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If you put your vegetables on a scale in the supermarket, this scale is usually calibrated. 

This means that the measurement results are comparable with any other scale – the one 

at the checkout as well as the one in your kitchen at home. That is because all the 

calibrated scales are traceable to the same SI unit – in this case the primary kilogram in 

Sevre. Another of the 7 SI units defined by The General Conference on Weights and 

Measures (french: Conférence générale des poids et mesures - CGPM is the second for the 

time – that is why we are on time for a meeting, if everybody looks at his radio controlled 

watch and the primary meter of which all distances in the metric system are traceable. For 

the measurement of content the SI unit is the mol. Millions of measurements are 

performed each year by liquid based analytical atomic spectrometry to support healthcare, 

diagnostic tests, environmental monitoring, material assay, product development and 

safety. Despite the effort to develop absolute methods, most methods still depend on 

calibration solutions, which are gravimetric mixtures of high purity solvents and high 

purity (source material) metals or compounds. As in the real world ideal purity does not 

exist, the impurity of the solvent and the purity of the source material needs to be known. 

The impurity of a solvent with respect to one analyte can be measured rather easily and 

with low limits of determination. In contrast the measurement of the purity of the source 

material, i.e. the mass fraction of the main constituent in a high purity metal, is more 

difficult to determine. It becomes even more difficult when the source material is not a 

pure metal but a compound since problems regarding stoichiometry arise additionally. 

Although the major producers of calibration solutions take a special effort to determine 

the purity of the source material, the actual purity statement is often incomplete or not 

demonstrated. It is the task of the National Metrological Institutes and Designated 

Institutes (NMIs & Dis) to realise and disseminate primary standards for providing 

traceability to the International Measurement System (SI). The primary elemental 

standards at the NMIs should provide the link to secondary standards produced by 

commercial producers and other independently prepared standards for element 

determination. Without such primary standards, elemental calibration solutions may vary 
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and, depending on the uncertainty required, comparability of measurement in time and 

space results cannot be achieved. 

The vocabulary of the metrological traceability is layed down in the VIM [1] 

 

Figure 1: Traceability of standard solutions to SI 

 

What can a calibration laboratory do to fulfill the requirements of metrological traceability 

for instance according to EN/ISO 17025? 

Essential elements of traceability are [2]: 

 an unbroken chain of comparisons going back to a standard usually a national or 

international standard (embodying the SI unit) (see Figure 1) 

 a calculated and stated measurement uncertainty for each step in the traceability 

chain, so that an overall uncertainty for the whole chain may be calculated 

 the documentation of the results and each step in the chain (performed according to 

documented and generally acknowledged procedures) 

 the competence of the laboratories or bodies performing one or more steps in the 

chain (Evidence must be provided for their technical competence, e.g. by 

demonstrating that they are accredited.) 



 the reference to SI units (The chain of comparisons must end at primary standards for 

the realization of the SI units.) 

 re-calibrations (Calibrations must be repeated at appropriate intervals; the length of 

these intervals will depend on a number of variables, eg uncertainty required, 

frequency of use, way of use, stability of the equipment.) 

 

Possible Approaches: 

a) One approach is to use commercially available standard solutions, but they should be 

traceable. In this context it is essential that the linking of the standards to a primary 

standard is well documented. A self-declared traceability or traceability to an 

institution instead of a SI-Unit is not sufficient. Unfortunately, well documented, 

traceable standard solutions hardly exist on the market. 

b) Another possibility is the use certified reference materials – Here it is the task of the 

producer of the reference materials to assure the traceability. Here again the linking of 

the measurement values to the SI unit is essential. Producers with an accreditation as 

CRM producer (according to ISO Guide 34) are obligated to fulfil these requirements. 

On the BIPM website are Calibration and Measurement Capabilities for every country 

listed in a database.In the Inorganic Analytical Working Group (IAWG) of CCQM several  

key comparison for the purity statements were organized. For instance the determination 

of Zn (K72), the Pilot study P76 for the determination of several impurities in Cu alloys.  In 

P149 a pilot study on the individual approaches of purity statements (for primary Zn) by 

the NMIs were carried out for the first time. In the report the different methodical 

approaches of the NMIs and Dis are listed. 

c) Another approach is to develop your own primary standards. Here it is very important 

to evaluate all given information on the starting material. Is the stated purity of the 

material by the producer a nominal or a total purity? What impurities were already 

determined?  

Depending on the required uncertainty of the purity statement direct methods such as 

titrimetric techniques can be used. In the framework of the EMRP JRP SIB09 validated 



assay procedures for titrimetric methods for direct assay of Mg, Zn and Al with an 

expanded uncertainty below 0.1% were developed.  

An even higher precision down to ≤ 0.01% uncertainty can be achieved by the indirect 

approach. That means that the content of all possible impurities ( of all elements of the 

periodic system) are determined and subtracted from the ideal 100% of the matrix 

element. This includes a high effort, since all possible impurities in the material need to 

be determined. Especially the determination of non-metals in high purity materials is still 

challenging. In the framework of the EMRP JRP SIB09 effective methods for the 

determination of the purity of primary standards were developed.  

 

A very comprehensive guide on Traceability in Chemical Measurements can be 

downloaded from the EURACHEM web site [3].  

Confidence in measurement results and the basis of their comparability is metrological 

traceability. In physical measurements these is well established. In any accredited 

calibration laboratory it is implemented by standards such as ISO/IEC 17025. 

In this short guide practical steps how to fulfil these requirements are given.  
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