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Foreword

ISO (the International Organization for Standardization) is a worldwide
federati i j i The work of

preparing International Standards is normally carried out [through ISO
technical committees. Each member body interested+yin d subject for
which a technical committee has been established has thg right to be
represented on that committee. International organizations, governmental
and non-governmental, in liaison with I1SO, also, take part in the work. ISO
collaborates closely with the International Elec¢trotechnical |Commission
(IEC) on all matters of electrotechnical standardization.

Draft International Standards adopted by the technical committees are
circulated to the member bodies for \oting. Publication as an|International
Standard requires approval by atdeast 75 % of the member bpdies casting
a vote.

International Standard IS@\4111 was prepared by Technicd Committee
ISO/TC 193, Natural gas7Subcommittee SC 1, Analysis of natyiral gas.

Annexes A to C of-this International Standard are for informatipn only.
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Introduction

At a time when assurances of measurement accuracy in natural-gas
analyses I I I . I\’/fir\nl

chemist

responsible|for the design and operation of systems used in such analyses
needs to bg aware of, and adopt, suitable means by which he or she will

be able to
employ vali
a series of
metrologica
doing this

means will
measuremg

rovide these assurances. This implies that the analyst must
ated methods in which each result is securely linked, through
reference materials (reference gas mixtures), to accepted
standards. The formal structure which the analyst creates in
constitutes what is called a traceability chain. Only by this
he analyst be able to secure and support a proper estimate of
nt accuracy (uncertainty).

This seemingly simple concept is elaborated in considerable detail in this

Internationd
establishmg
problems,

advice is pr

At present,
existence o
or national
concept ori
implemente
to chemical
a highly dif
Therefore it
of measurg
chemical ar

For the rea
any specifig

identify

| Standard. The practical considerations involved in the
nt of a satisfactory traceability chain give rise to challenging
barticularly in natural-gas analysis, but relevant and%useful
pvided.

traceability of measurement is universally defined through the
f unbroken calibration chains ending at the level-of international
measurement standards realizing appropriate Sl units. This
hinates from the field of physical metrology, where it has been
d with apparent success. Transfer of the metrological scheme
analysis and other domains in the field of testing is, however,
icult task, for which standard. methods are not yet available.
is not possible, at present, to-standardize the implementation
ment traceability in natural-gas analysis, or in other areas of
alysis.

bons indicated above;-this International Standard does not give
traceability protocels. Instead, its purpose is to

clarify fundamental\concepts involved in chemical traceability;

basic problems in the application of metrology in chemistry;

indicatg

feasible solutions on a reference material basis;

mixtures;

serve as a reference document for the application of the traceability

concept in other International Standards for natural-gas analysis.
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1 Scop

This Inte
concepts

ral gas — Guidelines to traceability in analysis

1

national Standard provides general guidelines on the implementation and application
in the analysis of natural gas. Its purpose is to lay down the foundations for the developm

traceability protocols in other International Standards for natural-gas analysis.

NOTE —
other area

gas mixturi

Besides the field of natural-gas analysis, this International Standard<ould also be useful as a guidan

e preparation.

2 Normative references

5 of gas analysis and in related fields such as air quality measuremerit, vehicle emission monitoring

pf traceability
pnt of specific

ce document in
and reference-

The folloyving standards contain provisions which~through reference in this text, constitute proyisions of this
International Standard. At the time of publication, ‘the editions indicated were valid. All standards g@re subject to
revision, [and parties to agreements based_ on‘this International Standard are encouraged to irjvestigate the
possibility of applying the most recent editidns of the standards indicated below. Members of IEC and ISO maintain
registers pf currently valid International Standards.

ISO 3534}1:1993, Statistics — Vocabulary and symbols — Part 1: Probability and general statistical tefms.

ISO 5168[—1), Measurement of fluid flow — Evaluation of uncertainties.

ISO 572511:1994, Accuracytrueness and precision) of measurement methods and results — Hart 1: General
principled and definitions.

ISO 5725(2:1994 . Accuracy (trueness and precision) of measurement methods and results — Part 2:|Basic method
for the détermination of repeatability and reproducibility of a standard measurement method.

ISO 5725t3:1994, Accuracy (trueness and precision) of measurement methods and results — Part 3 Intermediate
measures of the precision of a measurement method.

ISO 5725-4:1994, Accuracy (trueness and precision) of measurement methods and results — Part 4. Basic
methods for the determination of the trueness of a standard measurement method.

ISO 5725-6:1994, Accuracy (trueness and precision) of measurement methods and results — Part 6: Use in
practice of accuracy values.

ISO 6142:1981, Gas analysis — Preparation of calibration gas mixtures — Weighing methods (including addendum 1).

1) To be published. (Revision of ISO 5168:1978)


https://standardsiso.com/api/?name=6d51731a65b0d105cfb974d4b7697ab8

ISO 14111:1997(E) ©1SO

ISO 6143:1981, Gas analysis — Determination of composition of calibration gas mixtures — Comparison methods.
ISO 6711:1981, Gas analysis — Checking of calibration gas mixtures by a comparison method.

ISO 6974-1:—2), Natural gas — Determination of composition with defined uncertainty by gas chromatography —
Part 1: Guidelines for tailored analysis.

ISO 6974-2:—2), Natural gas — Determination of composition with defined uncertainty by gas chromatography —
Part 2: Measuring-system characteristics and statistics for data processing.

ISO 6976:1995, Natural gas — Calculation of calorific values, density, relative density and Wobbe index from
composition.

ISO 9001:1994, Quality systems — Model for quality assurance in design, development, production, instgilation and
servicing.

SO 10012-1{1992, Quality assurance requirements for measuring equipment — Part 1: Metrglogical cqnfirmation
system for mjeasuring equipment.

I1SO 10723:1995, Natural gas — Performance requirements for on-line analytical systems.
ISO Guide 3Q:1992, Terms and definitions used in connection with reference materials.
ISO Guide 33:1989, Uses of certified reference materials.

ISO Guide 39:1989, Certification of reference materials — General and statistical principles.

BIPM/IEC/ISQ/OIML/IFCC/IUPAC. International vocabulary of basic ahd general terms in metrology (VIM), second
edition, 1993

3 Definitions

For the purpgses of this International Standard, thefollowing definitions apply.

3.1 traceability: A property of the result of'a measurement or the value of a standard whereby it can|be related
to stated references, usually national orsinternational standards, through an unbroken chain of comgarisons all
having stated uncertainties.

NOTES
1 The concept is often expressed by-the adjective “traceable”.
2 The unbrolen chain of comparisons is called a “traceability chain”. [VIM]

3.2 (meastrement) standard, etalon: A material measure, measuring instrument, reference rnaterial or
measuring system_iftended to define, realize, conserve or reproduce a unit or one or more values of a jguantity to
serve as a refference.

EXAMPLES

a) 1kg mass standard;

b) 100 Q standard resistor;

c) standard ammeter;

d) caesium frequency standard;

e) standard hydrogen electrode;

f)  reference solution of cortisol in human serum having a certified concentration. [VIM]

2) To be published. (Revision, in parts, of ISO 6974:1984)
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3.3 reference material: A material or substance one or more of whose property values are sufficiently
homogeneous and well established to be used for the calibration of an apparatus, the assessment of a

measurement method or for assigning values to materials.

ANNTEC £ —~—

fal H. fnvomn A A e ~ oo
I I

NOTE — A reference material may be in the form of a pure or mixed gas, liquid or solid. Examples are water
calibration of viscometers, sapphire as a heat-capacity calibrant in calorimetry, and solutions used for calibration in
analysis. [ISO Guide 30]

('[)

3.4 Terms related to accuracy and uncertainty

NOTE — Since traceability essentially serves the purpose of assessment and control of accuracy, viz the uncertainty of
measurement, the followmg terms relating to accuracy and uncertalnty are also key terms of this document The definitions,
taken fro substitution of
corresponding terms (" measurement result instead of “test result” erence value”).
In some cgses, the notes to the definitions have also been modified.

,and’ true value” mstead of ’ accepted fef

3.4.1 acguracy: The closeness of agreement between a measurement result andhthe true |value of the
measurand.

NOTE — [The term accuracy, when applied to a set of measurement results, describes a ¢ombination of random components
and a cominon systematic error or bias component. [Adapted from ISO 3534-1]

3.4.2 trueness: The closeness of agreement between the average.‘value obtained from a lafge series of
measurement results and the true value of the measurand.

NOTES

1 The mepsure of trueness is usually expressed in terms of bhias.

2 Until recently, "accuracy” was used with the meaning of “trseness”. This usage no longer conforms with international
standardizgtion. [Adapted from ISO 3534-1]

3.43 prIcision: The closeness of agreement .sétween independent measurement results oltained under
prescribed conditions.

NOTES
1 Precisign depends only on the distribution.of random errors and does not relate to the true value.

2 Precisign is a qualitative term relating™to the dispersion between the results of measurements of the safhe measurand,
carried ouf under specified condition§ ¢f"measurement. Quantitative measures of precision such as variance or standard
deviation dritically depend on the variation implied by the specified measurement conditions. Repeatability and reproducibility
are two particular concepts of precision, relating to the endpoints on the scale of variability in measurempnt conditions.
[Adapted ffom ISO 3534-1]

3.4.4 ungertainty: An.estimate attached to a measurement result which characterizes the range of|values within
which the true valde js asserted to lie.

NOTES

1 Uncertdinty)of measurements comprises, in general, many components. Some of these components may b estimated on
the basis of the statistical distribution of the results of series of measurements and can be characterized by experimental
standard deviations. Estimates of other components can only be based on experience or other information.

2 Uncertainty should be distinguished from an estimate attached to a measurement result which characterizes the range of
values within which the expectation is asserted to lie. This latter estimate is a measure of precision rather than of accuracy and
should be used only when the true value is not defined. When the expectation is used instead of the true value, the expression
“random component of uncertainty” must be used. [Adapted from ISO 3534-1]

For suggested further reading see annex C, reference (171,

3.4.5 Further comment on main terms

Since the terminology relating to accuracy/uncertainty of measurement has recently undergone substantial
changes, a short comment on the meaning of the main terms will be given.
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“Accuracy”, “trueness” and “precision” are qualitative terms used to express the smallness of expected

~ ‘e A
measurement errors. Hereby accuracy as the more general term refers to the total measurement error, trueness to

the systematic component(s) of the measurement error and precision to the random component(s) of the
measurement error.

“Uncertainty”, “systematic uncertainty” and “random uncertainty (dispersion)” are qualitative terms used to
express the extent of expected measurement errors, as the counterparts of accuracy, trueness and precision,
respectively. Accuracy and uncertainty are reciprocal terms: high accuracy is equivalent to small uncertainty, and
the same is true for both the other pairs of reciprocal terms — trueness/systematic uncertainty and

recision/ran certainty (dispersion).

For quantitative expressions of accuracy or uncertainty, the common measures, derived from the results of
repeated measurements,-are.

“bias” fqr systematic uncertainty

and

“standarf deviation” for random uncertainty (dispersion).

NOTES

1 This clause
terms and def
annex A.

2 This docum
Organization ¢
Commission),
Guides.

3 In producin
originate from
general terms
given both her

text. Other
hre given in

gives those terms and definitions which are essential to understand before proceeding further in the
nitions used in the text, for which it is not necessary to have an exact understanding at this stage,

hternational
rotechnical
andards or

ent mainly employs terms which have been defined previously by cordmittees within ISO, OIML
f Legal Metrology), BIPM (Bureau International des Poids et Mesures) and IEC (International Elec
as well as terms and definitions which are being proposed with Fevisions of other International S

Fms, which
f basic and
definitions

g this document, it has been acknowledged that there are, serious problems in applying some te
physical metrology, to the field of chemical metrology.Furthermore, no international vocabulary 9
for chemical metrology is yet available. Therefore additional notes and remarks are appended to thg
e and in annex A wherever this has been felt necessary for clarification.

4 Fundamental principles of metrological traceability

4.1 Traceability and accuracy

In recent yes

many other {echnical terms) tended to lose its proper scientific pedigree. Thus it has been turned into

purpose catd
more than a
authentic sci

In this sense|
measuremer
example, the
method, and

rs, the term “traceabilityl’ has come into considerable vogue, but in doing so it has (in con

hword, (mis)used in-a variety of generous interpretations, extending down as far as not
tenuous synonyrifor reliability. In this document, however, it is used exclusively in the @
bntific sense of mietrological traceability.

traceahility is essentially a means of providing an assurance that the accuracy of the result
t systém*or technique can be related in a known way (transferred) to the results from ar
result of an “everyday” (field) method should be demonstrably traceable to the result of 3
the result of a reference method should be demonstrably traceable to the result of 3

hmon with
a general-
ning much
riginal and

5 from one
other. For
reference
definitive

method. Traceabllity is usually mediated by some Kkind of (certified] reference object or material hav

metrological

4.2 Struct

qualities.

ure of traceability chains

ng known

Self-evidently, the literal meaning of traceability is the ability to trace. In metrology (the science of measurement)
this implies the existence of an unbroken, identifiable and demonstrable pathway between the measurement

process in question and some quantity or set of quantities regarded as “fundamental” or

“indisputable”

. Such a

pathway is called a traceability chain; the most complete chains have clear links all the way back to Sl units.

The purpose of all claims for traceability is to establish, or guarantee, the accuracy of measurement. Measurement
consists almost always of the comparison of an unknown, the value of which is desired, with a standard, the value
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of which is taken as known. In physical measurements, the known is often an object calibrated (using a defined
method) against a higher standard within a hierarchical structure. By moving upwards through the various levels in
such a hierarchy, traceability to primary standards can be obtained.

The major conceptual elements which are usually present in a typical traceability hierarchy are indicated in figure 1;
what is needed in order to address any real metrological question is the existence, at each level, of reference
objects or materials that can be used in realizing the standard represented by that level.

Level O Sl units

K

(Fundamental method)

|
o

Level 1 Primary standard reference object or material

b

(Definitive method)

X

Level 2 Secondary standard reference object or material

i

(Reference method)

K

Level 3 Working standard reference ob jectyor/material

K

(Field method)

K

Level &4 Test sample

Figure 1 — Conceptual traceability hierarchy

The trangfer of information between the various levels in the hierarchy is accomplished by| methodology
interconnections which create the traceability.chain. Such a chain typically has many links betweern each level in
the hierafchy. Each link is formed by either the whole or, more commonly, some sub-system or part jof the defined
method, and will probably involve auxilidry standard objects or materials (e.g. thermometers or mass|pieces) which
realize values or scales of subsidiary ©rsubordinate physical properties.

best chaihs have few links, €ach of which is very secure. When the pathway is fully defined and ddcumented, an
assignmgnt of uncertainty @an be made at any point in the chain and at each level in the hierarchy. If the pathway is
broken (that is, if linking\information is missing), uncertainties of measurement cannot be assigned at that point,
and complete traceability cannot be obtained. Consequently, the measured value is then not tracealple to Sl units,
perhaps fot even<o)primary or secondary standards, but just as far as to where the break occurs| A statement
about trageabilitywithout reference to the end-point of the chain is of no value.

In apt anglogy with a mechanical\chain, it is clear that a traceability chain is no stronger than its we%kest link. The

4.3 Traceability in chemical analysis

In essence, then, traceability is an information retrieval process. In chemical analysis, the information needed to
support the result comprises details of the analytical methods and reference materials used, together with all the
associated uncertainties.

As discussed in greater detail in ISO Guide 35, traceability is much more difficult to realize in quantitative chemical
analysis (chemical metrology) than in physical metrology, mainly due to the complexities of the overall analytical
process. Nevertheless, the concept of traceability is similar, at least in principle.

Analyses must be made by comparison of the relevant attributes of the sample against the known attributes of
reference materials. This may be done either directly, or indirectly by means of scales or instruments that have
been calibrated using (one or more) accepted reference values.
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The additional complexities arise because a proper correspondence between the sample and reference material
may be difficult to achieve for a variety of reasons.

Firstly, several reference materials realizing various levels of composition for each target component may be
required for a multi-component sample. Secondly, the matrix which contains the analyte could have a significantly
disturbing effect on the analysis. Similarly, any other chemical compound present in the sample may have an
interferent effect on the determination of the target compound. Finally, the sampling procedure itself is a significant
error source, e.g. due to lack of homogeneity of the bulk material from which the sample is taken, and to
contamination as well as degradation of the sample.

The exact requirements and procedures (protocols) necessary to ensure traceability must, therefore, depend upon
the specific problem being addressed. In chemical metrology, the proper transfer of accuracy can only be achieved
with very detailed protocols. Any such protocol should be considered as a fundamental part of the particular
analytical mefhod, and can therefore become an integral part of an international standard method.

5 Elaboration of the traceability concept

5.1 Distingtion from related concepts

Despite what may appear above as a clear identification of what is meant by traceability, there remain differing
interpretatior]s of just what the concept can involve. These differences seem to@fise because usage of fhe term is
fed not fronp a single discipline, but from such diverse sources as legdl/regulation of operational]| practices,
monitoring the performance standards of instruments or machines, ,and’ quality assurance in marjufacturing
processes, a$ well as from pure metrological science.

Thus, the cufrent main interpretations of traceability, discernible tothe present authors, are

a) Traceability = Ability to provide complete information abeut every step involved in or relevant to afriving at a
measurgment result, by documented records.

b) Traceability = Ability to provide evidence that measurement results are equivalent to results obtajned by an
authoritgtive laboratory.

¢) Traceability = Ability to demonstrate that a-measuring system regularly produces accurate results gn selected
measurgnds.

d) Traceability = Ability to prove the validity of individual measurement results by complete reductjon to, for
examplg, property values realized.by_measurement standards or reference materials, or to accepted values of
physical|constants.

These concepts are termed, respectively, “administrative”, “

are increasinply purposeful in"the order given.

authoritarian”, “demonstrative” and “definifive”. They

The administrative concept (a) is of little concern in science because, while extensive documentatign may be
necessary, ifl is not_sufficient to achieve the intent of traceability, namely the assurance of adequate gccuracy of
measurement. With-regard to this goal, the authoritarian concept (b) is also rather unsatisfactory, sincg it merely
refers to apparently correct results instead of demanding procedural correctness (i.e. the presence| of proper
metrological links)

The definition of traceability given in 3.1, adopted from the International Vocabulary of Basic and General Terms in
Metrology (VIM), permits interpretation in the senses intended by both concept (c) and concept (d). As the main
difference, traceability according to the definitive concept (d) implies assurances of validity for individual
measurement results, and therefore demands considerably more than the demonstrative concept (c) where the
aim is verification of overall measurement system performance.

5.2 Requirements for secure traceability chains

The formal requirements for secure metrological traceability are clearly embedded in definition 3.1, interpreted and
illuminated in accordance with the definitive concept (d) defined in 5.1. The main features can be enumerated in
more detail as follows.
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a) There shall exist an unbroken traceability chain between the test object or sample and the standard reference
object or reference material to which traceability is to be claimed. The latter should normally be a national or
international standard, which may be a realization of the appropriate S| unit.

b) The traceability chain normally has to include intermediate standard objects or materials in a hierarchical
structure. These intermediate standards shall be of established metrological provenance.

c) The various levels in the hierarchical structure shall be linked by specified and validated test methods which, by
comparisons between objects or materials, allow the transfer of information pertaining to accuracy from one
level to the next lower level. The protocols by which comparisons are made shall be sufficiently well defined
that a result is adequately reproducible.

d) For each test method, any auxiliary standard objects or materials used shall be traceable to relevant definitive
standards through an auxiliary traceability chain.

e) It shall be possible to assign an estimate of uncertainty to each measurement in the traceability chain, and to
trangfer or combine all of these in such a way that the desired result carries a proven assurance ¢f accuracy.

5.3 Applications to chemical analysis

In (quant|tative) chemical analysis, direct traceability of individual results to (réalizations of) fundarhental units is
normally |prohibitive, in particular for field analyses, due to the reasons ‘explained in 6.4. As &n executable
alternative, traceability of performance (see 7.2.3), in particular of calibration, but e.g. also of |separation or
specificity, can be established using either reference analytical metheds of known performancqg or reference
materials| of known accuracy. Concerning the latter alternative, as_thé more typical one in chemnical analysis,
traceability of performance is essentially reduced to traceability :of the reference materials used|in calibration.
These, in turn, must be traced back further along a chain consisting of higher-level reference |materials and
measureent systems or methods, until reaching a reférence standard of definitive accurgcy. Then, in
consequgnce, accuracy can be assessed on every lower level.idown to the field measuring system.

As explaihed in more detail in 6.3, chemical compositioncan, in principle, be traced back to (primary fealizations of)
an Sl unit of a physical quantity of composition, and,the chemical species concerned. In fortunate fases such as
major pafts of gas analysis, traceability of reference material to fundamental units can be establishegd, cf. 7.2 and
8.3.

However in many other fields of chemigal analysis, the step relating complex material composition tp fundamental
units, thjough a fundamental method; is too wide to be implemented with full command of apcuracy. Then
traceability chains necessarily terminate at the level of primary reference materials, of complex conjposition. As a
consequgnce, alternative methods” are needed for the assessment of accuracy of these primfary reference
materials

6 Chemical composition and the Sl system

6.1 Qupntities for portions of substances

In chemitat-metretogytherelationshipsbetweenguantitesasseciated-with-samplesof substaneesare elaborated.
Since matter is usually defined as “anything that has a mass and occupies space”, the two most commonly
recognized physical quantities designating the amount of a sample of matter are mass m (unit: kg) and volume V
(unit: m3).

The number of entities N (no unit, dimensionless) in a sample of substance is another such quantity. These entities
may be atoms, molecules, ions, etc., or any combinations of these.

A fourth such quantity is the amount of substance n (unit: mole). The mole is directly based on a specific number of
entities, the number of atoms in 12 g of carbon-12. When the mole is applied, the elementary entities have to be
specified. For the mole, it is not possible yet to realize an unambiguous standard. Therefore standards for molar
quantities are made using the standard of mass and accepted reference values of atomic/molar masses as
proportionality constants.
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6.2 Quantities and units of chemical composition

The basic task of chemical analysis is to determine the composition of substances. As an extreme case, complete
analysis of an entirely unknown substance amounts to the qualitative identification of all its constituents and the
quantitative determination of their proportions. In general, the task will be to determine accurately the content of
one or several specified constituents of a substance with approximately known composition. Here the meaning of
the term “constituent” largely depends on the context. In the case of a pure substance, that is, of a chemical
compound, composition usually refers to the constituent chemical elements, while in the case of a mixture it refers
to the constituent pure substances.

From the side of physical metrology, it is often argued that chemical analyses are essentially measurements of a
single physical quantity, the amount of substance n, and therefore, in principle, should be traceable to the mole as

the Sl unit o
analysis, the

misconceptig
mixture analy
species defin
of two differ
sulfur dioxide
mass and thg

The claim th
mistaken. Ing
composition

For the expre
(not necessa
mixture. The
substance ¢
fraction (mo
independent

sis, however, the measuring objects are the mixtures to be analysed, while the individua
e the various measurands, that is, the quantities to be measured. The determination of th
bnt species in a mixture, e.g. the determination of the water content and“the determina
content in air, are two fundamentally different measuring tasks — such as the determina
determination of the volume of a material body.

ht chemical analysis essentially deals with the measurement of, a-single quantity of com
tead, the scope of chemical analysis consists of measurendent of as many different qu
hs there are different analytically relevant chemical species.

ssion of mixture composition, a number of different gquantities are used, which are quotie
rily like) quantities, expressing the amount of a specified mixture component and the amo
common quantities of composition are mass concentration, volume concentration and :
bncentration (molar concentration), and mass>;fraction, volume fraction and amount-of
ar fraction). Among these, the mass fraction and the molar fraction have the benefit
of the state (temperature and pressure) of the mixture. In gas analysis, however, the volun

ﬁr_ﬁmmm_mmwn—tle amount of subs . fon.
measurand never happens to be the amount of substance as such but always in conjune

specified ch¢mical species, the content of which is to be determined in a given mixture JObv
n mentioned above is due to erroneously considering chemical species as measuring

n mixture
on with a
ously the
bjects. In
chemical
contents

Iion of the

ion of the

bosition is
hntities of

hts of two
unt of the
mount-of-
substance
of being
ne fraction

is still in use.

in the SI
tion of the

From the previous argumentation it follows that) mixture composition cannot be adequately expresseq
system, unleps it is complemented by the chemical species of the mixture constituents. In fact, specifica
composition pf a mixture requires

a)
b)

specificdtion of every mixture gonstituent;

the numgrical value of the prdportion or concentration of every mixture constituent.

6.3 Traceability of mixture composition to fundamental units

s involves
nd a single

As explained|in thesprevious subclause, specification of the composition of a mixture with N componen
(N + 1) fundamental metrological units or entities: N qualitative ones, defining the mixture components, a
quantitative ene/defining the scale on which component proportions or concentrations are measured.

As a consequence, metrological traceability of mixture composition involves more than just traceability to an Si
unit. In addition, it involves traceability to reference materials as measurement standards, providing primary
realizations of the chemical species present in the mixture. In mass spectrometry, traceability even refers
exclusively to chemical species. This is due to the fact that in this method molar fractions are measured directly, as
relative particle numbers, and counting does not refer to any scale or unit.

Additional complications arise if measurement-related interferences among mixture components have to be taken
into account. In the absence of any such interactions, a multicomponent mixture, consisting e.g. of several target
components and a single balance component can be rigorously related to a corresponding number of binary
mixtures, each realizing the content of one of the target components. If interferences among mixture components
cannot be safely excluded, such reduction to binary mixtures is not possible. As a consequence, traceability can
then only be established among multicomponent mixtures of closely related composition. In such cases — which,
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unfortunately, are numerous among current analytical problems as e.g. in environmental monitoring — traceability
chains necessarily terminate at complex reference materials of composition similar to that of the analyte. Tracing
further back to (realizations of) fundamental units, that is, to chemical species and Sl units of composition, is
discouraged due to the enormous increase in uncertainty that would be the consequence.

6.4 Impracticality of direct traceability to Sl units

Due to the complexity of chemical-composition analysis, it is utterly impractible to try to trace back, directly, every
individual analytical result to measurement standards realizing the totality of Sl units involved — such as mass,
volume, temperature and pressure, as well as to standards for all the chemical species involved. This would imply
ending up with an uncertainty budget built up from specified uncertainties attributed to every single step or item.

However, in any such costly exercise there will inevitably be missing links in the “traceability network".

Moreove
sources,
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between
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the num
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that the @ccuracy, of the analytical method can be estimated. Of ‘course, these estimates properly rg
points or
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Summar
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I, due to cumulative effects, extended error propagation calculations aiming at identificat
quantification of their individual contributions and combination into a measure of the/ove
result in notoriously high estimates of uncertainty. This is related to the fact that uncerta
onservative upper bounds of expected errors which invariably add and never'eancel unl

rnative to this “genealogical” approach in uncertainty estimation, the(accuracy of an ana
can be infvestigated empirically by direct comparison of measurement results with corresponding re
realized lpy reference materials or obtained by reference methods of measurément. For example, th
of a mdthod of composition analysis can be evaluated using suitable Tfeference materials as

ion. For this purpose, the analytical procedures must be fixedl as closely as possible, thers
ber of variance components that contribute to the dispersion<of results. By repeated analys
of known composition (known within definitive uncertainty-limits), precision as well as true|

a multidimensional range of composition only, withcextension by interpolation and extrapo
are, e.g. in assessing the additional uncertainty caused by these mathematical procedures
s well suited to provide traceability of performance (in particular of calibration) to referend
5 of composition.

er example, the uncertainty on the calgrific value of natural gas, determined by compositia
n in accordance with ISO 6976, could.be investigated by two different methods, as follows:

balogical approach: Extendedterror propagation calculation taking into account errors |
ed by the analytical methodyerrors in the calorific values of natural-gas constituents and d
mathematical model (lingar;combination of component calorific values). The uncertainty o
nod — typically gas chromatography — is traced back to various sources.

irical approach: Dirett comparison of results obtained by the method under investigation
ence method (calérimetry) on a number of gas mixtures covering the composition range cof

zing, in chetmical analysis, direct traceability for every single analytical measurement to (rez

on of all error
all uncertainty
Nty estimation
bss correlation

different error sources is taken into account — which is clearly out of reach for everyday practice.
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lizations of) all

ant S| units, as propagated by metrological standards and guidelines, is often beyond reach, due to the
ty of.the corresponding traceability networks. Reference materials then can provide [intermediate”
5, realizing appropriate composition levels, with traceability chains sufficiently short to énable realistic
tyzassessment. In analytical chemistry, it has become more and more common practice to] use reference

materials and especially certified reference materials as intermediate standards.

6.5 Ro

le of fundamental methods

The measurement methods used in present-day chemical analyses are typically indirect methods in which the
target quantity, the concentration or proportion of a specified chemical species, is not measured directly. Instead,
the measured quantity is an appropriate instrumental response variable. Such measuring systems, therefore,
require calibration in the sense that the functional relationship between the response variable and the target
variable is determined empirically, by measuring the response to known values of the target variable, as realized
e.g. by corresponding reference materials as calibrants.
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In contrast to indirect methods (also termed comparison methods or relative methods), fundamental methods are
those in which the target quantity is measured directly. For example, many of the typical methods of “wet
analytical chemistry” are fundamental methods, where the target species is separated from the sample, identified
and quantified, e.g. by weighing. Such methods evidently do not require calibration in the sense described above.
However, their performance must be validated, that is, their measurement uncertainty (or recovery rate) must be
determined empirically.

Besides fundamental methods of analysis (also called direct methods or absolute methods), an equally important
branch of fundamental methods are methods for the production of reference materials, e.g. the manufacture of
mixed substances from pure compounds by gravimetry.

Evidently, fundamental methods are indispensable for establishing the final links of traceability chains at the level of
fundamental units. As explained in 6.3, for composition analysis these fundamental units are the Sl unit for the
considered pHysical quantity of composition, and the chemical species of the considered mixture constituents.
Only if this firjal link can be firmly established, within definitive uncertainty limits, can definitive uncerta}:ty limits
also be attributed to all of the lower-level measurement systems, measurement standards and reference fnaterials.

avimetric
is is true,
ne parent
5 mixture

In the field o
preparation of
provided that
gases. Subcla
preparation.

f gas analysis — with the exclusion of trace analysis and reactive compenents — g
reference gas mixtures is generally considered as a high-accuracy fundamental method. Th
all the relevant uncertainty components are assessed carefully, as e.g. the impurities of t
use 8.3.1 contains a detailed discussion of the uncertainty componepts-in gravimetric ga

7 Traceability in natural-gas analysis

7.1 Analysjs of natural gas
Natural gas a
range of hydr
hydrogen), ply

d natural-gas substitutes are multicomponent gas mixtures, with the major constituents ipcluding a
carbons (mostly alkanes) and a number of permanent gases (e.g. helium, nitrogen, carbon gxides and
s a multitude of trace components such as-water vapour and volatile sulfur compounds.
The scope of hatural-gas analysis comprises the following:

bnsidered
br Wobbe

bf composition, in the sense of quantitative determination of each component that is ¢
o the calculation of some bulk-property of interest, such as calorific value, relative density

a) analysis

relevant {
index;

b) analysis for important trace components, such as hydrogen sulfide, heavy hydrocarbons or mercaptars.

For the analygis of natural gas,(the importance of appropriate reference materials to serve as calibration jstandards

for analytical i

In the compo
traceability of
strength of t
impurity level

nstruments is-Self-evident.

Sition analysis of real natural gases taken from commercial sources and intended for custod
the calibrated and validated analytical system is maintained by artificially prepared gas mix

ofthe parent gases from which the artificial mixtures are derived.

his traceability chains is mainly determined by the ability to establish, by means of ang

transfer,
ures. The
lysis, the

7.2 Traceability on a reference gas basis
7.2.1 General considerations

Due to the complexity of natural-gas composition and, equally, due to the complexity of the overall analytical
procedure, direct and complete traceability of every single measurement result of natural-gas composition analysis
to all of the fundamental units involved is clearly prohibitive, at the present state of the art. However, apart from
particular cases, as e.g. in the preparation or validation of primary standard gas mixtures (c.f. 8.3.1), it is definitely
not necessary for the purpose implied by the current traceability requirements in international quality assurance
guidelines.

10
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For the purpose of maintaining traceable control of the performance of measuring systems for natural-gas
composition analysis, it is perfectly sufficient to execute, on a regular basis, a calibration or validation procedure of
known performance, using calibration gases of appropriate composition and known accuracy. Hereby, the problem
of tracing back analytical performance, in particular calibration but also e.g. separation or selectivity, is essentially
reduced to the problem of tracing the composition and accuracy of the calibration gases to reference standards of
definitive accuracy. The method proposed in these guidelines to solve this problem is to proceed along traceability
chains involving higher-level reference gas mixtures and validated analytical comparison methods, terminating at
the level of primary-standard gas mixtures (PSMs).

However, in view of the limited availability of PSMs, it should be stressed that it is not necessary in every case to
trace back up to the highest level of accuracy, if for a lower-level reference gas mixture or reference measuring
system the accuracy can be safely assessed by alternative methods instead of tracing back to primary realizations
of fundamental units

For the feason stated above, this document considers exclusively traceability on the basis ‘of [reference gas
mixtures| as measurement standards, realizing appropriate levels of natural-gas composition. At th¢ base level of
measurirlg systems, traceability is primarily taken as traceability of calibration, either “pojntwise” fof the validation
of individual high-accuracy analytical data, or “rangewise” for the validation of\.performante of routine
measurement systems.

In an alggrithmic manner, the statement above can be expressed as follows:
The [performance of an analytical system is traceable if the procedure ‘of performance evaluatipn is validated
and [f the calibration gases used are traceable.
A calibration gas is traceable if its composition has been validated, within specified uncertainty [limits, through
comparison with traceable reference gas mixtures.

There ar¢ then several topics that need to be clarified conceptually and implemented practically, as fdllows:

tracgability of individual analytical results to reference gas mixtures;
tracgability of analytical performance to reference gas mixtures;
tracgability of calibration gases to reference.gas mixtures;

tracgability of reference gas mixtures to primary-standard gas mixtures;
traceability of primary-standard gaswmixtures to fundamental units.

In these Hescriptions, as well as in"the’ following subclauses, the term “traceability of/to gas mixture$” is used as a
short form of “traceability of/to,gas mixture composition”.

7.2.2 THaceability of individual analytical results

Principlg: An individual measurement result on the composition of a particular gas mixture can be validated by
analysingd a reference gas mixture of almost identical composition. If that analysis reproduces the “reference
composifion”,sthe measurement result in question is confirmed within the uncertainty limits given by the precision
of the anplytical method.

The basic decision that the reference composition is reproduced involves statistical evaluation, taking into account
specified uncertainties of reference materials and the precision of the analytical method.

Implementation: By a specific validation procedure, to be included — whenever technically feasible — in every
International Standard method of natural-gas analysis. Questions to be settled there must include.

conditions for sufficiency of a single reference gas mixture;

closeness of bracketing by two (or more) reference gas mixtures, for secure linearity of response;

uncertainty assessment for the validated composition;

quality specifications, including uncertainty and traceability, for the reference gas mixtures employed:;

contents of traceability statements.

1
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Validation of individual analytical results is not necessarily performed separately, but can be incorporated into the
calibration procedure by using additional reference gas mixtures beyond the minimum number required for the
determination of the calibration curve.

7.2.3 Traceability of analytical performance

Principle: Performance of the analytical system is tested over a specified composition range, by analysing a
number of reference gas mixtures, covering the range in question. In these tests, accuracy, separation and
interference are the key elements.

For maintaining traceability of performance and, in particular, of calibration, evaluation is repeated on a regular
basis.

Implementatlon: Essentially covered by ISO 10723, which contains detailed recommendations on héw t¢ design a
sufficiently tight grid of composition levels for the reference gas mixtures to be employed. In applying1SJ 10723 to
a particular mgthod of analysis, it will be necessary to include:

fixing thel maximum interval for re-evaluation of the performance, or for re-calibration;

uncertainty assessment for the validated performance measurements, in particular for the galibration
curve/funiction;

quality sgecification, including uncertainty and traceability, for the reference gas mixtures employed;
contents |of traceability statements.

7.2.4 Tracedbility of calibration gases

Principle: Th¢ composition of a calibration gas — usually a working-reference gas mixture, in the termjnology of
clause 8 — i$ validated by comparison of its analyser respons€ with that of one or several sufficienly similar
reference gaq mixtures.

As a rule, the comparison is performed on the basis‘of calibration over a composition range preferably small
enough to allow for linear interpolation/regression M- sufficient knowledge of the performance of the|analytical
method (i.e. {he response curve) is available and\non-linear interpolation/regression is applied, then validlation can
be extended [to wider composition ranges. Such’/methods, however, require a greater number of refefence gas
mixtures for gn appropriate grid of referencetcompositions.

Again, validatjon is not necessarily pefformed separately but can be incorporated into a calibration exgrcise, by
using more than the minimum number of reference gas mixtures.

Implementation: Partially covéred by ISO 6143. In this method, however, the number of reference gag mixtures
involved is rdstricted to the\bare minimum necessary for the determination of the calibration curve, Wwhile this
document prgposes to incofporate at least one more reference gas mixture for a test of consistency.

Subjects to bg included are again:

fixing thg maximum interval for re-validation;

uncertainty assessment for traceability statements;
quality specification, including uncertainty and traceability, for the reference gas mixtures employed;
contents of traceability statements.

7.2.5 Traceability of reference gas mixtures to primary-standard gas mixtures

Principle and implementation are essentially the same as in 7.2.4.

The concept of primary-standard gas mixtures is explained in detail in 8.3.1.

12
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7.2.6 Traceability of primary-standard gas mixtures to fundamental units

As explained in 6.3, for natural-gas composition analysis, the fundamental units are the Sl unit for the considered
physical quantity of composition, e.g. the molar fraction, and the chemical species of the considered natural-gas
constituents. Only if this final iink can be firmly established, within definitive uncertainty limits, can definitive
uncertainty limits also be attributed to all of the lower-level reference gas mixtures.

"Since primary-standard gas mixtures are, as a rule, prepared by the gravimetric method, the topic addressed in this
subclause is essentially the validation of composition for gas mixtures prepared by gravimetry, paying particular
attention to long-term stability. Validation in this case refers to the assessment of the uncertainty budget of the
gravimetric method, as detailed in 8.3.1. A specific problem in this field is caused by the lack of direct, fundamental
methods for analytical validation. Because of that, protocols for uncertainty assessment using comparison methods
need to he-developed

8 Hienarchy of reference gas mixtures
8.1 intfoduction

For the purpose of this document, the standard terms in the fields of refefefice materials and|measurement
standard$ have been adapted to the area of (natural) gas analysis as shown initable 1.

Table 1 — Adaptation of standard terminology

Standard terminology Adapted terminology
Referenge material (3.3) Reference gas mixture
Certified reference material (A.9) Certified reference gas mixture
Working|reference material Working reference gas mixture
In-housd reference material
Primary ptandard (A.10) Primary-standard gas mixture
Seconddry standard (A.11) Secondary-standard gas mixture
Referenge standard (A.14) (No correspondent)
Working| standard (A.15) Working-standard gas mixture

With on¢ exception, the definitions of the standard terms are given in clause 3 or annex A. The pdapted terms
together| with their descriptions given in the following subclauses are not to be mistaken as formal, normative
definitions.

Similar tp the hierarchy of measurement standards in physical metrology, the hierarchy of referencp gas mixtures
in naturgl-gas analysis, as presented in this document, is based on analytical comparison of lower-level standards
with stahdards>of the next-higher level. However, in contrast with physical metrology, where this domparison can
often bg pérformed on a one-to-one basis, validation of a reference gas composition usually regires analytical
comparigon‘with several higher-level reference gas mixtures. The relationship between reference gals mixtures and
Sl units of chemical composition is also less simple than in physical metrology. These and other differences
between physical and chemical metrology have already been explained in details in previous clauses.

8.2 Designation of levels in the hierarchy

Figure 2 presents the hierarchy of reference gas mixtures, as discussed in this clause, emphasizing analogy with
the hierarchy of measurement standards in physical metrology.

13
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Sl units for gas mixture composition
Level 0 and identity of mixture components
(see 6.2)
i
]
Primary-standard gas mixtures (PSMs)
Reference gas mixtures providing
Level 1 the most accurate realizations of
particular composition levels
(see 8.3.1)
Secondary-standard gas mixtures
Certified reference gas mixtures (CRMs)
LEVEL 2 13 o b i r's i H I sTal V]
vatidated-by-direct-comparisen-with-PSis
(see 8.3.2)
Working-standard gas mixtures
Working reference gas mixtures (WRMs)
Level 3 validated by direct comparison with
(secondary) certified reference gas mixtures
(see 8.3.3)

NOTE — Cerfified reference gas mixtures provide the typical case of a secondary-standard gas mixture, but they are not

restricted to this level.

Figure 2 — Hierarchy of reference gas mixtures

8.3 Designation of reference gas mixtures

8.3.1 Primainy-standard gas mixtures

By definition,|a primary-standard gas mixture realizes a_pafticular composition at the highest quality leviel, quality

referring primarily to accuracy and stability. Note thatithe specifications of primary quality can vary drpmatically

between diffgrent gas mixture types, as e.g. in the-case of percentage levels of carbon monoxide in nftrogen as
opposed to that of trace levels of sulfur dioxide in air.

Primary-standard gas mixtures are generally. prepared gravimetrically by successively weighing into & pressure

cylinder samglles of the pure constituent @ases, or samples of gas mixtures prepared previously. Prior to (ise, these

parent gases|must be analysed for rélevant impurities. The uncertainty on the resulting mixture comIosition is
assessed, us|ng error propagation fméthods, by determining and combining the uncertainty contributionfs from all

the various steps and influences-involved, e.g.

a) the detefmination of the/mass of the parent gas samples (local uncertainties: e.g. due to the|weighing
procedurg; importedigncertainties: e.g. due to the mass pieces);

b) the detefqminationof the amount of substance of the parent gas samples (e.g. uncertainties on molar masses,
on the cantents~of detected impurities, due to the limited accuracy of their analysis, and on the levgls of non-
detects);

¢) manipulafion of The gas samples (concerns the manufacture of the MIXIUres as weltas their storage, sampling
and transfer to the point of subsequent use);

d) physico-chemical interferences (e.g. selective condensation or adsorption, and chemical interactions of mixture

components among each other and with cylinder materials).

Some of these uncertainty components [typically from a) or b)] can be determined adequately. Other contributions
to uncertainty, due to imperfections and interferences [c) or d)], can only be estimated roughly at the present state
of the art for primary-standard gas mixtures in the field of natural-gas analysis. Therefore, alternative techniques
must be employed. In current practice, there are essentially two different approaches in use to handle this

problem.

14
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For the purpose of safely covering the unknown uncertainty contributions, the standard deviation resulting

from the feasible uncertainty budget (relating essentially to gravimetry and impurities) is multiplied by a
confidence factor. Unfortunately, this subjective factor is often not stated or even omitted completely.

2) The uncertainty contributions due to the effects mentioned are investigated empirically,

comparison of larger numbers of mixtures of similar composition but of different history, age and

Ideally, such validation should be performed by a direct, fundamental method of analysis. In natura

by analytical
origin.

l-gas analysis,

however, direct methods of analysis are not available for the majority of analytical problems, or are inadequate with
respect to accuracy or quantification limit. Therefore, typically, analytical validation is performed by means of a high-
precision indirect (comparison) method, such as gas chromatography or infrared spectrometry, in accordance with

a strategy of simultaneous testing of consistency among compositions, determined by a fundamen
preparation , and analyser responses on several gas mixtures with closely related compositions.

tal method of

NOTES

1 Due to|the lack of direct, fundamental methods of (natural) gas composition analysis to complement

assessment of primary-standard gas mixture preparation, traceability chains relating to reference gas_mixtures
the level of primary standards. At present, as a rule, these measurement standards cannot be rigoreusly traced
the basic $| units without also considering the uncertainties due to interferences and imperfectiens. Therefo
checking among primary-standard gas mixtures is of paramount importance.

2 For thg reasons indicated above, international collaboration in the field of primary-standard gas m
indispensaple. For some specific types of primary-standard gas mixtures, such intefldboratory comparison
performed| by some national metrology laboratories, e.g. in an interlaboratory Study recently initiated
| des Poids et Mesures (CIPM).

3 Due to|the expense of the production and maintenance of primary-standdrd ‘gas mixtures, these have b
developed|only in very small number by very few laboratories in the worldSUp”to now, national metrology la
taken a lepding part in this field. It should be noted, however, that production and maintenance of prima
mixtures ig not restricted to national metrology laboratories.

4 Interna
mixtures a

5 Itis we
far too sm

ionally accepted guidelines or standards on quality requireménts and qualification protocols for prima
Fe not available at present.

| recognized that, at the present state of the art, the;number of primary-standard gas mixtures curre
hil to cover the wide range of compositions of natural gases.

8.3.2 Certified reference gas mixtures (CRMs)

Due to th
validation

e reasons indicated at the end of 8.3.1, the use of primary-standard gas mixtures will b¢
and certification of secondary-standard gas mixtures of similar composition.

A level-2
been valid

certified reference gas mixture is a reference gas mixture the composition of which is certi
ated by direct analytical/comparison with primary-standard gas mixtures of closely related ¢

As a rule
several p
be validat
method”

, calibration of the’ analytical method employed in such validation (e.g. gas chromatogra
imary standafdsvin order to establish the analyser response in the neighbourhood of the ¢

as described in ISO Guide 35.

It should [pe/noted, however, that there is yet another principle for certification of reference gas m

he uncertainty
typically end at
back further to
fe, consistency

xtures will be
5 are currently
py the Comité

en and will be
boratories have
y-standard gas

Fy-standard gas

ntly available is

restricted to
fied as having
bmposition.

phy) requires
omposition to

ed. The appreach according to this definition constitutes a typical case of “certification Iy a definitive

xtures that is

generally Jaccépted in cases where certification by means of comparison with primary-standard gas n

pixtures is not

achievable. This is the concept of “certification by interlaboratory testing” as described in ISO Guide 35. In contrast
to the former approach, where certification implies establishing traceability to primary standards of measurement,
certification in accordance with the interlaboratory concept amounts to adopting the consensus values resulting
from round-robin analyses. As a characteristic of this method, the consensus values are not traceable to related
measurement standards and can therefore be substantially biased. The statistical methods typically employed in

analyses of interlaboratory test results (ANOVA methods) do not permit any estimation of the syste
the consensus value, due to the built-in hypothesis of random distribution of individual systemati

matic error of
¢ errors. This

hypothesis, however, is rarely fulfilled in real-life round-robin testing with small numbers of participants. In addition,

the interlaboratory procedure often yields certified values of rather low precision, that is, the random
the consensus value turns out rather high, as compared with the “definitive” approach.

uncertainty of
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With regard to the hierarchy of reference gas mixtures, certified reference gas mixtures certified by interlaboratory
methods can be used as substitutes, but not equivalents, of primary-standard gas mixtures. However, they
inevitably lack the qualification to be met by primary-standard gas mixtures (refer to the example in annex B).

Level-2 certified reference gas mixtures as described in the second paragraph of this subclause constitute the level
of secondary measurement standards in natural-gas analysis. Their typical use is that of transfer standards,
providing traceability of working reference gas mixtures to primary-standard gas mixtures. That is, level-2 certified-
reference gas mixtures are used to validate — and also to certify — the composition of reference gas mixtures for
daily routine work, e.g. in the calibration of measuring systems and control of measurement performance, when
traceability to primary standards is required.

The general aspects of certification of reference materials and the uses of certified reference materials are covered
by ISO Guides-33-ard-35

8.3.3 Workipg reference gas mixtures (WRMs)

A level-3 woiking gas mixture is a reference gas mixture the composition of which has been validateq by direct
analytical corhparison with level-2 certified reference gas mixtures of closely related compdsition. In apcordance
with this def|nition, the composition of a level-3 working standards is traceable to that\of primary-stapdard gas
mixtures within specified uncertainty limits which, however, will be larger than those.of related level-2 stgndards.

As already mgntioned in the previous paragraph, reference gas mixtures of this type — possibly certified s well —
are used in dhily routine procedures such as calibration and monitoring of measuring systems, when trageability to
primary meagurement standards is required.

Requirementp on working reference gas mixtures belong to the, sC¢ope of standards for individual| analytical
methods as Well as for general analytical methodology.

9 Role of{traceability in uncertainty assessment

In order to nmpaximize the precision of a measuremeht method, that is, to minimize random measuremgnt errors,
the acknowlgdge recipe is to strictly follow a writteh operational procedure where all the performance [steps and
the experimgntal conditions are fixed in detail. ln/addition, the standard deviation can, in principle, be reduced by a
factor of 1/VN by averaging over series of N repeated measurements, provided they are independent, |instead of
averaging oer single results. In interpational standardization of methods of natural-gas analysis, pfecision is
determined gs a rule by interlaboratory tests in accordance with ISO 5725.

In order to maximize the truenesé-af’a measurement method, that is, to minimize systematic measuremgent errors,
the measurifg system must(be calibrated (and the validity of calibration must be monitored) using accurate
measuremerjt standards.

For the assessment of the trueness of a measurement method, the accuracy of the measurement stanglards used
in calibration| and validation must be known. The acknowledged recipe to accomplish this is to use gexclusively
measurement standards that are traceable to primary standards and/or to accepted values of physical [constants.
That is, the|valués attributed to the measurement standards are derived from accepted reference|values, in
accordance withrknownrefations—within-specified-uncertatnty-fimits:

In natural-gas analysis, as a rule, the measurement standards used in calibration and validation are reference gas
mixtures. For the assessment of the trueness of analytical methods, the method recommended in these guidelines
is to use reference gas mixtures that are traceable to primary-standard gas mixtures, as described in 8.3. That is,
the composition of these reference gas mixtures has been validated against primary-standard gas mixtures of
closely related composition in an unbroken chain of comparison measurements.

For the assessment of the accuracy of the composition attributed to the reference gas mixtures used in calibration
and validation, the accuracy of the primary standards and the uncertainty of the comparison measurements
involved must be known.

16


https://standardsiso.com/api/?name=6d51731a65b0d105cfb974d4b7697ab8

©1S0 ISO 14111:1997(E)

An acknowledged recipe for the accuracy assessment of primary-standard gas mixtures is not available at present.
It is, however, generally accepted that primary quality of reference gas mixtures for natural gas analysis can be
realized by the gravimetric method of gas mixture preparation. For this method, uncertainty assessment in
accordance with the error propagation method suffers from the fact that major uncertainty contributions cannot be
quantified adequately. As an alternative, an empirical approach to uncertainty assessment, based on correlation
studies on larger numbers of gas mixtures, could be rewarding. Accuracy assessment of the gravimetric method of
gas mixture preparation needs to be considered in the forthcoming revision of ISO 6142.

The topic of how to combine measurements of precision and of trueness into a measurement of overall uncertainty
has been under controversial discussion, raised in the course of ISO activities responding to the recommendations
of the Comité International des Poids et Mesures (CIPM). This discussion is not yet finished, and it is not clear
whether there will be a single method standardized in the end. International standardization will possibly offer
several m

thods-of unm:rfninh’/ nnmhinnfinn, dneignnd for different BUFBOSEs-

The only
combinati

International Standard currently available that deals with the controversial subject o
bn is ISO 5168. Responding to the recommendations of CIPM [18] to treat systematic

f uncertainty
and random

uncertaint

European
expressio
in calibrat
art in this
other refe

In order 1

example

measuren

Calibration Cooperation (WECC). A number of documents have been elaborated, such as
0 of uncertainty in measurement 17} and Guidelines for the determination of.uricertainty of
ons 119], produced by working groups in ISO/TAG 4 and WECC, respectively. Hopefully, th

ents are too often in line with this example.

es essentially alike, the topic has been on the scope of several working groups)inNSO and

field will be clarified in the near future. Until that, the choice among the-methods described
rences is free, which implies that the method chosen must be fully explained and document

the Western
Guide to the
measurement
b state of the
in these and
ed.

o discriminate between the various terms related to the int€tpretation of measurement results, an
is given in annex B, based upon a hypothetical interlaboratory exercise. Unfortuna

tely, real-life

10 Implementation of traceability in International Standards for natural-gas analysis

10.1 Gedneral considerations

The purpo

trueness
Internatio
uncertainf

In standa

future Infernational Standards,( évaluation of trueness needs to be incorporated as well. This

convenier]

se in requiring traceability to acknowledged standards of measurement is to maximize and t
of measurement methods and rpesults. The appropriate place to specify traceability a
nal Standard for a method of natural-gas analysis, therefore, is in the clause dealing with
y) of measurement.

dizing methods of natural-gas analysis, it has been general practice to evaluate the preq

tly by interlaboratory analyses on reference gas mixtures of known accuracy, from which

b quantify the
spects in an
accuracy (or

ision only. In
can be done
measures of

precision pnd of trueness.can then be derived simultaneously. The recommended method to fulfil thg condition of
“known afcuracy” is to-use reference gas mixtures that are traceable to primary standards.

Methods [for assessing the trueness of measurement methods and results have been (and partly still are)
standardiged in the revision (and extension) of ISO 5725.

For an an

is assessed and monitored in accordance with a validated procedure, using, as calibration gases,

blytical method, traceability to primary standards is established and maintained if measuren|

ent accuracy

mixtures that are traceable to primary-standard gas mixtures.

eference gas

International Standards supposed to describe methods that produce traceable analytical results must therefore
specify in sufficient detail how to establish and maintain definite control of accuracy of measurement, that is, of
both precision and trueness, by means of appropriate reference gas mixtures (or other calibration standards). Such
descriptions must include or address, among others, the topics explained in the subsequent sections.

10.2 Relevant traceability chains

Typically, the measurement result obtained on a given sample depends on a number of additional parameters
which characterize the state of the measuring system and the state of the sample, such as input/output of
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calibration measurements, environmental conditions, etc. All these influence quantities must be identified, and their
contribution to the overall uncertainty of measurement must be estimated. For this purpose, one has to know how
tightly the state parameters are under control and how sensitively the measurement results respond to variations
of state parameters.

For the critical parameters identified through this kind of analysis, traceability should be established by using
appropriate measurement standards. In any case, traceability of calibration must be established by means of

reference gas mixtures or other rallhratlon standards which in turn are traceable to orlmarv standards of

measurement. If Iaboratory conditions are critical in the sense described above, calibrated measuring equipment is
mandatory. if e.g. measurement resuits Crmca ly depend on t he |enqtn of the meaSunng t‘Tle interval, time
PR N P ._‘ . -~ =~ Y ~
a d S C

measurement snoum De maoe traceapie 10 na
by the national time radio pulses.

International [Standards on methods of natural-gas analysis must specify how to establish and maintdin traceability
. In addition, they should identify the other critical state parameters which significantly |affect the

used in the estimation of uncertainty, that is, in quantitative assessment both of precision (relating to
random co ponents of uncertainty) and of trueness (relatlng to systematic camponents of uncertairfty), and in
combining bpth to give a measurement of total uncertainty, must be fully documented and proven to|be correct

and adequate for the given purpose.

This requiremnent is difficult to realize at present, due to the lack of appropriate International Standards |n the field
of measurerhent uncertainty (cf clause 9). The methods used in International Standards on gas analys|s, such as
ISO 6142, IS0 6143 and ISO 6711, are clearly outdated and need-substantial revision. The only possibility then is to
adapt published methods used in other fields. Documentation\must be sufficiently detailed to permit valid proof of
correctness gnd adequacy.

It should be|kept in mind that there are essentially different approaches to accuracy assessment, as explained in
detail in 6.4:

statisticgl estimation, based on detailed analysis of error sources and uncertainty propagation;

empiricgl investigation, using reference\materials or reference methods of measurement.

10.4 Measuring range

The measuring range considered for an analytical method depends of course on the composition range| of the gas
mixtures copsidered as &amriples and on the capability of the measuring equipment. Beyond thesg¢ “natural”
restrictions, [it will often\be necessary to restrict the measuring range to those parts of the working rgnge where
the error off measurément can be ascertained to lie within specified limits (uncertainty limits). Typically, the
uncertainty [due, to-~calibration, as obtained by regression calculations, critically depends on the npimber and
closeness df alibration points. Therefore the number of calibration gas mixtures, their compositign and the
uncertainty ¢f their composition are essential parameters that must be carefully optimized with respect fo the goals
of maximizing the measuring range, minimizing uncertainty due to calibration and minimizing efforts as well as
expense.

10.5 Calibration and validation gases

See 10.4 and 10.9.
10.6 AQualification intervals

According to ISO 10012-1, qualification is the status given to an “item” — that is, to a measuring system — when
it has been demonstrated that it is capable of meeting specified requirements.
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Measuring systems shall be qualified at appropriate intervals (usually periodic), established on the basis of their
stability, purpose and usage. In natural-gas analysis, qualification of measuring systems is implemented by
performance evaluation in accordance with ISO 10723. International Standards on individual methods of natural-gas
analysis must specify how to apply, modify or supplement the general methods described there.

As a rule, the main item in qualification will be calibration and recalibration. International Standards on methods of
natural-gas analysis should indicate how to devise appropriate (re)calibration intervals for different uses of the

analytical method considered.

10.7 Documentation and report of accuracy surveillance

In addition—to—specifving—methods of accuracy surveillance (and other qualification pracedures)

Standards

how to ref

10.8 Traceability of reference gas mixtures and other measurement standards

Internatior

reference

critical pa
measureni
document

on méthod's of natural-gas analysis should indicate in which detail to document the métH
ort the results.

al Standards on methods of natural-gas analysis must demand that the property value
oas mixtures and other measurement standards to be used in calibration or in determing
rfameters (cf 10.2) are traceable to primary-standard gas mixtures or other primary
ent. In addition, they should indicate how to establish traceability and how traceabili

bd.

International
od used and

5 realized by
tion of other
standards  of
y should be

10.9 Validation of individual measurement results
As explained in previous sections, a major topic in the standardization of methods of natural-ggs analysis is
validation | of performance, in particular of calibration;; using traceable reference gas mixtures and other

measuren
certificatio
there is af

natural-ga

n of reference gas mixtures, should be<included. However, in contrast with performang
present no International Standard available that covers the state of the art of validation ar
5 field. Some general guidelines on-cértification principles are given in ISO guide 35, which,

ent standards. In addition, supplementary methods for validation of individual results, to b¢ used e.g. in

e evaluation,
alyses in the
however, are

not readily] applicable to natural-gas analysis, due to specific features of this field of measurement.

10.10 Limitations with respect'to traceability

Due to th
over the f
how to es|

b limited availability~o6¥ primary-standard gas mixtures, it will often be impossible to establi
Il measuring range’of the analytical method considered. International Standards should ther
tablish and maintain restricted traceability, referring to specified parts of the measuring rang

h traceability
bfore indicate

a)

e .

In some mathematical

modelling

tases, tracéability can be transferred to other parts of the measuring range, applying
which-brings into the uncertainty budget the contribution of the uncertainty of the model.

If, for a particular analytical method, there is no means of establishing traceability of measurement, this should be
clearly stated and the reasons given.

11 Examples

11.1 The ISO/TC 193/SC 1 methodology for on-line gas chromatography

For the direct determination of major natural-gas constituents using on-line gas-chromatographical measuring
systems, ISO/TC 193/SC 1 has adopted a specific methodology that is, at present, described in the documents on
tailored analysis (ISO 6974-1 and ISO 6974-2) and performance evaluation (ISO 10723). As a first example, this
methodology is reviewed with regard to traceability aspects. For a full description, the relevant documents should
be consulted.
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Basically, the approach developed by the respective working groups of ISO/TC 193/SC 1 is a combination of global
calibration and local validation/correction. In the following section, the term “X-concentration” is (mis)used as a
short form of “molar fraction of X", where X symbolizes a natural-gas constituent.

For each constituent X determined directly, the measuring range (X-concentration range) is specified. A number of
reference gas mixtures (range calibration gases) are chosen such that their X-concentrations adequately cover the
specified measuring range. For this range, the response function, relating X-concentration and analytical response,
is determined, by polynomial regression of appropriate degree, from calibration data obtained on the range
calibration gases. This response function is supposed to remain unchanged, except from possible minor deviations
that can be corrected locally, during the use of the analytical system over extended periods of time. For a specified
application, that is, for a narrow range of sample compositions, the validity of the response function is assessed
locally, and errors due to local deviations from the response function are corrected, using additional calibration data
obtained from_analvsis of an appropriate local validation gas. This is a reference gas mixture chosen to have a
composition klose to that anticipated for the sample, where, ideally, the X-concentration would be locgted in the
middle of the specified analytical range. If the original response function is found to be invalid, that|is, if local
deviations bayond a prescribed critical level occur, the response function needs to be re-established:

In this approgch, the random uncertainty (precision) of the method is assessed globally, that is, over thg complete
measuring rgnge, by regression analysis of the range calibration data. For this purposg, the composition of the
range calibralion gases must be known within reasonable uncertainty limits. But defipitive data on the fincertainty
of compositipn are not required since no such data enter into the assessment of precision. Therefore trdceability is
not of particylar importance for the composition of the range calibration gases.

The systematic uncertainty (trueness) of the method is determined locally, that is, for a narrow analyticgl range, by
analysis of Iqcal validation data. In this assessment, the uncertainty on the.composition of the local-valjdation gas
must be corsidered explicitly. Therefore traceability of composition.is indispensable for a valid assegssment of
systematic yncertainty. Indeed, case studies have shown that the Uncertainty on the composition of the local-
validation ga$ typically constitutes one of the largest contributions te, the overall uncertainty of the methad.

It can be corfcluded that, for the analysis of natural-gas compesition in accordance with the methodology explained
above, the agsessment of uncertainty primarily requires a jdcal validation gas whose composition is closg to that of
the sample. |[For each component, the concentration must be known within definitive uncertainty limitg. This last
requirement| can be fulfilled by using reference ga$ mixtures whose composition is traceable to @ppropriate
certified refdrence gas mixtures or, ideally, to primaty=standard gas mixtures (cf 8.3). At the present statg of the art,
the best chqgice would be reference gas mixturés which are prepared gravimetrically, and whose conjposition is
validated byl analytical comparison with appropriate certified reference gas mixtures or primary-stgndard gas
mixtures.

11.2 Example of a measurement design for natural-gas metering

The following methodology~has been designed for, and implemented in, a natural-gas metering systgm. In this
system, the| calorific valug-of pipeline natural gas is measured, at various metering stations, using pfocess gas
chromatogrdphs. These\*field chromatographs” are calibrated, for a narrow analytical range, against g reference
chromatogrdph, operated at a central laboratory. In this calibration two different types of reference gas mixture (A,
and B) are irfvolved-as transfer standards. The reference chromatograph, in turn, is calibrated globally ar|d validated
locally, using essentially the same method as described in 11.1.

The local validation gas used here (A4) is traceable to primary-standard gas mixtures maintained at a national
metrology laboratory while the range calibration gases (C) are binary mixtures prepared gravimetrically by the
central laboratory itself.

This method uses three types of reference gas mixture:

A7 synthetic six-component mixture (components: Nz, COz, CHg, CyHg, CszHg, n-C4Hqg); composition
representative for B; certified against primary-standard gas mixtures;

A, same composition as Aq; validated against an Ay mixture;

B pipeline natural-gas samples; approximately constant composition;

C synthetic binary mixtures (No/CH,4, CO2/CH,4, CoHg/CHg, C3Hg/CHy, n-C4H10/CHg); six compositions each.
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The A-mixtures are prepared, by a commercial producer, in accordance with a gravimetric batch-preparation
procedure, yielding a set of N cylinders with identical compositions. Two cylinders chosen at random from this set
are certified at a national metrology laboratory, by analytical comparison with appropriate primary-standard gas
mixtures. These two cylinders are intercompared at regular time intervals in order to test the long-term stability of
the mixture composition. For the other N — 2 cylinders, the composition is validated, and its uncertainty determined,
by analytical comparison with the certified ones. These cylinders are used for the calibration of the field

ch IIUIIIdlUgId[JIIb There are two L‘yllllucla l\UpL at each lllclellllg station. One LyullUb‘l iS Kept sealed for the purpose
of settling possible cases of doubt on the calibration gas in use.

The C-mixtures are prepared at the central laboratory itself, by the gravimetric method. They are used for the
calibration of the reference chromatograph at that laboratory. This calibration is performed, separately for each
component, over the whole concentration range spanned by the calibrant concentrations, using linear or polynomial

leglebblul .

validation
analysed

is then als
for the fig

ATLer mnis muitpoint Calipration, tne ceruried Aj-mixiure 1S usedq, as a local vallgation
and correction of the response function. After this correction, other cylinders of the)sa
n order to validate their composition and assess their uncertainty. The composition of-thes
0 traceable to primary-standard gas mixtures, via the certified ones. They are used.as cal

Id chromatographs operated at the metering stations. Due to the narrow measuring range

gas, for iocai
me batch are
e Ap-mixtures
bration gases
required for

these analytical systems, one-point calibration is sufficient.

Finally, the B-mixtures are samples of pipeline natural gas, filled into cylinders andJanalysed jointly Wwith the non-
certified A,-mixtures. These cylinders are used as additional calibration ,gases (check gases) |for the field
chromatographs operated at the metering stations.

Using thg approach sketched in figure 3, an unbroken traceability.chain can be built up relaling the field
measurement of pipeline natural-gas composition, and, from that, its gross calorific value, to primarytstandard gas
mixtures. [mplementation of this scheme therefore appears to be promising. To serve the purpose ;tf traceability,
this implementation should be backed up by a detailed assessment of uncertainty propagation along tfe links of the

traceabilit
are additi
However,

y chain. As indicated in figure 3, this is a traceability:fetwork rather than a traceability chain.
bnal links which contribute significantly to the accUracy as well as to the reliability of n
at the present state of uncertainty assessment, the contribution of such additional links

That is, there
heasurement.
is difficult to

evaluate gdequately.

Primary-standard gas
mixtures (PSMs)

IS0 6142 IS0 6142
C—rmxfures rmxture
ydwom{

B-mixtures A -mixture

Field chromatograph

Figure 3 — Traceability network for a field measurement design

12 Summary

As explained in detail in the previous clauses, traceability is no primary target of quality assurance in measurement.
The requirement of traceability of measurement rather serves another purpose: to introduce the obligation to
provide evidence for the accuracy attributed to measurement results, primarily for trueness besides precision. This
observation is fully supported by the pertinent quality assurance standards such as the 1ISO 9000 series. The main
requirement on measuring equipment, which in fact defines the scope of traceability in measurement, is that
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measurement uncertainty shall be known and be consistent with the required measurement capability
(cf ISO 9001:1994, subclause 4.11).

For the purpose of emphasizing the scope of traceability, the definition given in clause 3 could be rephrased as
follows:

traceability: The ability to provide evidence of the overall accuracy attributed to measurement results, through
documented calibrations, using measurement standards of known accuracy, and comparison measurements of
known performance.

NOTES
1 The purpose of traceability is known accuracy, but not necessarily high accuracy.

2 Traceability[ Tefers o the overalaccuracy Of TTedsurerent—HTIajor unceTtaity compoents—canmot—bg  assessed
adequately, trdceability cannot be claimed for the complete measurement.
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ge through substituting the original term “test result” by “measurement result”. In jthe “1993
| vocabulary of basic and general terms in metrology (VIM) (see clause 2), “reproducibility condition
neral sense than used currently.

B534-1 for the
edition of the
s” are defined

A.1.1 bias: The difference between the expectation of the measurement resdlts and an accepted reference

value. [A

A.1.2 re

Additional r

A.1.3 repeatability conditions: Conditions where independent'measurement results are obtained v

method o
within sho

A.1.4 reproducibility: Precision under reproducipility conditions. [ISO 3534-1]

Additional 1

A.1.5 reproducibility conditions: Conditions where measurement results are obtained with the {

on identi
equipmen

A.2 Tel

A.2.1 measuring:system: A complete set of measuring instruments and other equipment assen

apted from ISO 3534-1]

eatability: Precision under repeatability conditions. [ISO 3534-4

emark: Repeatability is expressed quantitatively, based on the standard deviation of the results.

h identical measuring objects in the same laboratory by the same operator using the sam
rt intervals of time. [Adapted from ISO 3534-1]

emark: Reproducibility is expressed quantitatively based on the standard deviation of the results.

cal measurement objects” in different laboratories with different operators usi
. [Adapted from ISO 3534-1]

ms related’to measurement and calibration

ith the same
e equipment

ame method
ng different

bled to carry

out speciffed measurements.
NOTE - ThU S‘Y’StUIII IIIGY ;Ilbludc IllﬂtUliG: LLLAYZ2 AV I vre) CIIIL'.‘J| UhUl"l"li\aﬁ: rUUUUIItO- {‘Vllth‘l}
EXAMPLES

a) apparatus for measuring the conductivity of semiconductor materials;

b) apparatus for the calibration of clinical thermometers.

A.2.2 material measure: A device intended to reproduce or supply, in a permanent manner during its use, one or
more known values of a given quantity.

NOTE —

The quantity concerned may be called the supplied quantity.
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a) aweight;

b) a measure of volume (of one or several values, with or without a scale);

c) a standard electrical resistor;

d) agauge block;

e) a standard signal generator;

f)  areference material. [VIM]

A.2.3 calibrs —A-se attons-that-estab ce-conditions—the—relationship-between values
of quantities| indicated by a measuring instrument or measuring system, or values represented by [a material
measure or d reference material, and the corresponding values realized by standards.

NOTES

1 The result pf a calibration permits either the assignment of values of measurands to the indicatigns. or the detefmination of
the correctionp with respect to indications.

2 A calibratidn may also determine other metrological properties such as the effect of influence)quantities.

3 The result|of a calibration may be recorded in a document, sometimes called a calibration certificate or 3§ calibration
report. [VIM]

Additional remark: A laboratory which performs calibrations can be accredited for this activity. In order to |assess the
traceability off the calibrations, published protocols covering the relevant unceftainty analysis and other quality assurance
elements are fequired.

A.2.4 certified reference material: A reference material, accompanied by a certificate, one or morg of whose
property vallies are certified by a procedure which establishes traceability to an accurate realization of|the unit in
which the property values are expressed, and for which each certified value is accompanied by an uncertainty at a
stated level ¢f confidence. [ISO Guide 30]

A.3 Terms related to measurement standards

A.3.1 primjary standard: A standard-that is designated or widely acknowledged as having the highest
metrologicallqualities and whose value-is accepted without reference to other standards of the same qugntity.
NOTE — THe concept of a primary.standard is equally valid for base quantities and derived quantities. [VIM]

Additional remhark: A primary/standard is never used directly for measurements other than for comparison with [duplicate or
reference stahdards. In general, the national metrology laboratory is responsible for the conservation of a primary gtandard in a
country.

A.3.2 secqndary standard: A standard whose value is assigned by comparison with a primary stanflard of the

same quantity. [VIM]

A.3.3 international (measurement) standard: A standard recognized by an international agreement to serve
internationally as the basis for assigning values to other standards of the quantity concerned. [VIM]

A.3.4 national (measurement) standard: A standard recognized by a national decision to serve, in a country, as
the basis for assigning values to other standards of the quantity concerned. [VIM]

Additional remark: A national metrology laboratory assures that the national standards are primary standards.
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