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The importance of bacterial adhesion to surfaces can not better be illustrated than by the wide 

range of fields in which it occurs, including biotechnology, biofouling, biomedical 

engineering, dentistry and geochemistry. Studies on fundamental understanding of the 

influence of physicochemical and biological factors on the onset of bacterial colonization 

have not come up with ‘the’ factor controlling bacterial adhesion. Effective ways to protect 

surfaces from fouling are still limited, and therefore often the only remedy is the use of 

toxicants like heavy metals in ship paints or of antimicrobials in mouth washes and contact 

lens solutions. Once biomaterials in the human body have become infected, they frequently 

have to be removed at high expenses for the health care system and major patient’s 

discomfort. Not surprisingly, a considerable amount of research efforts are focussed on the 

development of new, biofouling resistant coatings (3,4). 

 

Biofouling to an exposed surface starts when bacteria are transported to a substratum surface 

by convection, diffusion or sedimentation, followed by adsorption and attachment of 

microorganisms and finally in situ growth (2). A way to schematically present the influence 

of surface properties on biofouling is the so-called fouling triangle (Fig. 1). The triangle 

indicates three major surface properties influential on biofouling: hydrophobicity, elasticity 

and rugosity. 

 

Hydrophobicity is an expression related to surface tension, which is a result of Liftshitz-Van 

der Waals forces and acid-base interactions (1). Elasticity is also referred by the term 

“softness” and roughness is the structure of the surface on a nano- or micrometer scale. All 

three surface properties are important in shaping the dynamics of adsorption and adhesion, 

although the exact interplay of these parameters in controlling biofouling are not known. 

Despite the evident beauty of the pollution triangle as a schematic presentation of the factors 

influencing biofouling, it must be realized that it neglects many other factors, like surface 

charge, relevant in fouling. Bacterial cell surfaces are both chemically and structurally more 

complex and heterogeneous than most inert substratum surfaces and their composition is 

constantly changing during the process of adhesion. Bacterial cell surface physiology is 

determined by the availability of dissolved nutrients, such as organic carbon, proteins and 

dissolved minerals (5). However, also the properties of substratum surfaces can change 

depending on the environment in which they are placed and a so-called conditioning film of 

organic material first covers often a substratum surface. Conditioning films change the 

surface properties completely or mask them (6), but the original substratum surface properties 
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potentially shape subsequent microfouling events through the intermediary of these 

conditioning films. The composition of the conditioning film is a result of the organic solutes 

in the medium, which are different, for instance, in the marine environment than in the human 

body. In the marine environment, the availability of dissolved organic carbon is extremely 

low in comparison with the human body. Therewith it can be expected that verification of the 

fouling triangle will be different in both extreme environments.  

 

 

 

 

 

 

 

 

 

 

 
Figure 1. The fouling triangle. The area confined between the three curved lines indicates a preferred 
set of surface properties for optimal fouling control. 
 

The fouling triangle in Fig. 1, has been the starting point for the research described in this 

thesis, that aimed toward verifying the fouling triangle for a series of fluoridated and non-

fluoridated polyurethanes with different surface tensions and elasticities. Considering the 

influence of environmental conditions on the fouling process, bacterial strains and 

environmental conditions were chosen from two extreme habitats: the marine environment 

and the human body. In both areas of application, antifouling polyurethanes could play an 

important role, for instance as an anti-fouling paint or for use in biomaterials implants, 

respectively. 

Hydrophobicity 
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