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Modeling the evolution of redox state in laboratory experiments performed

Manuela Barbieri 1, Jesús Carrera 1, Carlos Ayora1, Maarten Saaltink2, Cristina Valhondo2, Hui Wang1, Anna Jurado Elices2, Franceca de Gaspari2, Joana Tobella Brunet 3, Marta Hernández García 3
1 Department of Geosciences, Institute of Environmental Assessment and Water Research, IDAEA-CSIC. Lluís Solé I Sabarís s/n, 08028 Barcelona, Spain
2 Department of Geotechnical Engineering and Geo-Sciences - Technical University of Catalonia. Jordi Girona 1-3, Modul D-2, 08034 Barcelona, Spain.
3  Technology Centre of Water (CETaqua). Paseo de los Tilos 3, 08034 Barcelona, Spain

Summary. 

Degradation rates of organic pollutants in soils and aquifers depend not only on the specific compound, but also on local redox state. We performed some 200 batch experiments to find the degradation rates of a cocktail of emergent pollutants under controlled redox conditions. To this end, electron donors and acceptors are added in quantities to ensure that organic matter degradation brings each set of batches to a different redox state: aerobic respiration, nitrate reduction, Mn(IV)-reduction, Fe(III)-reduction or sulphate reduction. The batch tests involve natural soil and water, representative of the aquifer. Therefore, redox state was not steady but evolved along the experiments. Therefore, interpretation of the experiments was not trivial, but had to be carried numerically. We used the Object-Oriented module CHEPROO to model the complex geochemical processes. Multiplicative Monod-type reaction rates have been used to describe the kinetic of the microbial-mediated reactions of organic matter degradation. Model results reproduce satisfactorily the observed evolution of not only redox-sensitive species but also major ions. However, fitting could be achieved only after taking into account precipitation/dissolution of minerals (carbonates, iron sulphide, iron and manganese oxy-hydroxides from original soil) as well as biomass production. This implies that full fledged geochemical modelling may be required for accurate simulation of redox state evolution, which in turn is needed for assessing the fate of recalcitrant compounds.
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