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Abstract. This paper covers an overview of recent research of microbially induced corrosion in 

Fennoscandian terrestrial deep bedrock groundwater environment. The assessment of microbially 

induced corrosion of metals in the deep bedrock environment has become important in evaluating 

the long-term safety of disposal of radioactive waste.  

Introduction 

Deep environments in terrestrial bedrock have been considered potential sites for long-term 

storage of hazardous waste, such as toxic metals and spent nuclear fuel because they are relatively 

stable, impermeable, nutrient limited, and show little biological activity. However, highly diverse 

and numerous populations (10
3
–10

6
 cells mL

−1
) of microorganisms have been detected hundreds to 

thousands of meters below the surface in sedimentary, metamorphic and igneous rocks [1]. Several 

studies have described the composition of these microbial communities, but the ecology and activity 

of these microbial communities are only now beginning to be revealed [2-4]. For example, the 

metabolic activity of microorganisms in deep Fennoscandian groundwater has been shown to be 

low, but the microorganisms are quickly activated when growth substrates become available [2]. In 

addition, it has recently been shown that microbial communities in the nuclear waste repository 

environment have the capacity to perform anaerobic methane oxidation coupled to simultaneous 

production of corrosive acetate and sulphides [3] and that they change in response to changes in the 

environment [4]. Thus, the potential of the indigenous microbial community to induce corrosion 

under the prevailing environmental conditions may be significant but is still poorly known. 

Understanding the metabolic activity of these communities and their response to changing 

environmental conditions is of profound importance to the long-term safety assessments of 

hazardous waste disposal in deep subsurface sites. The assessment of microbially induced corrosion 

of metals in the deep bedrock environment has become important in evaluating the long-term safety 

of disposal of radioactive waste.  

Low and intermediate radioactive waste is produced during the operation and decommissioning 

of nuclear power plants. The metallic waste mostly consists of carbon steel and stainless steels. In 

Olkiluoto, operational waste has been disposed of in an underground repository excavated into the 

bedrock to the depth of 60–100 m below sea level. On the other hand, high-level radioactive waste, 

such as spent nuclear fuel will be stored in copper canisters in the bedrock, at the depth of about 

400-450 meters. The disposal of used nuclear fuel is based on the usage of multiple barriers, copper 

canister being the most important of these barriers.  

In oxygen-free water, the corrosion rate of steels and copper is low, unless the water is very 

acidic or the microbial activity is high in the environment. The groundwater at the repository depth 

contains up to 10
5
 microbial cells mL

-1
 with considerable species diversity. Microorganisms may 

significantly contribute to the corrosion of steels. Microorganisms are also able to accelerate several 

types of copper corrosion. 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. Under the biofilm the conditions may differ remarkably from the surrounding 

solution and thus induce circumstances where the corrosion is locally increased. As a consequence 
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of corrosion of the metallic waste, radioactive nuclides may be released into groundwater and 

transferred to neighbouring areas of the repository.   

The aim of the research is to characterize microbial biofilms associated with corrosion and study 

the ability of the indigenous groundwater microbes to produce aggressive corrosive agents. In 

addition, the ability of microorganisms from deep terrestrial biosphere to benefit from these metallic 

materials is studied. 

Microbially induced corrosion in deep bedrock 

Our studies have covered the long term field testing in actual drill holes inside the bedrock as 

well as extensive mesocosms studies in the laboratory simulating different scenarios and enabling 

real-time electrochemical survey of corrosion processes [5-11]. 

Corrosion of steels. In our laboratory scale simulation experiments biofilm formation on surface 

of carbon steel was shown to be intensive (Fig. 1). The diversity of the biofilm forming microbial 

community was vast. In an experiment where the flux of organic nutrients was studied, the biofilm 

forming community changed in response to nutrients. Concrete slowed the initiation of biofilm 

formation but did not completely inhibit the process. In the presence of concrete the composition of 

the microbial community was different from that formed in natural conditions. In our experiments 

native microbes from groundwater were shown to benefit from the presence of carbon steel [11].  

 

Figure 1. Effect of concrete and nutrition on biofilm forming community. 

 

In general, the detected corrosion rates of steels were higher in the presence of microorganisms 

compared to the abiotic reference experiments. The increment of nutrients also increased the 

corrosion rate of carbon steel evaluated by electrochemical methods, whereas the presence of 

concrete decreased the corrosion rate [5]. In the case of stainless steels a higher corrosion rate was 

seen in the biotic environment, although the rates were much lower than in the case of carbon steel 

(Fig. 2). 

A long-term field exposure (≈5 a) showed high corrosion rates, general corrosion rates up to 29 

µm a
-1

 and even higher localized corrosion rates [6,7]. The deposits formed on surfaces were mostly 

thick and black but some brownish deposits were also present (Fig. 3). The main components were 

CaCO3, FeCO3, SiO2 and metallic iron (Fe). Iron sulphides were probably also present, possibly in 

the form of Fe9S8, and/or Fe9S11
 
[7]. High numbers of microbial cells were discovered adhering on 
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the surface of steel coupons using FE-SEM (Fig. 3). The microbial diversity in the biofilm was 

determined by pyrosequencing. Deltaproteobacteria were the dominant class detected in the biofilm. 

 

 
Figure 2.Corrosion rates of carbon steel (left) and stainless steels (right) in ground water with or 

without nutrient and concrete amendments. 
 

 
Figure 3. Carbon steel coupons after exposed to ground water at the disposal site (left) and the 

biofilm between corrosion layers on carbon steel surface after the exposure. 
 

Corrosion of copper.  Laboratory simulation studies with microbial enrichment culture (sulfate 

reducing bacteria) from the repository site aimed to characterize the microbial influence on 

corrosion of copper under anoxic conditions. Results show the effect of the microbes on the 

deposits formed on the surface of copper (Figure 4). In addition to metallic copper, chalcocite 

(Cu2S) and small amounts of cuprite (Cu2O) and tenorite (CuO) were detected in the biotic 

specimen. On the surface of the abiotic specimen only cuprite could be detected in addition to 

metallic copper. Microbes were seen attached on the surface of copper after the enrichment was 

added (Figure 4). The corrosion rate in biotic environment was up to 7 µm a
-1 

[9]. 
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Conclusions 

Indigenous deep groundwater microbes readily attach to metallic surfaces and form biofilms, 

which facilitate corrosion of both carbon steel and copper. The observed high microbial diversity in 

the biofilms also provides a multitude of microbial activities, which are not yet fully understood. 

However, microbial presence and activity clearly increased the corrosion rates and microorganisms 

were shown to particularly induce localised corrosion. 
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