X-Ray Probes of the Uptake of Metal lons by CaCO3

Kenneth M. Beck, Steven M. Heald, and Wayne P. Hess
Pacific Northwest National L aboratory
William R. Wiley Environmental Molecular Sciences L aboratory
P.O.B. 999, Richland, WA 99352

Introduction

The mability of metal ions through the subsurface is partly
determined by the chemical reactivity of soil minerals. Therate
of radionuclide and metal uptake by minerals in the soil
determines the eventual environmental impact. Pollutant fate
and transport are dependent on the oxidation state and chemical
composition of the contaminants introduced into the subsurface.

A key element needed to model contaminant mobility is
knowledge of the structure and reactivity of metals at
aqueous/mineral oxide interfaces. The recent controversy over
radioactive materials transport through the soils under Hanford
tank farms and the beneficial role played by the "caliche" layer
in immobilizing heavy metal movement, highlight the need for
methods capabl e of analyzing and predicting metal uptake by
soil minerals.

Methods and M aterials

Coupling the experimental methods of laser ablation mass
spectroscopy (LAMS), and X-ray photoel ectron spectroscopy
(XPS) were milestones for this year. The LAMS-XPS studies are
multi-wavelength, on-going experimens performed in EMSL.
The experimental studies have begun to probe the final chemical
composition of metal cations (e.g.lead, cesium, and cobalt) taken
up by calcite and “caliche”. In addition, both synchrotron
radiation techniques of Extended X-ray Absorption
Spectroscopy (EXAFS) and X-Ray Microprobe Imaging (XMI)
were utilized for analysis of the elemental composition and
mapping of metal-containing calcite single crystals and naturally
occurring Columbia River Basin “caliche”. The synchrotron
radiation experiments have been run at the Advanced Photon
Source (APS) in the Pacific Northwest Consortium Sector
(PNC-CAT) located at the Argonne National Laboratory.

Results and Discussion

Research into binding sites available at the mineral/water
interface with CaCO3 have recently been undertaken by
geochemical researchers. [1-4] In one such study [2] Pb metal
was found to sorb at surface sites, in awell-ordered fashion,
within the 1014 cleavage plane. To further understand
variations in adsorption phenomena on CaCO3 , we conducted
experimental runs at the APS to discover whether “rinding” —
uniform coatings formed when metal contaminants precipitate
from solution onto the surface of single crystal calcite - are seen
on geologic Columbia River Basin “caliche” . For this, XMl
was employed with a spatial resolution of 5 microns. The results
are seen in Figurel. XMI results of “rinding” show compelling
evidence that uptake of contaminants is highly non-uniform on
caliche samples from nearby the Hanford Site. The observed
“hot-spots’ of contaminants closely resemble those previously

found in other soil samples[5], and suggest that the availability
of reactive sitesis less than suggested on the basis of total
surface area models.

Additional runs at APS were undertaken to initate a study of co-
precipitation effects5 on Columbia River “caliche’. Samples of
“caliche” were prepared in solution of metal chlorides at <
0.00001 M and subsequently rinsed. XMI was conducted on the
samples for native impurities of Fe and Cu, as well as the metal
compound added from solution. The results are shown in
Figure 3. XMI results show Pb formations tend to abut Ca
formations that display dramatic concentration variations. Initial
analysis also indicates that a relationship exists between native
Cu deposit sites and Pb uptake.
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(max.). The Pb* layer is observed to be < 20 min depth on the
single crystal calcite and homogenous. The * hot-spot”

adsorption phenomena on caliche is drastically different and
inhomogenuous.
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Figure 1. An XMI image of Pb?* adsorption atop 2300 x 300 m Figure 2. EXAFS and a FEFF8 fit of the first scatter peak bond
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distance of 2.51 angstrom; that of PbCl, to the known Pb-Cl



bond distance of 2.874 angstrom. Lead has been incorporated
into the lattice structure of the caliche poly-crystal.
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Figure 3. XMI images of (CLOCKWISE fromLEFT to RIGHT)
Pb, Cu, and Fe on a sample of Columbia River Basin caliche.
The spatial resolution is~ 1 mthroughout. Significantly, Pb®*
precipitate is associated with native impurity sites of Cu
deposition. Co-precipitation is an important arena of on-going
research into the dynamics of metal uptake in CaCQOs.



