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A numerical study of a biofilm disinfection model Linda El Alaoui LAGA Universit´e Paris 13 email: [email protected]



A biofilm is a community of microorganisms (bacteria, fungi, algae and protozoa), adhering each other on a surface. Biofilms are, generally, observed in aqueous media or in a media exposed to moisture. They can grow on any type of natural or artificial surface. This surface may be mineral (rock interfaces, air-liquid ...) or organic (skin, plants), industrial (pipes, oil, wastewater) or medical (prothesis, catheters ),... This presence of biofilms in a wide range of situations has led the researchers to study their properties both for their beneficial and detrimental impact. It turns out that mathematical modeling can be an efficient tool for the study of biofilms. We refer to [2] for a review on mathematical modeling of biofilms. Here, we are interested in a bacterial biofilm in presence of a single nutrient (e.g. oxygen), a single antimicrobial agent and a neutralizing agent which reacts with the antimicrobial. Thus we consider the model introduced in [1] describing the evolution of the fluid dynamics in and around the biofilm, the transport of chemical species and the mechanism of physiological resistance. We assume the biolfim attached to the bottom of the computational domain Ω = [0, m] × [0, mL], with m, L > 0, see figure 1. fluid Γ



Biofilm



Figure 1: A schematic description of the biofilm in Ω. The fluid flow is described by the incompressible Stokes equation µ∆u = ∇p − f, ∇·u = 0,



in Ω,



(1)



in Ω,



(2)



where the unknow u is the fluid velocity and p is the pressure. The coefficient µ is the viscosity, and f is the force at the interface Γ between the biofilm and the fluid. Homogeneous Dirichlet boundary condition on the velocity is enforced on the top, the bottom of Ω and on Γ. The concentration of nutrient S and antimicrobial agent A are modeled by the following advectiondiffusion-reaction equations ∂S S + u·∇S − ∇·(DS ∇S) − µS B = 0, ∂t KS + S ∂A + u·∇A − ∇·(DA ∇A) + HA (A, N ) = 0, ∂t



in (0, T ) × Ω,



(3)



in (0, T ) × Ω,



(4)



where B is the population of bacteria, HA describes the reaction between the antimicrobial agent and the biofilm, DS and DA denote the diffusion coefficients of the nutient and the antimicrobial, µS and KS are the specific growth rate and the Monod coefficient respectively. We underline that B depends on space and
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time variable and DS and DA depend on the space variable. Homogeneous Neumann boundary conditions are enforced on S and A on the top and the bottom of Ω, and an initial conditions on S and A are given. The concentrations of the neutralizing agent, N , which is depleted by reaction with the antimicrobial, and B satisfy the following ordinary differential equations ∂N = pN (A)N, ∂t ∂B = pB (A, S)B, ∂t



(5) (6)



where pN (A) and pB (A, S) denote the rate of the neutralizing agent consumption and the desinfection rate respectively. The system (5)-(6) is closed by an uniform initial distribution of the population B and by an initial concentration on N . The aims of the Master internship are the following : • Derive a finite element/Euler scheme approximating the system (1)–(6). • Perform numerical simulations on using the softwares FreeFem++ [3] and/or Scilab [4]. • Derive a model from (1)–(6) that takes into account the fact that some bacteria cells which are not susceptible to the antimicrobial revert back to susceptible cells. • Propose a strategy for optimizing the antimicrobial dosing.



References [1] N.G. Cogan, R. Cortez, L. Fauci. Modeling physiological resistance in bacterial biofilms. Bulletin of Mathematical Biology, 67(831–853), 2005. [2] O. Wanner et al. Mathematical modeling of biofilms. IWA Publishing, 2006. [3] FreeFem++. Free finite element software. http://www.freefem.org/ff++ [4] Scilab. Free Open Source Software for Numerical Computation. http://www.scilab.org/
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Derive a model from (1)â€“(6) that takes into account the fact that some bacteria ... Free Open Source Software for Numerical Computation. http://www.scilab.org/. 
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