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What are microbes and how did they get 
in my fuel supply system anyway?   
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Who are they?  

Microorganismisms: Bacteria, Fungi, Yeasts all  

a few microns large cells  

 

They require:  

Water     little, but absolutely necessary  

Temperature    0 ï 80 (110) ° C 

C source    HC, additives  

N, P, S, oligoelements in trace amounts      

 

They prefer a structured mode of community life  

BIOFILMS 
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How did they get there?  

Follow the water é 

 

HydroCarbon (HC) degraders are present everywhere in the 
environment:  

 

ÁSoil, rivers, sea water  

ÁRefineries are óspecializedô niches for oil degraders 

ÁWaste water, tanks and deposit water  

ÁTrucks  

ÁShips etc.  

 

Even less specialized bacteria  

are able to degrade methyl esters  

and fatty acids  



Biofilms, fouling and corrosioné 

A microbial biofilm growing with time.. 



Hydrocarbon associated microorganisms  

ÁSolvent resistance  

ÁOleofilicity  

ÁProduction of biosurfactants  

 

ÁSpecific transport systems  

Á for nutrients  

Aerobic degradation of HC / one major mechanism  

Anaerobic degradation of HC / diverse mechanisms  

BIO components stimulate degradation  

 

JonathanD.VanHamme,  AjaySingh, and Owen P. Ward*  

RecentAdvances in PetroleumMicrobiology  



Aerobic microorganisms associated with fuel  

ÁFungi, yeasts and bacteria  

 

ÁFor these microbes degradation 
needs oxigen  

 

ÁMechanism important for oil spills 
on soils, sea (limit is nutrients N, P)  

 

ÁH2O is essential  

 

 

 

 

ÁSolvent resistance linked to 
microbial cell wall pumps  

MODELS of CELL WALL SOLVENT PUMPs 



Findings on anoxic biodiesel biodegradation  

ÁFAME ï methyl esters are easily degraded by bacteria in the 
presence or absence of oxygen.  

ÁSuflita: corrosion is stimulated by diverse inocula from HC 
degrading communities  

 

ÁEFFECTS: acid production, biofouling, stimulation of corrosion  

Rich microbial diversity is associated to corrosion  

 

Sulfate, nitrate, metal  reducing bacteria,  

Common on metal surfaces  

 

Very well kown problem in oil production centers  

ONCE ESTABLISHED BIOFILMS ARE DIFFICULT TO 
MANAGE 



Rich microbial diversity associated to 
corrosion biofilms:  

 

WE know who is there  

Culture independent techniques  

 

Band 1   Campylobacter  

 

Band 16  Petrotoga  

 

Band 17  Flexistipes  

 

Band 7  D. Baculatum  

 

Band 8  Desulfotomaculum  

 

Band 12 Marinobacter  

 

Band 13 Fervidobacterium  

 

 

Band 3  GreenSulfurBacteria  

 

Band 4  UAHToil  

 

Band 6  VP184  

 

Band 14  PseudoThermotolerans  

 

Band 15  Marinobacter   

 

Band 9  Bacteroidetes  

 

Band 11 UASB TL54  



Culture independent techniques  

Rich microbial diversity associated to 
degradation  

 

Adding biodiesel to diesel facilitates 
growth of specific components of 
bacterial population  

 

 

 

 

 

 

 

Every contamination has its own history, with 
common traits  

S Nygaard DTI 



Biocides: mechanisms and adaptation  

Development of resistance to biocides can be due to:  

 

Å Inactivation of biocides in the fluid surrounding the biofilm  

Å Inefficacy in penetrating the inner strata of biofilms  

Å DNA exchange in parts of the microbe population  

 

Microbiology and MolecularBiologyReviews, December2003, p. 503-549, Vol.67, No. 4 

1092-2172/03/$08.00+0DOI: 10.1128/MMBR.67.4.503-549.2003 
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óduring enhanced oil recovery by water flooding wells are often contaminated with 

hydrogen sulfide-producing SRBs that result in the souring of sweet crude oils. 

Biocides have often been found to be ineffective in controlling this problem, while 

nitrate addition has been used with some successé.ô 

 



Bacteria need very small quantities of Sulfur  

ÁS is necessary for bacterial life and activity, but very little is 
needed for survival (ppb)  

ÁBacteria living in biofilms need minimal quantities  



Toxic sulfur compounds  

 

Å Organo sulfur diesel compnds could be toxic for bacteria growth  

Å DibenzylDisulfide is used in manufacturing corrosion inhibitors  

Å Intermediate compounds of DBT biodesulfurization(sulfones) can have toxic 
effects on bacterial cells  

Å DBT inhibits Archeoglobus fulgidus  growth at 10g/l  

Å 2OH biphenyl (DBT degradation product) inhibits bacterial growth between 10 
and 100 mg/l  

Å DBT tox(shrimp) 0,15 - 0,5 mg/l /96 hours  

 

 

Lowering organo S concentration increases degradability of diesel  

Addition of Biodiesel further enhances degradability  



Biofilm communities protect individual cells  

ÁAdhesion  

ÁIrreversible adhesion  

ÁMaturation  

ÁGrowth and further maturation  

ÁDispersal and colonization  



Biofilm communities protect individual cells  

Bacterial biofilms: from the natural environment 

toinfectiousdiseases Hall-Stoodley et al 

Nature Rev2004 



Microbial diversity in Biofilms  

Concentration gradients of 
compounds (and nutrients) in 
biofilms are at the basis of 
heterogeneous microbial populations 
in biofilms (moulds, bacteria)  

 

 

 

 

 

This is also at the basis of complex 
responses to biocides  



Biocides: mechanisms and adaptation  


