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XAFS determination of the chemical form of lead in smelter-contaminated soils and mine
tailings: Importance of adsorption processes
GUILLAUME MORIN,1 JOHN D. OSTERGREN,2 FARID JUILLOT,1 PHILIPPE ILDEFONSE,1
GEORGES CALAS,1 AND GORDON E. BROWN JR.2,3,*
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ABSTRACT
We investigated smelter-contaminated soils from Evin-Malmaison, Nord-Pas-de-Calais,
France, and mine tailings from Leadville, Colorado, U.S.A. Bulk Pb concentrations range
from 460 to 1900 ppm in the topsoils at Evin-Malmaison site and from 6000 to 10000
ppm in the tailings samples from the Leadville site. These concentrations necessarily raise
human health and environmental concerns, but bioavailability and chemical lability of Pb
in these materials vary dramatically and show little correlation with bulk concentrations.
This study provides detailed information on the speciation of Pb in these materials. Emphasis is on the identification and characterization of poorly crystalline and/or fine-grained
species, such as sorption complexes and poorly crystalline (co)precipitates, which are likely
to control Pb bioavailability and mobility in these natural systems.
Because these samples are heterogeneous, multi-phase mixtures, a variety of bulk analytical methods were used including powder X-ray diffraction (XRD) and Rietveld refinement, scanning electron microscopy, electron probe microanalysis, synchrotron-based Xray absorption, and micro-fluorescence spectroscopies. The synchrotron-based techniques
enable identification of amorphous or nanocrystalline Pb-containing phases and the spatial
distribution of Pb at the 25 mm scale.
These techniques, in conjunction with physical and chemical separation techniques, allowed identification and characterization of several species not amenable to detection by
conventional microanalytical techniques. In the Evin-Malmaison samples, direct spectroscopic evidence for Pb sorbed to humic acids was found, as well as to both manganese
and iron (oxyhydr)oxides. In the Leadville samples, variations in Pb speciation with pH
are consistent with predictions based on simplified model system studies of adsorption
processes; specifically, the carbonate-buffered tailings with near-neutral pH contain up to
50% of total Pb as adsorption complexes on iron (oxyhydr)oxides, whereas Pb speciation
in sulfide-rich low pH samples is dominated by Pb-bearing jarosites with no evidence for
adsorbed Pb in these latter samples.

INTRODUCTION
The bioavailability, toxicity, and mobility of toxic metals and metalloids are controlled by and can vary widely
with speciation, i.e., the chemical form and characteristics
of elements, including (1) coordination environment
(number and types of ligands and more distant neighbors,
metal-ligand and metal-second-neighbor distances); (2)
oxidation state; (3) presence as an adsorption complex,
precipitate, or solid solution; and (4) type(s) of phase with
which they are associated (e.g., Davis et al. 1992, 1993;
Gulson et al. 1994; Ruby et al. 1992). Whereas many
metal species can be readily identified by conventional
analytical techniques with micrometer-scale resolution,
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such as electron probe micro-analysis (EPMA) and scanning electron microscopy (SEM), these techniques are unable to identify or distinguish among the myriad of possible surface and other species occurring on the
sub-micrometer scale, such as adsorbates and thin surface
precipitates. Furthermore, speciation of contaminant elements may be altered under the ultra-high-vacuum (UHV)
conditions required for these and other analytical techniques (X-ray photoelectron spectroscopy, XPS, and others), especially when water is present. Surface metal speciation in natural environments is, therefore, often
evaluated by indirect methods, such as ‘‘selective’’ chemical extractions (e.g., Tessier et al. 1996; Kimball et al.
1995; Levy et al. 1992). Although valuable in their own
right, these methods are naturally limited by their indirect
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