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Foreword

In 1997 a Joint Committee for Guides in Metrology (JCGM), chaired by the Director of the Bureau International des
Poids et Mesures (BIPM), was created by the seven international organizations that had originally in 1993 prepared
the Guide to the expression of uncertainty in measurement (GUM) and the International vocabulary of basic and
general terms in metrology (VIM). The JCGM assumed responsibility for these two documents from the ISO Technical
Advisory Group 4 (TAG4).

The Joint Committee is formed by the BIPM with the International Electrotechnical Commission (IEC)), the In-
ternational Federation of Clinical Chemistry and Laboratory Medicine (IFCC), the International Organization for
Standardization (ISO), the International Union of Pure and Applied Chemistry (IUPAC), the International Union
of Pure and Applied Physics (IUPAP), and the International Organization of Legal Metrology (OIML). A fur-
ther organization joined these seven international organizations, namely, the International Laboratory Accreditation
Cooperation (ILAC).

JCGM has two Working Groups. Working Group 1, “Expression of uncertainty in measurement”, has the task to
promote the use of the GUM and to prepare Supplements and other documents for its broad application. Working
Group 2, “Working Group on International vocabulary of basic and general terms in metrology (VIM)”, has the task
to revise and promote the use of the VIM. For further information on the activity of the JCGM, see www.bipm.org

Documents such as this one are intended to give added value to the GUM by providing guidance on aspects of the
evaluation and use of measurement uncertainty that are not explicitly treated in the GUM. Such guidance will be as

consistent as possible with the general probabilistic basis of the GUM.

This document has been prepared by Working Group 1 of the JCGM, and has benefited from detailed reviews
undertaken by member organizations of the JCGM and National Metrology Institutes.
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Introduction

Conformity assessment (see , as broadly defined, is any activity undertaken to determine, directly or indirectly,
whether a product, process, system, person or body meets relevant standards and fulfills specified requirements (see
3.3.3). ISO/IEC 17000:2004 gives general terms and definitions relating to conformity assessment, including the
accreditation of conformity assessment bodies and the use of conformity assessment in facilitating trade.

In a particular kind of conformity assessment, sometimes called inspection (see7 the determination that a product
fulfils a specified requirement relies on measurement as a principal source of information. ISO 10576-1:2003 [22] sets
out guidelines for checking conformity with specified limits in the case where a quantity (see is measured and a
resulting coverage interval (see (termed ‘uncertainty interval’ in ISO 10576-1:2003) is compared with a tolerance
interval (see. The present document extends this approach to include explicit consideration of risks, and develops
general procedures for deciding conformity based on measurement results (see , recognizing the central role of
probability distributions (see as expressions of uncertainty and incomplete information.

The evaluation of measurement uncertainty is a technical problem whose solution is addressed by JCGM 100:2008,
the Guide to the expression of uncertainty in measurement (GUM), and by and its Supplements, JCGM 101:2008,
JCGM 102:2011 and JCGM 103 [3]. The present document assumes that a quantity of interest, the measurand (see
, has been measured, with the result of the measurement expressed in a manner compatible with the principles
described in the GUM. In particular, it is assumed that corrections have been applied to account for all recognized
significant systematic effects.

In conformity assessment, a measurement result is used to decide if an item of interest conforms to a specified
requirement. The item might be, for example, a gauge block or digital voltmeter to be calibrated in compliance with
ISO/IEC 17025:2005 [23] or verified according to ISO 3650 [24], or a sample of industrial waste water. The requirement
typically takes the form of one or two tolerance limits (see @D that define an interval of permissible values, called a
tolerance interval (see , of a measurable property of the item. Examples of such properties include the length of a
gauge block, the error of indication of a voltmeter, and the mass concentration of mercury in a sample of waste water.
If the true value of the property lies within the tolerance interval, it is said to be conforming, and non-conforming
otherwise.

NOTE The term ‘tolerance interval’ as used in conformity assessment has a different meaning from the same term as it is used
in statistics.

In general, deciding whether an item conforms will depend on a number of measured properties and there might be
one or more tolerance intervals associated with each property. There may also be a number of possible decisions with
respect to each property, given the result of a measurement. Having measured a particular quantity, for example, one
might decide to (a) accept the item, (b) reject the item, (c¢) perform another measurement and so on. This document
deals with items having a single scalar property with a requirement given by one or two tolerance limits, and a binary
outcome in which there are only two possible states of the item, conforming or non-conforming, and two possible
corresponding decisions, accept or reject. The concepts presented can be extended to more general decision problems.

In the evaluation of measurement data, knowledge of the possible values of a measurand is, in general, encoded
and conveyed by a probability density function (see 7 or a numerical approximation of such a function. Such
knowledge is often summarized by giving a best estimate (taken as the measured quantity value (see ) together
with an associated measurement uncertainty, or a coverage interval that contains the value of the measurand with a
stated coverage probability (see . An assessment of conformity with specified requirements is thus a matter of
probability, based on information available after performing the measurement.

In a typical measurement, the measurand of interest is not itself observable. The length of a steel gauge block,
for example, cannot be directly observed, but one could observe the indication of a micrometer with its anvils in
contact with the ends of the block. Such an indication conveys information about the length of the block through
a measurement model that includes the effects of influence quantities such as thermal expansion and micrometer
calibration. In conformity assessment, an accept/reject decision is based on observable data (measured quantity
values, for example) that lead to an inference regarding the possible values of a non-observable measurand [37].

Because of uncertainty in measurement, there is always the risk of incorrectly deciding whether or not an item conforms

© JCGM 2012— All rights reserved vii
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to a specified requirement based on the measured value of a property of the item. Such incorrect decisions are of two
types: an item accepted as conforming may actually be non-conforming, and an item rejected as non-conforming may
actually be conforming.

By defining an acceptance interval (see of permissible measured values of a measurand, the risks of incorrect
accept/reject decisions associated with measurement uncertainty can be balanced in such a way as to minimize the
costs associated with such incorrect decisions. This document addresses the technical problem of calculating the
conformance probability (see and the probabilities of the two types of incorrect decisions, given a probability
density function (PDF) for the measurand, the tolerance limits and the limits of the acceptance interval.

A particular acceptance interval, and its relation to a corresponding tolerance interval is shown in figure [T}

Acceptance interval |

N

T A ATy
IL |

Toleranceinterval |

Figure 1 — Binary conformity assessment where decisions are based on measured quantity values. The
true value of a measurable property (the measurand) of an item is specified to lie in a tolerance interval
defined by limits (71,,7y). The item is accepted as conforming if the measured value of the property lies in
an interval defined by acceptance limits (see|3.3.8)) (Ar, Ay), and rejected as non-conforming otherwise.

Choosing the tolerance limits and acceptance limits are business or policy decisions that depend upon the consequences
associated with deviations from intended product quality. A general treatment of the nature of such decisions is beyond
the scope of this document; see, for example, references [14] [15] [34] [35] [36] [44].
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Evaluation of measurement data — The role of
measurement uncertainty in conformity assessment

1 Scope

This document provides guidance and procedures for assessing the conformity of an item (entity, object or system)
with specified requirements. The item might be, for example, a gauge block, a grocery scale or a blood sample. The
procedures can be applied where the following conditions exist:

— the item is distinguished by a single scalar quantity (see[3.2.1)) (a measurable property) defined to a level of detail
sufficient to be reasonably represented by an essentially unique true value;

NOTE The GUM provides a rationale for not using the term ‘true’; but it will be used in this document when there is
otherwise a possibility of ambiguity or confusion.

— an interval of permissible values of the property is specified by one or two tolerance limits;

— the property can be measured and the measurement result (see expressed in a manner consistent with
the principles of the GUM, so that knowledge of the value of the property can be reasonably described by (a) a
probability density function (see[3.1.3) (PDF), (b) a distribution function (see[3.1.2), (c) numerical approximations
to such functions, or (d) a best estimate, together with a coverage interval and an associated coverage probability.

The procedures developed in this document can be used to realize an interval, called an acceptance interval, of
permissible measured values of the property of interest. Acceptance limits can be chosen so as to balance the risks
associated with accepting non-conforming items (consumer’s risk) or rejecting conforming items (producer’s risk).

Two types of conformity assessment problems are addressed. The first is the setting of acceptance limits that will
assure that a desired conformance probability for a single measured item is achieved. The second is the setting of
acceptance limits to assure an acceptable level of confidence on average as a number of (nominally identical) items are
measured. Guidance is given for their solution.

This document contains examples to illustrate the guidance provided. The concepts presented can be extended to
more general conformity assessment problems based on measurements of a set of scalar measurands. Documents such
as references [19] [I3] cover sector-specific aspects of conformity assessment.

The audience of this document includes quality managers, members of standards development organizations, accredita-

tion authorities and the staffs of testing and measuring laboratories, inspection bodies, certification bodies, regulatory
agencies, academics and researchers.

2 Normative references
The following referenced documents are indispensable for the application of this document.
JCGM 100:2008. Evaluation of measurement data — Guide to the expression of uncertainty in measurement (GUM).

JCGM 101:2008.| Evaluation of measurement data — Supplement 1 to the ” Guide to the expression of uncertainty in
measurement” — Propagation of distributions using a Monte Carlo method.

JCGM 102:2011. Evaluation of measurement data — Supplement 2 to the ”Guide to the expression of uncertainty in
measurement” — Extension to any number of output quantities.

JCGM 200:2012.| International vocabulary of metrology — Basic and general concepts and associated terms (VIM3).

© JCGM 2012— All rights reserved 1
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ISO/IEC 17000:2004. Conformity assessment — Vocabulary and general principles.
ISO 3534-1:2006. Statistics — Vocabulary and symbols — Part 1: Probability and general statistical terms.

ISO 3534-2:2006. Statistics — Vocabulary and symbols — Part 2: Applied statistics.

3 Terms and definitions

For the purposes of this document the definitions of JCGM 100:2010, JCGM 101:2008 and JCGM 200:2012 apply,
unless otherwise indicated. Some of the most relevant definitions from these documents are given succinctly below.
Supplementary information, including notes and examples, can be found in the normative references.

Further definitions are also given, including definitions taken, or adapted, from other sources, which are especially
important in conformity assessment.

For definitions that cite other documents, a NOTE that occurs prior to such citation is a part of the cited entry; other
NOTES are particular to the present document.

i

In this document, the terms “indication” and “maximum permissible error (of indication)” are taken to be quantities

rather than values, in contrast with JCGM 200:2012.

NOTE Citations of the form [JCGM 101:2008 3.4] are to the indicated (sub)clauses of the cited reference.

3.1 Terms related to probability

3.1.1

probability distribution

distribution

probability measure induced by a random variable

NOTE There are numerous, equivalent mathematical representations of a distribution, including distribution function (see
clause [3.1.2)), probability density function, if it exists (see clause[3.1.3), and characteristic function.

[Adapted from ISO 3534-1:2006 2.11]

3.1.2

distribution function

function giving, for every value &, the probability that the random variable X be less than or equal to &:
G (§) =Pr(X <€)

[JCGM 101:2008 3.2]

3.1.3

probability density function

PDF
derivative, when it exists, of the distribution function

9x (5) =dGy (5)/(15
NOTE g, (§)d¢ is the ‘probability element’
gx (§)d€ = Pr(§ < X <+ d9).

[Adapted from JCGM 101:2008 3.3]

2 © JCGM 2012— All rights reserved
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3.14
normal distribution
probability distribution of a continuous random variable X having the probability density function

for —oo < £ < 400
NOTE 1 p is the expectation (see(3.1.5) and o is the standard deviation (see|3.1.7) of X.
NOTE 2 The normal distribution is also known as a Gaussian distribution.

[JCGM 101:2008 3.4]

3.1.5
expectation
for a continuous random variable X characterized by a PDF g, (£),

(o]
B = [ go(d
—o00
NOTE 1 The expectation is also known as the mean.

NOTE 2 Not all random variables have an expectation.

NOTE 3 The expectation of the random variable Z = F(X), for a given function F(X), is
B@) = BE) = [ FEa o

[JCGM 101:2008 3.6]

3.1.6
variance
for a continuous random variable X characterized by a PDF g, (&),

veo = [ T le— BX) gy () de

— 00

NOTE Not all random variables have a variance.
[JCGM 101:2008 3.7]

3.1.7
standard deviation
positive square root of the variance

[JCGM 101:2008 3.8]

3.2 Terms related to metrology

3.2.1

quantity

property of a phenomenon, body, or substance, where the property has a magnitude that can be expressed as a number
and a reference

[JCGM 200:2012 1.1]

© JCGM 2012— All rights reserved 3



JCGM 106:2012

3.2.2

quantity value

value of a quantity

value

number and reference together expressing magnitude of a quantity

[JCGM 200:2012 1.19]

3.2.3

true quantity value

true value of a quantity

true value

quantity value consistent with the definition of a quantity

[JCGM 200:2012 2.11]

3.24
measurand
quantity intended to be measured

[JCGM 200:2012 2.3]

NOTE In this document, the measurand is a measurable property of an item of interest.

3.2.5

measurement result

result of measurement

set of quantity values being attributed to a measurand together with any other available relevant information

NOTE A measurement result may be expressed in a number of ways, by giving, for example, (a) a measured quantity value
with an associated measurement uncertainty; (b) a coverage interval for the measurand with an associated coverage probability;
(c) a PDF; or (d) a numerical approximation to a PDF.

[JCGM 200:2012 2.9]

3.2.6

measured quantity value

value of a measured quantity

measured value

quantity value representing a measurement result

NOTE A measured quantity value is also known as an estimate, or best estimate, of a quantity.
[JCGM 200:2012 2.10]

3.2.7

coverage interval

interval containing the set of true quantity values of a measurand with a stated probability, based on the information
available

[JCGM 200:2012 2.36]
3.2.8
coverage probability

probability that the set of true quantity values of a measurand is contained within a specified coverage interval

[JCGM 200:2012 2.37]

4 © JCGM 2012— All rights reserved
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3.2.9
indication
quantity provided by a measuring instrument or measuring system

NOTE 1 An indication is often given as the position of a pointer for an analogue output or the displayed or printed number
for a digital output.

NOTE 2 An indication is also known as a reading.

[Adapted from JCGM 200:2012 4.1]

3.3 Terms related to conformity assessment

3.3.1
conformity assessment
activity to determine whether specified requirements relating to a product, process, system, person or body are fulfilled

[Adapted from ISO/IEC 17000:2004 2.1]

3.3.2
inspection
conformity assessment by observation and judgement accompanied, as appropriate, by measurement, testing or gauging

[Adapted from ISO 3534-2:2006 4.1.2]

NOTE A measurement performed as part of conformity assessment is sometimes called an inspection measurement.

3.3.3
specified requirement
need or expectation that is stated

NOTE Specified requirements may be stated in normative documents such as regulations, standards and technical specifications.

[ISO/IEC 17000:2004 3.1]

NOTE 1 The term ‘expectation’ in the context of a specified requirement is not related to the expectation of a random
variable; see definition [3.1.5]

NOTE 2 In this document, a typical specified requirement takes the form of a stated interval of permissible values of a
measurable property of an item.

EXAMPLE 1 A sample of industrial waste water (the item) is required to have a mass concentration of dissolved mercury
(the property) of no greater than 10ng/L.

EXAMPLE 2 A grocery scale (the item) is required to have an indication R (the property) in the interval
[999.5g < R < 1000.5 g] when measuring a standard 1 kg weight.

3.34

tolerance limit

specification limit

specified upper or lower bound of permissible values of a property

[Adapted from ISO 3534-2:2006 3.1.3]
3.3.5
tolerance interval

interval of permissible values of a property

[Adapted from ISO 10576-1:2003 3.5]

© JCGM 2012— All rights reserved 5
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NOTE 1 Unless otherwise stated in a specification, the tolerance limits belong to the tolerance interval.

NOTE 2 The term ‘tolerance interval’ as used in conformity assessment has a different meaning from the same term as it is
used in statistics.

NOTE 3 A tolerance interval is called a ‘specification zone’ in ASME B89.7.3.1:2001 [2].

3.3.6

tolerance

specified tolerance

difference between upper and lower tolerance limits

3.3.7
conformance probability
probability that an item fulfills a specified requirement

3.3.8
acceptance limit
specified upper or lower bound of permissible measured quantity values

[Adapted from ISO 3534-2:2006 3.1.6)

3.3.9
acceptance interval
interval of permissible measured quantity values

NOTE 1 Unless otherwise stated in the specification, the acceptance limits belong to the acceptance interval.

NOTE 2 An acceptance interval is called an ‘acceptance zone’ in ASME B89.7.3.1 [2].

3.3.10
rejection interval
interval of non-permissible measured quantity values

NOTE 1 A rejection interval is called an ‘rejection zone’ in ASME B89.7.3.1 [2].

3.3.11
guard band
interval between a tolerance limit and a corresponding acceptance limit

NOTE The guard band includes the limits.

3.3.12

decision rule

documented rule that describes how measurement uncertainty will be accounted for with regard to accepting or
rejecting an item, given a specified requirement and the result of a measurement

[Adapted from ASME B89.7.3.1-2001 [2]]

3.3.13
specific consumer’s risk
probability that a particular accepted item is non-conforming

3.3.14

specific producer’s risk
probability that a particular rejected item is conforming

6 © JCGM 2012— All rights reserved
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3.3.15

global consumer’s risk

consumer’s risk

probability that a non-conforming item will be accepted based on a future measurement result

3.3.16

global producer’s risk

producer’s risk

probability that a conforming item will be rejected based on a future measurement result

3.3.17

measurement capability index

tolerance divided by a multiple of the standard measurement uncertainty associated with the measured value of a
property of an item

NOTE In this document the multiple is taken to be 4; see clause|7.6.3

3.3.18

maximum permissible error (of indication)

MPE

for a measuring instrument, maximum difference, permitted by specifications or regulations, between the instrument
indication and the quantity being measured

NOTE 1 When more than one maximum difference is specified, the term “maximum permissible errors” is used; for example,
a specified maximum negative difference and a specified maximum positive difference.

NOTE 2 The error of indication can be written as £ = R — Ry, where R is the indication and Ry denotes the indication of an
ideal measuring instrument measuring the same measurand Y. In the testing and verification of a measuring instrument, the
error of indication is typically evaluated by measuring a calibrated reference standard.

4 Conventions and notation
For the purposes of this document the following conventions, notation and terminology are adopted.

4.1  In the GUM, the standard uncertainty associated with an estimate y of a measurand Y is written as u.(y). The
subscript “c”, denoting “combined” standard uncertainty, is viewed as redundant and is not used in this document.
(See JCGM 101:2008 4.10).

4.2  An expression written A =: B means that B is defined by A.

4.3  When there is no potential for confusion, the symbol w, rather than u(y), will be used for notational simplicity.
The expanded uncertainty U is generally taken to be U = ku using a coverage factor of k = 2; the value of k is given
explicitly when there is potential for ambiguity.

4.4 A property of interest (the measurand) is regarded as a random variable Y with possible values 7. When Y is
measured, evaluation of the measurement data yields a measured quantity value 7,,, taken to be a realization of an
observable random variable Yy,. In general, the measured value 7, will differ from Y by an unknown error E, say,
which depends on random and systematic effects.

4.5 A tolerance interval specifies permissible values of the measurand Y. A conformity assessment decision is based
on the measured value 7, and the relation of n,, to a defined acceptance interval.

4.6  Knowledge of the quantities Y and Y}, is encoded and conveyed by conditional PDF's whose forms depend on
available information. Conditional PDFs are written with a vertical bar, with information to the right of the bar
regarded as given. The PDF for a measurand Y before measurement is gy|;(n|I), where the symbol I denotes prior
information.
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4.7  Following a measurement of a property of interest, yielding an observed measured value 7, the post-
measurement PDF for Y is gy, 1(0|m, I).

4.8  The analogous PDF's for the possible values 7y, of the measuring system output quantity Yy, are (a), gy, |1 (fm|1),
encoding belief in possible measured values given only the prior information I, and (b), gy;,,7(m|n, I), the analogous
PDF when, in addition to the prior information I, the measurand is assumed to have a given true value Y = 7.
4.9 In the interests of brevity, in this document explicit display of the fixed prior information I is largely omitted.
Also, PDF's for Y and Y, are expressed in terms of symbols g and h respectively, using the following notation in which
subscripts are largely suppressed:
— For pre-measurement knowledge of the measurand Y,

gY|1(77|I) =:9,(n);
— For post-measurement knowledge of the measurand Y,

9Y (1 (705 1) =2 g (1|70 5
— Knowledge of possible measured values given only the prior information I,

9Ym|1(77m|1) =: Ry () ;
— Knowledge of Yy, assuming, in addition to information I, a given value Y = 7 of the measurand,

9Yanln, 1 (Mea|11, ) =2 P (11 [7) -
These PDFs are not independent but are related by Bayes’ theorem (see clause [6.2])
4.10  According to Resolution 10 of the 22nd CGPM (2003) “ . . . the symbol for the decimal marker shall be

either the point on the line or the comma on the line . . . 7. The JCGM has decided to adopt, in its documents in
English, the point on the line.

5 Tolerance limits and tolerance intervals

5.1 Conformity assessment measurements

5.1.1  Consider a situation where a property of an item of interest, such as the error of indication of a voltmeter, is
measured in order to decide whether or not the item conforms to a specified requirement. Such a test of conformity
comprises a sequence of three operations:

— measure the property of interest;

— compare the measurement result with the specified requirement;

— decide on a subsequent action.

5.1.2  In practice, once the measurement result has been obtained, the comparison/decision operations are typically
implemented using a previously established and stated decision rule (see[3.3.12)) that depends upon the measurement
result, the specified requirement, and the consequences of an incorrect decision.

5.1.3  Guidance is available regarding the formulation of a decision rule. ISO 14253-1 [2I] and ASME B89.7.3.1
[2] provide guidelines for documenting a chosen decision rule and for describing the role of measurement uncertainty

in setting acceptance limits. These documents address decision rules involving two or more possible decisions, and
include the binary decision rule, with which this document is concerned, as a special case.
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5.1.4 A measurement performed as part of a conformity assessment is designed to obtain information sufficient
to enable a decision to be made with an acceptable level of risk. An appropriate measurement strategy will balance
the cost of reducing measurement uncertainty against the benefit of more certain knowledge of the true value of the
measurand.

5.1.5  An inspection measurement together with an associated decision rule is thus closely related to matters such

as costs and risks. As such, the design of a satisfactory conformity assessment is often not a purely technical exercise.
If the goal is to minimize cost, then given a suitable economic model the problem can be reduced to direct calculation.

5.2 Permissible and non-permissible values: tolerance intervals

5.2.1 In this document, specified requirements for a measurand of interest consist of limiting values, called tolerance
limits, that separate intervals of permissible values of the measurand from intervals of non-permissible values [22].
Intervals of permissible values, called tolerance intervals, are of two kinds:

— a one-sided tolerance interval with either an upper or a lower tolerance limit;

— a two-sided tolerance interval with both upper and lower tolerance limits.

In either case, an item conforms to the specified requirement if the true value of the measurand lies within the tolerance
interval and is non-conforming otherwise. The above tolerance intervals are illustrated in figure

5.2.2  Seemingly one-sided tolerance intervals often have implied additional limits, for physical or theoretical reasons,

that are not explicitly stated [22]. Such tolerance intervals are effectively two-sided, having one specified limit and
one implied limit; see examples 4 and 5 below.

Tolerance interval

Tolerance interval

(b) v

Tolerance interval

©

Figure 2 — Tolerance intervals. (a) A one-sided interval having a single lower tolerance limit 71; (b) a
one-sided interval having a single upper tolerance limit Ty; (c) a two-sided interval having lower and
upper tolerance limits. The difference Ty — T7, is called the tolerance.

NOTE 1 In some cases, such as food safety or environmental protection, specifying the tolerance limits in conformity assess-
ment measurements may involve uncertainties related to the difficulty in assessing the consequences of incorrect decisions [29].
A related problem in reliability analysis, called completeness uncertainty, is associated with unanalysed contributions to risk
[31].

NOTE 2 Matters such as completeness uncertainty bear no relation to the measurement uncertainty associated with an
estimate of a measurand resulting from an inspection measurement. In this document the tolerance limits are taken to be fixed
constants.
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5.3 Examples of tolerance limits
EXAMPLE 1 Single upper tolerance limit

The breakdown voltage V4, for a certain type of Zener diode is specified to be no greater than —5.4 V. For a conforming diode,
W lies in the open interval V;, < —5.4 V.

EXAMPLE 2 Single lower tolerance limit

A metal container for soft drinks is required to have a bursting strength B of not less than 490 kPa. Conforming values of B
lie in the open interval B > 490 kPa.

EXAMPLE 3 Explicit upper and lower tolerance limits

An OIML Class E; 1 kg weight [25] is specified to have a maximum permissible error (MPE) of 500 pug. This means that the
mass m of the weight is specified to be not less than 0.999 999 5 kg and not more than 1.0000005 kg. A conforming 1 kg weight
is one for which the mass error £ = m — mo, with mo = 1 kg, lies in the interval —500 pg < E < 500 pg.

EXAMPLE 4 Explicit upper and implied lower tolerance limits

An environmental regulation requires the mass concentration X of mercury in a stream of industrial waste water to be no
greater than 10 ng/L, which is an explicit upper tolerance limit. Since the mass concentration cannot be less than zero, there
is an implied lower tolerance limit of 0 ng/L. A sample of waste water complies with the regulation if the mass concentration
of mercury in the sample lies in the interval 0 ng/L < X < 10 ng/L.

EXAMPLE 5 Explicit lower and implied upper tolerance limits

Powdered sodium benzoate, used as a food preservative, is required to have a purity P, expressed as a mass fraction on a dry
basis in percent, of no less than 99.0 %, which is an explicit lower tolerance limit. The purity cannot be greater than 100 %,
which is an implied upper tolerance limit. A conforming sample of sodium benzoate is one for which the sample purity lies in
the interval 99.0 % < P < 100 %.

6 Knowledge of the measurand
6.1 Probability and information

6.1.1 In measurements performed as part of a conformity assessment, knowledge of a property of interest (the
measurand) is modelled by a conditional probability density function (PDF) whose form depends on ava