XAS analysis of Copper in a soil matrix (II)
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The aim of this study was to analyse and describe the actual speciation and bonding of copper
(Cu) in soils contaminated with either CuNO3-salts or Copper-nanoparticles. The distribution of Cu
in soil has tremendous economical importance and the fate of Cu has attracted considerable
attention in international research [1], but with no knowledge in the area of nano-materials.
Previous studies show differences in toxicity between the two forms (Cu-salts and Cunanomaterial), which suggest that there probably is a difference in their state. However, as
mentioned the nature of the bonding and the processes by which the copper and coppernanoparticles are available, taken up by, and handled by soil organisms remain unclear. The
present study was an attempt to enlighten this using both Danish field contaminated soil and
amendments of Cu-nanoparticles to uncontaminated soil from the same site.
We analysed a number soil samples, both Cu-contaminated in the field and nano-material
contaminated using the beamline-C and -X1 at DORIS (Hasylab, DESY) for XANES and EXAFS
spectra collection, using a Si (111) crystal pair monochromator for the Cu energy range with a
resolution ∆E/E of < 10-4 (<1 eV). Appropriate Cu reference compounds were used. Data was
subsequently analysed using the SixPACK software package [2].
We expected to find differences in the speciation and bonding of copper in accordance to different
exposure treatments (CuCl2-salt versus Cu-nano). The first preliminary spectra revealed
differences in their oxidations states, and bonding. The copper is generally in oxidation state zero
for the nano-form and two for the Cu-salt (Fig. 1). These XAS analyses were compliment with
additional wet chemical and mineralogical analysis to obtain a fuller picture of the Cu status in the
natural contaminated soil. Fractionation and activity of Cu and a range of biological toxicity studies
were also applied. The combined results have shown in general that soils contaminated by Cunanoparticle and Cu-salts are bound similar in the soil although some interesting differences were
observed. The results has been presented at international workshops [3,4] and are recently
submitted to a peer-reviewed journal [5].
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