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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.
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s third edition cancels and replaces the second edition (ISO Guide 33:2000), and ISO Guidle 32:1997
whiich have been technically revised.
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Introduction

The aim of this Guide is to provide general recommendations on the use of 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 anyone who has a responsibility
in the quality management in laboratories, such as drafters, reviewers, managers, and assessors of
procedures, working instructions, standard operating procedures and the like.

The main applications of reference materials are calibration, establishing traceability, method validation,
assigning values to other materials, and quality control.

vi © ISO 2015 - All rights reserved
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Reference materials — Good practice in using reference

materials

1 Scope

1. This Guide describes good practice In using reference materials (RMs), and certiile
maferials (CRMs) in particular, in measurement processes. These uses include the assessment
and trueness of measurement methods, quality control, assigning values to materials, calibrati
esthblishment of conventional scales. This Guide also relates key characteristics of various ty]
to the different applications.

1.2
me
prd
paj

For CRMs, the metrological traceability of the property values to international scale
hsurement standards has been established. For RMs not being CRMs;-this kind of trag
perty values has often not been established. Nevertheless, these RMs-can still be used foj
ts of measurement procedures, including evaluating various levels‘of precision

1.3 Mainstream applications of RM include precision control {Clause 8), bias assessment
callbration (Clause 10), preparation of calibration RMs (€lduse 11) and maintaining co
scalles (Clause 12).

NOTE Not all types of RMs can be used for all indicated’purposes.

1. The preparation of RMs for calibration is@lso part of the scope of ISO Guides 34[1] and|
treatment in this Guide is limited to the fundamentals of small-scale preparation of RMs ang
assfignment, as used by laboratories to calibrate their equipment. Larger scale production of]
with the possible aim of distribution is beyond the scope of this Guide. This type of activity is
ISQ Guides 34[1] and 35[2].

1.5 The development of working standards, as used in, e.g. natural gas analysis, clinical
and the pharmaceutical industry is not covered in this Guide. This type of activity is cove
Guldes 34[1] and 3521,

2

ISO

Normativereferences
3534-1, Statistics — Vocabulary and symbols — Part 1: General statistical terms and terms used in
ISq Guide 30, Terms and definitions used in connection with reference materials

ISQ/IEC Guide 98-3, Uncertainty of measurement — Part 3: Guide to the expression of unc

reference
f precision
bn, and the
bes of RMs

s or other
eability of
assessing

[Clause 9),
hventional

35I2]. The
| the value
such RMs,
covered in

chemistry,
red in I1SO

probability

ertainty in

measurement (GUM:1995)

ISO/IEC Guide 99:2007, International vocabulary of metrology — Basic and general concepts and

associated terms (VIM)

NOTE
“International vocabulary of basic and general terms in metrology” is referred to as “VIM”.

© ISO 2015 - All rights reserved
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3 Terms and definitions

For the purposes of this document, the terms and definitions in ISO/IEC Guide 98-3, ISO/IEC Guide 99
and ISO Guide 30 and the following apply.

NOTE

www.iso.org/OBP/ui/

3.1

reference material

RM

Further definitions can be found in the ISO online browsing platform, accessible through https://

material, S
has been 6

Noteltoe
Note2toe

Note 3 to
procedure,

ufficiently homogeneous and stable with respect to one or more specified properties, wh
stablished to be fit for its intended use in a measurement process

Itry: RM is a generic term.

try: Properties can be quantitative or qualitative, e.g. identity of substances or spegies.

entry: Uses may include the calibration of a measurement system, assessnyreiit’ of a measuren
assigning values to other materials, and quality control.

Note 4 to efptry: ISO/IEC Guide 99:2007, has an analogous definition (5.13), but restriets the term “measuremsg

to apply to
qualitative

[SOURCE:

3.2
certified I
CRM
reference
propertieg
associated

Note 1 to ¢
sequence. {§

Note 2 to e
others, ISO

Note3toe
Note 4 to e
[SOURCE:
3.3

property
<of a refe

quantitative values. However, Note 3 of ISO/IEC Guide 99:2007, 518 (VIM), specifically inclu
properties, called “nominal properties”.

SO Guide 30]

reference material

material characterized by a metrologically*valid procedure for one or more specif
, accompanied by an RM certificate thatprovides the value of the specified property,
uncertainty, and a statement of metrolégical traceability

ntry: The concept of value includes-anominal property or qualitative attribute such as identity
ncertainties for such attributes may be expressed as probabilities or levels of confidence

ntry: Metrologically valid pro¢edures for the production and certification of RMs are given in, am
Guides 34 and 35.

Itry: ISO Guide 31[17] gives guidance on the contents of RM certificates.

try: ISO/IEC Guide99:2007 has an analogous definition (5.14).

SO Guide 30}

value

ich

ent

nt"
des

ied
its

y or

png

or

rence material> value corresponding to a quantity representing a physical, chemical

biological

4 £ £ 4 g |
TUpTIly Ul d ITITITILT IIIALTT Idl

[SOURCE: ISO Guide 30]

3.4

certified value
value, assigned to a property of a reference material (RM) that is accompanied by an uncertainty

statement

and a statement of metrological traceability, identified as such in the RM certificate

[SOURCE: ISO Guide 30]

© ISO 2015 - All rights reserved
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3.5

indicative value

information value

informative value

value of a quantity or property of a reference material, which is provided for information only

Note 1 to entry: An indicative value cannot be used as a reference in a traceability chain
[SOURCE: ISO Guide 30]

3.6
calibrant
reference material used for calibration of equipment or a measurement procedure

[SQURCE: ISO Guide 30]

2.7
quality control material
reference material used for quality control of a measurement

[SQURCE: ISO Guide 30]

4 | Symbols

a risk of error of the first type (type [ error)

B risk of error of the second type (type Il errog)

X2 Chi-squared

d measurement bias

k coverage factor

Sw standard deviation computéd from repeat observations
Ow required within-laberatory standard deviation

u() standard uncertajnty of the parameter in parenthesis
U(Q) expandedancertainty of the parameter in parenthesis

Uucym standarduncertainty associated with property value of the CRM
Um¢as  Standard uncertainty associated with value obtained by measuring the CRM

Uprep uncertainty associated with the value obtained from preparation of a calibrant

XCRM value of a specified property of the CRM
Xmeas value obtained by measuring the CRM
Xprep value obtained from preparation of a calibrant

X average of repeat observations

5 Conventions

In this Guide, the following conventions are used.

© IS0 2015 - All rights reserved 3
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5.1 A measurand is specified in such a way that there exists a unique, but unknowable, ‘true value’.

5.2 All statistical methods used in this Guide are based on the following assumptions.

a)
b)

The certified value is the best estimate of the true value of the property of the CRM.

All variation, be it associated with the material (i.e. homogeneity) or the measurement process,

is random and follows a normal probability distribution. The values of probabilities stated in this

Guide

assume normality. The probability may be different if there is deviation from normality.

5.3 The
property Y
uncertaint
ISO Guideq

5.4 Whd
The use of]
will be use

5.5 Valugs, given as “indicative

covered by
unfit for us
or the assi
is suitable

5.6 Thrd
uncertaint

circumstances of the application. Further guidance on thése mattersis given in the GUM and its suppleme

6 RMs

6.1 Common applications of RMs

6.1.1 RN
Calibr
Establ
Methd

Concept ol 'certiiied reierence material’ (CRM]J as used 1n this Guide also includes RMS
alues that are accompanied by the statements of metrological traceability or measure

34[1] and 35I21.

re the term RM is used in this Guide, it means that any RM can be used for the purpose descrih
a CRM is an option, but usually not the most economical one. In practice; jnmost cases an
d that comes without property values, uncertainties and a traceability.statement.

» o«

" “informative”, “for information” or otherwise identified as not be

the statements of metrological traceability or measurement uneertainty, are considered td
e in metrological applications requiring a value assigned tothémeasurand, such as, calibrat
bnment of values to other materials. These values are however useful to verify whether an
for precision control, or other applications that do notréquire a property value.

ughout this Guide, the law of propagation of uncertainty is used. Other methods of propagat
jes can be applied as well, and in some cases:such alternative methods are required by

and their role in measurement

(s, and CRMs in particularyare widely used for the following purposes:
ation of equipmentiera measurement procedure (Clause 10);
ishing metrolégical traceability (Clauses 9, 10 and 11);

d validation (Clauses 8 and 9);

Quali

Assigling values to other materials (Clause 11);

+

y. These property values are assumed to be obtained through characterization as deseribed in

th
nt

ed.
RM

ing

be
on,
RM

ing
the
nts.

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

Maintaining conventional scales (Clause 12).

Figure 1 gives an outline of a measurement, including sampling and sample preparation. The possible
role(s) of CRMs are indicated.

© ISO 2015 - All rights reserved
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Figure 1 — Schematic outline of a measurement and the role of CRMs therein
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6.1.2 Written standards for quality systems of laboratories, e.g. ISO/IEC 17025[4] and ISO 15189[5],
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.

6.1.3 The general public takes it 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 met u}usi\,a}}_y traceable-to-therealizationoftherelevantunitin Taiy Cases; thisunitis ycut oftthe

SI, the Intdrnational System of units.

6.1.4 A fummary list of key characteristics of RMs, cross-referenced to the common applications of
RMs, is givien in Annex A of this Guide.

6.2 Property values

6.2.1 General

6.2.1.1 (RMs are characterized for one or more properties. These praperty values are accompanied by
a) aclear specification of the property concerned,
b) an ungertainty statement,

c) astat¢ment of metrological traceability,

d) aperipd of validity of the certificate.

The user should verify that all this information js‘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 Guide.

NOTE Che terminology used in practice for indicative values is not always consistent with this Guide.
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 ig appropriate’for the intended application. The user of a CRM is responsible for assessing [the
suitability|of the matépial for the intended purpose.

EXAMPLE Fortrace elements in soil, it is important to specify whether it is the total content, content obtaiped
by incomplgte destruction (e.g. aqua regia), leachable content, or a particular species containing the trace elemgnt.

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, avoiding unnecessarily loss of accuracy on one
hand and giving a false impression of accuracy on the other.

NOTE The GUM (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

6 © IS0 2015 - All rights reserved
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available. If an expanded uncertainty is given, then usually the appropriate coverage factor is sufficient for

this conversion.

EXAMPLE
monoxide the following:

xco = (41 122 + 28) pmol/mol (k = 2)

The expanded uncertainty is 28 pmol/mol. The standard uncertainty is obtained using

11

A calibration certificate for a gas mixture states for the amount of substance fraction of carbon

28
u :E = ? pmol mol~1 =14 pmol mol~1

6.3.2 If a coverage interval is given, then the (assumed) probability density functign”of th
valpie should be specified, including the coverage probability (e.g. 95 %) of the stated interv
int¢rval can be asymmetric. Sometimes, it can be necessary to make additional assumptions ¢
forlexample, the appropriate coverage factor. In those cases, the guidance of the'GUM (ISO/IEC
3:2008, 6.3) should be followed.

EXAMPLE The carbon content in a gas coal is specified to be 760,1 mg/g;and the uncertainty is
2,1img/g. The following footnote is added to the uncertainty statement: “The uncertainty is expressed
conffidence interval. It is applicable when the reference material is used for calibration purposes.”

Frdqm the certification report, it is clear that the certified values have been obtained
interlaboratory experiment, and therefore it is reasonable to assume the normal distrib
half-width of a 95 % confidence interval equals 1,96 tiines the standard deviation. There i
no [practical difference with using a (coverage) factér of 2, which would correspond for t
disfribution with 95,45 % level of confidence.

)

Th 21 mg/g=1,05mg/g

N , U
e standard uncertainty is obtained through u = A

6.3
exy
are
per

NO
rec

ressed as a fraction of the propérty value (i.e. as a relative expanded uncertainty). If suc
used, it should be established whether the conversion into absolute standard uncertainf
formed in an unambiguousway.

['E Such fractions include percentages, per mil, and parts-per-million (ppm), although none
bmmended for this purpose, because of their ambiguity.

6.3
ang
un

ma

.4 CRMs areaccompanied by a certificate stating, among others, the properties certified, th
| their associdated uncertainties (see 6.2.1.1). It is beyond the scope of this Guide to descri

n contributors.

NOTE Details concerning the establishment of an uncertainty budget for property values a

P property
hl. Such an
pncerning,
Guide 98-

tated to be
as the 95 %

| from an
ution. The
s however
he normal

.3 The uncertainties stated should be given in the same unit as the property values, or alfernatively,

h fractions
ies can be

f these are

leir values,
how the

e
ertaintyassociated with property values is established, but it is important to understand thlL potential

re given in

ISOLGuide 35 [2]

The main contributors to the uncertainty associated with the property values of a CRM inclu

uncertainty from characterization;

uncertainty due to long-term stability;

uncertainty due to between-bottle variation.

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

de:[2]

uncertainty due to short-term stability (stability of the material under transport conditions);

helpful, in

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

© ISO 2015 - All rights reserved
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6.3.6 Notalluncertainty statements accompanying the property values on certificates of CRMs produced
before the late 1990s include effects of batch inhomogeneity and instability. The uncertainty stated on
the certificate should comprise all factors that may impact the scatter of the property value(s) across the
batch and over time. Ultimately, the uncertainty stated should be applicable to the single package to be
used in the measurement process.[2]

NOTE If the uncertainty stated is too small, the expanded uncertainty has a lower level of coverage than stated.

6.3.7 RMs that do not come with property values, should come with some information regarding the
(between-bottle) homogenelty and long term stablhty of the propertles for Wthh the RM can be used.
The user df g g F
suitability|of the RM. Such assessment may 1nc1ude the use of the 1nf0rmat10n concermng homogen( i
and stability in subsequent uncertainty calculations.

6.4 Trageability statement

6.4.1 Mgtrological traceability is a property of a measurement result. As the valyé-obtained during fthe

characteri
key charad

6.4.2 The user of a CRM should verify that the property values comedwith a statement concerning

metrologiq

al traceability of these values. This statement should inforin the user about the measurem

scale to which these values refer, so they can verify whether the CRMis suitable for the intended use.

NOTE

6.4.3 To
necessary,

a)
b)
‘)

the sp|
the un

the mg
used i

d) theap

NOTE
E-mail, or p

6.44 Th
traceability
user’sresp

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

allow interpretation of statements of metrolagical traceability, the following particulars
which should be stated on a certificate or atheér documentation accompanying a CRM:

ecification of the measurand;
it to which the property value isanade traceable;

thod used for sample handling/transformation and measurement procedures(s)/techniqu
h the characterization;

proach to characterization (e.g. single method, two methods, multiple laboratories, etc.).

ublications in thevepen literature.

e providerof the result of a measurement is responsible for supporting the claim of metrolog
 for thatwresult or value. In the case of CRMs, the RM producer bears this responsibility. It is
pnsibility to review the appropriateness of the metrological traceability for their intended purp

vation of an RM (the property value) is a measurement result, it can hrave this attribute tog.
teristic of property values of CRMs is that their metrological traceability is well established.

the
ent

are

u

(s)

Documentation aceompanying a CRM can be made available by different means, including websies,

jcal
the
se.

6.4.5 Forassessinga claim of metrological traceability, the user may 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. Should essential parts of this information be unavailable, the RM
may be unsuitable for an application.

© ISO 2015 - All rights reserved
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7 Handling of RMs and CRMs

7.1 The instructions for use, as well as those for storage should be followed, as they form part of the
conditions under which the property values and associated uncertainties are valid. Improper use of RMs and
CRMs can be detrimental to the performance of measurement procedures and should be avoided at all times.

7.2 The expiry date on the certificate should be respected. CRMs should not be used beyond this date.

7.3 In partlcular for CRMs that allow multlple use, it is lmportant to make sure that the container

he remalmng material can be necessary Otherw1se the property Values stated may beco
and the CRM unusable or unreliable. The user should follow the instructions provided by.the producer in
this respect.

7.4 The minimum subsample size should be respected. Smaller subsamples may’be unrepresentative.

7.5 Sub-sampling of such CRMs should be done in a way that the sub sample taken for use geflects the
prgperties of the complete package. Otherwise, over time, the remaining material of the CRM may no
loniger be representative for the batch that has been produced andccertified, and hence, the yalues and
ungertainties stated on the certificate are no longer valid.

NOTE1 Re-homogenization of CRMs is usually necessary, befere sub-sampling can be carried out. Such
instructions are typically given in the documentation accompanying the CRM.

NOTE 2  So-called “single-shot” CRMs are designed for, use as a single portion. Usually, the u}it contains
sufficient sample for only one or two measurements. HoWwever, where single shot materials are designed for use
as g single portion, they should not be subdivided.

8 | Assessment of precision
8.1 General

8.1.1 Checking of the pregision of a measurement procedure as applied by a laboratory involves
corhparison of the within-labgratory standard deviation under repeatability conditions (or othgr specified
corjditions) and the required value of that standard deviation.

NOTE Measures©f precision are the standard deviation under repeatability or reproducibility cqnditions.

8.1.2 Assessmient of precision can be part of the activities a laboratory undertakes when deyeloping or
valldating a‘method. Such experiments should ideally be run on RMs covering the scope of the|method in
termns of matrices (or variations within a matrix) and property value levels.[6] The assessmerft may also
invplvéimultiple laboratories. More guidance on assessing precision in interlaboratory studies|is given in
1SQ 5725 [7]-[12],

8.1.3 Results from periodic checks of a measurement procedure may be recorded on a quality control
chart. A range control chart may be used for this purpose.[13]

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 x?2 test. The number of replicate measurements,
n, required depends mainly on the values of @ and 8 and the alternative hypothesis chosen for the
assessment of precision. A discussion of the probabilities a and 3, associated with the type [ and type II
risks in statistical hypothesis testing is given in Annex C.

© IS0 2015 - All rights reserved 9
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8.2.2 Table 1 shows the relation between the degrees of freedom v (where, in this case, v=n - 1) and
the ratio of the within-laboratory standard deviation of the measurement process, sy, and the required
value of the within-laboratory standard deviation, oy, for various values of f at a = 0,05.

EXAMPLE For n = 10 the probability that the variance of the measurement results will pass the appropriate
x2-test (see 8.6) at a = 0,05 is no more than 1 % when the within-laboratory standard deviation, oy, of the
measurement process is equal to or larger than 2,85 times the required value of oy.

Table 1 — Ratio of the standard deviation of the measurement process to the required value for
various values of f and degrees of freedom v at a = 0,05

a=0,05
B=0,01 B=0,05 B=0,1 B =055
] 159,5 31,3 15,6 273
y 17,3 7,64 5,33 2,08
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 1,59
@ 3,80 2,77 2,39 1,53
1 3,37 2,55 2,23 1,49
§ 3,07 2,38 2,11 1,45
g 2,85 2,26 2,01 1,42
10 2,67 2,15 1,94 1,40
1P 2,43 2,01 1,83 1,36
16 2,19 1,85 1,71 1,32
2P 1,95 1,70 1,59 1,27
2¢ 1,83 1,62 1,52 1,25
3P 1,71 1,54 1,46 1,22
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 Requirementswith respect to the RM
8.3.1 For assessihg measurement precision, an RM is needed with sufficient homogeneity and stability.
The stability of the RM with respect to all properties of interest should at least be sufficient for the perfiod
of time thqt the precision checking measurements take. If necessary, specific precautions should be taken
to monitor the stability of the USed. SUCh precautions may COnsiSt of demonstrating the stability of

the measurement process under study by other means, such as the use of a CRM, or by using an other
measurement process of which the stability 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.

8.3.3 Although the RM used for assessing precision taking should not necessarily have known,
metrological traceable property values for the properties of interest, precision measures may be dependent
on the nominal value of the measurand, so knowledge about the nominal values of the parameters of
interest is usually required to assess the appropriateness of the RM selected for the checking.

10 © IS0 2015 - All rights reserved


https://standardsiso.com/api/?name=fbcb4147b4cd033e9d241a8d92e625cf

ISO GUIDE 33:2015(E)

8.3.4 More generic guidance on aspects to consider concerning the suitability of the RM can be found
in Clause 13.

8.4 Measurement

8.4.1 The user should perform independent replicate measurements. “Independent”, in a practical
sense, means that a replicate result is not influenced by previous measurements. To perform replicate
measurements means to repeat the whole procedure. For example, in the chemical analyses of a solid

material, the procedure should be repeated from the weighing of the test portion to the final reading or
calculation of the result

EXAMPLE If the measurement of lead in a soil RM consists of sub-sampling, destruction of the.te
follbwed by measuring the aliquots, then the results are independent as far as sub-sampling) destr
medsurement are concerned. If, in contrast, one aliquot is measured repeatedly, then the-standar
obthined only covers repeatability effects of measuring an aliquot.

Kt portions,
uction, and
1 deviation

Beflore starting experimental work, it is very important to check what part of the’process is de
the standard deviation oy,,. In many written standards for testing, the repeatability stated re
whple standard test method. Consequently, the measurements for assessing the repeatabilit
test method should be carried out accordingly, viz., repeating the test'method for each and €
sample completely.

8.42 Independent replicate measurements can be achievediin various ways depending on

scribed by
fers to the
y of such a
very (sub)

the nature

of the process. Parallel replication is not always recommended however, because an error comitted at

any step of the procedure could affect all replicates. Furthermore, steps like, e.g. the calibra
mepsurement equipment, may also need to be includedin the replication process.

EXAMPLE In the case of iron ore analyses, replicdtion of the analytical procedure is carried out
timles and includes appropriate calibration. In this.case, the standard deviation calculated from the rep
conftains contributions from day-to-day variability and calibration.

8.3 Data treatment

8.5
tec
pra
dui

.1 The data thus obtained. should first be scrutinised for any irregularities. Data id
hnically invalid should be,discarded, regardless of whether or not they seem to fit in the
bability distribution of the complete dataset. Technically invalid results are usually due to irr]
ing the sample processing and/or measurement.

8.5
othler observations/in the dataset. Often, but not always, a technical reason can be found and
datl should bediscarded. If no technical explanation can be found, the data can be scrutinized fi
oufliers usingthe methods described in ISO 5725-2[8] or ISO 16269-4 [14], OQutliers should be di

tion of the

at different
licates also

bntified as
(assumed)
egularities

.2 A second type of irregularity includes observations whose values seem to be far awaly from the

then these
br possible
scarded or,

in fare cases (e.g. calculation errors), be replaced by corrected data. Whenever possible, outliers should

be femoved only on the basis of the outcome of more than one outlier test. As a rule, stragglers

should be

kept in' the dataset

NOTE 1

NOTE 2
consequently lead to a value of the standard deviation of the measurement process under study that is

NOTE3  Theuseofmostoutlier testsrequires an assumption concerning the (expected) shape of the

density function of the data. If such an assumption is inconsistent with the nature of the data, such an
cannot be applied.

© ISO 2015 - All rights reserved

An excessive number of suspected outliers indicates problems in the measurement process.

Removing outliers, and removing stragglers in particular, will reduce the scatter in the dataset and may

too small.

probability
outlier test
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8.6 Calculation and assessment of precision

8.6.1 The precision of the measurement process is assessed by comparing the within-laboratory
standard deviation under repeatability conditions with the required value of the within-laboratory
standard deviation, oyo.

Compute the average, X , and standard deviation, s:

> &

X =

S|

S = \/anlZ("f ~x)’ (2
where

x; is|the individual result;

n isfthe number of results excluding outliers.

8.6.2 Compute the following ratio:

| 2
2 s
Xc :_ZL (3)
Olwo

where owd is the required value of the within-laboratory standard deviation.

2
Z(n-1);0.95

2
Xtable T (4)
n-1

denotgs the 0,95th quantile of the y2 distribution with (n - 1) degrees of freedom, divided by [the
degrees of freedom (n - 1)

Interpretation of y2:

xcz <A tzable There is no evidence that the measurement process is not as precise as required.

xf > A tzable There is,evidence that the measurement process is not as precise as required.

NOTE Values for'y? may be taken from tables or computed by software. They can be found at many pldces
including Referefige*[15].

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 and metrologically traceable.

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.
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9.1.3 Quality control materials (QCMs) and other uncharacterised RMs can be used for the assessment
of precision (see Clause 8). but due to the lack of a metrologically traceable property value, cannot be used
to assess the measurement bias.

NOTE Preparation of quality control materials is covered in ISO Guide 80[3l.
9.1.4 Inthisclause, guidance is given on bias assessment. Determining precision is dealt with in Clause 8
of this Guide.

9.2 Approach to bias checking

9.2.1 The use of a CRM for the purpose of bias checking contributes to the metrological undlerpinning
of the measurement result. It is an essential activity in the validation of the measurement prpcedure. If
mepsurement results using the same CRM, targeting the same measurand, are metrologically] traceable,
thelse results should be free of significant bias. In this case, the measurement procedures generate results
thalt are traceable to the same reference.

9.2.2 The observed difference between the measured value and the property value stated on the

certificate should be smaller than the standard uncertainty associated with the difference, i.e.
x -X |<k\lu2 +ul (5)
meas CRM|= meas CRM
NOTE The choice of a coverage factor requires an (assutned) probability density function anfl a level of
coverage. Often 95 % is used as the coverage level, but this cheice may depend on the application.
9.2.3 Ifthe condition (5) holds, then the measured and property values are consistent with ope another
within their respective uncertainties. As the property value of the CRM is metrologically tifaceable to

SO1]
me

he stated reference, ideally the SI, under this condition the result obtained for the CRM confirms the
trological traceability of the results obtained from the measurement procedure.

9.2
lab
by

prd
refi

NO
itt

.4 Users should calibrate their_equipment independent of the CRM used for bias che
pratory subsequently assesses the correctness of carrying out all steps in the measurement
romparing the result with the'stated property value. If the laboratory can use the same me
cedure for its routine samples, it can demonstrate metrological traceability of its result to
brence for the property,value of the CRM.

E1 In practice; it may be necessary to modify some parts of the measurement procedure wh
b the CRM. Modifications in the routine measurement procedure necessary for measuring thg

conppromise the validity of the assessment. The more (or severe) modifications are necessary, the les

ass

bssment becemes.

NO

[E 2 «wIn cases when the measurement procedure defines the measurand, e.g. enzyme megd

cking. The
procedure
hsurement
the stated

bn applying
» CRM may
5 useful the

surements,

chalnges in the measurement procedure will change the definition of the measurand.

9.2.5 The evaluation of method bias as outlined in this clause is not limited to the use of a single CRM. In
fact, if more than one CRM is available, it is recommended to use more than one CRM to check the method
over the range of values of the measurand relevant to the scope of the method.

9.3 Utilizing bias data

9.3.1 Thebiasestimatesobtained from CRMsused in calibration canbe used directly to make corrections.
Such corrections can be additive, multiplicative, or a combination thereof. Knowledge concerning the
calibration model and its particulars is necessary to decide how to apply a correction.

© ISO 2015 - All rights reserved
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9.3.2 In testing, correction for bias is even more complicated, as the behaviour of the CRM(s) may not
entirely reflect the behaviour of routine samples. In many cases, it is recommended to improve the method
so that the bias is eliminated, rather than attempting to correct for it. Some standard test methods give

criteria for acceptable bias.

NOTE

the CRM is not suitable for use in assessing bias for the measurement procedure under investigation.

If the behaviour of the CRM is inadequate and the measurement procedure cannot be improved, then

9.3.3 The expression for bias is given by

d =X mpas—*CRM (2)
and its asqociated standard uncertainty is evaluated using

[ 2 2

u(d) =N Umeas TUCRM (3)
9.3.4 If the bias is significant, that is, d| > U(d), usually attempts are made to findthe cause of the hias
and to redjice or eliminate it.
NOTE U(d) =k- u(d), where k denotes a suitably chosen coverage factor,
9.3.5 If pufficient reduction or complete elimination of the hias-is not possible, the measuremlent
result shotild be corrected for bias and the uncertainty associatedwith the bias should be included in fthe
uncertain%r evaluation. Corrections may be additive or multipljeative, depending on whether they depend
on the valye of the quantity to be corrected.
9.3.6 If the observed bias is not corrected for and.sighificant, it should be included in the uncertainty
budget. A [rough approximation is to add the square of the bias (i.e. d2) to the uncertainty budgef to
account fof the uncorrected, significant bias.
9.3.7 Ifthe biasis evaluated over a range of values for the measurand, an average bias can be calculated,
with its asgociated uncertainty. A generalapproach is given in the GUM (ISO/IEC Guide 98-3:2008, F.2.4,.5).
10 Calibration
10.1 Genleral
10.1.1 Fof calibration, a CRM is needed. CRMs should be suitable for calibrating the equipment in termg of
a) physidal form,
b) appropriateness-efthepreoperty{propertiesicertified;
c) range of values and their relevance for the measurement range,
d) appropriateness of its reflection of the behaviour of routine samples (commutability).

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

10.1.3 The uncertainty associated with the property value should be used in evaluating the uncertainty
of measurement due to calibration. For this purpose, the law of propagation of uncertainty of the GUM can
be used, or any other mechanism for propagating probability distributions or uncertainties.
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10.2 Establishing metrological traceability

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

10.2.2 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
At
sor]

NO
ass

10

10
tra
to {
Anj
cal

10
cal

10
sar
bet

10
of 1
usy

quz
NO

2.3 A certain degree of quality assurance should be applied when calibrating equipmenty
minimum, the calibration should be checked with a suitable QCM, a previously used\calib

[E Checking the consistency of calibrations may be combined with other quality assuranc
iring the validity of measurement results.

3 Calibration models

3.1 The use of CRMs for calibration purposes is from the pointof view of establishing m
Ceability and evaluating the uncertainty of measurement quite straightforward. The valu
he property of interest is entered in the calculation of thewwalue assigned to the sample(s)
ex B of this Guide describes for three commonly used:cases how the value of the CRM en
culations, namely

single point calibration,
bracketing,

multipoint calibration.

3.2 Single point calibration is the simplest method; one calibrant (in this context the CRM
brate the measurement equipmernt, which is then used to assign a value(s) to the sample(s)

3.3 Bracketing requires-two calibrants, one with a property value greater than the valu

ween the two calibrants, values are assigned to other samples.

3.4 Multipoint.calibration is widely used, in particular in analytical chemistry, to perform
measurementequipment. A suite of calibrants is measured, and based on the responses
ally curvilinear regression is used to establish a relationship between the response measur
Intity.to.be measured.

['E

he other means showing that the last calibration is in agreement with previous calibrdtions.

vith CRMs.
rant, or by

P measures

etrological
e assigned
measured.
ters in the

is used to
measured.

e(s) of the

ple(s), and one with-a property value smaller than those values. By means of linear interpolation

ralibration
measured,
ed and the

A simple form of a curvilinear relationship is a straight line.

10.3.5 Expressions for assigning a value on the basis of these three mainstream approaches and the

ass

11

11

ociated uncertainty evaluation are given in Annex B.

Assigning values to other materials

.1 General

11.1.1 Particularly 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

© ISO 2015 - All rights reserved
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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 This application of a CRM is very frequently used. In fact, most of the calibrations performed in
analytical chemistry are based on this role of a CRM. Pure materials 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 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
conditiongare monitored accordingly, it 1s possible to obtain property values that are metrologically
traceable to SI.

hen
ing

NOTE 1 nvironmental conditions can play a dominant role in the accuracy of gravimetry. In particular w
weighing vgluminous objects, such as gas cylinders, air buoyancy may play animportantrole. The needfor control
environmental conditions depends on the rigor of the uncertainty evaluation and the desired levebofaccuracy.

NOTE 2
small in vie
uncertainty

be
s of

Concentration measurements are, among others, temperature dependent., These effects mayj
w of other uncertainty components in a field laboratory, but they are not in view of other source
7 in the volumetric process.

11.1.3 Chlecking the consistency of values assigned to these calibrants is)recommended. Such checks

can be performed

— by commparing a new calibrant against an old, validated one,

— by assgssing the effect of using the new calibrant as part ofa quality control, by, e.g. measuring a QCM.
11.1.4 Co
an import
from the g

(Xmeas) . T}‘
new calibn

[mparison of a new calibrant against an old, validated one is necessary if the calibration has
hint impact on the overall performance of the' measurement procedure. The value calculated
reparation of the new calibrant (xprep) should be compared with that using the old calibrant
e old, validated calibrant is used for.galibrating the instrument used for the comparison. The
ant is validated if

2

2
uprep +

meas

<k

_Xmeas‘— u

‘X prep

where k dg
appropriat

bnotes a suitably chosen .coverage factor at a 95 % level of coverage. In most cases, k = 2 i an

e choice (see ISO/IECGuide 98-3:2008, Clause 7 for further guidance on choosing coverage facto
the

Instead of applying thecabove criterion, the new calibrant can also be considered validated if

observed
measuren]

11.2 Pur

difference (Xprep — Xmeas) is small in comparison with the uncertainty required by
ent or test method.

e materials

the

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

NOTE “Pure” is an idealised concept, as is homogeneous or stable. In reality, no material is in an absolute
sense pure.

11.2.2 For composition measurements, pure materials often form the basis of what is called the
“traceability chain”, i.e. it is the first link between the pure material 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.
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EXAMPLE1 Nitrogen (6.0 grade) usually contains a few nmol/mol benzene. This impurity is not very 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, in the range of 1 pumol/mol to 10 umol/mol),
but it is highly relevant when making air quality standards (where the target amount fraction of benzene is

5 nmol/mol to 50 nmol/mol.

EXAMPLE 2

The presence of impurities in materials used for the fixed points on the temperature s

deviations due to, e.g. freezing point depression.

cale lead to

11.2.3 Many chemicals and other pure materials come with data concerning the impurities. This
information is only useful in a metrological context if it specifies

EX4

units of measurement (e.g. mol/mol if expressed as amount-of-substance fractions),
uncertainty associated with the assigned values.

AMPLE 1  For a testing laboratory analysing trace contaminants in soil, it usually suffices to

compare a

caljbrant prepared with the new pure chemical against an old calibrant, from which it has been established that

itig
(pr

EX4
tra
pur

11

sui
pul
me

11

11

11

of yncertainty.and the models indicated under 10.3.1.

11
val
shd

not significantly biased. Such establishment may be obtained from, e.g. the repeated analysis of g
pficiency testing material), or using a CRM.

AMPLE 2 A manufacturer producing calibrants for testing laboratoties should provide me
eable composition data and hence perform an adequate identification‘and quantification of impu
e materials (including the matrix).

2.4 Purity analysis is not limited to the pure materials being dissolved, diluted or other
fable for chemical composition measurement. The¢solvent, matrix gas, etc., should als

hsurement results.

measurement and testing, such purity andlysis may be conducted as a reagent blank
cking whether the level of impurities is sufficiently low to be neglected in subsequent s
hsurement procedure.

3 Gravimetry and volumetry

3.1 Gravimetry and volumetry are widely used as techniques for preparing calibrants.

3.3 The uncertainty associated with the property values can be obtained using the law of p

3.4 Many calibrants are not stable with respect to one or more properties over time. In orde
d results during the calibration of an apparatus, the property values assigned earlier to th

QCM, PTM

trologically
rities of the

lvise made
b undergo

ity analysis, as it may also contain detectable quantities of impurities that may have an impact on the

check, i.e.
eps in the

3.2 The property values of calibrants are calculated based on the procedure used to prepajre them.

ropagation

r to obtain
e calibrant
me kind of

uld still be valid within their respective uncertainties. It can be necessary to perform so

stability checking.

11.

a)
b)

‘)

d)

3.5 Stability checking of calibrants can be performed in many ways. Some methods are

by conducting a stability test;

by comparing measurement results obtained using a new and old calibrant on the same sample, a

retained PTM or a QCM;

by calibrating an instrument with the old calibrant and measuring the new one, followed by

comparing the measured value against the value assigned to the calibrant;

check the entire measurement procedure with an independent CRM.

© ISO 2015 - All rights reserved
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Stability testing can be laborious, but can be necessary if there are alternatives. Stability testing is
covered in ISO Guides 34[1] and 35[2].

11.3.6 The values assigned to calibrants should be valid for their entire lifetime. Laboratories 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 is assured, in particular if they are used over
longer periods of time.

12 Conventional scales

12.1 Genleral

12.1.1 M{
of them W
internatio

all
as
ent

ny measurement scales have been used since the earliest civilizations~Qupiginally almosf
ere conventional, independent and inaccurate. Scientific and technical*progress as well
nal trade have led to both the need and the possibility of a unique,-rational, self-consist

internatio
applicable

nal system of units, the SI, which has been officially adopted worldwide. Nevertheless, it is
to certain types of measurements for which it is necessary to ¢reate, sustain and use cert

conventional units which are not within the scope of SI. In other casesthe unit relating to the quan

to be mea
is technicd
practical s
pure conv:
reference

bured lies within the frame of SI, but the reproduction of thé unit according to the definit
lly difficult and expensive. It is therefore more convenjent to carry out the measurement g
rale of reference values assigned to material properties. Though a reference value scale an
entional scale differ theoretically from each other they are similar with respect to the us¢
materials, and they will therefore be discussed together as conventional scales.

12.1.2 Copventional scales are based on the values assigned to reference materials. The assigned val

are stated
therefore

quality all
standard €

12.1.3 It1

in standard specifications, international recommendations or other reference documel
h reference material resulting in a fixed point on a conventional scale should have the sa
over the world. CRMs of this type‘are certified for property values, i.e. they are measured
quipment with reference measurement.

s evident that the CRMs ensure only the fixed points of a measurement scale. Measurement

a scale requires either a fixed point-and a mathematical function passing through it, or two or more fi

points wit

NOTE
The scale i

n stated means of interpolation between them.

Some special discgritinuous scales exist, e.g. Mohs’ scale for measuring hardness in geological te
based on 10 fainérals to which are assigned 10 grades of hardness; each harder mineral scratches

less hard one.

12.1.4 Ac
point(s), a

onyentional scale has two fundamental pillars: the certified reference material, providing the fi
1d_the standard specification (or similar document), giving the measurement procedure. Botl
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The standard specification provides detailed information necessary to establish and use a scale based
on assigned values; or it may provide protocols for the experimental and calculation procedures to be
used in measurements which depend on assumptions. It is advisable to specify the requirements of
the certified reference material in the same standard specification as that in which the measurement
procedure is described. By means of the necessary CRMs and relevant standard specifications, the user
can create the measurement scale, and with the aid of such a scale can measure their sample or calibrate
their instrument.

12.1.5 To evaluate the uncertainty of a measurement on the scale, the user should consider the
uncertainties in the creation of the scale and the uncertainty associated with the determination of its
fixed points by the CRM. Sometimes the users demand a level of uncertainty in the end-use which is lower
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than the uncertainty of the fixed points defined by the CRM (e.g. in measurement of the pH of blood).
They need to realize that the uncertainty of the measurements on the scale is necessarily greater than the
uncertainty of the fixed points. The replicated measurement of the CRM and the setting up of a scale (the
appropriate selection of the points, the characteristics and repeatability of the interpolating instrument,
etc.) also contribute to the overall uncertainty.

12.1.6 The selection of CRMs for determining the fixed points of a scale should be directed by the required
level of uncertainty of the end use. To minimize the uncertainty of the measured value on the scale, the
user should employ CRMs which have been certified in terms of the units of the scale. Obviously, 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 ¢
cer
un
bet
me|

Th

ertain cases, the user can apply pure chemical compounds for determining the fixed\poin
tified in the scale units are unavailable or expensive, or if their use is not necessany at the
ertainty of the measurement. If this procedure is chosen, the user should be aware of the ¢
ween the purity of the material and the property on which the scale is based.“Fhe uncertd
asurement can be only roughly evaluated.

bre is a great variety of conventional scales and the methods of application of the CRMs for d¢

ts, if CRMs
evel of the
orrelation
inty of the

termining

theim differ widely. Two examples are given in 12.2 and 12.3 to show sefne features of conventignal scales.

12}|2 pH-scale

12
pH
as

ass
of 3
on

2.1 Since absolute single-ion activities cannot be measured experimentally, it is recognized that the
value is an inexact physical quantity. In order that measured pH be treated with as much significance
possible, a conventional pH scale has been adopted which is defined by reference solutions with
igned values of pH. These values have been determined by measuring the electromotive force (e.m.f.)

hydrogen-silver/silver chloride cell withouttransference and by a given method of calculation, based
h convention.

12J2.2 Various national standard specifications describe the methods of preparing and asj
vallies to the reference solutions. Thewuncertainty of the certified values of these reference s
limjited to a few thousandths of a pHunit.

igning pH
olutions is

12{3 Octane number

12)3.1 The octane-number scale is defined by ASTM-IP joint standard specifications. Infernational
Stapdards as well as@number of national standards refer to these documents. ASTM D 2699-95a/IP 237
and ASTM D 2700-95a/IP 236 describe the test methods for knock characteristics of motor fliels by the
research method-and by the motor method respectively. In both standards, the octane numberjof a fuel is
determined‘by comparing its knocking tendency with those for blends of ASTM reference fuels of known
octhne number under standard operating conditions. The reference materials and blending gccessories
are|given'in annexes of both standards.

12.3.2 The ASTM standards refer to NIST SRM No. 1816a (iso-octane, purity 99,987 %) and SRM No.
1815a (n-heptane, purity 99,987 %). The principal use of these materials is in certifying the commercially
produced ASTM Knock Test Reference Fuels. Specifications for these reference fuels are given in the
standard, in which the suppliers are also listed. The responsibility for meeting the specifications for the
reference materials rests with the suppliers. ASTM certification is based on the physical properties of the
sample. Suppliers are required to test a sample of the reference material to be certified and at the same
time test the corresponding SRM to provide traceability of production to an accepted reference material.
A certificate is issued by ASTM to the suppliers, authorizing them to guarantee that the material shipped
has been tested accordingly, and to quote the results of the tests.
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13 Selection of CRMs and RMs

13.1 General

13.1.1 Reference materials, and certified reference materials in particular, can be used for various

purposes i

n a measurement process. These purposes include:

— Calibration;

— Establishing metrological traceability;

— Methgdg

d validation;

— Assignment of values to properties of other materials.

— Qualit]

13.1.2 It
with ISO G
document

13.1.3 Ng
single pur}

EXAMPLE

[y control.

s highly recommended that RMs and CRMs produced (and for CRMs cértified) in accorda

nce

uides 34[1] and 35[2] are used. Ideally, such conformity is explicitly stated in the accompanyfing
ition. The user should check that this is the case, and if it is not stated,‘ask the producer of the RM.

t every RM can be used for every purpose. Furthermore, a‘@given RM can only be used fqr a

pose in a specific measurement.

n-butane,

A synthetic natural gas mixture certified for the contentsof methane, ethane, propane, iso-butgne,

itrogen, and carbon dioxide can be used for calibration.of'a gas chromatograph (GC). It cannot, in

the

same measpirement, simultaneously be used to check the trueness.of the GC. The same CRM can however be used
to assess offher aspects of performance such as retention times, peak separation, and precision.

13.1.4 Refference materials can come in different forms[16l. Some of the common forms include:

a) pure pubstances characterized for chemical purity and other properties such as melting po
viscogity, enthalpy of combustion;

b) stan

c) matri
the cd
occur

d) physi
viscos

e) referg
etc. T
micro

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

int,

x reference materials; characterized for the composition of selected properties suchl as

ntent of specified chemical constituents. Such materials may be prepared from natur
ing materials, or bysynthesis;

11y

ral-chemical areference materials characterized for properties such as melting pojnt,

ity, octane riumber, flash point hardness, and absorbance;

ince objects or artefacts characterized for functional properties such as taste, od

ur,

his type also includes specimens characterized for properties ranging from fibre typq to

biological specimens.

Whether a CRM or some other kind of RM is selected for a particular purpose depends on many factors,
including the specific application, and the availability.

13.1.5 Reference materials can be found in various databases on the Internet, including COMAR, the
key comparison database of the national metrology institutes (KCDB), and the websites of reference
material producers.

13.2 Selection of a CRM

13.2.1 For the purpose of this Guide, it is understood that any CRM is accompanied by at minimum the
following documentation:[17]

20
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general particulars of the producer or certifying body assuming responsibility for the ce

:2015(E)

rtificate;

a description of the material, including a clear statement of the species used for materials from

animal or plant origin;
intended use of the CRM;
for each property, a value and its associated (expanded) uncertainty;

the metrological traceability of the certified property values;

seriaerr o rind ~f o134
T 1= ¢

NO
(su

13
pra

13
any
it g
ass
ass

a ata L X
LAPII .y udlic Ll,lbl LAvAv S v vVAall
instructions for use, including any limitations;
appropriate storage conditions.

['E For CRMs intended for qualitative measurement, properties may be expresséd as enumerj
th as colours), and uncertainties may be expressed as probabilities.

2.2 The intended use of a CRM states the purposes for which the CRM_can be used in a me
cess.

2.3 Laboratories should be able to explain and justify the basis of selection of all CRMs an

decision not to use a CRM. A formal suitability assessméntshould be performed by the u
an be shown that the choice of RM will not significantly. affect measurement results. The
essing the suitability of a CRM is visualized in Figute’2. The various aspects to be incly|
essment are given in 13.3.

ated values

asurement

1 of course
ser, unless
process of
ded in the
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START

A

Define measurement
requirement

Select candidate CRM

\ 4

Collect supporting
information

l

Characteristics CRM fully
meet measurement
requirement

Yes

Limitations,but CRM is
best available and meets
miniMum requirements

Supporting evidence
concerning quality CRM is
satisfactory

No©

Yes Limitations, but CRM is No

best available and meets
minimum requirements

y A,

CRM is unsuitable;
CRM is suitable downgrade requirements or
seek alternative
v v
END END

Figure 2 — Assessment of the suitability of a CRM (in modified form, from [16])
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3 Selection of RMs

2015(E)

13.3.1 Forthe discussion of the selection of RMs (other than CRMs), there are two cases to be considered:

a)
b)

characterized RMs;

uncharacterised RMs, that is, RMs that come without a property value.

RMs that come with stated property values should meet the requirements of ISO Guide 35 and therefore

the
these
WO
the

13
the
oft
Fur
ded

NO
me
ind
wh

13

Th
tak
con

se propertyvalues should be metrologlcallytraceab

uld 0therw1se be stated on an RM cert1f1cate [ 7] For these RMs the same con51derat10ns 3
selection of CRMs (see 13.2).

3.2 Many RMs come without stated property values. For most applications, theynominal
range(s) within which the property value(s) are expected to lie, should be Known. Thes
bn used for various kinds of precision control, such as day-to-day within laboratory quali
thermore, in order to be useful, these RMs should have been checked for{ hlbmogeneity and
cribed in ISO Guide 35.[2]

['E There are situations, where RMs without -for example- stability data can still be usefull
hsurement processes. These situations are limited to cases, where the'stability of the RM can be de
rectly by some other reference, such as including in the measurément process another RM (or
ch the stability has been established.

4 Relevance to the measurement system

e user of the CRM should decide what properties ofthe CRM arerelevantto the measurement
ing into account the approach to certification;the statement on intended use and instructi
rect use of the CRM on the certificate.

Level. The CRM should have properties at the level(s) appropriate to the level at
measurement process is intended-\te be used, e.g. concentration.

Matrix. The CRM should have a matrix as close as possible to the matrix of the mat
subjected to the measurenmernt process, e.g. carbon in low-alloy steel or carbon in stainle

Form. It may be a test-piece or a manufactured article or a powder. It may need pref
should be used inthesame form (e.g. solid, gas, etc.) as the sample to be measured.

Minimum sample’intake. Whenever the CRM certificate specifies a minimum amount tha
taken to obfainf a sub-sample representative of the bulk, this specification should be adh

Quantity) The quantity of the CRM should be sufficient for the entire experimental pi

le (preferablyto SI) Inorderto fulfll their purpose,

mation as
pply as for

values, or
e RMs are
ty control.
stability as

 applied in
monstrated
CRM) from

brocedure,
pns for the

which the

brial to be
5s steel.

aration. It

should be
bred to.

ogramme,
W units of

including some reserve if it is considered necessary. Avoid having to obtain additional ng
the.CRM later in a given measuring process, unless the CRM is provided as single use uni

S.

f)

Stability. Wherever possible the CRM should have stable properties throughout the experiment.

Three situations can exist:

1) the properties are stable and no precaution is necessary;

2) the certified value of the properties may be influenced by storage conditions, in which case the
container should be stored, both before and after its opening, in the way described on the certificate;

3) the properties (which are changing at a known rate) at specific times are defined in a certificate

supplied with the CRM. The user should obey the instructions for use as provided on the

© ISO 2015 - All rights reserved
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certificate or associated documents. The property values and stated uncertainties are only
valid under these conditions.

g) Acceptable uncertainty of the certified value. The uncertainty of the certified value should be
compatible with the precision and trueness requirements outlined in 1.1.

h) Commutability. Where relevant, the user should assess whether the CRM is commutable with
respect to the intended use. [18][19] Data from an assessment performed by the CRM producer may
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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