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National foreword

This British Standard reproduces verbatim ISO 11726:2004 and implements it
as the UK national standard.

The UK participation in its preparation was entrusted to Technical Committee
PTI/16, Solid mineral fuels, which has the responsibility to:

— aid enquirers to understand the text;

—  present to the responsible international/European committee any
enquiries on the interpretation, or proposals for change, and keep UK
interests informed;

—  monitor related international and European developments and
promulgate them in the UK.

A list of organizations represented on this committee can be obtained on
request to its secretary.

Cross-references

The British Standards which implement international publications referred to
in this document may be found in the BSI Catalogue under the section entitled
“International Standards Correspondence Index”, or by using the “Search”
facility of the BSI Electronic Catalogue or of British Standards Online.

This publication does not purport to include all the necessary provisions of a
contract. Users are responsible for its correct application.

Compliance with a British Standard does not of itself confer immunity
from legal obligations.

Summary of pages

This document comprises a front cover, an inside front cover, the ISO title page,
pages 1ii to 1v, pages 1 to 24, an inside back cover and a back cover.

The BSI copyright notice displayed in this document indicates when the
document was last issued.

Amendments issued since publication

Amd. No. Date Comments

Documents

Document Sharing Hub

Full document details: BS ISO 11726:2004


http://www.avadocuments.com/doc/bs-iso-11726-2004
http://www.avadocuments.com/doc/bs-iso-11726-2004

BS ISO 11726:2004

INTERNATIONAL ISO
STANDARD 1172

First edition
2004-08-15

Solid mineral fuels — Guidelines for the
validation of alternative methods of
analysis

Combustibles minéraux solides — Lignes directrices pour la validation
de variantes analytiques

e — Reference number
—TSe— ISO 11726:2004(E)

EISO: Documents

= [(— Document Sharing Hub

Full document details: BS ISO 11726:2004


http://dx.doi.org/10.3403/30131282U
http://dx.doi.org/10.3403/30131282U
http://www.avadocuments.com/doc/bs-iso-11726-2004
http://www.avadocuments.com/doc/bs-iso-11726-2004

BS ISO 11726:2004

Documents

. Document Sharing Hub

Full document details: BS ISO 11726:2004


http://www.avadocuments.com/doc/bs-iso-11726-2004
http://www.avadocuments.com/doc/bs-iso-11726-2004

BS ISO 11726:2004

Contents Page
0T =NV o P iv
1 T o - P 1
2 oL Y= = =T =Y VoY 1
3 Terms and defiNitioNS .......coo e e 1
4 7= o 1= | 2
5 Preliminary work on the alternative method ... e 3
5.1 7= o 1= | 3
5.2 Selectivity and SPECIFICILY .....ccccvriiiiiiiiiirire e nnr e mn e e e e sanann 3
5.3 Range and lIN@AKity ..........occciiiiiiiii i 3
5.4 SENSILIVILY .oeiieiei i 3
5.5 LI 411 e [=1 =Y o3 1 ' o P 4
5.6 Limit of qUantitation...... ..o e 4
5.7 L0 T o 1= [T N 4
5.8 Yo o T 4
5.9 e =T =] oY 4
6 Defining the alternative method to be validated...........ccccorrrimin e 4
7 e T o= o LT 5
71 Measurement of precision and trueNESS ... s nnn e 5
7.2 Comparison with reference materials............ccccoeiiiiiiii e 6
7.3 Comparison with International Standard method within a laboratory — Single fuel .................. 10
7.4 Comparison using the International Standard method within a laboratory — Range of
10 1= 12
7.5 Comparison using the International Standard Method, between laboratories..........c.cccccceeeeenn. 13
8 RV 11T E= 1 Lo T =Y o Yo o PP 13
Annex A (informative) Explanation of rationale of method A ... 14
Annex B (informative) Example calculations...........oiiiiiii i 16
=1 0] [T'e Yo T ] 47/ 24
Documents

Document Sharing Hub
lii

Full document details: BS ISO 11726:2004


http://www.avadocuments.com/doc/bs-iso-11726-2004
http://www.avadocuments.com/doc/bs-iso-11726-2004

BS ISO 11726:2004

Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely with the
International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main task of technical committees is to prepare International Standards. Draft International Standards
adopted by the technical committees are circulated to the member bodies for voting. Publication as an
International Standard requires approval by at least 75 % of the member bodies casting a vote.

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent
rights. ISO shall not be held responsible for identifying any or all such patent rights.

SO 11724 was prepared by Technical Committee ISO/TC 27, Solid mineral fuels, Subcommittee SC 5,
Methods of analysis.
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Solid mineral fuels — Guidelines for the validation of alternative
methods of analysis

1 Scope

This International Standard describes procedures for validating alternative methods of analysis for coal and
coke either directly by comparison with the relevant International Standard method or indirectly by comparison
with reference materials that have been exhaustively analysed using the relevant International Standard
method.

The statistical analysis methods used are parametric, i.e. their use is possible only when the characteristic is
expressed as a simple number on an approximately linear scale. The results from some methods, for example
the Gray-King coke type, are not so expressed and the methods given here should be used only if the data
are converted to a parametric scale.

2 Normative references

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

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

3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

31
accuracy
closeness of agreement between a test result and the acceptable reference value

NOTE The term accuracy, when applied to a set of results, describes a combination of random components and a
common systematic error or bias component.

3.2
bias
difference between the expectation of the test results and an accepted reference value

NOTE Bias is a systematic error as contrasted to random error. There may be one or more systematic error
components contributing to the bias. A larger systematic difference from the accepted reference value is reflected by a
larger bias value.
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3.3
precision
closeness of agreement between independent test results obtained under prescribed conditions

NOTE 1  Precision depends only on distribution of random errors and does not relate to the accepted reference value.

NOTE 2 The measure of precision is usually expressed in terms of imprecision and computed as a standard deviation
of the test results. Higher imprecision is reflected by a larger standard deviation.

NOTE 3 “Independent test results” means results obtained in a manner not influenced by any previous result on the
same or similar material.

3.4

trueness

closeness of agreement between the average value obtained from a large series of test results and an
accepted reference value

NOTE The measure of trueness is usually expressed in terms of bias.

4 General

An International Standard method is a measurement method that has been subjected to a standardization
process to satisfy various requirements. Among these requirements, taken from [SO 5725-¢, Clause 8, are the
following.

— The method must be applicable to a wide range of levels of characteristics to cover most materials that
are internationally traded.

EXAMPLE A method for the determination of sulfur content in coal must be applicable to as many internationally
traded coals as possible.

— Equipment, reagents and personnel must be available on an international basis.
— The costs of performing the tests must be acceptable.
— The precision and trueness of the measurement method should be acceptable for the users of the results.

Many analytical methods for coal and coke are based on traditional combustion or wet-chemical analysis and
the results are highly dependent on the test conditions. They are frequently time-consuming, labour- and skill-
intensive and unsuited to automation. However, they meet the requirements of International Standard
measurement methods, both in being internationally available and in providing acceptable levels of trueness
and precision in international coal trade.

Other, non-standard methods of analysis are in use when

a) most of the material tested comes from the same source and the variation of its characteristics is
relatively small. In such cases a simpler, less expensive method may be adequate;

b) an instrumental or automated version of the standard method provides much cheaper analysis of large
numbers of samples. Such equipment may be much more expensive than the standard equipment or of a
highly proprietary nature;

c) an instrumental method based on an analytical principle different from that of the standard method is
available. Such methods have similar characteristics to 4 b) above.

In some cases, if it is possible to write a generic description of the method and the equipment is widely
available, methods of types 4 b) and 4c) above can be developed as International Standards. If an
International Standard method already exists, then where both methods continue, however, the new method
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should be tested against the International Standard method to ensure that it gives results comparable to the
old method for trueness and accuracy. This is part of the process of issuing the alternative method as an
International Standard.

Even if the equipment is widely available, it might not be possible to convert the method into an International
Standard because of the proprietary nature of the equipment, speed of development and rapid obsolescence
of such equipment.

The commercial pressure for cheaper, more rapid analysis has, however, meant that many analyses are
carried out on equipment of this type. Some users develop their own in-house methods or use such methods
for contractual purposes if agreed between both parties, provided that they can be assured that the alternative
method produces results that are comparable for accuracy and trueness with the International Standard
method.

The purpose of this International Standard is to give guidelines for such a validation, as applied to methods for
testing of coal and coke. It is not intended to infer that the use of such alternative methods complies with the
relevant International Standards nor is it for use in writing alternative International Standards. If the intention is
to develop a new method into an International Standard, the procedures given in should be used.

To summarize, alternative methods requiring validation range from simplified versions of the International
Standard method to proprietary automated instrumental methods using principles entirely different from those
of the International Standard method.

5 Preliminary work on the alternative method

5.1 General

Before any detailed comparison with the International Standard method is undertaken, it is necessary to
investigate the performance characteristics of the alternative method. When buying specific commercial
equipment, information on these aspects should be sought from the manufacturer. Many of the characteristics
given below are applicable only to methods where the sample is in liquid form for the determination. For direct
determination on solids (e.g. ash), little preliminary work is possible. Some of the main performance
characteristics are given below, drawn from Reference [2].

5.2 Selectivity and specificity

Selectivity of a method refers to the extent to which it can determine particular analyte(s) in a complex mixture
without interference from the other components in the mixture. A method that is perfectly selective for an
analyte or group of analytes is said to be specific. The applicability of the method should be studied using
various samples, ranging from pure standards to mixtures with complex matrices. Standard addition of pure
analyte to coal/coke solutions should be used. In each case, the recovery of the analyte(s) of interest should
be determined and the influences of suspected interferences stated. Any restrictions in the applicability of the
technique should be documented in the method.

5.3 Range and linearity

The working range for a method is determined by examining samples with different analyte concentrations
and determining the concentration range for which acceptable accuracy and precision can be achieved. Whilst
the working range of the analyte in solution may be determined using pure analyte or synthetic matrices
containing analyte, the true range and linearity cannot be determined until a detailed comparison with the
International Standard method is made on fuel samples.

5.4 Sensitivity

This is the difference in analyte concentration corresponding to the smallest difference in the response of the
method that can be detected. It is represented by the slope of a calibration curve and can be determined by a
least-squares procedure, or experimentally, using fuel samples containing various concentrations of the
analyte.
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5.5 Limit of detection

The limit of detection of an analyte is determined by repeat analysis of a blank test portion and is the analyte
concentration whose response is the equivalent to the mean blank response plus three standard deviations.
Its value is likely to be different for different types of sample.

5.6 Limit of quantitation

This is the lowest concentration of analyte that can be determined with an acceptable level of accuracy and
precision, i.e. it is usually the lowest point on the calibration curve (excluding the blank). It should be
established using an appropriate standard or sample; it should not be determined by extrapolation.

NOTE Within this International Standard, “accuracy” is known as “trueness”.

5.7 Ruggedness

This is sometimes called robustness. Each time a method is used, small variations are inevitably introduced in
the procedure, which may or may not have a significant influence on the performance of the method. The
ruggedness of a method is tested by deliberately introducing small changes to the method, for example mass
of sample and temperature of combustion, and examining the consequences. A large number of factors may
need to be considered, but because most of these will have a negligible effect, it is normally possible to vary
several at once.

5.8 Accuracy

The accuracy of a method is the closeness of the obtained analyte value to the true value. The overall
accuracy can only be established by analysing suitable reference materials or comparison with the
International Standard method (see Clause 7). For intermediate stages (i.e. solution finishes), an estimation of
accuracy can be obtained by spiking test portions with chemical standards. The value of spiking is limited; it
can only be used to determine the accuracy of those stages of the method following the spiking.

5.9 Precision

The precision of a method is a statement of the closeness of agreement between mutually independent test
results and is usually stated in terms of standard deviation. It is generally dependent on analyte concentration,
and this dependence should be determined and documented. It may be stated in different ways depending on
the conditions for which it is calculated. Repeatability is a type of precision relating to measurements made
under repeatability conditions, i.e. same method, same material, same operator, same laboratory, different
time but within a narrow time period. Preliminary estimations of precision of the alternative method may be
made, for example, by comparing the results of duplicate samples for the ruggedness tests.

6 Defining the alternative method to be validated

Once the preliminary work on the alternative method (see Clause 5) has shown that it is likely to be suitable
for the intended purpose, the test conditions for the method should be chosen and clearly and unambiguously
defined in a manner similar to the way in which International Standard methods are defined. Critical test
parameters vary with the type of test and cannot be exhaustively listed in this document. Examples of some
parameters commonly found in coal and coke analysis are as follows:

a) mass of sample and solid reagents, plus critical range;
b) condition of sample, moisture content, particle size, particle size range;
c) accuracy of measuring equipment for temperature, mass, volume;

d) purity of reagents, accuracy of solution concentration;
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