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Biofilms are complex microbial communities that grow primarily on solid surfaces 
where the microorganisms are nested in a self-secreted polymer matrix. Recent 
experimental studies have aimed at understanding the mechanisms that control the
development of biofilms in porous media, including architectural plasticity [1], 
ecological interactions in connected structures [2] or bio-clogging [3]. These 
mechanisms cannot be easily studied due to the structural complexity and the 
opacity of the 3D porous structure but also due to the multiplicity of coupled factors
that control biofilm, such as nutrient/oxygen availability, flow rate, communications 
and shear stress [4]. Improved quantification of the physical aspects of biofilm 
growth is essential in unravelling the mechanisms of biofilm formation in porous 
materials and progress towards new biotechnologies. 

In order to get an insight into how fluid flow, transport phenomena and biofilms 
interact within heterogeneous structures, we have devised a versatile, micro-scale, 
3D-printed micro-bioreactor for the precise measurement of several parameters of 
such systems that would allow for controlled and reproducible studies of biofilms in 
3D porous systems. We have also developed a novel approach to 3D imaging of 
biofilms in such systems using X-ray micro-tomography using functionalized gold 
nanoparticles as a contrast agent.

Preliminary results of P. aeruginosa biofilm development at room temperature show 
a permanent regime after about 3 days with persistent temporal fluctuations in the 
pressure drop and oxygen consumption. This suggests that biofilm growth in porous
media under flow is a dynamic process resulting from an equilibrium between 
competing mechanisms such as bacterial growth and biofilm detachment due to 
hydrodynamic stresses. This is confirmed by direct optical absorption 
measurements of the biofilm detachment events at the outlet of the bioreactor. 
Complementary to the biofilm development measurements, the x-ray tomography 
scans showed that the spatial distribution of biofilm within the porous medium is 
heterogeneous, with most of the biomass being concentrated at the inlet of the 
bioreactor and regions within the porous medium that are completely inaccessible 
to the main flow due to pore clogging.

Our experimental setup, with the 3D-printed micro-bioreactor being in the heart of 
it, provides an adjustable, versatile experimental workbench for the study of the 
growth and detachment dynamics of biofilms in porous media under controlled 
conditions over long periods of time. The combination with X-ray tomography 
imaging provided an insight on how physical (flowrate, shear stress) and chemical 



(oxygen, nutrient availability) parameters of the system affect the biofilm’s spatial 
distribution. A better understanding of biofilm growth dynamics in the mesoscale 
could potentially unlock novel biotechnologies [5,6].
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