Agricultural soil contamination by antimony: source, speciation, mobility
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ABSTRACT
The Allier department, located on the eastern edge of the Massif Central (France), is one of many regions with a rich mining history. Among the ore deposits, one was exploited until 1914 for antimony (Sb), and another until 1962 for tungsten (W), tin (Sn), and associated metals and metalloids (As, Zn, Sb). This mining activity generated over 335,000 m³ of residual materials, tailings, or waste from ore processing phases, whose chemical and mineralogical stability evolves depending on changes in the physicochemical conditions of the environment.

Part of this waste was used to backfill extraction galleries. At the same time, the surplus was stored on the surface without any specific protection, making it vulnerable to biotic and abiotic weathering processes. Under these conditions, potentially toxic elements (PTE) present in these residues can change speciation during the weathering of their bearing phases. Therefore, they may be dispersed with varying efficiency and at various distances from the source areas, either in dissolved or particulate forms.

In the case of the more recent residues from the sites of interest, exposure to supergene conditions for at least sixty years has led to the weathering of the tailings and the release of PTE, either through dissolution or particulate transfer. Therefore, the new distribution of Sb should be determined to understand its stability and toxicity for the local environment as in the surrounding agricultural soils.

To this end, samples from several soil profiles developed on or near mining residues were characterized using various physico-chemical methods (elemental composition, particle size analysis, mineralogical analysis by XRD and SEM-EDS of solids, Sb speciation by XANES) in order to quantify and determine the primary and secondary bearing phases of the PTE. Surface waters draining the impacted areas were also collected and analyzed for their PTE content. Leaching experiments and selective extractions provide information on the PTE mobility under environmentally relevant pH conditions and solid:solution ratios. Better understanding PTE dynamics helps anticipate and manage the environmental risks associated with PTEs in post-mining management.
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