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Abstract:
Biofilm detachment induced by various chemicals, including metal salts, surfactants and
depolymerization agents, was investigated using an experimental system consisting of a two-species
bacterial biofilm grown in continuous flow annular reactors. Two types of experiments were
performed: 1) in situ environmental step change experiments conducted in annular biofilm reactors to
examine detachment and 2) determination of viscometry of biofilm collected from these reactors.
Experimental results showed that biofilm detachment could be induced by addition of various
chemicals. Monovalent and divalent salts (including NaCl, CaCl2, MgCl2) were the most effective
chemicals in changing biofilm structure, reflected by an average of 73% viscosity reduction. Directly
performing step changes in biofilm reactors with these salts detached 40% of the biofilm in 75 minutes.
Chelants showed similar results, e.g. 19.6% viscosity reduction and 26.3% bilfilm detachment for
EDTA. Surfactants (including sodium dodecyl sulfate, Triton X-100, Tween 20) also altered the
structure of biofilm (e.g. viscosity reduction was 8.7% for Tween 20, 41.9% for Triton X-100, -12.6%
for SDS) and caused a much larger amount of biofilm to detach (average of 61.7%). Addition of
chlorine, monochloramine and some enzymatic lyases (including lysozyme and protease) caused
viscosity reduction and biofilm detachment also. We found that 1) electrostatic (e.g., cation bridging)
and hydrophobic interactions were two major forces that maintain the integrity of biofilm structure; 2)
cells and EPS were the structural components of biofilms. Disruption of biofilm crosslinking forces and
destruction of structural biofilm components could cause biofilm detachment. 
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