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Mechanism of simultaneous nitrification and denitrification in biofilm,
and its application to domestic sewage treatment
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The performance of a Rotating Biological Contactor (RBC) can be predicted if we know the
thicknesses of the atiached-water film and diffusion layer, and the intrinsic rates of the in-
vestigated substrates. In this study, the authors determined the diffusion layer thickness by
analyzing the ammornia reduction rate obfained in a batch experiment. The following conclusions
have been derived concerning diffusion layer thickness:

(1) The diffusion layer thickness is inversely proportional to the root of the disk rotating
speed, but it is not a function of the disk size, if the flow near the disk surface is laminar.

(2) The diffusion layer in a partially submerged RBC is smaller than that in a partially
submerged RBC, since hydrodynamic boundary layer may not fully develope in the former.

Determined values of the diffusion layer thickness and the intrinsic nitrification rate of
biofitm were introduced into the biofilm kinetics derived by Watanabe to predict the RBC
performance at a given operation condition, and the comparison was made beiween the predicted
and observed fluxes. Based on the fundamental research explained above, the author proposed a
new media, ie., reticulated media with the surface protrusions to reduce the diffusion layer
thickness, i. e, to promaio the external diffusion rate. A rough surface changes the nature of the
fiow past that surface very materally and, consequently, changes the size of the diffusional flow to
the surface. The authoers evaluated the effect of the protrusions attached to the disk surface on the
external diffusion. The height of protrusions was 5 mm. The diffusion layer thickness was
determined as a function of the number of protrusion. For example, thickness of the diffusion
layer with 8 protrusions at 2 rpm was about 100um, while it was around 200 zxzm without
protrusion. The surface protrusion also increased the oxygen transfer rate and, consequently, the
ammonia flux was larger even at oxygen limitation region compared with that obtained in the flat
disk. In order to reduce the disk weight, a reticulated media was used and it was found that the
bicfilm was well developed on this type of media and the ammonia Auxes were the almost same
in the solid and reticulated media.

In this study, the properties of a mixed cultured biofilm treating domestic sewage were also
determined by cutting the biofilm into segments using a Micro-Slicer. The following results were
obtained:

{1) A mixed cultured biofilm would be divided into surface, middle, and bottom layers
depending on their densities.

{2) Intrinsic organic oxidation, nitrification, and denitrification rates of the biofilm per unit
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hiomass were almost the same in each layer.

Based on the measured biofilm properties, the authors have predicted that the simultaneous
nitrification and denitrification occurs within the biofilm attached the RBC operating under a low
oxvgen pressure in the air phase. Because the penetration depth of oxygen into the biofilm
changes with the rotation of the biofilm and the fucultative denitrifing bacteria inhabiting the
oxygen penetrating depth can convert the oxidized nitrogen into the gaseous forms if enough
organic matter exists in such a depth. In order to reserve the organic source required for the
denitrification reaction, oxygen supply to the biofilm should be lowered by reducing oxygen
pressure at the air phase. Experimental verification of the predicted phenomenon was carried out
by treating the domestic waste using a closed type RBC. Under the operating conditions with the
BOD to ammonia concentration ratio of 3.5, oxygen pressure at the air phase of 0.07 atm,, and TOC
loading of 2.1 g/m®day, 75% of the total nitrogen contained in the influent was converted into the

gaseous form.
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