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Abstract:
Fluorescently-labelled latex microbeads were used to study the interaction of particles with
Pseudomonas aeruginosa biofilms in a continuous flow annular reactor. Microbeads could be readily
identified and distinguished from bacteria under the microscope in both plan and cross-section views.
Microbeads concentrations were quantifiable. The fraction of beads that attached to biofilm during a 24
h period ranged from 0.001 to 0.01 and was proportional to biofilm cell carbon and standard deviation
in biofilm thickness. Microbeads formed aggregates on the biofilm, but not in the associated bulk
water. Microbeads added to biofilm of steady state thickness (30 μm) were observed to be located
throughout the entire biofilm depth in 24 hours. It was hypothesized that pores in biofilm permitted
beads to enter the biofilm interior. Bacterial growth filled in the pores, trapping beads beneath them.
Many of the microbeads that attached to biofilm shortly after bacterial inoculation (thickness of 2 μm)
remained near the substratum as cells grew past and covered them. Whether added to mature or nascent
biofilms, microbeads were observed near the biofilm-substratum interface for up to five days after bead
addition. Microbeads were retained by biofilm for longer periods (120 hours) than the average retention
experienced by suspended beads in the reactor (0.25 hours), suggesting differences between biofilm
and suspended cell ecology. Microbeads located at or near the substratum were released more slowly
than were beads nearer to the biofilm-bulk water interface. The bead release rate (0.028 h^-1) was
lower than the average cellular growth rate (0.15 h^-1). Model predictions of particle locations and
detachment rates by a onedimensional model (BIOSIM) were poor. It was hypothesized that the
roughness of the biofilm surface directed particle advection parallel as well as perpendicular to the
substratum. This could have been responsible for the inaccuracy of the one-dimensional model.
Collectively, these results point to an important role of biofilm roughness in determining particle
capture and retention by biofilms. 
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