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Project description

Context

﻿The rapid industrialization and urbanization have led to major challenges for the modern human society, including environmental issues such as the gradually increasing accumulation of heavy metals in natural systems. Heavy metals such as Pb, Cr, As, Hg, Cd, Zn, Ag, Cu, Ni and Pd have relatively high density and are well-known for their toxicity, persistence and bioaccumulative nature, which make them as a big threat for living organisms including human. In addition, they may reduce land usability for agricultural production and induce other serious problems. Therefore, the study of soil contamination by heavy metals is essential for the requirement of guaranteeing the quality of life and the sustainable socio-economic development.
The threat of heavy metals for environment and health is directly related to their (bio)availability, and thus to their mobility and speciation in soils [1-5]. Meanwhile, soils developed on ultramafic rocks are depleted in potassium, calcium and phosphorus but enriched in magnesium and heavy metals such as chromium (Cr), which is naturally leached to the surface and groundwater. Due to this natural enrichment, in ultramafic areas chromium is widely mined which highly contributes to its release in natural compartments. Chromium is stable at the Earth’s surface in two oxidation states: Cr(VI) which is highly mobile and toxic, and Cr(III) - a nutrient less mobile and less toxic than the former.
Studies on important issues such as the mobility and release rates of chromium on such environment are still limited and a better knowledge on its interaction with soil components is deeply needed for the risk management of environmental pollution and sustainability.

On the base of that vision, this Ph.D. project offers an opportunity to study chromium (Cr) mobility on ultramafic tropical contaminated soils. Understanding the anthropogenic impact on the mobility and availability of chromium in ultramafic soils is the key question for the thesis.

The physico-chemical processes which control the mobility of chromium in soils remain poorly known. Its interaction relatively to pure mineral and organic phases specific from Ultramafic soils will be first assessed and modelled in the Lab before the application of the model to natural soil samples from two watersheds selected in New Caledonia, according to the anthropic activities developed.
﻿The project will use the stable isotope exchange kinetic (SIEK) approach to study chromium mobility. This innovative method has been recently used to study dynamics of heavy metals by some authors [2, 6-8]. Furthermore, a team from IPGP recently proposed a SIEK model that efficiently describe nickel mobility in mining-impacted soils. It allows to predict the relative contribution of each mineral phase to the total nickel content in soils [7, 8]. This thesis project takes up the challenge of developing this model in the case of a more toxic element such as chromium, whose different redox states complicate the understanding of behavior in soils. 
Implementation of the PhD project
The works of this project will consist of following tasks (the calendar of the project detailing the timetable for each task is given in Appendix):
﻿Task 1: Sample collection and acquisition
﻿Natural samples are available from previous field trips in New Caledonia from the ChroNick project and an additional field mission will be performed in the frame of the PhD project to complete the sample set.

Pure mineral and organic phases, relevant of the bearing phases of chromium in ultramafic soils will also be selected and collected (from the collections of the French National Museum of Natural History, or purchased or collected from IPGP’s lithothèque).
Task 2: ﻿Characterization of elemental and mineralogical composition of soils and pure Cr bearing phases

The aim of this task is to quantify the elemental and mineralogical compositions in the soil samples using the XRF and XRD techniques, and to characterize Cr bearing phases (i.e. typically goethite, serpentine, manganese oxydes, organic matter…) by the XRD technique and spectroscopic techniques (for organic matter). Cr concentration in samples will specifically be quantified by the Inductively-Coupled Plasma Mass Spectrometry (ICP-MS) technique after acid digestion.

This task will also include solid/liquid interaction experiments, as a first assessment of the mobile Cr(VI) and Cr(III) released by solid samples. The Cr aqueous speciation after chemical extractions will be studied by coupling High Performance Liquid Chromatography (HPLC) to ICP-MS.

Task 3: Study of the exchangeable pool of Cr by Stable Isotopic Exchange Kinetic experiments (SIEK)

﻿This task will constitute the core of the PhD. The Stable Isotopic Exchange Kinetic methods consists in the addition to a soil suspension of a small amount of metal (here Cr(VI)), artificially enriched in one stable isotope (here 53Cr). The isotopic exchange between the tracer and the native chromium is assessed through the isotopic ratio measurement by ICP-MS. SIEK analyses will be firstly performed on pure Cr-bearing phases such as pure Fe-oxides, pure Mn-oxides, pure clays, and pure organic matter. The results will then be combined together and compare with the SIEK results for natural soil samples. The experimental SIEK analytical methods are adapted from [6, 9], which allow to determine the concentration of exchangeable Cr in the solid phase. Results of this task are the experimental curves describing the exchangeable chromium as a function of the time (ECr = f(t)), which will be fitted by a multiple first-order kinetic equation. Performing the Cr SIEK experiments on pure Cr bearing phases and applying a regression model will allow to establish a direct link between the isotopic kinetic exchange of Cr and the different reactive pools present at the mineral surfaces.
Task 4: IEK modelling
﻿This task aims at developing, on the basis of the experimental curves obtained, a multiple first-order kinetic model for chromium based on the IEK-model already developed by the group for nickel. This model will be tested on natural samples collected from the field. The linear combination of kinetic parameters obtained from the Cr-bearing phases will be used to assess the speciation of exchangeable pool of chromium in contaminated soils.
In this project, it is expected to establish for the first time the Cr speciation of the exchangeable pool. In other words, we should be able to determine, on the natural soil samples, which amount of exchangeable Cr is linked to each of the Cr-bearing phase, essentially based on the SIEK analyses and modelling, 
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