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Geoprojects 

KYT/ GEOMOL VTT, KABIO GTK (2006-2010)
Monitoring tools to study function and 
diversity of deep subsurface microbial
ecology
PCR-DGGE, cloning, sequencing, functional
genes

TEKES/METAGENO (2007-2009)
Highthroughput 454 pyrosequencing
Total sequencing of two Olkiluoto samples:  
Metabolic pathways and function of diverse
microbial community
Enzyme discovery

FOUNDATION FOR NATURAL 
SCIENCES/DEEP BIOSPHERE (Ph.D work on 
Outokumpu deep borehole) (2009-2012)

FINNISH ACADEMY OF SCIENCE/DEEP LIFE, 
VTT, GTK (2010-2013)

Outokumpu deep borehole, Isotope
techniques in identifying the major species
related to functions

KYT 2011-2014
GEOMIKRO (Salami, Geobioinfo)
REMIC (Biocorrosion)
BOA  Microbes in bentonite
International networks:

Deep carbon observatory (DCO projects)    
Energy and Deep Life

Scientists involved:
Malin Bomberg (diversity, methanogens)
Marjaana Rättö, BOA
Lotta Purkamo;  Luova
Maija Nuppunen-Puputti, SA Deep Life
Pauliina Rajala, Geomikro, Deep Life
Mirva Pyrhönen (technician)
Mari Raulio (SEM)
Merja Itävaara Projects manager
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Present competences of VTT team:
Metagenomics and metatrancriptomics
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qPCR

Anaerobic 
cultivation

FUNCTION

DIVERSITY

DGGE,function
al genes, 

454 
pyrosequencing

Phylogenetic
analysis

Radiolabelled 
substrates, SIP, 

Geomicrobiology

VTT

INTERACTION

Total sequencing,
Meta’omics’
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Microorganisms

The size
Bacteria 0.5-2.0 um
Nutrients effect on the size, starving
microorganisms smaller
The smallest Archaea 200-400 nm

Requirements for life:
Water, 
gas exchange, 
Energy, electron acceptors
nutrient source; carbon, nitrogen, 
minerals
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Everything is everywhere but the environment selects
(Baas Becking, 1934)

Microorganisms
are widely spread through air and water
may stay latent and inactive as spores
can be activated in suitable conditions
Adapt to extreme environments

Low pH, acid mines
High pH, 
Thermophiles, High temperature
Barophilic, piezophilic
Cryophilic etc.

like to eat together,  e.g.sulphate reducers should be studied in connection to the 
whole microbial community and the environment
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Estimated microbiological risks in the repository

Copper corrosion due to microbial activity
mainly sulphate reducers

Transportation of radionuclides

How organic compounds and naturally
occurring hydrocarbons, geogases affect
microbial activities?

Anaerobic methane oxidation?
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Bentonite buffer is expected to prevent activity and growth
of microorganisms

Swelling pressure

Anaerobicity

Pore size small, no space for microorganisms

low free water content, water activity low aw
0,95
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Examples of 
extremophiles
and their
environmental
limits

(Seckbach & Oren
2005)

Literature survey; BOA 2011
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What are Piezophiles?:
Microbes that can grow better at high pressure than at atmospheric 
pressure.
Microbes has been isolated from the Mariana Trench that cannot grow at less than 50 
MPa pressure, and grow optimally at 80 MPa (800 fold atmospheric pressure). 

Alteration in membrane lipid
composition, increase in fluidity
Intracellular stabilizers (salts, 
sugars)
Pressure-tolerance of 
nonpiezophilic microorganisms
is increased by low water
activity, high temperature or salt
concentration

Rättö, M and  Itävaara M. 2012.Microbial activity in 
bentonite buffers. Research report VTT-R-XXXX-YY
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Cultivation of piezophilic microorganisms

Isolation of obligate piezophiles in  agar  by the pressure bag method. a) plastic bag 
after high-pressure cultivation, b) colonies on agar surface, c) the pressure vessel (Kim 
& Kato, 2010)
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Desiccation tolerant microorganisms

Water is essential to life
In preserved foods the growth of most bacteria is 
inhibited at water activity (aw) of 0.97-0.95 
While the most tolerant bacteria can grow at aw of 
0.85 and halophilic archaea at aw of 0.75 (Grant 
2004).
Limited substrate diffusion and cell motility in soils 
at low matric potential reduce microbial activity  
and these conditions have been found more 
detrimental to microbes
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Bentonite in the repository to protect the 
copper-steel canisters

Granitic tunnel, 500 m depth

High-radioactive waste stored in steel-copper
containers

Bentonite swelling pressure around 7-8 MPa
and the amount of free water (aw < 0.96)

Pore size 0.005-0.1 µm, average 0.02 µm 
(Stroes-Gascoyne et al., 2011)

Temperature around 50-80 ºC (Aoki et al 
2010)
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Microbes in bentonite

Commercial Wyoming MX-80 bentonite contained105 

and 102 microorganisms Stroes-Gascoyne et al 
(2010) 

Lab-scale studies on bacteria/bentonite
interactions  

Culturability of introduced bacteria
The range of bentonite pore diameters measured 
at 1.63 g cm-3 was 0.005-0.1 m which is below 
the size range of vegetative cells of most 
bacteria. 
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Microbial survival after bentonite compaction

Wyoming MX-80 bentonite was compacted to densities 
(1.5, 1.8 and 2 g cm-3 ) corresponding  to aw values of 
1.0, 0.99 and 0.96. Desulfomicrobium baculatum and
Desulfovibrio sp. were inoculated (Motamedi et al. 
1996)

lost viability in one day at aw 0.96 or in 60 days  at 
aw 0.99

Pedersen  et al (2000b)  compacted Wyoming bentonite
MX-80 in swelling pressure oedomers to 1.90 g cm-3

After 28 weeks only two of the introduced bacteria 
(Deinococcus radiodurans and Bacillus subtilis) 
could be cultivated from the deepest bentonite layer 
(3-6 mm) 
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Culturability of indigenous bacteria

The effects of physical properties of bentonite on culturability of 
indigeneous microbes was studied in Wyoming MX-80 bentonite
compacted to dry densities from 0.8 to 2.0 g cm-3. 

The range of bentonite pore diameters measured at 1.63 g cm-3

was 0.005-0.1 m which is below the size range of vegetative cells 
of most bacteria. 

enumeration of indigenous aerobic and anaerobic heterotrophs 
by plating and indigenous SRBs by the MPN method
increasing bentonite density correlated with decreasing copper 
sulphide production rates

Conclusion:
Microbial activity is suppressed in compacted bentonite, however, 
microorganisms may survive high pressure
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in situ experiments in compacted bentonite
viability of indigeneous sulphate reducers (Pedersen, 2010) 

Deep groundwater was circulated over bentonite
compacted into different densities  (1750-2000 
kg m-3)  in oedometer chambers containing 
copper samples. The diffusion of sulphide into 
the bentonite was studied.

Activity of indigenous SRPs was reduced due to 
pressure

At water/bentonite boundary the highest 
microbial activity
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A full-scale waste disposal container experiment carried out in 
Canada 1991-1994 (Stroes-Gascoyne et al 1997)

Electric heater surrounded by buffer material of sand and bentonite (50%/50%). 
During the experiment moisture content gradient developed ranging from 13% 
closest to the heater to 23% at the rock wall. 
2.5 years the samples were analysed using viable counts and API-identification, 
lipid analysis and the 16S rRNA sequencing

Conclusions: 
Microorganisms could be cultured from all samples with moisture content 
above 15 % but not from samples with moisture below 15 %.

Another study by Stroes-Gascoyne et al. 2007
The samples from interfaces (clay block-clay block, clay block-rock and clay-
geotextile) had clearly higher populations of heterotrophic aerobes clay 
whereas the populations of heterotrophic anaerobes and SRBs were constant 
at all locations suggesting that the SRBs survived in metabologically
almost inactive form.  The water activity aw values were >0.96 in all samples. 
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Conclusions

Bentonite contain microorganisms including sulphate reducing 
microorganisms
Sulphate reducers are present in high pressure environments
Spore-forming bacteria have been shown to survive in compacted 
bentonite as dormant spores and are able to resume metabolically 
active state after decompaction
Sulphide formation has been detected also in fully compacted 
bentonite
Microbial sulphide production may increase in repository conditions 
if dry density of bentonite buffer is locally reduced.
Long-term microbiological studies in real conditions should be 
performed
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BOA 2012

During 2011 DNA extraction kits were evaluated for 
further studies

Long-term bentonite compaction experiment since
1997 by Arto Muurinen will be studied for species
diversity and activity

Collaboration with VTT’s bentonite scientists should be
tightened to study microorganisms in the context of 
long term experiments in the repository.
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VTT creates business from 
technology


