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Presentation of the subject: 
A terrible observation. The Planetary Limits1, the European Green Deal, the report of Santé publique France show that metal pollution still has a huge impact on human health and ecosystems. The situation is likely to worsen as many new technologies (e.g., catalytic converters, wind turbines, hybrid cars, anti-cancer drugs, electronic components) use 'new' metals (Ag, Pt, Pd and Tl). It is therefore essential to better assess the associated environmental risks and to identify the reasons why metals continue to pose a risk to water resources and ecosystems. 
Metal-thiol interactions at the heart of detoxification processes. Speciation (chemical and physical forms) is the key parameter for the mobility, transfer, bioavailability and ecotoxicity of metals in the environment. This speciation is, itself, controlled by biological parameters, such as methylation, synthesis of organic ligands, etc. and by physico-chemical parameters of the environment such as pH, redox potential, temperature, ionic strength and the presence of (in)organic, soluble or solid ligands. A major bottleneck in the modelling of speciation, and therefore in the modelling of metal bioavailability, is the poor knowledge of the mechanisms controlling the interactions between metals and organic matter (OM): 
- The first problem concerns the inadequate consideration of metal-colloidal OM interactions. The latter is considered as a major complexing agent in water and soil. However, it has been widely demonstrated that many toxic metals are associated with OM via thiol (-SH) sites, either in colloidal OM (e.g., Hg, Zn and Cd)2–6 or on the surface of microorganisms (e.g., Hg, Zn, Cd, Au, Te, Pd)7–15. According to the acid-base-soft theory, other metals (Ag, Pt) are also theoretically associated with -SH16. Nevertheless, metal-S-OM interactions are not considered in most models used mostly in geochemistry (e.g. WHAM, NICA-Donnan) and ecotoxicology (e.g. BLM, WHAM-FTOX). While the concentrations of -SH sites appear low (5-560 µmol g-1for colloidal OMs, 17-91 µmol g-1 for microorganisms) compared with those of carboxylic and phenolic sites (≈ mmol g-1 for colloidal and bacterial OM), the metal-thiol complexation constants are much higher than those found for metal-carboxyl interactions. 
- The second problem is the failure to take into account the complexation of metals by MOs freshly produced by living organisms. It has been empirically demonstrated that the greater the affinity of a metal for -SH, the greater its toxicity. Therefore, many living organisms specifically produce organic thiol molecules (e.g., cysteine, metallothioneins, phytochelatins,) in response to metal exposure to alter the speciation of the toxic metal. Indeed, the form in which a metal is present, particularly the thiolated versus the free form, directly influences the bioavailability and thus the toxicity of the metal in question. However, such organic compounds are not taken into account in the speciation models. Furthermore, there are currently no direct measurements (analytical development needed) to quantify these metal-thiol complexes in natural waters. 
- The third problem is the lack of a complete database of metal-thiol complexation constants. Although the metal-thiol complexation constants of "classical" metals (i.e., Zn, Cd, Hg) have been widely studied, these constants have not been determined for the emerging pollutants such as Ag, Pt, Pd and Tl, although though their concentrations in natural waters are increasing. Furthermore, the complexation constants determined between metals and cysteine (the thiol compound most studied in the literature) cannot be strictly applied to other thiol compounds, since the organic skeleton of the compound may have donor or attractor effects, resulting in different reaction constant values for cysteine. 
- The fourth problem concerns the chemical nature of thiol groups. Unlike carboxylic and phenolic sites, thiol sites are redox sensitive and could alter the oxidation state of redox-sensitive metals such as Au(0/I/II), Pd(0/II/IV), Pt(0/II/IV), Ag(0/I). Furthermore, it has been shown that Hg-thiol complexes evolve into sulphide nanoparticles (metacinnabar) after a few hours. Such a mechanism has not been studied for other metals.

The aim of the PhD project is therefore to better understand the mechanisms controlling the speciation and thus the bioavailability of metals, taking into account the interactions between metals and thiols. Different approaches should be developed during the PhD project:
1) Analytical developments. The speciation of metals (redox, sulphide nanoparticles and organic) in the presence of thiols will be determined using analytical methods yet to be developed.
2) Experimental approach. Experiments will be carried out to determine which mechanisms are involved by mixing metals and thiols of different origin (humic and fresh OM) under different physico-chemical conditions (pH, concentrations).
3) Spectroscopic approach. Such approaches will be used to complement experimental approaches to determine the mechanisms involved in metal-thiols interactions. In particular, they will allow us to determine the number of sulphur sites at which metals are complexed, whether sulphide nanoparticles are formed, and the redox state at which metals are complexed to OM.
4) Modelling. The aim is to build up a database of metal-thiol complexation constants. These will be determined from the experimental data and spectroscopic results.
Financial support of the PhD Project 

· Project from EC2CO (ISOR-Met, C. Catrouillet) 13000€ in 2023 & 11000€ in 2024 ;
· 5000€ in 2023 and 5000€ in 2024 from IPGP as newcomer (C. Catrouillet) ;
· Beamtime will be requested at the SOLEIL and ESRF synchrotrons. Already one beamtime has been allowed in June at SAMBA beamline (SOLEIL) – data obtained during the beamtime will be used during the PhD project. Another beamtime is already requested at ID26 (ESRF) for expected analyses between August and February.
Candidate profile: 

· University education/engineering school in Geosciences, Geochemistry, Environment with an honour degree or an outstanding track record ;
· Knowledge in Geosciences, use of modelling software, solid knowledge in mineralogy or geochemistry is desirable ;
· The candidate must be autonomous and rigorous ;
· Very good knowledge of spoken, read and written English is essential
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