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Abstract:
Vapor phase bioreactors (VPBRs) are being used increasingly to remediate vapor streams contaminated
with volatile organic compounds (VOCs). VPBRs are packed columns of inert materials which support
growth of biofilms. Physiological and environmental factors influence biofilm formation and activity
significantly within VPBRs and these factors were investigated in the present dissertation. Throughout
this investigation, monocultures of P. putida 54G were grown on toluene as the sole exogenous source
of carbon and energy in planktonic and in biofilm cultures.

Kinetics of toluene degradation by suspended and biofilm cells were similar when specific activity (mg
toluene degraded/unit biomass quantity-hr) was based on numbers of uninjured cells rather than total
biomass. When based on total biomass, specific activity was lower for biofilm than for suspended cells,
and may have been a result of prolonged toluene exposure.

Planktonic culture studies indicated that physiological stress and cell injury affected cell growth and
bacterial respiration rates. Bacterial injury increased with increase in toluene concentration and
duration of toluene exposure and coincided with formation of unconverted intermediates. Rate
expressions for injury and irreversible loss of toluene degradation pathway were computed by fitting a
theoretical injury model to experimental results.

In a flat plate VPBR, results from oxygen concentration profiles, microfluorimetry and cryosectioning
combined with fluorescent cell staining indicated that stratified layers of respiratory activity formed in
toluene-degrading biofilms with considerable activity observed at the base of the biofilm. This
observation was in contrast to conventional biofilm models which indicate that the majority of the
respiratory activity is located at the biofilm-liquid interface in thick biofilms.

Microscale parameters determined from planktonic cell studies and measured physical and chemical
characteristics were used to calibrate a mathematical process model. The process model accurately
predicted flat plate and column VPBR performance. A sensitivity analysis conducted on predicted
results indicated that parameters adjusted to fit the model (biomass density and death and endogenous
decay rates) showed a negligible effect on toluene degradation while Henry’s law constant for toluene,
biotransformation kinetics and reactor surface area affected toluene degradation significantly. Since
these parameters were estimated accurately, confidence in predicting VPBR performance increased
considerably. 
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