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Introduction
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• 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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6.4

117.0

13.6

Metals (µg/cm²)

Fe Cu Others

Organic matter : 

20 to 100 µg TOC/cm²

Drinking 
water 
bacteria

and

deposits

Multispecies : Bacteria, fungi, …

Carbonates

Bacteria

Brown 
deposits



4

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
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Transport equation

In permanent regime
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Transport equation
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Test sections
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Test sections
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Test sections

Biofilms 2 months old 
at 4 wall shear rates
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Test sections
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Test sections
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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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Bacteria adhesion at the wall (cohesion of biofilm)
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Measurement technique

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

AFM an application of the scanning tunneling microscope (STM) :

 Imaging samples surface in various environments
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AFM technique

Atomic force spectroscopy :

 Combination of imaging and forcemeasurements

 Mapping reconstruction with spatially resolved physical parameter value for each pixel

 Which physico-chemical parameters can be extracted from the AFM force-curves?

Panorama of measurable forces in AFM 
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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 
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24COST FP1005 ''Fibre Suspension 

Flow Modelling''- ERCOFTAC 

SIG43 "Fibre suspension flows".  



COST FP1005 ''Fibre Suspension Flow Modelling''- ERCOFTAC SIG43 "Fibre suspension flows".  

Coimbra – March 2013

25

AFM : Cohesion of clusters in biofilm drinking water

clusterofvolume:

clusterinntentangleme of rate:

elasticitymodulusShear:
333

cluster

clusterelas

V

G

avecVGdGLGW

etemperaturabsolute:

constante Bolzmann  10381 2223

T

K/kg/sm.k
avecTkW B

Belas

At the limit of cohesion, cluster  we can put:

kB T = 4 10-21m2 Kg/s2/ K

Vcluster and G given by AFMG

Tk
VTkVG B

clusterBcluster 3

3



COST FP1005 ''Fibre Suspension Flow Modelling''- ERCOFTAC SIG43 "Fibre suspension flows".  

Coimbra – March 2013

26

0

100

200

300

400

500

600

700

800

0 20 40 60 80 100 120

V
 (

µ
m

3
)

G (kPa)

Vcluster =f(Elasticity)

Biofilm 4 weeks old

Coupons D

Coupons C

Coupons B

theory

=1,07 10-3

AFM : Cohesion of clusters in biofilm drinking water



Aldeek et al., AEM, 2013

(Biofilm of Shewanella oneidensis)
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Cohesion of clusters in biofilm drinking water

Number of entanglement points 109/mm3
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Drinking water biofilms behave like a  
viscoelastic solid

to

Number of entanglement points 108 to 
109/mm3

The rate of entanglement is a factor of cohesion linked to the volume and 
elasticity of the clusters 
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Mean shear stress in volume of cluster V:
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Cleaning the surface colonized by biofilm

hydrodynamic shear stress vs cluster volume
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Elastic limit before removing clusters:
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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 <100µm3 non 

removable

• Perspective : diffusion of nutrients on biofilm - population 

balance (growth, mortality and partial detachment)
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