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Commercial laboratories providing sample data to
clients may provide the quality control information
associated with the samples analyzed. In most cases, the
quality control information provided or requested by the
client is the reference material data that is run with the
submitted samples and blank and duplicate data from the
analysis. This QC information is not always defined or
differentiated and may not completely cover all stages of
the process; initial sample preparation to the final data.
This can result in misleading and misunderstood
information.

In a commercial laboratory it is not practical in both
time and cost to provide estimations of the measurement
uncertainties at each stage of the process.  However, it is
necessary for the laboratory to understand, identify and
monitor the components of measurement uncertainty so
QC information available to the client is useful. There are
suitable and practical ways for commercial laboratories to
provide the client with sufficient quality control
information so that the variances can be differentiated
within reason and therefore evaluated to meet the needs
of the client.

In best practice situations, the reference materials
used are certified with an established degree of confidence
and associated uncertainties. In house reference materials
are also deemed suitable if there is demonstrated path to a
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certified source. In both cases, certain criteria must be
met. Reference materials must be homogenous and stable
for a specified time period, the analyte in question must
be at a comparable concentration range and preferably
with similar mineralogy. A good reference material
provider will produce a certificate of analysis and report
that includes the number of participants, the within
laboratory standard deviation and the between laboratory
standard deviation to ensure that method dependency is
evaluated. The laboratory itself can suitably calculate the
measurement uncertainty of reference materials when the
material is in sufficient quantity to generate statistical data
over a reasonably long time period. Involving different
analysts, different environmental conditions, different
instruments and/or equipment provides a degree of rigour
that enables confidence in the data to be generated.
Certified reference materials (CRMs) are prepared and
purchased commercially. These are suitably homogenous
and ready for use. These materials are introduced during
weighing at the digestion or fusion stage and can only
provide a partial estimation of the overall measurement
uncertainty associated with the entire process. If used
appropriately i.e. conditions of homogeneity, stability,
concentration, mineralogy and method dependency are
met, they aid in the determination of the accuracy
associated with the digestion or fusion stage through to
the finish technique. CRMs fail to provide a correlation to
the sample preparation stage, which is commonly the
largest source of error involved during the entire
procedure, unless we consider the sampling error involved
prior to arrival at the laboratory.

Duplicate data can provide a good estimation of the
precision of the method but is dependent upon the stage
of duplicate insertion and the number of duplicate pairs.
Reporting duplicate data from the weighing stage during
the digestion process provides a partial estimation of the
precision of the method, but not the entire precision of
the process. For best practice, the duplicates should be
taken at both the crushing-splitting and weighing-
digestion stage. The difference in the variances obtained
from a minimum of twenty pairs of duplicate data can
provide the overall precision of the process, the
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significance of the differences can also be assessed to
differentiate the possible errors involved including sample
heterogeneity.

The measurement uncertainty associated with the
instrument or finish stage of a method is best
differentiated with the use of certified calibration
materials, secondary source control checks, duplicate
insertion and in some cases spike recovery. To minimize
the error associated with the instrument and the reference
materials used to establish the instrument response, it is
important to store the materials appropriately to ensure
stability and to matrix match the materials as close as
possible to that of the samples analyzed. In best practices,
the calibration materials are checked against secondary
source control materials purchased separately. This
ensures the materials used to calibrate the instrument are
suitably stable and correctly made, as these often involve
serial dilutions from a master source. The degree of
diligence involved in the calibration can contribute to the
error involved and must be evaluated. The finish
technique must have demonstrated linearity and the
samples analyzed must fall within the linear range or be

diluted accordingly. Duplicates inserted at this stage
differentiate the precision that can be associated with the
instrument response.

The laboratory can best demonstrate and differentiate
all of these quality control measures by the use of control
charts. Most LIMS systems have the ability to chart data
automatically to provide a quick visual aid when data
evaluation is performed. Control charts are used to
monitor performance and provide crucial audit trails.
Almost all QC information, and therefore errors
associated with the entire process, can be charted; this
includes reference materials, calibration and control check
materials, blanks, duplicates at different stages in the
process, verification checks for balances, ovens, furnaces,
dispensers and autopipets, spike recoveries and screen
tests. Evaluating these errors and combining the
significant errors, generates the overall measurement
uncertainty, a useful and robust statistical value.

There are many types of control charts available for
use, all which have the ability to demonstrate and monitor
the accuracy and precision of a method. The Shewhart
Chart (1) is a reliable resource for demonstrating the
accuracy or bias associated with the reference materials
involved in the process. This chart involves drawing a
horizontal line at the mean value and at locations two
standard deviations (the warning level) and three standard
deviations (the control limits) above and below the mean.
After generating a minimum of twenty data points, the
chart can easily demonstrate the accuracy and bias of the
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method. There are specific rules for Shewhart charts (1)

that ensure statistical control of the measurement process.
The range control chart (2) is another reliable source

for demonstrating the precision of a method. Using a
minimum of twenty sets of duplicates, the mean is
calculated from the absolute value of the differences
between the duplicate pairs (the mean of the ranges). The
mean value (R) is plotted along with lines at 0.845R,
2.51R and 3.27R. Statistical control is monitored and
deemed acceptable when 50%, 95% and 99% of the
ranges lie below the 0.845R, 2.51R and 3.27R lines,
respectively. For best use, the concentration ranges of the
duplicate data should be grouped according to orders of
magnitude and charted individually.

A practical approach to providing the client with
meaningful QC information without producing multiple
control charts and error values is to report the combined
estimation of the measurement uncertainty. This is
calculated from the data generated by the use of reference
materials preparation duplicates and digestion duplicates,
over a reasonable time period. All associated errors
involved in the entire process are accounted for and easily
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The 23rd IAGS pre-symposium field trip was a 4-day
tour (10-13 June) of mines and cultural sites that travelled
across Spain, from Madrid to Oviedo, via Seville and
Salamanca. The tour group was led by Jorge Loredo
(University of Oviedo), assisted by Alejandro Bel-Lan
(Institutio Geológico y Minero de EspaH�a: IGME) and
Juan Locutura Rupérez (IGME). The participants
consisted of 23 geologists/geochemists and two
accompanying persons, representing eight countries. We
met early on Sunday morning at the IGME in Madrid and
were given a thick tour guide and two large rolled maps of
the geology of Spain as we boarded our 50 seater bus.

differentiated by the laboratory’s use of control charts as
described above. Reporting the reference material and
duplicate data, both preparation and digestion duplicates,
also allow the clients to calculate the precision and
accuracy and differentiate the variances of their own test
data.

References
Shewhart, W.A. 1939. Statistical Method from the

Viewpoint of Quality Control, The Graduate School,
U.S. Department of Agriculture, Washington, DC.

Riddle, C. & Johnson, W.M. 1993. Analysis of Geological
Materials, marcel Dekker, Inc.

Valerie Murphy
Quality Control Coordinator
SGS Minerals Services
185 Concession Street, P.O. Bag 4300
Lakefield, Ontario,
Canada        K0L 2H0
705-652-2044 (phone)
705-652-6365 (fax)
Email:   val.murphy@sgs.com

After leaving Madrid, we had a quick comfort stop in the
small town of Puerto Lápice (Ciudad Real), famous for an
association with Don Quixote, and then travelled on to
Almaden for lunch at the Hotel Restaurante La Plaza
attached to a hexagonal bull ring (Fig. 1). Many photos
were taken of tour participants acting as pseudo-bulls in
the ring. Our introduction to field trip food was a series of
courses of ham and fish with Rijoa red wine. When we
thought we had finished, the main course was served – a
large pork steak – the most magnificent pork I have ever
tasted. Apparently, the secret ingredient is that the pigs
eat acorns dropped from green oak trees.

Off to the Almaden mercury mine at the other end of
town feeling a little sluggish but more than satisfied.
Mercury (cinnabar) mining at Almaden commenced in
Roman times (Fig. 2) and from 1499 produced about
275,000 t of mercury, one third of the global resource. The
mine ceased production in 2002 and has since been
developed as a tourist attraction. We descended a shaft to
the 50 m level at the base of the hill. Our guide, a former
metallurgist in the mill, led us through various tunnels,
many lined with brick, to view a sequence of exhibits
illustrating changing mining techniques from ancient to
modern, as well as sections of slate and volcanic country
rock, and quartzite ore with occasional splashes of red
cinnabar and droplets of native mercury, originally
deposited from sea floor volcanic exhalations. We didn’t
see the magnificent expanses of cinnabar impregnated
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Figure 1. Almaden bull ring: Lunch stop in Almaden at the
Hotel Restaurante La Plaza, part of the only hexagonal bull
ring in the world. (Photo: Tony Christie).


