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When present at high concentrations, organic substances can impose an adverse effect on degradation rates of 

catabolic enzymes. The mechanism is known as substrate self-inhibition and regarded as a limiting process in 

bioremediation of contaminants in subsurface environments. Structural heterogeneities are considered as another 

form of limitation reducing the access of in-situ microorganisms to substrate by promoting the formation of 

preferential flow paths and thus preventing the even distribution of substrate inside medium. The interplay between 

these two disadvantageous mechanisms is not yet well-understood. While analytical equations predict that 

bioavailability limitations can dampen the effect of substrate inhibition in a certain concentration range [1], the 

potential occurrence of this effect in situ has not yet been explored.   

It was traditionally believed that a better in-situ bioremediation is obtained in a more homogeneous medium where 

the even distribution of both substrate and bacteria would facilitate the access of a larger portion of bacterial 

community to a higher amount of substrate. This conclusion was however driven based on the assumption of 

neglecting substance inhibitory effects on the metabolic activity of enzymes at concentrations higher than a certain 

threshold. To investigate the influence of pore matrix heterogeneities on substrate inhibition, we apply a numerical 

reactive transport model capable of solving transport processes in the presence of such heterogeneities. To that end, 

an established reactive pore network model [2] is upgraded and used to model both, transient and steady state 

reactive transport of a self-inhibiting substrate through media with various, spatially correlated, pore-size 

distributions. For the first time, we explore on the basis of a pore-scale model approach the link between pore-size 

heterogeneities and substrate inhibition. By model simulations at several levels of heterogeneities we obtain an 

improved characterization of the terms contributing to overall biodegradation of self-inhibiting substrates inside 

porous media. Our results show that (1) pore-scale heterogeneities can noticeably promote degradation rates of a 

self-inhibiting substrate within certain levels of concentration, (2) the effect reverses when the concentrations fall to 

levels essential for microbial growth, and (3) an engineered combination of homogeneous and heterogeneous media 

can increase the overall efficiency of bioremediation. 
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