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The Callovo-Oxfordian formation (COx) rock may contain up to 1% w/w of organic Carbon. Most of the
Organic Matter (OM) is attached to the mineral particles whereas a small portion is present as Dissolved
Organic Matter (DOM) in the pore water. In environmental studies, Natural Organic Matter (NOM) plays
a key role on the bioavailability and the toxicity of metallic compounds. It is necessary to know the
structure of any organic substance in order to assess which chemical and biological reactions occur under
environmentally relevant conditions. The 150 Myears solid-bound organic matter of the COx (kerogen) has
been already investigated in several studies and originates from a mixture of marine and terrestrial sources.
In addition to this, the CCl4 soluble organic fraction (bitumen) has been already characterized by liquid and
gaz chromatography coupled to mass spectrometry. It allows proportion and distribution of biological
markers to be determined as polar compounds with aromatic and saturated hydrocarbons. DOM was firstly
studied by Elie et al. (2004) under oxic conditions and then by Courdouan et al. (2007) under anoxic
conditions. DOM was extracted from a crushed clay rock of the COx formation with a high rock/water ratio
of about 1500 g/L. Part of the OM from the COx is known to be sensitive to air oxidation which can
significantly modify the nature of the bitumen by an overall shift towards lower molecular weight
compounds. Therefore, the characteristics of the DOM must be determined in in-situ like conditions if one
wants to assess the mobility of DOM in the clay pore space and to evaluate the mobility of heavy metals/
radionuclides. The migration of heavy metals/radionuclides in natura is in most of the cases dependant on
their interactions with NOM. This has largely been studied for soils and in particular with humic
substances. Due to their high binding capacity with metal ions and their colloidal sizes in natural waters,
these macromolecules, through complexation reactions, might either enhance the mobility of trace
elements, for instance of radionuclides, or reduce their migration rates by sorption processes in relation
with their size and that of the porous medium. Consequently, the characterization of DOM in anoxic pore
water samples from the COx formation is of great importance. In this context, establishing accurate
sequencing of structural units for the DOM shall be attempted. This paper would not focus on Fulvic and
Humic Acids since their concentration are low in the COx formation, leading to a probable low velocity.
Furthermore, an abundant literature is available concerning humic substances interactions in the
environment. The present work is focused on small organic molecules that are present in the COx
formation and that could also play a key role in the migration processes.

Usual tools to understand the characteristics of NOM are NMR, pyrolysis-GC/MS, IR, thermogravimetry.
However, the application of such techniques faces (except for pyrolysis-GC/MS) the necessity to separate
NOM from the mineral fraction which usually represents more than 95% of the whole rock. The extraction
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of the soluble organic matter from the rock should be done through alternative techniques like LC, GC,
GC/MS… analysis as usually performed for petroleum extraction. Therefore, it would be valuable to
develop rapid analytical methods that require only a small sample volume and minimal pretreatment. Of
particular importance is the ability to analyze bulk pore water samples as opposed to samples subjected to
specific extraction techniques, fractionation, and/or concentration.

Mass Spectrometry with either the ElectroSpray or the Atmospheric Pressure Chemical Ionization modes
has been proved to be a powerful tool for aquatic humic substances since it allows the determination of
the molecular weight distribution and the access to the different molecular weights. The main advantage
of these instrumental methods is based on the fact that no derivation of the functional groups has to be
realized prior to analysis since a direct analysis of the water is performed, in contrast for instance to GC-
MS. One of the drawbacks is linked to the presence of salts in solution leading to noisy information on
MS signal. In this study, we have employed ESI-MS and APCI-MS to identify the chemical composition
of NOM contained in the pore water from the argillite clay rock. Due to the very small quantities of COx
pore water available from boreholes, these techniques are thus very suitable.

With the exception of the study performed by Courdouan et al. (2007) crushed clay rock, the DOM in pore
water has never been characterized on a well preserved pore water sample. The following aspects were
considered in the present work: (1) the use of either ESI or APCI to select the most appropriated mode of
ionization for providing the best information depending on the class of compound examined (i.e. acids,
aldehydes, amino acids and sugars) (2) a unique and original experimental process developed to get pore
water from a core sample (3) the determination of concentration of dissolved organic matter and the
evaluation of the organic matter maturity by Excitation-Emission Matrix (EEM) spectroscopy and (4) the
application of the proposed instrumental methods for the characterization of organic components from
natural pore waters.

For the first time to our knowledge, a quite exhaustive inventory of the small organic compounds presents
is given without proceeding to any chemical treatment or sample crushing and for naturally occurring
concentrations. Due to the experimental conditions used, the organics features observed are not expected
to correspond to a contamination from microbial activity but would rather be representative of the in-situ
pore water composition. The structural features observed were mainly acidic compounds, fatty acids as
well as aldehydes and amino acids. Nonetheless, if one wants to evaluate the impact of this organic matter
on the migration of radionuclides, the determination of the concentration of organic molecules in the
aqueous media is required. Thus, an in-situ method of quantification has been developed by keeping 2 main
factors: no chemical treatment or sample crushing and analysis for naturally occurring concentrations. The
quantification results would be presented.


