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Microorganisms

 Microorganisms mean bacteria, archaea and fungi

 have been around 3.8 billions years 

(long before plants and animals)

 can be found almost everywhere

 deep subsurface environments

to a depth of several kilometers

 have adapted to very extreme and

diverse conditions

 temperature, pressure, radiation,

high salinity, pH.....

us

Picture: Wikimedia Commons
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From extreme high to 

extreme low

temperature

pH

High

salinity

radiation

pressure

heavy metals

Low

nutrient

water availability

Examples of microbial adaptability
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Requirements for microbial growth

 Water (solvent of biological 

reactions)

 Carbon source

 Other essential elements: 

N, O, H, P, S

 Trace elements etc. 

 Energy: electron donors 

and acceptors

 Habitable space
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What is deep biosphere?

 Subsurface ecosystem

 Reaches the depth of 

several kilometers

 Independent from 

photosynthetic production

 Mostly microbial anaerobic 

community

Picture: Wikimedia Commons
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Repository for high level waste

 Olkiluoto island, western Finland

 Repository depth 400-500 m

 Repository for high level waste that is packed 

in 50 mm thick copper capsule 

 Failure of capsule by corrosion could lead to 

migration of nuclides
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Microbes from bentonite

Microbes from groundwater
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Influence of microbes in geological repository

 Can affect the performance of engineered barrier 

materials

 Produce corrosive components (e.g. acetate, nitrite, 

ammonium, sulphide and organic acids)

 Produce gas (methane, CO2)

 Change geochemical environment in repository

 Change redox state of the radionuclides

 Produce metabolites that form complexants with 

radionuclides

 Can influence the solubility, the sorption and the 

mobility of radionuclides
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What is biofilm?

 The activity of microorganisms attached to the 

surfaces and the properties of formed biofilms 

are essential factors when considering the 

possibility of microbially induced corrosion

 In aquatic environments microorganisms attach 

to surfaces and form multispecies biofilms

 Microbial cells in a biofilm differ from free living 

cells of the same species

 Formation of extracellular polymeric substances 

(EPS) = slime

 Under the biofilm the conditions may differ 

remarkably from the surrounding solution 

”Mushroom” model of biofilm

Center for Biofilm Engineering

Image: Mari Raulio
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Under the biofilm the 

conditions may be 

corrosion inducing:

pH, Cl- gradient

Concertation of metals

Metabolic products 

(H2S,nitrate, acetate, 

organic acids…)
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Microbially induced corrosion of copper

 Biofilm formation is key step for initiation of corrosion

 Not all microbes are corrosion inducing

 Some might promote passivation of the surface

 Majority of microbes do not have any effect on corrosion

Microbes in corrosion pits on 

surface of carbon steel
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Microbially induced corrosion of copper

 Microbial activity may have an affect on the integrity of copper 

capsule

 Microbial metabolites may enable the stress corrosion cracking 

or cause general or localized corrosion

 Challenge is to identify the key microbial processes in each 

phase of repository

 Aggressive agents for copper

 Acetate, nitrate, nitrite, ammonium, sulphide and organic acids
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Ability to produce aggressive compounds

Organic acids

Acetate

Ammonia

Nitrite

Sulphate
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Biofilm formation

 Groundwater microbes have great affinity to 

form biofilm on copper

 The species forming biofilm differ from the ones 

dominating in groundwater

 Evenly saturated bentonite should prevent 

biofilm formation
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Corrosion in deep bedrock

 Corrosion rates are higher when microbes are 

present in anoxic conditions

 SCC of copper induced by microbial metabolites

 In oxic conditions nitrogen cycling microbes slightly 

prevented corrosion
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Summary

 Deep biosphere microorganisms have ability to increase 

corrosion rate in repository environment but also protect from 

corrosion

 Distinct surface deposits when microbes are present

 copper(I) sulfide, chalcocite deposit vs. copper(I) oxide 

 Deep biosphere microorganism have ability to adapt to changing 

environmental conditions

 Deep biosphere microorganism may appear dormant but are 

able to reactivate rapidly when suitable opportunities rise

 Biofilm forming population differs from dominant population in 

groundwater



www.vttresearch.com/preventing_corrosion

http://www.vttresearch.com/preventing_corrosion
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Desulfovibrionales Clostridiales

Rhizobiales


