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Outline

• BIPM: Role as an Intergovernmental Organization 

• CIPM –MRA: International Metrology Infrastructure
• National Metrology Institutes (NIST, LGC, NMIA…)
• Metrology in Chemistry (CCQM)
• Key Comparisons (Pilot studies)
• Degrees of equivalence
• Calibration and Measurement Capabilities (CMCs)

• Related activities:
• IFCC and ILAC: JCTLM (Laboratory Medicine)
• Codex Alimentarius (Food Analysis)
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Bureau International des Poids et Mesures (BIPM)

International Bureau of Weights and Measures

The task of the BIPM is to ensure world-wide uniformity of 
measurements and their traceability to the International 
System of Units (SI).
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BIPM’s Mission

“THE GOAL OF THE BIPM IS WORLDWIDE UNFORMITY OF 
MEASUREMENT.”

“It achieves this through providing the necessary scientific and
technical basis for such uniformity and by collaborating with 

other institutions and organisations that have related missions.”

General Conference on Weights and Measures, 2003.
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METRE CONVENTION

• An intergovernmental treaty which, inter alia, established 
the BIPM

• Affirmed international support for the International System 
of Units- the SI

• Created the General Conference of Weights and 
Measures which meets every 4 years and is responsible 
for all major decisions affecting the SI, the BIPM and links 
with other intergovernmental bodies etc

• 51 full Member States
• 20 Associates of the General Conference of Weights and 

Measures
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BUREAU INTERNATIONAL DES POIDS ET MESURES TODAY

• On international territory at Sèvres with some 70 staff.
• €10M pa budget funded by 51 Member States and 20 

Associates of the General Conference of the Metre Convention.

• Co-ordinates world metrology and maintains an up to date SI 
system to meet the needs of science and commerce.

• Compares national standards and coordinates international 
comparisons to ensure international equivalence and 
acceptability of measurement especially to meet regulatory and 
trade needs.

• Presses for SI traceability and consistency world-wide wherever 
measurements are made - new activities focus on areas outside 
traditional physics and engineering such as chemistry, medicine,
food, the environment…..
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THE INTERNATIONAL MEASUREMENT SYSTEM

NPL,UK NIST, USA KRISS, KOREA

WORLD TRADE, INTERNATIONAL HEALTHCARE etc etc

Measurements for Industry, science, health and commerce

BIPM

Accuracy
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National Metrology Institutes (NMIs)

Services provided by NMIs for analytical laboratories include:

• Certified Reference Materials (CRMs)
• Pure substance calibrators
• Calibration solutions
• Matrix reference materials

• as calibrators
• for method validation

• Reference measurement services

• Calibrations
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International Metrology



6 pH
7 Electrolytic Conductivity

8 Metals and Metal Alloys
8.1 Ferrous Metals
8.2 Non-Ferrous Metals
8.3 Precious Metals
8.4 Other

9 Advanced Materials
9.1 Semiconductors
9.2 Superconductors
9.3 Polymers and Plastics
9.4 Ceramics
9.5 Other

10 Biological Fluids and 
Materials

10.1 Blood, Plasma, Serum
10.2 Urine Fluids
10.3 Hair
10.4 Tissues
10.5 Bone
10.6 Botanical Materials
10.7 Other

11 Food
11.1 Nutritional Constituents
11.2 Contaminants
11.3 GMOs
11.4 Other

1 High Purity Chemicals
1.1 Inorganic Compounds
1.2 Organic Compounds
1.3 Metals
1.4 Isotopics
1.5 Other

2 Inorganic Solutions
2.1 Elemental
2.2 Anionic
2.3 Other

3 Organic Solutions
3.1 PAHs
3.2 PCBs
3.3 Pesticides
3.4 Other

4 Gases
4.1 High Purity
4.2 Environmental
4.3 Fuel
4.4 Forensic
4.5 Medical
4.6 Other

5 Water
5.1 Fresh Water
5.2 Contaminated Water
5.3 Sea Water
5.4 Other

Current CCQM Measurement Service Category Numbers and Categories
12 Fuels
12.1 Coal and Coke 
12.2 Petroleum Products
12.3 Bio-mass
12.4 Other

13 Sediments, Soils, Ores, 
and Particulates

13.1 Sediments
13.2 Soils
13.3 Ores
13.4 Particulates
13.5 Other

14 Other Materials
14.1 Cements
14.2 Paints
14.3 Textiles
14.4 Glasses
14.5 Thin Films
14.6 Coatings
14.7 Insulating Materials
14.8 Rubber
14.9 Adhesives
14.10 Other

15 Optical Properties
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THE CHALLENGE FROM THE ACCREDITORS

“HOW DO NATIONAL METROLOGY INSTITUTES 
CONVINCE US THAT THEY ARE AS GOOD AS 

THEY SAY THEY ARE?”



Bureau International des Poids et Mesures

In 1999 the CIPM developed 
an MRA between NMIs to 

address  technical barriers 
to trade caused by lack of 

traceability and 
equivalence.

Complying with the MRA 
means that an NMI’s

calibration certificates are 
acceptable world-wide with a 

validated accuracy.
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CIPM-MRA

Technical basis 
for:

-Determination of 
the degree of 
equivalence of 
measurement 

standards

-Mutual recognition 
of calibration and 

measurement 
certificates
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CIPM-MRA: relevance to analytical laboratories

ISO/IEC 17025: General requirements for the competence 
of testing and calibration laboratories

Measurement Standards and Certified Reference Materials

Measurement traceability

Measurement uncertainty

Method Validation

Comparability of measurements
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ISO 17025 requirements: traceability and uncertainty

traceability
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.

uncertainty of measurement
parameter, associated with the result of a measurement, 
that characterizes the dispersion of the values that could 
reasonably be attributed to the measurand
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TO MEET THE REQUIREMENTS OF THE MRA, AN NMI WILL NEED:

• To have its calibration and measurement capabilities
(CMCs) validated by others based on objective 
evidence.

• To take part in key comparisons that give technical 
confidence in the day-to day measurements at the 
NMIs worldwide

• To implement a quality/management system -
essentially ISO/IEC 17025
(and ISO Guide 34 for CRMs)
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Regional Metrology Organizations

COOMET

APMP

EUROMET
SIM

SADCMET
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Metrology in Chemistry, CCQM

CCQM Working Groups

Key Comparisons and CMC Quality NMIA
Organic Analysis NIST
Inorganic Analysis LGC
Gas Analysis NMi
Electro-chemical Analysis SMU
Surface Analysis BAM
Bio-Analysis LGC



Health
• clinical diagnostic markers 

(cholesterol/heart disease, diabetes/glucose, 
creatinine/kidney function, trace hormones) 

• electrolytes (Na, K, Ca)
• Pb in blood
• anabolic steroids in urine

Food
• pesticide residues
• antibiotics in meat
• growth hormones in meat
• vitamins and minerals 
• drinking water (EPA List)

Environment
• air (EPA HAPs List)
• soil/sediments
• biological tissues
• waste water (EPA List)

General Studies
• pH
• electrolytic conductivity
• purity assessment
• calibration solutions mixtures

CCQM Key Comparison Areas:

Advanced Materials
• semiconductors
• metal alloys
• polymers and plastics 

Forensics
• drugs of abuse
• explosive residues
• breathalyzer (ethanol-in-air, ethanol in water)
• DNA profiling

Commodities
• emissions trading (SO2 in  stack emissions)
• sulfur in fossil fuels
• natural gas
• sucrose
• ethanol in wine
• cement  (Ca, Si, Al, S, Ti, Na, Mg )
• source of origin/adulteration 

Biotechnology
• DNA Quantitation
• GMO



CCQM Organic Analytical Working Group (OAWG)
Activities and Accomplishments:

CCQM-K12

CCQM-P9  

CCQM-K11

CCQM-P8  

CCQM-K6-subsequent

CCQM-K6

CCQM-P6

QM Comparison

2000Creatinine in Human Serum

1999-2000Creatinine in Serum

2000Glucose in Human Serum

1999-2000Glucose in Serum

2000-2001Cholesterol in human serum - subsequent

1999-2000Cholesterol in human serum

1998-1999Cholesterol in serum

Study PeriodTitle

Health Sector

Increasingly:  Key comparison plans driven by customer needs for
traceability/recognition of measurement capabilities



2005PCB Congeners  in Mussel TissueCCQM-P67

2005PCB Congeners in Mussel Tissue ExtractCCQM-P57

2003-4Organic Contaminants in Tissue (PCB Congeners, 
PAHs, Chlorinated Pesticides)

CCQM-P40

CCQM-K21

CCQM-P21

CCQM-P10.2

CCQM-P10

CCQM-K5

CCQM-P4

CCQM-P2

QM Comparison

2000-2001p,p' DDT in fish oil

1999-2000p,p’-DDT in Fish Oil

1999gamma-HCH in Fish Oil

2000gamma-HCH in Fish Oil

1999-2000pp'-DDE in fish oil

1998-1999p,p´-DDE in corn oil

1997-1998p,p´-DDE in isooctane

Study PeriodTitle

Food / Environment



Environmental

CCQM-P18 (with AWG)
CCQMCCQM--K25K25
CCQM-P17

QM Comparison

2001PCBs in Sediment
2001-2002Tributyl tin in Sediment

2000PCBs in Sediment
Study PeriodTitle

2003-
2004

Ethanol in Aqueous MatrixCCQMCCQM--K27 K27 
subsequentsubsequent

Forensics / 
Commodities

CCQM-P27

CCQMCCQM--K27aK27a

CCQMCCQM--27b27b

CCQM-P35

QM 
Comparison

2002Ethanol in aqueous matrix, forensic levels Forensics

2002Ethanol in aqueous matrix, commodity level Commodities

2001Ethanol in Aqueous MatrixForensics / 
Commodities

2001LSD in Human UrineForensics

Study 
Period

TitleCustomer 
Sector

Forensics / Commodities



2004Organic  Solutions: PCB Congener SolutionCCQM-P31.b

2004Organic  Solutions: Chlorinated Pesticide SolutionCCQM-P31.c

1998-1999NMR studyCCQM-P3

1999-2000NMR studyCCQM-P3.2

2005Organic  Solutions: PCB Congener SolutionCCQM-K40
CCQM-P31.a.1

2005Organic  Solutions: Volatile Organic Compounds 
(VOCs) in Organic Solvent

CCQM-P61

2004Organic  Solutions: PAH SolutionCCQM-P31.a

2003-2004Organic Purity Assessment Series: Chlorpyrifos
(Organophosphate pesticide)

CCQM-P20d

2003-2004Organic Purity Assessment Series: Atrazine (2 levels) CCQM-P20c

CCQM-P20b

CCQM-P20a

CCQM-P5

QM Comparison

2002Organic Purity Assessment Series: o-xylene

1998Organic Purity Assessment Series: Acetanilide, benzoic 
acid, and naphthalene

2001-2002Organic Purity Assessment Series: Tributyl tin

Study PeriodTitle

General analytical applications
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CCQM BIOANALYSIS WG: 
Towards An International 

Biometrology Infrastructure
Reference No. Description Coordinating Laboratory 
CCQM-P44 DNA Quantification NIST/LGC 
CCQM-P44.1 Q-PCR (repeat) NIST/LGC 
CCQM-P53 AFLP DNA Profiling NARL 

CCQM-P54 
DNA primary 
quantification LGC 

CCQM-P54.1 DNA quantification LGC 

CCQM-P55 
Peptide / protein 
quantification LGC 

CCQM-P58 
Fluorescence in 
ELISA NPL/NIST 

CCQM-P59 
Protein structural 
measurements by CD NPL/NIST 

CCQM-P60 
DNA extraction - 
reference method IRMM 

CCQM-P94 
Quantification of DNA 
methylation KRISS 
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CCQM Key Comparisons (and pilot studies)

Examples:
• CCQM-K27: Ethanol in water (0.8 mg/g)
• CCQM-K4:   Ethanol in air (120 µmol/mol)
• CCQM-P12: Pb in Wine
• CCQM-P68: 19- Norandrosterone in Urine

Key Comparisons: International Comparisons – formal 
part of the CIPM-MRA (restricted participation)

Pilot studies: International Comparisons – expert 
laboratories can be invited to participate

1996-2007: 63 Key comparisons; 100 Pilot studies
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CCQM-K27: Ethanol in water (Forensic level: Blood alcohol testing)

ID/GC/MS- based methods

Measurement equation:
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CCQM-K27: Ethanol in water (Forensic level: Blood alcohol testing)

GC-FID- based methods

Measurement equation:
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CCQM-K27: Results
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CCQM-K6: Uncertainty Budget
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CCQM-K27: Degree of Equivalence
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CCQM-K4: Ethanol in air (Breath alcohol testing)



• Development and validation of a primary IDMS method for analysis

of THC (delta-9-Tetrahydocannabinol) in serum and urine of

cannabis consumers

• Establishing traceabiliy by reference to a well characterized THC 

pure substance RM

• Evaluation of the uncertainty budget

• Backround: Threshold for THC in serum to be considered an    
offence set to 1 ng/ml by german legislation (Dec. 2004)

Development of CRMs and Reference
methods at NMIs for Forensic Analysis

© PTB: S. Lott 2007



Need for high precision:

Reduction of the risks for false positive/ false negative outcome
of tests in forensic routine

0.8 0.9 1 THC         ng/mL

„true“ value:
(no offence)

Risks false
positive

U1

U2

new threshold value

THC

© PTB: S. Lott 2007
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NMI coordinated Proficiency Studies with Reference Values
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Traceability of Reference Values
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Linking CCQM studies and comparisons to other national and 
international activities
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Underpinning 
measurements in 

food analysis



Bureau International des Poids et Mesures

CCQM-P12 Pb in Wine
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CCQM-P12 :   Pb in wine

IRMM certified value
(corresponds to IMEP-16 certified value)

Results from BAM, Germany; CENAM, Mexico; CSIR-NML, South-Africa; EMPA, Switzerland; IRMM, 
European Commission; KRISS, Korea; LGC, United Kingdom; LNE, France; NARL, Australia; NIMC, 
Japan; NIST, United States of America; NRCCRM, China; PTB, Germany; VNIIM, Russian Federation

±50%
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Assessing the quality of results of measurements : IMEP-16

13.59

16.31

19.03

21.74

24.46

27.18

29.90

32.62

35.33

38.05

40.77

-50
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-20

-10

0
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40

50

Use of an official method

No use of an official method

No information

Pb

Results from all participants in relation to the use of an official analytical method

IMEP- 16:   Pb in wine
Certified value : 27.18 ± 0.25 µg·L-1  [U=k·u c  (k=2)]

Use of an official method 3

No use of an official method 7

No info 1

Values below -50%

No use of an official method 5
 'Less than' value

Values above 50%
Use of an official method 6

No use of an official method 20

No info 1

official 
method 
2676/90



CCQM-P68 
19-Norandrosterone

in Freeze Dried Human Urine

CCQM interactions with WADA



National Measurement Institute, Australia

•Measurand
•WADA Technical Document - TD2004 
prescribes how testing laboratories should 
report adverse analytical findings for 
norandrosterone

- “only the … quantification of 19-
norandrosterone and its glucuronide
(calculated as the total following 
hydrolysis of the glucuronide)” are used 
to report findings

•Defined measurand for CCQM-P68
- The total mass fraction of the free and 

glucronide forms of 
19-norandrosterone, reported as 
equivalents of free 
19-norandrosterone 

O

Nandrolone19-Norandrosterone

HO

O

H

OH



National Measurement Institute, Australia

WADA statistics 2004 –
Adverse analytical findings reported by accredited laboratories



National Measurement Institute, Australia
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JOINT COMMITTEE for TRACEABILITY
in LABORATORY MEDICINE  (JCTLM)

Declaration of co-operation

establishing

A framework for the international recognition of available higher-
order reference materials, measurement procedures and 

reference measurement laboratories
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“....  the traceability of values assigned to calibrators and 
control materials must be assured through available 
reference measurement procedures and/or reference 
materials of a higher order ...”
Annex 1 (3) 2nd para

IVD Manufacturers have requested 
that NMIs develop internationally recognized 

reference methods and CRMs 
to meet this assist them in meeting this  traceability 

requirement.
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Sponsoring Sponsoring OrganizationsOrganizations

Intergovernmental Treaty Organization 
for Measurement Standards

International NGO for Professionals in 
Laboratory Medicine

International NGO for Accreditation 
Bodies
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Improved Cholesterol Measurement Accuracy Improved Cholesterol Measurement Accuracy 
Reduces Health Care Costs and Improves Patient CareReduces Health Care Costs and Improves Patient Care

1949 23.7%

1969 18.5
%

1980 11.1%

1986 6.4%

1990 -1994 5.5 - 7.2%*

Unnecessary
Treatments

Untreated
Disease

Correct Value

False
Positives

False
Negatives

Wasted $$$Wasted $$$DeathDeath

2000 3%

Improvement in 
precision since 1968 

has been estimated to 
save $100M/yr in 
treatment costs

1997 – New Suite of Fresh-Frozen Serum 
SRMs designed to address clinical 
analyzer commutability issues; Total-, 
HDL-, and LDL-Cholesterol and 
Triglyceride Values

1988 – New Suite of Cholesterol in 
Serum SRMs at Medical Decision 
Points

1981 – First Cholesterol in 
Human Serum SRM (SRM 909)

1980 – Cholesterol in Serum 
Definitive Method 

NIST Contributions to
National Reference
System for Cholesterol

1967 – Pure Cholesterol SRM (SRM 911)

Data from U.S. Government Accounting Office
and College of American Pathologists
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WhatWhat hashas JCTLM JCTLM delivereddelivered??

A Quality assured database of:

a) Higher Order Reference Materials
b) Reference Measurement Procedures
c) Laboratory Reference Measurement Services (2007) 

http://www.bipm.org/jctlm/
For use by (primarily)

a) IVD industry
b) Regulators
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IFCC EQAS, Inter-laboratory comparisons for 
Reference Measurement Laboratories

http:/www.dgkl-rfb.de:81


