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ESTIMATION OF SUBSTRATE DIFFUSION COEFFICIENT WITHIN
BIOFILM BY A TORTUOUS STRUCTURE MODEL

A B & B R B BB % Fw ERBNE AT
Akiyoshi OHASHI , Hideki HARADA"", Kiyoshi MOMONOI ", Takeshi KUROKAWA™

ABSTRACT ; A geometric model is proposed herein to quantify relationship between diffusion coefficient
within biofilm and dry density of biofilm. This model describes a tortuosity structure of porosity in biofilm
consisting of either bacillary cells or spherical cells. Nitrite diffusion coefficients in seven kinds of particles
layers, which consisted of glass beads or vinylon fibers, were measured for verification of the model
proposed. The results of the experiment gave good agreement with the theoretical values estimated by the
model. The diffusion coefficient in the particles layers estimated from the model was affected neither by
particle size nor by the difference in shape between spherical and bacillary at a porosity above about 0.3.
The model predicts that diffusion coefficient within biofilm decreases with increasing biofilm density,
leading to about 80% of that in water when the dry density is 25 g'I'..

KEYWORDS ; Biofilm dry density, Biofilm porosity, Biofilm reactor, Diffusion coefficient, Tortuosity
factor.
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Fig.1 Conceptual representation of tortuous
structure model within sparse particles layer.
(a):Three-dimensional particles layer. (b):A
cross-section of the layer. (c):Rearrangement
to an identical-circle regularly. The length of
tortuous pathway in pore of (c) is estimated.
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Fig.2 Diagram of the equivalent cylindric
particle having equal volume and equal
surface area to spherical particle.

Fig.3 Diagrammatic disposition of the
equivalent ellipses and tortuous pathway
from P to Q at a model cross-section.
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Solid line was theoretically estimated by
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Table 2 Biofilm diffusion coefficients from the literature.

. Temp. .
Ref. Biofilm type e CI)J Species (10% clr)nbz'sec 1 D, é/? S W (g’??’)
1 Denitrifier culture 20.5 Noy; 9.1 56
NO, 10.8 67
2) Mixed culture 20 0, 21 100 7
NH,* 16 100 7
NO, i6 100 7
NO; 18 110 7
PO 8.7 90 7
glucose 5.0 80 7
3) Zoogloea ramigera glucose 0.48 8
Nitrifier culture 0, 22 90
NH,* 13 80
NO; 14 90
Mixed culture 20 0, 4~20 20~100 50~100
glucose 0.6~2.1 10~30 50~100
4 Nitrobacter 20 NH,* 12 80 40~110
NO; 12 86 40~110
NO; 13 83 40~110
0, 22 85 40~110
Nitrosomonas-Nitrobacter 20 NH,* 13 87 40~110
NO; 12 86 40~110
NO, 14 100 40~110
0, 22 85 40~110
5) Mixed culture 20 NaBr 50~80 14~26
glucose 50~80 14~26
No; 50~80 14~26
6) Bacterial slime of sewage 25 0, 15 63
0, 22 92
Zoogloea ramigera 20 0, 1.8 8.5
Aspergillus niger 30 0, 13.7 52.5
0] Mixed culture 22 glucose 28 44
8) Denitrifier culture 21 NO; 8.2 50

D, = Biofilm diffusion coefficient
Py = Biofilm dry density (dry mass / wet volume)

D, = Diffusion coefficient in pure water
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