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The interactions of rare earth elements (REEs) with ecosystems are still poorly understood. Only a few recent studies have begun to address this topic, particularly in terms of transport, assimilation, and the effects of these elements in plants (e.g., Grosjean et al., 2024), or regarding their mobility in soils (Forsyth et al., 2025). Their interactions with marine species are especially poorly documented, whether in coastal (Neira et al., 2022) or estuarine (Dang et al., 2023) environments. These studies showed that REEs, at low levels, could potentially stimulate biological activity in the marine environment, but become toxic at higher concentrations. Furthermore, rare earth element concentrations decrease along the food chain, with phytoplankton at the base of the chain containing higher REE concentrations than zooplankton, the first link at the upper chain. These studies also showed that "medium" rare earth elements (from samarium to dysprosium) have a greater impact on plant metabolism than others, demonstrating the influence of the rare earth element profile on their overall effect. Furthermore, human activities generate rare earth element emissions in forms different from natural emissions and with very distinct profiles, potentially producing distinct biological effects.
In this context, this thesis aims to study the variability of the rare earth biogeochemical cycle between natural and anthropogenic emissions. The focus will be on coastal marine areas where human populations are often concentrated and where pollutant emissions are high. Located at the interface between continental and oceanic surfaces, these areas are the most sensitive to the effects of anthropogenic pollution on the marine environment.
The team possesses the necessary expertise to conduct laboratory experiments on the solubility, mobility, and bioavailability of chemical elements such as REEs, field measurements in continental and marine areas, and modeling tools, particularly for variations in element composition. We propose to perform REE seeding experiments on phytoplankton cultures with fine fractions of natural and polluted soils to track the migration of rare earth elements between particulate, soluble, and biological compartments. These culture monitoring experiments will be conducted in the laboratory using synthetic seawater and key phytoplankton species (such as diatoms), and in the field using waters enriched with their natural phytoplankton assemblage. The study areas in natural and polluted environments can be extended to various locations around the globe, leveraging the vastness of the French maritime domain and the collaborations already established in past field campaigns. We will be able to investigate, for example, coastal areas of the Atlantic coast, the Caribbean islands, New Caledonia, the Patagonian coasts and the Kerguelen Islands where there is practically no anthropogenic influence.
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