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The aim of this project is to evaluate the effect of aging on the geochemical partitioning of 
copper in soils. In this general context, µ-XRF in conjunction with µ-XANES, µ-XRD, and EXAFS 
will provide information about the redistribution of copper into soils and consequently its 
bioavailability and mobility in the environment. During the 15-shifts session onto the L beamline, 
we obtained data about ten samples. The use of micro focused synchrotron-based X-ray 
fluorescence spectroscopy (µ-XRF) provides us information about the heterogeneity of the copper 
distribution in soil samples under various aging times (Figure 1). From the resulting mapping, Cu 
‘hot-spots’ and Cu-poorly-loaded areas were selected for a µ-XANES and EXAFS study in order to 
obtain molecular information about the metal environment. This latter combined with µ-XRD 
(recorded simultaneously) will enable to precise the mineral phases on which copper is associated. 

 

 

 

 

Figure 1: Copper mapping onto a vineyard soil obtained by µ-XRF. 
 

 The first results obtained underlined significant differences according to various (from 1 day 
to 6 months) aging times and experimental conditions (Cu loading, single and successive 
applications of copper, influence of aging between two copper additions, influence of aging time 
prior to leaching experiments…). Indeed, a rapid first analysis of the recorded data evidenced a 
modification of the mineral (or organic) phase onto which copper is adsorbed on a case by case 
basis. The maps (largest was 1x1 mm) of the 6 main Al, Si, Ca, Mn, Fe, and Cu elements were 
made for each sample. The samples were set at 45deg with respect to the incident beam, in order to 
minimize scattering contribution. For each sample, 3 µ-XAS scans were recorded in several Cu 
‘hot-spot’. The size distribution of the Cu ‘hot-spots’ varies between 3 and 200 µm in diameter and 
therefore, the beam size of 15 µm was suitable for investigating all samples. A first analysis of the 
EXAFS and XANES spectra highlighted significant differences between these samples (Figure 2). 
The XANES spectra underline different geometries around the metallic cation, while EXAFS 
spectra analysis revealed dramatically different second coordination shells between 2 and 5 Å on 
the radial distribution functions, in accordance with a copper cation sorbed onto different soil 
fractions according to aging time. Beam damage was not observed, which confirms that working at 
room temperature was sufficient. 

 

 



 

 

 

 

 

 

         

Figure 1: Copper environment in a spiked soil as a function of aging by µ-XANES and µ-EXAFS at the 
copper K-edge. 

On the basis of data obtained during this session, we expect to publish a paper in which µ-
XRF, µ-XAS, and µ-XRD results on geochemical partitioning of Cu2+ in soils will be integrated in more 
general studies including macroscopic studies (column sorption experiments). 


