Goldschmidt 2012 Conference Abstracts

Phosphate effects on copper and lead
sorption to ferrihydrite

C. TIBERG", J.P. GUSTAFSSON 2, C. SIOSTEDT?, 1. PERSSON’

'Swedish University of Agricultural Sciences, Dep. of Soil and
Environment, Uppsala, Sweden, Charlotta. Tiberg@slu.se*

’KTH (Royal Institute of Technology), Dep. of Land and Water
Resources Engineering, Stockholm, Sweden, gustafjp@kth.se,
carinsj(@kth.se

? Swedish University of Agricultural Sciences, Dep. of Chemistry,
Uppsala, Sweden, Ingmar.Persson@slu.se

Introduction

Elevated concentrations of phosphate can retard transport of
copper and lead in soil. More detailed knowledge about the
mechanisms behind this is of interest for example in risk
assessments of contminated soils. It is well known that the mineral
pyromorphite is formed at high concentrations of lead and phosphate
in combination with high pH. This effect has been used to
immobilize metals in remediation of contaminated soil. It has also
been shown that the sorption of lead and copper to iron oxide
surfaces [1, 2] may be enhanced in precence of phosphate but the
details of how phosphate interacts with copper/lead and iron oxide
has not yet been established, and there are seemingly contradictory
results [1, 3]. This mechanism acts also at low concentrations of
metal and phosphate when no precipiatates are formed.

Methods

Here, batch experiments, X-ray absorption spectroscopy
(EXAFS) and surface complexation modeling with the three-plane
CD-MUSIC model has been used to study the effect of phosphate on
sorption of copper and lead to ferrihydrite. The aim is to investigate
what surface complexes that are formed and to derive new and
improved surface complexation constants.

Results and conclusions

The results show that addition of phosphate increases the
sorption of copper and lead to ferrihydrite in batch experiments as
compared to the same system without addition of phosphate. The
effect is stronger than predicted by the CD-MUSIC model when
considering electrostatic interactions only and as will be shown, the
results from EXAFS analysis support this observation. The EXAFS
results show, in agreement with earlier studies [4, 5], that copper and
lead form bidentate mononuclear complexes on ferrihydrite in
systems without phosphate. However, in the presence of phosphate,
other complexes are formed. The results are being used to suggest
new surface complexation constants for reactions that consider
ternary interactions.
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Zircon grains from two Precambrian carbonatites of the Kola
Alkaline Province (Siilinjarvi, Tiksheozero) were studied by in situ
geochemical and isotope investigations. Zircon domains which
preserved the primary mantle signatures were identified by a
combination of microscopic investigations of thin sections of the
carbonatite rocks and separated zircon grains (optical microscopy,
SE, CL, BSE images).

In case of the 2.6 Ga old Siilinjérvi carbonatite complex, the new
carbonatite melt batch caused mainly solid state recrystallisation of
former zircon grains. Zircon regions which preserved the primary
signatures yielded high HREE/LREE ratios, undisturbed U-Pb ages,
eyr values close to CHUR (chondritic uniform reservoir), %0
values typical for the mantle, and Ti concentrations in accordance
with known carbonatite melt temperatures. The solid state
recrystallisation of zircon caused by carbonatite metasomatism led
to (i) diffusion driven loss of HREE, Th, U, (ii) partial disturbance
of the U-Pb system, (iii) a small shift of the 8'0 toward lower
values.

In difference, in the 2.0 Ga old Tiksheozero complex the
infiltration of a new carbonatitic melt led to dissolution-
reprecipitation of former zircon grains. Dissolved-reprecipitated
zircon grains often have a spongy texture with a lot of micro-
inclusions of apatite, calcite and phlogopite. Apatite micro-
inclusions seem to be most abundant according to elevated Th and U
concentrations, lowered 8'°0 values and increased Hf isotope ratios
in such domains. These tiny apatite inclusions seem to be
responsible for the widely occurring disturbance of the U-Pb dating
system and for the unusually high Th/U ratios (>1) in many
carbonatitic zircons worldwide. Hf and O isotope values varied

widely even within a single zircon grain.
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