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Aim of the training

To give you an overview of

� What is metrological traceability and why we need it? 

� What guidance is available?

� The International Metrological Structure

� What is the role of reference materials?

� How is metrological traceability achieved?

� How to choose appropriate CRMs?  
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Requirements for the quality of 
(analytical) measurements

to produce results:

� comparable over places

� comparable over time

� fit for the purpose,

e.g. 

for comparison

with limit values

or reference ranges
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Comparable measurement 
results
Measurement results 

(metrologically) traceable to 

the same reference

Quantities of the same kind 

(e.g. lengths)

– Same reference, e.g. the metre

– Values and uncertainties not 

necessarily of the same 

magnitude

(VIM 2.46)
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Requirements – ISO/IEC 17025

� 6.5.1 The laboratory shall establish and 

maintain metrological traceability of its 

measurement results by means of a 

documented unbroken chain of calibrations, 

each contributing to the measurement 

uncertainty, linking them to an appropriate 

reference.
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Relevant Guidance
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Definitions
Metrological traceability

property of a measurement 

result whereby the result 

can be related to a  

reference through a 

documented unbroken 

chain of calibrations, each 

contributing to the 

measurement uncertainty. 

Reference

A reference can be 

a measurement unit, 

a measurement procedure,

a reference material,

or a combination of such.

8

(VIM3 - 2.41)
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Common references



Bratislava (Slovakia), Town Hall



Metre Convention (20/5/1875)

(17 countries)

General Conference of Weights and Measures (CGPM)

Member States 

Meetings every 4 years

Diplomatic 

treaty

International Committee of Weights and Measures

(CIPM)

National 
Metrology 
Institutes

(NMI)

Member State 

Governments

Experts

nominated by 

the CGPM

Ten Consultatives 

Committees (CC)

Bureau International 

des Poids et Mesures 

(BIPM)

(www.bipm.org)

The International 
Metrological Structure
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Measurement unit (VIM 1.9)

real scalar quantity, 

defined and adopted by 

convention, with which

any other quantity of the 

same kind can be 

compared to express 

the ratio of the two

quantities as a number
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Redefinition of the SI
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Quantity Unit

International System
Base quantities and units

� Length

� Mass

� Time 

� Electric current

� Thermodynamic temperature  

� Amount of substance

� Luminous Intensity

� metre (m)

� kilogram (kg)

� second (s)

� ampere (A)

� kelvin (K)

� mole  (mol)

� candela  (cd)

EC Directive 80/181 related to measurement units
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Measurement standard
(VIM3, 5.1) 

� realization of the definition of a given quantity

� stated quantity value

� associated measurement uncertainty

� to be used as a reference 

EXAMPLES

– mass measurement standard of 1 kg and standard measurement 

uncertainty of 3 µg

– hydrogen reference electrode at 7.072 pH units and standard 

measurement uncertainty of 0.006 pH units

– Human blood certified reference material containing 124 µg L-1 Pb

and standard measurement uncertainty of 2 µg L-1 Pb
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RMs and CRMs
Reference material – RM (VIM3, 5.13)

� sufficiently homogeneous and stable properties

� established to be fit for its intended use

Certified reference material – CRM (VIM3, 5.14)

� Specified property values, uncertainties and traceabilities

� Obtained using valid procedures

� Fully documented

� Issued by an authoritative body

16

CRMs are special types of measurement standards
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Types of RMs

� Pure substances for calibration

� Pure substances for matrix matching

� Matrix CRM

� Physico-chemical standards
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Matrix reference material

Material that is characteristic of a real sample
EXAMPLE Soil, drinking water, metal alloys, blood.

Note 1: may be obtained directly from biological, environmental 

or industrial sources.

Note 2 : may also be prepared by spiking the component(s) of 

interest into an existing material.

Note 3: A chemical substance dissolved in a pure solvent is not 

a matrix material.

Note 4: intended to be used in conjunction with the analysis of 

real samples of the same or a similar matrix.

18

ISO GUIDE 30:2015 2.1.4
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(Measurement) procedure
� detailed description of a measurement 

e.g. preparation of working solutions in the laboratory

– Must guarantee that the expected values are 

achieved

– Appropriate equipment

– Trained staff

� Comparability: 

– only if the procedures are strictly followed

– Traceability: to the CRM, the equipment used, the 

procedure
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Measurement procedure
detailed description of a measurement 

Extractable fat in a sample of meat

The amount of extracted fat 

depends on the solvent used, etc.

Empirical measurement procedure (standard method)

‘Operationally defined’ measurand

20

Comparability: 

only if the agreed measurement procedure is strictly followed

Traceability: to the measurement procedure
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Reference materials as a reference

21

No definite 

chemical

structure

No agreed

measurement

procedure
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Reference materials as a reference
WHO 1st INTERNATIONAL STANDARD FOR FACTOR VII 

CONCENTRATE NIBSC code: 97/592

• Ampoules containing 1 ml aliquots of a human plasma derived FVII 

concentrate, freeze-dried

• established by the Expert Committee on Biological Standardisation

of the WHO in October 1998

• assigned activity for use with both one-stage clotting and 

chromogenic assay methods is 6.3 International Units per ampoule

22

Comparability: 

only if the measurement results are obtained by direct comparison 

with this International Standard

Traceability: to the reference material itself
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Ensuring MT to the SI

a. calibration provided by a competent laboratory

b. certified values of certified reference materials 

provided by a competent producer with stated 

metrological traceability to the SI

c. direct realization of the SI units ensured by 

comparison, directly or indirectly, with national or 

international standards.

23

ISO/IEC 17025
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Ensuring MT to other appropriate 
references
When MT to the SI units is not technically possible, 

appropriate references can be, e.g.

a) certified values of certified reference materials 

provided by a competent producer;

b) results of reference measurement procedures, 

specified methods or consensus standards that are 

clearly described and accepted as providing measurement 

results fit for their intended use and ensured by suitable 

comparison.

24

ISO/IEC 17025
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Steps to establish MT
Considering, and then ensuring, the following:

a) the specification of the measurand

b) a documented unbroken chain of calibrations going 

back to stated and appropriate references;

c) evaluation of measurement uncertainty for each step 

in the traceability chain according to agreed methods;

d) each step of the chain is performed in accordance with 

appropriate methods, and the measurement results 

and their uncertainties are recorded;

e) the laboratories performing one or more steps in the 

chain supply evidence for their technical competence
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Measurement result

Lab BBB

Measurement result

Lab AAA

Secondary mass standard 

Calibrating Centre BB

Secondary mass standard 

Calibrating Centre AA

Prototype of kilogram 

BIPM

National mass standard 

NMI B

National mass standard 

NMI A

An unbroken chain of calibrations



Calibration (VIM 2.39)

27

• to establish a relation 

between the reference

values and corresponding

signals taking into

measurement uncertainties

• to use this information to 

obtain a measurement result

from a signal
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All equipment which may have a significant effect on the 

accuracy or validity of the measurement result  

shall be calibrated before being put into service
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Calibration: what is needed

28

Competent 
personnel / 

organizations

Technically 
valid 

procedures

Traceable 
measurement 

standards:
For both direct and additional  

measurementsMeasurement 
uncertainty

Requirements
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Calibration of analytical instruments
(part of the test method)

� Relationship between known amounts of the 

substance of interest and the instrument 

signal

– Other instrument characteristics (e.g. accuracy of 

absorbance, repeatability, etc) may need to be 

included as part of the instrument qualification and 

metrological confirmation
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Calibration uncertainty

� Over the working range

� Part of the method validation

� Data: At least 6 levels, starting from 0, each 

analysed at least 3 times

� Calculation: linear regression

� To be reassessed at regular intervals

� References: ISO 11095, Eurachem Guide 

QUAM
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Uncertainty of linear calibration: 
Pb in water by ICP-MS

31

Conc. Area, yq

Point µg/L Rep 1 Rep 2 Rep 3 Rep 4 Rep 5 Rep 6 Rep 7 Rep 8 Mean <Yq> u(yq) u(yq)/<Yq> %

q0 0,00 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,00000

q1 1,00 0,4150 0,4220 0,4170 0,4240 0,4240 0,4204 0,00416 0,99%

q2 2,00 0,8010 0,7950 0,8120 0,8060 0,8000 0,8028 0,00646 0,80%

q3 5,00 1,9260 1,9820 1,9640 1,9940 1,9610 1,9654 0,02582 1,31%

q4 8,00 3,0830 3,2190 3,1890 3,1640 3,1520 3,1614 0,05080 1,61%

q5 10,00 3,9190 3,9520 3,8890 3,9510 3,9520 3,9326 0,02818 0,72%

Mean 5,20 2,05652

n 5 25

Predicted Yq Residuals Sq residuals q-<q> [q-<q>]
2

q1 1,00 0,41361 0,00679 4,6E-05 -4,2 17,64 a 0,02245 intercept

q2 2,00 0,80478 -0,00198 3,9E-06 -3,2 10,24 b 0,39117 slope

q3 5,00 1,97829 -0,01289 1,7E-04 -0,2 0,04 R
2

0,99998

q4 8,00 3,15179 0,00961 9,2E-05 2,8 7,84 m 1

q5 10,00 3,93413 -0,00153 2,3E-06 4,8 23,04 n 5

Residuals sum 3,E-04 58,8

Residuals SD s<y>/q 0,010177

<Yq>-Mean<Yq>^2 u u.m.

q1 2,7E+00 0,3 1,2 uq1 0,032 µg/L

q2 1,6E+00 0,2 1,2 uq2 0,031 µg/L

q3 8,3E-03 0,0 1,1 uq3 0,029 µg/L

q4 1,2E+00 0,1 1,2 uq4 0,030 µg/L

q5 3,5E+00 0,4 1,3 uq5 0,033 µg/L

(Yqp-<Yq>) q=5

(Yqp-<Yq>) q=1

(Yqp-<Yq>) q=2

(Yqp-<Yq>) q=3

(Yqp-<Yq>) q=4

Calculations according to EURACHEM / CITAC Guide QUAM

Blank and five standard 

solutions prepared from a CRM 

Each analysed 5 times

Eurachem Training Course - Nicosia (Cyprus) 21 - 22 02 2019



Sample treatment

• Sample weighing, m

• Extraction, R

• Preparing the sample 
solution, Vsample

• Dilution of the sample 
solution, fdi

Preparing the 

standard solutions, cst

Instrumental 

measurement, Asample

Instrumental 

measurements, Ast

Calculation of 

the result, wPb

Traceability in analytical measurement

32

Determination of lead in soil by flame 

atomic absorption spectrometry

Calibration line, (a, b, r)

Eurachem Training Course - Nicosia (Cyprus) 21 - 22 02 2019



Model equation

33

wPb lead mass fraction of the sample (mg g-1)

Asample absorbance measured for the sample solution (Abs units)

a intercept of the calibration line (Abs units)

b slope of the calibration line (Abs units mg-1 L)

Vsample volume of the sample solution (L)

m mass of the sample (g)

fdi dilution factor  (unit: 1);

R recovery factor (unit: 1)

R
f

mb

VaA
w

sample

samplesample

Pb

1)(
di ××

⋅

⋅−
=
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Traceability for input quantities

34

CRMAAS equipment Volumetric devices

Matrix CRM

R
f

mb

VaA
w

sample

samplesample

Pb

1)(
di ××

⋅

⋅−
=

Procedures for: 
preparation of standard solutions
calibration

Balance

Eurachem Training Course - Nicosia (Cyprus) 21 - 22 02 2019



Traceability for input quantities

35

Procedures for: 
preparation of working standards Balance

CRMAAS equipment Volumetric devices

Matrix CRM

R
f

mb

VaA
w

sample

samplesample

Pb

1)(
di ××

⋅

⋅−
=

(Calibration) certificates

(Calibration) certificates
See details of procedure
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Assessing CRMs
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Requirements for RM Producers
� ISO Guide 30:2015. Reference materials -- Selected terms 

and definitions

� ISO Guide 31:2015. Reference materials -- Contents of 

certificates, labels and accompanying documentation

� ISO Guide 33:2015. Reference materials -- Good practice in 

using reference materials. 

� ISO 17034:2016. General requirements for the 

competence of reference material producers

� ISO Guide 35:2017. Reference materials -- Guidance for 

characterization and assessment of homogeneity and 

stability.
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Technical requirements for RMPs
(selected)

� Production planning

� Production control

� Material handling and 

storage

� Material processing

� Measurement 

procedures

� Measuring equipment

� Data integrity and 

evaluation

� Metrological traceability of 

certified values

� Assessment of homogeneity

� Assessment and monitoring 

of stability

� Characterization

� Assignment of property 

values and their uncertainties

� RM documents and labels

� Distribution services
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ISO/IEC 17034

CRM CHARACTERIZATION  
� a single reference measurement procedure in a 

single laboratory

� two or more methods of demonstrable accuracy in 

one or more competent laboratories

� a method-specific approach giving only method-

specific assessed property values, using a network of 

competent laboratories

� value transfer from an RM to a closely matched 

candidate RM (single measurement procedure 

performed by one laboratory)

� characterization based on mass or volume of 

ingredients used in the preparation of the RM



CRM- 3.1
15 February 2009 

© European Communities, 2003-2009

The certificate is valid 

for one year after purchase

The certified value is 

traceable to the SI

Example of certificate

The minimum amount of 

sample to be used is 1 g

Certified value

Uncertainty



CRM- 3.1
15 February 2009 

© European Communities, 2003-2009

Example of certificate

INSTRUCTION FOR USE

S intended for method 

validation and quality control 

purposes.

DESCRIPTION OF THE SAMPLE

ANALYTICAL METHODS 

USED FOR CERTIFICATION

LABORATORIES USED 

FOR CERTIFICATION



Assess the quality of CRM

“Produced according to ISO/IEC 17034 and ISO Guide 35”

Criticalities: 

Interpret traceability statements 
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Assess the quality of CRM

“Produced according to ISO/IEC 17034 and ISO Guide 35”

Criticalities: 

Many pure substances are not available as CRMs

Users need to assess their traceability, at least by 

comparison between different batches
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Choose CRMs fit-for-the-purpose
Assess the information available to evaluate properties of 
the CRM which may be critical for the intended use, 

A matrix CRM may provide the traceability chain for 
«recovery»

Recovery statements may be requested as part of the 
measurement result.

Criticalities: 

• Is the CRM representative of the test samples?
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Can the user follow the instructions for 

use?

Eurachem Training Course - Nicosia (Cyprus) 21 - 22 02 2019 45



Storage and stability

� Make sure to follow the instructions for storage

� Don’t use CRMs after the expiry date

� Close CRMs tightly and store them appropriately
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Choose CRMs fit-for-the-purpose

� Matrix

� Concentration

range

� Traceability

� Uncertainty

� Form

� Amount

� Minimum test portion

� Corrections to be applied 

to results (e.g. dry mass)

� Protocol for use

� Storage conditions

� RMP compliant with ISO 

17034
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