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How to remove legionella biofilms from a 
surface?

Disinfection methods:
• Thermal
• Chemical
• Physical

Figure from H.-C. Flemming / Water Research 173 (2020) 115576

“However, these treatments generally do not result in total elimination of the bacterium,
and after a lag period, recolonization occur as quickly as the treatments are discontinued”.
Front. Cell. Infect. Microbiol. 8:38.



Adhesion of biofilms to surfaces

Steps:
• Formation of conditioning layer
• Reversible adhesion
• DLVO: electrostatic, van-der Waals forces
• Nion DLVO forces (steric, hydration etc.) 

• Irreversible adhesion
• Interfacial tension, work of adhesion

• Population growth

Partly based on T.R. Garrett et al. / Progress in Natural Science 18 (2008) 1049–1056

Advances in Colloid and Interface Science 288 (2021) 102336

Should be exchanged?



Surface chemistry approach: adhesion and 
interfacial tension

γsm, γsl and γml are: 
Solid – bacteria, 
Solid – liquid,
Bacteria – liquid interfacial 
tensions

Y. Liu et al. / Journal of Biotechnology 110 (2004) 251–256
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Adhesion free energy
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m Values of interfacial tensions are usually unknown…
Many different types of interactions, including van der 
Waals, electrostatic, steric, hydrogen bonding,  
hydrophobic interactions



Legionella bacteria are negatively charged

• Note: most surfaces are 
negatively charged too
• RepulsionLetters in Applied Microbiology 73, 257--267

The duration of lag, exponential and stationary phases was 5, 13 and 6 h, respectively.
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Size: around 1 micron



Colloid chemistry approach: colloidal stability: 
DLVO and disjoining pressure

• No charge: van 
der Waals forces 
case strong 
attraction
• Charge cases 

repulsion 
(electrostatic 
stabilisation) 

x = hd/ 2a

A. Tsompou and V. Kocherbitov, Journal of Colloid and Interface Science 
608 (2022) 1929–1941

DLVO: Derjaguin-Landau-Verwey-Overbeek

25 mV: no barrier



DLVO: electrostatics: effect of water purity 

• Effect of salt at 25 mV 
(Legionella’s potential)
• Effect of size at 25 mV

A. Tsompou and V. Kocherbitov, Journal of Colloid and Interface 
Science 608 (2022) 1929–1941

Remove bacteria by using purified water?
Not tested yet



The pure water project

Andriani Tsompou 

Industrial partners: SWATAB, Sandberg Development



• Tap water promotes adhesion 
of oil to hydrophilic surfaces 
(case c in the figure)

Contact angle of olive oil droplet on glass surface in MQ (A), 
DIRO (B), TAP (C) and NaCl (D).

A. Tsompou and V. Kocherbitov, Journal of Colloid and Interface 
Science 608 (2022) 1929–1941

Tap water vs purified water: adhesion of oil



• Change of 
interface type 
may promote 
detachment

Changing the interface type



bl.fabric White cotton 
fabric

0.25 cm

Scan every 100 μm

0.18 
cm

0.18 
cm

Pure water project: analysis of cotton fabric 

CoSAXS MAX IV



Effects on polysaccharide matrix

Current Biology, Vol. 12, R132–R134, 2002,https://www.intechopen.com/chapters/40591

Polysaccharide matrix is formed by charged polymer 
chains
Removal of salts would result in increased repulsion and 
potentially can “open up” structure



Osmotic pressure

H2OH2O

Can purified water promote extreme absorption of water and cause a burst of bacteria?

More ideas to test….



Thank you!


