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INTRODUCTION

To study the feasibility of a reversible storage of high activity and long life radioactive waste, many
parameters have to be take into account, including microbiological parameters. Indeed, it is necessary to
determine the extent of biological reactions that could develop in a disposal. For example, processes such
as canister corrosion, retention and transport of radionuclides and gas production may be partially mediated
by microbial activities (West et al., 2002). An initial microbiological characterization of the Callovo-
Oxfordian clay-rock was conducted in 2006 by S. Poulain. This previous work highlighted a number of
bacterial strains responsible for the disturbances of some geochemical parameters observed in experiments
performed in the Andra’s Meuse/Haute-Marne Underground Research Laboratory (URL). A thoroughly
metabolic study on each isolated strain was then launched after a new phase of microorganism isolation.
The purpose of this new study is to analyse the gas producted by bacteria (like CO2, H2 or H2S) and the
products of their metabolism, in particular corrosive molecules.

SAMPLES AND EXPERIMENTAL METHODS

The microflora was mainly studied on solid samples. These samples came from a 5-m long borehole drilled
using aseptic techniques on June, 2009. All parts of the drilling equipment were cleaned with bleach, rinsed
with demineralised water, and wrapped in sterile foil and clean plastic, prior to arrival on site. The
equipment was handled with ethanol-sterilized gloves and when needed (i.e., after each retractation from
the borehole to remove core sections), re-cleaned on site with ethanol. The borehole was drilled with
compressed N2 to avoid air contamination. After retrieval of the cores, they were conditioned on site on a
conditioning table prepared for working under clean conditions. The sample were placed in sterile plastic
bags, flushed with filter-sterilized N2 and closed by thermal sealing at ambient temperature. The samplea
were further packed into aluminium bags, which were also flushed and sealed. The samples were shipped
to the IRD Laboratory at ambient temperature. Core opening and sub-sampling was conducted within
36 hours after the core was retrieved from the borehole. All tools were sterilized either by autoclaving or
flaming with ethanol. These precautions allow sampling the “core heart” free of any presence of foreign
microorganisms in the sample (Figure 1). The core heart was crushed aseptically using a sterilized mortar
and pestle in anaerobic conditions. The powder was hydrated with sterile minimal mineral medium (MM)
with a low salt concentration. The clay suspension obtained was enriched in different conditions to study
the present microflora:

• Aerobic: MM with yeast extract or glucose.

• Fermentative: MM with yeast extract or glucose but without any presence of oxygen.

• Sulfate-reducing: MM with Sodium-sulfate and lactate or acetate (as carbon source).



P/MO/09

Page 574 CLAYS IN NATURAL & ENGINEERED BARRIERS FOR RADIOACTIVE WASTE CONFINEMENT
4TH INTERNATIONAL MEETING – MARCH 2010 – NANTES, FRANCE

• Thiosulfato-reducing: MM with Sodium-thiosulfate and lactate or acetate.

• Autotrophic: MM with very low concentration of acetate (to enhance the start of the growth) and with an
H2/CO2 (80/20%) atmosphere (CO2 as source of carbon and H2 as source of energy).

These cultures were performed at 30°C for the mesophilic and 60°C to study the thermophilic
microorganisms.

MAIN RESULTS

As some of the enhancements had been positive, an isolation phase of these various bacteria was performed
in Petri dishes for aerobes and Roll-tube for anaerobes (the Roll-Tubes were made from agar poured along
the glass-wall and were sterily and anaerobically closed).

Different aerobic strains were selected in which the 16S rRNA gene (ubiquitous gene of the bacteria) was
sequenced. The results showed the presence of several strains phylogenetically close to aerobic spore-
forming genera (Bacillus, Brevibacillus, Geobacillus) and a non spore-forming strain phylogenetically
close to the genus Pseudomonas. One of these isolated strains is a thermotolerant bacterium that can grow
at 65°C. This strain is phylogenetically closed to Geobacillus thermodenitrificans. Another isolated strain
is phylogenetically closed to Pseudomonas putida, a species known to produce acid from glucose and
oxidize iron and manganese.

These 4 types of genera have already been found in soils. A metabolic study is underway on these different
strains from the URL.
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Figure 1: Right: system to get the “heart of core”. Below: difference between core (right) and “heart of
core” (left).


