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Report:

I ntroduction

Mining and smelting of metal ores often resultnaoreased metal concentrations in soils
and sediments. This may cause toxic effects on hapmants and micro-organisms. The
environmental risk associated with the presencreaifls underlines the need to understand
how the metals are present at the molecular [&rewing the chemical form of metals (i.e.
their speciation) is essential to gain more insighhe bioavailability and mobility.

The objectives of this study were: (1) to deternihlmesolid-phase speciation of Zn, Pb
and associated trace elements (As, Cd, Cu, NinTdpntaminated overbank sediments, and
(2) to evaluate the effect of weathering over tonametal speciation by investigating
samples with different deposition date, varyingrfrd800 until recently deposited.

Materials and methods

The 3 samples used in this study were collectelffarent depths in a vertical profile in
the overbank sediments of the Geul river (E-Belgamd S-Netherlands), which are severely
contaminated with Zn, Pb and Cd due to historidaZR mining and smelting activities
(Swenneret al., 1994). The samples were air-dried, embeddedsin end prepared as



polished thin sections. Microspectroscopic analyse® performed at ID22, including micro
X-ray fluorescence (U-XRF), micro X-ray diffractigp-XRD) and micro X-ray absorption
spectroscopy (UL-XANES). The spot size on the sampe4 pm (H) x 2 um (V).

Results

The distribution and associations of elements (6) were obtained from pu-XRF
mapping. The energy of the incoming beam was chtwsba 30 keV in order to excite the
characteristic X-ray lines of heavy metals up to Eight regions of 280 x 280 um? were
scanned with continuous motor movement (fast segh)4 um (H) x 2 um (V) steps and a
dwell time of 1 second per pixel. The fluorescesectra were processed using the software
PyMCA. After correction for detector dead timest peak intensities for the identified
elements were determined by taking into accountlapping X-ray peaks and by
substracting the background. Elemental distributioaiges are studied using RGB tri-color
maps (example in figure 1) (Manceetal., 2002).

Figure 1: Two-color and tri-color maps of the distition of Zn, Pb, Fe and Mn in a 280 x 280 umiarg(a) G
(green): Zn, R (red): Pb; (b) G: Zn, R: Pb, B (Bitee; (c) G: Zn, R: Pb, B: Mn. The R, G and B ahels are
logarithmically scaled in order to visualise alseas with low element concentrations. Populatioitls different
ratios of Pb/Fe, Pb/Mn, Zn/Fe, Zn/Mn can be ditished using scatterplots.

To gain information on mineral phases, regionstérest of variable size were selected
on the elemental distribution maps of 280 x 280.(lmMost cases regions with a high
fluorescence signal for Zn and/or Pb were chosexRp patterns and pu-XRF spectra were
simulateously collected for the selected regiorth wiep-by-step scanning at 30 keV using a
step size of 4 um (H) x 2 um (V) and an exposiane bf 2 seconds per point. Transmission
XRD images were registered with a CCD camera plaetond the sample. The software
Fit2D was used to obtain 1D diffractograms from ih&RD images. The sample glass slide
caused a large diffuse signal which hampered thegalisation of the diffraction peaks of
mineral phases present in the sample (figure 2athPb containing phases show only
some sharp spots in diffraction patterns and adigyval to noise ratio in the diffractogram.
Indications for the presence of hemimorphite antewmite were found. Data treatment is
aided by background substraction and principal aomept analysis (Denecke et al., 2008).



Figure 2: Example of a u-XRD diffraction patterpdscontaining quartz)

In order to investigate the chemical form of ZRXANES spectra at the Zn K-edge were
collected on 15 Zn-containing points selected enithXRF maps. These data are
complementary to the EXAFS data collected at BM26A report 26-01-786). Species
identified in the samples by bulk-EXAFS or bulk-XRID concentrates are: Zn-containing
kerolite, tetrahedrally coordinated sorbed Zn, beonite, willemite and hemimorphite. The
XANES spectra are analysed using a linear comlminatpproach (Robergs al., 2002).
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