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Abstract 

The actual speciation of metals in soil has immense importance for potential leaching and 

bioavailability at contaminated sites and has attracted considerable awareness in regard to 

international risk assessments. Cu is both naturally omnipresent and a high volume compound 

which also spread to soil. It can be bound in different solid phases or present as free ions, 

complexes or precipitates in the soil solution. The exact way that Cu is bound in the soil depends 

on the chemical structure of the solid phase and the composition of the solution. Extraction based 

studies suggest that Cu tends to be stronger bound to soil constituents than most other metals, 

especially in the organic matter. It has also been shown that the soil’s cation exchange capacity 

(CEC) combined with pH has a particularly good correlation with the bioavailable fraction, 

indicating also correlation with free ions (Silveira et al. 2006).  

 

Little is known about the actual in-situ speciation of Cu in uncontaminated soil, which can only be 

investigated with synchrotron-generated X-ray absorption spectroscopic (XAS) techniques. The 

XAS based technique can perform both near-edge spectroscopy (XANES) and extended fine-

structure spectroscopy (EXAFS) which provide information on atomic coordination and oxidation 

step in the sample. Previously published synchrotron based studies on Cu in soil show, not 

surprisingly, that Cu is bound in a mixture of various crystalline and amorphous solid phases. Cu 

seems especially connected with organic matter, but also with clay minerals and salts, which 

includes e.g. CuO and Cu2O. The organic matter binding seems to be largely governed by 

carboxylic or amine ligands (Strawn and Baker 2008, Karlsson et al. 2006).  

 

To investigate actual Cu speciation we collected soil samples from a unique site which was Cu 

contaminated more than 70 year ago and now exhibits a gradient from >3,000 mg Cu/kg soil down 

to natural background levels of around 30 ppm (Scott-Fordsmand, 2000). This Danish field site 

(Hygum) has been extensively used for laboratory and field studies by scientists worldwide and in 



connection with EU risk assessments, making it an important site for understanding Cu bindings 

and speciation, i.e. in regard to international risk assessment. 

 

A number of references and contaminated soil samples from a well-drained Danish site (Hygum) 

were analysed at beamlines C and X1 at the DORIS synchrotron at DESY, Hamburg, Germany. 

Both XANES and EXAFS spectra were collected, and data were analysed using the Athena and 

Artemis (Ravel and Newville 2005) and FEFF 8 (Ankudinov et al. 1998) software packages. 

 

Our preliminary results reveal minor differences between spectra from the highest contamination 

levels at 3,000 ppm and down to the ambient Cu concentrations at 30 ppm. The spectra indicate 

that copper is predominantly present in oxidations state two and bound to oxygen in a distance of 

around 1.9 Å. The combined XAS results of the actual speciation and binding of Cu will be 

discussed with respect to differences in Cu’s bioavailability and leaching at this unique site.  
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