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Abstract: Estimation of measurement uncertainty of the
metal content in different soils was done using validation
and quality control data. Precision under within-laboratory
reproducibility conditions was estimated from duplicate
analysis. Trueness was determined as recovery of the
analyte from two certified reference materials (CRM). The
CRM properties on the results obtained is criticaly
evaluated.
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1. INTRODUCTION

It is now fully recognized that an essentia part of any
guantitative analysis is the evaluation of uncertainty
associated with the result being estimation of uncertainty of
a measurement a standard requirement of the ISO/IEC
17025:2005 [1]. Whatever uncertainty estimation approach
is used the main stages are: specification of the measurand,
identification of sources of uncertainty, quantification of
uncertainty components and combination of individua
uncertainty components.

As known, the major sources of variability can often be
assessed by method validation through quality control
actions. In these conditions, the quantification of
uncertainty contributions can be done using pre-existing
quality control and validation data [2]. In this work, this
approach is used to calculate the measurement uncertainty
associated with the metal content of soils from serpentine
and non-serpentine areas from the north-east of Portugal.
Commonly they have high levels of trace metals like Ni, Cr
and Co and low Ca/Mg ratios. Two different CRM were
used and the results obtained for the measurement
uncertainty are critically evaluated on the basis of the
approach used in the calculations and the quality of the
CRM.

2. METHODS

Soil samples collected at 0—15 cm depth from the surface in
NE Portugal, were air-dried, crushed with an agate mortar
and pestle and then stored in plastic containers. An acid
mixture (HNOs+HF+HCIO,4) was used to solubilise Al, Ca,
Fe, K, Mg, Na, Mn, Cr, Cu, Ni, and Zn [3]. All elements
were determined by Fame Atomic Absorption
Spectrometry (FAAS). The CRM used were: soil sample
SO-2 from the Canada Centre for Mineral and Energy
Technology and river clay sediment LGC 6139 from the
Laboratory of the Government Chemist.

3. RESULTSAND DISCUSSION

The metal content of eight soil samples was determined
following a quaity assurance program previousy
established. In order to provide reliable data, quality control
actions were also implemented [3].

The measurand, the mass concentration of total metal, Cy
in soils (mg kg™) expressed in dry basisis given by eq. 1:
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where C, is the interpolated analyte concentration (mg ™),
V the volume of the attack solution (ml), m the amount of
sample taken for analysis (g), Fq the dilution factor and
Wyos the moisture content of the sample determined by
drying an independent aliquot of the sample at 105+5°C.
Figure 1 shows the cause — effect diagram for Cy. The
main branches identify the influence quantities (C,, V, m,
Fq and wigs). A branch for precision was added, that
combines all the individual repeatability contributions as
well as a second branch for the trueness (recovery).

In this work an intralaboratory approach for uncertainty
evauation based on method validation studies and quality
control data was used.
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Figure 1 —Cause - effect diagram for the concentration of
total metal in soils, expressed in dry basis.

So, the combined standard uncertainty for Cy, u™® (y) , was

determined by the contribution of two main components, eqg.
2, which assumes precision, expressed as relative standard
deviation (RSD), approximately constant within the
working range and the relative uncertainty of the recovery,

u' (ﬁm) , independent of the concentration of the analyte
[2].

uf(y)=yReD? +[u* R, f @
In each working range RSD was calculated by use of eqg. 3:
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where X is the average concentration and s, the standard
deviation, isgiven by eq. 4

s= R 4

d,

with R the mean value of each range and d a tabulated
factor for duplicate sets [2]. RSD values lower than 6%
were obtained, indicating a good precision of the analytical
procedure.

Trueness was estimated in terms of overal recovery
obtained from the analysis of independent sets of CRMs.

The u™(R,,) values were calculated using eq. 5:
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where ﬁm is the mean recovery given by eq. 6,
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Cos and Ccry are the experimental and listed

concentrations of a metal in the CRM, respectively, Sy iS
the standard deviation from replicate analysis of the CRM,
U(Ccrwm) isthe standard uncertainty of the certified value for
the CRM and n is the number of replicates.

Two CRM were used. Since the samples analysed for metal
content were different soils, the CRM reference soil sample
SO-2 was in principal more suitable from the point of view
of matrix-matched. However, river clay sediment LGC
6139 was a'so used due to the low Nickel concentration in
S02. In figure 2 the relative uncertainty estimated using
LGC 6139 (black) and SO-2 (grey) CRMs are shown for
each metal. As can be seen significant differences can be
found in the values depending on the CRM. A mgjor factor
controlling the value of the relative uncertainty of the
recovery is the standard uncertainty of the certified value
U(Ccrv). With the exception of Ni, relative uncertainty
associated with SO-2 were further used to calculate

u®(R,)-

Finaly, the expanded uncertainty U (y) was calculated by
eqg. 7

U(y)=kxu(y) (@)

using a coverage factor of k = 2, which gives a level of
confidence of approximately 95%.
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Figure 2. Relative uncertainty (u™(R,)) estimated using LGC
6139 (black) and SO-2 (grey) CRM.

In table 1 are shown the results for the metals composition

of the soils with the corresponding expanded uncertainty.

Higher Ni concentrations and lower Ca/Mg ratio were

obtained for samples 1-6 corresponding to serpentine soils.

4. CONCLUSIONS

Estimation of uncertainty is neither a routine task nor a
purely mathematical one. It depends on detailed knowledge
of the nature of the measurand and of the measurement.
However, this work shows that much of the data required to
produce estimate of measurement uncertainty can be
provided by studies routinely undertaken for validation
purposes namely precision and trueness studies. The user
should now how to look for the most appropriate CRM.
Aspects like suitable matrix-matched and analyte
concentration level should be taken into account, but it is
also important the quality of the CRM.
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Table 1. Chemical characterization of the soils. All results are expressed on a dry sample weight basis.

Hoils &1 Ca Fe K Mg IMa i ML 0* Cr 10 Cu in

oM ICOM NeoN BCO) (%) (%) (%) | tmgkgh | (mgkgh | (mgkg™ | (mgke™)
1 40£05) 15203 | 1021 ] 0.39+£0.06 | 5.8+0.8 | 04240058 | 0.24+0.04 1847 2045 2945 TIt3
2 41+0.6 | 1.5403 | 10+2 | 0.39+0.06 | 5.9+0.9 | 0.43+0.08 | 0.25+0.04 87 2045 2045 Q2410
3 40+05 | 1.8403 | 11+£2 ] 0.33£0.05 fi+1 0.39+0.07 | 0.23+0.04 3348 31+5 3145 BT+10
4 44+06 | 174053 | 1242 ] 0.34+£0.05 T+l 0424008 | 0.24+0.04 3448 33xh 33t6 To£0
5 4106 | 142035 | 1242 ] 0.27£0.04 T+l 0204005 | 0.27£0.04 38x10 33xh 33%6 120£13
fi 45t0a ) 16205 | 1122 ] 051£0.08 | 5.0+0.0 | 0404000 | 0.27+0.04 2047 305 3045 0g+11
7 Al T+l F+1 | 0.09+0.01 ] 29404 174053 |0.14+x002 0.84H0.2 39+6 39+4 2516
] o+l fitl Fxl | 0.10+£002] 24204 16203 | 0.124002 0.640.2 31£5 315 S3t6




