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for Cu, Zn and Mn.

Two types of X-ray fluorescence (XRF) spectrometers were deployed on site to analyse stream and lake surface waters as well as lake sediment chemistry. Water and sediment samples were collected
downstream of the abandoned Aldermac VMS mine, 15 km west of Rouyn-Noranda, Quebec. The goals of the study are to identify the spatial and temporal extent of metal contamination as a result of
decades of acid mine drainage from the Aldermac site and to evaluate and compare rapid data collection in the field by XRF with laboratory-based inductively coupled plasma mass spectrometry (ICP-MS)

Water chemistry was determined by a Bruker S2 PICOFOX total reflection X-ray fluorescence (TXRF) spectrometer from filtered and acidified samples spiked with Ga as an internal standard. The
instrument demonstrated high accuracy for the certified reference material (CRM), TMDA-51.3. Data obtained for Cu, Zn and Mn concentrations were within acceptable limits of the certified values.
Analytical results by ICP-MS of lake and stream samples showed excellent correlation (r° > 0.99) with field analysis by TXRF for the three metals.

Lake sediment geochemistry was determined by a handheld Olympus Innov-X Delta Premium DP-4000 X-ray fluorescence spectrometer. Sample preparation in the field included drying and reducing
samples to a powder. High accuracy of analytical results was obtained using CRM LKSD-1 for Cu, Zn and Mn. Comparison of Cu, Zn and Mn concentrations determined by handheld XRF with ICP-MS
analyses of aqua-regia and four-acid digestions of sediment samples also yielded excellent correlations (r* > 0.98).
Results suggest that TXRF analysis of surface waters and handheld XRF analysis of lake sediments provide practical and accurate diagnostic tools for rapid field analysis of Cu, Zn and Mn concentrations.
Overnight results allowed quick testing of scientific hypotheses (e.g., contaminant flowpaths, locations of potential control sites) without waiting for laboratory results (e.g., by ICP). Rapid data acquisition
also provided guidance for and optimization of daily sampling strategies during field work. Rapid field-based analytical results from XRF spectrometry have the potential to provide efficiencies for
environmental risk assessments conducted by industrial project proponents and environmental consultants.

CHEMICAL ANALYSIS IN THE FIELD BY X-RAY FLUORESCENCE SPECTROSCOPY
AN EXAMPLE FOM THE LAC DASSERAT STUDY, QUEBEC
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The LacDasserat study aims to establish scientific evidence for best practices of geoscience tools for
environmental risk assessment downstream of contaminated mine sites; these include surface water and
bottom sediment surveys. The former Aldermac Mine in northwestern Quebec, 15 km west of Rouyn-Noranda,
exploited a group of massive sulphide lenses from 1932-1943 that produced Cu, Zn, Au and Ag and left behind
acid mine drainage contamination to the watershed downstream, including Lac Dasserat. The Aldermac site
was one of the most environmentally problematic abandoned mines in the Abitibi-Témiscamingue region for
which a provincially-led environmental restoration program was initiated. Two X-ray fluorescence spectroscopic
methods were deployed in surface waters and aquatic sediments downstream of the site to explore their
potential application in environmental risk assessment. The contamination gradient within the watershed is well
depicted by the pH distribution in surface waters (Fig. 1) and iron staining proximal to the Aldermac site (Fig.
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Sampling protocol

Water

« Lake water samples were collected 0.5 m below the surface
and 0.5 m above the sediment-water interface with a
Kemmerer® water sampler (Fig. 3A).

« Stream water samples were collected within the active part of
the stream channel.

« Samples were filtered on-site using 0.45 um Sterivex®-HV
filters into 60 mlI HDPE bottles (Fig. 3B,C).

« Water samples were preserved with 0.4% nitric acid (ultra trace
grade) at camp.

Sediment

« Surface lake sediment samples (~10 cm depth) were collected
with a Ponar® grab sampler (Fig. 4A). The samples were
homogenized on site and sub-sampled into 500 ml wide mouth
HDPE bottles (Fig. 4B).

« Surface stream sediment samples were collected within the
active part of the stream channel.

Sample preparation
TXRF

« 1 mlaliquot of acidified water was spiked to 1 ppm Ga.

« 10ul of sample were transferred onto an acrylic disk using a
polypropylene pipette tip (Fig. 5B).

« The disk was heated at 65°C on a hot plate until dry (Fig. 5C).

« Two additional 10 ul aliquots were placed on the disk.

pXRF

« Approximately 15 g of wet sediment were placed in an anti-
static weighing dish.

« The samples were dried overnight at 40°C in a convection
oven.

« The samples were reduced to a powder using an agate mortar
and pestle, transferred to a 4 dram vial, and covered with a 4

um Prolene® film (Fig. 6B).

Figure 3. A) Water collected at the sediment-water interface using a
Kemmerer® water sampler. B, C) Filtration of lake and stream water
on site.
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Figure 4. A) Collection of lake sediment using a Ponar® grab
sampler B)Bulk sediment sample in collection bag.

Figure 5. A) S2 Picofox setup at the field camp. B) Mount of sample
on acrylic disk using a pipette. C) Layout during sample preparation
in the field.

Figure 6. A) Innov-X Delta Premium DP-4000 used for the study. B)
Lake sediment samples at different stages of preparation for pXRF
analysis.
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Sediment Chemistry

TXRF

« S2 Picofox TXRF spectrometer (Fig. 5A)

« water samples loaded on a 25 space holder for automated analysis

 acquisition time: 1000 seconds; internal standard: 1000 ppb Ga

« deconvolution using profile byes (normal fit)

pXRF

 portable Delta Innov-X Premium XRF spectrometer mounted in atest stand (Fig. 6A)

« analyses in Soil Mode; expected elemental concentrations <1%

« dwell time of 60 seconds was used for each of the first (40 keV @ 75 pA), second (40 keV @ 20 pA), and third
(15 keV @ 15 uA) beams

ICP-MS (4-acid dissolution; near total)

« HCI, HNO,, HCIO, and HF inratio of 2:2:1:1

« 10 ml aliquot of acid solution was added to 0.25 g of sediment, heated until fuming on a hot plate and dried. 4
ml aliquot of 50% HCI was added to the residue and heated. After cooling, the solutions were made toa 10 ml
volume with 5% HCI. This method is a total dissolution for most elements, although for some it may only be
partial depending on sample mineralogy.

ICP-MS Waters

« Thermo X series 2 ICP-MS

« Directand 10-fold sample dilution
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Figure 1. Sample location map showing the effects of acid mine
drainage using surface water pH mesurements taken in September
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Figure 2. A) Stream draining the Aldermac site. B) Near surface Iron-
rich precipitate in a lake sediment core proximal to Aldermac site.

X-ray tube

Molybdenum Tantalum
50 kV 40kV

Detection

Alto U P & higher (soil mode)
(exception of Nb to Ru) Mg & higher (mining mode)

Autoloader

25 samples No

Type of sample
Solids & liquids Solids

Power supply

110 / 240V Li-ion batteries

Weight
37 kg 1.5 kg

Setup type

Field camp (15 min) and

Field camp (2hrs) sampling site

The spatial distributions of Zn, Cu and Mn concentrations in surface water indicate a
contamination gradient along the expected flowpath of acid mine drainage, although Mn is
not directly associated with mining operation (Fig. 7,8,9C). The three elements occurin high
concentrations proximal to the Aldermac site, high to moderate concentrations in lac Arnoux
and moderate to low concentrations towards the northern exit of Lac Dasserat. Correlations
between the TXRF and ICP-MS datasets is excellent (r*=0.9981 for Zn, 0.9946 for Cu and
0.9991 for Mn; Fig. 7,8,9A). Zn and Cu concentrations are close to the expected 1:1 line; Mn
results show a slight discrepancy at the highest concentration. Inthe field laboratory, where
the potential contamination from dust is difficult to minimize, TXRF analyses delivered
consistent accuracy of water certified reference materials TMDA-51.3 and TMDA-52.2 (Fig.
7,8,9B).

Distribution patterns of Zn, Cu and Mn concentrations are element-specific in lake sediments
(Fig. 10,11,12A). Zn concentrations in sediments are elevated in Lac Arnoux and the
southern part of Lac Dasserat and moderate towards the north, which is consistent with the
iInferred contamination flowpath. Distribution patterns of Cu in sediments are similar to !
surface water chemistry patterns where the contamination gradient is a function of proximity
to the Aldermac site. Mn concentration is evenly distributed with few exceptions. Linear
regressions for Zn, Cu and Mn demonstrate correlation between pXRF and ICP-MS
analyses (r’=0.9797, 0.9788 and 0.9810, respectively; Fig. 10,11,12B). Cu results are close
to the expected 1:1 plot, whereas Zn and Mn display a slight bias. Analyses of the lake
sediment certified reference material LKSD-1 confirm that the pXRF remained accurate
despite the risk of contamination in a field lab setup (Fig. 10,11,12C).
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—
Figures 7,8,9. A), XY plot of lake and stream water chemistry by ICP-MS vs TXRF for Zn, Cuand Mn. B) TXRF results of Zn, Cu and Mn for the certified Figures 10, 11, 12. A) Proportional dot maps of lake and stream sediment chemistry for Zn, Cu and Mn. B) XY plots of lake and stream sediment
reference materials TMDA-51.3 and TMDA-52.2. C) Proportional dot map of surface water chemistry for Zn, Cuand Mn. chemistry by 4-acid digest vs pXRF for Zn, Cu and Mn. C) pXRF results for the certified reference material, LKSD-1, for Zn, Cu and Mn (Lynch, 1999).
Offsets from recommended values by both analytical techniques have been noted in Figures 10 and 12C for future investigation.

Table 1. Comparative characteristics of the two XRF instruments
used in the Lac Dasserat study.
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At the regional scale, surface water chemistry analysed by both TXRF and ICP-MS generate
similar distribution patterns graphically (Fig. 7,8,9A). In lake sediments, analyses by
handheld XRF and ICP-MS also delivered similar distribution patterns for Zn, Cu and Mn
(Fig.10,11,12C).

Field analysis of surface water by TXRF can be hindered by naturally low concentrations of
dissolved metals. In the Lac Dasserat study, acrylic disks were used as the medium to mount
water samples for analysis (Fig. 5B). The acrylic disks were appropriate because (1) the
metals of interest were expected to occur in high concentrations, (2) acrylic disks are cost-
effective, and (3) they minimize contamination (disposable; no cleaning between samples).
In other applications, acrylic disks produce a higher background than quartz disks. Although
quartz disks are reusable and more expensive, they would increase the detection level in
environments where metal concentrations in the water column are expected to be lower.
The trade-offs between acrylic versus quartz disks would require optimization for a given
application.

Rapid field analyses of Zn, Cu and Mn by the TXRF and handheld XRF techniques in surface
waters and freshwater aquatic sediments can be used to test scientific hypotheses, make
daily decisions to optimize sampling strategies while in the field and begin documenting |
results within a few days of completing a survey. For time-sensitive results, the field-based
XRF techniques present practical analytical options (e.g., remote site locations; rapid
reconnaissance surveys). XRF spectroscopy offers a diagnostic analytical field tool for
potential applications in environmental risk assessments, among others (e.g., investigation
of cause, mineral exploration).
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