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Abstract:
The processes leading to bacterial accumulation on solid-water interfaces are adsorption, desorption,
growth, and erosion. These processes have been measured individually in-situ in a flowing system and
in real time using image analysis. The flow was laminar (Re = 1.4) and the shear stress was kept
constant during all experiments at 0.75 Nm^-2. Five different substrata -- copper, silicon, 316 stainless
steel, glass, and polycarbonate --and three different bacterial strains -- Pseudomonas aeruginosa.
Pseudomonas fluorescens (mot+) and Pseudomonas fluorescens (mot-) -- were used in the experiments.
The surface roughness varied among the substrata from 25 Å for silicon as the smoothest substratum to
150 A for copper as the roughest substratum. The effects of nutrient limitation and starvation of cells
on sorption phenomena were also examined.

Sorption related processes were found to be influenced by the surface properties of the substrata and by
the nature of the bacterial strain. Adsorption velocity was positively correlated with the surface
roughness of the substratum and the surface hydrophobicity of the cells. While the sticking efficiency
of a non-motile strain was found to be much higher than the corresponding motile strain, the motile
cells adsorbed more rapidly due to superior transport properties arising from motility. Starvation of
Pseudomonas aeruginosa cells was observed to result in a lower sticking efficiency, but increased
motility resulting from dwarfing/fragmentation of the cells. Copper was found to inhibit cell growth on
its surface, but the metal oxide layer on the surface as well as an already formed biofilm protected the
cells and replication was observed after a longer exposure time to cell-containing bulk water. A
mathematical model was developed to predict cell accumulation on a substratum, based on kinetic data
for adsorption, desorption, growth, and erosion, for each of the tested substrata and organisms. 
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