Environ Pollut 2017, 225:456–459. 246 

17.  Huerta Lwanga E, Gertsen H, Gooren H, Peters P, Salánki T, van der Ploeg M, Besseling E, 247 
Koelmans AA, Geissen V: Incorporation of microplastics from litter into burrows of Lumbricus 248 
terrestris. Environ Pollut 2017, 220:523–531. 249 

18*.  Rillig MC, Ziersch L, Hempel S: Microplastic transport in soil by earthworms. Sci Rep 2017, 7. 250 

This study presents the mechanisms associated with microplastic transport by earthworms in soils. 251 

They examine the wider significance of this effect, including the potential transfer of plastic particles 252 

to groundwater. This study draws upon existing work related to soil fauna and builds upon these 253 

findings to establish the wider environmental significance of microplastic contamination 254 

19**.  Nizzetto L, Futter M, Langaas S: Are Agricultural Soils Dumps for Microplastics of Urban 255 
Origin? Environ Sci Technol 2016, 50:10777–10779. 256 



11 
 

This short summary paper presents compelling evidence for significant contamination of soils by 257 

sewage sludge application. The authors estimate microplastic loadings to agricultural soils in Europe 258 

and North America and establish that soils may represent an environmental reservoir larger than the 259 

marine environment. This is the first study to estimate loadings to soil systems. 260 

20.  Nizzetto L, Langaas S, Futter M: Pollution: Do microplastics spill on to farm soils? Nature 2016, 261 
537:488. 262 

21.  Liu H, Yang X, Liu G, Liang C, Xue S, Chen H, Ritsema CJ, Geissen V: Response of soil dissolved 263 
organic matter to microplastic addition in Chinese loess soil. Chemosphere 2017, 185:907–264 
917. 265 

22.  Dümichen E, Eisentraut P, Bannick CG, Barthel A-K, Senz R, Braun U: Fast identification of 266 
microplastics in complex environmental samples by a thermal degradation method. 267 
Chemosphere 2017, 174:572–584. 268 

23*.  Fuller S, Gautam A: A Procedure for Measuring Microplastics using Pressurized Fluid 269 
Extraction. Environ Sci Technol 2016, 50:5774–5780. 270 

This is the first study, thus far, to examine microplastics in soils under environmental conditions. The 271 

authors utilise a novel extraction technique to establish concentrations of common polymers within 272 

industrial soils surrounding Sydney, Australia. 273 

24**.  Bläsing M, Amelung W: Plastics in soil: Analytical methods and possible sources. Sci Total 274 
Environ 2018, 612:422–435. 275 

This is the first substantial review of soil microplastic contamination. The authors provide a thorough 276 

assessment of potential sources of microplastic to soils and establish some of the key analytical 277 

challenges to extracting plastic particles from complex, organic-rich soil matrices. 278 

25.  Carr SA, Liu J, Tesoro AG: Transport and fate of microplastic particles in wastewater 279 
treatment plants. Water Res 2016, 91:174–182. 280 

26.  Murphy F, Ewins C, Carbonnier F, Quinn B: Wastewater Treatment Works (WwTW) as a 281 
Source of Microplastics in the Aquatic Environment. Environ Sci Technol 2016, 50:5800–5808. 282 

27.  Talvitie J, Mikola A, Setälä O, Heinonen M, Koistinen A: How well is microlitter purified from 283 
wastewater? – A detailed study on the stepwise removal of microlitter in a tertiary level 284 
wastewater treatment plant. Water Res 2017, 109:164–172. 285 

28*.  da Costa JP, Santos PSM, Duarte AC, Rocha-Santos T: (Nano)plastics in the environment – 286 
Sources, fates and effects. Sci Total Environ 2016, 566:15–26. 287 

The authors present an exhaustive review of nanoplastic dynamics in the environment including the 288 

potential sources and fate of terrestrial nanoplastics. They also examine the potential effects of 289 

nanoplastics upon ecosystem and human health, highlighting nanoplastic identification as a future 290 

research imperative. 291 

29.  Steinmetz Z, Wollmann C, Schaefer M, Buchmann C, David J, Tröger J, Muñoz K, Frör O, 292 
Schaumann GE: Plastic mulching in agriculture. Trading short-term agronomic benefits for 293 
long-term soil degradation? Sci Total Environ 2016, 550:690–705. 294 



12 
 

30.  Brodhagen M, Goldberger JR, Hayes DG, Inglis DA, Marsh TL, Miles C: Policy considerations for 295 
limiting unintended residual plastic in agricultural soils. Environ Sci Policy 2017, 69:81–84. 296 

31.  Briassoulis D, Babou E, Hiskakis M, Kyrikou I: Analysis of long-term degradation behaviour of 297 
polyethylene mulching films with pro-oxidants under real cultivation and soil burial 298 
conditions. Environ Sci Pollut Res 2015, 22:2584–2598. 299 

32.  Sforzini S, Oliveri L, Chinaglia S, Viarengo A: Application of Biotests for the Determination of 300 
Soil Ecotoxicity after Exposure to Biodegradable Plastics. Front Environ Sci 2016, 4. 301 

33.  Stöven K, Jacobs F, Schnug E: Mikroplastik: ein selbstverschuldetes Umweltproblem im 302 
Plastikzeitalter. J Kult 2015, 67:241–250. 303 

34.  Dris R, Gasperi J, Saad M, Mirande C, Tassin B: Synthetic fibers in atmospheric fallout: A 304 
source of microplastics in the environment? Mar Pollut Bull 2016, 104:290–293. 305 

35.  Rocha-Santos T, Duarte AC: A critical overview of the analytical approaches to the 306 
occurrence, the fate and the behavior of microplastics in the environment. TrAC Trends Anal 307 
Chem 2015, 65:47–53. 308 

36.  Veerasingam S, Mugilarasan M, Venkatachalapathy R, Vethamony P: Influence of 2015 flood 309 
on the distribution and occurrence of microplastic pellets along the Chennai coast, India. Mar 310 
Pollut Bull 2016, 109:196–204. 311 

37.  Weinstein JE, Crocker BK, Gray AD: From macroplastic to microplastic: Degradation of high-312 
density polyethylene, polypropylene, and polystyrene in a salt marsh habitat. Environ Toxicol 313 
Chem 2016, 35:1632–1640. 314 

38.  Lambert S, Wagner M: Characterisation of nanoplastics during the degradation of 315 
polystyrene. Chemosphere 2016, 145:265–268. 316 

39*.  Koelmans AA, Besseling E, Shim WJ: Nanoplastics in the Aquatic Environment. Critical Review. 317 
In Marine Anthropogenic Litter. Springer, Cham; 2015:325–340. 318 

This paper reviews the potential sources and risk associated with nanoplastic contamination. The 319 

authors also make some informed speculations regarding the fate of nanoplastics in the 320 

environment. 321 

40.  Wang H, Adeleye AS, Huang Y, Li F, Keller AA: Heteroaggregation of nanoparticles with 322 
biocolloids and geocolloids. Adv Colloid Interface Sci 2015, 226, Part A:24–36. 323 

41.  Velzeboer I, Quik JTK, van de Meent D, Koelmans AA: Rapid settling of nanoparticles due to 324 
heteroaggregation with suspended sediment. Environ Toxicol Chem 2014, 33:1766–1773. 325 

42.  Gupta VVSR, Germida JJ: Soil aggregation: Influence on microbial biomass and implications 326 
for biological processes. Soil Biol Biochem 2015, 80:A3–A9. 327 

43.  Nizzetto L, Bussi G, Futter MN, Butterfield D, Whitehead PG: A theoretical assessment of 328 
microplastic transport in river catchments and their retention by soils and river sediments. 329 
Environ Sci Process Impacts 2016, 18:1050–1059. 330 

44.  Matsuguma Y, Takada H, Kumata H, Kanke H, Sakurai S, Suzuki T, Itoh M, Okazaki Y, 331 
Boonyatumanond R, Zakaria MP, et al.: Microplastics in Sediment Cores from Asia and Africa 332 



13 
 

as Indicators of Temporal Trends in Plastic Pollution. Arch Environ Contam Toxicol 2017, 333 
73:230–239. 334 

45.  Corcoran PL, Norris T, Ceccanese T, Walzak MJ, Helm PA, Marvin CH: Hidden plastics of Lake 335 
Ontario, Canada and their potential preservation in the sediment record. Environ Pollut 2015, 336 
204:17–25. 337 

46.  Kowalski N, Reichardt AM, Waniek JJ: Sinking rates of microplastics and potential implications 338 
of their alteration by physical, biological, and chemical factors. Mar Pollut Bull 2016, 339 
109:310–319. 340 

47.  Khatmullina L, Isachenko I: Settling velocity of microplastic particles of regular shapes. Mar 341 
Pollut Bull 2017, 114:871–880. 342 

48.  Cai L, Wang J, Peng J, Tan Z, Zhan Z, Tan X, Chen Q: Characteristic of microplastics in the 343 
atmospheric fallout from Dongguan city, China: preliminary research and first evidence. 344 
Environ Sci Pollut Res 2017, doi:10.1007/s11356-017-0116-x. 345 

49.  Schwab F, Zhai G, Kern M, Turner A, Schnoor JL, Wiesner MR: Barriers, pathways and 346 
processes for uptake, translocation and accumulation of nanomaterials in plants – Critical 347 
review. Nanotoxicology 2016, 10:257–278. 348 

50.  Brandon J, Goldstein M, Ohman MD: Long-term aging and degradation of microplastic 349 
particles: Comparing in situ oceanic and experimental weathering patterns. Mar Pollut Bull 350 
2016, 110:299–308. 351 

51.  Veerasingam S, Saha M, Suneel V, Vethamony P, Rodrigues AC, Bhattacharyya S, Naik BG: 352 
Characteristics, seasonal distribution and surface degradation features of microplastic pellets 353 
along the Goa coast, India. Chemosphere 2016, 159:496–505. 354 

52.  Peng J, Wang J, Cai L: Current understanding of microplastics in the environment: Occurrence, 355 
fate, risks, and what we should do. Integr Environ Assess Manag 2017, 13:476–482. 356 

53. Pachapur VL, Dalila Larios A, Cledón M, Brar SK, Verma M, Surampalli RY: Behavior and 357 
characterization of titanium dioxide and silver nanoparticles in soils. Sci Total Environ 2016, 358 
563:933–943. 359 


	Fate and occurrence of micro(nano)plastics in soils Knowledge gaps and possible risks
	Micro_28nano_29plastics+in+soils_COESH



