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Public Summary

Nicolas Devau, Hugues Thouin, Mickael Charron, Pablo Houllemare, Catherine Joulian,
Fabienne Battaglia-Brunet, Jennifer Hellal, 2019. Bio-hydrogeochemical model of
arsenic speciation and transfer in soils. The AgriAs Deliverable D2.3. 52 pages, 27
figures and 5 tables.

One of the main objectives of the AgriAs project is to develop recommendations and
guidelines for sustainable management of As risk associated to agriculture. The
behaviour of arsenic in agricultural soils depends on a range of biogeochemical
processes. Previous steps performed in the frame of AgriAs project (characterization of
the sites, microcosm and mesocosm experiments) provided data about the maobility and
speciation of arsenic in solids and water when common fertilizers are added. In order to
build a model taking into account both the effects of redox conditions and fertilization,
complementary experiments were performed with the most contaminated Verdun soil. A
range of biological and chemical parameters were monitored in batch and column
experiments. In the outlet solution of both experiments, pH, and redox potential were
measured daily and some major ions were quantified (NHa, NOs, NO2, Fell, S(-l), AslII,
AsV, SO., PO.). At the end of the column experiment, arsenic speciation in the solids
was determined. Oxic and anoxic conditions were tested in the two experiments. These
conditions were maintained through gas saturation, water saturation or supply of electron
donor compounds (organic substrates). In the batch experiments, impacts of increasing
amounts of KP fertilizer were tested in the two redox conditions over time by sacrificing
batchs after one week, one month and three months.

Batch experiments showed As speciation according to redox, i.e. AsV in the oxic
conditions and Aslll in the anoxic one, and a sequestration effect of increasing KP
amounts on As, especially in the anoxic condition. Columns were then set up to measure
the flow of As and other elements from the soils in different conditions. One column
alternated oxic/anoxic conditions while the other was always anoxic and received first a
dose of PK then ammonium sulphate. Results showed that even slightly reducing
conditions promotes the reduction of iron and AsV and the mobilization of As, which
concentration reached nearly 30 mg/L in the outlet of the two column experiments. Mass
balance calculations indicated that more than 30% of the total As from the solid phase
had been mobilized in the column experiment whatever the redox conditions. Supply of
fertilizers (in high dose compared with the field conditions) tended to attenuate the
mobility of As.

Based on these experiments and the corresponding phenomenological hypothesis, a
reactive transport model including transport and several biogeochemical models was
developed to simulate As mobility monitored in column experiments. lon transport was
simulated using a standard advective-dispersive model. Specific biogechemical models
were used to simulate the following reactions: i) microbially-mediated redox reactions, ii)
surface complexation reactions onto iron oxides and edge sites of clay minerals, iii)
cation-exchanges reactions onto basal sites of clay minerals, iv) cation surface
complexation onto solid organic matter, v) aqueous complexation reactions, Vi)
dissolution/precipitation of primary and secondary minerals. For microbially mediated
redox reactions and some dissolution/precipitation of primary minerals, kinetic rates of
these reactions were taken into account in addition to thermodynamic parameters. The
simulated results are in agreement with the measured As concentrations in the outlet.
Based on a partial sensitive analysis, predictive As concentrations have been calculated
according to changes in soil properties.
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