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Overview
The creation of a national infrastructure to ensure that a nation’s chemical measurement results are fit for their
purpose has been recognised as a necessity in the modern world of a global economy and trading environment.
However, in many nations of the world, including a number of developed economies, such a Metrology in Chemistry (MiC) infrastructure is still an ideal rather than a reality. While most economies have in place a structure that
supports the reliability and accuracy of physical measurement, an analogous structure for chemical measurement
remains to be established or completed.
The MiC Guide attempts to set out the issues that should be considered when a nation embarks upon this task of
establishment or improvement of its chemical measurement infrastructure. It should be stressed from the outset
that one major conclusion from the MiC Guide is that there is not a single “correct” way of establishing appropriate infrastructure. Different nations have vastly different needs and resources and the approach chosen and the
areas to which it is applied may depend markedly on those factors. However, the Guide aims to present a methodology for deciding which of those approaches is the most suitable for a given set of national circumstances.
While the Guide focuses on issues specific to the metrology system, this should be considered in the broader context of the whole national standards and conformance infrastructure. Nations should also ensure that internationally recognised and harmonised activities in accreditation and standardisation are available. The ultimate goal is to
provide testing facilities and services that are internationally accepted.

Key Steps for Establishing Activities for the National MiC Infrastructure
1. Awareness Raising with National Stakeholders

2. Identification of Needs

3. Capability Assessment

4. Gap Analysis

5. Prioritisation of Needs

6. Selection of Appropriate Model or Strategy

7. Obtaining Government Commitment

8. Capability Building

9. Dissemination of Services
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1. Awareness Raising with National Stakeholders
One of the first steps in establishing the MiC infrastructure is raising the awareness of government, the community
and other stakeholders of the importance of good measurement. The national metrology institute (NMI) cannot
achieve such reform on its own. It must have the active support of stakeholders who are absolutely convinced of
the value to be delivered by such a system. This degree of ownership is critical in ensuring a better national foundation for good measurements in chemistry.
It is important to recognise that awareness raising activities must be part of the ongoing development of MiC
programs.

2. Identification of Needs
Before anything else is attempted it is vital that the reasons for creating or improving such a system and the
outcomes that are expected to be delivered by that process are firmly established. The primary common factors
behind all of these areas are:
• the need to be able to compare measurements effectively when they are made at different places and/or different times, and
• the need to be able to rely on the accuracy of the measurements.
Only when common and internationally-recognised references are delivered by an MiC infrastructure will these
needs be satisfied.
Usually the reasons for the existence of an MiC infrastructure and the expected deliverables from it will relate to
one or more of the following areas:
National welfare of the people
• Reliable and efficient health services;
• Effective environmental management/protection;
• Effective implementation of the law;
• Consumer protection;
• Food safety.
National economic performance
• Ensuring quality of exports and facilitating trade;
• Efficiency of industrial production, more effective process control;
• Support of innovation and industrial development;
• Surveillance of the quality of imported goods.
There are two dimensions to each of these areas that need to be considered. The first is identification of the area
of need. The second is the degree of need that is involved, the quantification - if you like - of the depth of the
need.

Example of identifying a national need
One nation might identify the need for the measurement of trace metal levels in cereal products
such as rice. The reason could be either to protect its own nation’s health, including with respect to
imported cereals, or to safeguard the product’s export market. The particular analytes Pb, Cr, Zn, Hg
and Cd might be identified as being of interest. However, what is also needed is the recognition of
the level of contamination that needs to be detected for each analyte and the level of uncertainty associated with that measurement result that will render the measurement fit for purpose.

For input on both aspects it is essential that the NMI identifies the stakeholders who will drive the process and
who have the detailed knowledge to give direction to the process, and then involve them in consultation. These
stakeholders might be drawn from the following areas:
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

regulatory bodies
accreditation organisations
quality assurance organisations
proficiency testing providers
industry groups
certified reference material producers
trade organisations
maintenance and service providers
government departments
health care institutes
education sector (universities, etc.)
testing laboratories
consumer protection organisations
standards-setting bodies
scientific professional bodies

Government policy is an absolutely vital guiding tool. If the national government has already set priorities for
development, these must be taken into consideration as presumably they have been based on mature consideration of the economy’s needs. Quite apart from anything else, it will be easier to obtain funding from both the
government and private sectors for work in such areas already identified by government as being important.

National Welfare of the People
It could be supposed that in this area, the needs of most economies are similar. Good reference systems are
needed for:
Reliable and efficient health services
• Clinical diagnostic and therapeutic measurements
• Quality of pharmaceuticals
Effective environmental management/protection
• Key environmental measurements.  Contaminants in air, water, soil
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Effective implementation of the law
• Substance abuse detection: Illicit drugs, alcohol
• Customs and tariff requirements
• Toxic residues
• Origin of products
• Forensic chemistry/biology/biochemistry
• National security
Consumer protection
• Product composition
• Accurate product labelling
• Nutrient levels
• Adulteration
Food safety
• Contaminant and residue levels
• Import restrictions

National Economic Performance
It should be stressed that in this area, the balance of the needs of any nation may be very different from that of
any other nation, depending upon the spectrum of each nation’s economic activities. None the less, the same
categories of need should be considered and evaluated for every economy. They are:
Ensuring quality of exports, and facilitating trade
• Meeting the requirements of markets for chemical composition, maximum allowable levels of contaminants
		 and residues
• Reducing the need for duplication of measurements at source and destination
• Complying with the WTO Sanitary and PhytoSanitary Measures and reducing Technical Barriers to Trade
• Preventing despatch of inferior-quality product
Surveillance of the quality of imported goods
• Meeting national requirements
• Meeting standards for energy sources (oil, gas, biofuels)
Efficiency of industrial production, more effective process control
• Ensuring replication of production conditions at different sites and times
• Monitoring chemical composition and specification of product
• Meeting production specifications set by foreign parent company or client
Support of innovation and industrial development
• Providing the measurement base for effective development
• Facilitating the adoption of foreign technologies
• Matching new products to foreign specifications
• Attracting foreign investment through provision of suitable infrastructure
• Developing new, alternative energy sources (biofuels, hydrogen)
For the economic sector, a vital source of information is the national collection of statistics on exports – which
exports are the most important for the nation now, which are growing rapidly in impact, which are selling into
international markets that are sensitive to quality and involve intensive regulation?

Methods of Collecting Information on Needs
Although postal, internet and telephone surveys must be used to collect information simply because of the scale of
the task, the face-to-face interview method is still the most valuable. The responses to widely-distributed questionnaires will give valuable insights, but it is essential that key stakeholders be identified and involved in such
in-depth interview processes. Such interviews are very time consuming, and thus very expensive to conduct, but
the quality of information yielded by them can be far superior to even the best-designed questionnaire. Furthermore they build ownership of the process into the person or organisation being interviewed, thus delivering value
beyond the pure information content.
A useful mechanism to use, after the results of the survey have been collected and consolidated, is to convene
a general workshop on the outcomes. The workshop might involve all of the stakeholder organisations. At the
workshop the views of these stakeholders would be sought to provide a reality check on the outcomes of the survey and proposed subsequent actions.
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3. Capability Assessment
Once the spectrum of national needs is established, an evaluation must be undertaken of the economy’s ability to
meet these needs.
•
•
•
•
•
•
•

Which analytes can be measured?
In which matrices?
Over what measurement ranges?
To what level of uncertainty?
Which organisations have this capability?
How much capability lies within the national metrology institute?
Are there institutes in the economy that might become designated institutes (see Box on page 15), acting as an
NMI for certain quantities, measurands, matrix composition and measurement ranges?
• Is there traceability of these measurement results to a national reference either in the country or abroad?
• If there is a national reference, is that linked to international references?

Example of demonstrating capability
The availability of proficiency testing (PT) studies is a valuable resource for this process. PT schemes not
only tell us what types of analysis the economy already delivers, but also provide some information (albeit to
be evaluated very critically) on how well the sector can deliver these analyses.

4. Gap Analysis
The next step is to attempt to match the capability to the needs and discover where the gaps lie in terms of needs
not addressed by existing capability within the economy.
One way of doing this is to have the survey respondents allocate a score to the importance of the needs, say 1
to 10, and a score on the same scale to the degree of capability that exists. By subtracting the “capability” score
from the “needs” score one obtains a “gap” score, which is a crude measure of the necessity to increase the capability in this area. On this basis the areas with the highest “gap” score should be assigned priority for action.

5. Prioritisation of Needs
Having identified which needs are not currently adequately addressed, the next stage is to rank those needs in
order of importance. There are many different sets of criteria that might be applied to such a process. Some of
these criteria will relate to the impact of addressing these needs, others to the difficulty of doing so. A list of potential criteria would include:
• Match of the need with national policy
• Requirements on traceability and/or measurement uncertainty as stated in existing legislation and mandatory
written standards in the country
• Impact on the welfare of the people
• Impact on economic benefit
• Spread of impact (limited to a few clients?)
• Availability of funding
• Technical difficulty of task
• Length of time required
• Cost involved
• Difficulty of disseminating the standards produced
• Availability of potential partners
• Outsourcing measurement services and production of certified reference materials (CRMs) to existing suppliers
It is important to recognise situations in which:
a.		 Better measurement can make a difference and
b. Better measurement can’t make a difference
When needs have been identified, it may become evident that other factors are more significant as a first step than
improvements to the measurement infrastructure. In economies where environmental pollution may be a major
issue, for example, improving the accuracy of the measurement of environmental pollutants would be a secondary
consideration to addressing the causes of the pollution.
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6. Selection of Appropriate Model or Strategy
There are a number of ways in which measurement standards can be established, developed and disseminated
within an economy. However, the laws of the country may be framed in such a way that this choice of model is
limited. Key to this consideration is the metrology role (if any) that is given to the NMI by the economy’s laws. In
some economies, the NMI has absolute power and responsibility in this area. It is the only body that can legally
establish the measurement infrastructure for the nation. In other economies no such legislation exists and other
solutions of equal legal validity may be considered.
Whether or not restrictions are placed upon the nation in this respect by its laws, there will still exist a wide range
of models that could be adopted to provide a chemical measurement infrastructure. There are probably two
extremes, the centralised model, in which the task is undertaken totally by the NMI, and the distributed model
in which the task is distributed totally to expert bodies external to the NMI, perhaps to the extent that the NMI
is only an office that coordinates the work programmes and channels funding. As in most situations, there are a
myriad of systems that will lie somewhere between the two extremes. Let us discuss some different approaches.
In many ways the simplest model is that of the totally centralised system, in which the NMI generates all measurement standards, including those for chemistry, maintains them all and disseminates them all. Direct control
through the NMI, and hence (usually) through the national government, is the major advantage of such a system.
However, for all but the largest economies, and perhaps not even there, such a system is not cost effective for the
world of chemistry. It requires the re-creation in the NMI of resources that probably already exist in other parts
of the economy outside the NMI in at least some of the many fields of chemical measurement. In addition, it is
a very expensive option. Most NMIs do not have access to a resource bank of a size sufficient to address all its
economy’s chemical measurement needs in this way. The centralised system also may not be able to take advantage of the very valuable interactions that many specialist chemical measurement entities (to whom authority for
standards might be delegated under other systems) have with the measurement community. There are distinct
advantages to a centralised system, notably in the control mechanisms that the NMI possesses by its very nature
and in the links that the NMI already has, or is able to develop, with the global metrological system. However, for
most economies the balance is strongly in favour of less centralised arrangements.
A variant of this model arises where the NMI possesses some (limited) chemical measurement capability but other
aspects are covered by an external organisation(s) and the government decides to unite these under the umbrella
of the NMI, with the creation of a new amalgamated institute. This is a process that has already been implemented in a number of economies, notably in the Asia Pacific region in Japan and Australia.
The other extreme system is one in which the responsibility for chemical measurement lies entirely with organisations outside the NMI. If the nation’s legal system so demands, this may be achieved by the NMI formally designating those organisations with responsibility for certain quantities and measurement ranges (see Box on page 15:
“The International Metrology System: Why it is Important” for definition of designated institutes). This designation
is needed in order for the organisations involved to be able to liaise with the global metrology community under
the Metre Convention and to become internationally recognised. If there is no such requirement by the nation’s
laws, the system may be established by a number of other means, including the writing of laws that accomplish
that designation directly. The advantage of such a system is that the responsibility and authority for particular
measurement standards in chemistry lie with the bodies that have the technical expertise to exercise that responsibility and authority with potentially the greatest efficiency. In addition they would generally have direct contact
with the user groups for the specialist services and would thus be able to achieve the dissemination task more
easily than a body that does not have such links. They would also be more likely to identify emerging needs in a
more rapid fashion.

The disadvantages largely relate to the links with the outside world, or at least to that part of it that is formally
responsible for metrology. This is the realm of the NMI and if the NMI does not take on that role, the interactions
with such international peak metrology groups as the Consultative Committee for Amount of Substance (CCQM)
and its working groups become more difficult. Also more difficult is the realisation of a national advantage for the
nation’s economy from the CIPM Mutual Recognition Arrangement (CIPM MRA), because the NMI is responsible
for the national interaction with the CIPM MRA.
It should be noted that, in designating existing expert institutes (generally experts in chemical testing) to undertake metrological activities, one must be aware of the need for the establishment of a metrological activity
in those institutes that requires additional and different procedures, techniques, knowledge and skills to those
needed for carrying out only chemical testing.
For most economies, therefore, the system that offers the combination of the greatest economic and social benefits with the most effective and efficient operation is some version of what is termed here the Partnership Model.
In this model the NMI forms partnerships with a number of organisations with specialist chemical measurement
skills in their own area. The NMI supplies the core metrological expertise and the links to the external metrological world; the partner organisation supplies the core technical measurement expertise, the links to the domestic
stakeholders and to the users of such expertise, and sometimes the links to other international peak bodies that
have a regulatory or standardisation role. The central control of the system remains with the NMI, but the majority of the delivery responsibility is given to the partner organisation. A diagram that represents how such a system
might operate is given on page 17. In the “Partnership Model” there may be formally designated institutes as well
as other institutes that the NMI may collaborate with. The designated institutes would, by definition, be planning
to submit or have CMC claims in their own right.
The other agencies not formally recognised in this way would be those that the NMI sees as providing valuable
services and advice necessary to maintain the national MiC infrastructure. These other agencies with which the
NMI collaborates would be, for instance, expert in a particular sector and provide for that sector some or all of the
following:
• Expert technical advice and/or services to the NMI for the establishment of national references
• A pathway of the dissemination of the national references established by the NMI
• Research, training or other capabilities to support the effective development of the infrastructure.
Note that even in the centralised model the NMI may still collaborate with other agencies, for example, to produce reference materials that the NMI would then certify.
Another approach to address national needs would be to access capabilities from international partners (outsourcing). This is often the simplest solution in terms of reducing both the timescale for availability of the system, and
its immediate cost. It may be simpler to import the required reference systems (reference materials, for example)
from outside the economy. However, there are also associated disadvantages, the most important of which may
be the lack of establishment of the specialist expertise that will accompany the domestic development of such
standards.
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"The International Metrology System: Why is it important?"
The Metre Convention, originally signed in 1875, is the core element of the international scientific metrology system, and the peak scientific body within the structure of the Convention is the International Committee for Weights and Measures, the CIPM. The CIPM is informed by its ten scientific expert Consultative Committees (CCs), composed of NMI experts from Member States of the Metre Convention and relevant experts
from other international organisations and bodies, like the WHO, WMO, Codex Alimentarius Commission,
IFCC, Pharmacopoeia, ISO and ILAC. One of the more recently established Consultative Committees is the
Consultative Committee for Amount of Substance - Metrology in Chemistry (CCQM), which was created in
1993.
In 1999, the level of global cooperation was significantly enhanced by the establishment of the CIPM Mutual
Recognition Arrangement (the CIPM MRA, http://www.bipm.org/en/cipm-mra/), with the goal of providing
the technical basis whereby signatories recognise each others' national measurement standards and calibration and measurement certificates. The implementation of the CIPM MRA is the responsibility of the Joint
Committee of the Regional Metrology Organizations and the BIPM (the JCRB). The rules, guidelines and
procedures for participation in the CIPM MRA are developed through the JCRB for endorsement by the CIPM
(see http://www.bipm.org/en/cipm-mra/documents/). Included are the guidelines applicable to designated
institutes” (see CIPM/2005-07, (http://www.bipm.org/cc/CIPM/Allowed/94/DESIGNINSTITCIPM07.pdf),
defined in the CIPM MRA as “responsible for certain national standards and associated services that are not
covered by the activities of the ‘traditional’ NMI”.
Regional Metrology Organisations (RMOs) are groupings of NMIs primarily working together based on
geographic ties, although other criteria can also apply. The Asia-Pacific Metrology Programme (APMP; www.
apmpweb.org) is one of the 5 main RMOs currently in operation. Each RMO coordinates regional scientific
activities through technical committees that correspond to the CIPM’s Consultative Committees, such as
APMP’s Technical Committee for Metrology in Chemistry (TCQM).

The Partnership Model

International Committee for Weights and Measures

CCQM
MRA
APMP/TCQM

Designated Institutes

Sector specific global
bodies,e.g. WHO, Codex
Alimentarius

Accreditation bodies,
Standards bodies etc.

National Metrology
Institute

Formal designation

Standards, measurement services

User and stakeholder community within the economy

16

Other
collaborating institutes

Identification
of needs

17

7. Obtaining Government Commitment
Whatever model is chosen, the role of the national government as the central funding agency is paramount.
A major difficulty of all three models lies in the financial arrangements that will be required to implement such
systems. It is here that the government role becomes all important. It must supply the majority of the funding
necessary to support the system adequately and provide sufficient incentive for all of the partner organisations to
play their role effectively. Moreover, most models will require a whole-of-government approach to be successful.
It will be difficult to persuade a number of individual government ministries to fund their own sectors to provide
adequate metrological systems. A national metrological infrastructure is a national governmental responsibility and
needs financial resources supplied by that government.
Moreover, the government commitment must be ongoing, not limited to a one-off injection of capital to establish the metrological infrastructure. Numerous studies have shown that economies receive benefits from the
establishment of metrological infrastructure that far outweigh the costs of establishing and maintenance of such
a structure. The most comprehensive such studies are those of the National Institute of Standards and Technology
(NIST), USA, which has carried out economic studies of many of their programs (http://www.nist.gov/director/
planning/strategicplanning.htm). Nineteen NIST studies have been undertaken and show benefit-to-cost ratios
that range from 3 to 126, with an average of 44. Other examples are cited in the 2003 CIPM Report to the General Conference on Weights and Measures (CGPM) on Evolving Needs for Metrology in Trade, Industry and Society
and the Role of the BIPM (1st Kaarls report) and its update to the 2007 CGPM under the same title (http://www.
bipm.org/utils/en/pdf/Kaarls2007.pdf).
Moreover, there are numerous economic disaster stories that demonstrate what can occur when the appropriate
measurement structures have not been put in place within a nation and the economic status of the nation has
been jeopardised. One such example is given below.

Example: Antibiotics in honey
In 2002, European Union inspectors were reported to have found traces of the antibiotic choramphenicol
in honey being imported from Asia into Europe. A ban on imports from the source country followed and
quickly spread to apply to many other products including chicken, shrimp and rabbit meat. The incident
was caused by the failure of the source country’s measurement system to detect and adequately measure
such residues before the products were exported. The total cost to the source country’s economy was estimated at being several billion US$ and the ban caused considerable hardship in the country’s rural communities that depended upon being paid for produce intended for export. This unfortunate result could have
been avoided if an adequate national measurement infrastructure had been in place in the source country
and, from the results generated by that system, the situation had been addressed before the products
reached the export market. (Reference: BBC News, July 2002.)

It is clearly in every national government’s interest to invest in a national metrology infrastructure. The challenge
to the metrology community in each economy is to demonstrate that fact unequivocally to the government so
that appropriate levels of support will be delivered in a sustainable manner.

8. Capability Building
The first step in creating an appropriate capability is to decide upon the types of services to be delivered to users.
For example, are the current proficiency testing services and CRMs available to the nation sufficient? Are there
specific national needs where new services of this type need to be developed? In particular the measurement
ranges to be covered and the measurement uncertainty levels required in these ranges need to be identified. It
also has to be decided whether international traceability for the measurements made in each sector is required. In
addition, capability development should include in its very early stages consideration of the dissemination processes that will be used to deliver the results to where they will be of economic or social value.
In general, for each application area the capability will consist of:
• appropriately trained staff
• appropriate sets of equipment
• an appropriate working environment
It is very desirable that the creation of each of these three essential components occurs concurrently. In too many
economies where the government has committed large sums of money to developing a metrological structure,
the steps are taken in series rather than in parallel, meaning that the system cannot be employed until it is absolutely complete. This means that the metrology program rapidly loses credibility as the government sees no value
being delivered to its operations for a long time. If the process is undertaken in a parallel fashion, different aspects
of the structure are able to be deployed much more rapidly and deliver an immediate return on investment to the
economy.
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No one of these three components of capability is more important than the other, but ensuring that appropriately
trained staff are available is crucial. Liaison with national education bodies can help recruit appropriate staff and
these staff could be developed through placement of key personnel in institutions that already are expert in the
area under development.
Equipment choice must be based on fitness for purpose. Too often, at vast expense, the key laboratories of
emerging economies seek to reproduce the equipment sets of far more advanced institutes without considering
whether they really match the national needs that had been identified earlier. There is no point in paying for a
Rolls-Royce when a much less expensive vehicle will deliver the desired outcomes. Often the needs of a nation,
particularly in the area of the national welfare of the people, can be most efficiently addressed by relatively modest sets of equipment that have been chosen carefully to deliver the levels of accuracy that are needed to implement good public policies.
Again, considerations such as fitness for purpose apply to the establishment of the laboratory buildings themselves. Depending on the type of chemical measurements to be carried out, consideration has to be given to
aspects such as air conditioning and the required measure of cleanliness of laboratory rooms (clean rooms).

9. Dissemination of Services
Lastly, the most important period of all commences – the dissemination of the products of the newly-created metrological structure to national stakeholders. For the dissemination process, there are a number of different models
that might be adopted.  Possibly the NMI can undertake the task completely by itself; perhaps it can devolve the
responsibility to other organisations. However, the process most likely to be effective is when the NMI works in
partnership with other bodies. To ensure that dissemination is effective, all organisations involved should have
strong links to the user community and credibility with that community. The type of organisations that the NMI
should consider working with include the national accreditation body, central and/or specialised chemical testing
laboratories, etc.
Whoever the partner might be, effective dissemination relies on appropriate traceability of their results to international standards. While beginning to deliver calibration and value assignment services, it is recommended that
NMIs or their designated institutes benchmark their new services by joining in regional or international comparisons. Successful performance in such comparisons will deliver confidence in the Institute’s services to end users
and establish a basis for future traceability claims.

Example: Partnerships to deliver forensic standards
The National Measurement Institute, Australia (NMIA) has developed a national standard for the concentration of ethanol in water, a standard that is used, inter alia, to calibrate evidential breath analysers where the
results are used to prosecute car drivers under the influence of alcohol. To disseminate this standard to the
police forces throughout Australia, NMIA has formed a partnership with the police laboratory in Victoria,
one of the Australian states. This laboratory prepares aqueous ethanol solutions (CRMs), has them characterised by NMIA, and disseminates them to the network of national calibration laboratories, maintaining an
integrated measurement network for breath analysis. Thus the national standard for this measurement is
disseminated effectively to users throughout the nation. Through NMIA’s participation in associated international comparisons, it ensures international recognition of the measurements underpinning these services
and provides confidence to all national stakeholders.

Conclusion
It is important to realise that this document is intended to guide nations intending to establish or improve their
MiC infrastructure – it is not intended to be a prescription. Every nation will have its own set of challenges and
opportunities, and the model that is applied and the methods that are put into place to realise that model will be
different in every case. It will be up to national authorities to choose the path that they adopt.
Note that the approach discussed in this Guide is intended to assist in identifying critical factors to be taken into
account in establishing an MiC infrastructure. The process involved will often be iterative and should be applied
to each new area (e.g., food, environmental) of the MiC program for each nation.
If all nations have effective systems of this type in place, trade between nations will be facilitated and made more
effective, and national economies will be made more efficient. If this Guide plays its part in assisting that process,
it will have performed a useful role.
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