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Abstract

This research presents an experimental study aimed at assessing the
relationship between formation and growth of membrane-attached biofilms and cell
properties such as cell surface hydrophocity and celluar age. The objective is to
understand the factors controlling the formation and growth of membrane attached
biofilms in a membrane bioreactor used for the extraction and degradation of organic
pollutants. In particular, the investigation focuses on the effect of growth conditions
such as mineral medium composition and cellular age on the surface hydrophobicity of
bacterial cells grown in suspension. Identical growth conditions are then used in a lab-
scale extractive membrane bioreactor to assess their effects on biofilm formation and

growth, and also on system performance.
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Soil Pseudomonas sp. and phenol were used in this research as a model
microorganism and a model toxic organic pollutant, respectively. In shake flask
experiments, cell surface hydrophobicity of this bacterium decreased with increasing
cellular age in the exponential growth phase and in the presence of sodium chloride in
the growth medium. Bacterial growth on phenol was faster in the presence of sodium
chloride or a phosphate buffer; in a buffered medium complete degradation of phenol
was achieved. However, in the presence of both sodium chloride and the buffer

growth appeared to be slightly slower and lower yield coefficient was also obtained.

Similar results regarding cell surface hydrophobicity were obtained when
medium of the same composition was employed in a lab-scale extractive membrane
bioreactor operated in batch and semi-batch modes; cell surface hydrophobicity of the
suspended cells decreased in the presence of sodium chloride in the growth medium.
In semi-batch experiments, the biofilm formed under the condition of low cell surface
hydrophobicity proved to be thinner and more fragile than that formed under higher
cell surface hydrophobicity. Scanning electron microscopy of the biofilms revealed
the difference in biofilm morphology and structure as response to the difference in
medium composition. Therefore, it was concluded that cell surface hydrophobicity
plays a key role in biofilm formation and stability in membrane system and that its
control can be an important element in biofilm system performance.  Shortage of
nutrient/s in the bioreactor resulted in phenol accumulation and development of dark
colour, which could be recovered by restoring minerals to their original
concentrations. Stepwise increase of feed concentration up to 2.2 g/l to allow faster
degradation was achieved following the increase in suspended biomass concentration

in the bioreactor and in the presence of the biofilm.

In a prolonged continuous experiment, the following parameters influencing
biofilm morphology were individually investigated: dilution rate, ammonium
concentration, iron concentration, and phenol feed concentration. The continuous feed

of the growth medium and the change in dilution rate produced thinner but stronger
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and more controllable biofilm than those observed in semi-batch experiments.
Washout of the suspended cells was achieved by increasing the dilution rate to a value
of 0.03 h! and from this moment on visible cell growth occurred only within the
biofilm. Complete absence of iron from the growth medium affected biofilm
morphology whereas a decrease in ammonium concentration did not. However, in
both cases phenol degradation efficiency was not affected. A feed concentration of 5
o/l resulted in large scale detachment of biofilm but detached cells were well adapted
to high phenol concentration environment and kept their ability to degrade transferred
phenol. Theoretical analysis suggested the existence of an anaerobic region of the
biofilm close to the membrane and biofilm formation under anaerobic condition was

shown to occur.

The silicone rubber membrane used in this research offers significant
resistance to mass transfer of phenol and essentially determines the mass transfer
coefficient. The change in Reynolds number on the tube side or the presence of a

biofilm had therefore little effect on the overall mass transfer coefficient.
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