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ABSTRACT

Bitumen is employed as an embedding matrix for low and medium level radioactive wastes. An high impermeability
and a great resistance against most of chemicals are two of main bitumen properties. These characteristics of bitumen
confinment properties may be modified under environmental parameters during intermediate storage or deep repository
such as radiations or the presence of water.
The radio-oxidation induces an increase of the quantity of leached organic matter. The evolution of the soluble organic
species release seems to be linear with the irradiation dose, as soon as the dose is higher than 20 kGy, and seems to be
no dependant of the dose rate.
The generation of water-soluble organic complexing agents can affect the integrity of the wasteform due to an increase
of the radionuclides solubility.
An increase of the quantity of leached organic matter is also observed in presence of alkaline solutions. Identified
molecules, by GC/MS analysis, are aromatics like naphtalene, oxydised compounds like alcohols, linear carbonyls,
aromatics, glycols and nitrogen compounds.

INTRODUCTION

Bitumen is a complex mixture of aliphatic and aromatic hydrocarbons of molecular weights ranging from a few hundred
to above 105. It consists mainly of carbon (80-90%), hydrogen (8-11%), oxygen (0-12%), sulfur (1-7%), nitrogen (0-
1.5%) and trace of metals like nickel and vanadium. Bitumen can be used for embedding most of wastes because of its
high impermeability and its great resistance against most of chemicals (1).
Characteristics of bituminized waste products may be modified under internal self-irradiation caused by a, (3 and y
radiations. Ionising radiations cause chain ruptures and cross-linking phenomena in bituminous materials
Bitumen, during storage, undergo an auto-irradiation due to embedded radio-elements. During this stage, drums are not
airtight then oxygen is present. In disposal configuration, water, which is a potential vector of radioactivity and organic
matter, is an other hazard factor liable to modify the containment characteristics of bitumen wastes (2).
The aim of this work is to study the effect of radio-oxidative ageing on the release of organic matter from bitumen in
presence of pure water. The effect of the pH of the solution, pH= 8 or very alkaline cement equilibrated solution ( p H «
13.5) is also presented.

Quantitative and qualitative caracterisation of soluble organic matter is presented.

EXPERIMENTAL CONDITIONS

Experimental conditions have been previously detailed (3).

Bitumen Samples.
The sample used in this study is a bitumen Viatotal 70/100. To obtain a large bitumen surface relative to the amount of
water and short diffusion distances for hydrophilic compounds from the interior of the bitumen to the water exposed
surface, bitumen slices (thickness=300 um) is crushed. One gram of bitumen crushed in these conditions represents a
surface of about 400 cm2.
The water used in these experiments was ultrapure water given by a MILLIPORE filtration system. The cement-
equilibrated solution corresponds to a reconstituated solution containing the soluble mineral elements constitutive of the
CPA (Artificial Portland Cement) matrix. The leaching experiments are realized in static conditions. Because of the
bitumen form, the temperature leaching is maintained to 10°C to avoid particules aggregate.
Irradiation Conditions :
Inactive bitumen slices (300 jam-slices) are laid on an aluminium sheet and placed in airtight container where the
atmosphere is controlled. This experimental system is submitted to external y irradiation. The adjustment of the distance
between the y-source and the samples allows the dose rate to vary from 450 to 15 Gy/h. The samples were irradiated in
air or in an inert gas.

Analytical Procedures.
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TOC (Total Organic Carbon) was measured by ultra-violet promoted persulfate oxidation which is followed by infrared
CO2 dispersion. Inorganic carbon is removed by internal acidification and sparging. The aim of the TOC-analysis is to
determine the kinetic of leaching and the quantity of leachable organic matter. It gives no response on the nature of
analytes.
The soluble organic matter samples were analysed by means of a HP 5190 mass spectrometer-gas chromatograph
(CPG/SM). The instrument was used either in a single mass analyser either in total scan (typically m/z between 30 and
425). lul was introduced in the split/splitless injector of the GC, kept at 220°C and working in a splitless mode. The GC
capillary column used was an HP-INNOWAX (ID=0.25 mm, film thickness=0.25 urn, length=30 m). Organic matter
was previously extracted according to SPE (solid Phase Extraction) or SPME (Solid Phase Micro-Extraction). The
SPME fiber coated with polyacrylate and the SPE cartridge (LC-18) were purchased from SUPELCO. After injection,
the oven was held at 40°C for 2 min. then raised at 407min. to 105°C and then at 8°/min. to 250°C. The identification
of compounds were realized by comparison with a spectra data bank (match quality>80 %).
Compounds like ketones, aldehydes, alcohols, carboxylic acids and phenols were detected after a preliminary extraction
with SPME. This technique gives a screening of the different compounds in solution but doesn't allow a direct
quantitative analysis of organic products: the polyacrylate fiber was placed in 10 ml of leachant. Salts (5 g of NaNO3)
were adding to increase the extraction yield. Agitation was also used to increase the rate of adsorption. The time for
adsorption was fixed to 20 min. Then the fiber was desorbed directly in the liner of the GC (Gas Chromatograph).
SPE (with cartridge LC-18) was used to detect the presence of linear carboxylic acids (n<13) and to measure the
concentration of low molecular weight compounds in this family (n<8): 50 ml of aqueous matrix (HC1 was added to
prevent the ionization of analytes) passed through the plastic cartridge. This type of cartridge allows the extraction of
moderately polar analytes from aqueous samples. 0.5 ml of methanol is added to elute the interesting compounds.

RESULTS AND DISCUSSION

Influence of pH Conditions on the Organic Matter Release.

Figure 1 shows the amount of total organic carbon releases from bitumen versus leaching time for three different pH of
the leaching solution. Each point of the figure corresponds to the asymptotic value of the curve giving the evolution of
the TOC release with the leaching time.
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Figure 1: TOC release in leaching solution with different pH

• Leaching with pure water.
In these different experiments, the TOC concentration becomes quickly constant whatever the Surface (S)/ Volume (V)
ratio. No difference in the TOC concentration between a leaching time of 150 hours and 600 hours is observed. This
shows that the kinetic of organic matter solubilisation in ultrapure water is very fast.
Qualitatively, the GC/MS analysis shows the presence of aromatics and alkanes in ultrapure water leachates. After the
SPE extraction, lower carboxylic acids (formic and acetic) have been essentially detected but their concentrations are
very low (lmg/L).
These tests achieved in ultra-pure water underline the fact that organic material concentration coming from
bitumen leaching is very low.
• Leaching in alkaline water.
When the pH of the leaching solutions increases, the TOC release increases as well, see figure 1.
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When the leaching solution simulates an alkaline solution (pH 8 and 13.5), the release of soluble organic compounds
increases with the leaching time, following a logarithm law. This behavior shows an other phenomenon than simple
solubilisation: a chemical attack leading to a degradation of the bitumen.
In pH 8 solution, carboxylic acids concentration increases with the leaching time. But the TOC increase is not due
mainly to the increase of carboxylic acids. Other species are leached like alcohols, linear carbonyls and aromatics.
Neither phenols nor glycols are detected after extraction and GC/MS analysis.
In the cement-equilibrated solution (pH 13.5), carboxylic acids concentration is more important than the concentration
obtained in pH 8 solution or ultra-pure water. These acids are essentially lower linear acids (lower than butanoic acid).
The main part of TOC is not constituted of carboxylic acids. Molecules identified after SPME extraction and GC/MS
analysis are aromatics like naphtalene, oxydised compounds like alcohols, linear carbonyls, aromatics, glycols (4) and
nitrogen compounds.

Influence of Irradiation Conditions on the Organic Matter Leaching.

Figure 2 represents the evolution of the Total Organic Carbon (TOC) release with the irradiation dose (obtained with
different dose rates).
• The value " 1= 0 Gy/h " is the average value of COT obtained for the leaching of several no-irradiated samples :

- bitumen slices kept in an inert gas (N2) and leached after 2, 4, 8 and 12 weeks,
- bitumen slices kept in air but away from light and leached after the same time.

Quantitatively, no additional released of water-soluble organic matter occurs between these different treatments. The
absence of catalysts like photons or y-rays doesn't induce significant alteration of the bitumen matrix.
When samples are irradiated in an inert gas (N2), no increase of the soluble organic matter release can be seen in
comparison with the non-irradiated sample. This conclusion is valid whatever the rate and the dose rate.
Bitumen internal ageing (which takes place in inert atmosphere) doesn't modify significantly the quantity of
soluble organic matter. If irradiation in an inert gas induces crosslinking phenomena in bitumen matrix, the newly
formed organic products are slightly soluble.
• The radio-oxidation induces an increase of the quantity of leached organic matter. The evolution of the soluble
organic species release seems to be linear with the irradiation dose and seems to be no dependant of the dose
rate.
Qualitatively, for samples irradiated at low dose rates, the GC/MS analysis after an SPME extraction shows the
presence of oxidised aromatic compounds (Figure 3) (spectra are shown on the poster).
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Figure 2 : TOC evolution with irradiation dose for bitumen samples.
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Figure 3 : Identified species in low dose rate radio-oxidated

bitumen leachates (15 Gy/h-90 kGy).

CONCLUSION

Leaching of bitumen with ultrapure water drags few organic species. Due to the low content of soluble organic matter,
the complexation phenomenon is not a problem in these conditions. However, with very alkaline solutions, the bitumen
degradation implies more leached organic compounds. Identification of this compounds by GC/MS shows alcohols,
carbonyls compounds, glycols, aromatic compounds, nitrogen compounds and carboxylic acids. The radio-oxidation
induces an increase of the quantity of leached organic matter. The evolution of the soluble organic species release seems
to be linear with the irradiation dose and seems to be no dependant of the dose rate. Oxidised compounds are released.
The complexing effect of these molecules is now investigated.
The biodegradation of these organic molecules is actually studied. We already know that microorganisms consume
most of the solubilized organic acids released by the bitumen matrix(5).
Other experiments need to be involved to caracterise these phenemena with bituminized waste.
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