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What is the problem?

Growth of biofilm-producing bacteria and fungi and biocorrosion in hydraulic- and 
lubrication oil systems in offshore installations and ships. 



Biofilm-producing microorganisms.
Fungi and bacteria from a biofilm on Different bacteria in a biofilm washedFungi and bacteria from a biofilm on 
the wall of the hydraulic oil tank on a 
supply vessel

Different bacteria in a biofilm washed 
out of an oil filter from a thruster on a 
drilling platform.



Why a problem today  and not earlier?

Some of these additives  are probably  toxic to micro-organisms.



Bacteria in an oil system.

In circulating oil and on  hydraulic oil tank walls

Offshore installation: Videoscope Laboratory: Fluorescence microscopy



In oil filters:

Bacteria in  biofilm on a fiber from an oil filter



Biofilm washed from an oil filter

Untreated
Sonicated for 10 minutes



Biocorrosion by biofilms in  hydraulic oil valves

Used for 6 months Used for 7 years

C i Th ll d i l t l l h dCorrosion:  The yellow powder is elemental sulphur and 
the grey is aluminum. The biofilm must have contained 
sulphate-reducing bacteria (SRB).



Bacteria in the biofilm from the 7-year-old valve



Bacteria in the biofilm from the 6-month-old valve



Why don´t many more marine installations get problems with biofilms in oil system

A.  - Chance, just as some people get influensa, others don´t.

B. –Variation in equipment design, for example easy contamination by sea water q p g , p y y
aerosols containing bacteria.

-Maintenance of the equipment.

-The equipment was contaminated during fabrication and/or installation.

C. –Necessary conditions for growth of microorganisms and biofilm production.

- More than 500 ppm water.

-Presence of biofilm-producing microorganisms. There are propably only a fewp g g p p y y
bacteria and fungi that are able to produce extracellular polymers in hydraulic-
lubrication oil.

-Presence of essential inorganic nutrients , and either  oil hydrocarbons or 
additives as organic nutrient source.

Temperatures in the range of 5oC 80oC-Temperatures  in the range of 5oC – 80oC.

-Presence of oxygen (air) or either nitrate or sulphate for growth of aerobic and
facultative anaerobic bacteria.



What can be done to eliminate or reduce biofilm formation.

A. For new installations:

-Design and produce equipment that doesn´t support growth of g p q p pp g
microorganisms.

B. For equipment already contaminated by biofilm-producing microorganisms:

- Will thorough washing and disinfection be enough?

- Is it possible to kill all/or most of the biofilm producers on intact equipment?

C. Comments:

All experience has shown that it is impossible to get rid of or kill 100% of a p p g
microbial population.

An example: If  equipment originally contained 107 biofilm producing bacteria 
and  we have washed off or killed 99.99%, the equipment will still contain 1000
bacteria, which under favorable growth conditions will start new growth and 
biofilm production.  p



What about overhauling or cleaning contaminated equipment?
Such treatment will reduce the number of microorganisms and some of theSuch treatment will reduce the number of microorganisms and some of the 
biofilm.

The treatment will however not prevent future growth of microorganisms and 
biofilm development. The thicker  the biofilm, the more bacteria will survive. 





Why a Center for Biofilm

To me the challenge is to understand why biofilm producing bacteria and fungiTo me the challenge is to understand why biofilm producing bacteria and fungi  
start to grow and develop biofilms in equipment using  environmentally 
friendly hydraulic and lubrication oils. We need to know which organisms they 

/ f f ffare and how to prevent and/or get rid of them from equipment in offshore 
industry.

I think the best way to solve the problems is by a close cooperation 
between the offshore industry and scientific institutions with differingbetween the offshore industry and scientific institutions with differing 
expertise in microbial technology and ecology.



Ongoing and future studies on biofilms in oil equipment in offshore 
installations will include:

- Microbial diversity in biofilms from different oil equipment and from 
artificially produced biofilms on different surfaces, also known as biofouling.

- Comparison of structure and microbial diversity on artificially produced 
biofilm as a function of time. 

- Investigate different mechanical and chemical methods to remove biofilms 
in oil equipment and to follow the development of any new biofilms as a 
function of time and environmental conditions.



To do physical and chemical experiments on biofilms, we have to be 
able to produce biofilms on different surfaces, and with structure and 
microbial composition comparable to  those found  on oil equipment.

In addition it must be possible to follow the biofilm development during 
the experimental periodthe experimental period.

Old natural biofilm Artificial biofilm on a metal couponOld natural biofilm Artificial biofilm on a metal coupon



Comparison of the microbial diversity in natural and artificially 
produced biofilmsproduced biofilms

We use SSCP for such comparison.

SSCP= Single Strand ConformationSSCP= Single Strand Conformation  
Polymorphism is the electrophoretic 
separation of single stranded 

l i id (DNA) b d btlnucleic acid (DNA) based on subtle 
differences in sequence,often in 
singe base pairs, which result in a 
different secondary structure and a 
measurable difference in mobility 
through the gel. g g



Removal of biofilm – Disinfection of contaminated equipment.

The most used method today is to treat the equipment with a biocide. 
The biocide is added to the oil and pumped through the equipment for a 
certain period of time.
The problem is that  this method, which uses a water solution, is p , ,
inadequate to loosen the biofilm from the underlying surface or to 
penetrate into the biofilm and kill the bacteria encapsulated in the 
extracellular polymeric materialextracellular polymeric material.
It is my opinion that the best way is to loosen the biofilm either by 
mecanical  or  chemical methods followed by a biocide treatment.



Mechanical treatment - Sonication



Chemical treatment – Medicine against slime production



Thank you for your attention!Thank you for your attention!


