' Earth Sciences Sector

Workshop on the Role of Geochemical Data in
Ecological and Human Health Risk Assessment
March 17-18, 2010, Halifax NS

| Analytical Methods Used to Characterize the
Solid-Phase Speciation of Metal(loid)s

Michael B. Parsons
Geological Survey of Canada (Atlantic)

Natural Resources Ressources naturelles C dl*l
Bl S Aeee anada




Why is Metal(loid) Speciation Important?

Solubility and bioaccessibility of Pb minerals
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Schematic of how different lead species,
particle sizes, and morphologies affect
lead bioavailability (Ruby et al. 1999).
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Relative bioavailability of Pb from soils
(determined by swine uptake studies) as
a function of the Pb-bearing minerals
present in the soil (Casteel et al. 2006).




Nature of As-hosting phase affects the risk of As exposure

Modified from Ruby et al., 1999
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Mineral Form
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Characterization of Mineral Hosts for As
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Bulk Speciation Methods: Sequential Chemical Extraction

Goldenville Tailings Arsenic Minerals
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_ GD2: Scor = Amor. Fe arsenate > Amor, Fe oxide
Mineralogy GD3: Scor = Amor. Fe arsenate
Results Gp4: Amor. Fe arsenate > As-bearing Fe oxides
GD5: Aspy = Yukonite = Amor. Fe oxide

Legend
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Bulk Speciation Methods: X-ray Diffraction
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Peaks can be used to
“fingerprint” crystalline
mineral phases
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X-ray diffractogram of arsenopyrite-bearing tailings, Caribou Gold District, NS




Microbeam Methods: Proton-Induced X-ray Emission

PIXE results

Montague PCl samples
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grain size (micrometers)

Goldenville PCI samples Lower Seal Harbour PC| samples
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from Corriveau et al. (2010)

Arsenic Content of Airborne Particulates



Microbeam Methods: Electron Microprobe Analyses
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Bulk XANES (X-ray Absorption Near-Edge Structure)
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From Meunier et al. (2010)

XANES spectra of

most gold mine tailings
samples analyzed are
similar to scorodite (As>*)

North Brookfield
sample NB05-T08
contains a mixture of
arsenopyrite (As')
and As°*

North Brookfield

sample NB05-T06C
spectra is similar to
that of arsenopyrite



Detached Thin Section Preparation & Location of

Targets for EMPA and synchrotron microanalysis
(Slide from Stephen Walker, Queen’s University)

Epoxy- : : : ,
impregnated ' Thin-section lifted from slide

tailings sample & mounted on kapton tape-
J—— ; necessary for microXRD

.

Doubly polished
thin section

Targets selected
petrographically &
photographed

Other targets located
using element mapping



Combining petrography, electron microprobe
(EPMA), micro-synchrotron methods
(Slide from Stephen Walker, Queen’s University)
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Micro XRD (~10 um) on larger grain identifies

two microcrystalline Fe arsenate minerals
(Slide from Stephen Walker, Queen’s University)

Simulated “powder” pattern (integration of 2-D pattern)
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Yukonite: an Ca-Fe arsenate mineral
(Slide from Stephen Walker, Queen’s University)
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Tailings from historical roasting of gold-ore

North Brookfield Gold District

(Slide from Stephen Walker, Queen’s University)

Abundant roaster derived As-bearing H- NES data
Fe-oxide (hematite a-Fe,O or

maghemite y-Fe,0,) in some samples
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« Metal(loid)s in soils, sediments, and mine wastes can be
hosted in a wide range of primary and secondary phases.

* These phases have varying solubilities that strongly influence
the environmental fate and bioaccessibility of metal(loid)s.

« The total concentrations of metal(loid)s in solid samples does
not give sufficient information on the environmental availability
of these elements, or their potential risks to human health.

 In the future, ecological and human health risk assessments
should incorporate information on the solid-phase speciation
of metal(loid)s to ensure that realistic management guidelines
are established.
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