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Introduction

 Bacteria in drinking water : migration to the wall -> biofim ?
« Formation mechanisms of biofilm ? How to investigate?

« Test sections

 Transport equations

* Results

 Bacteria adhesion at the wall (cohesion of biofilm)
 Cleaning the surface colonized by biofilm

« Conclusions
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Bacteria and deposits = Biofilm
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Drinking water biofilms (4 months old)
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Wall activities
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Phenomenological variables - mass transfer
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Transport equation

J=CV-DVC
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Transport equation
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Transport equation
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Transport equation

The number of bacteria/unit surface (N*) deposited is related to an
adimensional time t*

,@xp
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Test sections
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Test sections
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Test sections
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Test sections
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Test sections

DTDDDADD D
[ A R B

Case of null Wall
£ shear rate

|

Outer cylinder

DDDDDD
[

e-

J1— G DN NP OO LI 00 GO = (O T —NINI GI L d= 10D
DK ~ION TGO (ORI s~ SO = Oy ~IRI ~IN G0 GO 00
@ a0

i
i
T
T
Le
T
1.
i
L
1.
-
1.
i
9.
8.
8.
L
7
6.
B.
¥
4.
4.
3.
3:
2.
2:
1

Inner cylinder :

-
No bacteria on the wall
of outer cylinder SEPL g s A

-

COST FP1005"Fibre Suspension Flow Modelling"- ERCOFTAC S1G43 "Fibre suspension flows". 15
Coimbra—March 2013



Conclusions on wall flux

Bacteria in drinking water : migration to the wall -> biofim ?

No wall shear rate -> no bacteria on the wall
Even if the Peclet number is high -> Convection —diffusion works
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Test sections (Rotating disc)
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Results
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Results
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Bacteria adhesion at the wall (cohesion of biofilm)
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Measurement technique

AFM = an application of the scanning tunneling microscope (STM) :
» Imaging samples surface in various environments

Imaging

Various Scales of Observation Spectroscopy \
A\100 im | terfocil roperties

Microscopic

Force
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Molecular
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o

In the last decade = experiencing boom of AFM in nanosciences and life sciences :

g
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AFM technique

Panorama of measurable forces in AFM
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Atomic force spectroscopy:
» Combination ofimaging and force measurements
» Mapping reconstruction with spatially resolved physical parameter value for each pixel
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AFM : Cohesion of drinking water biofilm clusters
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The rate of entanglement & is a factor of cohesion
linked to the volume and elasticity of the clusters

G. De Genne

¢ : coherence length
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AFM : Cohesion of clusters in biofilm drinking water

(G: Shear modulus elasticity
avec < ¢:rateof entanglementin cluster
V :volume of cluster
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AFM : Cohesion of clusters in biofilm drinking water
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Cohesion of clusters in biofilm drinking water

Macromolecules Bacteria & rate of entanglement
Exopolymers in drinking water biofilms ...

.. govern the elastic deformation of
the clusters

Substrate (glass coupon)

Hydrophobic
domains

Aldeeketal., AEM, 2013
(Biofilm of Shewanella oneidensis)
(Miquelard-Garnier et al., 2007) Number of entanglement points 10°/mm3
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The rate of entanglement & is a factor of cohesion linked to the volume and
elasticity of the clusters

Drinking water biofilms behave like a
viscoelastic solid

/&_,=10—4 to 103

Number of entanglement points 108 to
10°/mms3

: : . _ _ 28
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Cleaning the surface colonized by biofilm
hydrodynamic shear stress vs cluster volume
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Cleaning the surface colonized by biofilm
hydrodynamic shear stress vs cluster volume

Elastic limit before removing clusters:

do
H dt C (1—5)2[17/(: (1_5): GC:§O(max
. _ o/ . Removable clusters vs hydrodynamic
Strainrate o, = 100%: Shear stress
140
g
120 — Biofilm 4 weeks old [
r . . Gf e —Biofilm 9 weeks old ||
hyd H 7/ 1_ f 80
/ Non removable clusters
60 {1
City network drinking water 40 —
distribution T< 30 Pa 20 Removable clusters
0 T .
0 500 100({/olume (um%(?OO

COST FP1005 "Fibre Suspension Flow Modelling"- ERCOFTAC SIG43 "Fibre suspension flows".
Coimbra—March 2013



Conclusions

Biofilm formation —convective diffusion
Strong adhesion at the wall (AFM measurements)

Cleaning the surface colonized by biofilm with only
hydrodynamic shear stress -> volume clusters <100pum? non
removable

Perspective : diffusion of nutrients on biofilm - population
balance (growth, mortality and partial detachment)
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Diffusion
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