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� Maintaining complex equipment and carrying out
repairs at remote sites can be difficult and expen-
sive, and can cause major delays.

� Test kits or portable equipment cannot meet the
required detection limits or are simply not available
for the required parameters.

� No suitable buildings or appropriate infrastructure
are available at the site to set up a laboratory area.

� It is not economically viable to set up a laboratory
given the size of the clean-up project.

� Bad experiences with on-site analysis in the past
influence the decision.

In cold climates other factors also need to be taken
into account. The following factors often exist at remote
Arctic and Antarctic sites and may make the use of test
kits or an on-site mobile laboratory more attractive. These
are discussed below.
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Fig. 1. The mobile laboratory at Resolution Island, Nunavut, Canada.

On-site mobile laboratory

A mobile laboratory, rather than a makeshift area in which
to conduct analysis using test kits or simple procedures,
is needed when the analytical method requires such
facilities as a fume hood or controlled environment,
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Table 2. Method detection limits (ppm) for the Spectrace 9000 XRF instrument and Canadian Arctic guidelines.

DEW Line clean-up
Detection limit Detection limit criteria (Environmental

Element count time A count time B Sciences Group 1991)

Arsenic 88 37 30
Cadmium 234 322 5
Chromium 512 231 250
Cobalt 807 615 50
Copper 113 41 100
Lead 29 48 500
Nickel 359 182 100
Zinc 55 41 500

inductively coupled plasma optical emission spectroscopy
(ICP), and neutron activation analysis (NAA). Various
electrochemical methods can be used for specific ele-
ments, because others, such as colorimetric test kits,
lack sensitivity and specificity. Mercury is generally
determined separately from other metals using a dedicated
mercury analyzer.

NAA is unsuitable for fieldwork since the neutron
flux required to obtain the required detection limits is
generally only obtainable from a nuclear reactor. ICP
equipment is fragile and complex and therefore unsuitable
for fieldwork. AAS employs robust equipment and could
be established in an on-site laboratory equipped with
compressed gases, a ventilation system to remove hot
gases away from the burner head, and a fume hood
for the acid digestion. Most XRF spectrometers are not
suitable for on-site work because they are either too large
and complex or they require good matrix matching of
standards and samples. Environmental samples often do
not have the same matrix — for example, soil can range
from high organic content to sand.

X-ray fluorescence spectroscopy (XRF)
XRF instruments that contain algorithms to correct for
matrix interference have now been available for more than
10 years. Spectrace 9000 portable instruments have been
used in the Canadian Arctic by the Analytical Services
Unit for almost 10 years to determine copper, lead, and
zinc contamination levels in soil. There are now at least
two other companies from which this type of instrument
is available (Niton Corporation and Philips Analytical).

A Spectrace 9000 field-portable X-ray fluorescence
analyzer was used for the inorganic element analysis de-
scribed in this paper (Potts and others 1995). This XRF is
equipped with a high-resolution solid-state (mercuric iod-
ide) detector and fundamental-parameters-quantitative-
analysis software. Fundamental-parameters quantitative
analysis involves measuring major elements present and
compensating for the effects of the interferences by
computer calculations. This allows for a good estimate
of inorganic element concentrations for all soil matrix
types without the use of several standard samples having
the same general concentrations and matrix. The XRF

employs three radioactive sources for X-ray generation.
The sources and acquisition times used for analysis were:
count time A: Fe-66, 100 seconds; Cd-109, 300 seconds;
and Am-241, 50 seconds, and count time B: Fe-66,
200 seconds; Cd-109, 1000 seconds; and Am-241, 50
seconds.

The operation of the instrument was monitored peri-
odically with pure element and Teflon standards during
analyses as well as commercially available reference
materials. Results were obtained for arsenic, cadmium,
chromium, cobalt, copper, lead, nickel, and zinc. In
Canada, the remediation guidelines (Canadian Council of
Ministers of the Environment 1989, 1999; Environmental
Sciences Group 1991) for these eight elements in soil for
Arctic work dictate the sensitivity required. Table 2 lists
the method detection limit and the Canadian remediation
guidelines. Detection limits were generated by repeat
(8) analysis of a soil sample spiked with levels of the
eight elements at approximately 10 times their detection
limits. Detection limits (95% probability) were calculated
using the standard laboratory practice of multiplying the
standard deviation by 2 and then by the appropriate
t-statistic.

The method works well for copper, lead, and zinc,
but the detection limits are too high with respect to the
guidelines for the other five elements. For copper, lead,
and zinc, which represent most of the metal contamination
found in the environmental assessments of former military
bases in the Canadian Arctic, results were obtained by
both AAS and XRF for a large number of samples.

Actual field soil samples were prepared for XRF
by air-drying. Large pebbles and stones were removed
and the remaining soil ground with a pestle and mortar.
The fraction less than 1 mm in size was then used. The
AAS method involved digestion in aqua regia overnight.
Because the aqua regia may not dissolve all of the metals
completely, one might expect the AAS results to be lower
than the XRF determinations. From the environmental
point of view, if a fraction of each of the metals does
not dissolve in aqua regia then that fraction is generally
considered not to be environmentally important.

Zinc and lead results obtained by XRF correlated well
with those obtained by AAS (r = 0.96; n = 89) and (r =
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0.95; n = 90), respectively. Using count time A, the
detection limit of the method for both these elements
is well below their environmental criteria, so results of
analysis of a single sample can be obtained in less than
10 minutes. For copper, the correlation between XRF
and AAS results are good (r = 0.87; n = 39); however,
to obtain the required detection limit, count time B is
required. Copper analyses therefore take approximately
25 minutes per sample.

Once samples have been dried overnight, 24 samples
can be analyzed for copper or 60 samples for lead and zinc
in a 10-hour working day on site. The sample throughput
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assessment included one very organic soil that did not
yield reliable results by test kit. Subsequent assessment
of the test kits at individual sites has confirmed that soils
with high organic content may yield false positives using
immunoassay test kits. Analysis of wood samples was
also not possible by test kit.

Application of any test kit to a particular site requires
an evaluation of the performance of the test-kit perform-
ance using soil samples from characteristic areas of the
site. At least 10% of samples should be checked by the
standard GC/ECD method. At the S1/S4 beach area of
Resolution Island, Nunavut, the organic content of the
soil is higher and soils are contaminated with petroleum
products. Soil samples were analyzed for total petroleum
hydrocarbons, and results ranged from 60 to 28,000 ppm.
The poor correlation (r = 0.15, n = 12) for samples with
TPH values greater than 100 ppm clearly indicated that
the test kits could not be used in this area (Analytical
Services Unit 1995). At the S1/S4 valley the correlation
coefficient is 0.80 and test kits were used successfully.
Delineation of areas with soils greater than 2000 ppm


