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ABSTRACT

There is a gap in our current understanding of metal sorption mechanisms in multi-
sorbent systems, where several competing mechanisms are available for metal uptake.
In order to develop accurate risk assessments and effective remediation strategies.
insights in the reaction pathways between first row transition elements and soils is of
utmost importance. In this study. molecular scale spectroscopic and microscopic
techniques were combined with macroscopic sorption and desorption studies to
elucidate the intrinsic metal sorption mechanisms to soils and common reactive soil
constituents, clay minerals, organic matter and iron oxides.

In a study to investigate the effect of humic acid coatings on the intrinsic
Ni sorption mechanisms to the kaolinite surface, extended X-ray absorption fine
structure (EXAFS) spectroscopic studies revealed that organic coatings do aftect metal
sorption, but do not change the intrinsic metal uptake mechanisms of the underlying
clay mineral. At the pH of this study, 7.5, Ni was found to be incorporated into stable
precipitates, formed at the kaolinite surface. A nickel hydroxide was formed in the
presence of a 5-wt% organic coating. whereas in the presence of a 1-wt% organic
coating, a more stable Ni-Al layered double hydroxide (LDH) was formed. Similarly.
the mechanisms governing Zn uptake in a goethite coated kaolinite system were
studied as a function of pH. Using EXAFS spectroscopy as a molecular tool to
determine the Zn reaction mechanisms under conditions representative of natural soil
and geochemical environments, it was found that at pH 5, Zn was mainly bound to the

kaolinite edge sites. At pH 7, both the extent of the iron oxide coating and the reaction

Xv



time, determined the Zn sorption complex formed at the goethite-coated kaolinite
interface. The dominant sorption mechanism was found to change from the initial
formation of inner-sphere complexes with the goethite coating to the formation of a
Zn-Al LDH surface precipitate at the kaolinite surface with increasing reaction time.

Speciation of Zn in a smelter contaminated soil was directly identified
using state of the art molecular spectroscopic and microscopic tools. Comparison of
the Zn speciation in the non-treated soil and the aluminosilicate- and compost- treated
soil revealed no significant differences in speciation between the treated and non-
treated soils 12 yrs after the application of the additives. Amorphous. neo-formed. Zn
containing surface precipitates, Zn-Al LDH and Zn-phyllosilicates. made up 60 %% of
the total Zn fraction in these smelter contaminated soils. This finding is extremely
important, since surface precipitates have not been previously considered when
modeling Zn speciation in such multi-sorbent systems. Desorption studies however
indicated that Zn-containing surface precipitates are only stable at near neutral pH and
therefore the formation of metal containing surface precipitates did not lead to a
permanent immobilization of the metal.

Synchrotron based X-ray microscopy, combined with Cls-near edge X-ray
absorption fine structure (NEXAFS) spectroscopy, was applied to study the
interactions of natural biopolymers with metals in sitn and with high chemical and
spatial sensitivity. It was learned that changes in the position of the C 1s(C=0) —
1&*¢-0 electronic transitions in the NEXAFS spectra could well be used to
qualitatively describe metal interactions with specific functional groups of the
biopolymers. These results can be used to assist in predicting the fate of metals in

complex ligand mixtures.
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