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Interfacial Controls on PFAS Fate and Transport in Soils
Per- and polyfluoroalkyl substances (PFAS) are highly persistent contaminants now widely detected in soils, groundwater, surface waters, and the atmosphere. Their environmental behavior is difficult to predict because PFAS comprise a large family of compounds with contrasted molecular structures, interfacial properties, and reactivities. In subsurface environments, PFAS retention is often attributed to adsorption at solid–water interfaces. However, this view remains incomplete in the vadose zone, where air–water and solid–water interfaces coexist and can both strongly influence contaminant mobility.

Because many PFAS are surface-active molecules, partitioning at the air–water interface may become a major retention mechanism under unsaturated conditions. Variably saturated porous media may therefore act as long-term PFAS reservoirs and delayed sources to groundwater. Yet the coupled effects of solid surfaces, air–water interfaces, hydrochemistry, and porous-medium composition remain poorly constrained, especially in realistic environmental systems containing reactive minerals, natural organic matter, and heterogeneous flow paths. This limits our ability to predict PFAS fate and to design effective monitoring and remediation strategies.

This PhD project aims to determine how coupled solid–water–air interfaces control PFAS retention, transport, and, where relevant, transformation in porous media. It will combine laboratory experiments, pore-scale imaging, and reactive transport modeling to identify the mechanisms governing PFAS behavior from the interface scale to the porous-medium scale, and to open the “black box” of PFAS transport in the vadose zone.

The first part of the project will focus on batch experiments to quantify PFAS interactions with environmentally relevant solids. Selected legacy PFAS and, where relevant, representative precursors will be studied with iron oxides, manganese oxides, clay minerals, and more complex soil materials. The effects of pH, ionic strength, cation composition, and natural organic matter will be investigated to determine adsorption kinetics, isotherms, and retention parameters.

The second part will address PFAS migration through column experiments and pore-scale imaging under saturated and unsaturated conditions. Model porous media and selected natural soils will be used to evaluate how water saturation, flow conditions, and matrix composition affect PFAS breakthrough, retardation, and remobilization. Imaging will be used as a central methodological component to visualize multiphase organization, air–water distributions, and transport heterogeneity, thereby helping to distinguish the dominant mechanisms controlling PFAS migration.

The third part will integrate the experimental and imaging results into a reactive transport modeling framework. The model will couple advection–dispersion with kinetic or equilibrium retention at solid–water and air–water interfaces, and will include transformation reactions where relevant. Parameters derived from experiments and imaging will be used to constrain and validate the simulations. The final objective is to develop a predictive framework for PFAS mobility in variably saturated porous media.

This PhD will provide new insight into PFAS fate by explicitly addressing the coupled influence of solid surfaces, air–water interfaces, and flow conditions. It will generate quantitative retention parameters, imaging-based insight into pore-scale transport processes, and a predictive model for contaminant migration. Beyond its fundamental interest, the project will support improved risk assessment, monitoring, remediation, and regulatory approaches for PFAS-contaminated soils and groundwater.

The PhD student will be hosted in a research environment combining expertise in contaminant reactivity at mineral interfaces, porous-medium transport, multiphase imaging, and environmental modeling, in close collaboration with ENSCR/ISCR Rennes. The project is suited for a candidate with a background in environmental chemistry, geochemistry, hydrogeology, or environmental engineering, and a strong interest in experiments, data analysis, and modeling. Fluency in English is required.

