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The study of the life cycle of pollutants in the environment is a major societal, scientific, ecological and financial issue. Over the past twenty years, the emergence of a new potential pollutant, nanoparticles (NPs: size between 1 and 100nm), has led to numerous concerns about their impact on human health and on the natural environment. There are many sources of NPs and their origin can be natural or anthropogenic. The natural processes leading to their formation in the environment are diverse (i. e. chemical and physical erosion) and their emission can have different impacts on ecosystems (i. e. NPs from the Sahara source of nutrients in the Amazon basin). 

Anthropogenic NPs may be of two kinds. A distinction is made between those produced unintentionally, e. g. during the construction or demolition of buildings, and those known as manufactured, e. g. created to enhance the properties of a cosmetic product. All these types of NPs have very different compositions (TiO2, Ag, Fe, ZnO, SiO2. . .) and sizes and the societal challenges for all these objects regardless of their origin are:

• Risk assessment requires knowledge of the biogeochemistry of NPs and therefore identification of sources, composition and concentrations of NPs in media such as soil and water. 
• Regulatory authorities need to know the appropriate compositions and concentrations in order to assess the risks of exposure and to define specifications for manufacturers and water treatment companies.
• A better understanding of the transport, fate and potential hazards of NPs is necessary for the development of sustainable nanotechnologies.
Our previous studies on the fate of NPs (TiO2, Ag) in aquatic systems have shown that land use and interannual hydrological variability must be taken into account as they influence the biogeochemical characteristics of the waters that feed rivers and thus determine the fluxes and physico-chemical stability of the NPs produced. However, the question of the source of NPs in these systems remains open because the analytical tools available did not allow us to lift this lock. Therefore, it is still important to continue studies of NPs in aquatic environments in small watersheds with diverse uses in order to better understand their biogeochemistry in order to better answer societal questions about these nanophases.

Another key issue is the estimation of flows on a larger scale in order to better identify the main contributors, particularly in a catchment area such as the Seine. However, for a proper assessment of these fluxes, tools integrating the masses of NPs transported over long periods of time are needed. The Chemical Contamination Observation Network (ROCCh, IFREMER) aims to assess the chemical contamination of the coastal marine environment with a focus on marine organisms. Bivalve mollusks such as mussels and oysters, due to their excellent filtering and bio-accumulative properties, are used in particular as quantitative bio-indicators of contamination. As part of an IPGP-IFREMER partnership, we want to use this sample bank to characterize and quantify NPs in bivalves at the outlet of the Seine watershed, and to monitor the evolution of concentrations in order to assess the influence of the increase in their production/use over the past 40 years on the water flows of the Seine. 

Therefore, we propose to address the source, transformation, and fluxes of NPs in aquatic systems at several scales. We will look at small river basins (BV OZCAR network to be chosen) which are more reactive with a particular land use. But also, on a larger scale over longer times to better estimate their flux and over recent years when the use of manufactured NPs or the production of accidental NPs has increased. To be at the forefront of analysis, IPGP recently acquired a Time-of-Flight Mass Spectrometer (ICP-tof-MS) coupled with a quadripolar mass spectrometer. An ICP-tof-MS is able, thanks to its geometry and detection system, to acquire a complete mass spectrum very quickly (≤ 25 μs) and thus to record the multi-elemental signature of a single particle which will allow us to use elemental ratios (analogous to an isotope ratio) to answer the question of the source of NPs, but also to better understand the geochemical changes of NPs during their transfer to the watershed. Moreover, these nanophases may also be vectors for the dissemination of historical metallic pollutants such as heavy metals (Cu, Pb, Cd. . .), analysis by ICP-tof-MS in single particle mode (single particle ICP-tof-MS), may also allow us to better assess the colloidal transport of these historical pollutants.
Working assumptions and objectives: 

The three main hypotheses to be tested are:

- Land use will affect the sources of NPs and measured concentrations in the watersheds studied. 
- Parameters such as flow rate, conductivity or concentration of organic matter changing over the course of a year are key parameters for the processes that control the concentration and fate of NPs injected into the river ecosystem. 
- A global flux can be estimated by the use of passive biological sensor. 
These assumptions will be confirmed by taking the following actions:

• To detect natural, accidental and/or manufactured NPs in surface waters over two hydrological cycles and to quantify their concentration, size and compositional evolution per single particle ICP-tof-MS.
• Identify the processes that control concentration, size and composition at the sub-watershed scale.
• Ideally identify the effect of land use on sources (natural or anthropogenic atmospheric, land application, runoff . . . )

• Quantify flows out of the Seine watershed by characterizing and quantifying NPs in soft parts of bivalves from the ROCCh, IFREMER sample bank.
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