Patricia Garcia-Muñoz 
  
Didier Robert 
  
Agnieszka Ruppert 
  
Nicolas Keller 
email: nkeller@unistra.fr
  
Microplastics (MPs) and nanoplastics (NPs): Introduction

Keywords: Emerging pollution, microplastics, nanoplastics, debris, primary plastics, secondary plastics, wastewater treatment plants

Microplastics (MPs) and nanoplastics (NPs) are new types of emerging pollutant of high concern that appeared as an ineluctable consequence of our actual Plasticene era or Age of Plastics started in the mid-20th century with the exponential increase in the global production, consumption and disposal of synthetic polymers and plastic products. In the wake of the first observation of oceanic macroscopic plastic debris in the 70's, the problematic of MPs and more recently of NPs gained an exponentially increasing and relevant attention from different scientific communities due to the essential contemporary questions and concerns it raises.

Those micro/nano pollutants have to be considered as environmental contaminants of emerging concern as they may cause adverse ecological or human health impacts through the alteration of the quality of the ecosystems, of the environment as well as of the entire food chain pose, while being still outside any official regulation by authorities to date. Due to the emerging nature of this multi-scale solid pollution, no adequate wastewater treatments exist nowadays at the industrial scale for hindering its release to the environment. In addition to their accumulation in the soils and in the local ecosystems with subsequent interaction, MP and NP wastes, whether they are released deliberately or accidentally, have consequently the oceans as final destination with an ubiquitous distribution at the world scale.

Introduction

This introductive chapter is an overall preambulum to the different chapters composing the book 'Microplastics and nanoplastics: occurrence, environmental impacts and treatment processes'. Therefore, it does not want to be exhaustive, but its main aim is to place this emerging realm in the current context, which is the direct consequence of the profound transformation of our society which has taken place with the development of synthetic polymers and plastics after the World War II. It aims also at laying down a certain number of definitions and concepts in their diversity, even if these are not yet fully accepted or generalized at the present time due to the emergence of the field. This chapter thus gives the introductory bases for the understanding of the following chapters which tackle all the aspects in depth.

Synthetic polymers and plastics in the transformation of our society

Synthetic polymers are one of the most important classes of materials of the 21st century.

They provide enormous societal benefit to our society and to our daily life in such a way that plastics are everywhere nowadays [START_REF] Lodge | Celebrating 50 Years of Macromolecules[END_REF][START_REF] Lehner | Emergence of Nanoplastic in the Environment and Possible Impact on Human Health[END_REF]. At the beginning of the 20 th century, the discovery of the first synthetic plastic, namely the Bakelite, revolutionized the polymer science and de facto our modern life [START_REF] Shashoua | Conservation of Plastics -Materials Science, Degradation and Preservation[END_REF][START_REF] Frias | Microplastics: Finding a consensus on the definition[END_REF]. We only need to look around us to gather a small glimpse of how it has become a seemingly essential part of our life. It helps us to communicate with the world, preserve food, enjoy, dress, keep warm, if we account only for the emerged part of the iceberg as regard of their broad uses.

The wide span of the plastics properties such as their resistance to temperature, pressure or shocks, long-term durability, inertia, lightness, malleability and low costs, was responsible for their extremely versatile functions and their ability to be manufactured under the form of many different objects and products (Figure 1) [START_REF] Ryan | A Brief History of Marine Litter Research[END_REF][START_REF] Tallec | Impacts des nanoplastiques et microplastiques sur les premiers stades de vie (gamètes, embryons, larves) de l'huître creuse Crassostrea gigas[END_REF]. In consequence, plastics were gradually brought to substitute most of the materials formerly used by humans in many fields, such as packaging, toys, clothing, electronics or medicals, at the exception of steel and cement in the construction and public works sectors that resist and face the domination of the plastics industry [START_REF] Geyer | Production, use, and fate of all plastics ever made[END_REF][START_REF] Tallec | Impacts des nanoplastiques et microplastiques sur les premiers stades de vie (gamètes, embryons, larves) de l'huître creuse Crassostrea gigas[END_REF].

#Insert Figure 1 here# Plastics find their origins in the polymerization of monomers to form a high molecular weight complex structure, with the repetition of varied or identical monomers, giving rise to co-polymers or homo-polymers. The properties of polymers and therefore of plastics are related directly to their macromolecular architectures, so that a plethora of synthetic polymers have been developed and cover a large spectra of characteristics and association. Many of their properties cannot be observed with natural polymers such as cellulose or proteins [START_REF] Ebewele | Polymer Science and Technology[END_REF]. The wide span of synthetic polymers usually covers [START_REF] Fried | Polymer Science and Technology[END_REF] :

-thermoplastic polymers or "plastics", that correspond to polymers melting above a specific temperature and that are shaped before cooling-derived solidification -thermosetting polymers or 'thermosets', which are provided as precursors (usually liquid) and are irreversibly cured after shaping through a chemical reaction into an infusible, insoluble polymer network -elastomers and synthetic fibers.

Although that stricto sensu only the so-called thermoplastics and subsets of the group of elastomers and synthetic fibers should be referred as 'plastics' as they effectively exhibit a thermoplastic character, the scientific community in the environmental field usually refers all polymers to 'plastics' as the majority of the polymer particles in the environment stem by far from thermoplastic materials [START_REF] Lehner | Emergence of Nanoplastic in the Environment and Possible Impact on Human Health[END_REF].

However, a plastic is usually considered as a formulated polymer to which additives have been incorporated during their manufacturing in order to alter and improve their intrinsic physical and/or chemical properties for further applications, for instance anti-oxidants, stabilizers, dyes, flame retardants, plasticizers, radiation blockers, fillers, anti-fungi or bactericidal agents, among others [START_REF] Bittner | Chemicals having estrogenic activity can be released from some bisphenol a-free, hard and clear, thermoplastic resins[END_REF][START_REF] Hermabessiere | Occurrence and effects of plastic additives on marine environments and organisms: a review[END_REF][START_REF] Hahladakis | An overview of chemical additives present in plastics: Migration, release, fate and environmental impact during their use, disposal and recycling[END_REF][START_REF] Tallec | Impacts des nanoplastiques et microplastiques sur les premiers stades de vie (gamètes, embryons, larves) de l'huître creuse Crassostrea gigas[END_REF]. Table 1 lists selected types of additives entering into the formulation of the plastics [START_REF] Lambert | Microplastics Are Contaminants of Emerging Concern in Freshwater Environments: An Overview[END_REF]. Although the additives are usually incorporated in much smaller amounts than the polymers themselves, they are most of the time not benign and can have a negative impact when released to the environment [START_REF] Oehlmann | Critical analysis of the biological impacts of plasticizers on wildlife[END_REF]. 1 here# 

#Insert Table

Production of plastics

The transformation of our society was therefore accompanied by a regular increase in the production capacity of plastics since the end of World War II in order to meet the increasingly important demand associated to those new usage. It gave birth to the 'Era of Plastics' [START_REF] Thompson | Plastics, the environment and human health: current consensus and future trends[END_REF][START_REF] Barnes | Accumulation and fragmentation of plastic debris in global environments[END_REF][START_REF] Brandon | Multidecadal increase in plastic particles in coastal ocean sediments[END_REF], even if they are discrepancies in the total amount of plastics produced worldwide according to the data source, as evidenced by the following data and the data plotted in both Figures 2. Table 2 draws a brief historical profile of the plastic developments, as established by [START_REF] Lambert | Microplastics Are Contaminants of Emerging Concern in Freshwater Environments: An Overview[END_REF].

#Insert Table 2 here#

For instance, the production yearly increased from 8.7 % for reaching 322 Mt (Megatons or millions tons) in 2015and 348 Mt in 2017vs. 2 Mt in 1950(PlasticsEurope, 2016;PlasticsEurope, 2018), even if the data provided are often underestimated, as the data relative to the production of some synthetic fibers such as polyamide (PA) or polyethylene terephthalate (PET) are not taken into account in the yearly reports [START_REF] Tallec | Impacts des nanoplastiques et microplastiques sur les premiers stades de vie (gamètes, embryons, larves) de l'huître creuse Crassostrea gigas[END_REF] (Figure 2).

Following the data source used, the production reached 300 Mt in 2013 (Worldwatch Institute, 2015), almost 381 Mt in 2015 [START_REF] Ritchie | Plastic Pollution. Our World in Data[END_REF]) and 348 Mt in 2017(Statista webpage, 2019). It is worth noting that the stabilization observed in the European polymer production in the past decade contrasts in the context of the continuous increase of the plastics market. It was attributed to the effects of the economic crisis of 2007-2008, as well as to the higher energy and raw material prices, that led to higher product prices and to a decreased competitiveness compared to the flourishing Middle Eastern plastics industry. (2019) indicated that the degree of contamination by microplastics (MPs, see definition in section 6.1) reflects the production level of thermoplastics such as high and low density polyethylene (HDPE, LDPE), PP, PS, PVC and PET, notably in terms of the order of globally detected MPs in drinking water and freshwaters, as follows : PE ≈ PP > PS > PVC > PET [START_REF] Koelmans | Microplastics in Freshwaters and Drinking Water: Critical Review and Assessment of Data Quality[END_REF]. Other conventional polymers include polyamide (PA), poly(methyl methacrylate) (PMMA) and polyurethane (PUR). Polylactide (PLA) and polybutylene adipate-co-terephthalate (PBAT) are more and more frequently used as biodegradable and/or biobased compounds for food packaging and agriculture, respectively. MPs are also assigned to tire wear particles, with a high proportion of synthetic polymers such as styrene-butadiene rubber (SBR), but also to paint particles and surface coatings, with notably synthetic polymers such as polyester (PES), alkyds, epoxy resin, urethane resins, or acryl and vinyl (co)polymers.

#Insert

#Insert Figure 3 here#

Polymers are nowadays still produced from fossil (petroleum-based) resources from which they account for 4-6% of the use. One can cite China, the European Union and NAFTA (North American Free Trade Agreement between U.S.A., Canada and Mexico) with 31%, 16% and 19%, respectively as the main producers, Asia globally accounting for 51% [START_REF] Lusher | Microplastics in fisheries and aquaculture: status of knowledge on their occurrence and implications for aquatic organisms and food safety[END_REF]; PlasticsEurope 2020) (Figure 4). The success of plastics gives them a major role in regional economies. The plastics industry represents 60,000 companies, 1.5 M jobs and 355 billion euros in turnover in 2017 for the single European Union economic area, so that the plastic industries play an important role in many regional economies (PlasticsEurope, 2018;[START_REF] Tallec | Impacts des nanoplastiques et microplastiques sur les premiers stades de vie (gamètes, embryons, larves) de l'huître creuse Crassostrea gigas[END_REF]. In 2016, the worldwide production was considered to represent trillions of dollars in terms of global economic returns. As an indication, without slowing down the production rates or switching to renewable feedstock sources, the worldwide production has been estimated to reach 2000 Mt in 2050 and to account for 20% of the used fossil resources, as reported by [START_REF] Lusher | Microplastics in fisheries and aquaculture: status of knowledge on their occurrence and implications for aquatic organisms and food safety[END_REF] or [START_REF] Suaria | The Mediterranean Plastic Soup: synthetic polymers in Mediterranean surface waters[END_REF]. 4 here# However, a clear trend is observed in favor of the development of a bio-based polymer market. Notably, for the first time in many years, in 2020, the yearly growth rate for bio-based polymers with a 8% Compound Annual Growth Rate (CAGR) was far above the overall polymer market growth (3-4%), and the total production volume of bio-based polymers reached 4.2 Mt, namely 1 % of the total production volume of fossil-based polymers [START_REF] Schneiderman | 50th Anniversary Perspective: There Is a Great Future in Sustainable Polymers[END_REF].

#Insert Figure

Plastic waste and debris

Nowadays, plastics after their intended lifetime can be incinerated (with or without valorization of the destruction process into heating or electricity), recycled with recovering of the raw materials and disposed in landfills [START_REF] Geyer | Production, use, and fate of all plastics ever made[END_REF][START_REF] Tallec | Impacts des nanoplastiques et microplastiques sur les premiers stades de vie (gamètes, embryons, larves) de l'huître creuse Crassostrea gigas[END_REF]. Beside that, the release and the accumulation of plastic wastes to the environment is unfortunately of prime importance. Lebreton & Andrady (2019) indicated that almost the half of the plastic wastes were released to the environment in 2015 at the world scale, with a huge discrepancy according to the continent. The mismanaged plastic wastes account in Africa for 85% of their global plastic wastes produced, whereas it is 63% in Asia and between 1-10% in Europe and North America. The data remains however somehow slightly biased, as part of the wastes produced by European and North American are transferred to Africa and Asia for treatment [START_REF] Brooks | The Chinese import ban and its impact on global plastic waste trade[END_REF].

In the present context, plastic debris is defined as an abandoned plastic (waste) object in the environment, which can break down into different size fractions. MPs has been the most studied size category of plastic debris for several decades [START_REF] Wright | The physical impacts of microplastics on marine organisms: a review[END_REF][START_REF] Andrady | Microplastics in the marine environment[END_REF].

Plastic debris is even more generally defined by UNEP & NOAA (2012) as any "anthropogenic, manufactured, or processed solid material (regardless of size) discarded, disposed of, or abandoned in the environment, including all materials discarded into the sea, on the shore, or brought indirectly to the sea by rivers, sewage, storm water, waves, or winds".

While the first oceanic plastic debris were observed as early as in the 70's [START_REF] Carpenter | Plastics on the Sargasso Sea Surface[END_REF][START_REF] Rothstein | Plastic Particle Pollution of the Surface of the Atlantic Ocean: Evidence from a Seabird[END_REF], Thompson first evidenced in 2004 the presence of microscopic debris that were not visually detectable, labelled later on as MPs [START_REF] Thompson | Lost at sea: where is all the plastic?[END_REF].

Plastic debris can be itemized as originating from maritime source, such as fisheries, offshore platforms, maritime transport, aquaculture, but mainly from terrestrial source such as industrial activities, domestic activities, agriculture, tourism, natural catastrophes [START_REF] Law | Plastics in the Marine Environment[END_REF]. While a part of the debris can accumulate in the soils and in local ecosystems with subsequent interaction, plastic wastes have the oceans as final destination -like all the anthropic wastes -, via deliberate or accidental release, runoff, rivers and water streams or atmospheric transport. [START_REF] Tallec | Impacts des nanoplastiques et microplastiques sur les premiers stades de vie (gamètes, embryons, larves) de l'huître creuse Crassostrea gigas[END_REF] emphasized on the ubiquitous distribution of plastics at the world scale, notably including human activity-free areas, and drew attention on the great variety of locations (including the most unexpected ones), such as beaches [START_REF] Lavers | Exceptional and rapid accumulation of anthropogenic debris on one of the world's most remote and pristine islands[END_REF], along the coasts [START_REF] Frère | Influence of environmental and anthropogenic factors on the composition, concentration and spatial distribution of microplastics: A case study of the Bay of Brest (Brittany, France)[END_REF], in estuaries [START_REF] Browne | Accumulation of microplastic on shorelines worldwide: sources and sinks[END_REF], in the open ocean [START_REF] Eriksen | Plastic Pollution in the World's Oceans: More than 5 Trillion Plastic Pieces Weighing over 250,000 Tons Afloat at Sea[END_REF], in open and closed seas [START_REF] Suaria | The Mediterranean Plastic Soup: synthetic polymers in Mediterranean surface waters[END_REF], in the polar regions [START_REF] Bergmann | High Quantities of Microplastic in Arctic Deep-Sea Sediments from the HAUSGARTEN Observatory[END_REF], in sea ice [START_REF] Peeken | Arctic sea ice is an important temporal sink and means of transport for microplastic[END_REF], in coral reefs and in abyssal areas [START_REF] Woodall | The deep sea is a major sink for microplastic debris[END_REF]. The complexity of the transport pathways of plastic wastes from their sources to the environment in relationship with the variety of the sources is depicted in Figure 5 (UNEP & GRID-Arendal, 2016).

#Insert Figure 5 here#

Source-derived labelling of plastics : primary and secondary plastics

Plastics can be divided into two groups depending on their source (origin), namely primary and secondary plastics, without any criteria of size.

Primary plastics

Primary plastics are manufactured for specific purposes, under the form of microbeads, capsules, fibers, pellets, or even nanoplastics (NPs, see definition in section 6.2). They are heterogeneous in size and shape. They can be released into the environment during the industrial manufacturing of plastics-containing products and during our own domestic activities.

At the industrial level, very popular are pre-production plastic granules shaped as 1 -5 mm size pellets and used as raw material by plastics manufacturers. They are made of raw resin, melted down and used in the processing of plastic products from our daily life. Important as well is the formation of residues during the handling and thermal cutting of PS, that can lead to the release as suspension of 10 12 particles per m 3 [START_REF] Zhang | Co-release of hexabromocyclododecane (HBCD) and nano-and microparticles from thermal cutting of polystyrene foams[END_REF].

During the second half of the 20th century, as far as our domestic uses are concerned, the cosmetic industry substituted natural exfoliators such as apricot kernels or almonds used in the cosmetic products such as toothpastes or cleansing creams by plastic microspheres and microfragments with a characteristic size lower than 500 µm [START_REF] Duis | Microplastics in the aquatic and terrestrial environment: sources (with a specific focus on personal care products), fate and effects[END_REF][START_REF] Fendall | Contributing to marine pollution by washing your face: Microplastics in facial cleansers[END_REF][START_REF] Napper | Characterisation, quantity and sorptive properties of microplastics extracted from cosmetics[END_REF]. For instance, Duis and Coors have reported that 6% of the European cosmetic products in 2012 contained plastic exfoliators with a 0.05-12% wt.% fraction, while it has been shown that between 4594 and 94,500 PE particles with a size within the 164-327 µm range can be released from 5 mL of cosmetic product [START_REF] Claessens | New techniques for the detection of microplastics in sediments and field collected organisms[END_REF][START_REF] Napper | Characterisation, quantity and sorptive properties of microplastics extracted from cosmetics[END_REF]. [START_REF] Hernandez | Are There Nanoplastics in Your Personal Care Products?[END_REF] indicated that 18-66 nm PE nanospheres were detected inside three different cosmetic creams with an estimation concentration of 3 x 10 11 nanoparticles per gram of cream (three types tested). We find also primary plastics as solid lubricants such as nano-polytetrafluoroethylene in order to reduce the metal wear by reducing the friction phenomena (Dubey et al., 2015;[START_REF] Dubey | Effect of dispersant on nano-PTFE based lubricants on tribo-performance in fretting wear mode[END_REF], or as industrial abrasives [START_REF] Cole | Microplastics as contaminants in the marine environment : A review[END_REF]. As MPs or NPs, they are also likely to be used in the medical field as drug vectors [START_REF] Ljubimova | Biocompatible nanopolymers: the next generation of breast cancer treatment?[END_REF].

Beside the cosmetic products, there are synthetic textile microfibers, as it is reported that a single washing cycle can release over 1900 microfibers [START_REF] Browne | Accumulation of microplastic on shorelines worldwide: sources and sinks[END_REF]. Also, Napper & Thompson (2016) have reported that an acrylic fabric can release up to 729 000 fibers per washing in comparison to 138 000 and 496 000 fibers for polyester (PES)-cotton and PES textiles, respectively. The residues of rubber tyres represent a very important fraction of the release of plastic products to the environment. [START_REF] Kole | Wear and Tear of Tyres: A Stealthy Source of Microplastics in the Environment[END_REF] have reported that the average yearly emission may vary within the 0.23-4.7 kg range in countries with different vehicle usage like Norway, Sweden, Japan, China, India, Denmark or the United States. More recently, the nanometric size residues issued from nanoscale 3D printing increased in volume, and [START_REF] Stephens | Ultrafine particle emissions from desktop 3D printers[END_REF] reported that it could release up to 2 x 10 11 particles per minutes of use.

Secondary plastics

Secondary plastics result from the fragmentation of plastic debris or more generally from the breakdown of larger plastic items through physical, chemical, and biological processes in the environment, with a direct influence of a wide span of environmental factors [START_REF] Galgani | Marine litter within the European marine strategy framework directive[END_REF][START_REF] González-Pleiter | Secondary nanoplastics released from a biodegradable microplastic severely impact freshwater environments[END_REF]). More globally, biotic and abiotic processes (i.e. processes referring to living or once-living organisms in the ecosystem, and to non-living physical and chemical elements in the ecosystem, respectively) cause an aging and subsequently a loss of the plastic waste integrity. This alteration is materialized notably by a lowering of the average molecular weight, a modification of surface properties, a change in the color or a loss of the bulk mechanical properties of the plastic. This leads to the fragmentation phenomena down to the micro and nano size. Citing [START_REF] Hüffer | Microplastic Exposure Assessment in Aquatic Environments: Learning from Similarities and Differences to Engineered Nanoparticles[END_REF][START_REF] Tallec | Impacts des nanoplastiques et microplastiques sur les premiers stades de vie (gamètes, embryons, larves) de l'huître creuse Crassostrea gigas[END_REF] indicates that those secondary plastics would amount for 97 to 99.9% of the oceanic contamination [START_REF] Tallec | Impacts des nanoplastiques et microplastiques sur les premiers stades de vie (gamètes, embryons, larves) de l'huître creuse Crassostrea gigas[END_REF].

The environmental degradation of plastics is usually itemized as follows :

-Photodegradation, with solar UV-induced photodegradation reactions (outdoor exposure to sunlight).

-Physical degradation (abrasive forces, heating/cooling, freezing/thawing, wetting/drying) -Biodegradation, with the action of living organisms (bacteria, fungi, algae).

-Thermo-oxidative degradation, known to lead to slow oxidative breakdown at moderate temperatures (especially on beaches).

-Hydrolysis (reaction with water).

The exposure to ultraviolet (UV) radiations and oxidative mechanisms in water are considered as the main key-aspects involved in the degradation of plastics [START_REF] Andrady | Persistence of Plastic Litter in the Oceans[END_REF].

Other types of processes are reported to be orders of magnitude slower in comparison to the light-induced oxidative degradation of plastics. In all cases, the degradation rates and the predominant mechanisms are strongly dependent on the environmental factors as well as on the kind of polymers (i.e. polyesters, polyolefins, polyamides). For instance, hydrolysis or biodegradation are usually not significant mechanisms in seawater and oceans. The low oxygen content in the ocean and sea water in combination to the low temperature slows down strongly the degradation processes. Also, outside of the photic volume, the absence of UV radiations leads to very low degradation rates [START_REF] Ioakeimidis | The degradation potential of PET bottles in the marine environment: An ATR-FTIR based approach[END_REF]). Wind-or sand-driven abrasion and wave action (mechanical fractures) are also environmental factors that can operate single or in combination with photodegradation induced by UV radiation exposure.

Particularly striking is the release of 1.26 x 10 8 particles of PS per mL of water with an average size of 224 nm from a PS mug maintained during 56 days inside an aging (weathering) chamber mentioned by [START_REF] Lambert | Characterisation of nanoplastics during the degradation of polystyrene[END_REF]. Figure 6 schematizes the sequential pathways of synthetic polymers during their environmental degradation in the aquatic environment as proposed by Klein et al (2018), that can possibly lead up to the complete mineralization of the MPs, via the conversion into smaller molecular units (e.g. oligomers, monomers, or chemically modified versions) [START_REF] Eubeler | Environmental biodegradation of synthetic polymers I. Test methodologies and procedures[END_REF].

#Insert Figure 6 here#

Regulatory measures and risk management

The secondary plastics differ strongly from primary plastics in terms of regulatory measures and risk management. Indeed, as primary plastics are industrially engineered on purpose via established and controlled processes, the risks can be minimized to an acceptable level by the implementation of adequate upstream regulations of their manufacturing. One can cite for example the US 'Microbead-Free Waters Act of 2015' prohibiting plastic microbeads in rinse-off cosmetics including toothpaste (US Congress, 2016) [START_REF] Rist | Aquatic Ecotoxicity of Microplastics and Nanoplastics: Lessons Learned from Engineered Nanomaterials[END_REF]. The life cycle a plastic product is discretized in Figure 7 as different consecutive representative stages with examples of regulatory measures. The fact that the occurrence of environmental plastics mostly occurs from an incorrect disposal of plastic products after expiration of their intended life is highlighted.

#Insert Figure 7 here#

The well-controlled properties of primary plastics contrasted with those resulting from the unintentional production (i.e. generation) of secondary plastics, that are governed by the inherent properties of the primary source and by environmental factors. They are in consequence very difficult to mitigate via the implementation of regulatory actions (Lambert & Wagner 2017). Among regulatory measures pushing for the reduction of the overall environmental load of plastics, a banishment or a taxation of single-use plastics as well as bottle return systems [START_REF] Schneider | A European refunding scheme for drinks containers, European Parliament, Directorate General for External Policies of the Union[END_REF] are implemented. Indeed, [START_REF] Convery | The most popular tax in Europe? Lessons from the Irish plastic bags levy[END_REF] mentioned that over 40% of the plastic production is used as single-use product. Precursor regulations were adopted in Denmark, that was the first country to introduce a tax on plastic bags in 1993 for instance, and that reports only 1% of municipal waste composed of plastic nowadays (Waste Atlas, 2016).

Size-derived labelling of plastics : microplastics and nanoplastics

Microplastics

MPs have been the most studied size category for several decades [START_REF] Wright | The physical impacts of microplastics on marine organisms: a review[END_REF]) [START_REF] Andrady | Microplastics in the marine environment[END_REF]. The term 'microplastics' was coined in 2004 by [START_REF] Thompson | Lost at sea: where is all the plastic?[END_REF] to refer to the accumulation of microscopic plastic objects in the marine sediments and in the water column of European waters. [START_REF] Arthur | Proceedings of the international research workshop on the occurrence, effects, and fate of microplastic marine debris[END_REF] introduced the upper size limit of 5 mm to define MPs as plastic particles smaller than 5 mm. However, to the best of our knowledge, no clear consensus on a definition has been achieved to date for providing a definition broad enough for meeting all the necessary requirements to describe the 'microplastics'.

As far as the size was concerned, the most used definition of the term 'microplastics' refers to the one proposed by [START_REF] Arthur | Proceedings of the international research workshop on the occurrence, effects, and fate of microplastic marine debris[END_REF], namely plastic particles with regular or irregular shape and with the longest size smaller than 5 mm, see also e.g. [START_REF] Weinstein | From macroplastic to microplastic: degradation of high-density polyethylene, polypropylene, and polystyrene in a salt marsh habitat[END_REF]. This upper limit is commonly accepted in the literature as it allows to categorize a large span of particles that can be readily ingested by organisms [START_REF] Gesamp | Sources, fate and effects of microplastics in the marine environment: a global assessment[END_REF]. However, many authors characterize MPs with a lower size limit ranging from 1 to 20 µm [START_REF] Van Cauwenberghe | Microplastics in sediments: a review of techniques, occurrence and effects[END_REF][START_REF] Ryan | A Brief History of Marine Litter Research[END_REF][START_REF] De Witte | Quality assessment of the blue mussel (Mytilus edulis): Comparison between commercial and wild types[END_REF]. Regarding the size limit, a more restrictive definition is used by some authors, that consider MPs as particles within the micrometer size range, namely with characteristic sizes smaller than 1 mm [START_REF] Andrady | Microplastics in the marine environment[END_REF][START_REF] Browne | Accumulation of microplastic on shorelines worldwide: sources and sinks[END_REF]). Also [START_REF] Desforges | Widespread distribution of microplastics in subsurface seawater in the NE Pacific Ocean[END_REF] or [START_REF] Dekiff | Occurrence and spatial distribution of microplastics in sediments from Norderney[END_REF] consider that MPs cover a size range from 500 µm to either 1 mm or 5 mm as upper limit.

The overall release of primary or secondary MPs to the world ocean remains highly difficult to estimate, notably as the quantification of floating plastic debris using surface water collection and analysis seriously underestimates the amounts of plastics in the ocean, by excluding those in the mid-water or in the sediment. Variety of high specific density plastics tends to submerge in the water column and can even reach the coastal sediment in comparison to the lower density type of plastics. A growing number of studies are nowadays performed for determining the amount, the nature and the properties of plastics residues at the world scale. Those studies are facing with the challenge of an efficient sampling, detection and quantification. For instance, according to a recent study conducted in the Mediterranean coastal waters, and in particular at the coasts of Catalonia, the region of Murcia and Almeria in Spain, polyethylene, polypropylene and polystyrene are the most abundant MPs, other abundant types being nylon polymers, polyurethane, polyethylene terephthalate (PET), ethylene-vinyl acetate, polyvinyl chloride (PVC), acrylonitrile butadiene styrene and fluorocarbon polymer (de Haan et al., 2019).

Nanoplastics

The growing interest shown by the international community on the properties and the behavior of MPs as well as on their release to the environment has led researchers to investigate their further fragmentation down to a scale smaller than the 1 mm lower size limit of MPs [START_REF] Andrady | Microplastics in the marine environment[END_REF][START_REF] Cozar | Plastic debris in the open ocean[END_REF][START_REF] Ter Halle | Understanding the fragmentation pattern of marine plastic debris[END_REF]. In this case also, no universal definition of the term 'nanoplastics' exists. At least three definitions have been proposed, that still remain under debate. [START_REF] Wagner | Microplastics in freshwater ecosystems: what we know and what we need to know[END_REF] proposed a particularly high upper size limit of 20 µm for matching with the size used to define nanoplancton. By contrast, literature also adopted an upper size limit at 1000 nm, due to the radical change in behavior of particles at the colloidal scale (Cole et al., 2015;Cole & Galloway, 2015;[START_REF] Crawford | 4-Physiochemical properties and degradation[END_REF][START_REF] Da Costa | Nano)plastics in the environment e sources, fates and effects[END_REF][START_REF] Ter Halle | Nanoplastic in the North atlantic subtropical gyre[END_REF][START_REF] Gigault | Current opinion: What is a nanoplastic?[END_REF][START_REF] Frias | Microplastics: Finding a consensus on the definition[END_REF].

Third, authors also mentioned an upper size limit at 100 nm by making an analogy between NPs and others 'nanomaterials' [START_REF] Koelmans | Nanoplastics in the aquatic environment. Critical Review[END_REF][START_REF] Mattsson | Altered Behavior, Physiology, and Metabolism in Fish Exposed to Polystyrene Nanoparticles[END_REF]. It must be said that this value remains inappropriate from the point of view of colloidal physics and chemistry.

Using a more specific terminology, [START_REF] Lambert | Occurrence, degradation and effects of polymerbased materials in the environment[END_REF] sub-itemized the plastics as nanoplastics (<0.1 µm), microplastics (0.1 µm -1 mm), mesoplastics (1-5 mm) and finally macroplastics (>5 mm) only for the larger size objects, according to the 4-classes terminology reported in 2015 by the GESAMP (2015). The terminology submicroplastics can sometimes be found for describing particles smaller than 1 mm but bigger than the upper size limit of the definition of nanoparticles of 100 nm [START_REF] Saygin | Insights into the Degradation Behavior of Submicroplastics by Klebsiella pneumoniae[END_REF]. Figure 8 summarizes the main examples of terminology and of size limits used in the literature for defining plastics debris as well as manufactured plastics.

#Insert Figure 8 here#

While NPs are produced through the degradation of MPs or might be released directly from domestic and industrial sources, to date, only little data is available on the direct use of primary NPs by industries (and in consequence on their quantity released into the environment). However, primary NPs are increasingly being manufactured for being incorporated into products from our daily life, such as paints, drug delivery vehicles, electronics or adhesives [START_REF] Koelmans | Nanoplastics in the aquatic environment. Critical Review[END_REF]. They have also been reported to be directly emitted by desktop 3D printers [START_REF] Stephens | Ultrafine particle emissions from desktop 3D printers[END_REF].

In the wake of the research on MPs, it is clear that NPs has become a proper research field, as visualized in Figure 9 showing the rapidly increasing number of publications and grants started every year since 2016 counted by the Nature Nanotechnology journal in 2021.

#Insert Figure 9 here#

Impacts of MPs and NPs: Their role as vectors for contaminants

The pervasive spread of the novel contaminants of environmental concern that constitute both MPs and NPs has caused strong concerns on their toxicity in both terrestrial and aquatic environments. They are reported to have deep implications for wildlife, plants as well as human health, through the threat of the food chain integrity and of ultimate ecosystem resilience, with demonstrable effects at several biological levels. Beside the biological effects due to both exposure and uptake of MPs and NPs in the environment, there are environmental threats to biota, with phenomena of suffocation, entanglement, and ingestion [START_REF] Kühn | Quantitative overview of marine debris ingested by marine megafauna[END_REF], and a wide span of potential impacts, namely from the alteration of movement, reproduction and feeding, till necrosis and death [START_REF] Provencher | Assessing plastic debris in aquatic food webs: what we know and don't know about uptake and trophic transfer[END_REF][START_REF] Thomas | Resolving the effects of environmental micro-and nanoplastics exposure in biota: A knowledge gap analysis[END_REF]. As far as public health is concerned, the human body is daily subjected to the exposure to MPs and NPs, for instance via the intake of food and drinking water which contain MPs and NPs. Due to their small size close to the size of macromolecules and natural proteins, NPs are highly bioavailable and may cross physiological barriers, leading notably to translocation in tissues, oxidative stress and cytotoxicity. Further the persistent nature of MPs/NPs restricts their elimination from the organism, contributing to severe inflammation, which enhances the possibility of cancer [START_REF] Prata | Environmental exposure to microplastics: An overview on possible human health effects[END_REF]. Also MPs, as a type of particulate matter, on the other hand, might be involved in immune or neurodegenerative illnesses.

The ability of MP and NP particles to accumulate and transport toxic compounds, i.e. to act as vectors for contaminants, is a strong concern and play a role in the fact to consider both kinds of objects as an ecotoxicological threat. Indeed, MP and NP particles can serve as both sources and sinks for chemical contaminants in the environment, whether the contaminant origin is internal or external to the plastic particles, respectively, with in fine the potential release of the vehiculated/transported chemicals.

A first item concerns chemical byproducts, monomers or oligomers, as well as additives (such as bisphenol A, triclosan, bisphenone, flame retardants, phthalates, organotins, metals, oxides, etc.) incorporated during the manufacturing of the plastics. Most of those additives are not polymerized within the structure and do not form bonds with the polymer. Therefore those additives can leach and be released from the plastic into the environment. Many of them are of high concern, as being considered as endocrine disrupting, carcinogenic and/or mutagenic species [START_REF] Lithner | Environmental and health hazard ranking and assessment of plastic polymers based on chemical composition[END_REF][START_REF] Alimi | Microplastics and Nanoplastics in Aquatic Environments: Aggregation, Deposition, and Enhanced Contaminant Transport[END_REF]. Table 3 reports examples recently collected in the case of metals [START_REF] Campanale | A Detailed Review Study on Potential Effects of Microplastics and Additives of Concern on Human Health[END_REF]. Figure 10 (top) indicates some chemicals found to be associated with plastic debris in the environment, as reviewed in [START_REF] Alimi | Microplastics and Nanoplastics in Aquatic Environments: Aggregation, Deposition, and Enhanced Contaminant Transport[END_REF].

#Insert Table 3 here# #Insert Figure 10 here#

A second item concerns inorganic and organic chemicals (contaminants) from the environment sorbed within the MPs/NPs. Figure 10 (bottom) indicates some chemicals found to be associated with plastic debris in the environment, as reviewed in [START_REF] Alimi | Microplastics and Nanoplastics in Aquatic Environments: Aggregation, Deposition, and Enhanced Contaminant Transport[END_REF]. The sorption processes are driven by the establishment of an equilibrium between the contaminant concentration in the liquid phase and that in the solid phase. They correspond to, (i) absorption into the polymer (via relatively weak van-der-Waals forces) with the penetration and the consequent embedding of the molecules within the polymer matrix, and (ii) adsorption at the polymer surface (via a variety of forces, from van-der-Waals to ionic, steric or covalent interactions). In many cases, both processes can arise concurrently, adsorption being more likely to occur usually at low concentration of contaminant, while absorption predominates at high concentration (Menéndez-Pedriza and Jaumot, 2020). The sorption processes are depending on the physico-chemical properties of both the contaminant and the polymer, the degree of weathering of the plastics, as well as on the environmental factors such as the temperature and the solution chemistry of the immediate environment, that derived notably from the pH, the ionic strength, the salinity, etc. In an indicative way, [START_REF] Alimi | Microplastics and Nanoplastics in Aquatic Environments: Aggregation, Deposition, and Enhanced Contaminant Transport[END_REF] itemized the relative ranking of sorption capacity as a function of the plastic type (Figure 11), associated with both families of objects and their adverse ecological or human health impacts.

By contrast to organic and inorganic dissolved substances, MP and NP contaminants are extremely complex and diverse in terms of polymer type with various chemical compositions (conventional and biopolymers of different densities and structures), size and shape (spheres, irregular particles, fibers, foams, films), surface properties, presence of additives and sorbed contaminants, etc. In consequence they exhibit a wide range of physical, chemical and biological characteristics that complexify strongly their detection, identification, quantification and characterization [START_REF] Ivleva | Chemical Analysis of Microplastics and Nanoplastics: Challenges, Advanced Methods, and Perspectives[END_REF]. Further, the variety of the surrounding media provides an additional difficulty since the first step of sampling and collecting. This led the analytical and characterization aspects associated to both MPs and NPs to gain an increasing importance and to become more and more pregnant. Figure 12 itemizes schematically the main analytical and characterization tools applied to MPs and NPs.

#Insert Figure 12 here#

As far as MPs are concerned, first, a large range of concentrations, whether they are expressed as particle numbers or mass, are observed in real samples, with typical variations of ca. 10 orders of magnitude [START_REF] Koelmans | Microplastics in Freshwaters and Drinking Water: Critical Review and Assessment of Data Quality[END_REF]. While the selection of the suitable analytical techniques depends strongly on the targeted information (e.g. the size range, the particle number or the particle mass) and on the concentration level, concerns related to the sample sizes should not be neglected. Indeed, small sample sizes allow for the assessment of the number of particles when their concentration is high enough (usually the case for small size particles). By contrast, large sample sizes are usually necessary when the samples are made of large particles or when the particle mass is desired. Therefore, both the identification and the quantification of MPs often require a pre-concentration stage prior to the usage of any analytical tools as well as the elimination of any parasite substances from the sampling media that might interfere with the analysis. It appeared then that a combination of several destructive/non-destructive methods is necessary in most of the cases. Mass-based analyses (among them e.g. thermoanalytical methods coupled to GC/MS or MS) are destructive and give information on the polymer content, independently of any size, shape of particle number. However, mass-based methods suffer from the low contribution to the mass of small size particles in comparison to the large ones. By contrast, particle-based tools are usually nondestructive methods, among which notably vibrational spectroscopies (IR, near IR, Raman) are methods of choice. Beside that, the determination (characterization) of specific properties such as the surface chemistry, the degradation state, the presence of additives or sorbed substances, requires the implementation of additional analytical tools.

Decreasing the particle size down to NPs creates a huge methodological gap that researchers have to face. While the experience from the realm of MPs is obviously crucial for studying NPs, the transfer to the realm of NPs of the analytical tools applied to MPs is not straightforward and can only be partially realized successfully. The identification and quantification of NPs is limited by the sensitivity of the available mass-based analysis tools, so that new developments have to be optimized and an additional preconcentration/enrichment step has further to be investigated. Also, most of the (non-destructive) particle-based techniques are considered to reach their detection limit when the particle size decreased down to ca. 300 nm [START_REF] Ivleva | Chemical Analysis of Microplastics and Nanoplastics: Challenges, Advanced Methods, and Perspectives[END_REF]. In addition, the higher level of contamination at the nanometric scale in comparison to that at the micro scale is complexifying strongly the analytic protocols by requiring a strict prevention from any external (environmental) contamination.

Those considerations call clearly for the search of new analytical and characterization tools, applied single or in combination, adapted to the specificities of the NP objects. However, the clear lack of model NPs is slowing down the development and the validation of (new) tools along the full analytical/characterization chain (i.e. from the sampling to the quantification and characterization steps).

Mismanaged plastic waste generation

Recently, Lebreton & Andrady (2019) developed predictions of the global mismanaged plastic waste generation and world distribution per continent, by taking into account three scenarios considering both population (United Nations, 2015) and Gross Domestic Product (GDP) (IMF, 2016;OECD, 2014) growth rates per country (Figure 13). 13 here# Under a business-as usual-scenario for plastic consumption (with no change in both production and use of plastics), in which the level of waste management will remain at the current status in different countries worldwide, their predictive model suggested that the global municipal plastic waste generation could reach 213 Mt by 2060. In that case, Asia and Africa would be the main contributors for continents, India and China for the countries. The scenario B assumes efforts in terms of waste management, with investments in new infrastructures for the waste valorization. It reveals that the main contribution will shift from Asia to Africa, as the projections suggested that the African demand for plastic will continue to increase exponentially in the future decades with a clear consequence on the municipal plastic waste. This scenario requires a lowering of the mismanaged waste below 10% of the total generated waste by 2030 for current major contributors such as China, Thailand, Indonesia or Turkey, and by 2060 for countries like India, the Philippines or Vietnam. The scenario C combines the waste management efforts of scenario B to a reduction of the plastic demand per capita. It targets a lowering of the plastic use by households to 10% of municipal solid waste by 2020 and 5% by 2040, reflecting the willingness from country to curb waste generation and ban single-use plastics. This objective is considered as achievable, as such low rates have already been reached in some developed economies. In particular, in Denmark, the first country to introduce a tax on plastic bags in 1993, plastics only accounts for 1% of the municipal waste nowadays (Waste Atlas, 2016).

#Insert Figure

Treatment of MPs and NPs in wastewater treatment plant

Effluents from municipal wastewater treatment plant (WWTP) (or sewage treatment plant) are important vectors for MPs and NPs to enter the aquatic environment. They can include both primary and secondary plastics. WWTPs are the receiver of wastewater from industrial, commercial and domestic sources, as well as less frequently surface run-off. They lead to the release of effluents to the ocean or into freshwater environments, typically rivers, from where it may be transported to the marine environment (McCormick et al., 2016). The sludge may retain the MPs removed during the sewage treatment [START_REF] Leslie | Microplastics en route: Field measurements in the Dutch river delta and Amsterdam canals, wastewater treatment plants, North Sea sediments and biota[END_REF]), and can be sometimes treated and applied to fields for agricultural purpose (Eerkens-Medrano et al., 2015).

The estimated MP particle flow in WWTPs with primary, secondary and tertiary treatment processes was recently schematized by [START_REF] Sun | Microplastics in wastewater treatment plants: Detection, occurrence and removal[END_REF] based on literature data (Figure 14). The emerging nature of MPs as contaminant in the discharged wastewaters clearly hampers the development of efficient treatment processes as the WWTPs built are not suitably designed for the removal of MPs. The elimination rate of MPs in WWTPs is nowadays not high enough for preventing from their entry into the natural water ecosystems after they bypass the treatment plant [START_REF] Sun | Microplastics in wastewater treatment plants: Detection, occurrence and removal[END_REF], and is clearly influenced by the treatment processes applied as well as by the physico-chemical properties of the plastic particles (particle size, shape, charge, density, hydrophobicity, etc.) [START_REF] Bond | The occurrence and degradation of aquatic plastic litter based on polymer physicochemical properties: A review[END_REF]. In consequence, the efficiency for the MP removal has been reported to vary from about 60% to 99.9% depending on the technology applied and the treatment units (Ngo et al., 2019). 14 here# It has to be stressed that in addition to be a problematic pollutant not adapted to conventional WWTPs, MPs have also to be considered as being a contaminant species for the WTTPs themselves. Indeed, they reduce the performances of wastewater and sludge treatment processes and further increase the volume of sludge. It is clear that the entry of a high weight (volume) of MPs into the sludge digestion system will require larger digestion tank or longer sludge retention time for reaching the same performances than in the case of a MP-free treatment [START_REF] Edo | Fate of microplastics in wastewater treatment plants and their environmental dispersion with effluent and sludge[END_REF][START_REF] Liu | A review of the removal of microplastics in global wastewater treatment plants: Characteristics and mechanisms[END_REF]. Further, the toxic substances potentially adsorbed in high concentrations at the surface of MPs can be released during the processing of wastewaters within WWTPs, with a probable impact on the treatment of wastewater and sludge, although difficult to evaluate and quantified to date. Adaptation of the wastewater and sludge treatment units are therefore necessary for protecting or reducing the impact of MPs on the efficiency of WWTPs. Any such modifications of WWTPs could lead to a strong impact on the overall treatment costs.

#Insert Figure

By contrast, a large part of the NPs, whether there are primary nanobeads for instance or secondary NPs, are passing through the filters of WWTPs due to their small size and are resistant to the different treatments. They are in consequence even less eliminated than MPs in the WWTPs and are entering and in consequence accumulating in the aquatic environments.

It is by far more challenging to get information on the retention and the removal of NPs through WWTPs, notably due to their small size and low concentration, so that sampling, reliable quantification and characterization of the fluxes of nanoparticulate plastics still remain to be established. Recently, for the first time, the retention of NPs within WWTPs was assessed using a rare element (Pd, In ) embedded in a variety of home-made NP particles [START_REF] Mitrano | Synthesis of metal-doped nanoplastics and their utility to investigate fate and behavior in complex environmental systems[END_REF] to trace the NPs via classical analytical tools such as inductively coupled plasma mass spectrometry (ICP-MS) and in consequence to quantify NPs within a complex and heterogeneous wastewater matrix [START_REF] Frehland | Long-term assessment of nanoplastic particle and microplastic fiber flux through a pilot wastewater treatment plant using metal-doped plastics[END_REF].

The understanding of the influence of MPs (and a fortiori of NPs for which data are crucially lacking) on the efficiency of WWTPs and on the released water quality remains still in its infancy and became clearly a hot topic in the last years. The field is clearly still facing analytical issues related to the development of accurate and easy-of-use tools for the extraction, isolation, identification and quantification of MPs in highly complex environmental matrices at the different stages of the WWTPs. Standardization of the experimental tools and protocols should also be targeted in the future for allowing accurate comparison of data obtained in real and highly diversified water matrices.

The growing concern on the bypass of WWTPs by MPs led to the release of a growing numbers of publications dealing in particular with the problematic of MP-contaminated wastewaters, but only a minority of them was studying treatment approaches [START_REF] Sun | Microplastics in wastewater treatment plants: Detection, occurrence and removal[END_REF] (Figure 15). Of high interest are some comparative studies conducted in the last decades on the impact on WWTPs on the MP removal, subsequently compiled into some recent critical reviews (Ngo et al. 2019;[START_REF] Sun | Microplastics in wastewater treatment plants: Detection, occurrence and removal[END_REF][START_REF] Iyare | Microplastics removal in wastewater treatment plants: a critical review[END_REF][START_REF] Habib | Microplastics and Wastewater Treatment Plants -A Review[END_REF][START_REF] Zhang | Effects of microplastics on wastewater and sewage sludge treatment and their removal: A review[END_REF]. 15 here# Despite improvements realized in the efficiency of WWTPs regarding the removal of MPs, with usually efficiencies higher than 90%, the huge volume of water to be treated leads to the release of very high levels of MPs [START_REF] Carr | Transport and fate of microplastic particles in wastewater treatment plants[END_REF][START_REF] Magnusson | Microlitter in sewage treatment systems[END_REF]. Indeed, although it was reported that a Scottish WWTP treating the wastewater from a population of 650 000 inhabitants can reduce the MP load of effluents by more than 98%, an estimated 65 millions MPs were estimated to be still released daily into the receiving water [START_REF] Murphy | Wastewater Treatment Works (WwTW) as a Source of Microplastics in the Aquatic Environment[END_REF]. Additionally, MPs stored in sewages are considered to account for 0.06 to 0.43 Mt yearly (case of Europe), and remain till now mainly incinerated or discharged [START_REF] Horton | Microplastics in freshwater and terrestrial environments: Evaluating the current understanding to identify the knowledge gaps and future research priorities[END_REF]. Clearly, the MP removal efficiency achieved in the WWTPs as reported in recent studies vary following the structure of the WWTP as well as the wastewater nature. 

#Insert Figure

Conclusion and perspectives

MPs and even more recently NPs have emerged in the concerns of scientists, nongovernmental organizations, authorities, regulators as well as individual citizens, as a direct and ineluctable consequence of the Plasticene era in which we entered around the mid-20th century. Those problematics gained a justified and exponentially increasing attention due to the essential contemporary questions it raises. Those pollutants have in consequence to be considered as environmental contaminants of emerging concern, namely pollutants that have been detected in the environment and that may cause adverse ecological or human health impacts, while being at a given time outside any official regulation by authorities. They add to the long (and moving) list of substances that are (were) collectively falling within this definition, historically from lead two millennia ago, to chlorofluorocarbons and dichlorodiphenyltrichloroethane in the 60s and more recently to compounds such as (phyto)pharmaceuticals or engineered nanomaterials. While the future of MPs/NPs already manufactured, fragmented and/or released to water bodies will remain over the long term a key-issue, we cannot simply ban them or proceed to their fast replacement in the near future, due to the useful properties of plastics and our clear dependence on them. As a consequence, those high concern aspects are creating a strong (societal) driving force that will necessarily stimulate researches aiming at developing the knowledge and specific expertise for a more indepth overall understanding of MPs/NPs, for instance in terms of detection, characterization, analytical techniques or removal/treatment processes. [START_REF] Sun | Microplastics in wastewater treatment plants: Detection, occurrence and removal[END_REF] based on the data reported by [START_REF] Dris | Microplastic contamination in an urban area: a case study in Greater Paris[END_REF], [START_REF] Michielssen | Fate of microplastics and other small anthropogenic litter (SAL) in wastewater treatment plants depends on unit processes employed[END_REF], [START_REF] Murphy | Wastewater Treatment Works (WwTW) as a Source of Microplastics in the Aquatic Environment[END_REF], [START_REF] Talvitie | Do wastewater treatment plants act as a potential point source of microplastics? Preliminary study in the coastal Gulf of Finland, Baltic Sea[END_REF], [START_REF] Lares | Occurrence, identification and removal of microplastic particles and fibers in conventional activated sludge process and advanced MBR technology[END_REF], [START_REF] Talvitie | How well is microlitter purified from wastewater? -a detailed study on the stepwise removal of microlitter in a tertiary level wastewater treatment plant[END_REF]. The particle flow in the sludge phase was estimated according to the particle balance. Taken with permission from [START_REF] Sun | Microplastics in wastewater treatment plants: Detection, occurrence and removal[END_REF] 
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  Talvitie et al. (2017) indicated a 99.9% MP removal in Finland using tertiary advanced treatment processes, while Gies et al. (2018) stated that it can reach 91.7% in Vancouver, Canada. Lower values were reported by Ziajahromi et al. (2017) and Liu et al. (2019), with 66% and 64.4% in Sidney, Australia, and Wuhan, China, respectively. Rochman et al. (2015) reported in 2015 that up to 8 trillion microbeads enter aquatic habitats daily in the United Stated through the release of WWTPs. WWTPs are clearly playing a crucial role in the release of MPs to the environment, and remain in consequence a notable source of pollution nowadays.

Table 2 .

 2 A brief profile of the plastic developments from an historical point of view, taken with permission from[START_REF] Lambert | Microplastics Are Contaminants of Emerging Concern in Freshwater Environments: An Overview[END_REF] and based on[START_REF] Lambert | Environmental risk of polymers and their degradation products[END_REF].

	Year	Polymer type Inventor/notes
	1839	Natural rubber latex Charles Goodyear
	1839	Polystyrene Discovered by Eduard Simon
	1862	Parkesine Alexander Parkes
	1865	Cellulose acetate Paul Schützenberger
	1869	Celluloid John Wesley Hyatt
	1872	Polyvinyl chloride First created by Eugen Baumann

Table 3 .

 3 Main use of metals as additives in polymer products and their effects on human health. Taken with permission from Campanale et al.

(2020).

while the order in the sorption capability of the most common plastic types was reported by [START_REF] Wang | Interaction of toxic chemicals with microplastics: A critical review[END_REF] as LDPE » HDPE > PP > PVC » PS.

#Insert Figure 11 here#

MPs extracted from the aquatic environment were found to be contaminated with heavy metals as well as highly hydrophobic persistent organic pollutants (POPs), with substances such as polychlorinated biphenyl (PCBs), polybrominated diphenyl ethers, (PBDEs), dichlorobiphenyl trichloroethane (DDTs), and polycyclic aromatic hydrocarbon (PAHs) and hexachlorocyclohexanes (HCHs) [START_REF] Menéndez-Pedriza | Interaction of Environmental Pollutants with Microplastics: A Critical Review of Sorption Factors, Bioaccumulation and Ecotoxicological Effects[END_REF]. Notably, POP concentrations up to 6 orders of magnitude greater than the background concentration in the surrounding water were often observed for MPs [START_REF] Lee | Sorption capacity of plastic debris for hydrophobic organic chemicals[END_REF][START_REF] Lohmann | Microplastics are not important for the cycling and bioaccumulation of organic pollutants in the oceans-but should microplastics be considered POPs themselves?[END_REF], while high desorption rates were observed for phenanthrene and DDT over a large range of salinities [START_REF] Bakir | Transport of persistent organic pollutants by microplastics in estuarine conditions[END_REF]. Also other emerging pollutants such as pharmaceuticals active compounds (PhACs) (Li et al., 2018), organic UV filters (Ho et al., 2019) or antibiotics (Razanajatovo et al., 2018) are concerned.

Both MP and NP particles can also act as transport vehicles for detrimental microorganisms, as being a support for microbial biofilms and pathogen microorganisms [START_REF] Prata | Environmental exposure to microplastics: An overview on possible human health effects[END_REF].

Therefore, studies on the interaction between the environmental contaminants and the MP/NP particles are of high importance in order to evaluate and understand the risks associated with those emerging pollutants.

Analytical and characterization concerns associated to MPs and NPs

Reliable data on the occurrence (type, concentration) and on the physico-chemical properties of both MPs and NPs are of extreme importance in order to evaluate the risks