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In general, there are two ways to solve the problem of a fouling surface, discriminated by the 

moment of intervention in the process of adhesion. First of all, it is possible to interfere with 

the actual adhesion process by discouraging the fouling organisms to adhere by offering 

unfavorable conditions for adhesion. The second solution is removal of adhered bacteria from 

a fouled surface after adhesion has occurred.  

 

In the past years, many investigations in the medical field, food and marine industry have 

focussed on the development of non-stick surfaces within the limitations dictated by each 

application, resulting in different priorities. One can imagine that toxicity is not allowed in the 

medical field, whereas costs are more restrictive in the development of a marine coating. 

Resistance of bacteria against antibiotics and bacteriocides urges investigation of other ways 

to protect implanted biomaterials from infection. In food industry, addition of biocides to 

keep processing units clean is mostly excluded. Recently, the International Marine 

Organization tightened the rules for application of toxic compounds in the marine 

environment. As an alternative, cuprous oxides (also toxic) and non-stick coatings are applied 

on high-speed ferries or vessels that navigate a lot (i.e. of which the hull is subject to high 

shear). Summarizing, there is a need of non-emissive coatings discouraging bacterial adhesion 

and growth, which have a great variety of applications.    

 

This thesis evaluates modified polyurethanes for use as non-fouling surfaces in the medical 

and marine environment. Experiments have been confined to initial adhesion, and are largely 

based on adhesion in a model system, i.e. a flow chamber. We will now subsequently discuss 

the methodology used, the selection of bacterial strains for evaluation, detrimental effects of 

bacterial biofilms, and future perspective for non-stick coatings.  

 

 

METHODOLOGY 

 

The flow chamber proved to be a valuable tool to measure affinity of a bacterium for a 

substratum (1), as an implanted biomaterial or ship hull does not allow real time and in situ 

observation. Many investigations showed that bacteria adhere to every possible surface, 

regardless of the physicochemical properties it possesses, when exposed to a bacterial 

suspension. In this thesis, as well, we did not find a great reduction in the final density of 

bacteria adhering on any of the polyurethane surfaces tested. Initial deposition rates are a 
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measure for the affinity and the results are therefor valuable both with regard to the 

prevention of adhesion as well as to an easier cleansing of the surfaces. This ‘cleansing event’ 

can be the blinking of the eye over a contact lens or a period of navigation for a ship at a high 

speed releasing the fouling that occasionally adhered. These cleaning forces have been 

analyzed for small particles and as a result of a laminar fluid flow, two forces work (14) on an 

adhered microorganism, viz. a lift force and a drag force. On the limit for laminar flow in the 

stagnation point and in the parallel plate flow chamber, the force exerted by the flow is not 

enough to detach an adhering bacterium. Turbulent flow or the passages of air bubbles over a 

coating will however, more efficiently clean the surface (7), so future research should also 

focus at detachment under above-mentioned conditions. For this purpose, it is necessary to 

adapt the flow chambers. 

 

 

THE SELECTION OF BACTERIAL STRAINS FOR EVALUATION 

 

For both the marine and the medical evaluation of the polyurethanes, the selected bacterial 

strains were considered representatives of fouling bacteria, covering a range of 

hydrophobicities. The real situation is, however, a complex and well-balanced system 

comprising a multitude of microbial species. Adding to the complexity of the system, are the 

human immune system in the medical environment and the great variety of strains colonizing 

a biomaterial.  

 

In the marine environment, ships navigate through water with greatly varying conditions and 

microbial populations.  Twelve well-defined zones were defined in the oceans of the world 

that vary in salinity, clarity, temperature and nutrients, and the type and numbers of native 

fouling organisms are different in each of these zones (4). The intention of the thesis was not 

to determine fouling rates in the natural environment, but the selected strains were used as 

model organisms in order to understand the effect of a change in physicochemical properties 

of the substrata offered. 
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DETRIMENTAL EFFECTS OF BACTERIAL BIOFILMS 

 

In the medical environment bacterial adhesion on a surface has in general a detrimental effect 

on its function, as these biofilms possess increased resistance against bacteriocides and the 

human immune system and are therefor related with increased risk to infections. Adhering 

bacteria are metabolically active and can easily adapt to altered conditions. Therefor they can 

present a surface with different physicochemical surface promoting specific or a-specific 

adhesion of other organisms. In the oral cavity, it was shown that some bacterial strains co-

adhere and adhesion of one strain promotes adhesion of the co-adhering strain (9). In the 

marine environment, microbial biofilms promote corrosion due to penetration of a coating and 

thereby strongly reduce its protective effects. Furthermore metabolites excreted by adhering 

bacteria tend to accelerate the corrosive process. In Fig. 1 the end-stage of biofilm formation 

in the marine environment is presented. Submersed in seawater for prolonged periods of time, 

solid substrata are most likely to possess a biofilm comprising diatoms, protozoa and 

microalgae, seaweed and marine invertebrates of which the barnacles are causing most serious 

problems. Among the cues for settlement are also factors influenced by the conditioning film 

and the marine microbial biofilm (13).  

 

Figure 1. A marine biofilm causing corrosion. 
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Investigations on the exact role of the biofilm, however, showed that bacteria may be a source 

of positive and negative cues for barnacles, because the cyprid stage of the barnacle is able to 

respond to both inhibitory and stimulatory compounds on the surface (10). 

 

 

FUTURE PERSPECTIVE FOR NON-STICK COATINGS  

 

Most non-stick materials based on physicochemical surface properties are either fluorinated 

or silicone coatings. In general, the fluorinated coatings are tough, highly hydrophobic and 

resist fouling, but in time a tight bond to the coating is formed possibly due to a conditioning 

film. Most non-stick coatings need a mild ‘cleansing event’ to remove the biofilm. For the 

fluorinated coatings, a high shear force can be applied without damage to the coating. This is 

in contrast to silicone coatings, which are relatively soft, weak and easily damaged. Silicone 

coatings are a bit less hydrophobic than fluoropolymers and foul therefor more rapidly and 

consequently tighter bonds are formed. A flexible coating like the silicone coating deforms 

when a hydrodynamic force acts on an adhered organism and is peeled away from the surface, 

which requires a smaller force than in case of the shear as with the fluorinated coatings, as 

shown schematically in Fig. 2.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
Figure 2. Hydrodynamic forces resulting in a peel and a shear force on an adhering bacterium on the 
elastic surface, whereas on the stiff surface shear force dominates. 
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Different research now focuses on the application of polyurethanes, which combine various 

properties for optimization. They allow independent modification of hydrophobicity and 

elastic modulus and therefor a tough hydrophobic elastomeric coating can be made, which 

tolerates no more than a weak, easily failing joint (5). Some recent developments in marine 

anti-fouling coatings are based on mimicking natural phenomena like the skin of a whale and 

the surface of some red algae, which stay clean under continuous fouling pressure. It is of 

importance to learn from nature and for example, try to find functional biocides or enzymes 

for application in coatings (2) as a zymogel which keeps the skin of a pilot whale clean. Other 

strategies that are recently investigated are the application of nano- (3,8) or micro-structures 

(6), silicone oil or a layer of air covering the hull (which also lowers hydrodynamic 

resistance). Some of these strategies or combinations of strategies can also be used in or 

originate from medical applications and mutual exchange of ideas can be very fruitful. 

  

This thesis shows that there are many complicating environmental factors in the development 

of a non-stick surface, which starts with the formation of a conditioning film. It is concluded 

that physicochemical interactions do play an important role in adhesion and may be used to 

weaken the bond between a bacterium and the surface. Considering the variety and multitude 

of mechanisms that bacterial species utilize to adhere, it is realistic that there will always be 

an exceptional strain that is able to adhere. Therefore we have to conclude that synthetic non-

stick surfaces most probably do not exist and the ultimate goal of a non-stick surface that can 

be achieved will therefor be to facilitate cleansing. The coatings can be of help in the different 

methods that have been suggested to remove fouling, which range from ordinary brush 

cleaning to removal of bacteria by application of electric fields (12), passage of air bubbles 

(7) and ultrasound (11). A more appropriate term for antifouling coatings based on 

physicochemical properties would therefore be ‘easy-to-clean surface’.  
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