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ISO/IEC Guide 99:2007, International vocabulary of 
metrology – Basic and general concepts and associated 
terms (VIM)

International Vocabulary of Metrology – Basic and 
General Concepts and Associated Terms
VIM, 3rd edition, JCGM 200:2008
http://www.bipm.org/en/publications/guides/vim.html

Eurachem guides
https://www.eurachem.org/index.php/publications/guides

Terms, concepts and definitions
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Metrology

3
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Redefinition of 
the kilogram



6

Basic dilemma

How to ensure appropriate measurements and 
monitor changes in time and space?

Analytical measurements
need to be comparable

in time and space …

traceability is the best/only  way to achieve this goal.
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What is measurement?

Any measurement is the establishment 
of a RATIO of an unknown to a known

quantity

Defining the agreed unit
Expressed in the same unit
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SI unit for amount of substance

value

valuevalue

valuevalue

amount content of X
compound in solution

Working Standard

Reference Standard

Traceability of
Chemical Measurements

TRACEABILITY

VIM definition
“ ... the property of the result 

of a measurement or the value 
of a standard whereby it can be 
related to stated references,
usually national or 
international standards, 
through an unbroken chain of 
comparisons all having stated 
uncertainties.”
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CHEMICAL METROLOGY

Sampling   +      Processing    +  Measurement     =    Result
________________________________________________________

Representative     Dissolution    Comparison to SI units ± uncertainty
Appropriate      Extraction       or conventional scale
Contamination      Dilution
Stability
Handling
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Definition of Uncertainty

(VIM)

„a parameter associated with the result of a 
measurement, that characterises the dispersion of the 

values that could reasonably be attributed to the 
measurand“

RESULT = VALUE ± UNCERTAINTY
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Uncertainty
• Value assigned to a measurement result that 

characterizes how well it is known/unknown

Metrology Concepts
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Analytical quality objectives and planning of HBM 
Study hypothesis

Population
selection

Biomarker
selection and
validation

EticsStatistical
considerations

CommunicationToxicokinetcs

Enrollment and Consent

Sample Collection and Processing

Sample bankingLaboratory analysis

InterpretationStatistical analysis

Communication of
results

Individual risk Clinical
settings

Population and
media

Policy makers and
agencies
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• SOPs (sampling and sample storage)
• Validated analytical procedures 
• Trained personnel
• Day to day quality control procedures (blanks, matrix 

RM materials, QA charts, etc..)
• Calibrated equipment (calibration RM materials)
• External quality control (inter-laboratory 

comparisons, proficiency testing, key comparisons, ..) 

Basic requirements
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Reference Material (RM)

Definition ISO/REMCO 2005
Material, sufficiently homogenous and stable with 
respect to one or more specified properties, which has 
been established to be fit for its intended use in a 
measurement process.

• Generic term
• Property can be quantitative or qualitative
• Uses: calibration, assessment of a measurement procedure, assigning 

values to other materials and QC
• Can be used for a single purpuse in a given measurement
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Certified Reference Material -
CRM

Definition ISO/REMCO 2005

A RM characterized by a metrologically valid procedure
for one or more specified properties, accompanied by a
certificate that states the value of the specified
property, its associated uncertainty, and a statement of
metrological traceability.

Metrologically valid procedures: ISO Guide 34 and 35
Contents in the certificate: ISO Guide 31.
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Validation

check the measurement results 
in terms of validity:
is there any method specific bias ?
is there any systematic error ?
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Calibration

use as a matrix matched 
calibrant
(direct or via working 
standards)
to ensure traceability of results
to an external reference (the 
CRM)

concentration
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Use of CRMs
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to calibrate own 
analytical instrument

S.I.

value 1

value 2

my result

S.I.

value 1

value 2

my result

to validate own 
analytical method

value CRM

How CRMs are Used in Terms of Traceability?
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Assurance of measurement comparability (I)
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𝑈𝑈𝑐𝑐 = 𝑈𝑈𝑚𝑚2 + 𝑈𝑈𝑚𝑚𝑚𝑚𝑚𝑚
2 + 𝑢𝑢𝐶𝐶𝐶𝐶𝐶𝐶2 + … …

Certified value in CRM is:

The property value and its uncertainty

User:



Assurance of measurement comparability (II)
Uncertainty of the CRM is one of the strong components in
the combined uncertainty of the user‘s results

Uuser‘s results > UCRM

CRM producer MUST take intended use of CRM into
consideration in the planning and preparation stages and
PROVIDE instructions on how to establish traceability to
the stated reference

ONLY direct matrix and concentration match of the sample and
CRM (and CRM as calibrant) can be used to demonstrate
accuracy and traceability
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QC chart
NIES No. 13 (Human hair)

 Certified value = 4420 ng Hg/g

3200

3600

4000

4400

4800

5200

5600

17
.7

.2
00

8

18
.7

.2
00

8

28
.7

.2
00

8

29
.7

.2
00

8

12
.8

.2
00

8

20
.8

.2
00

8

29
.8

.2
00

8

2.
9.

20
08

3.
9.

20
08

30
.9

.2
00

8

2.
10

.2
00

8

3.
10

.2
00

8

9.
10

.2
00

8

10
.1

0.
20

08

13
.1

0.
20

08

15
.1

0.
20

08

16
.1

0.
20

08

22
.1

0.
20

08

23
.1

0.
20

08

27
.1

0.
20

08

6.
11

.2
00

8

24
.1

1.
20

08

25
.1

1.
20

08

26
.1

1.
20

08

d
d

/m
m

/y
y

d
d

/m
m

/y
y

d
d

/m
m

/y
y

d
d

/m
m

/y
y

d
d

/m
m

/y
y

d
d

/m
m

/y
y

Date 

T
-H

g
 c

o
n

ce
n

tr
at

io
n

 (
n

g
/g

)
Mean

Mean ± s

UCL  (Mean+2s)

LCL (Mean-2s)

UWL (Mean+3s)

LWL (Mean-3s)

s = uncertainty

UCL = upper control 
limit

LCL = lower control 
limit

UWL = upper warning 
limit

LWL = lower warning 
limit

Seronorm Trace Elements Urine 
Total Hg, Certified value 40,7 ± 2,3 µg/l
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ClinChek 8847 - Urine control lyophilised
Total Hg, Certified value 3,49 ± 0,7

 ng/ml
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Seronorm WB-1 (Whole blood L1)
 Reference value =2.2 ng Hg/g
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National Institute of Standards and Technology, USA
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Reference materials
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RM/CRM Matrix Analyte Producer

IAEA-85 hair Hg IAEA Analitical Quality Control Services

IAEA-86 hair Hg IAEA Analitical Quality Control Services

IAEA-86 hair MeHg IAEA Analitical Quality Control Services

BCR-397 hair Hg, MeHg IRMM-Institute for Ref Materials and Measurem

ERM-DB001 hair Hg IRMM

GBW 09101 (CRM GBW 
07601) hair Hg

School of Public Health for Beijing Medical Univ. Office of 
CRMs

NIES No 13 hair Hg, MeHg NIES, National Institute for Enviromental Studies

NIES No 5 Hair Hg NIES, National Institute for Enviromental Studies

SRM 966 Bovine blood
Hg, IHg., MeHg

NIST, USA

SRM 955c, level 3
Caprine blood

THg, IHg, EtHg, MeHg
NIST, USA

SRM 3668 Frozen urine THg (2 levels) NIST, USA

Hg - List of matrix RM and CRMs 
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Prefered: commercially available from NMIs:
• SRM 3133 - Mercury (Hg) Standard Solution
• SRM 3177 - Mercuric Chloride Standard Solution

Gravimetrically prepared – Caution when prepared from Hg salts!

List of CRMs for calibration
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Analytical quality objectives and planning of HBM 
Study hypothesis

Population
selection

Biomarker
selection and
validation

EticsStatistical
considerations

CommunicationToxicokinetcs

Enrollment and Consent

Sample Collection and Processing

Sample bankingLaboratory analysis

InterpretationStatistical analysis

Communication of
results

Individual risk Clinical
settings

Population and
media

Policy makers and
agencies
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• Minimum quality requirements for concentration ranges should be 
defined in health related studies (LOD, LOQ, uncertainty)

• QA/QC procedures MUST be in place

• Only validated analytical methods – quality requirements MUST be 
agreed before samples are to be analyzed

• Proper use of calibration and matrix matched matrix RMs is required: 
note the difference between the fresh vs. freeze dried samples

• Regular participation in ILC (ICI/EQUAS or similar)

• Regular QC charts is mandatory

Take home
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International Organization for Standardization. ISO/IEC 17025:2005 General requirements for the competence of 
testing and calibration laboratories. 2nd ed. Geneva: International Organization for Standardization; 2005.

Practical Examples on Traceability, Measurement Uncertainty and Validation in Chemistry, Volume 1, Eds. N. 
Majcen, P. Taylor; EUR22791/2 EN, 2010. http://bookshop.europa.eu/is-bin/INTERSHOP.enfinity/WFS/EU-
Bookshop-Site/en_GB/-/EUR/ViewPublication-Start?PublicationKey=LAN122791

Eurachem CITAC guide CG4, Quantifying Uncertainty in Analytical Measurements, Second addition, 2000, 
www.eurachem.org

The Fitness for purpose of Analytical Methods, Eurachem Guide, 1998

Quality Assurance in Analytical Chemistry, Training and Teaching, Eds. B.W. Wenclawiak, M. Koch, E. Hadjicostas; 
Springer-Verlag Berlin Haidelberg 2003.

JCGM 200:2012, International Vocabulary of Metrology - Basic and general concepts and associated terms (VIM)

In-House Method Validation—A Guide for Chemical Laboratories, LGC, UK, 2003.

Harmonized guidelines for single-laboratory validation of methods of analysis (IUPAC Technical Report, 2002).

GUM-Guide to Expression of Uncertainty in Measurement, ISO, 1995
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Speaker Contacts:
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janja.tratnik@ijs.si
darja.mazej@ijs.si
Speaker’s information

Prof. Milena Horvat is the Head of the Department of 
Environmental Sciences at the Jožef Stefan Institute and a 
Dean of the International Postgraduate School Jožef Stefan. By 
basic training she is an analytical chemist. She coordinated the 
implementation of the Slovenian  HBM and several research 
project in the domain of environment and health studies.   
Within the HBM4EU IJS is a chemical group leader for Cd and 
involved in Training activities. WP2.



Metre Convention
Diplomatic Treaty, 1875

CGPM
General Conference for Weights and Measures

BIPM
International Bureau

for Weights and
Measures

CC
Consultative Committee

CC
Consultative Committee

CC
Consultative Committee NMI

National Metrology 
Institute

NMI
National Metrology 

Institute

NMI
National Metrology

Institute

Member States

International 
Senior Experts

CIPM
International Committee for Weights and Measures

RMO´s
Regional 
Metrology 

Organisations

RMO´s
Regional 
Metrology 

Organisations

RMO
Regional 
Metrology

Organisation

JCRB
Joint Committee

of
Regional Bodies

Regional Metrology Organisations  within the Metre 
Convention

Equivalence of  
national standards 

and related 
measurements
& calibrations 
in the NMIs



BIPM - the intergovernmental organization through which 
Member States act together on matters related to 
measurement science and measurement standards.

• The BIPM acts in matters of world metrology, 
particularly concerning the demand for measurement 
standards of ever increasing accuracy, range and 
diversity, and the need to demonstrate equivalence 
between national measurement standards.

• The CIPM Mutual Recognition Arrangement (CIPM 
MRA) is coordinated jointly by the BIPM and the 
Regional Metrology Organizations.

http://www.bipm.org/en/cipm-mra/


Regional Metrology Organisations

The CIPM Mutual Recognition Arrangement (CIPM MRA)
is the framework through which National Metrology
Institutes demonstrate the international equivalence of
their measurement standards and the calibration and
measurement certificates they issue



• The CIPM Mutual Recognition Arrangement (CIPM 
MRA) is coordinated jointly by the BIPM and the Regional 
Metrology Organizations.

• Examples of intergovernmental organizations in liaison 
with the BIPM are: OIML, IAEA, WMO and WHO.

• Examples of other international bodies in liaison with the 
BIPM are: ILAC and ISO.

• Examples of joint committees are the Joint Committee on 
Guides on Metrology (JCGM) and the Joint Committee on 
Traceability in Laboratory Medicine (JCTLM).

http://www.bipm.org/en/cipm-mra/
http://www.bipm.org/en/worldwide-metrology/liaisons/oiml.html
http://www.bipm.org/en/worldwide-metrology/liaisons/iaea.html
http://www.bipm.org/en/worldwide-metrology/liaisons/wmo.html
http://www.bipm.org/en/worldwide-metrology/liaisons/who.html
http://www.bipm.org/en/worldwide-metrology/liaisons/ilac.html
http://www.bipm.org/en/worldwide-metrology/liaisons/iso.html
http://www.bipm.org/en/committees/jc/jcgm/
http://www.bipm.org/en/committees/jc/jctlm/


Partners in Quality Infrastructure

EU structures
CEN

CENELEC
ETSI

EURAMET
(WELMEC) EA NGOs

(EU level)

Government
National

Standards
Body

NMI 
National

Accreditation
Service 

Calibration
laboratories

Conformity
Assessment

Bodies 

Measurements TestingTechnical 
standards

EU technical
directives
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(nat. level)
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European Association of National 
Metrology Institutes - EURAMET

Members:
37 European NMIs
28 of them are participating in EMPIR

Associates:
IRMM (EC)
75 DIs (Designated Institutes)

Liaison Organisations: 
4 RMOs & BIPM
3 NMIs beyond Europe
KDM (Kosovo under UNSCR 1244)
6 regional/international Organisations



EMPIR
European Metrology Programme for Innovation and Research  

• It is about improving measurement to drive innovation and 
competitiveness.

• It enables European metrology institutes, industrial organisations and 
academia to collaborate on joint research projects. 

• It is implemented by EURAMET (European Association of National 
Metrology Institutes).

• It is based on Article 185 of the Lisbon Treaty.
• It is jointly funded by the EMPIR participating countries and the European 

Union and has a budget of approximately 600 M€ over seven years.
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