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Foreword

[SO (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.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of ISO documents should be noted. This document was drafted in accordance with the editorial rules of the
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hent was prepared by Technical Committee ISQ/FC 334, Reference materials.

dition cancels and replaces ISO Guide 33:2015, which has been technically revised.

The main dhanges are as follows:

— title mpdified;

— 1.5 rermoved;

— 5.3 andl 5.4 removed;

— Figure|1 revised and explanation inserted;

— 6.1.4: former Annex A Table A.1 inserted as Table 1;
— 9.1.3 removed;

— 9.2.1 rpvised,;

— 9.3.1 apd9.3.2 revised and merged into 9.3.1

— 10.2.1 moved to 10.1.1 and former 10.1.1. added as 10.1.2;
— 12.2 and 12.3 moved into the new Annex C;

former Annex B now Annex A;

former Annex C now Annex B;

Bibliography revised.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

This document provides general recommendations on the use of reference materials (RMs). These
recommendations are exemplified by real-world examples, which to some degree also reflect the level of
complexity associated with RMs. This level of detail is deemed to be useful for users of RMs and anyone
who has a responsibility in the quality management in laboratories, e.g. drafters, reviewers, managers and
assessors of procedures, working instructions and standard operating procedures.

For certified reference materials (CRMs), the metrological traceability of the property values to international
scales or other measurement standards has been established. For RMs that are not CRMs, this kind of
traceability of property values has often not been established. Nevertheless, these RMs can still be used for
assessing parts of measurement procedures, including evaluating various levels of precision.

Mainstrealln applications of RMs are listed in 6.1.1. Not all types of RMs can be used for all indicatetli purposes.

© IS0 2024 - All rights reserved
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Reference materials — Requirements and
recommendations for use

1 Scope

This document describes good practice in using reference materials (RMs), and certified reference materials

(CRMs) in
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assessment of precision and trueness of measurement methods;

lity control;

igning values to materials;

bration;

hblishing conventional scales.

nent also relates key characteristics of various types of RMs'to the different applicatio

ation of RMs for calibration is also part of the scope afSO 17034 and ISO 33405. Thd
hment is limited to the fundamentals of small-scale preparation of RMs and the value 3
laboratories to calibrate their equipment. Largersséale production of such RMs, with t
ribution, is beyond the scope of this document, This type of activity is covered in ISO

ative references

ng documents are referred to inthe text in such a way that some or all of their content
hts of this document. For dated references, only the edition cited applies. For undated
dition of the referenced decument (including any amendments) applies.

0, Reference materials.—Selected terms and definitions

ide 99, Internatiopalvocabulary of metrology — Basic and general concepts and associated {

s and definitions
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he possible
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poses.of this document, the terms and definitions given in ISO Guide 30 and ISO/IEC Guide 99 apply.

ISO and IE

[ mmaintain terminology databases for use in standardization at the following addresse

S:

[SO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at https://www.electropedia.org/

© IS0 2024 - All rights reserved
1


https://www.iso.org/obp/ui
https://www.electropedia.org/
https://standardsiso.com/api/?name=d2908c5a51fb04047b269623e2a091d6

ISO 33403:2024(en)

4 Symbols
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isk of error of the first type (type I error)
isk of error of the second type (type Il error)

hi-squared

d measurement bias
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tandard deviation computed from repeat observations
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htralaboratory standard deviation

equired intralaboratory standard deviation

tandard uncertainty of the parameter in parenthesis

xpanded uncertainty of the parameter in parenthesis

tandard uncertainty associated with property value of the CRM

tandard uncertainty associated with value obtained by measuring the CRM
ncertainty associated with the value obtained from preparation of a calibrant
alue of a specified property of the CRM

alue obtained by measuring the CRM

alue obtained from preparation of a calibrant

verage of repeat observations

pntions

iment, the following cofiventions are used:

hd is specified in sdelia way that there exists a unique, but unknowable, 'true value'.
Cal methods usedin this document are based on the following assumptions:

rtified valueis the best estimate of the true value of the property of the CRM.

riation,~be it associated with the material (i.e. homogeneity) or the measuremen

docum

lom~and follows a normal probability distribution. The values of probabilities sta
ent’assume normality. The probability may be different if there is deviation from norut

t process,
ed in this
ality.

Property values that are not certified values are considered to be unfit for use in metrological applications
requiring a value assigned to the measurand, such as calibration, or the assignment of values to other

materials.

Throughout this document, the law of propagation of uncertainty is used. Other methods of propagating
uncertainties can be applied as well, and in some cases such alternative methods are required by the
circumstances of the application. Further guidance on these matters is given in ISO/IEC Guide 98-3:2008

and its sup

plements.
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6 RMs and their role in measurement

6.1 Comm

6.1.1 RM

calibra

establis

on applications of RMs

s, and CRMs in particular, are widely used for the following purposes:

method validation (Clause 8 and Clause 9);

quality control of a measurement or measurement procedure (Clause 8 and Clause 9);

hing metrological traceability (Clause 9, Clause 10 and Clause 11);
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assign
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lining conventional scales (Clause 12).

RMs that were used for the calibration of the instrument will also\be an uncertainty c

rement techniques that analyse solid samples, such as X:ray fluorescence for ge

ng values to other materials (Clause 11);

esents a schematic of how CRMs can be used in a measurement process..CRMs for cali
to calibrate an analytical instrument. The data from the instrument calibration is uj
calibration curve that is used for the calculation of the measuremierit results. The

rtainty of the measurement results. Matrix CRMs are often alsorused for instrument

cal samples or laser ablation inductively coupled plasmawmass spectrometry, as we
ce analysis techniques.

thod validation, matrix CRMs are usually used te evaluate the measurement truer
method. This approach is especially applicable.when the matrix of the CRM is a clog
samples being analysed by the laboratory. It is.also important to note that the same n
Ised to both calibrate the response of the measurement instrument and evaluate the mg
iring method validation.

bration are
ually used
ncertainty
ntribution
calibration
blogical or
1l as many

ness of the
e match to
hatrix CRM
asurement
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Figure 1 — Schematic outline of a measurement and two possible uses of CRMs therein

6.1.2 Standards for the general requirements for the competence of laboratories, for example
ISO/IEC 17025 and ISO 15189, require measurement results to be metrologically traceable and measurement
equipment calibrated. Metrological traceability is a prerequisite for achieving comparable and compatible
measurement results.

EXAMPLE A wine with a volume fraction of 12 % alcohol can be usefully compared with another wine with a
volume fraction of 13,5 % alcohol.

© IS0 2024 - All rights reserved
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6.1.3 It is usually taken for granted that measurement results, expressed in appropriate units, are
comparable. In order to meet this implicit expectation of measurement data, laboratories should ensure
that all equipment is properly calibrated using measurement standards, which in turn have been made
metrologically traceable to the realization of the relevant unit. In many cases, this unit is part of the
International System of Units (SI).

6.1.4 A summary list of key characteristics of RMs, cross-referenced to the common applications of RMs,
is given in Table 1.

Table 1 — Key characteristics of reference materials (RMs) and their relevance
in common applications

Assessment of | . Calibration/conventional ASpIgnIng
. . Bias assessment valués to other
precision scales 1, .
materials

Specificatiqn of the property . . . .
of interest Required Required Required Rgquired
Property value Required Required Rgquired
Stated uncgrtainty Required Required Rgquired
Specified Igvel of homoge- Required a 3 a
neity
Specified lgvel of stability Required a a a
Statement ¢f metrological . . .
traceability Required Required Rgquired
Instructions for use Required Required Required Rgquired
Expiry datg of the certificate Required Required Rgquired
a  Uncertajnty contribution included in the stated uncertainty associated with the property value.

6.2 Property values
6.2.1 General

6.2.1.1 C(RMs are characterized for-One or more properties. These property values are accompgnied by:
a) aclear|specification of the property concerned;
b) an undertainty statement;

c) astatement of metrolegical traceability;

d) aperiqd of validity of the certificate.

The user shouldverify that all this information is available in an unambiguous form.

6.2.1.2 Indicative values should not be used for any of the uses of CRMs described in this document.

NOTE The terminology used in practice for indicative values is not always consistent with this document.
6.2.2 Specification of the property

6.2.2.1 The unambiguous specification of the property concerned assists greatly in deciding whether the
CRM is appropriate for the user's intended application. The user of a CRM is responsible for assessing the
suitability of the material for their own application.

EXAMPLE For trace elements in soil, it is important to specify whether it is the total content, content obtained by
incomplete destruction (e.g. aqua regia), leachable content or a particular species containing the trace element.

© IS0 2024 - All rights reserved
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6.2.2.2 The property values should be given in appropriate units, preferably SI units. The property values
should be given in an appropriate number of digits, to prevent unnecessary loss of accuracy on the one hand
and to avoid giving a false impression of accuracy on the other.

NOTE ISO/IEC Guide 98-3:2008, Clause 7 gives guidance on the rounding of measurement results and associated
uncertainties.

6.3 Uncertainty statement

6.3.1 The uncertainty statement should be readily understood, which among other considerations
requires that all information necessary to convert the uncertainty stated into a standard uncertainty is
available. If an expanded uncertainty is given, then usually the appropriate coverage factor is sufficient for

this conve

EXAMPLE
carbon mon|

Xco =
The expand

Uu=—4
k

6.3.2 If4d
should be

can be asy
appropriat

EXAMPLE
The followi
interval. It i

From the ¢
experimen

SI10I1.

A calibration certificate for a gas mixture states the following for the amount of subiStanc
oxide:

41122+ 28) umol/mol (k =2)

ed uncertainty is 28 pmol/mol. The standard uncertainty is obtained using;:

28_

14 umol mol

coverage interval is given, then the (assumed) probability density function of the proj
specified, including the coverage probability (e.g. 95.%) of the stated interval. Such

e coverage factor. In those cases, the guidance of ISO/IEC Guide 98-3:2008, 6.3 should b

The carbon content in a gas coal is specified-as 760,1 mg/g and the uncertainty is stated
g footnote is added to the uncertainty statement: “The uncertainty is expressed as the 95 9
5 applicable when the reference material is'used for calibration purposes.”

ertification report, it is clear thatthe certified values have been obtained from an inte
,and therefore it is reasonable te assume the normal distribution. The half-width of a 95 %

interval equals 1,96 times the standard“deviation. There is, however, no practical difference w|

(coverage)
The standg

6.3.3 Th
expressed
used, it shg
in an unanj

q

NOTE

Factor of 2, which would correspond to the normal distribution with a 95,45 % confidence

o . . U 21 )
rd uncertainty is obtained using: u= e =1,05mgg 1
e uncertainties\stated should be given in the same unit as the property values or, alf
as a fraction-of the property value (i.e. as a relative expanded uncertainty). If such fr
uld be established whether the conversion into absolute standard uncertainties can be

bigueus way.

ueh fractions include percentages, per mil and parts-per-million (ppm), although none d

b fraction of

berty value
hn interval

mmetric. Sometimes, it can be necessary to make’additional assumptions concerning, e.g., the

e followed.

hs 2,1 mg/g.
confidence

laboratory
confidence
ith using a
level.

ernatively,
hctions are
performed

f these are

recommen

ed for this purpose because of their ambiguity.

6.3.4 CRMs are accompanied by a certificate stating, among other things, the properties certified, their
values and their associated uncertainties (see 6.2.1.1). It is beyond the scope of this document to describe
how the uncertainty associated with property values is established, but it is important to understand the
potential main contributors.

NOTE Details concerning the establishment of an uncertainty budget for property values are given in ISO 33405.
The main contributors to the uncertainty associated with the property values of a CRM include:[16]

— uncertainty from characterization;

© IS0 2024 - All rights reserved
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uncertainty due to long-term stability;

applicable;

geneity”).

uncertainty due to stability under conditions of transport (often referred to as “short-term stability”),

uncertainty due to heterogeneity between units and where applicable within units (often referred to as

In some cases, detailed knowledge of different parts of the uncertainty budget can be helpful, in

particular if such a contribution is the largest. This information can be available from the CRM producer.

6.3.6 Not all uncertainty statements accompanying the property values on certificates of CRMs produced

before the }
certificate
and over ti
measurem

NOTE |

6.3.7 RM
(between-|
The user s
suitability
stability in|

6.4 Trac

6.4.1 Me
characterij
characteriy

6.4.2 Th
metrologid
scale to wh

NOTE I

6.4.3 To
should be {

a) the spq
b)
q

the un

the m¢

used i the characterization;

d)

NOTE

ated on the

rrererere—Crrec oo oot eI I T oIt TreTrTy oo I toro T Irey T I orrrc e ot

should comprise all factors that can impact the scatter of the property value(s) acros
me. Ultimately, the uncertainty stated should be applicable to the single package to be
ent process.[16]

]f)fa 100(\(‘ includa affacts of hatch |hhnmngahnlf}7 and inctahility Tha yuncartainty cf

If the uncertainty stated is too small, the expanded uncertainty has a lower level of<coverage th

s that do not come with property values should come with some information reg

hould verify whether this information is provided in a form and that it can be used tog
of the RM. Such assessment may include the use of the information concerning homog
subsequent uncertainty calculations.

eability statement

trological traceability is a property of a measurement result. As the value obtained
ration of a CRM (the certified value) is a meastrement result, it can have this attributg
tic of property values of CRMs is that their'metrological traceability is established.

e user of a CRM should verify that(the property values come with a statement cond
al traceability of these values. This statement should inform the user about the mg
ich these values refer, so they can verify whether the CRM is suitable for the intended

[n most cases, the measurement scale is the SI unit.

allow interpretation of statements of metrological traceability, the following are nec
tated on a certificate or other documentation accompanying a CRM:

pcification pfithe measurand;
t to which/the property value is made traceable;

thod used for sample handling or transformation and measurement procedures(s) or te

s the batch
used in the

an stated.

arding the

pottle) homogeneity and long-term stability of the properties, foEwhich the RM can be used.

assess the
eneity and

during the
too. A key

erning the
asurement
Lse.

essary and

chnique(s)

or publications in the open literature.

the approach to characterization (e.g. single method, two methods, multiple laboratories; see ISO 17034).

Documentation accompanying a CRM can be made available by different means, including websites, email

6.4.4 The provider of the result of a measurement is responsible for supporting the claim of metrological
traceability for that result or value. In the case of CRMs, the producer bears this responsibility. It is the user's
responsibility to review the appropriateness of the metrological traceability for their own application.

© IS0 2024 - All rights reserved
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6.4.5 Forassessinga claim of metrological traceability, the user can require more information than provided
on the certificate. A claim of metrological traceability is typically supported by items mentioned in 6.4.3.

The user of an RM should scrutinize this information and assess the fitness for purpose of a particular RM
for the intended use. The user of the RM should check the availability of the information specified in this
clause to assist in the assessment. If essential parts of this information are unavailable, the RM could be

unsuitable

7 Hand

7.1
conditions

for an application.

ling of RMs and CRMs

under which the property values and associated uncertainties are valid. Improper

The instructions for use, as well as those for storage, shall be followed, as they form part of the

1se of RMs

and CRMs

7.2 The
cannot be §

7.3 Inpg

CRM is properly closed and it is stored in an appropriate manner.

7.4 The minimum subsample size should be respected. Smaller subsamples can be unrepresent

7.5 Sub
the proper
possibly n
and uncert

NOTE |
are typicallj

So-called “
sample for
single port

8 Asses
8.1 Gen

8.1.1 Chq
of the intrg
the specifi

NOTE ]

an be detrimental to the performance of measurement procedures and shall be avoid

ruaranteed beyond the period of validity (or expiry date).

rticular for CRMs that allow multiple use, users should make sure that the container |

sampling of such CRMs should be done in such a waythat the subsample taken for y
ties of the complete package. Otherwise, over time,ythe remaining material of thg

longer be representative for the batch that has been produced and certified, hence
ainties stated on the certificate will no longer be‘valid.

Re-homogenization of CRMs is usually necessarybefore sub-sampling can be carried out. Such
 given in the documentation accompanying the CRM.

single-shot” CRMs are designed for use as a single portion. Usually, the unit contain

ion, they should not be subdivided.
sment of precision

bral

ecking the precision of a measurement procedure as applied by a laboratory involves g
laboratory'standard deviation under repeatability conditions (or other specified cond
pd value-of that standard deviation.

leasures of precision are the standard deviation under repeatability or reproducibility condit

bd.

period of validity on the certificate should be respected. The fitness for purpose of the material

holding the

ative.

se reflects
CRM will
the values

nstructions

5 sufficient

only one or two measurements,-.Hewever, where single shot materials are designed for use as a

omparison
itions) and

ons.

8.1.2 Assessment of precision can be part of the activities a laboratory undertakes when developing or
validating a method. Such experiments should ideally be run on RMs covering the scope of the method in
terms of matrices (or variations within a matrix) and property value levels.[19] The assessment may also
involve multiple laboratories. More guidance on assessing precision in interlaboratory studies is given in
[SO 5725-1, SO 5725-2,1S0 5725-3,1SO 5725-4, 1SO 5725-5 and ISO 5725-6.

8.1.3 Results from periodic checks of a measurement procedure may be recorded on a quality control
chart. A range control chart may also be used for this purpose (see ISO 7870-5).

© IS0 2024 - All rights reserved
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8.2 Number of replicate measurements

8.2.1 For a reliable assessment of precision within a required confidence interval, the necessary number
of replicate measurements can be estimated by a x2 test. The number of replicate measurements, n, required
depends mainly on the values of @ and f and the alternative hypothesis chosen for the assessment of
precision. Annex B gives an explanation of the probabilities @ and  associated with the type I and type Il
risks in statistical hypothesis testing.

Table 2 shows the relationship between the degrees of freedom v (where, in this case, v=n - 1) and the ratio
of the intralaboratory standard deviation of the measurement process, s,,, and the specified value of the
intralaboratory standard deviation, o, for various values of § at a = 0,05.

wo’
EXAMPLE For 11 = 10, the probability that the variance ol the measurement results will pass the appropriate 2
test (see 8.4) at @ = 0,05 is no more than 1 % when the intralaboratory standard deviation, o, of the'measurement
process is efjual to or larger than 2,85 times the specified value of g,,,,.
Table 2 — Ratio of the standard deviation of the measurement process to the. specified value
for various values of f and degrees of freedom v at o = 0,05
a=0,05
’ B=001 B=0,05 B=01 5|05
] 159,5 31,3 15,6 2,73
3 17,3 7,64 5,33 2,p8
3 6,25 4,71 3,66 1,82
4 5,65 3,65 2,99 1,68
k 4,47 3,11 2,62 1,p9
¢ 3,80 2,77 2,39 1,63
1 3,37 2,55 2,23 1,49
8 3,07 2,38 2,11 145
q 2,85 2,26 2,01 1,42
10 2,67 2,15 1,94 1,40
1P 2,43 2,01 1,83 1,B6
15 2,19 1,85 1,71 1,82
20 1,95 1,70 1,59 1,7
24 1,83 1,62 1,52 1,R5
30 1,71 1,54 1,46 1,p2
40 1,59 1,45 1,38 1,19
60 1,45 1,35 1,30 1,15
120 1,30 1,24 1,21 1,11
8.3 Requirements with respect to the RM

8.3.1 For assessing measurement precision, an RM with sufficient homogeneity and stability is needed.
The stability of the RM with respect to all properties of interest should at least be sufficient for the period
of time that the precision checking measurements take. If necessary, specific precautions should be
taken to monitor the stability of the RM used. Such precautions can consist of demonstrating the stability
of the measurement process under study by other means, such as the use of a CRM, or by using another
measurement process, the stability of which has been demonstrated.

8.3.2 When using an RM for control charting, discrepant results can be caused by stability issues of the
RM, rather than problems with the measurement system. Users of RMs should be aware of this possibility
and include it in the root cause analysis.

© IS0 2024 - All rights reserved
9


https://standardsiso.com/api/?name=d2908c5a51fb04047b269623e2a091d6

ISO 33403:2024(en)

8.3.3 Although an RM used for assessing precision need not have metrologically traceable values for the
properties of interest, precision can depend on the value of the measurand. Therefore, information about
the nominal values of the properties of interest is usually required to assess the appropriateness of the RM
selected for this application.

8.3.4 More generic guidance on aspects to consider concerning the suitability of the RM can be found in

Clause 13.

8.4 Mea

surement

8.4.1 The user should perform independent replicate measurements. “Independent”, in a practical

sense, meg

measurem
material, t
calculation

EXAMPLE

followed by
measureme
only covers

Before sta
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of the result.

If the measurement of lead in a soil RM consists of sub-sampling, destruction of the te
measuring the aliquots, then the results are independent as far as subssaimpling, dest
ht are concerned. If, in contrast, one aliquot is measured repeatedly, then the standard deviati
repeatability effects of measuring an aliquot.

'ting experimental work, the user should check what part ofsthe process is descri

standard deviation o,,,. In many standards for testing, the repeatability stated refers to the whol

test metho|
be carried

8.4.2 Ind
the proces
step of the
measurem

EXAMPLE
and include

d. Consequently, the measurements for assessing the repeatability of such a test met
out accordingly, i.e. repeating the test method for each:and every (sub)sample complet

ependent replicate measurements can be achieyeld’in various ways depending on th
5. Parallel replication is not always recommended, however, because an error commi
procedure can affect all replicates. Furthermore, steps such as, for example, the calibr
bnt equipment, can also be included in the replication process.

In the case of iron ore analyses, replication of the analytical procedure is carried out at dif]
5 appropriate calibration. In this case, the standard deviation calculated from the replicates a

contributions from day-to-day variability and ¢alibration.

8.5 Dats

8.5.1 Th

| treatment

e data thus obtained should first be scrutinised for any irregularities. Data identified as

invalid should be discarded, r€gardless of whether they seem to fit in the (assumed) probability d

of the comj
processing
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data shoul

plete dataset. Technically invalid results are usually due to irregularities during either
or the measdreément or both.

econd<type of irregularity includes observations whose values seem to be far awa
"vations in the dataset. Often, but not always, a technical explanation can be found and|
1 be discarded. If no technical explanation can be found, the data can be scrutinized f]
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or, in rare

cases (e.g. calculation errors), replaced by corrected data. Whenever possible, outliers should be removed
only on the basis of the outcome of more than one outlier test. As a rule, stragglers should be kept in the
dataset.

The data treatment described can equally be applied to the other kinds of applications or purposes of an RM

or a CRM (see also 6.1.1).
NOTE1 An excessive number of suspected outliers indicates problems in the measurement process.

NOTE 2 Removing outliers, stragglers in particular, reduces the scatter in the dataset and can consequently lead to
a value of the standard deviation of the measurement process under study that is too small.
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NOTE 3  The use of most outlier tests requires an assumption concerning the (expected) shape of the probability
density function of the data. If such an assumption is inconsistent with the nature of the data, such an outlier test
cannot be applied.

8.6 Calculation and assessment of precision

8.6.1 The precision of the measurement process is assessed by comparing the intralaboratory standard
deviation under repeatability conditions with the specified value of the intralaboratory standard deviation, o,

Compute the average, x (Formula (1), and standard deviation, s, (Formula (2)):

r=1vy (1)
n o
i1
1 n
_ _7\2
Sw =\ =7 2 (i = %) 2
i=1
where
x; isfthe individual result;

n  is|the number of results, excluding outliers.

8.6.2 Compute the following ratio (Formula (3)):

) 2
Xc =—- (3

2
Olwo

where o0,,, [is the specified value of the intralaboratory standard deviation.

Formula (4) denotes the 0,95th quantile of the y4distribution with (n - 1) degrees of freedom, divided by the

degrees offfreedom (n - 1).
2

X(n-1),0,95

[ n-1 *

2
Xtable 7
Interpretation of y?:
22 <ybye Thereisnoevidence that the measurement process is not as precise as required.

2 P There is evidence that the measurement process is not as precise as required.
Xc > Xfable

NOTE Valués'for y% can be taken from tables or computed by software. They can be found in many placgs, including
Reference [22]

9 Bias assessment
9.1 General

9.1.1 Checking bias is a key application in laboratories. It can be performed as part of ensuring the quality
of measurement results, method validation or both. For bias checking, it is essential that the reference against
which the bias is checked is reliable, metrologically traceable and includes a statement of uncertainty.
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9.1.2 The CRM to be used for bias assessment is suitable if the type of material and the properties of
interest are relevant for the intended use. The user should confirm the suitability of the CRM prior to the bias
assessment. In particular, the uncertainty of the CRM should be sufficiently small to detect a significant bias.

9.1.3

9.2 Approach to bias checking

In this clause, guidance is given on bias assessment. Determining precision is dealt with in Clause 8.

9.2.1 The use of a CRM for the purpose of bias checking contributes to the metrological underpinning of
the measurement result. It is an essential activity in the validation of the measurement procedure.

9.2.2 Th
should be {

|Xmeas

NOTE
Often 95 %

]

9.2.3 Ift
one anoth
traceable t
traceabilit)

9.2.4 Usq
laboratory;
by compar
procedure
reference f

NOTE1 |
the CRM. M
validity of t

NOTE2 |
the measurd

9.2.5 Th
more than

1 1. 1-£C 1 1 1 1 1 1 1 Al h |
C ODSCI VEU UITICITIILT DELWCECIT LIIC ITICASUITU VAIuc dllU LIIC PIOpPCEIly valuc Stdl€l UIl LI

maller than the standard uncertainty associated with the difference, i.e. Formula {5}
2 2
 XcrM | < K \Umeas +UCRM

'he choice of a coverage factor requires an (assumed) probability density function and a level
s used as the coverage level, but this choice can depend on the application!

he condition of Formula (5) holds, then the measured and property values are cons
er within their respective uncertainties. As the property<value of the CRM is met

i of the results obtained from the measurement procedure.

brs should calibrate their equipment independent of the CRM used for bias che
subsequently assesses the correctness of carrying out all steps in the measurement
ing the result with the stated property value:If the laboratory can use the same mgq
for its routine samples, it can demonstrate\the metrological traceability of its result ta
pr the property value of the CRM.

In practice, it can be necessary to medify some parts of the measurement procedure when aj

difications in the routine measuremeént procedure necessary for measuring the CRM can com|
he assessment. The more (or seyere) modifications are necessary, the less useful the assessme

[n cases where the measurement procedure defines the measurand, e.g. enzyme measurement

bment procedure will change the definition of the measurand.

one CRM is available, it is recommended that more than one CRM is used to check ]

over the range of valuesf the measurand relevant to the scope of the method.

9.3 Utili

zing:bias data

However, t

behaviour

ne sampl

ur of routi

he

certificate

(5)

of coverage.

stent with
rologically

b some stated reference, ideally the SI, the result obtained for the CRM confirms the metrological

cking. The
procedure
asurement
the stated

bplying it to
promise the
ht becomes.

, changes in

e evaluation of method bias as outlined in this clause is not limited to the use of a sinjgle CRM. If

he method

orrections.

es. In these

cases, it is recommended that the method is improved so that the significance of the bias is eliminated,
rather than attempting to correct for it. Some standard test methods give criteria for acceptable bias.

9.3.2 The expression for bias is given by Formula (6):

d =Xmeas ~—XCRM
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and its associated standard uncertainty is evaluated using Formula (7):

2 2
u(d) =4 Umeas TUCRM

9.3.3

reduce or eliminate it.

NOTE

9.3.4

U

(d)=kxu(d), where k denotes a suitably chosen coverage factor.

(7)

If the bias is significant, i.e. |d|>U(d), attempts are usually made to find the cause of the bias and to

If sufficient reduction or complete elimination of the bias is not possible, the measurement result

should be corrected for bias and the uncertainty associated with the bias should be included in the

uncertainty evaluation. Corrections may be additive or multiplicative, depending on whether,they depend
on the valye of the quantity to be corrected.

9.3.5 If the observed bias is not corrected for and significant, it should be included<n the yncertainty
budget. A jough approximation is to add the square of the bias (i.e. d%) to the uncertajnty budget{to account
for the uncprrected, significant bias.

9.3.6 If the bias is evaluated over a range of values for the measurand, an‘average bias can be [calculated,
with its associated uncertainty. A general approach is given in ISO/IEC Guide 98-3:2008, F.2.4.5.

10 Calibration

10.1 General

10.1.1 The use of a CRM for calibration of an apparatus is a convenient way to establish nletrological
traceability for the calibration function obtained with this apparatus. Usually the property vallie(s) of the
CRM is used in the calibration model.

10.1.2 A (RM shall be used for calibration.(CRMs should be suitable for calibrating the equipment |n terms of:
a) physicpl form;

b) appropriateness of the property)(properties) certified;

c) range of values and their Felevance for the measurement range;

d) appropriateness of its peflection of the behaviour of routine samples (commutability).

10.1.3 It gqan be necessary to use a set of CRMs for instrument calibration, in particular if ddparture of
proportional behaviour of the instrument reading with respect to the property value is possible.

10.1.4 The uncertainty assaciated with the property value should be used in p\m]aning the undertainty of

measurement due to calibration. For this purpose, the law of propagation of uncertainty of ISO/IEC Guide 98-3
can be used, or any other mechanism for propagating probability distributions or uncertainties.

10.2 Practical considerations for calibration

10.2.1 In some cases a relevant CRM is only available as pure substance, whereas the calibration method
requires another physical form. If this is the case, the value as obtained during calibrant preparation and its
associated uncertainty should be used in the measurement process.

10.2.2 A quality control check should be applied when calibrating with CRMs. At a minimum, the calibration
should be checked with, e.g., an independent RM or previously used material with a known value.
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NOTE Checking the consistency of calibrations can be combined with other quality assurance measures assuring
the validity of measurement results.

10.3 Calibration models

10.3.1 CRMs shall be used for calibration when establishing metrological traceability and evaluating the
uncertainty of measurement. The value assigned to the property of interest is entered in the calculation
of the value assigned to the sample(s) measured. Annex A describes how the value of the CRM enters the

calculations for four commonly used cases:

single point calibration;

— bracketing;

— multippint calibration;

— standqrd addition.

10.3.2 Sinfle point calibration is the simplest method; one calibrant (in this context the CRM] is used to
calibrate the measurement equipment, which is then used to assign a value(s) to the sample(s) m¢asured.
10.3.3 Brjcketing requires two calibrants, one with a property value-greater than the valye(s) of the
sample(s) dnd one with a property value smaller than those values. By means of linear interpolati¢n between
the two calibrants, values are assigned to other samples.

10.3.4 Multipoint calibration is widely used, in particular in ahalytical chemistry, to perform ca

ibration of

measuremgent equipment. A suite of calibrants is measured,and, based on the responses measurjed, usually
curvilinear regression is used to establish a relationship between the response measured and the quantity
to be measpred.

NOTE A simple form of a curvilinear relationship ig-a straight line.

10.3.5 Sta:jlndard addition means the calibratiew’standard is added to the sample. The value of the measurand
is determined by means of extrapolation.

10.3.6 Expressions for assigning 4 value on the basis of these four mainstream approache¢s and the
associated|uncertainty evaluation'are given in Annex A.

11 Assigning values toother materials

11.1 General

11.1.1 Pafticdlarly in instrument calibration, CRMs are often used to prepare other RMs by means of
mixing, dilution or otherwise. The property value(s) for the newly prepared RM are partly based on the

property value(s) of the CRM used for preparation. These applications are covered under the generic heading

“assigning

values to other materials”. Methods of preparation include gravimetry and volumetry.

11.1.2 Pure substance CRMs are often used for preparing mixtures or solutions which are in turn used
for calibrating equipment. Sometimes, these mixtures or solutions are further diluted prior to use. The
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concentration, amount-of-substance fraction or some other composition measure can be calculated on the
basis of the purity data and the preparation data.

If the equipment used in the preparation process is calibrated appropriately and the environmental
conditions are monitored accordingly, it is possible to obtain property values that are metrologically
traceable to SI.

NOTE1 Environmental conditions can play a dominant role in the accuracy of gravimetry. In particular when
weighing voluminous objects, such as gas cylinders, air buoyancy can play an important role. The need for controlling
environmental conditions depends on the rigour of the uncertainty evaluation and the desired level of accuracy.

NOTE 2  Concentration measurements are, among other things, temperature dependent. These effects can be small
in view of other uncertainty components in a field laboratory, but they are not in view of other sources of uncertainty
in the volumetric process

11.1.3 Checking the consistency of values assigned to these calibrants is recommended. Such ¢h¢cks can be
performed|

— by comparing a new calibrant against an old, validated one;

— Dby assessing the effect of using the new calibrant as part of a quality control by, e.g., measuring a quality
control material (QCM).

11.1.4 Coinparison of a new calibrant against an old, validated oneds necessary if the calibration has a
significantlimpact on the overall performance of the measurement procedure. The value calculat¢d from the
preparatiop of the new calibrant (x,..,) should be compared with that using the old calibrant (x,.,s). The
old, validated calibrant is used for calibrating the instrument uséd for the comparison. The new ¢alibrant is
validated if:

2 2
|Xprep T Xmeas | <k uprep *Uneas

where k dé¢notes a suitably chosen coverage factar'at a 95 % level of coverage. In most cases, [k = 2 is an
appropriate choice (see ISO/IEC Guide 98-3:2008, Clause 7 for further guidance on choosing coverage
factors).

Instead of ppplying the above criterionjthe new calibrant can also be considered validated if the observed
difference |(Xprep = Xmeas) is small ifi tomparison with the uncertainty required by the measyrement or
test methadd.

11.2 Pure¢ substances

11.2.1 Pure substanees play a crucial role in establishing metrological traceability in many areas of
measurement, in particular, but not limited to, chemistry.

NOTE ‘|Puré”isan idealised concept, as is homogeneous or stable. In reality, no material is in an absolute¢ sense pure.

11.2.2 For composition measurements, pure substances often form the basis of what is called the
“traceability chain”, i.e. it is the first link between the pure substance and composition measurements of the
substance in question. Any material used for this purpose should have been characterized for impurities,
and these should be identified and quantified as relevant for the intended use.

EXAMPLE 1 Nitrogen (6,0 grade) usually contains a few nmol mol benzene. This impurity is not relevant when
making a synthetic natural gas mixture, where the amount-of-substance fraction of nitrogen is typically between
0,5 cmol mol™ and 20 cmol mol?, and that of benzene, if at all, is in the range of 1 umol mol to 10 umol moll. However,
it is highly relevant when making air quality standards (where the target amount fraction of benzene is 5 nmol mol!
to 50 nmol mol1).

EXAMPLE 2  The presence of impurities in materials used for the fixed points on the temperature scale lead to
deviations due to, e.g., freezing point depression.
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11.2.3 Many chemicals and other pure substances come with data concerning the impurities. This
information is only useful in a metrological context if it specifies:

— units of measurement (e.g. mol/mol if expressed as amount-of-substance fractions);

— uncert

EXAMPLE 1

ainty associated with the assigned values.

For a testing laboratory analysing trace contaminants in soil, it usually suffices to compare a calibrant
prepared with the new pure chemical against an old calibrant, from which it has been established that it is not
significantly biased. Such establishment can be obtained from, e.g., the repeated analysis of a QCM or proficiency
testing material (PTM) or by using a CRM.

11.2.4 Purity analysis is not limited to the pure substances being dissolved, diluted or otherwise made
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measufred value againstthe value assigned to the calibrant;
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d) checkipg the entiré méasurement procedure with an independent CRM.
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4 and;ISO 33405.
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11.3.3 Th their-entire-Hfetime—taboratories should set
such lifetimes to their calibrants to make specific checking unnecessary and rely on good quality control to

detect issues with calibrants.

If such lifetimes are to be determined, the quality of the calibrant should be checked regularly so that
metrological traceability of the results obtained with these calibrants is assured, in particular if they are
used over longer periods of time.

12 Conventional scales

12.1 Many measurement scales have been used since the earliest civilizations. Originally almost all of them
were conventional, independent and inaccurate. Scientific and technical progress as well as international
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trade have led to both the need for and the possibility of a unique, rational, self-consistent international
system of units, the SI, which has been officially adopted worldwide. Nevertheless, it is not applicable to
certain types of measurements for which it is necessary to create, sustain and use certain conventional units
which are not within the scope of the SI. In other cases, the unit relating to the quantity to be measured lies
within the frame of the SI, but the reproduction of the unit according to the definition is technically difficult
and expensive. It is therefore more convenient to carry out the measurement on a practical scale of reference
values assigned to material properties. Though a reference value scale and a pure conventional scale differ
theoretically from each other, they are similar with respect to the use of RMs, and they will therefore be
discussed together as conventional scales.

12.2 Conventional scales are based on the values assigned to RMs. The assigned values are stated in
standard spec1f1cat10ns international recommendatlons or other reference documents; therefore, an RM
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12.6 The electlon of CRMs for determlnlng the flxed pomts of a scale should be directed by tHe required
level of unce ale, the user
should employ CRMs which have been certified in terms of the units of the scale The user is expected to
be familiar with all relevant information about the measurement procedure for creating the scale and the
instructions for the correct use of the CRM.

In certain cases, the user can apply pure chemical compounds for determining the fixed points, if CRMs
certified in the scale units are unavailable or expensive or if their use is not necessary at the level of the
uncertainty of the measurement. If this procedure is chosen, the user should be aware of the correlation
between the purity of the material and the property on which the scale is based. The uncertainty of the
measurement can only be evaluated roughly.

There is a wide variety of conventional scales and the methods of applying the CRMs to determine them
differ widely. An example is given in Annex C, for the conventional pH scale.
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13 Selection of RMs and CRMs

13.1 General

13.1.1 RMs, and CRMs in particular, can be used for various purposes in a measurement process. These
purposes are listed in 6.1.1.

13.1.2 Itis recommended to use RMs and CRMs produced in accordance with ISO 17034. Evidence of such
conformity should be available from the RM producer.

NOTE
the issuer u

ed processes that provide evidence of conformity to the precepts embodied in ISO 17034.

CRMs with long periods of validity that pre-date ISO 17034 accreditation can be considered acceptable if
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F every RM can be used for every purpose. Furthermore, a given RM can only be tised
a specific measurement.

A synthetic natural gas mixture certified for the contents of methane, ethane; propane
trogen and carbon dioxide can be used for calibration of a gas chromatography(GC). It cannot,

ht, simultaneously be used to check the trueness of the GC. The same CRM ean; however, be us
Ls of performance, such as retention times, peak separation and precision;

s can come in different forms.[21] Some of the common formgs inelude:

bstances, characterized for chemical purity and other propérties such as melting poin
py of combustion;

rd solutions and gas mixtures, often prepared gravimetrically from pure substances;

RMs, characterized for the composition of selected properties, such as the content
al constituents; such materials may be pfépared from naturally occurring mate
sis;

hl-chemical RMs, characterized forgproperties such as melting point, viscosity, octal
oint hardness and absorbance;

ng specimens characterized for properties ranging from fibre type to microbiological

CRM or some other(kind of RM is selected for a particular purpose depends on m4g
he specific application and the availability.

s can be founid’in online databases such as COMAR,V the key comparison database of t
institutes, and the websites of RM producers and distributors.

ction/of a CRM

for a single

iso-butane,
in the same
ed to assess

[, viscosity,
f specified
ials or by
he number,
odour and

specimens.

ny factors,

he national

13.2.1 For the purpose of this document, it is understood that any CRM is accompanied by an RM certificate
as described in ISO 17034 and ISO 33401.

For CRMs i

ntended for qualitative measurement, details can be found in ISO 33406.

13.2.2 The intended use of a CRM states the purposes for which the CRM producer intends the material to
be used in a measurement process.

13.2.3 Laboratories should be able to explain and justify the basis of selection of all CRMs and any decision
not to use a CRM. A formal suitability assessment should be performed by the user, unless it can be shown that

1) https://www.comar.org/

© IS0 2024 - All rights reserved
18


https://www.comar.org/
https://standardsiso.com/api/?name=d2908c5a51fb04047b269623e2a091d6

the choice of RM will not significantly affect measurement results. The process of assessing the suitability of

ISO 33403:2024(en)

a CRM is shown in Figure 2. The various aspects to be included in the assessment are given in 13.3.

Define measurement
requirement

!

Select candidate CRM
]

Y

Collect supporting
information

CRM characteristics fully
meet measurement

Wement

No

Limitations, but CRM.is
best available and-meets
minimum requirements

Supporting evidence
concerning CRM quality is

&isfactory

No

Limitations, but CRM is
best available and meets
minimum requirements

Yes
CRM is unsuitablg;
downgrade requiremgnts or
CRM.is’suitable seek alternative
END END

Figure 2 — Assessment of the suitability of a CRM

13.3 Selection of RMs

13.3.1 RMs that come with stated property values should be produced in accordance with ISO 17034 and
meet the requirements of ISO 33405 and therefore these property values should be metrologically traceable
(preferably to SI). In order to fulfil their purpose, these RMs should come with a documentation package that
contains at least the same information as would otherwise be stated on an RM certificate (see ISO 33401).
For these RMs, the same considerations apply as for the selection of CRMs (see 13.2).
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13.3.2 Many RMs come without stated property values. For most applications, the nominal values, or the
range(s) within which the property value(s) are expected to fall, should be known. These RMs are often
used for various kinds of precision control, such as day-to-day intralaboratory quality control. Furthermore,
in order to be useful, these RMs should have been checked for homogeneity and stability as described in
SO 33405.

NOTE There are situations where RMs without, for example, stability data can still be usefully applied in
measurement processes. These situations are limited to cases where the stability of the RM can be demonstrated
indirectly by some other reference, such as including in the measurement process another RM (or CRM) from which

the stability has been established.

13.4 Relevance to the measurement system

The user o
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correct usg
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proceg
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 the CRM should decide what properties of the CRM are relevant to the measurement
account the approach to certification, the statement on intended use and instrulcti
of the CRM on the certificate.

The CRM should have properties at the level(s) appropriate to the level at which the md
s is intended to be used, e.g. concentration.

: The CRM should have a matrix as close as possible to the matrix ofithe material to b
measurement process, e.g. carbon in low-alloy steel or carbon in stainless steel.

[t may be a test piece or a manufactured article or a powder(lt ¢an need preparation. I
the same form (e.g. solid, gas) as the sample to be measured.

m sample intake: Whenever the CRM certificate specifies a minimum amount that
0 obtain a sub-sample representative of the bulk, this specification should be adhered|

ty: The quantity of the CRM should be sufficient for the entire experimental programm
eserve if it is considered necessary. Avoid having to obtain additional new units of thg
fen measuring process, unless the CRM is provided as single use units.

procedure,
bns for the

asurement
b subjected
[t should be
should be

to.

b, including
CRM later

Ly: Wherever possible the CRM should have stable properties throughout the experinent. Three

pns can exist:
e properties are stable and no precaution is necessary.

e certified value of the properties can be influenced by storage conditions, in whic
htainer should be stored,-both before and after its opening, in the way described on the

e properties (whichare changing at a known rate) at specific times are defined in a
pplied with the-CRM. The user should obey the instructions for use as provided on the
associated documents. The property values and stated uncertainties are only valid
hditions.

able uncertainty of the certified value: The uncertainty of the certified value should be

with t

e precision and trueness requirements.

h case the
certificate.

certificate
certificate
nder these

compatible

h)

Commutablllty: Where relevant, the user should assess whether the CKM 1S commutable wWIth

respectto

the intended use (see ISO 15194 and Reference [23]). Data from an assessment performed by the CRM
producer can be available to aid assessing the commutability of the CRM by the user. In this case, matrix
effects and effects due to sample preparation should be evaluated.
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Annex A
(informative)

Calibration models and associated uncertainty models

A.1 Single point calibration
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alue x-p of the CRM, the result of the sample can be calculated using Formula (A.H:

ainty associated with x can be calculated from Formula (A.2):

{uz

fainty u(Xg,mpe) covers only effects from repeatabilityC of measurement and the
with the property value of the CRM; this uncertainty~budget should usually be conj
tainty contributions from, for example, sampling, sub-sampling and sample transform

sample

2

2 2
(xcrm) |, U” (Yerm) | U (ySample)
sample + +

2
XCRM

nple ) =X

2 2
YCRM Ysample

e use of this model and associated uncertainty evaluation is limited to situations

enotes the slope. If there is aisignificant zero deviation or there is nonlinearity to be ¢
boint calibration model canmbe invalid or other terms should be included in the expres

cketing

lcketing reguires two CRMs, one in value above the value of the unknown sample and
The results of the two CRMs are used for linear interpolation. Hence, the interval cho
jough-se that non-linearity of the detector (if any) does not lead to a bias in the value §
vn’sample. Consequently, the maximum size of the interval depends on the non-lineg
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A.2.2 The model for bracketing reads as in Formula (A.3):

X

sample —

X2 =X

H(J’sample _y1>+X1
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