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Several anthropogenic inputs have resulted in excessive amounts of heavy metals such as Cu, Cr, Pb and Ni 
in the soil environment Assessment of the mechanism(s) by which these metals sorb to soil mineral surfaces 
has traditionally involved standard clay minerals and metal oxides, several of which are rarely found in the 
natural environment in pure forms or without the presence of several other mineral phases Additionally, 
metal sorption studies have involved the use of purely macroscopic techniques, often using an equilibrium 
approach It is necessary to understand metal sorption mechanisms on natural, mixed systems and what 
effects time and reaction conditions have on such reactions. Some recent studies on standard soil 
components have revealed that both adsorption and nucleation of metals occurs, often simultaneously. 
However, studies are lacking on the importance of metal nucleation phenomena in soils. Accordingly, this 
study examines the sorption and desorption mechanisms/kinetics of Ni(ll) on the well characterized clay 
fraction (<0.002 mm) of a Matapeake silt loam soil at pH 6.0, 6.8, and 7.5. The clay fraction is primarily 
composed of chloritized vermiculite and kaolinite as indicated by X-ray diffraction and thermogravimetric 
analysis. X-ray absorplion fine structure (XAFS) spectroscopic analysis indicates the formation of 
polynuclear Ni surface complexes over rapid lime scales (minutes) often at low surface loading levels (5%) 
The rate at which these precipitates form is additionally dictated by the solution pH, with formation occuring 
in several minutes at pH values in excess of 7 and taking several hours at pH values less than 7, The 
desorption of Ni from the soil clay fraction is strongly affected by the formation of these complexes, with 
less nickel being released into solution when the reaction time and pH levels are increased The data 
suggests that it is possible to propose sorption mechanisms on soil clay fractions based on XAFS and kinetic 
analsis and on a complete characterization of the clay fraction Furthermore, this study indicates the need to 
incorporate surface precipitate formation as a possible reaction mechanism in 24 hour equilibrium based 
sorption models 
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Nucleation through hydrolysis is a major process in the transport or ihe immobilization of matter in natural 
media as well as in material engineering The nucleation and growth phenomena in the case of FeCI3 have 
been well established: with increasing pH, the iron forms edge sharing dimers, double corner sharing trimers 
and the Fe24 species which has the local structure of beta FeOOH The influence of more complexing 
ligands such as N03 and P04 on these mechanisms has been studied by X-ray Absorption Spectroscopy 
(XAS) and Small Angle X-ray Scattering (SAXS). With N03, the Fe hydrolysis was found to be rather 
chaotic. Edge sharing, single- and double comer Fc-Fe bonds were detected. Unlike FeC13, the nature of the 
subunits of the aggregates changes with increasing hydrolysis ratio and the structure of the formed Fe 
species does not correspond to the resulting crystalline phases. With P04, combining Fe-K edge and P-K 
edge EXAFS data allowed to show that P04 ions block the Fe growth sites from the lowest pH values and 
that the hydrolysis is limited to the dimcr stage. These results were validated by ab initio calculations taking 
into account multiple scattering effects SAXS analyses confirmed that dimers are the predominant Fe 
species when the hydrolysis ratio,, 1.5. The structure of the aggregates highly depends on the initial P/Fe 
ratio and the P-Fe interatomic distances: a low P proportion leads to small and dense structure with short P-
Fe distances, whereas a higher P content results in larger and more open aggregates An extention of this 
methodology to natural colloids from surface water demonstrated its ability to determine the Fe speciation in 
such samplesby identifying monodenlate and polydentate Fe-O-C bonds. 
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L'approche de la speciation du phosphore a été réalisée dans Ie passé, le plus souvent d'une maniere 
indirecte par 1'utilisation de methodes chimiques dites de dissolution selective (Chang et Jackson). De 
même, des schémas théoriques bases sur les produits de solubilité des phosphates existent sur les différents 
phosphates pouvant se former. Une nouvelle methode quantitative a été mise au point (RODIER et 
ROBERT, 1995) basée sur 1'utilisation de la microscopie électronique analytique (microscopie électronique 
ä transmission plus microsonde), qui pennet d'avoir un acces direct aux particules colloïdales (< 0,2 um) 
porteuses de P. 

Sur ces particules on a par microsonde, ä la fois la proportion de P impliquée et les elements qui 
accompagnent le phosphore , la microscopie électronique ä transmission et la microdi(Traction électronique 
permettent d'autre part, d'avoir la taille des particules et leur cristallinilé. 

Les résultats permettent tout d'abord de mettre la mise en evidence d'une forme nouvelle qui 
conceme le plus grand nombre de particules mais de faibles quantités de P il s'agit de P lié aux 
phyllosilicates 2:1. Une analyse de ces particules montre que la composition cristallochimique du feuillet 
peut être tres diverse (di ou tri octaédrique) La meiileure correlation peut être établie entre P et le cation 
échangeable : Ca ou Al, 

On retrouve un petit nombre de particules tres riches en P qui correspondent ä la composition 
stoechiométnque des phosphates de fer (vivianite, strengite), d'aluminium (variscite) de calcium (apatite) ou 
de phosphates mixtes Al-Fe (barrandite) Une forme originale qui serait ä corréler avec un heritage du fond 
géochimique est representee par un phosphate mixte P Al Sr. Les autres formes, les plus abondantes, 
représentent des particules amorphes avec des compositions tres diverses (Fe), (Fe Al), (Al Ca) 

Ces particules se retrouvent dans tous les sols, mais en fonction des grands types de milieu : acide, 
carbonate, riches en limons ou argiles, sols riches en fer.il existe des classes de particules dominantes fixant 
le phosphore. Ces données peuvent constituer de nouvelles bases pour apprécier la mobilité et la 
biodisponibilité de P. 

Rodier C, Robert M , 1995 - Une nouvelle approche particulaire de la speciation du phosphore dans les sols. 
CR. Acad Sei. Paris t. 321, série II a 769-774 
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This study quantified phosphorus in the effluent of different aggregates of a maize-cropped Brazilian Dark-
Red Latosol (Acrorthox), in relation to diffusion lime The experiment, carried out with soil columns, used 
distilled water, Mehlich-1 soil phosphorus extracting solution (0.05 mol L"1 HCl and 0 0125 mol.L"1 H1SO4) 
or 0.1 mol.L"1 ammonium acetate solution at pH 7, as leaching solutions. Treatments corresponded to a 
factorial scheme of four aggregate classes (2.0-1.0, 1.0-0.5, 0.5-0.25, and 0.25-0.105 mm) and five diffusion 
times (0, 1, 2, 4 and 6 days) Each column was slowly saturated, from bottom to top, by using an automatic 
feeder apparatus. The columns corresponding to zero diffusion day received a solution volume equal to ten 
times the pore volume The total volume was collected in five two-pore-volume effluent fractions. In the 
remaining experimental units, each clution was accomplished with two pore volumes, at the indicated 
diffusion time intervals More phosphorus was leached by distilled water from small aggregates than from 
the large ones This behavior was in accordance with soil phosphorus availability, determined in the 
aggregates. Leached phosphorus increased with diffusion time. Mehlich-1 soil phosphorus extracting 
solution leached 3 to 60 times more phosphorus than distilled water. This solution showed an inverse 
behavior in relation to both the aggregate size and contact time. The greater withdrawal of phosphorus in 
larger aggregates was due both to its lower buffer capacity and to the intra-aggregate larger pores that 
allowed internal solution flow The decrease of phosphorus with diffusion time is attributed to readsorption 
of the dissolved element. Phosphorus concentration in ammonium acetate solution effluents did not reach the 
minimum necessary for detection by the analytical method It is supposed that the pH 7 promoted the 
withdrawal of soluble phosphorus trom the system by precipitation or adsorption, followed by aluminum 
coating. 
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