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Abstract:
This thesis presents work done on developing an experimental method for measurement of biofilm
thickness. This method involves embedding the biofilm, cross-sectioning it, and applying image
analysis and mathematical techniques to reconstruct biofilm thickness profiles in order to characterize
biofilm thickness variation. Quantitative data as well as qualitative observations obtained from
Pseudomonas aeruginosa, Klebsiella pneumoniae and binary population biofilms revealed that the three
biofilm systems are distinct and heterogeneous in their structure. Statistical analysis of biofilm
thickness data showed that biofilm species composition influences structural characteristics. P.
aeruginosa, K. pneumoniae and binary population biofilms appeared to have different mean
thicknesses, different roughness values, and different spatial, distribution of biomass, voids and water
channels. P. aeruginosa biofilms are relatively uniform and lack voids or water channels. They have an
average thickness of 30 μn, and their roughness coefficient, Ra*, ranges between 0.1 and 0.2. Different
sizes and lengths of water channels were observed in K. pneumoniae biofilms, but the most distinctive
characteristic was large bare areas along the substratum. K. pneumoniae biofilms are patchy and their
thickness varies drastically, having a mean thickness that ranged between 8 μn to almost 300 μm. The
roughness coefficient for K. pneumoniae biofilms was the highest of the three biofilms systems,
ranging between 0.8 to 1.3. The binary population biofilm was also full of water channels and voids.
The mean thickness ranged between 300 and 600 μm, but its roughness coefficient only ranged
between 0.2 and 0.3. The different ranges for the roughness coefficient values suggested that
differences in biofilm thickness variation could be used as a distinctive characteristic for categorizing
biofilms. 
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