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Introduction

Macroplastics, microplastics (MPs), and nanoplastics have been widely studied in the past few years, particularly in marine and oceanic environments. Plastic pollution in aquatic environments was observed for the first time in the 1970s. In the Sargasso Sea, the plastic concentration was close to 3,500 items/km 2 , which was mainly comprised of cigarette holders [START_REF] Carpenter | Smith Plastics on the Sargasso Sea Surface Science[END_REF]. Recently, many studies have focused on plastic pollution in freshwater environments, especially rivers and lakes. In 2011, 80 % of the plastic pollution in seas and oceans originated from the terrestrial environment [START_REF] Andrady | Andrady Microplastics in the marine environment Mar[END_REF]. In 2019, the MP contamination observed in the terrestrial environment was 4 to 23 times higher than that in marine ecosystems [START_REF] Horton | Microplastics in freshwater and terrestrial environments: Evaluating the current understanding to identify the knowledge gaps and future research priorities[END_REF]. Freshwater is considered one of the sources of MPs flowing into the seas, and rivers are considered the main transport vector of plastic debris from terrestrial sources [START_REF] Iannilli | Setini Plastic abundance and seasonal variation on the shorelines of three volcanic lakes in Central Italy: can amphipods help detect contamination?[END_REF]. It is of high importance to study freshwater ecosystems and analyse the plastic pollution sources, dispersion dynamics, accumulation, and fate of these pollutants. Lacustrine ecosystems are pollutant accumulators, and consequently, indicators of catchment functioning. Climatic, geographical, and physical characteristics determine the residence time of water in lakes. Pollutant circulations depend on this duration; a short retention time leads to quick contamination and cleaning, whereas a long retention time leads to slower changes in the plastic contents and additional processes such as local fragmentation [START_REF] Montuelle & Clémens | Clémens Le tour des grands lacs alpins en 80 questions[END_REF]. Therefore, lakes with long water retention times seem to accumulate a greater amount of MPs, as observed in Mongolia [START_REF] Free | Boldgiv High-levels of microplastic pollution in a large, remote, mountain lake Mar[END_REF][START_REF] Iannilli | Setini Plastic abundance and seasonal variation on the shorelines of three volcanic lakes in Central Italy: can amphipods help detect contamination?[END_REF]. Some plastic polymers are positively buoyant and float on the surface or strand on the coast; some are negatively buoyant and will remain in the water column or sink to the benthic zone. The behaviour of polymers plays a crucial role and influences the subsequent contamination of rivers, seas, and oceans. Furthermore, human societies are dependent on these ecosystems. Lakes offer many resources to societies based on ecosystem services such as control services (flooding and drought), provision services (drinking water; food production via fisheries, aquaculture, and irrigation of agricultural lands; and energy production via hydropower dams), cultural services (recreation), and support for favourable conditions for sustainable nutrient cycling. Lakes are essential to the function of the economy and offer many ecosystem benefits. Halieutic resources allow the local development of professional fishing spots, restaurants, and culinary businesses; sports and recreational possibilities are key elements for tourism; and biodiversity contributes to good ecological functioning and reinforces tourism. In addition, MPs, which threaten fauna [START_REF] Bellasi | Bettinetti Microplastic contamination in freshwater environments: a review, focusing on interactions with sediments and benthic organisms[END_REF], could endanger humans through their diet [START_REF] Cox | Human consumption of microplastics[END_REF][START_REF] Koelmans | De France Microplastics in freshwaters and drinking water: Critical review and assessment of data quality[END_REF]Q. Zhang et al., 2020), and may be vectors of potentially pathogenic bacteria and viruses [START_REF] Arias-Andres | Microplastic pollution increases gene exchange in aquatic ecosystems[END_REF][START_REF] Kirstein | Gerdts Dangerous hitchhikers? Evidence for potentially pathogenic Vibrio spp. on microplastic particles Mar[END_REF][START_REF] Wu | Selective enrichment of bacterial pathogens by microplastic biofilm[END_REF]. Currently, MPs are ubiquitous in urbanised and more isolated environments. In 2010, worldwide plastic production reached 265 million t (PlasticsEurope, 2011). In 2018, it reached 359 million t (PlasticsEurope, 2019).

In the same year, European plastic production reached 62 million t (PlasticsEurope, 2019).

According to a recent study, the annual production of plastic fibres increased by more than 6 %/y, reaching 60 million t in 2016, or approximately 16 % of global plastic production [START_REF] Gasperi | Tassin Microplastics in air: Are we breathing it in?[END_REF]. In 2019, it was predicted that the proportion part of poorly managed plastic waste could increase, from 60-99 million t in 2015 to 155-265 million t by 2060 [START_REF] Lebreton & Andrady | Andrady Future scenarios of global plastic waste generation and disposal[END_REF]. If this estimation is correct, then lacustrine ecosystems will be significantly affected by MP contamination. However, knowledge of plastic pollution in lakes worldwide is still incomplete. In 2012, the mean publication rates on MP pollution were: 23, 5, and 2 papers for marine, freshwater, and estuarine ecosystems, respectively [START_REF] Meng | Advances and challenges of microplastic pollution in freshwater ecosystems: A UK perspective[END_REF]. Nevertheless, studies concerning MP pollution in lakes have recently increased. This review examines all the studies concerning MP in lakes to date to collect available data and to understand the types of plastic pollution in the lacustrine ecosystem. MP pollution has been studied in 98 lakes worldwide (Tables S1-S2). The aim of this work was to compare the worldwide MP contaminations in lakes. Unfortunately, in view of the high heterogeneity of the sampling protocols, result reports, and definitions used, comparisons among the obtained results are laborious. Therefore, we carefully compared: (1) the methods to investigate MP in lakes and we suggested a normalised protocol, (2) all the MP contaminations in the various environmental compartments of each lake in regards with methodologies and sampling protocols and, (3) MP contaminations sources according to demographic pressures (urban vs rural lakes).

Material and methods

Sampling methodologies

Among all the studies investigated MPs in lakes, three sampling methods have been used: net was the most frequent (22 articles), pump (7 articles) and, sampler/jar/bucket are more occasionally employed (8 articles taken together). Few studies were using pump system because of its cost and specific purpose (net is also used in plankton studies); however, it allowed to easily filter different MP size classes compared to net system. Two major difficulties were related to pump sampling: i) to convert a precise measurement of the filtered volume (m 3 ) into a filtered surface to provide a density (MP/km²) for floating MP and ii) avoid clogging of a limited filtration area while filtering large volume of water to insure the sampling representativeness. The use of buckets, jars and samplers also led to volume limitation due to the necessity to take the samples back to the laboratory and consequently, one could question the sample representativeness. However, filtration conditions in the laboratory would be better controlled. Net systems were most common (22 articles) because they can also be used in plankton studies and usual mesh size (300 µm) were fairly low cost (nets < 300 µm are more expensive). Unlike pump methods, nets have a large filtration area which limits clogging and allows larger and thus more representative samples. Nevertheless, a major bias in MP investigation using nets lied in the difficulty to properly assess the filtered volume. Indeed, authors assumed that water velocity within the net equal the boat speed or the flow velocity in the river which was incorrect and induced an overestimation of the filtered volume and a subsequent underestimation of the MP contamination. For instance, [START_REF] Gateuille | Naffrechoux Microplastic contamination in remote alpine lakes EGU General Assembly[END_REF] reported an averaged filtration velocity, three times lower than the boat speed using a 50 µm net. Therefore, authors willing to use nets should be able to accurately measure the flow velocity in the net. The measurement of the instantaneous filtration velocity is also an efficient tool to monitor the net clogging and to stop the sampling as soon as the net clogging starts therefore preventing a surface water backflow that could lead to the loss of floating MPs. Differences in results were observed when using a net or pump (Uurasjärvi et al., 2020). The MP concentrations in the surface water of Kallavesi Lake (Finland) greatly differed according to the sampling strategy (even if stations were not similar between the net and pump samples), with 0.27 ± 0.18 particles/m 3 obtained with a 333 µm Manta net and 1.80 ± 2.30 particles/m 3 obtained with a 300 µm filtering pump (Uurasjärvi et al., 2020). However, the pump and net samplings were not carried out exactly at the same places during this study and the differences in MP concentrations could be due to spatial heterogeneity rather than sampling protocols. Therefore, further investigations are required to accurately compare these two sampling methods (pump and net). As most of the published results were obtained using net sampling, and because of the ease of access of this device, we suggest the use of nets for surface water sampling, with the measurement of water velocity in the net to obtain a precise value of filtered water volume. Moreover, it is essential to reach an agreement on the mesh size (Table S2). The 300 µm net is the most commonly used (particularly 300, 333, and 355 µm). Approximately 80 % of 50 published aquatic surveys concerning MPs in aquatic environments only accounted for plastics ≥ 300 µm in diameter, whereas > 95 % of particles in surveyed products were smaller than the 300 µm minimum diameter [START_REF] Conkle | Are we underestimating microplastic contamination in aquatic environments?[END_REF].

The use of 50 µm or at least ≤ 100 µm nets will reduce particle underestimation and fill the knowledge gap on the smallest plastic particles. Some researchers have already started working on smaller particles in lake surface waters, such as 20 µm [START_REF] Kaliszewicz | The contamination of inland waters by microplastic fibres under different anthropogenic pressure: Preliminary study in Central Europe (Poland)[END_REF], 20 µm [START_REF] Bharath | Alagarasan Microplastics as an emerging threat to the freshwater ecosystems of Veeranam lake in south India: A multidimensional approach[END_REF], 38 µm (Alfonso et al., 2020b), 50 µm [START_REF] Pastorino | First insights into plastic and microplastic occurrence in biotic and abiotic compartments, and snow from a high-mountain lake (Carnic Alps)[END_REF] and, 60 µm [START_REF] Bertoldi | First evidence of microplastic contamination in the freshwater of Lake Guaíba, Porto Alegre[END_REF]. In order to consider as many MPs as possible, the lowest mesh size should be used to avoid underestimation. However, using thinner nets can be difficult if there is a large number of suspended solids in the water. We suggest using nets with a mesh size between 50 µm and 300 µm to reach a compromise between the lowest amount of clogging and the highest quantity of sampled MPs. The sampling depths for surface waters were very heterogeneous, namely 16 cm, 20 cm, 30 cm, 50 cm and, 100 cm below the surface.

The sampling depth was often not mentioned at all. The researchers working on MP in freshwaters (lakes, tributaries) should mentioned it to help readers to understand the results. In order to standardise studies, we suggest to sample water between surface and ~ 50 cm at the most and to use another system to sample the column water independently. Further studies should focus on column water (from the bottom to surface water) sampling with a Niskin bottle or net lifting. This method would help to determine and understand the distribution of particles throughout the water column and their transfer to sediments according to lake characteristics. Finally, we advise scientific community to be rigorous in writing and explaining their sampling and laboratory techniques (e.g.: MP detection limit according to the analysis system, class size studied according to sampling methods). In order to ease the information research in a paper we suggest that authors provide with the main details of the methods (sampling, treatment, analysis) rather than only refer to scientific studies which is time consuming for the reader and sometimes refers to inaccessible publications. In addition, we suggest to sample the largest possible volume for each water sample to be more representative and ease comparison of future scientific studies. Concerning the sediment compartment, it is important to describe the type (sandy, gravelly, or muddy) and the organic carbon content because of their influence on plastic bonds and mechanical pit capacities [START_REF] Zbyszewski | Hockin Comparison of the distribution and degradation of plastic debris along shorelines of the Great Lakes[END_REF]. In addition, the sample depth and thickness should be mentioned each time. We also recommend that authors report contaminations either in MP/m 3 or MP/kg (dry weight: dw or, wet weight: ww) with the corresponding sediment density. The studied samples should be precisely named following our suggestions (lake bottom sediments (LBoS), lakeshore sediments (LShS) or lake beach sediments (LBeS)) to help in cross analysis. LBoS and LShS are both under water, whereas LBeS is mainly a temporary sink for buoyant particles and can also be contaminated by direct discharge of MPs and macroplastics.

Among the studies, different terminology was used, which led to misunderstandings.

Quantification methods, reporting of result, and definitions

First, we suggest using a shared format to report the MP concentrations in surface water, sediment, and fauna to ease the comparison between studies. Further investigations should study the MP concentrations by volume (particles/m 3 ), the average particle size (ideally the volume or at least the minimum and maximum dimensions of the particle already provide a good indication), mass (particles/kg), and individuals (particles/aquatic organism) for water, sediment, and fauna, respectively. Moreover, it is essential to report at least the mean concentration and standard deviation. In addition, the minimal and maximal values could be provided. Further studies should always include the total and blank concentrations in parallel and not subtract the blank concentration to avoid the use of different subtraction methods.

Second, it is important to precisely quantify the types and forms of polymers (percentage of the concentration) and avoid quantification ranking to better compare all the studies.

Concerning the polymer types, several acronyms have been used among studies, thereby making the parallel comparison more complex. For example, polyacrylate can be named PAK or PAC. We suggest naming polymers PE, PP, copolymer (CP), PS, nitrocellulose (NCE), PA, PET, PVC, EPS, PES, PAC (polyacrylate), polyurethane (PU), polycarbonate (PC), polymethyl methacrylate (PMMA), polybutyl methacrylate (PBMA), acrylonitrile butadiene styrene (ABS), styrene butadiene rubber (SBR), and others/unknowns (O/U). Copolymers can include PU-PET, PVC-PSS (polystyrene sulfonate), PE-PP, PE-PET, PAC-PET, VC-VAC (vinyl chloride/vinyl acetate), and ethylene-vinyl acetate (EVA). We suggest including natural and synthetic sources in cellulose given the complexity of discriminating between parental and regenerated compounds through spectroscopic analyses [START_REF] Binelli | Hazard evaluation of plastic mixtures from four Italian subalpine great lakes on the basis of laboratory exposures of zebra mussels[END_REF][START_REF] Hartmann | Are We Speaking the Same Language? Recommendations for a Definition and Categorization Framework for Plastic Debris[END_REF]Stark, 2019). The main components of the tire particles (copolymers ABS and SBR) are not included given the complexity of identifying these particles by FT-IR spectroscopy.

However, they could be a major source of MPs in the lacustrine environment. It is necessary to develop an efficient analytical methodology to precisely quantify these copolymers.

Concerning the MP shapes, we suggest reporting them as follows to avoid ambiguous communication and generation of incomparable data: fibres (which includes fibres, filaments and lines), fragments, films/sheets, pellets (which includes granules, flakes, microbeads and, spheres) and, foams (which includes Styrofoam). Some studies differentiate fibres from filaments, pellets from granules but as it is difficult to visually differentiate them, combining them will avoid incorrect identification. Further studies should quantify the particle shapes by percentage (as polymer types) to expose differences among lakes worldwide and precise percentage estimates (by mass and/or number). Ideally, the current technological tools allow us to have the average size distribution of the particles which must be informed. If it is not possible, to easily compare the report of precedent and future results, we suggest using the same four size classes in further studies as follows: < 50 µm, 50 µm-300 um, 300 µm-1 mm, 1 mm-5 mm. Moreover, the detection limit of FTIR is approximately 6.25 µm, we suggest to set the limit at 8 times the measurement limit. We suggest a limit of 50 µm because studies that worked on small plastic particles were at or below this size (Section 5.1), including 38 µm (Alfonso et al., 2020b), 45 µm [START_REF] Jiang | Pan Microplastics in Sediment and Surface Water of West Dongting Lake and South Dongting Lake: Abundance, Source and Composition Int[END_REF], 47 µm (Alfonso et al., 2020a), and50 µm (Wang et al., 2017;[START_REF] Xia | Rainfall is a significant environmental factor of microplastic pollution in inland waters[END_REF][START_REF] Yuan | Wang Microplastic abundance, distribution and composition in water, sediments, and wild fish from Poyang Lake, China Ecotoxicol[END_REF], for surface water. Several studies worked at or above the 100 µm limit for surface water, namely 100 µm [START_REF] Bordós | Szoboszlay Identification of microplastics in fish ponds and natural freshwater environments of the Carpathian basin[END_REF], 106 µm [START_REF] Cable | Duhaime Distribution and modeled transport of plastic pollution in the Great Lakes, the world's largest freshwater resource Front[END_REF], 112 µm [START_REF] Xiong | Sources and distribution of microplastics in China's largest inland lake -Qinghai Lake[END_REF], 125 µm [START_REF] Grbić | Rochman Microplastics entering northwestern Lake Ontario are diverse and linked to urban sources[END_REF], and 150 µm [START_REF] Migwi | Kiratu Occurrence and Spatial Distribution of Microplastics in the surface Waters of Lake Naivasha[END_REF]. The 300 µm frontier corresponds to the size of a plankton net, and so far, most studies have worked with 300 µm or 333 µm nets. Among studies concerning MPs in lakes, several quantified particles up to 999 µm (Eriksen et al., 2013;[START_REF] Free | Boldgiv High-levels of microplastic pollution in a large, remote, mountain lake Mar[END_REF][START_REF] Mason | High levels of pelagic plastic pollution within the surface waters of Lakes Erie and Ontario[END_REF][START_REF] Mason | Riley Pelagic plastic pollution within the surface waters of Lake Michigan[END_REF] or 1 mm (Alfonso et al., 2020b(Alfonso et al., , 2020a;;[START_REF] Di | Tamminga Microplastic pollution in lakes and lake shoreline sediments -A case study on Lake Bolsena and Lake Chiusi (central Italy)[END_REF][START_REF] Oni | Obanla Comparing microplastics contaminants in (dry and raining) seasons for Ox-Bow Lake in Yenagoa, Nigeria Ecotoxicol[END_REF]. We suggest a consensus of 1 mm because most of the studies were interested in particles smaller than 1 mm and some define MP as particles below or equal to 1 mm. Finally, we suggest a limit of 5 mm according to the initial MP definition [START_REF] Arthur | Proceedings of the international research workshop on the occurrence, effects, and fate of microplastic marine debris NOAA[END_REF].

Study sites

To our knowledge, MP contamination has been studied in 98 lakes to quantify the concentration or identify the shape and polymeric composition of plastic debris. However, to better understand the fate of MPs in lakes, researchers should consider and highlight numerous physical and environmental characteristics of freshwater ecosystems, especially the length of the main tributary (km) and its flow (m 3 /s), the water retention time (year), the surface area (km²), volume (km 3 ), mean and maximum depth (m), watershed area (km²), lake altitude (m), land uses (percentage of urban, agricultural and road areas), the waste and wastewater treatment policy, population density (inhabitants/km 2 ), and distance of inhabited areas to the lake (km), as shown in a recent study in Table SI (Alfonso et al., 2020b). These environmental parameters will allow readers to understand the place of the lake, its environment, its watershed and the potential MPs sources that may be linked to it. Moreover, these provided characteristics will ease the comparisons between studies and the interpretation of the differences among results. Currently, there is almost no available data for remote lakes (Tables S1-S2), which is defined as an ecosystem far from any city, town, village, or hamlet that is only reachable through hiking and does not contain anthropogenic settlements (except for mountain huts) in the catchment basin. Remote lakes could also be affected by MPs via atmospheric fallout on the water surface or on the soils in the watershed. Investigation of these remote sites can help to quantify the flux of atmospheric deposition after mid-range or long-range atmospheric transport of MPs. It will also help to identify the impacts on aquatic life because of the high sensitivity of these ecosystems to xenobiotic pressure.

Estimation of microplastic pollution in worldwide lakes

The concentrations of MPs and other anthropogenic particles in Lake Ontario streams were correlated with urbanisation in the region [START_REF] Grbić | Rochman Microplastics entering northwestern Lake Ontario are diverse and linked to urban sources[END_REF]. In order to better compare the MP contamination between lakes subjected to various pollution pressures, we differentiated the lakes according to the proximity of urbanised areas and the number of inhabitants. We presumed that lakes distant to urbanised areas were more affected by atmospheric fallout and agricultural runoff than those close to densely inhabited areas, which were more affected by macroplastic pollution, impermeable surface runoff, and high-volume wastewater discharge.

We distinguish "rural" and "urban" lakes as defined in Sections 2.1 and 2.2, respectively.

MPs contamination on surface waters and sediments of rural and urban lakes were compared (Fig. 12) according to size range studied, units (MP/m 3 , MP/km², MP/kg and, MP/m²) and available data. Concerning surface waters (Fig. 1), values were comprised between 0.27 MP/m 3 and 34,000 MP/m 3 with a median value around 1,442 MP/m 3 and, between 10,900 MP/km² and about 4,700,000 MP/km² with a median value of 48,200 MP/km². We noticed the lack of available data on MP pollution of rural lakes. Indeed, only three values were available for rural lakes approximately 1 MP/m 3 , 4,000 MP/m 3 and, 20,000 MP/km² confirming the importance of investigating more rural and remote lakes. MPs in water showed larger size ranges for MP/m 3 than MP/km², these differences in size ranges were linked to the sampling (e.g.: net, pump) and laboratory techniques (e.g.: filtration mesh). In some cases, large size ranges seemed to be in correlation with higher MP pollutions. However, differences in MP contaminations between lakes cannot be explained by methodologies variability only.

Identifying the MP sources and the watershed characteristics could explain these differences as suggested in Section 1.3. Concerning sediments (Fig. 2), values were comprised between 0.7 MP/kg to 4,220 MP/kg with a median value around 385 MP/kg and, between 17 MP/m² and 2,500 MP/m² with a median value around 290 MP/m². Sediments in rural lakes could be less contaminated than urban ones. However, the variability of size ranges studied avoid an accurate comparison of the results. Most of MP contaminations in urban lakes were higher in surface waters and sediments than rural lakes. However, the lack of available data on MP pollution of rural lakes, the differences in methodologies and the lack of watershed data prevented us suggesting conclusions.

Rural lakes

We define a rural lake as a lake close to a hamlet(s), village(s), or town(s) (total ≤ 100,000 inhabitants) (≤ 10 km). In the current scientific literature, plastic contamination in different compartments has been studied for 20 rural lakes out of 98 lakes. For surface water, a mean concentration of 20,264 MP/km² with a size class of 333 µm -4.75 mm was observed in Khövsgöl Lake (Mongolia) [START_REF] Free | Boldgiv High-levels of microplastic pollution in a large, remote, mountain lake Mar[END_REF]. Another study on Khövsgöl Lake showed 0.3 MP/m 3 [START_REF] Karnaukhov | Silow Pollution by macro-and microplastic of large lacustrine ecosystems in Eastern Asia[END_REF]. Nine lakes in the Pampean Region (Argentina) contained 0.3 MP/m 3 to 1.9 MP/m 3 with a mean of 0.9 ± 0.6 MP/m 3 and a size class between of 38 µm to 1 mm (Alfonso et al., 2020b). Finally, Lake Sassolo (Switzerland) contained mean concentrations of 2.6 × 10 3 MP/m 3 and 4.4 × 10 3 fibres/m 3 (natural and synthetic fibres were excluded from MPs) (Negrete [START_REF] Velasco | Stoll Microplastic and Fibre Contamination in a Remote Mountain Lake in Switzerland Water[END_REF], 4.1 µg of MP fibres/m² was reported for Majcz Lake (Poland) [START_REF] Kaliszewicz | The contamination of inland waters by microplastic fibres under different anthropogenic pressure: Preliminary study in Central Europe (Poland)[END_REF] and, no MP were observed in the surface water for Dimon Lake (Italy) (Table S2). The disparities in the MP concentration between these lakes could be linked to their characteristics (e.g. volume, surface, and depth). Khövsgöl Lake (0.3 MP/m 3 ) is almost 8 times deeper and 55,200 times larger (on the surface) than Sassolo Lake (2.6 × 10 3 MP/m 3 ). A voluminous lake exposed to the same MP flux as a smaller lake will have a lower concentration of MPs. The different sampling methodology (e.g. net, pump, and mesh size and, surface water or epilimnion) could also explain the disparities in the MP concentration between lakes. Bottom lake sediments were studied only in the shallow lake Knudsenheia (Svalbard, Norway) with 400 microparticles of anthropogenic litter per square meter including 93 MP < 5 mm and 19 MP > 5 mm in each of the six sediments sampled at the rock surface, thereby leading to an average estimation of 90 × 10 6 MP/km² [START_REF] González-Pleiter | Fibers spreading worldwide: Microplastics and other anthropogenic litter in an Arctic freshwater lake[END_REF]. In Lake Sassolo (Switzerland), 514 fibres/kg (dw) and 33 MP/kg (dw) were quantified in the bottom sediment. The MP concentration in the lakeshore sediments was also variable from 8 ± 14 × 10 6 to 563 ± 1,220 × 10 6 particles/km² for Siling Co, 42 ± 47 × 10 6 particles/km² for Geren Co, 117 ± 126 × 10 6 particles/km² for Wuru Co, and 17 ± 20 × 10 6 particles/km² for Mujiu Co (all Chinese lakes) [START_REF] Zhang | Liu Microplastic pollution of lakeshore sediments from remote lakes in Tibet plateau[END_REF]. In addition, in Ziway Lake (Ethiopia), the 0-2 cm sediment layer of this lake contained 33,282 particles/m 3 (from 5,333 particles/m 3 to 97,333 particles/m 3 in the 13 investigated shoreline sites). The MP contamination induced a concentration of a 4 MP/fish. Benthic and benthopelagic fish species were found to contain a significantly higher number of plastic particles than planktivorous fish species [START_REF] Merga | Koelmans Distribution of microplastic and small macroplastic particles across four fish species and sediment in an African lake[END_REF]. The disparities could be linked to the fish diet and MP concentrations in the lake water and sediment. Depending on the study, different unit systems, sampling methods, and lake compartments were used, thereby leading to difficulties in comparing the results. However, all 20 lakes are contaminated with MPs, and there is a serious need to clearly identify the sources of this pollution in rural areas.

Urban lakes

An urban lake is defined as a lake close to at least one town (> 100,000 inhabitants) or one city (> 1 million inhabitants) (< 50 km). In the scientific literature, MP contamination has been studied in various compartments of 78 urban lakes out of 98 lakes. Similar to those of rural lakes, the surface waters of urban lakes are contaminated to various degrees from 10,900 MP/km² to 2,090,000 MP/km² or from 0.27 MP/m 3 to 34,000 MP/m 3 (Table S2). For instance, concentrations of 180,900 ± 229,533 MP/km² with a size class ranging from 112 µm to 5 mm were reported in Qinghai Lake (China), which was mainly due to plastic waste from tourism [START_REF] Xiong | Sources and distribution of microplastics in China's largest inland lake -Qinghai Lake[END_REF]. Contamination of 3.1 × 10 3 MP/m 3 and 11.3 × 10 3 MP/m 3 with a size class from 330 µm to 5 mm was reported for Ulansuhai Nur Lake (China) (Wang et al., 2019). In Lake Dziekanowskie and Kalwa Lake (Poland), 4.7 µg of MP fibres/m 3 and 4.4 µg of MP fibres/m 3 were reported, respectively [START_REF] Kaliszewicz | The contamination of inland waters by microplastic fibres under different anthropogenic pressure: Preliminary study in Central Europe (Poland)[END_REF]. MP pollution in the surface water of urban lakes showed the lowest concentrations in Zürich (Switzerland) with 10,900.00 MP/km² (Faure et al., 2015), Iseo (Italy) with 11,479.00 MP/km² [START_REF] Binelli | Hazard evaluation of plastic mixtures from four Italian subalpine great lakes on the basis of laboratory exposures of zebra mussels[END_REF], Michigan (USA) with 15,698.00 MP/km² [START_REF] Mason | Riley Pelagic plastic pollution within the surface waters of Lake Michigan[END_REF], and Kallavesi (Finland) with 0.27 ± 0.18 MP/m 3 (Uurasjärvi et al., 2020), Bolsena (Italy) with 2.51 MP/m 3 , Chiusi (Italy) with 3.02 MP/m 3 [START_REF] Di | Tamminga Microplastic pollution in lakes and lake shoreline sediments -A case study on Lake Bolsena and Lake Chiusi (central Italy)[END_REF] and, Simcoe (Canada) with 0.4 -1.3 MP/m 3 (Felismino et al., 2020 In Press, Corrected Proof). Therefore, some rural lakes (such as Khövsgöl with 20,264 MP/km 2 or Sassolo with 2.6 × 10 3 MP/m 3 ) seem more contaminated than some urban lakes. The urban Kallavesi Lake (Finland) contains 0.27 ± 0.18 MP/m 3 (Uurasjärvi et al., 2020), whereas nine rural lakes in Argentina contain 0.90 ± 0.60 MP/m 3 (Alfonso et al., 2020b). This could be explained by the lake characteristics (depth, surface area, etc.) that influence the MP concentration. The larger surface area of Kallavesi Lake (473 km²), compared with that of Argentinean lakes (mean of 88 km²) could be a plausible explanation for the MP concentration. The different sampling methodologies, with a mesh size of 333 µm in Finland and 38 µm in Argentina could also lead to inaccurate result comparisons. Logically, some urban lakes are more contaminated than rural lakes. For example, Qinghai Lake (China) showed 9 times more MPs in the surface water than Khövsgöl Lake (Mongolia) with 180,900 particles/km² and 20,264 particles/km², respectively. However, these disparities could also be linked to the sampling methodology because 112 µm and 333 µm meshes were used for Qinghai Lake and Khövsgöl Lake, respectively. It is of fundamental interest to ease the parallel comparison of results by using a consistent methodology to sample the same size classes of MPs. In addition, quantification by particles/km² or particles/m 3 or use both is of importance. In lake bottom sediments, MP contamination also has different magnitudes from 0.7 MP/kg to 7,593.0 MP/kg and from 0.8 MP/m² to 339.0 MP/m². The concentrations of lakeshore sediments vary less, from 104 MP/kg to 760 MP/kg. Dongting Lake (Yueyang, China) contained 389 ± 66 particles/m 3 to 501 ± 331 particles/m 3 in the lakeshore sediments [START_REF] Jiang | Pan Microplastics in Sediment and Surface Water of West Dongting Lake and South Dongting Lake: Abundance, Source and Composition Int[END_REF]. The MP concentrations in sediments of Lake Yenagoa (Nigeria) ranged from 1,000 particles/m 3 to 8,330 particles/m 3 during the dry season and 201 particles/m 3 to 8,370 particles/m 3 during the raining season [START_REF] Oni | Obanla Comparing microplastics contaminants in (dry and raining) seasons for Ox-Bow Lake in Yenagoa, Nigeria Ecotoxicol[END_REF]. Finally, the lakeshore sediments of lakes Albano, Bracciano, and Vico (Italy) contained 3.4 g/m² of MPs [START_REF] Iannilli | Setini Plastic abundance and seasonal variation on the shorelines of three volcanic lakes in Central Italy: can amphipods help detect contamination?[END_REF]. The disparities in the MP concentration in sediments could be linked to the lake depth and polymer density, which modify the fate of these particles in the water column. For example, Qinghai Lake (China) contained 180,900 particles/km² in the surface water and 50 particles/km² to 1,290 × 10 6 particles/km² in lakeshore sediments, thereby underlying the role of the sediment (at least temporarily) as a sink. Future studies should measure the MP sedimentation flux in the water column to better understand the factors influencing MP accumulation in sediment. MP pollution of beach sediments was studied for some urban lakes (but not for rural lakes). Various methodologies have also been used with different unit systems (particles/m 3 , particles/m², particles/g, and g/m²). Several authors have also worked on the MP contamination in fauna. Three fishes out of forty and eight birds out of nine contained plastic particles in their gut contents in several European and Swiss lakes (Faure et al., 2015;Faure and De Alencastro, 2016). Amphipods (Cryptorchestia garbinii) contained a mean of 2.0 particles/individual and 4.8 particles/individual in the Italian Lake Albano and Lake Bracciano, respectively [START_REF] Iannilli | Setini Plastic abundance and seasonal variation on the shorelines of three volcanic lakes in Central Italy: can amphipods help detect contamination?[END_REF]. Yuan et al.

(2019) measured 0 particles/fish to 18 particles/fish in Poyang Lake (China). Twenty percent of the collected fish in Lake Victoria (Uganda) contained MPs [START_REF] Biginagwa | First evidence of microplastics in the African Great Lakes: recovery from Lake Victoria Nile perch and Nile tilapia[END_REF]. In the Lake Mead National Recreation Area (USA), the MP concentration in shellfish ranged from 2.7 particles/organism to 105.0 particles/organism, and the MP concentration in fish ranged from 0.0 particles/organism to 19.0 particles/organism [START_REF] Baldwin | Microplastics in Lake Mead National Recreation Area, USA: occurrence and biological uptake[END_REF]. [START_REF] Xiong | Sources and distribution of microplastics in China's largest inland lake -Qinghai Lake[END_REF] detected 5.4 ± 3.6 particles/fish in Qinghai Lake (China). Aquatic fauna is affected by MP pollution of lakes. However more studies are urgently needed in rural lakes to determine the order of magnitude related to the different sources. Further studies should focus on MP contamination in pelagic and benthic fauna to better understand the transfer pathways and potential impacts on the ecosystems. Finally, snow and ice samples near the shore of a lacustrine environment have been studied in Finland at Vesijärvi Lake (Scopetani et al., 2019). The MP concentrations were 117 ± 18 × 10 3 particles/m 3 melted snow and 8 ± 1 × 10 3 particles/m 3 melted ice. The high porosity of the snow matrix could play an important role in trapping airborne synthetic fibres (Scopetani et al., 2019). Microplastics contamination in lakes depends on many sources and the functioning of the hydrosystem. It is essential to conduct studies to inventory all the MP sources and methods of transfer in a specific lake ecosystem, including its watershed, to understand the mechanisms of MP contamination and to deduce actions to preserve and/or restore the lacustrine environment. The impact and transfer of MPs in lake ecosystems are also dependent on the particle size and polymer composition. Therefore, it is important to identify the main types of MPs in lakes.

Predominant types of particles in lakes

Microplastic size classes

Most of the plastic particles were < 2 mm in all the studied lakes, except for lakes within the Siling Co basin (northern Tibet), where most particles were between 1 mm and 5 mm [START_REF] Zhang | Liu Microplastic pollution of lakeshore sediments from remote lakes in Tibet plateau[END_REF]. In most cases, the particles were < 1 mm in size (Alfonso et al., 2020a(Alfonso et al., , 2020b;;[START_REF] Boucher | Felippe de Alencastro (Micro) plastic fluxes and stocks in Lake Geneva basin Trends[END_REF][START_REF] Cable | Duhaime Distribution and modeled transport of plastic pollution in the Great Lakes, the world's largest freshwater resource Front[END_REF][START_REF] Di | Tamminga Microplastic pollution in lakes and lake shoreline sediments -A case study on Lake Bolsena and Lake Chiusi (central Italy)[END_REF]Egessa et al., 2020;Eriksen et al., 2013;[START_REF] Di | Tamminga Microplastic pollution in lakes and lake shoreline sediments -A case study on Lake Bolsena and Lake Chiusi (central Italy)[END_REF][START_REF] Free | Boldgiv High-levels of microplastic pollution in a large, remote, mountain lake Mar[END_REF][START_REF] González-Pleiter | Fibers spreading worldwide: Microplastics and other anthropogenic litter in an Arctic freshwater lake[END_REF][START_REF] Irfan | Hashmi Plastic driven pollution in Pakistan: the first evidence of environmental exposure to microplastic in sediments and water of Rawal Lake[END_REF][START_REF] Mason | High levels of pelagic plastic pollution within the surface waters of Lakes Erie and Ontario[END_REF][START_REF] Mason | Riley Pelagic plastic pollution within the surface waters of Lake Michigan[END_REF][START_REF] Zhang | Liu Microplastic pollution of lakeshore sediments from remote lakes in Tibet plateau[END_REF]Uurasjärvi et al., 2020), and even < 500 µm [START_REF] Boucher | Felippe de Alencastro (Micro) plastic fluxes and stocks in Lake Geneva basin Trends[END_REF][START_REF] Di | Tamminga Microplastic pollution in lakes and lake shoreline sediments -A case study on Lake Bolsena and Lake Chiusi (central Italy)[END_REF][START_REF] González-Pleiter | Fibers spreading worldwide: Microplastics and other anthropogenic litter in an Arctic freshwater lake[END_REF][START_REF] Jiang | Pan Microplastics in Sediment and Surface Water of West Dongting Lake and South Dongting Lake: Abundance, Source and Composition Int[END_REF]Uurasjärvi et al., 2020;[START_REF] Xiong | Sources and distribution of microplastics in China's largest inland lake -Qinghai Lake[END_REF][START_REF] Yin | Gu Comparison of the abundance of microplastics between rural and urban areas: A case study from East Dongting[END_REF][START_REF] Yuan | Wang Microplastic abundance, distribution and composition in water, sediments, and wild fish from Poyang Lake, China Ecotoxicol[END_REF] (Table 1). In the Great Lakes (Canada, and USA), the number of small plastic particles (106 µm-1.00 mm) was 130 times higher than that of large particles (1.00-4.75 mm) [START_REF] Cable | Duhaime Distribution and modeled transport of plastic pollution in the Great Lakes, the world's largest freshwater resource Front[END_REF]. In Kallavesi Lake (Finland), the particles were 20 µm to 300 µm in size (Uurasjärvi et al., 2020).

Plastic particles on the rock surfaces from the bottom (0.75 m) of a shallow lake in Svalbard (Norway) were divided as follows: 25 % < 350 µm, 50 % < 670 µm, and 75 % < 1,400 µm [START_REF] González-Pleiter | Fibers spreading worldwide: Microplastics and other anthropogenic litter in an Arctic freshwater lake[END_REF]. Many parameters could affect the size distribution of MPs in lakes. In Poyang Lake (China), plastic particles in fish are larger (82.1 % > 500 µm) than those in surface water and sediments (73.1 % and 57.1% < 500 µm, respectively), thereby suggesting a selective effect during the intake [START_REF] Yuan | Wang Microplastic abundance, distribution and composition in water, sediments, and wild fish from Poyang Lake, China Ecotoxicol[END_REF]. Shoreline sediments in Lake Victoria (Uganda) contained more MPs of all sizes than in the lake sediments (at a distance of 250 m and 500 m from the shoreline). This could be due to the proximity of the shoreline sediments to land-based sources (Egessa et al., 2020). In Lake Yenagoa (Nigeria), 74.9 % of the particles in water and sediment are 1.00-3.00 mm in the dry season and 89.1 % of the particles are 0.51-1.00 mm in the rainy season (smaller MPs may originate from deep fragmentation of large plastic debris) [START_REF] Oni | Obanla Comparing microplastics contaminants in (dry and raining) seasons for Ox-Bow Lake in Yenagoa, Nigeria Ecotoxicol[END_REF]. Various sizes of MP particles could also be caused by the significant variation in the sampling methodology. For instance, surface waters are sampled with nets of different mesh sizes, namely 38, 47, 112, 300, 330, 333, and 355 µm or pumped through different filters: 20, 48, 50, 100, 300 µm. Further studies must be conducted using a unique sampling methodology, unit system (particles/km² or particles/m 3 ), and quantification of the different size classes (percentage of the total). Recommendations for scientific community are provided in Section 1.

Polymer types

The most common types of polymers in lakes (surface water and sediment) were PE and PP (Fig. 3). These results can be linked to the 2018 global demand for polymer, with 17.5 % LDPE, 12.2 % HDPE and, 19.3 % PP (PlasticsEurope, 2019). The other polymeric materials produced industrially at the international scale are polyvinyl chloride (PVC) (10 %), polyurethane (PUR) (7.9 %), polyethylene terephthalate (PET) (7.7 %), polystyrene (PS) and expanded polystyrene (EPS) (6.4 %) and others (19 %). The variation of MP composition (polymer types) between lacustrine compartments (surface water, sediment, snow/ice) could be due to differences in the polymer densities, MP forms, potential MP sources, watershed characteristics. Overall, PE and PP were predominant, other polymers (e.g.: PVC, PA, PET, etc.) were found in several lakes but to a lesser extent. The MP composition in the surface water was similar in most lakes however in some areas, more specific signatures were reported. Those particular signature were observed for one specific scientific paper or one specific country suggesting a site-specific contamination. Despite the studies number, few data were available in all lakes, even less for snow and ice. In this last compartments, the main polymer types were CE and, PA that were mostly found in the form of fibres which was consistent with an atmospheric origin. As for the particle size, the chemical compositions of the MPs varied greatly among the lakes. In Lake Yenagoa (Nigeria), the polymer types of the sampled MPs were related to the season. In surface water and sediment, 72.63 % PET and 10.90 % PVC were observed during the dry season compared with 81.50 % PVC and 4.20 % LDPE during the rainy season. The high presence of PVC during the rainy season was thought to originate from the erosion of water pipes of neighbouring communities. The significant presence of PET during the dry season could be attributed to the importation of raw material from other regions by three plastic companies producing PET bottles for soft drinks and water, which was located a few kilometres from the lake shore [START_REF] Oni | Obanla Comparing microplastics contaminants in (dry and raining) seasons for Ox-Bow Lake in Yenagoa, Nigeria Ecotoxicol[END_REF].

The release of plastic in Lake Geneva (Switzerland) was estimated to have four main contributors, namely tire abrasion, the construction sector, the textile industry, and the packaging industry [START_REF] Boucher | Felippe de Alencastro (Micro) plastic fluxes and stocks in Lake Geneva basin Trends[END_REF]. Tire wear particles (TWPs) are a recent research topic that requires further investigation to determine its importance in the MP contamination of lakes. All MPs are first composed of polymers, but they also contain two components, namely chemical additives (plasticiser, UV blocker, antioxidative compound, flame retardant, etc.) and chemicals (polycyclic aromatic compounds, trace metallic elements, etc.) absorbed from the surrounding environment. The leaching of these additives and pollutants from the plastic surface to the surrounding waters can affect the ecosystem (Wong et al., 2020). In addition to their chemical composition, the shape of MPs can also greatly determine their fate and impacts.

Particle shapes

The most commonly identified polymer forms in lakes (surface water and sediment) were fibres, and, fragments (Fig. 4). The MP fibres contamination in lakes could be linked to urban sources (wastewaters, washing machines). Indeed, urban network was supposed to be a major MP source in lakes. Investigating MP fibres proportions in relation to watershed inhabitants could be of high interest, confirming the necessity of watershed characteristics reporting in future studies (Section 1). Pellets and films were also frequently found compared to foams.

Given the results, not link could be established between the polymer forms and lacustrine compartments (surface water and sediment). Concerning fishes, only two polymer forms were observed namely, fibres and fragments. However, very few studies investigated MP pollution in lake fishes. Moreover, the probability of finding fibre and/or fragment in fish was highest than other polymer forms given the distribution of the particle forms in lake sediments and surface waters. Even if the results in this figure were not conclusive, it allowed to present an overview of polymer forms in all the investigated compartments of the lacustrine environments across the globe. This lack of data highlighted the importance of increase studies on freshwater fishes. In Switzerland and Italy, the most represented forms are fragments and films. However worldwide, fragments and fibres are strongly represented. In nine lakes in the Pampean Region (Argentina), MP fibres ranged from 66.70 % to 96.40 % (Alfonso et al., 2020b). Determining the particle shapes is essential to understanding the fate of MPs in lake ecosystems (e.g. fibres and foams will probably float) and the impacts on biota (e.g. coarse fragments may injure the digestive system in fish while nanoparticles may translocate into organs).

Sources of microplastics in lakes

Introduction

The sources of MPs in lakes are numerous, and MPs can be transferred from various origins.

Plastic pollution has three origins, namely macroplastic fragmentation in the environment, wear and tear of products that contain plastic polymers (e.g. fragmentation of textile fibres during washing, paints, and tires), and intentional origin (e.g. exfoliants, industrial abrasions, and drug vectorisation) (INERIS, 2018). The principal top-down MP sources are tires, paint markings, plastic resins, and clothing made of synthetic fibres [START_REF] Hann | Cole Investigating options for reducing releases in the aquatic environment of microplastics emitted by (but not intentionally added in) products Eunomia ICF[END_REF]. Moreover, MP pollution is intensified by climatic conditions. According to previous research, there are several climate change impacts concerning MPs in aquatic ecosystems (Welden and Lusher, 2017;Zhang Yafei et al., 2020). MP emissions to the environment and transport increase through precipitation, flooding, glacier melting, and runoff; plastic in the atmosphere intensifies with the increase in strong wind events; MP suspension from sediments increases through wind and water currents as well as temperature changes in water; and plastic retention increases through higher evaporation in lakes. (Boucher et al., 2019b) assumed "the potential role of big lakes as a barrier preventing more plastic from reaching the oceans". The previous works point out the lack of integrated studies considering the whole ecosystem, which is crucial for future investigations of MP pollution in lakes integrated at the catchment scale.

This should help to understand the involvement of each potential MP contamination source in lakes, namely soil leaching and road runoff, wastewater treatment plant (WWTP) discharge, atmospheric fallout, and in-situ macroplastic fragmentation. Indeed, these sources are influenced by the population density (e.g. increase in single-use plastics), road density, impermeable watershed area, industrial activity of plastic production/transformation, climatic conditions, and lake characteristics. Public authorities require these elements to act on major sources and implement new policies to reduce the plastic contamination in lakes.

Macroplastic fragmentation

Fragmentation of macroplastic waste could be one of the main sources of MPs in lakes. Most of the knowledge on plastic fragmentation is based on in vitro experiments with ultraviolet (UV), thermal, or bio-degradation. Limited knowledge was acquired under real environmental conditions in which degradation mechanisms occur simultaneously or successively.

Environmental conditions (UV irradiation intensity, pH, and temperature) and chemical and physical properties of plastic polymers (density, crystallinity, and the presence of additives) play crucial roles in plastic fragmentation. Plastic polymers from oligotrophic lakes can break up more easily with high UV penetration and weak biofouling, which reinforce the polymer durability [START_REF] Andrady | Andrady Microplastics in the marine environment Mar[END_REF][START_REF] Andrady | Andrady Plastics and the environment[END_REF][START_REF] Free | Boldgiv High-levels of microplastic pollution in a large, remote, mountain lake Mar[END_REF]. In lakes at high altitudes, low temperatures and snow cover can better maintain the plastic particle integrity [START_REF] Andrady | Andrady Plastics and the environment[END_REF][START_REF] Free | Boldgiv High-levels of microplastic pollution in a large, remote, mountain lake Mar[END_REF]. However, macroplastic degradation is weaker in freshwater than in marine ecosystems owing to weaker current and limited wave action (Vaughan et al., 2017).

However, littoral waves, especially in vast lakes, can cause higher fragmentation rates [START_REF] Imhof | Laforsch Contamination of beach sediments of a subalpine lake with microplastic particles[END_REF]. Low turbulence and wave action in some freshwater ecosystems lead to longer pollution persistence. The estimations of plastic longevity range from hundreds to thousands of years [START_REF] Barnes | Barlaz Accumulation and fragmentation of plastic debris in global environments Phil[END_REF]. In 2016, plastic particles were found in each sediment sample from Lake Geneva (Switzerland), which mainly originated from macroplastic fragmentation (Faure and De Alencastro, 2016). Plastic pollution in Lake Michigan (USA) also revealed a high concentration of secondary MPs (from the breakdown of larger plastics), especially fragments [START_REF] Mason | Riley Pelagic plastic pollution within the surface waters of Lake Michigan[END_REF]. Near Dongting Lake (Yueyang, China) and Lake Victoria (Uganda), synthetic fishing nets have a strong impact on plastic contamination and constitute a major source of secondary MPs (Egessa et al., 2020;[START_REF] Yin | Gu Comparison of the abundance of microplastics between rural and urban areas: A case study from East Dongting[END_REF]. The predominance of coloured MP particles could reflect macroplastic fragmentation [START_REF] Migwi | Kiratu Occurrence and Spatial Distribution of Microplastics in the surface Waters of Lake Naivasha[END_REF]. Finally, a large amount of cellulose acetate, which is one of the main cigarette filter components, was reported in Lake Ontario (Canada/USA) [START_REF] Grbić | Rochman Microplastics entering northwestern Lake Ontario are diverse and linked to urban sources[END_REF]. The prevalence of small plastic particles from fragmentation was also reported in Khövsgöl Lake (Mongolia) [START_REF] Free | Boldgiv High-levels of microplastic pollution in a large, remote, mountain lake Mar[END_REF] and Taigu and Poyang lakes (China) [START_REF] Zhang | Liu Microplastic pollution of lakeshore sediments from remote lakes in Tibet plateau[END_REF][START_REF] Yuan | Wang Microplastic abundance, distribution and composition in water, sediments, and wild fish from Poyang Lake, China Ecotoxicol[END_REF]. Plastic degradation processes, namely cracking, splitting, and biofilm formation, seem globally similar in freshwater and marine ecosystems [START_REF] Imhof | Laforsch Contamination of beach sediments of a subalpine lake with microplastic particles[END_REF][START_REF] Li | Campos Assessment of microplastics in freshwater systems: A review[END_REF][START_REF] Zbyszewski & Corcoran | Corcoran Distribution and Degradation of Fresh Water Plastic Particles Along the Beaches of Lake Huron[END_REF]. However, little is known about the kinetics of fragmentation in lakes.

After 25 weeks of accelerated weathering in water under xenon lamp irradiation, low-density polyethylene (LDPE) films split into smaller fragments (62 % on average) corresponding to the definition of MPs (< 5 mm), thereby suggesting that long residence times in water lead to MP fragmentation and contamination of the aquatic environment [START_REF]Lagarde From macroplastics to microplastics: Role of water in the fragmentation of polyethylene[END_REF].

Mechanical properties at the polymer surface play a major role in the fragmentation pathway whereas the fabrication process may influence the propagation direction of the cracks. The size distribution of plastic fragments may be linked not only to the nature of the polymer, but also to its manufacturing process [START_REF]Lagarde From macroplastics to microplastics: Role of water in the fragmentation of polyethylene[END_REF]. The number of polymer particles fragmented by UV exposure and mechanical abrasion increased with decreasing size in all polymer types. According to Song et al. (2017), mechanical abrasion by sand minimally fragmented polyethylene (PE) and polypropylene (PP) without UV photo-oxidation.

Moreover, the rate of fragmentation increased with UV exposure depending on the polymer type. Twelve months of UV exposure and two months of mechanical abrasion of PP and PE produced 6,084.0 ± 1,061.0 particles/pellet and 20.0 ± 8.3 particles/pellet (mean ± SD), respectively. To roughly quantify the fragmentation flux in the lake, we considered a mean fragmentation rate of 3,052 MP/pellet (independent of the polymeric composition) and the average weight of one pellet (Song et al., 2017) to 20 mg. As the concentration of macroplastics in the surface water of Lake Geneva was measured as 44,000 mg/km² (Grand Lac) and 27,000 mg/km² (Petit Lac) (Faure et al., 2015) we estimated a fragmentation flux from the surface as high as 1.1 × 10 8 MP/y (SI Calculations). We also estimated the macroplastics concentration of surface waters in worldwide lakes with available data in literature by calculating the mean MP concentration (mp/km²) in surface waters of lakes, namely 2,808.98 macroplastics/km² (based on [START_REF] Cable | Duhaime Distribution and modeled transport of plastic pollution in the Great Lakes, the world's largest freshwater resource Front[END_REF]Faure et al., 2015;Faure et al., 2012;[START_REF] Mason | Riley Pelagic plastic pollution within the surface waters of Lake Michigan[END_REF]. We linked this macroplastics concentration estimate to MP concentration in the corresponding lakes surface waters (based on [START_REF] Cable | Duhaime Distribution and modeled transport of plastic pollution in the Great Lakes, the world's largest freshwater resource Front[END_REF]Faure et al., 2015;Faure et al., 2012;[START_REF] Mason | Riley Pelagic plastic pollution within the surface waters of Lake Michigan[END_REF], namely 133,741 mp/km². Additional studies are however required to clearly comprehend the mechanisms, quantify the kinetics of fragmentation within the environment, and determine the precise origins of macroplastics waste from industrial, agricultural, and domestic use, among others.

Wastewater

WWTPs might be an important source of MPs in lacustrine environments depending on the WWTP setup, population density, or discharge of wastewater into lakes (Bretas [START_REF] Alvim | Bes-Piá 33 Wastewater treatment plant as microplastics release source -Quantification and identification techniques[END_REF]. Wastewater contains both types of MPs, namely primary (tiny particles designed for commercial use, e.g. personal care products) and secondary (from the breakdown of larger plastics, e.g. textile fibres in domestic wastewater or tire particles in stormwater). For instance, the influent of a Hong Kong WWTP contained 7.1 ± 6.0 particles/L to 12.8 ± 5.8 particles/L with intra-day variations of 6.6 × 10 8 particles/d and 1.2 × 10 9 particles/d [START_REF] Cao | Intra-day microplastic variations in wastewater: a case study of a sewage treatment plant in Hong Kong Mar[END_REF]. Several experiments confirmed that textile fibres are an important component of MPs in wastewater. One item of clothing produces more than 1,900 fibres per wash [START_REF] Browne | Thompson Accumulation of microplastic on shorelines worldwide: sources and sinks[END_REF]; one fleece produces approximately 110,000 fibres (Carney [START_REF] Almroth | Quantifying shedding of synthetic fibers from textiles; a source of microplastics released into the environment[END_REF], and 5 kg of polyester (PES) cloth can release approximately 6,000,000 microfibres [START_REF] Falco | The contribution of washing processes of synthetic clothes to microplastic pollution[END_REF]. Fibres represent 70 % of MPs in tributaries from WWTPs (Talvitie et al., 2016).

The efficiency of MP removal in WWTPs varies between 88.0 and 99.9 % (Uddin et al., 2020). The average concentration of MPs and other anthropogenic particles (with a Fourier-Transform Infrared spectroscopy or Raman spectroscopy signal of an anthropogenic dye) found in wastewater effluent was 13.3 ± 15.5 particles/L near Lake Ontario (USA and Canada). Fibres were also the dominant category in WWTP effluent with 90 % relative abundance [START_REF] Grbić | Rochman Microplastics entering northwestern Lake Ontario are diverse and linked to urban sources[END_REF]. The disposal of treated effluents can add approximately 1.5 × 10 15 MP/y to the aquatic environment, whereas the discharge of untreated effluent is likely to add 3.9 × 10 16 MP/y at the global scale (Uddin et al., 2020).

Stormwater, agricultural runoff, and tributaries

Surface runoff and lake tributaries could also be significant sources of MPs according to the lake catchment basin characteristics and climatic conditions. Rivers represent an important source of MPs because they can collect WWTP effluents, untreated stormwater, road runoff, and agricultural runoff. As an example, the MP abundance increased in the Cooks River estuary (Sydney, Australia) from 400 particles/m 3 to 17,383 particles/m 3 before 2 days of heavy rain events [START_REF] Hitchcock | Hitchcock Storm events as key moments of microplastic contamination in aquatic ecosystems[END_REF]. Rain and storm events may be key moments of MP contamination in lake ecosystems. In Lake Ontario (USA and Canada), MPs in sediment samples were mostly carried by nearby tributaries [START_REF] Ballent | Sources and sinks of microplastics in Canadian Lake Ontario nearshore, tributary and beach sediments Mar[END_REF]. The average concentrations of anthropogenic particles were 15.4 ± 7.9 particles/L in stormwater runoff (sampling in urban rivers during wet weather) and 0.9 ± 1.3 particles/L in agricultural runoff near Lake Ontario (USA and Canada) [START_REF] Grbić | Rochman Microplastics entering northwestern Lake Ontario are diverse and linked to urban sources[END_REF]. The most abundant particles in stormwater samples were microfibres (41 %) and tire and road wear particles (TRWPs) ( 22%) [START_REF] Grbić | Rochman Microplastics entering northwestern Lake Ontario are diverse and linked to urban sources[END_REF]. Sewer overflow systems and urban runoff are also major sources of MPs in different subalpine lakes (Faure and De Alencastro, 2016). For example, the plastic inflow in Lake Geneva (Switzerland) was estimated to be between 34 t/y and 83 t/y (average 59 t/y) with strong inputs from road and urban runoff after precipitation [START_REF] Boucher | Felippe de Alencastro (Micro) plastic fluxes and stocks in Lake Geneva basin Trends[END_REF]. The mass of TWPs ultimately entering the aquatic environment strongly depends on the extent of collection and treatment of road runoff, which is highly variable (Wagner et al., 2018). Up to 11,000 t/y of TWPs from German highways can enter surface waters (Wagner et al., 2018). Agricultural runoff can also contaminate tributaries and the lacustrine environment because of plastic mulching, WWTP sludge spreading or even irrigation with recycled wastewater (an approach used in a few countries). Plastic mulching is an agricultural technique used to reduce evaporation, suppress weeds, conserve moisture and increase soil temperature. In China, MP concentrations in agricultural soil increased over time with 5, 15, and 24 y of continuous mulching with 80.3 ± 49.3, 308.0 ± 138.1, and 1,075.6 ± 346.8 particles/kg soil, respectively [START_REF] Huang | Wang Agricultural plastic mulching as a source of microplastics in the terrestrial environment[END_REF]. The spreading of liquid or dewatered WWTP sludge may also be a source of MP to lakes through agricultural soil leaching. There is still uncertainty about how the plastic debris interacts with the microorganisms constituting the sludge during biological wastewater treatment processes. However, the MP concentrations varied between 8.2 particles/g (dw) and 301.4 particles/g (dw) in sludge samples collected from a municipal WWTP based on the conventional activated sludge process in Finland [START_REF] Lares | Sillanpää Occurrence, identification and removal of microplastic particles and fibers in conventional activated sludge process and advanced MBR technology[END_REF]. In addition, play areas and sports fields can also generate large quantities of MPs in stormwater systems: they are considered the fifth major source of MPs in Germany [START_REF] Bertling | Kunststoffe in der Umwelt: Mikro-und Makroplastik[END_REF].

Atmospheric fallout

Atmospheric fallout enriched in MPs has been observed in urban, industrial, and remote areas [START_REF] Zhang | Liu Microplastic pollution of lakeshore sediments from remote lakes in Tibet plateau[END_REF][START_REF] Zhang | Sillanpää Importance of atmospheric transport for microplastics deposited in remote areas[END_REF][START_REF] Zhang | Sillanpää Atmospheric microplastics: A review on current status and perspectives[END_REF]. Atmospheric transport constitutes a large flux of plastic particles in the environment, but it has been poorly studied (Horton and Dixon, 2017). In the Paris Metropolitan Area, 3.5 × 10 10 and 7.6 × 10 10 synthetic fibres could originate from the atmosphere per year, thereby leading to an atmospheric flux of 18 × 10 6 synthetic fibres/(km²•d) to 37 × 10 6 synthetic fibres/(km²•d) (Rachid Dris, 2016). Intense precipitation (rain, storm and snow) probably increases MP atmospheric fallout via washout of MPs (Allen et al., 2019;Dris et al., 2016aDris et al., , 2016b)). In the absence of wastewater discharge to the Hampstead No. 1 Lake near London, atmospheric fallout was considered the main source of MPs as fibres were mostly observed in sediment samples (Turner et al., 2019).

Synthetic textiles and TRWPs are considered the major sources of MPs in the atmosphere with a majority of fibres and fragments (Yulan [START_REF] Zhang | A Review of Microplastics in Table Salt, Drinking Water, and Air: Direct Human Exposure[END_REF]. To the best of our knowledge, the mean fluxes of MPs in atmospheric fallout vary from 36 × 10 6 particles/(km²•d) to 770 × 10 6 particles/(km²•d) [START_REF]Galop Atmospheric transport and deposition of microplastics in a remote mountain catchment[END_REF][START_REF] Cai | Characteristic of microplastics in the atmospheric fallout from Dongguan city, China: preliminary research and first evidence[END_REF]Dris et al., 2016aDris et al., , 2015;;[START_REF] Klein & Fischer | Microplastic abundance in atmospheric deposition within the Metropolitan area of Hamburg[END_REF][START_REF] Wright | Atmospheric microplastic deposition in an urban environment and an evaluation of transport[END_REF]Zhou et al., 2017) (Fig. 5).

Therefore, the mean flux of MPs in atmospheric fallout can be estimated as 287 × 10 6 particles/(km²•d). Even if data from atmospheric fallout are more detailed than data from other MP sources to lakes worldwide, further studies should imperatively determine both the atmospheric MP flux and MP concentration in surface water for one specific lake area to understand the real impact of atmospheric fallout. Future work is urgently needed to clearly quantify the MP flux to lake water at the catchment basin scale, namely in-situ macroplastics fragmentation, wastewater or stormwater discharge, agricultural soil runoff, and atmospheric fallout.

Estimates of source contributions to lake contamination by microplastics

Depending on the catchment features, the relative contribution of each source of MPs to a lake may considerably differ both in nature and intensity. As a recent example, Lake Ontario (USA and Canada) is exposed to various sources of MPs. Some of them have been quantified with MP (> 125 µm) concentrations [START_REF] Grbić | Rochman Microplastics entering northwestern Lake Ontario are diverse and linked to urban sources[END_REF], namely WWTP discharge, impermeable urban surface runoff, and agricultural runoff. The concentrations are highly variable with 15,400 ± 7,900 particles/m 3 in stormwater runoff (relative abundances of fibres of 41 %, and TRWPs of 22 %), 13,300 ± 15,500 particles/m 3 in wastewater effluent (90 % fibres), and 900 ± 1,300 particles/m 3 in agricultural runoff (no dominant category).

Unfortunately, the intensity of these sources (as a flux of MPs to the lake) cannot be estimated as the flow rates have not been measured. [START_REF] Boucher | Felippe de Alencastro (Micro) plastic fluxes and stocks in Lake Geneva basin Trends[END_REF] estimated, for the first time to our best knowledge, the contributions of the different MP sources to a lake contamination.

The approach based on field measurement showed the following MP (> 300 µm to 5 mm) contributions: 41.3 t/y river discharge (wet period), 8.9 t/y urban runoff, 5.6 t/y river discharge (dry period), 2.6 t/y storm overflow, 0.05 t/y waste water effluent and, 0.03 t/y atmospheric fallout. In Western Europe waste management systems are efficient (in Germany MP retention of 97% [START_REF] Mintenig | Identification of microplastic in effluents of waste water treatment plants using focal plane array-based micro-Fourier-transform infrared imaging[END_REF]), these estimated fluxes could be higher in countries with less efficient waste management systems. However, the watershed characteristics are essential to understand the MP contamination in a specific lake. In our review, we estimated the MP contribution of macroplastics fragmentation to reach 1.1 × 10 8 MP/y corresponding to approximately 0.03 t/y which is similar the atmospheric fallouts estimated by Boucher et al. (2019b) (0.03 t/y > 300 µm). Our own estimations on fallout flux was 0.2 t/y (MPs > 300 µm) (SI Calculations) which was of the same order of magnitude.

However, these calculations were strongly dependent on size particle, volume particle and, density. Therefore, reporting MP size distributions, watershed characteristics, polymer types and forms are essential in future studies and to improve estimations (Section 1). Macroplastics fragmentation and atmospheric fallouts could be weak MP sources in lakes. The main limitation on atmospheric deposition fluxes is the lack of data on rural areas. Consequently, the main sources of MP to lacustrine environment would be the leaching of MP from rural areas or other sources such as road runoff which are not treated by WWTP. Given these results it would be important for future studies to study the MP flux from urban and impermeabilized watershed which are a significant source of MPs in the environment and, on atmospheric fallout which could be the main source of MP in more remote lakes. We also suggest to investigate tributaries, from now on it is absolutely necessary to work on potential MP sources linked to the investigated lake as [START_REF] Hu | Investigation on microplastic pollution of Dongting Lake and its affiliated rivers Mar[END_REF] wrote "rivers became an important source of MPs in lakes and studying surrounding rivers while working on a lake is essential". The scientific community is aware of MP in freshwaters, now it is time to understand where they come from and the MP quantities of each potential sources. Future studies should focus on the different point sources and diffuse sources in contrasting watersheds (urbanised or rural) to precisely quantify the intensity and composition of each source. This will help public authorities, local policies, or companies to guide best management practices and future mitigation strategies for the reduction in MP pollution, which is highly variable from one lake to another.

Conclusion

MP pollution was reviewed in 98 lakes worldwide with a distinction between rural (20) and urban (78) lakes, according to the supposed main influence of the nearby population density.

Remote lakes should be also studied to clearly quantify the fluxes of various MP sources. In this review, we noticed MP pollution in each of the 98 investigated lakes. Some lakes showed MP contamination in the surface water, sediments (lake, shoreline, and beach), tributaries, aquatic fauna, ice and/or snow. The common MP size class studied was 300 µm to 1 mm. The MP concentrations were sometimes higher in rural lakes than in urban lakes. We insist on the importance of identifying MPs sources (macroplastics fragmentation, wastewater or stormwater discharge, agricultural and road runoff, tributaries, and atmospheric fallout) and quantifying their respective flux to the lake to inform public authorities in order to take accurate actions for plastic pollution reduction. For example, input plastic flows in Lake Geneva from land were estimated to be 55 t/y; the plastic stocks were 0.10 t on the surface, 10.00 t on the banks, and 580.00 t in the sediments, and the plastic out flows were 5 t/y in the outflow of the Rhone river, 10 t/y in coastal clean-ups, and 40 t/y in sediments [START_REF] Boucher | Felippe de Alencastro (Micro) plastic fluxes and stocks in Lake Geneva basin Trends[END_REF]. This study will allow public authorities to act on precise areas and set effective systems, such as stormwater retention tanks to avoid WWTP bypass in tributaries, tertiary treatment in WWTPs to selectively remove plastic fibres, stormwater retention ponds to intercept tire particles from road runoff, mainstream awareness campaigns, intensification of the number of recycling and garbage bins (in urban but also rural areas), campaigns to raise public awareness concerning remote pollution, bans on single-use plastic, use of reusable packing and dishes in every sector; construction of new recycling centres and penalties for non-reusable packaging.

Sci. Total Envir., 616-617 (2018), pp. 1620-1627, 10.1016/j.scitotenv.2017.10.150 Dris, 2016 R. Dris 

Farley, S. Amato

Microplastic pollution in the surface waters of the Laurentian Great Lakes Mar. Pollut. Bull., 77 (2013), pp. 177-182, 10.1016/j.marpolbul.2013.10.007 Faure et al., 2012 F. Faure, M. Corbaz, H. Baecher, L. Felippe Pollution due to plastics and microplastics in Lake Geneva and in the Mediterranean Sea Arch. Sci., 65 (2012) 1. Distribution of the plastic particle sizes in worldwide lakes with their concentration on the surface water according to sampling methodology used. (N) means researches used net and (P) means researches used pump.

First

  assessement of sources and fate of macro and micro plastics in urban hydrosystems: Case of Paris megacity Hydrology, Université Paris-Est Dris et al., 2016a R. Dris, J. Gasperi, M. Saad, C. Mirande, B. Tassin Synthetic fibers in atmospheric fallout: A source of microplastics in the environment? Mar. Pollut. Bull., 104 (2016), pp. 290-293, 10.1016/j.marpolbul.2016.01.006 Dris et al., 2015 R. Dris, H. Imhof, W. Sanchez, J. Gasperi, F. Galgani, B. Tassin, C. Laforsch Beyond the ocean: contamination of freshwater ecosystems with (micro-)plastic particles Environ. Chem. Lett., 12 (2015), pp. 539-550, 10.1071/EN14172 Dris et al., 2016b R. Dris, L. Lahens, V. Rocher, J. Gasperi, B. Tassin Premières investigations sur les microplastiques en Seine PIREN-Seine, phase VII Egessa et al., 2020 R. Egessa, A. Nankabirwa, R. Basooma, R. Nabwire Occurrence, distribution and size relationships of plastic debris along shores and sediment of northern Lake Victoria Environ. Pollut., 257 (2020), pp. 113442, 10.1016/j.envpol.2019.113442 Eriksen et al., 2013 M. Eriksen, S. Mason, S. Wilson, C. Box, A. Zellers, W. Edwards, H.

  , pp. 157-164 Faure & Alencastro, 2016 F. Faure, F. De Alencastro Microplastiques : situation dans les eaux de surface en Suisse Fachartikel Aqua & Gas, 4 (2016), pp. 72-77 Faure et al., 2015 F. Faure, C. Demars, O. Wieser, M. Kunz, L.F. de Alencastro Plastic pollution in Swiss surface waters: nature and concentrations, interaction with pollutants Environ. Chem., 12 (2015), pp. 582-591, 10.1071/EN14218 Felismino et al., 2020 M.E.L. Felismino, P.A. Helm, C.M. Rochman Microplastic and other anthropogenic microparticles in water and sediments of Lake Simcoe J. Great Lakes Res., 10.1016/j.jglr.2020.10.007

Fig. 1 .

 1 Fig. 1. Microplastic concentrations on surface waters of worldwide lakes (MP/m 3 or MP/km²) according to size range studied and anthropogenic pressure (rural, urban)
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