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1 Foreword to the second edition

2 In line with the Eurachem policy on the developmemii maintenance of guides, a review of the fugian

3 of this Guide was initiated in 2016, five yearseafts original publication. The review involvedsarvey of
4 users of the Guide and, while the feedback way pesitive, the responses indicated that there wawes
5 scope for revision. In addition, since the publmatof the first edition, a number of the key doants used
6 in analytical measurement such as the ISO/IEC 180@%dard have been revised. In this second edhion
7 scope and structure, and the terms and conceptssdied, remain unchanged from the first editiorwéier
g all sections have been reviewed and, where negeskartext has been revised to improve clarity emsure
9 consistency with current guidance.

TAM 2019 iii



Terminology in Analytical Measurement

Eurachem Guide

1

Abbreviations and symbols

2 The following abbreviations, acronyms and symbalsuo in this Guide.

3 Abbreviations and acronyms

4 BIPM

5 CCQM
s CGPM
7 CITAC
s CRM

9 ERM®
10 GC-FID
11 GC-MS
12 IEC

13 IFCC

14 ISO

15 IUPAC
16 JCGM
17 JCTLM
18 LC-MS
19 LOD

20 LOQ

21 NIST

22 NMI

23 p,p-DDE
24 PT

25 RM

26 Sl

27 SOP

28 SRM®
29 VIM

30 VSMOW
31 WHO
32 XRF

33 Symbols

34 0

35 [

36 p

37 kK

38S

39U

40 Ug
41U
42

International Bureau of Weights and Measures

Consultative Committee for Amount of Substanddetrology in Chemistry
The General Conference on Weights and Measures
Cooperation on International TraceabilityAnalytical Chemistry
certified reference material

European Reference Material

gas chromatography-flame ionisation detector

gas chromatography-mass spectrometry

International Electrotechnical Commission

International Federation of Clinical Chemysand Laboratory Medicine
International Organization for Standardization

International Union of Pure and Applied Chstny

Joint Committee for Guides in Metrology

Joint Committee for Traceability in Laborgtdviedicine

liquid chromatography-mass spectrometry

limit of detection

limit of quantification/quantitation

National Institute of Standards and TechnpldSA)

National Metrology (or Measurement) Institute
p,p-dichlorodiphenyldichloroethylene

proficiency testing

reference material

International System of Units

standard operating procedure

Standard Reference Material (NIST registered tradk)

International vocabulary of metrology — Basiodageneral concepts and associated terms (VIM)

Vienna Standard Mean Ocean Water
World Health Organization
x-ray fluorescence

probability for a Type | error

probability for a Type Il error

mass concentration

coverage factor used to calculate expanded (ma@asmt) uncertainty
standard deviation

standard (measurement) uncertainty

combined standard (measurement) uncertainty

expanded (measurement) uncertainty
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1 Introduction and scope
2 Introduction

3 In the world of metrology — the science of measumehand its application — there is a language whashto

4 be learned. The International Vocabulary of Metgyl¢VIM) was produced to provide a common language,
s primarily for physical measurements. The third iedit(International Vocabulary of Metrology — Basind

6 General Concepts and Associated Terms (called Vil this document)) was produced by WG2 of the
7 Joint Committee for Guides in Metrology (JCGM) apdblished as JCGM 200:2008 and as ISO/IEC
8 Guide 99 [1]. A revised version of JCGM 200 wasl@hied in 2012 which is available free of charganrfr

9 the BIPM website [2]. This revision included onlyinor corrections which do not affect the concepts
10 described in this Guide, however ISO/IEC Guide 88 hot been updated. JCGM have also published an
11 online annotated version of the VIM [3]. There anany differences between VIM 3 and earlier editons
12 one important change is captured in the title Wi addition of the word ‘concepts’. VIM 3 is a sistent

13 set of concepts each described by a unique tertre-ldabel’ of the concept. It is applicable acrads

14 scientific disciplines thus making it relevant kms$e involved in performing measurements in cheynestd

15 biology. Consistent definitions of concepts witkeithassociated terms and symbols are essentiahlf/sts

16 and customers across the globe are to understahdéeer.

17 Scientists from different sectors often attach edéht words to the same concept, which can make
1g interdisciplinary conversations difficult. There ets to be a common language that is clear and
19 unambiguous. The first thing one does when learaimg new language is to acquire a vocabulary, which
20 will grow with time. Anyone learning a new languagél know that there are often peculiarities —rfro

21 words that can have different meanings dependinghencontext, to words that sound the same but are
22 spelled differently and obviously have a differemtaning. In English the word ‘standard’ has ofteerb

23 cited as an example of a word with many meaningdetailed knowledge of the language is requiredsso

24 to avoid such words causing mistakes, especialypémple who do not have English as a first languag
25 Ambiguous terminology also becomes a problem famdlators and can be an indirect barrier to trade.

26 SO why do we need a guide to VIM 3 for analyticaikatists? First, VIM is a normative reference in a
27 number of International Standards and Guides tha¢pin accreditation, including ISO/IEC 17025 §0O

28 15189 [5], ISO/IEC 17043 [6], ISO Guide 33 [7] ais®D Guide 35 [8]. It is also referenced in ISO 9(@0

29 and ISO 17034 [10]. Second, those involved in etiolcaand training have realised that there is often
30 confusion about both concepts and terminology.dditeon the definitions are often written in a larage

31 that is difficult to understand. This is true foradysts even when the definitions are translateohfEnglish

32 or French to the local language. Third, in VIM 21 are some substantial changes to terminolognin
33 attempt to accommodate chemical and biological oreasents. Fourth, to make VIM 3 more accessible to
34 analysts working in these sectors there is a ne@tavide context and additional examples whichteethe

35 concepts to chemical and biochemical measurements.

36 All languages use some words in several differeaysvwhich adds confusion when conversations are
37 between different nationalities. As mentioned poesly, the word ‘standard’ is one example in Erghsit

38 @ more subtle case is the use of the word ‘quankityconversation we may say, e.g. ‘the quantitgample

39is 5 ¢'. This may be acceptable in daily life. Hmeg the VIM 3 usage of the term is more spechMithat

40 we should say and write is, ‘the mass of sampieds In metrology quantity is not a synonym for @mt.

41 Quantity is a generic concept for things we measarg. length, mass, time and amount-of-substance
42 concentration. Validation and verification is arestipair of words that have a changed definitioVikl 3

43 from what is generally used in analytical labore®ralthough the actions in the laboratory toycaut these

44 activities will be exactly the same.

45 This Eurachem Guide gives an explanation of sedecbacepts and provides examples over and aboge tho
46 in the Notes accompanying the definitions in VIMThe words that are defined in VIM 3 are highlighte
47 and a VIM 3 reference number is provided for thecept. In VIM 3 the relations between concepts is
a8 displayed in 12 diagrams which have been usedlmdreup concepts into families in this Guide. Hthwe

49 terms and definitions relating to these conceptsliaked to each other, either within a family atleen

so families, is illustrated in this Guide. The concepthich appear in this Guide are listed in Tableilthe

51 Appendix and in the text are organised into thdofahg chapters; General Metrology, Metrological
52 Traceability, Measurement Uncertainty, and Veriima, Validation and Method Performance.
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1 Scope

2 The scope of this Eurachem Guide is to cover acseteof the concepts in VIM 3, focusing on thosesin

3 likely to be encountered in analytical laboratariéisaims to cover chemical, biological and clitica
4 measurements. This Guide is intended for laborastaff, accreditation bodies, for those commisgigni

s measurements and for those using measurementstekatiturers and trainers may also find this Guide
6 useful when teaching aspects of metrology.
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Terminology in Analytical Measurement Eurachem Guice

1 Notes for the reader

2 All concepts defined in VIM 3 appear bold in the text. The terms discussed in this Guideliated in

3 Table Al in the Appendix. If the full VIM 3 defindn is included in this Guide, the VIM 3 referemuamber
4 is given in the text box where the concept is dafiand is not given each time the term is usetartext.
s When other VIM 3 terms are used in the text with@wtefinition, the VIM 3 reference number is givbe

6 first time the term occurs in a section. VIM 3 p@aenmultiple (often shorter) terms for the same aagt;

7 these are also included in the Appendix. If morantlone term is given in VIM 3, the first term isth
8 preferred one and it is used in this Guide as $apassible. However, a shorter alternative is wgleere it
9 improves the readability of the text.

10 Single quotation marks (* ') are used both fopdasis and for quotations. The latter are alwafgseaced.
11 The decimal sign is the point on the line. Forwud standard, an upper case S is used when isrefex
12 norm, e.g. the International Standard ISO/IEC 1702Ben the word vocabulary refers to VIM 3 or poais
13 editions, an upper case V is used.

14 The generic term ‘concentration’ is used on its powe. unqualified, when a generality is requirdd.
15 represents the family of quantities which includegss concentration,amount concentration,number

16 concentration ovolumeconcentration. Note that many other quantitiesl useexpress composition, such as
17 mass fraction, substance content and mole fraatEmpe directly related to concentration.

18 It is accepted that the metre is the Sl base dniérgth, and that volume should be expressed ‘iramal
19 multiples or submultiples of this, i.e. 1 litre =d. Since litre is an accepted unit it is used irs Buide
20 and is represented by L [11].

21 A key concept in this Guide is ‘measurement’. Hoarethe core activity of an analytical laboratasyoiten
22 referred to using wording such as ‘analysis’, ‘tésxamination’ or ‘determination’. Unlike ‘measement’
23 which is a quantitative feature, these terms agguently used, and understood, to involve a quiatta
24 and/or a quantitative aspect.
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1 General metrology

11.1 Metrology 39 molecular sequences (e.g. of amino acids in a
40 polypeptide, of nucleotides in a DNA fragment).
science of measurement and its application | 41 Such important properties, that have no magnitude,
(VIM 2.2) 42 are however acknowledged in VIM 3 and described
2 43 with the term nominal property. In analytical

3 Metrology covers all theoretical and practicai chemistry the termgualitative analysisis often

4 aspects ofmeasurementin all sectors, includingss used to describe the examination obminal

5 routine measurement It applies in analyticalss properties.

6 science, biological and clinicaimeasuremen : . .
9 ' 471t is possible to measure guantity (see the

7 whatever  the relqtlve magnitude  of tquefinition of measuremenj, whereas obtaining
8 measurement uncertaintyof the result.

49 information about anominal property is not a
so measurement The term examination is

51 appropriate [13]. However, in 1ISO 15189 the term
52 ‘examination’ is used for both the determination of
property of a phenomenon, body, or | 53nominal property values and for
substance, where the property has a | s4 measurement5].

magnitude that can be expressed as a
number and a reference (VIM 1.1) ss 1.4 Quantity value

9 1.2 Quantity

10

11 Quantity is a crucial concept imetrology, which
12 applies across all disciplines involved with
13 measurement and is therefore the first termy,
14 defined in VIM 3 [1]. The definition identifies a
1squantity as any property which has sizé
16 (magnitude) that can be evaluated thro
17 measurement Some of the terms related
18 quantity are shown in Figure 1.

number and reference together expressing
magnitude of a quantity (VIM 1.19)

The size (magnitude) ofguantity is expressed as a
H’lumber accompanied bynaeasurement unitand —

If appropriate — by additional reference to a
60 measurement procedureor areference material

61 (RM) (VIM 5.13).

19 There are many kinds a@fuantity including mass,
20 volume, velocity (speed), electric current and flow Quantity

21In everyday life, we are interested in specific l

22 examples of suchuantities (formerly referred to as | |

23 ‘particular quantities’) [12], e.g. the volume of

24 gasoline dispensed into a vehicle, the speed —>Quantityva|ue
25 which my car was travelling when the police

26 stopped me, or the number concentration of re

27 cells in the blood sample taken yesterday from Mr | | |
28 Smith. Measurement Measurement Reference

29 The specification of the (particulaguantity we untt procedure material
30 intend to measure (also called theasurand is °
31 the first part of anyneasurement 63 Figure 1 — Some terms related to Quantity.

64

32 1.3 Nominal property 65 Consider two examples from the field of chemical

66 chemistry, both concerned with tlmeasurement
property of a phenomenon, body, or | 67 of lead in paint.

substance, where the property has no X ) . .
magnitude (VIM 1.30) 68 () A laboratory is required to determine the total

33 69 mass concentration of lead in a paint sample. iBhis

34 The current definition ofjuantity clearly excludes’ reported as 10 mgl In this case the specific
35 properties  that, although carrying valuapfeduantity (the measurand is the total mass
36 information, can only be described in wordg concentration of lead. Theuantity value is
37 Examples include the colour of a spot test /iht0 Mg L, where 10 is the number and mg (the

38 chemistry (e.g. a home pregnancy test), dAdneasurement uni)is the reference.
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1 (i) A laboratory is required to determine the mass
2 concentration of lead extracted from the paint oasa
3toy following the measurement procedure ss
4 described in European Standard EN 71-3 ‘Safetyof
5 Toys. Migration of certain elements’ [14]. Since tls
6 amount of extracted lead is strictly dependenthen t
7 treatment applied (e.g. solvent, time, temperatufe)
g the measurand is defined by themeasurement >°
o procedure applied (often referred to as att
10 ‘empirical method’) and is therefore called ah
11 ‘operationally defined measurand (see section>?
12 1.11). A differentmeasurement procedurewould s4 «
13 probably give a different result. Therefore, theid 0;5
14 still the number but the reference is both the
15 measurement unit(mg L") and themeasurement s,
16 procedure used. 58

17 The third case shown in Figure 1 is where tHe
18 reference is the value of aRM. This can beg,.
v illustrated using an example from laboratogy
20 medicine. Thequantity value of the activity of ag,
21 batch of an anticoagulant factor, Factor VIII,
22 extracted from human blood, is referred to the eafd *
23 of the correspondinBM, periodically prepared and*
24 approved by WHO and known as a WH®
25 International standard.5]. 66
67
26 1.5 Nominal quantity value 68
69

70
rounded or approximate value of a| ,

characterizing quantity of a measuring
instrument or measuring system that provides
guidance for its appropriate use (VIM 4.6)

72

27

The quantity value given on the certificate of a
certified reference material (CRM)
(VIM 5.14) with its associatedmeasurement
uncertainty is areference quantity value for
the particular property to which it relates.

The values of a set of solutions of known
concentration, analysed to buildcalibration
diagram (VIM 4.30), arereference quantity
values used for determining the value of the
sameguantity in other samples.

In a calibration laboratory, mercury-in-glass
thermometers are calibrated against a
measurement standard (thermometer)
reproducing specific temperature values (with
associateduncertainties): these arereference
valuesof thequantity ‘temperature’.

Analysts use the value assigned t€RM as a
reference quantity valuefor the assessment of
thetruenessof ameasurement procedure

In order to assess the competence of staff and
laboratories, the staff may be required to analyse
samples which have assigned values. The value
assigned to a sample may bejeantity value
obtained either from previous analyses by more
experienced staff/laboratories or from PT
rounds, or from a certificate if the sample is a
CRM. In this context, the value assigned to any
of these materials is deemed to beeterence
guantity value.

73 1.7 System of quantities

28 In VIM 3 the word ‘nominal’ is used in a different

29 sense innominal quantity value and nominal
30 property (see section 1.3).

31 A volumetric flask may be marked 100 mL, this is

set of gquantities together with a set of non-
contradictory equations relating those quantities
(VIM 1.3)

32 its nominal quantity value (or, more simply, the,, |, practice, it is useful to identify a seteiantities

33 nominal value). The actual value of the volume of from which all otherquantities can be derived.
34 the flask may not be exactly 100.00 mL, but will {3, g\,ch a set is gystem of quantities

35in a range according to the glassware class.

For

36 example, if a class A 100 mL volumetric flask hagedn any system of quantitiesthe base quantities
37 tolerance of 0.08 mL the actual volume will lie # (VIM 1.4) that constitute the set are, by definitio

38 the interval 99.92 mL to 100.08 mL.

39 1.6 Reference quantity value

quantity value used as a basis for comparison
with values of quantities of the same kind
(VIM 5.18)

40

so considered to be mutually independent — they
g1 cannot be described as a product of othase

82 quantities. The choice of thesguantities is by

83 convention. Other choices are equally valid,
84 provided that they satisfy the definition.

85 However, a specifisystem of quantitieshas been
ss agreed and adopted. The Metre Convention
87 established a permanent organisational structure fo

a1 Many different types of materials and devices meymember governments to act in common accord on
42 have areference quantity valueand an associated all matters relating tonits of measurement It led

43 measurement uncertainty Some examples are:

90 to the creation of the International Bureau of
91 Weights and Measures (BIPM). The sevease

TAM 2019
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1 quantities, which are agreed and defined by the

2 General Conference on Weights and Measur7e.?able 1 — Base guantities and base units
3 (CGPM), are shown in Table 1. This is called the 9 '

4 International System of Quantities[11]. Base quantity Base unit (symbol)
. - length metre (M
5 1.8 International System of Quantities g : (m)
mass kilogram (kg)
system of quantities based on the seven base time second (s)
quantities: length, mass, time, electric current, electric current ampere (A)
thermodynamic  temperature, amount  of 5 5
substance, and luminous intensity (VIM 1.6) thermodynamic kelvin (K)
6 temperature
7 The definition of the units corresponding to base amount of substance mole (mol)
g quantities (VIM 1.4) is extremely important since | | minous intensity candela (cd)

9 they provide the foundation for the entgystem of

o units (VIM 1.13). The International System of 8
11 Units (VIM 1.16), the Sl, is recognised by manys A common mistake is to confusguantities and

12 countries (at the time of writing there are 5@their measurement units It should be kept in mind

13 members states of the Metre Convention) andiighat whereas guantity is a measurable property of

14 adopted as the only legaystem of unitswithin the s2 a phenomenon, body or substance (e.g. mass), a
15 European Union [11, 16]. Thease quantities and 53 measurement unit(e.g. the kilogram) is chosen by

16 their correspondingbase units (VIM 1.10) are s4 convention as the reference to  which
17 shown in Table 1. 55 measurementsof that property refer.

18 In 2018 it was agreed that four of thdsese units .
19 would be redefined — the kilogram, the mole, t?16e1'9 Measurement unit
20 ampere and the kelvin. Following the adoption of
21 the revised definitions in May 2019, all thase real scalar quantity, defined and adopted by
22 units are defined in terms of fundamental constant{ convention, with which any other quantity of the
23 which are unchanged with respect to time anq Same kind can be compared to express the ratio
24 location. By definition, these fundamental constant | Of the two quantities as a number (VIM 1.9)

25 have nouncertainty. The kilogram is defined i’
26 terms of the Planck constarsg We are all familiar with the concept of a
27h=6.62607015x 18 Js and the mole as the measurement unif the method of pricing many
28 specific number of elementary entities (atonsgproducts is by showing the cost per agreeit, e.g.

29 molecules, ions, etc) given by the Avogadgpfood as cost per kg, price of gasoline quoted per
30 constant N, = 6.022 140 76 x TOmol!. These 62 litre (L). If we say the mass of an apple is 0.45 k
s1changes do not affect the way routigethis means that the mass of the apple is 0.15 s mas
32 measurements are made and metro|ogica| 64 Of the kilogram, that iS, themeasurement unit To

33 traceability is obtained exactly as before. It is onéy obtain the number 0.15 you compare the value

34 the definition of thaunits that has changed. 66 indicated for the apple with that indicated for a
7 reference mass, i.e. the mass used to calibrate the

35 Many otherquantities within the SI are expressecis balance. The reference mass in turn is compared
36 as relations between those shown in Table 1 and.afgih a practical realisation of the definition dfet

37 called derived quantities  (VIM1.5). The ., yjjoqram by national metrology institutes (NMIs),
38 definitions of thederived units (VIM 1.11) in terms , o by calibration or testing laboratories. The tesu
39 of thebase unitsfollow from the equations defining,, ¢ any such comparison is expressed as a ratioeof t

sothe derived quantities in terms of thebase ., jngication obtained to the value of guantity of
a1 quantities. For example, thderived quantity mass ., the saméind (VIM 1.2).

42 density is:

mass 75 1.9.1 Quantities of the same kind

(length)’ . y .
] ) o ) 76 The classification ofjuantities of the samekind
43 The meagurement unit (derived unit) is o_btal_ned 77 (VIM 1.2) is somewhat arbitrary, but the concept
44 Ey applying the same formula to thenits, i.€. .5 that only similar items can be compared is well
45 m—% which is usually written as kg for kg/n?. 79 understoodQuantities of the samekind will have

mass density=
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1the sameunit but two quantity values having the 48 a particular sampling procedure included in the
2 sameunit do not have to be of the sakiead. The 49 process.
illiglin'gfbrnﬁst?]edsini% in;uognﬁ?js g]? Tﬁgng:&%r}’oli‘ guantity value is expressed as a number and a
5 kind. Themeasurement unitof both frequency and’ refere.nce, expressing the ~magnitude of the
sactiv.ity of radionuclides is s but they are not>> quant.lty. .Does'thls mean that the procedurg of
S auantties of the samekind. In this example the> counting items is aneasuremen? The answer is
quan S . P s4 yes, because the result is quantitative and the
g unit in each case is given a special name, name

hertz (Hz) and becquerel (Bq), respectivel ss reference is the counting procedure. However,
° 9 ), resp y se visually inspecting a sample to note its colounas

10 The example of the mass of the apple was easy measurement but an ‘examination’, as
11 because quantities of the same kind were ss measurement does not apply to nominal

12 compared. Sometimes it is not possible to obtaenfhproperties. In contrast, using a spectrophotometer
13 quantity value by comparison with guantity of eoto record some property relating to the colour of a
14 the samekind, e.g. because of an incomplete sample (e.g. absorbance at a particular wavelength)
15 understanding of theneasurand or the complexity s2 is ameasurement

16 Of the factors influencing themeasurementprocess

17 and its result. An example of suchmeeasurandis 63 1.10.2 Preliminary to making a

18 the mass fraction of fibre in a food product (tbemeasurement

19 ‘fibre content’). However, it is still possible to

20 compare results for suchmeasurands provided ¢s Before making aneasurement the quantity must
21they are obtained using identical or provesibe clearly defined, bearing in mind the purpose for
22 equivalent measurement procedures In such e7 which the experimental result is required. The
23 cases, reference must be made to whiglyuantity referred to is theneasurand In addition,

24 measurement procedure(including details such ags for measurement resultsto be fit for purpose, a
25 reagent gradecalibrator, etc.) was used to obtairo validated measurement procedure needs to be

26 the quantity value. 71 available and must be applied using a calibrated
72 measuring system In this context ‘fit for purpose’
27 1.10 Measurement 73 means that, when theeasurement procedureis

74 applied, the quantity intended to be measured is
process of experimentally obtaining one or more s measure_d, and thencertainty in themeasurement
quantity values that can reasonably be | 76results is acceptable. The concept dérget
attributed to a quantity (VIM 2.1) 77 measurement uncertainty(VIM 2.34) (see section

28 783.1.2) is wused to describe the maximum

29 A measurementis a series of actions (steps, stagésjneasurement uncertaintythat can be accepted by
30 taking place in a defined manner (i.e. followings&the customer for a specific application [17].

31 measurement procedurg Some measurements

32 are a single step, others have many stages. The¥eli 11 Measurand

33 potential for controversy as some regar
34 measurementas the instrumentesponse, often the | guantity intended to be measured (VIM 2.3)
35 last stage in a multi-stage process, e.g. forignalof 82
36 sample extract. What is clear is thmaeasurement g3 There is a great deal behind this apparently simple

37 relates to thavhole process of obtaining quantity s, definition. Themeasurand is a description of the
38 value and should not be used to refer to the numerigajpecific quantity we intend to measure. The

39 value obtained. gs specification of the measurand should be

g7 sufficiently detailed to avoid any ambiguity.
20 1.10.1 What is a ‘measurement’ and ss Measurand is not another name for analyte.
a1 what is not? 89 Analyte is the component represented in the name

90 of a measurablequantity, whereasmeasurand
42 In analytical sciences, a test sample submittedsforefers to a specifiquantity to which quantity
43 analysis often undergoes a series of chemical angi/@alues are expected to be attributed by means of a
a4 physical treatments in order to convert it to anfoss measurement Consider two examples of
a5 that can be presented tongeasuring instrument o4 quantities which may be measured:
46 These steps are acknowledged to be part of the . _ _
47 measurementprocess. In some cases there may®hé Mass of protein in a 24-hour urine collection;
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1* amount-of-substance concentration of glucoseiri.12 Measurement procedure
2 plasma.

3In each case the complete statement represents { detailed description of a measurement according

ameasurand The analytes are protein and glucose| to one or more measurement principles and to a
5 respectively. given measurement method, based on a

o ) » ) measurement model and including any calculation
6 The specification of theneasurand is critical, in to obtain a measurement result (VIM 2.6)

7 order that theneasurement resultis suitable for its 43
gintended use, and should include all import
9 parameters and conditions. For example, if
10 volume of the liquid delivered by a pipette is ®
11 determined by weighing, the specification of t
12 measurandshould at least include the type of liqui
13to be used and the temperature at which ih&erformingmeasurementsrequires an understanding
14 measurementsshould be carried out. In chemicat of the measurement principle (VIM 2.4), that is of
1sand biological analysis the specification of thethe phenomenon underlying tineeasurement The

16 measurand requires at least the description of theSame measurement principle can be applied
17 quantity (e.g. mass fraction or amount-of-substarigeédccording to different measurement methods

18 concentration), the analyte and where relevant #heVIM 2.5), e.g. using different techniques (such as
19 matrix, even if it is not possible to give a clesaflame or electrothermal atomic absorption

20 chemical definition of the analyte, for example: 60 spectrometry), or differentalibration procedures
61 (externalcalibration or by the ‘method of standard

21+ mass fraction (e.g. mg Kyof cadmium in soil; additions’). Themeasurement methods a generic
22+ amount-of-substance concentration (e.g. mb) (63 description of the operations involved. The
23 of total cholesterol in blood serum: 64 following are examples ofmeasurement methods

_ 65 with themeasurement principlegiven in brackets:
24+ mass fraction (e.g. mg Ry of extractable fat in o o _
25 ameat sample. 66 * Determining by weighing the amount of a chemical

compound precipitated from a liquid test sample

) 67
26In the measurement of the mass fraction of; sing a defined chemical reaction (gravimetry).
27 cadmium in a soil sample, the sample drying

28 conditions (e.g. dried to constant mass eat Determining the amount-of-substance
29 (105 * 5) °C) should be included in the definitioin 70 concentration of a compound in a given sample,
30 the measurand as they have an influence on the either directly, by measuring its absorbance at a
31 basis for reporting results. It may be necessaryzo 9given wavelength, or indirectly, by measuring a so-
32 specify themeasurement procedurein even more73  called ‘surrogate quantity’, such as the absorbance
33 detail and define whether teeasurement result 74 of a complex formed as a result of a defined
34 will be referring to the laboratory sample or thie chemical reaction (spectrophotometry).

35 whole bulk (e.g. a batch of animal feeding stuff,,
36 whole lake). In other cases, tlmeeasurand can 77
s7only be defined with reference to an agregd
38 empirical measurement procedure(operationally _,
39 definedmeasurand For example theneasurement

a0 of extractable fat in a sample of meat will depesiAlthough  not  defined in VIM 3, the term
a1 strongly on the solvent used and the conditionssiofmeasurement process’ is used in a number of
42 extraction. Such ‘operationally defined? international Standards. It is defined in ISO
a3 measurands are still fit for the purpose of3 9000 [9] as ‘a set of operations to determine the
a4 comparing results and making decisions providedalue of a quantity’. It is the overall process of

asthat the agreedmeasurement procedures are & planning, performing and evaluatingeasurements
a6 strictly followed. 86 and, as such, themeasuremen principle, method

g7 and procedure form part of themeasurement
88 process.

Prhe description of how measurements are
‘?)erformed involves several levels of detail, witle t
1 most comprehensive being theneasurement

§procedure, which encompasses all others.

Determining the amount-of-substance
concentration of a compound by means of its
ability to become permanently linked to a specific
antibody carrying a tag (immunochemistry).

89 The most complete level of description of a
90 measurement is the measurement procedure

91 which should be sufficiently detailed to allow a
92 suitably  trained person to perform the
93 measurement In some laboratories the
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1 measurement proceduremay be documented in7 reference measurement procedured9], e.g.
20ne or more standard operating procedures (S@P)NIST LC-MS reference method for the
3 Although ISO/IEC 17025 [4] refers tas determination of the mass concentration of cortisol
4 measurement procedures in some clausesso in blood serum [20].

5 ‘method’ and ‘test method’ are also used an
6 considered synonymous  with measurement

7 procedure as defined in VIM 3. However, it shoul
8 be noted that the requirements of the Standar(yapp
sto both measurements and examinations. As
10 mentioned earlier, 1SO 15189 [5] uses the tefhi
11 ‘examination’ to refer both to the determination of
12 nominal  properties and to measurement

13 procedures In ISO/IEC 17025 the method | reference measurement procedure used to
14 includes, where relevant, aspects of ‘sampling| obtain a measurement result without relation to
15 handling, transport, storage and preparation afste | @ measurement standard for a quantity of the
16t0 be tested and/or calibrated’. However, in| same kind (VIM 2.8)

17 ISO 15189, examination does not include sampling;

18 the latter is part of the ‘pre-examination’ covereds? Primary reference measurement procedures
19 clause 5.4 of that Standard. s8 (also known as primary methods of measurement or,

. .. s9more simply, ‘primary methods’) allow guantit
20 A measurement procedureincludes a descrlptlo% Py, P y ) au y

dIn the hierarchy of metrological order, the highest
level is occupied by aprimary reference
‘neasurement procedure

4 1.14 Primary reference measurement
procedure

. o value to be determined with direct reference to the
210f how measurement resultsare obtained and jofiniion of its measurement unit or to
22 reported, mcludmg any calculation. 62 fundamental constants. Because there are no other
23 measurement resultis gen_erally expressed as 63 intermediate steps, they provide, under the stated
24single  measured quantity value and a ¢4 conditions ;metrologically traceable measurement
25 measurement uncertainty The measurement ssresults with the highest levels ofaccuracy:

26 procedure should therefore include an estimate OfExampIes of such procedures are the determination
27 the measurement uncertainty to be used when N7 0f the amount-of-substance concentration by

28 reporting measurement resultsor information on o . ,jometry, gravimetry or by isotope dilution mass
29 how it should be calculated. 60 Spectrometry.

30 There are two types aheasurement procedure

31 that are included as two separate concepts; tleeyat.15 Measurement result

32 reference measurement procedureand primary
33 reference measurement procedures

set of quantity values being attributed to a

measurand together with any other available
34 1.13 Reference measurement procedure relevant information (VIM 2.9)

71

measurement procedure accepted as providing | 72 The measurement resultis the outcome of any
measurement results fit for their intended use in | 73 measurementactivity and is what is reported to the
assessing measurement trueness of measured | 74 customer, be it a regulatory body, the accreditatio

quantity  values obtained from other | 75 body or a commercial client.

measurement procedures for quantities of the
same kind, in calibration, or in characterizing | 76 In the past, the termmeasurement result has been

reference materials (VIM 2.7) 77used to mean different things. Aneasuring
35 78 instrument gives a number, i.e. aindication; the
36 Reference measurement proceduresare well 79 number can be converted into an uncorrected result
37 characterised and  will normally  provide using acalibration curve (VIM 4.31). In some cases,

33 measurement resultswith a smallmeasurement 81 due tomeasurement bias(VIM 2.18), this value is

39 uncertainty. For example, in the clinical sector, #& corrected and the corrected result reported to the
a0 comply with the requirements of thén vitro 83 customer along with, e.g. a recovery factor with it
a1 Diagnostics  Directive [18] manufacturers  asemeasurement uncertainty This is what constitutes a
a2required to use reference measurementss measurement result in the VIM 3 definition.

43 procedures or CRMs (VIM 5.14) to establish thess Historically often a single number was all that was
a4 metrological traceability of values assigned t@7 given to the customer. The VIM 3 definition aims to
a5 calibrators. The Joint Committee for Traceabilitge eliminate this lack of consistency, by clearly
a6 in Laboratory Medicine (JCTLM) lists a number @$ identifying a measurement result as the final
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1 outcome of the process of determining thuantity si1 usually calculated as the average of the set ofegal
2 value(s) of ameasurand i.e. providing an answes2 obtained from repeatetheasurements which will
3to the customer’s request. In this context, all thehave a lowemeasurement uncertainty than the
4 relevant information relating to theeasurementis sa individual values. In many cases, theeasurand
5 also part of theneasurement result 55 requires more than onmaeasured quantity value

6 A measurement resultis generally expressed as 5gobta|ned W'th. separatmeasurement procgdures
57 For example if thaneasurandis to be defined as

7 singlemeasured quantity valueand ameasurement : )

8 uncertainty. This can be interpreted as a ‘set 5(§fthe.mass fraction of an analyte on a er weight
9 quantity values, meaning that any value, within the’ basis, the mass of the sample aﬁer drying and the
10 interval defined by theneasurement uncertaintyis a 60 Mass fraction of the analyte of interest are both
11 possible value for theneasurand This provides the® required.

12 customer with information on the reliability of the
1s measurement result which should be taken intg? 1-17 Measurement error
14 account if, for example, it is compared with aeslat
15 limit. measured quantity value minus a reference
guantity value (VIM 2.16)

16 The measurement uncertainty and the level ofg,
17 confidence associated with it are part of 2y, meacirement is perfect; the very action of
18 measurement result Themeasurement uncertainty : : .

. . .~ 65 measuring introduces changes in the system
19may not always be explicitly reported if it is

20 considered to be negligible in terms of interpgetine *° subjected tomeasurement It is convenient to
s digibie. . Ierpe 67 describe this scenario in terms ofreasurement
21 result, or if it is not relevant in the interpréat or not

22 required by the customer. Examples of where fisTor affecting each individuameasurement In

23 normally holds true are a) the volume deliveredaby’ principle, themeasurement erroris represented by

etrol station pump, b) the mass of groceries vel o the difference between theneasured quantity
24P pump, : 9 97% value and areference quantity value In practice,
25 0n a modern balance in a supermarket, and c)

26 examination results delivered to the physician b72 r a measurement on a test sample, the
6 . pnysi! . ¥36|1neasurement error is unknowable. This is
27 hospital laboratory. However, thacertainty is still ab

28 taken into account, since the pump, the balance 7a_r}r?ge cause, in this case, traference quantity value

- . . the unknowrtrue quantity value (VIM 2.11) for
29 th_e c!lnlcal tests must fulfil certain stated pemiance 76 the measurand The measurement error consists
30 criteria before they can be put into use.

77 of two components,systematic measurement

31 The requirements of ISO/IEC 17025 [4] are thaterror (VIM 2.17) andrandom measurement error

32 information onmeasurement uncertaintyshould be 79 (VIM 2.19), which represent respectively, the

33 presented in test reports when it is relevant ® dhconstant or predictable variation and the

34 validity or application of the test results, whdre ts1 unpredictable variation in a series of replicate

35 customer’s instruction so requires or when themeasurements Well known parameters describing

36 uncertainty affects conformity to a specification.  s3the performance of analytical methods are
84 associated with the estimate of the random and

37 1.16 Measured quantity value 85 Systematic components ofeasurement error (see

86 chapter 4).

quantity value representing a measurement ! )
result (VIM 2.10) 87 1.18 Indication

38

39 Measured quantity valuesare an essential part of a
40 measurement result In the simplest cases, e.g.
41 when weighing bread or potatoes on a commergid
42 weighing scale, theeasured quantity valueis the ., \1ost measurements are based onindications

43 measurement result as the measurementis a g, hrovided bymeasuring instruments or measuring

a4 simple single step process and no intermedigiey stoms An indication (e.g. an instrument signal or
45 measurements or calc_ulatlons ~are required;, rosn0nse) and a corresponding value ofjthantity

46 However, more often, in analytical sciences, g,qing measured are not necessarily values of
47 measurement involves different quantities and , quantities of the samekind (VIM 1.2). In many

s indications, to be combined according to the cases thandication provided by themeasuring
4 measurement model (VIM 2.48), to obtain the . ingiryment or measuring systemwill be a value

someasured quantity value The final value iSg; rejated to muantity different from themeasurand

quantity value provided by a measuring
instrument or a measuring system (VIM 4.1)
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1 In most cases in analytical science, analystsaely2  e.g. mercury-in-glass thermometer, a spring
2 the measurement of physical quantities such ass43  balance. For instruments with analogue outputs,
3 mass of precipitate, volume of titrant, or the gf@nis  the indication is given by the position of a

4 in electrical signal produced by the absorptionsef pointer on the display.

sradiation of a particular wavelength. These,
6 indications are then converted, using well knovﬁrj
7 stoichiometric relationships or @libration curve : .
8 (VIM 4.31), to quantities rpelated to the amount of® volumetric flasks, standard weights GRMs

9 substance. In chemical analysis it is quite comnion (VIM 5.14).

10 to observe an instrument response for a serieso@istinguishing between these categories of
11 reference solutions and then for the test samplesigneasuring instrumentsis not normally a concern
121in this context the term ‘instrument response’sisin analyticalmeasurement

13 generally used forindication. Similarly blank

14 indication (VIM 4.2) refers to the instrumenis 1.21 Metrological comparability of

15 response for a test material where the analyte,Qheasurement results

16 interest is believed to be absent (in VIM 3 the
17 phrase ‘supposed not to be present’ is used).

Material measures (VIM 3.6) are intended to
reproduce an assigneduantity value, e.g.

comparability of measurement results, for
quantities of a given kind, that are
metrologically traceable to the same reference
(VIM 2.46)

18 1.19 Measuring instrument

55

device used for making measurements, alone or
in conjunction with one or more supplementary | s6 VIM 3 uses the word comparability in the sense of

devices (VIM 3.1) 57 ‘ability to compare’ not in the sense of being
B s8 ‘similar in magnitude’. Hence, to be comparable the
20 Measuring instrument is closely related to thes measured quantity valuesor the measurement
21 concept measuring systerm 60 uncertainties do not have to be of the same order of
61 magnitude. For examplepeasurement resultsfor
22 1.20 Measuring system 62 the determination of the mass fraction of chromium

63 in an alloy and in a sample of contaminated sail ar
64 metrologically comparable when they are
65 traceable to the sanmeeasurement unit

set of one or more measuring instruments and
often other devices, including any reagent and
supply, assembled and adapted to give | ¢ The purpose of makingieasurementsis often to
information used to generate measured quantity | ., onaple a comparison to be made between the
VEINES [tilhi) eS| SRS (e GUEIES ©f 68 measurement resultobtained and another value for

23 specified kinds (VIM 3.2) 69 a quantity of the sam&ind (VIM 1.2), e.g. a legal

24 In some cases, when theeasuring instrumentcan 7° limit or a reference interval. Examples of possible
25 be used alone (e.g. mercury-in-glass thermometefuestions asked by a customer are, ‘Is the mass
26 the measuring systemconsists of oneneasuring 2 fraction of Ie_ao_l in this sample of 30|I_ greater_rtha
27 instrument. However, for the majority of analytical® the allowed limit?” or ‘Is the mass fraction of “im

28 methods themeasuring systemconsists of several* WO samples of soil significantly different?” A

29 measuring instruments and associated equipmedt duestion which often arises, for instance, in aleg
30 and reagents. 76 context is, ‘Are the results provided by the two

_ 77 laboratories different?’ In order to be able tovegs
31VIM3  defines three types of measuring s5these questiongneasurement resultsneed to be
32 Instruments. 79 metrologically comparable.

33+ Indicating measuring instruments (VIM 3.3) s A comparison is only meaningful if the results are
34 provide an output signal dlre_ctly. for examplesatraceable to the same reference (preferably
35 number (e.g. an electronic balance) or g@nternationally accepted) which may be, e.g. the

36 visual/acoustic signal. The output may Bkemetre or theguantity value of aCRM (VIM 5.14).

37 transferred to another device, e.g. a (:ompute1r_h ) bility’ i iated with th
38 with software providing data integration. 84 The concept ‘comparability’ Is assoclated with the

85 concept ‘compatibility’.

39» Displaying measuring instruments (VIM 3.4),
40 a particular type ofindicating instrument,
41 display theresult of a measurementon a scale,
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1.22 Metrological compatibility of
measurement results

property of a set of measurement results for a
specified measurand, such that the absolute
value of the difference of any pair of measured
quantity values from two different measurement
results is smaller than some chosen multiple of
the standard measurement uncertainty of that
difference (VIM 2.47)

soFor a larger set of resultsmetrological

31 compatibility cannot be determined so easily. The
32 ‘chosen multiple’ in the definition would depend on

33 the level of confidence required and the number of
34 paired comparisons involved.

35 Correlation between theneasurements influences
36 metrological compatibility of measurement results
37 The standard uncertainty of the difference will be
38 lower for positive correlation and higher for negat
39 correlation.

sFor a set of two results to bmetrologically

5 compatible the difference between them should be
6 smaller than thexpanded uncertainty (VIM 2.35)

7 of their difference. With knowledge of the value of
8 the measurement uncertainty of the quantity
gvalues it is possible to calculate a permissible
10 difference @) between a pair of independent results
11 which refer to the sammeasurand A difference

12 betweenx; andx, greater thaml suggests a possible
13 failure of themeasuring system a change in the
14 measurand or that themeasurement uncertainty
1s0f one or both results has been estimated
16 incorrectly.

17 The standard uncertainty (VIM 2.30) of the

18 differenceu(d) between two completely independent
19 measurement results x;, and x, (obtained, for
20 example, from two different laboratories) is given
21 by the equation:

u(d) = \/u(x1)2 + u(x;)?

2 where u(x;)) and u(x) are the standard

23 uncertainties associated witly; andx, respectively.
24 Therefore, for twomeasurement resultsto be

25 considered metrologically  compatible,  the

26 differenced must be less thakud), wherek is the

27 coverage factor (VIM 2.38) appropriate for the
28 required level of confidence.

29
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2 Metrological traceability

1 This chapter describes the terminology relatings$¢ A measurement procedure which is fully
2 metrological traceability. Further information onsa  defined and internationally agreed upon, e.g. the
3 how to establish thé&raceability of measurement 45 procedures defined in the IFC@rimary
4 results is given in a Eurachem/CITAC Guide [2k}  reference procedurefor the measurement of

s and an IUPAC Technical Report [22]. 47 catalytic activity concentration of alkaline
48 phosphatase in human serum[23] or the
6 2.1 Metrological traceability 49 procedures defined in the ISO Standard method

so  for the determination of the fat content of dried
51 milk and dried milk products [24].

property of a measurement result whereby the

result can be related to a reference through a | s A measurement standard e.g. the CRM
documented unbroken chain of calibrations, 53 (VIM 5.14) SRM® 2193a CaC® pH standard
edch . 'cotntrl\b/tll\t/llnzgm o the measurement | ., \hich  when prepared according to the
Lncenaingyi( — 55 instructions given in the certificate, has a
s6  certified pH value of 12.645 at 20 °C with an

s Most chemical analyses involve comparing (A expanded uncertainty (VIM 2.35) of 0.011
9 laboratory result with values produced at differegt k=2).

10 times and locations, e.g. a value on a certificate, _
11 legal limit, or a result obtained with a differef? For manymeasurement resultsthe reference will
12 measurement procedure 60 be a measurement unit but in some cases

_ . _ _ 61 additional metrological references, such as a
13 Metrological  traceability is essential  forg, measurement procedurewill also be required (see

14 meaningful measurement results as it helpsg; section 1.11). In such cases the references ate use
15 demonstrate that such comparisons are scientificallin combination.

16 valid. It is meaningful to compare the length of a , o ]

17 football field with the distance between streehty 65 The ‘unbroken chain of calibrations’ is a
18 S0 long as they are both expressed in metres -sgk@ceability chain (VIM 2.42), consisting of the
19 sameunit of measurement However, just becausé’ Séquence  of measurement standards and

20 results arenetrologically traceable does not mearf calibrations used to relate ameasurement result
21 they are fit for purpose as it does not ensurettteats? t0 @ reference. A generic flow chartrogtrological

22 measurement uncertainty is adequate. For© traceability is shown in Figure 2. The direction of
23 example, themeasurement resultobtained when?! increasing measurement uncertainty and the
24 Weighing a certain mass of sodium chloride usingz&alibration hierarchy (VIM 2.40) are illustrated.
25 calibrated  technical  (2-figure) balance {3 The calibration hierarchy is a sequence of
26 metrologically traceableto the kilogram. This may’* callbrat|'ons from the chosen reference to the final
27 be fit for purpose for preparing reagents such’ageasuring systemwhere the outcome of each
28 buffers but may not be sufficiently accurate foe tf calibration depends on the outcome of the previous
20 preparation  of calibration solutions for th@ calibration. The traceability chain is defined by
30 determination of low concentrations of sodium ihthe chosemalibration hierarchy.

31water. In addition, to ensure thateasurement ;o The result should always be traceable to an
n2results are fit for purpose, themeasurement g appropriate reference point and accredited
33 procedures used must be validated (see chaptegfaboratories must be able to demonstrate this. The
3aand adequate on-going quality control procedusefahoratory can draw its owmaceability chains by

7

35 must be in place. g3 studying the documentation for its routine
. 84 procedures, equipment amdlibrators. Examples
36 2.1.1 Reference points gs of generictraceability chains can be found in the

_ 86 Standard 1SO 17511 [25]. The IUPAC Technical
37 According to VIM 3 there are three types ©f Report on establishing traceability in chemistry
ssreference (see Note 1 of the definition gf contains the following seven illustrated examples o
39 metrological traceability). g9 traceability chains [22]:

. -1 = . T
a0 A measurlement unit e.g. mol ', g, mg kg, s0+ Amount-of-substance concentration of an acid in
a1 °C, pkat L, through its practical realisation (seg g solution:

42 section 2.1.2).
) 92 pH of a solution;
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1+ mass concentration of ethanol in breath; sgwould require a primary measurement

49 standard (VIM 5.4) for each of the millions of
sfchemical compounds. To overcome this problem the
51 Consultative Committee for Amount of Substance

a+ mass fraction of glyphosate in an agricultural(CCQM) has selectedneasurement principles

2 ¢ number-ratio of isotopes of an element in
material;

chemical; 53 (VIM 2.4) and measurement methods (VIM 2.5)
_ 54 that have the potential to assignantity values in
6+ amount-of-substance concentration Q'mole, or its derived units (VIM 1.11), for the
7 creatininiuntin blood plasma; s6 quantities carried by materials which then become
g+ mass fraction of protein in grain. s7 primarycalibrators, e.9.CRMs (VIM 5.14).
5 2.1.2 Practical realisation of a s 2.1.3 Route to establishing metrological
10 measurement unit so traceability

11In the case ofmetrological traceability to a 60 Establishing ~and —demonstratingmetrological

12 measurement unit(VIM 2.43), the reference is thé! traceability in  chemistry is often  not

13 definition of aunit through its practical realisatiorf? Straightforward. One reason is that there may be
14 What does this mean in practice? The realisatiori3geveral ways of obtaining timaeasurement result

15 the definition of aunit is the procedure by whict§ for the same measurand For example, the

16 the definition may be used to establish ttaue, 65 quantitative ar_1a|y3|s of copper in a water sample
17and associatedneasurement uncertainty of a ¢6can be caried out using various types of
18 quantity of the samekind (VIM 1.2) as theunit. 67 SPEctrometric instrumentation, with or .WlthOUt
1sMass and amount of substance are thase 68 digestion, separation, and pre-concentration steps.
20 quantities (VIM 1.4). They correspond to tHease 62 In addltlon,_the complexity of test materials means
21units (VIM 1.10) of the kilogram and the molé® that extensive samplg pre-treatment anpl clean-up is
22 respectively.  Although the definition of th& often required which makes straightforward
23 kilogram is changed and there is no longer ZfOmparisons betweemeasurement standardsand

24 international protype kilogram (see section 1.8) 7 test samples difficult.

25 realisation of theunit will still be made using well;; The secondary measurement standardVIM 5.5)
26 defined measurement proceduresusing, €.9. assshown in Figure 2 serves tacalibrate the

27 Kibble balance [11]. Themeasurement unit or ;s measuring system within the given reference

28 multiples of it, are embodied in calibrated weights measurement procedure  This  reference

29 The embodiment (realisation) is achieved Qymeasurement procedurds the one used to assign a
30 measurement using a primary reference ;4 value to thecalibrator, e.g. aCRM (VIM 5.14),

31 measurement procedureand ameasuring system g, ysed in the laboratory during the analysis of rti
3210 assigna quantity value and ameasurement g; samples. The choice ahlibrator will depend on

33 Uncertainty. 82 the measurement procedureand the purpose for

34 The revised definition of the mole is discussed®mnvhich the measurementis being made. Analysts

35 section 1.8. A common realisation of the mole&ismust assess the mfluence Qf the entlrg measurement
ss achieved through weighing. The amount #fProcess, and sampling if appropriate, on the
37 substancen in a pure sample is measured Bg,metrologlcal traceability of the measurement

38 determining the mass of the sample and dividing’ result.

39 by the molar mask! according ton=m/M n=<roes Manufacturers normally offer various materials for

40 This approach is only possible when the chemi¥aihe preparation of working measurement

a1 entity or entities, specified in measurand can be % standards (VIM 5.7) for calibration of routine

2 defined. If this is not the case then amount %fmeasurements There are, e.g. pieces of copper
13 substance cannot be measured. In such cases, @tAegtal with stated purity, and solutions with

44 quantities, such as mass, which do not need entifié§Pecified amount-of-substance concentration and
ssto be specified, can be chosen. To repyrinatrix composition. Theincertainty in the value

46 measurement resultsin the SI (VIM 1.16) unit 9 of the calibrator will directly influence the

47 mole, the embodiment of the definition of the m@femeasurement uncertainty of the final result so
97 here the analyst may have a choice.

98¢ Fewer standards qualify as secondary
BCreatininium’ is the IFCC-IUPAC term for the sunfi ®s measurement standards and there are an even
the species ‘creatinine’ and ‘creatininium’ ion. 100 smaller number of primary measurement
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1 standards (VIM 5.4) and primary proceduress Metrological traceability is the property of a
2 available. So although the lower parts of the chaimesult. In the generic example in Figure 2 the
3 shown in Figure 2 will differmeasurementsof the 17 measurement resultis the quantity value and its
s concentration of copper made in differetd measurement uncertainty together with any other
s laboratories will be traceable to a stated endpaintelevant information relating to the sample.

6 reference _via the same primaryalibrator or

7 procedure. Many of thameasurements of the

s protein transferrin in serum performed in medical

9 laboratories are traceable to tBeunit (VIM 1.16)

10 g L™ via theCRM ERM® DA 470k/IFCC [26]. The

11 laboratory has to ensure thanetrological

12 traceability of the steps shown below the dotted

13 line in Figure 2.

. Measurement .
Material . Location
Metrological reference, procedure
A

e.g. Sl

14

N
Primary reference NMI
measurement procedure

Primary measurement
standard

procedure 1 laboratory

N
Reference measurement [ Calibration

Secondary measurement
standard

Metrological traceability chain
Calibration hierarchy

procedure 2

Measurement uncertainty increases

Reference measurement [ CRM producer ]

Calibrator in end-user
laboratory (CRM)

N
Measurement procedure
. End-user

in end-user laboratory

.
Measurement result End-user v

Figure 2 — Example of a generic traceability chainThe traceability chain relates the measurement
result for a routine test sample to the referencegnt (here the Sl) via a sequence of calibrationgh(e
arrows). Uncertainties, present in all procedures rad calibrators, are propagated to the final result.
The arrows to the left illustrate the direction ofthe traceability chain (upwards) and the directionof
the calibration hierarchy (downwards). The arrow onthe right indicates the measurement uncertainty
increasing from the metrological reference to the masurement result.

Routine test sample
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51 traceable resulting in thecalibration hierarchy

12.1.4 Practical demonstration of 52 having a branched structure. Theetrological
2 metrological traceability 53 traceability of all relevantinput quantities and

s4  influence quantities must be demonstrated by

3 Examples of how to achievemetrologicalss the laboratory by means of documented
4 traceability can be found in a number of guides [g1, calibrations. The effort involved in establishing
5 22, 27]. For routine testing most of the informati¢  metrological traceability for each quantity
sthat the laboratory needs to establish and should be commensurate with its relative
7 demonstratemetrological traceability is availabless  contribution to themeasurement result. Any

g in-house. 60 corrections (VIM 2.53) applied before

ge
10
11
12
13
14
15

16
17
18
19
20

21 ¢
22
23
24
25
26
27

28 ¢
29
30
31

32e
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47

48 ®
49
50

Definition of the measurand Includes at lead Presenting theneasurement resultmust also be

: : traceable, for example when correcting results for
the type ofquantity (e.g. mass concentratiofij, )
the analyte (e.g. methyl mercury), and typef’of Measurement biagViM 2.18).

samples (e.g. freshwater, dairy products ...),sput Check that the relevant properties of the
may require additional specifications (e.g. ey calibrators —quantity values, uncertainties and
mass and drying temperature), see also segfionmetrological traceability — are fit for purpose
1.11 for details. 67 and fully documented.

A description of themeasurement procedure . .
Includes details of all steps, equipment &hd:1-> APpropriate equipment and degree
materials required, thmeasuring systemand as9 Of control

model (VIM 2.48) showing how the result is _ )
calculated. 70 Knowing thetarget measurement uncertainty(see

~71section 2.1.4) the analyst can select appropriate
The target measurement uncertainty;; equipment andmeasurement standards It is
(VIM 2.34): The maximumuncertainty that isss important to identify theinput and influence
acceptable. This depends on the application 4la@antities (VIM 2.50 and 2.52) which have a
intended use) and, ideally, the customer kngyignificant effect on theneasurement resultso that
this, or can refer to specifications. In order;dehe uncertainty associated with theneasurement
choose appropriate references knowledge of;tlag thesequantities can be controlled appropriately.
target measurement uncertaintyis required. 73 For example, when measuring a volume of liquid

Reference The top of thetraceability chain 7° there is a choice of apparatus available (measuring

(VIM 2.42), (e.g. a measurement unit a® cylinder, volumetric flask, pipette, etc.). The
material with a.sbecifieaﬂuantity value (CRM & measurement uncertaintyassociated with volumes

(VIM 5.14)) or ameasurement procedurg 82 measu_red using these devices will diﬁer. When

83 preparing a reagent, where the concentration is not
Calibration  hierarchy  (VIM 2.40)  andss critical to the measurement resulf using a
traceability chain: The laboratory can perhagsmeasuring cylinder may be acceptable. In contrast,
choose between several workirgalibrators, ss the concentration of a calibration solution willviea
each one provided with its own different, fixgda direct influence on theeasurement resultso a
traceability  chain. The  documentatiogs higher degree oficcuracy (smaller measurement
accompanying thecalibrator describes thes uncertainty) in volume measurementsis required.
sequence of steps (involvingneasurementso In addition, when preparing a calibration solution
standards, measuring systems  ando; different grades of chemical substances are often
measurement procedure each with increasing available. The appropriate grade (quality) showdd b
uncertainty, between thecalibrator and itses selected for a particular application. For example,
reference (calibration hierarchy) which definess two materials are available for preparation of a
the traceability chain for the calibrator of o5 calibration solution to measure the mass fractibn o
choice. If the workingcalibrators are prepareek pesticidep,p’-DDE in animal fat [27]:

in the laboratory, this step is added to the ial de chemical with d .
traceability chain and itsuncertainty evaluated” © & commercial grade chemical with stated purity

according to established procedures. %8 expressed as a mass fraction >95 %;

t9° a CRM (VIM 5.14) with certified purity

Many measurements involve multiple inpu .
y P P expressed as a mass fraction of (99.6 £ 0.4) %.

quantities (VIM 2.50) andinfluence quantities®
(VIM 2.52). These should all benetrologically
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1 The measurementuncertainty associated with the  charge or potential, rather than amount-of-

2 stated purity of the commercial grade chemical may substance concentration or mass fraction.

3 ge sufﬁufent Itn a Sctfeen'ﬂg exerc%eéut/cl) as;eﬁﬁeqlﬁe VIM 3 definition ofcalibration is divided into

:h:gr?j?)gurzcé?]tzr;%g?r:)?g'icglwti\elxireabilit ’Wéc 47 two parts, Figure 3 illustrates the first part as a
9 : Y and a,. jlibration diagram (VIM 4.30).

6 Smaller measurement uncertainty associated with

7 the stated purity, would be more appropriate toiluse

8 the intention is to determine if a specific tesnpée

9 complies with a legal limit. As mentioned abovee th V=Fx)

10 choice ofcalibrator fixes thecalibration hierarchy 300— m

11 (VIM 2.40), and thereby theraceability chain

12 (VIM 2.42).

13 As a rule of thumb theneasurement uncertainty
14 for those steps in thmeasurement procedurethat
15 have a significant effect on the result shouldb&
16 of the target measurement uncertainty for the
17 final result. When this condition is met the
18 individual steps concerned will make a negligibl
19 contribution to the overall measurement

20 uncertainty. 1lo 3’0 |
50

X3, U(X3)

X, U(X2) V3, U(ys)

200 Y2, u(y2)

Indication (y;)/unit

100—

21 When  selecting measurement  standards

22 certificates of analysis and calibration certife Quantity value (x;)/unit

23should be considered in the light of the _ _

24 accreditations or approvals held by the issuing/bdld19Ure 3 —Schematic of the first clau‘sg of tth

25 Values given on a certificate from a non-accreditaég€finition of calibration. Indications (‘'signals’ y;)
26 facility may not have the degree ofetrological 53 from r_neasurement_ standards (_callbrators) Wlth
27 traceability that the customer would anticipatéduantity valuesx; give the relation (the function)
28 Producers of CRMs should comply with thé&® Y =f(x). The vertical and horizontal arrows

29 requirements of 1SO 17034 [10], as documentegefijdicate the standard uncertainties of the

30 their accreditation or otherwise verified by exgrff INdication and quantity values respectively (these

31 assessment by customers or by self-assessments® '€ not to scale).
59

32 2.2 Calibration 60 In a calibration experiment, the analyst typically

61 prepares a set of calibration solutions (also known
operation that, under specified conditions, in a | 62 as, talibrators’, ‘calibrants’, ‘standard solutions’ or
first step, establishes a relation between the | 63 ‘working standards (VIM 5.7)), i.e. a set of
quantity values with measurement | s measurement standards When measured, each of
uncertainties provided by measurement | ¢sthem gives rise to anindication (‘signal’,
standgrds and corresponding in.di.cations yvith 66 ‘response’). The relationy=f(x) between the
associated measurement uncertainties and, in a | ¢, jgication and the correspondinguantity value is
second step, uses this information to establish a sscalled a calibration curve (VIM4.31). The
relation for obtaining a measurement result . . . M
from an indication (VIM 2.39) 69 Uncertainty of the calibration _W|II include
33 7o contributions  from the uncertainty of the
71 measurement standards variation inindications,

34 Calibration in chemical analysis is frequently,,q jimitations in the mathematical model when
35 associated with calibratingraeasuring instrument _ establishing the relation= f(x)

36 Or measuring systemTypical features of these are:
_ _ 74 The analyst then analyses the unknown sample and
7+ they  contain ~ chromatographic  andipy,seq thandication (ys) to calculate a corresponding
38 spectrometric equipment; 76 quantity value (x) from the calibration curve
3+ they need frequent (daily, weekly, monthiy)using the function=f"(y). This second part of the
a0 calibration: 78 definition is illustrated in thealibration diagram
o ) ) ) 79 shown in Figure 4. If, for exampl&x) is defined as
a1+ theindication, i.e. the signal from the instrumegt, bx, whereb is the slope of the curve aads the

42 or system, corresponds toqaantity other than,, y_axis intercept wher = 0, therf™(y) is (y — a)/b.
43 that intended to be measured, e.g. an electric
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1 Uncertainties arising from the indication, thes: 2.4 Measurement standard

2 calibration, and other corrections (VIM 2.53),

3 contribute to theuncertainty of the measurement
4 result.

32

realization of the definition of a given quantity,
with stated quantity value and associated

5 measurement uncertainty, used as a reference
(VIM 5.1)

300— Vs, U(Ys)

I S e

200—

Indication (y;)/unit

100—

| | Xs |
10 30 50

42 The CRM
43 standard.

33 A commercial laboratory regularly monitors the
34 level of cadmium in drinking water. Legislation has
35 specified that theuantity measured should be the
36 mass concentration. For instrumesalibration the

37 laboratory uses a&CRM (VIM 5.14) for which,

3g according to the certificate, thealue of the mass
39 concentration of cadmium is (1005 + 3) mig Lin

a0 this case theuantity value is 1005 mg [* and the
a1 value of themeasurement uncertaintyis 3 mg L.

is an example of ameasurement

44 Measurement standardsare used in all scientific
Quantity value (x;)/unit 45 areas. Material measures (VIM 3.6),

e.g.

6 46 volumetric flasks an€CRMs, as well asneasuring

7 Figure 4 — Schematic calibration diagram 47 system(e.g. a reference thermometer) can function
g illustrating the second clause of the definition of 48 as measurement standards When analytical

9 calibration. The indication (‘signal’ ys) from a 49 scientists talk aboutalibrators or calibrants they

10 sample corresponds to a quantity valugs. The  so simply mean measurement standards used in

11 vertical and horizontal arrows indicate the 51 calibration.

12 standard uncertainty of the indication and of the
13 quantity value respectively.

14

15 2.3 Instrumental drift

s22.4.1 A hierarchy of
s3 Standards

measurement

54 Various terms are used to indicate properties es us

55 of measurement standards Figure 5 shows the

continuous incremental change over time in
indication, due to changes in metrological
properties of a measuring instrument
(VIM 4.21)

16

17 Instrumental drift is the gradual change over time
18 (in either direction) in théndication provided by an
19 instrument. Drift will affect théruenessof results if
20the true calibration parameters have changed§
21 between the time the instrument was calibrated arid
22 the time test samples are analysed. The extent f0
23 which anindication drifts therefore determines the§
24 required frequency of recalibration of the*
25 instrument.  In analytical chemistry, a ‘drift

ement uncertainty

26 correction standardivith a knownquantity value I
27 can be measured regularly to monitor the stat¢ of

y

primary measurement
standard

« international measurement standard
= | « national measurement standard
« intrinsic measurement standard

v

secondary measurement
standard

* national measurement standard
—> | « reference measurement standard
« travelling measurement standard

&
<

working measurement standard

28 calibration of an instrument and determine whetbeeFigure 5 — Illustration of hierarchy of
29 adjustment to the configuration of the instrumentsaneasurement standards.

30 recalibration is required. 60

61 The

56 relationship between the types of standard.

‘Vienna Standard Mean Ocean Water
62 (VSMOW?2) is an international measurement
63 standard (VIM 5.2) for differential stable isotope

TAM 2019
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1 ratiomeasurements Many NMIs have a copy of the This is done when the manufacturer or the user

2 former international prototype kilogram servingaes investigates thecommutability of a reference

3 national measurement standard (VIM 5.3) for s3 material (see section 2.6).

:;nna:jssdig(écl:\?i:]dmgl to VIM ?,kby accurzgttelgl Wel'(gh'squelow are some examples of materials frequently
g giucose of known purity 10 a KNowi,qq 4 by analysts when carrying eatibration.

6 volume, a chemist can prepar@r@mnary standard

7 in the form of a solution of known concentration. se ¢ Materials produced by manufacturers and

intended to be wused forcalibration or

verification of a commerciaimeasuring system

e.g. a working measurement standard

(VIM 5.7) with assignedquantity value and

measurement uncertainty for amount-of-

substance concentration of glucose in human

serum, supplied as part of anvitro diagnostic

medical device.

16 Two other types ofmeasurement standard are®® RMS (VIM 5.13) andCRMs (VIM 5.14).

17shown in Figure 5. Anintrinsic measurementss « Materials produced by authoritative bodies, e.g. a
1s standard (VIM 5.10) is ameasurement standards;  national or international pharmacopoeia, and
19 based on an inherent physical constant or inhggentintended to be used within a limited specified

20 physical property. For example, the triple pointof scope.

20water cell is an intrinsic standard of

22 thermodynamic  temperature. A travelling 7°°
23 measurement standard (VIM 5.8) is simply a’!

24 measurement standard intended for transporf

s The standards mentioned above asecondary’’
9 measurement standardgVIM 5.5) as well as othe?’
10 reference measurement standardgVIM 5.6) are™
11 needed by producers ofRMs (VIM 5.13), 60
12 instrument manufacturers and reference laboratdfies
13 In addition, for routine applications Iaboratoriesly62
14 use working standards (VIM5.7) to check®
15 measuring systems o4

Materials produced and characterised by the
laboratory in-house, e.g. in the absence of
commercial products.

25 between locations. 73 For practical purposes materials usedalrators
_ 7ashould have a statement oimeasurement
26 2.5 Calibrator 75 uncertainty andmetrological traceability .

measurement standard used in calibration | 76 2.9-1. Check the ‘intended use’!

(VIM 5.12) _
27 77 The content and layout of the documentation

28 Analytical scientists frequently use the tefhsuPplied withRMs (VIM 5.13) shows considerable
29 calibrant, calibrator or standard when referring t®Variability. The headings may be adapted to mest th
30 measurement standardused incalibration. Many réquirements of a particular sector. It is not aisva
31 measurements are made  using measuring8! OPvious to the user if the material can be used for

32 instruments and systems that require regulg® calibration.

33 calibration. An inherent part of the daily work fgs A description of the ‘intended use’ is an essential
sathe analyst is, therefore, preparation angiqfart of the certificate for £RM (VIM 5.14) [29].
35 maintenance of this type ofeasurement standardgs The primary purpose for which@RM is issued by

36 Measurement standardsare produced and used f§the producer should be stated. Many materials are
37 different purposes. There are a number of docunféf@t described asCRMs but still qualify as

ss which provide guidelines on choosing approprégte@librators. Check the documentation and your own
39 measurement standardsfor example reference 28, N€€ds, e.g. in the case of medical laboratoriesnthe
s Not all materials described by suppliers gnyitro Diagnostics Directive 98/79/EC applies [18].

a1 producers asneasurement standardscan be use¢h Some materials could very well qualify as
42 for calibration. The user needs to exercise cautipgalibrators but the intention of the manufacturer of
43 when purchasing ‘standards’ as the producer sg@e material and/omeasuring systemis different,

a4 not interpret the requirements in the same waynasd.g. due to legislative restrictions. For instartbe,

45 VIM 3. 95 manufacturer of aneasuring systemwill only take

46 Many routinemeasuring systemsare designed t& responsibility if the prescribedalib_rator is used.
whandle samples, without isolation or pfelhe laboratory may, however, wish to check the

48 concentration of the analyte. In such cases itsis % results by using otheneasurement standardsand

ssnecessary to demonstrate that thalibrator 9 therefore be looking, e.g. for an appropriate
50 behaves in the same way as the routine samples.
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1 ‘trueness control’ to check fameasurement biass In such casegalibration with closely matching
2 (VIM 2.18) duringverification. 34 materials is essential for accurameeasurement

3 Below are three examples of statements f?%léﬁ
4 certificates, indicating their intended use. 36

5.

7

ge
9
10
11
12

13 ¢
14
15
16
17
18

sults. Commutability of reference materials is

so of concern where threeasurement procedure

37 cannot be modified by the analyst but tR&s
‘The primary use of this material is for checkuszgavailable do not simulate the sample matrix. Mddica
the calibration of automatic density meters usedaboratories may encounter this problem when using
in industry to determine alcoholic strength ... ".40 analysers with calibrators supplied by the

N . oo manufacturer. The issue ofommutability in
‘The material is primarily intended to be used 1 wract 1SS wraortty !

calibrate serum-based  protein  standards 42%$zlation to the analysis of clinical samples is
— P 3 discussed in detail in recommendations published by

control produgts of organlsatlon_s_ whlch offeh [30-32].
such preparations for the quantification of C-
reactive protein by immunoassay.’ 45 The ‘other specified materials’ mentioned in the

. e a6 definition are usually samples analysed routinaly i
The material is primarily intended to be used4 Q laboratory.

control the performance of the IFCC reference
procedure ... . When the material is used as Tdie concept ofcommutability is best described
calibrator in a particular assay, thediagrammatically as shown in Figure 6. Figure 6(a)

commutability should be verified for the assagjillustrates a case where theference material M1
concerned.’ 51 is commutable whereas in Figure 6(b) théerence

52 material M2 is not commutable. M1, M2 and S1

19 2.6 Commutability of a reference 53 represent théndication for thereference materials
»0 material sa M1 and M2 and the sample S1, respectively. The

ss indication may be an instrument signal or a

21

, 56 particularquantity value.
property of a reference material,

demonstrated by the closeness of agreement | 57

between the relation among the
measurement results for a stated quantity
in this material, obtained according to two
given measurement procedures, and the
relation obtained among the measurement
results for other specified materials
(VIM 5.15)

22 The wording of the definition is slightly different

23 from ones that appear in some ISO Standards and
24 Guides but the principle is the same. As mentioned
25 in section 2.5 it is important to check that fRM

26 (VIM 5.13) chosen as a calibrant behaves in the
27same way as the samples. This is termed the
28 commutability of a reference material

29 Commutability is of particular concern where

30 methods are very sensitive to the sample matrix or

31 ‘physical form’ of the analyte of interest.

32
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125
()
12 4

11.5 4
11 A
o

10.5 4 } M1

10 A

Indication

9.5
Procedure A
Procedure

Procedure B

Indication

12,51
121
11.5

114
10.5
10 A
9.5

(b)

I51 I51

Imz
IMZ

Procedure A Procedure B
Procedure

Figure 6 — Schematicto illustrate the commutability of a reference mateial, showing the measurement
results and their associated confidence intervalén case (a) the reference material is considered tme
commutable — the relation between the indication dhined for the reference material (M1) and the
indication obtained for the sample (S1) is indeperaht of the measurement procedure. In case (b) the
reference material is not commutable — the relatiotvetween the indication obtained for the reference
material (M2) and the indication obtained for the ample (S1) is different for the two measurement

procedures.
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3 Measurement uncertainty

1 This chapter describes the terminology relatingsto

i;nxi)?z:;?é?]er; uunnccgf;::]r}g inTrr‘r?eaSl;Jrlgrie;? ((t;he he result of a measurement consists of two
+ (published as JGCM10GB3 and ISO/IEC Guidé® uantitative parts: i) theneasured quantity value

. L - a9 and ii) the measurement uncertainty When the

e oo o 5 v ESSUL 1S repored wih thenceramy. . can be
' ; . 51 Sresented in the format (value + uncertainty) and
7 measurement uncertainty can be found in the

s Eurachem/CITAC Guide, Quantifying uncertaint 52 unit. For example, (5.5 + 0.5) mL corresponds to the

analytical measurement [35]. An overview ofylnlnterval (50-6.0)mL = (see Figure 7). ~The
s analy R . ?4%ncertainty is interpreted as providing an interval
10 different approaches is given in a Eurolab

report [36 55 within  which the value of the measurand is
11 report [36]). 56 believed to lie. Theuncertainty is usually reported
s7as the expanded uncertainty (VIM 2.35) (see

12 3.1 Measurement uncertainty 55 section 3.1.1)

non-negative parameter characterizing the I @ =
dispersion of the quantity values being
attributed to a measurand, based on the
information used (VIM 2.26) 59 5.0 6.0

13 60 Figure 7 — lllustration of the result (5.5 + 0.5) nh..
14 Measurement uncertainty provides a gquantitative

15 indication of the quality of aneasurement result ®*

16 Synonyms are ‘uncertainty’ and ‘uncertainty
17 measurement’.

v

620%.1.1 Expression of uncertainty

18 This definition expresses the fact that parameteEstimates of measurement uncertainty can be

19 used to describe the dispersion of distributiong,ee expressed in a number of different ways, e.g. as a
20 standard deviations, are usually positive. dhstandard deviation or a confidence interval.
21 statement, ‘based on the information used’, explatiowever, to be able to combinencertainty

22 why it is necessary to declare what is includeth@ss estimates they must be expressed in the same form,
23 estimate ofmeasurement uncertainty This doess so some conversion may be necessary. Following
24 not mean we can choose what to include and whatIl®0O guidelines,uncertainty estimates should be

25 leave out. There are many approaches to evaluatiexpressed astandard uncertainties (VIM 2.30)

26 measurement uncertaintyand these are describadsee below) before they are combined [34].

27 in the literature [35-39]. 72 In certificates of analysis, test reports etc., ldteer

28 Measurements consist of many steps and requitel denotesuncertainty. However, there are different
9 various items of equipment. For exampleforms ofuncertainty:

30 calculating themeasurement result may involve

31 reagent concentrations amdlues from measuring e
32 instruments, calibrators andRMs (VIM 5.13). All 7

33 of thesevalues have someuncertainty; and their’’

34 uncertainties will make the calculated resuyfe u(y,x) — the contribution to thestandard

35 uncertain. Incompletely known properties of the uncertainty of the measurand caused by the
36 sample itself — such as possible interferents, imgir quantityx;

37 effects and effects on analyte recovery — as well a , _

38 sampling and the manual operations carried $btit Uc —the combined  standard  uncertainty

w9 during the measurement also contribute t& (YIM2.31) for the measurand is a

40 measurement uncertainty This means that, for & Mmathematical combination of several individual
a1 specific calculated result, there is not one b a Standard uncertainties

a2 whole range ofquantity values (VIM 1.19) thatgs« U —the expanded uncertainty (VIM 2.35) is

a3 could reasonably have given rise to theasuredgs normally what the laboratory reports to the

44 quantity ~ value. Measurement uncertaintys;  customer. Theexpanded uncertainty provides
as describes the dispersion of these possiblaes g3 an interval within which thevalue of the

89 measurandis believed to lie with a higher level

u(x) — thestandard uncertainty for quantity X
is an uncertainty expressed as a standard
deviation;
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of confidence. The value df) is obtained bys The minimum level ofincertainty associated with a
multiplying thecombined standard uncertaintyss given measurement result is implicit in the
U. by a coverage factor (VIM 2.38) k, i.e.se definition of the measurand (definitional

U =k-u.. The choice of the factdc is based omz uncertainty, VIM 2.27). For example, the
the level of confidence desired. ss measurand ‘volume of liquid contained in a

6 It follows thatu(y,x) <u, <U. Theseuncertainties > vqumet_nc flask’ has a Ia‘rgerdeﬂmuonal
7 are often expressed in relation to tlaue, e.g. as 8 uncertainty than themegsurand voluzne,z of water
g relative standard measurement uncertainty61 contained in a vqlumetnc flask at 20 C.' In. thase
5 (VIM 2.32) 62 of the former ne_lth(_ar the natur_e_ of the Iqu_u_d [1(0:
e 63 temperature of liquid are specified. Tthefinitional
64 uncertainty depends on the analyst's ability to
65 define themeasurand adequately. No matter how
66 much effort is put into themeasurement the

1 The overall performance —of ameasurement efinitional uncertainty cannot be reduced unless a
12 procedure is studied during method developmgnfJI . y can .
new, more detailed definition of thmeasurandis

13 and methodvalidation (see chapter 4). Individu& iven. For example. theefinitional uncertaint
14 sources ofincertainty will be identified during thi§® gssoc‘;iated with pthémeasurement of the to%/al
15 process and studied in detail if they are founthed’ L . .

mount of protein in a milk sample will be larger

1673 ?'ﬁg'f'é%rgraig@p%ie“d a;[i?n th[i ?Zzgceresqoul;rri;nseﬁtfhan thedefinitional uncertainty associated with

18 significant uncertainty until the measurement’® he distribution of individual protein fractions the

19 procedure is deemed to be fit for purpose. ngmlk Samp"?- It is good practice to .d.e_flne the
0 means that the laboratory should know 75 measurand in such a way that thelefinitional

»1 maximum measurement uncertainty that can bé® Uncertainty is negligible for the purposes of the

22 accepted by the customer for a specific applica%weasurement

23 This is called theéarget measurement uncertainty

24 (VIM 2.34) . For example, the EU legislatidh
25 regarding the official control for monitoring the
26 status of surface waters and groundwater statés t| statement of a measurement uncertainty, of the
27 laboratories performingneasurementsshould use | components of that measurement uncertainty,
28 measurement procedures capable of providing | and of their calculation and combination
29 results with an uncertainty of measurementof | (VIM 2.33)

30 50 % or below K = 2) estimated at the level of tfe
31 relevant environmental quality standard [40]. Bofll known sources ofmeasurement uncertainty

32 example, the environmental quality standard fod ksghave to be evaluated and information about them
33in surface waters is 7@ L' so the target 82 summarised in amncertainty budget The word

34 measurement uncertainty is 3.6ug L™ [41]. As3budget is used in a different sense from that in
35 Eurachem/CITAC Guide [17] provides an overvigvgOmmon usage; it is not an upper limit of
36 of the possible approaches to setting theget 8s measurement uncertainty it is a statement of the

37 measurement uncertainty in various differengs sources ofincertainty and their values. The budget
38 scenarios. g7 should also include the measurement model
83 (VIM 2.48) and type ofuncertainty evaluation.

39 During validation/verification of a measurement,, 1\, types ofuncertainty evaluation are defined in

40 procedure the overallmeasurementprecision of % VIM 3 and the ISO Guide to the expression of

4the method b.antilIMtgengncertaW}ty of I theg uncertainty in measurement [34]. Amcertainty
42 :‘neasurement las( b )hare often evaluateg, ., wipution based on statistical analysigjoantity
43In many cases combining these twacertainty ., 5 es obtained under defined conditions i¥ygpe

44 components using the law of propagation giveg R eyajuation (VIM 2.28). A contribution obtained
45 reasonable estimate of tendard uncertainty of ssby any other means, is @ype B evaluation

46 the results obtained when using ﬂmeasurement96 (VIM 2.29). An example ofType A evaluation is

47 procedure [35-39]. Since measurement,, yhe standard deviation of the mean of the results

48 uncer'tainty can be estimated in different ways, 108 om ten replicatemeasurementsperformed under
49 resulting value should be accompanied by r}epeatability conditions  (VIM 2.20). An

s0 explanation, or by reference to available,;certainty value taken from aRM (VIM 5.13)
51 information, of how thauncertainty was evaluated, certificate is an example of Bype B evaluation

52 The customer is then in a position to interpreth he uncertainty budget may also include the
53 uncertainty (see also section 3.2). 103 applied probability density function and degrees of

v A W N

10 3.1.2 Uncertainty evaluation

3.2 Uncertainty budget
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1 freedom for eacluncertainty contribution, and thes of the metal is obtained from the accompanying
2 coverage factor (VIM 2.38) used to calculate theinformation available from the producer and
3 expanded uncertainty(VIM 2.35). 21 converted to astandard uncertainty (VIM 2.30)

2 assuming a rectangular distribution. The

+An example of amncertainty budget for the mas ncertainty in the volume of the flask consists of

s concentration of a cadmium calibration standar® . . -
6 shown in Table 2. It is based on an example framt i oo components ealibration (Uc), repeatability

7 Eurachem/CITAC Guide [35] The mazsc’s\./”vI 2.21) of filling the flask (), and _the
s concentration of cadmiungg (Mg .L'l) is given by: 26 difference between the temperature at which the
C .

27 calibration was made and the temperature when the
9 pcd = (1000m-B/V 28 flask is usedifemy).

10 wherem is the mass in mg of cadmiuf,its purity,29 An example of anuncertainty budget for a test

11 andV the volume of the flask in mL. Each of thesenethod for the determination of the mass
12 terms will introduceuncertainty in the calculated: concentration of ammonium nitrogen NN in

13 concentration of the solution, as shown in theater, validated in a single laboratory, is shown i
14 uncertainty budget in Table 2. Theuncertainty in 33 Table 3.

15 the mass is obtained from the calibration certiica

16 provided by an accredited calibration laboratorgl an

17 their recommendations on the estimation of the

18 uncertainty under the conditions of use. The purity

Table 2 — Uncertainty budget for the mass concentteon of a cadmium calibration standard; values
taken from the Eurachem/CITAC Guide [35]. The standcrd uncertainty in pcq was calculated by
combining the relative standard measurement uncertaties and then multiplying by the value forpcg.

Quantity | Value Standard Unit Relative standard
uncertainty, u(x;) uncertainty u(x;)/x;
m 100.28 0.050 mg 0.00050
P 0.9999 5.8 x 10 o/g 5.8 x 10
V* 100.00 0.066 mL 0.00066
ped 1002.70 mg/L
pcq,combined standard 0.84 mg/L
uncertainty
Expanded uncertainty | 1.7 mg/L
k=2
*Volume Standard Unit
contributions uncertainty, u(x;)
uCa| 0.041 mL
Uemp | 0.048 mL
Uep | 0.020 mL
Volume, combined 0.066 mL

standard uncertainty
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Table 3 —Uncertainty budget for the mass concentration of ammonium nitrogen NH,-N in water.

Values taken from the Nordtest Handbook [39]. The elative standard measurement uncertainty for
the intermediate precision (1(P)) is combined with the relative standard measurementuncertainty

associated with the bias estimateu(bias)). The expanded uncertainty is given with a coveragaétor of

k=2.

Concentration _Estlmatg of Estimate of uncertainty : Combined | Expanded
intermediate u(P) . S u(bias) . :
range (pg/l) precision associated with bias uncertainty | uncertainty

Control sample
50-500 covering the whol@l.67 % Proficiency tests 273% 3.20% 7.0%
analytical process
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4 Verification, validation and method performance

1 This chapter describes the terminology relatingstime stated performance characteristics of the ndetho
2 verification, validation and method performance.can be achieved. Consider the following example.

3 Further information on methodalidation can be :
sfound in the Eurachem guide on the fitness * A laboratory is asked by a customer to perform a

. s Yheasurementof the mass fraction of acrylamide in
5 purpose of analytical methods [42]. 48 bakery products, such as bread and biscuits. As a
49 first step, the laboratory agrees with the custaiimer
50 measurement requirements in terms of working
51 range anaxpanded uncertainty(VIM 2.35). Then,
provision of objective evidence that a given | 52 it checks if a standard method exists, that has bee
item fulfils specified requirements (VIM 2.44) | s3 proven, by interlaboratory studies, to fulfil the
7 54 requirements for the intended use. It finds that th
vErTEsian, where the specified | 5 method_ EI\_I 16618:2015_ _‘Determination of
requirements are adequate for an intended | °° acrylamide in food by liquid chromatography
use (VIM 2.45) s7tandem mass spectrometry (LC-ESI-MS/MS)’
8 58 covers bakery products in its scope, and that thath
59 working range and thexpanded uncertainty fulfil

10 together, the process wdlidation involves agreeing® the agreed requirements for the intended use. The
1 with the customer ‘specified requirements’ fof@boratory must then verify, via an experimental
12 performance characteristics such aslectivity, ©2 assessment, that the stated method performance can
13 measuring interval, truenessandprecision that are?® P achieved.

14 adequate for the intended use of theasurementss The following sections describe the performance
15 procedure, and then confirming, on the basis eé9tharacteristics defined in VIM3 which are

16 Objective  evidence, that they are fulfilleggdcommonly studied duringerification/validation .

17 (verification).

18In order to illustrate the relationship betwedd-3 Selectivity of a measuring system
19 verification and validation, consider an example

6 4.1 Verification and validation

9 Taking the concepts oferification andvalidation

20 where a laboratory purchases an instrument. Aft
21 the instrument has been installed in the laborator
22 an analyst plans a series of experiments to chextk t

property of a measuring system, used with a
specified measurement procedure, whereby it
provides measured quantity values for one or

23 the instrument’s performance meets that specified | more measurands such that the values of each

2athe manufacturer. This process is calle] measurand are independent of  other
25 verification — the analyst will obtain objective | Méasurands —or other quantities in the
phenomenon, body, or substance being

26 evidence (experimental data) which demonstrat
27that the instrument meets the manufacturer
28 specification. Once it has been confirmed that the L L _ _

29 instrument performance is satisfactory it will ked®® The definition ofselectivity in VIM 3 is consistent

30 as part of a particulaneasurement procedure The?° With the more familiar ~definition proposed by
31 performance requirements for theeasurement’® IUPAC: th_e extent to which the method can be used
32 procedure are specified by the laboratory akrdo d_etermlne_ partlcul_ar analytes in mixtures or
;3agreed with the customer as being fit for thghatrices —without interferences from — other
34 intended purpose, for example, to detect variafdg@mponents of ~ similar ~ behaviour.” [43].  For
35 greater than 1 % in the copper content of an alfo§*@mpPle, gas chromatography using a mass
36 The analyst plans a new set of experiments to a&seRectrometer as the detector (GC-MS) would be
37the performance of theneasurement procedure”’ considered more selective than gas chromatography

38 and checks that it meets the customer requiremi&{Sing @ flame ionisation detector (GC-FID), as the
39 This process is calleealidation. 79 mass spectrometer provides additional information

8o which assists with confirmation of identity. Theeus
81 0f the term specificity is not recommended by
82 IUPAC and is not defined in VIM 3.

41 In the case where a method that has been validated
42 previously (e.g. a standard method) is being used,
43 the laboratory has to provide objective evidened th

investigated (VIM 4.13)

40 4.1.1 Verification of a validated method
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14.4 Measuring interval ‘o «— Measuring interval —»,

le— Linear interval —>//

set of values of quantities of the same kind
that can be measured by a given measuring
instrument or measuring system with

0.8

Indication (y;)/unit

specified instrumental measurement 06 7 LoQ

uncertainty, under defined conditions 044 LoD

(VIM 4.7) “I/
2 0.2
3 Within the measuring interval, quantities (e.qg. 0 S : vy .
4mass concentration) can be measured with 0 0.2 04 06 08 10 12
s specifieduncertainty using a statedneasurement Quantity value (x;)/unit

6 procedure. The other phrases commonly used 5Por_ _ , _ _

7 this concept are: ‘working range’ and ‘measureniéfigure 8 — A calibration diagram showing

s range’ (the latter is used in ISO/IEC 17025 [4]peF? Indications (y) versus quantity values x;) where
s common usage of the term ‘measurement rang&® )€ measuring interval, linear interval, LOQ and
10 ‘measuring range’ to denotaeasuring interval is > LOD are identified. Th('a'tr'langle illustrates the
11 acknowledged in Note 1 of the VIM definitioff, c@lculation of the sensitivity or the slope of the
12 However, it should be noted that in VIM 3, the téfngalibration curve (Aindication/Aquantity).

13 ‘interval’ denotes a set of numbers defined beitds;

14 values whereas the term ‘range’ or ‘range of

15 interval’ is restricted to the difference betweée 4; 4.5 Detection limit

16 highest and the lowest values of an interval.

17 Following these conventions, in the example show
18 in Figure 8 themeasuring interval is 0.3 to 0.9,
19 written as [0.3, 0.9], and the range is 0.6.

measured quantity value, obtained by a
given measurement procedure, for which
the probability of falsely claiming the
20 The lower limit of themeasuring interval is often | absence of a component in a material is B,
21 considered to be the limit of quantification (LO@) | 9iven a probability a of falsely claiming its
22 concept not defined in VIM 3). The upper limit isf Présence (VIM 4.18)

23 usually determined by the unacceptable changstg mn _ -
24 measurement uncertainty or in the sensitivity 60 VIM d'eﬁneSdetecnon I|m|t In terms Of aneasured
25 (VIM 4.12), for example the plateauing efféequantity value.

26 observed at high absorbance values in UVII$his is not consistent with the IUPAC (and other)
27 spectroscopy. Figure 8 illustrates the relationghiiefinitions currently used in analytical chemistry
28 between some of the key terms relatedg,i@nich refer to atrue quantity value (VIM 2.11)

29 ‘measuring interval. The LOD is below the LOQ;; rather than aneasured value It is not clear whether
30 The measuring interval should be compatible with the difference is intentional or, if so, how it che

31 the analytical requirement and, therefore, fitthee ¢; jmplemented. The description below therefore
32 purpose. If, for example, the analyte level in s&@®, follows recommendations made by IUPAC for

33 is expected to be well above the LOQ, the laboyaiokstablishing detection capability for analytical
34 may not need to cover the entire interval illustda}y methods [44).

35 in Figure 8.

71 Many analysts will be familiar with calculating the
36 Many methods rely on the test sample received finit of detection (LOD) for a measurement
37 the laboratory being process_ed (digested, eXtra%?ﬁocedure by multiplying a standard deviatioss,
3g diluted, for example) before it can be presented, {gptained from the results of the analysis of akla
39 themeasuring instrumentand a s'lgna'l recorded. ﬂ%‘sample or a sample containing a low level of the
40 such cases there are twoeasuring intervals to ., analyte) by an appropriate factor (typically betwee
41 consider — the instrumentneasuring interval ., 3 and 5). The multiplying factor is based on
42 (described in the VIM definition) and timeeasuring ;g statistical reasoning. The following text explathe

s interval for the measurement procedureas &, packground to the commonly used factor of 3.
44 whole (including any sample preparation steps). The _ _ _ _
45 evaluation of these differemeasuring intervalsis & The discussion deals withOD in terms of

46 discussed in detail in the Eurachem guide [42]. 8! concentration but it applies equally to other
82 quantities, e.g. mass fraction. The aim when

47 The sensitivity of a measuring systemis, in theg; determining theLOD is typically to establish the

ag case of linear dependence, given by the slopeef,ffdwest concentration of the analyte present in a
49 calibration curve (VIM 4.31).
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1sample that can be detected, using a give
2 measurement procedure with a specified level of
3 confidence. Defining theOD is a two-step process.
4 First a ‘critical value’ is established. This valseset
5 so that the probability of obtainingraeasurement
6 result that exceeds the critical value is no greate critical
;than a, if a sample actually containsone of the ‘2"
g analyte. The critical value sets a criterion fo o
9 declaring a sample to be ‘positive’. A false positi
10 probability of o = 0.05 is generally used:; this lead: distribution 20 % false negailve rate I
11 to a critical value of approximately 1 $6vheres is of results i:}:cya,evicf::en raten=
12 the standard deviation of a large number of resti.
13for a blank sample or a sample containing a doWigure 9 — lllustration of the statistical basis for
14 concentration of the analyte, and 1.65 is the endetection limit calculations.
15 tailed Student-value for infinite degrees of freedom

. . . 54
16 at a significance levely = 0.05). The critical value
17 is indicated on the velftiqal axis in Figure 955to4_6 Measurement trueness
18 emphasise the fact that it isneeasured value The
19 critical value is most conveniently expressed i
20 terms of concentration, though in principle it nimy | closeness of agreement between the
21any observation, such as peak area. Any res| average of an infinite number of replicate
22 exceeding the critical value should be considered | Measured quantity values and a reference
2sindicating an analyte level that is significanly SRy velue (il 2.04)
24 different from zero.

»
-

limit of detection

Measured value

True value

0

_ ~ 57 Measurement truenessexpresses the hypothetical

25 However, if thetrue value for the concentration in & apility of ameasurement procedureto yield results

26 sample were exactly equal to the critical valugjose to expectedeference quantity values such

27 (expressed in terms of concentration), approxingaiehs thevalue of aCRM (VIM 5.14). Truenessis not

28 half of themeasurement resultswould be expectegl 5 quantity and therefore cannot be expressed
29to fall below the critical value, giving a falgenumerically. Howevertruenessis inversely related
30 negative rate of 50 %. This is illustrated by fhey systematic measurement error (VIM 2.17)

31 distribution shown with the broken line in Figure;@which may be estimated asieasurement bias

32 A false negative rate of 50 % is obviously too hyghymv 2.18). An example of the estimation bias as
33to be of practical use; the method does not relighihe difference between the mean value of several
34 give results above the critical value if the traues; measurement resultsand areference quantity

35 for the concentration is equal to the critical aly yajue is shown in Figure 10Bias can also be

36 The LOD (also known as ‘minimum detectablereported as the ratio aheasured and reference
37value’) is intended to represent the tryQuantity values

3g concentration for which the false negative rate is

39 acceptable given the critical value. The fals Mean
40 negative errorp, is usually set equal to the false \ Bias
41 positive error, largely for historical reasons (AP —

42 recommends default values af= 4 = 0.05). Using

430 ==0.05, theLOD is therefore located 1.85

44 above the value specified for the critical valubisT

ss5is illustrated by the shaded distribution on th H

>

Reference quantity _,|
value

46 horizontal axis in Figur8. The factor for calculating
47 the LOD witha = = 0.05 is thus 1.65+1.65 = 3.30,
48 which is frequently rounded to 3.0. This is basadlc
49 several approximations which are described inzitFigure 10 — Schematic illustration of the
s0 literature [44]. 73 estimation of measurement bias. The mean of
74 several measurement results is compared with a
75 reference quantity value (note that the
76 uncertainty in the reference value is not shown).

77

78
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1A measurement bias may be due, e.g. o material under specified conditions. VIM 3 defines
2 inappropriatecalibration or to lack ofselectivity so three measurement conditions: repeatability

3 (see section 4.5). Where appropriate, the effect obndition (VIM 2.20), intermediate precision

4 known systematic errorson measurement results2 condition  (VIM 2.22) and reproducibility
scan be removed by introducing aorrection s3 condition (VIM 2.24).

e oo £ %y Estimates  of measurement  repeatabiy
8 the basis of thévias observed duringalibration. SS?VIM 221) and intermediate measurement

However, any factor used to makearection will >° precision (VIM 2.23) are obtained in a single
°  any . . 57 laboratory. Repeatability condition of
10 also have an associatedcertainty.

s8 measurementrefers tomeasurementsbeing made

11 An estimate of thebias in measurement resultse on portions of the same material by a single ambalys
12 produced by a laboratory can be obtainedsdaysing the same procedure, under the same operating
13 measuring theuantity value of one or moreRMs 61 conditions over a short time periokleasurement

14 (VIM 5.13) several times underrepeatability s2 repeatability is often used to provide an estimate of
15 conditions (VIM 2.20) or under intermediate 3 within-run (also known as within-batch or intra-
16 precision conditions (VIM 2.22), and calculatings assay) variability in results. Undeantermediate

17 the mean value. The estimate loiis is then thes precision conditions measurementsare made on

18 difference between the mean value obtained anestpertions of the same material using the same
19 reference quantity value Note that there will be @& procedure, but over an extended time period and,
20 measurement uncertaintyassociated with thbias s where possible, by different analysts, using déifer

21 value due to thencertainties in the mean value ared pieces of equipment, different batches of reagents,
22 in thereference quantity value 70 etc. Intermediate measurement precisionis often
1§§ed to provide an estimate of between-run (also

2Ca0 in a cementCRM  calculated from 1¢2 known as between-batch or inter-assay) variability.

25 measurement resultsobtained over a six monfA Irgﬁémiﬂgtfse%resﬂgﬁg :I:/sa ussf)gciggféje da?r?ot:ahfha
26 period using XRF is 63.53 % with a stand&rd Y

27 deviation of the mean of 0.1%. The certiffé;d?g”r'g dllji?g{i?mn]%sr Lijriirr::](ae di;?(ram r\r’]vétgéz-rlsrt:]%rﬁsory
28 quantity value is 63.23 % with anexpanded76 P y

2 uncertainty (VIM 2.35) of 0.21% k=2). The’ Precision.

30 measurement biasdetermined undeintermediate 78 Since measurement repeatabilityonly reflects the
31 precision conditions using thisCRM is thereforers variation in results over a short time period it is
32 estimated as 63.53 — 63.23 = 0.3 %. Thas canso likely to underestimate the variability in results
3also be expressed as a relative value (percardhtained when theneasurement procedureis used

23 Example: The mean value of the mass fractioh

34i.e. 0.3/63.23 x 100= 0.47 %. 82 routinely. Assuming appropriateintermediate
83 precision conditions have been used during the
35 4.7 Measurement precision 84 validation study, theintermediate measurement

85 precision provides a more realistic estimate of the
86 long-term variability ofmeasurement resultsn the
87 laboratory.

closeness of agreement between
indications or measured quantity values
obtained by replicate measurements on the | g3 Estimates of measurement reproducibility
same or similar objects under specified | 3 (\/|M 2.25) are obtained frormeasurement results
conditions (VIM 2.15) 90 produced at different laboratorieReproducibility

91 condition of measurementrefers tomeasurements

37 Measurement precision is related torandom g, being made on portions of the same material by
38 measurement error (VIM 2.19) and is a measure &f different analysts working in different locatioris.

39 how close results are to one another. 94 ‘collaborative’ methodvalidation studies the same

40 Measurement results cannot be corrected Measurement procedure is used at all the
41 remove the effect ofandom error but the size ofé Participating laboratories.  However, the term
s2the random error can be reduced by makifg reproducibility —condition’ also —applies to

13 replicate measurementsand calculating the medh Intérlaboratory — comparisons ~ where  different
44 value.

99 measurement proceduresnay be used for the same
S ~ 100 measurand (VIM 2.24, Note 1), for example in a
45 Measurement precisionis expressed numerically proficiency testing scheme. Therefore it is essénti

46 Using measures omprecisionsuch as the standgidihat the conditions under whigieproducibility is
a7 deviation calculated from results obtained ;op¥valuated are specified.

48 carrying out replicateneasurementson a suitable

36
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1 38 Measurement accuracy describes how close a

2 Figure 11 illustrates the relationship betweaegnSlngle measurement resultis to thetrue quantity

3 measurement repeatability intermediate *° value (VIM2.11). -~ Accuracy, therefore, is

4+measurement  precision and measurement': influenced by both the random and systematic

s reproducibility in  terms of the observed effﬁﬁi bzn i\}(r;ﬁ r:?]isrﬁcre?ir:;n\}alLisglliiaAsﬁ?grrr?gzt
s imprecision, which is estimated as a Stamﬁresults areg said to be ‘more accurate’ when the
7 deviation, s. In the figure, ‘between-injectioné4

g refers to replication of only the endeasurement” measurement  errors and therefore the

o step of a multistageneasurementprocedure (e.g.*¢ Measurement uncertainty are reduced. Figure 12
10 repeat injections of portions of a test solutiotoom®’ '”“S”‘?‘tes this concept, using the example of
11 gas chromatograph). Replicating this action wé‘ﬁlﬁhooung at a target.

12 give the measurement repeatability of the finalao

13 measurementstage, but would exclude the effect o* .

14 random errors associated with any sample pre @ e 3

15 treatment or clean-up steps. ‘Within-run replicate:
16 represents replication of the whoieeasurement
17 procedure underrepeatability conditions.

bias

Imprecise and Precise but

18 As the conditions of measurement become mo Diaaed bigaeq

19 variable (e.g. moving from replicating only part o' ¢,
20 the measurement procedure (‘between-injections’)
21 replicating the entire measurement procedure unc

o
-

22 repeatability, intermediate precision  or

23 reproducibility  conditions) the  observed  Imprecise but Precise and
24 imprecision of measurement results general ~ unbiased }:\”bias‘j",
25 increases. 50 ceurate

26 51

s2 Figure 12 — Figurative representation of
53 precision, bias and accuracy

27

between-

A between- laboratories 54

within-run runs
(replicates)

ss The ‘shots’ on the target represent individual
56 measurement resultsthereference quantity value
57 is the centre of the target. The basturacy (lowest
58 measurement uncertainty is achieved in case d)
s9 where the individual results are all close to the
60 reference value In cases c¢) and d) there is no
61 significantbias as the results are all clustered in the
v repeatabilty  intermediate T 62 centre of the target. However, thgrecision is
measurement measurement . .
precision reproduchity 63 POOrer in case c) as the results are more widely
Changing measurement condiions —— 64 Scattered. Th@recision in case b) is similar to that
65 in case d). However, there is a significdms in

between-
injections

|

Standard deviation (s)

measurement T

28

29 66 case b) as all the results are off-set from théreen

30 Figure 11 — Graphical representation of the 67 the same area of the target. Tdwuracyis poorest
31 expected relationship between precision estimaté N case a) as the results are widely scatterecaend
32 obtained under different measurement 60 Off-set to the right of the target.

33 conditions, shown in terms of the magnitude of 70 Measurement accuracycannot be used to give a
34 the observed imprecision. 71 quantitative  indication of the reliability of

72 measurement results Here an estimate of
73 measurement uncertainty is required (see
74 chapter 3).

35

36 4.8 Measurement accuracy
75

closeness of agreement between a measured | 76
guantity value and a true quantity value of a
measurand (VIM 2.13)

37
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Table A1 Concepts discussed in this Guide, synonyms and/lkereference. Concept in bold is the

Appendix

preferred term. The VIM reference is shown in Woldconcepts where the full definition is giventins

Guide.

Concept Synonym VIM 3
Reference

base quantity 1.4
base unit 1.10
blank indication background indication 4.2
calibration 2.39
calibration curve 4.31
calibration diagram 4.30
calibration hierarchy 2.40
calibrator 5.12
certified reference material CRM 5.14
combin(_ed standard measurement combined standard uncertainty 2.31
uncertainty
commutability of a reference material 5.15
correction 2.53
coverage factor 2.38
definitional uncertainty 2.27
derived quantity 15
derived unit 1.11
detection limit limit of detection 4.18
displaying measuring instrument 3.4
expanded measurement uncertainty expanded uncertainty 2.35
indicating measuring instrument 3.3
indication 4.1
influence quantity 2.52
input quantity in a measurement model input quantity 2.50
instrumental drift 421
intermediate measurement precision intermediate precision 2.23
intermediate precision condition of intermediate precision condition 2.22
measurement
international measurement standard 5.2
International System of Quantities ISQ 1.6
International System of Units SI 1.16
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Concept Synonym VIM 3
Reference
intrinsic measurement standard intrinsic standard 5.10
kind of quantity kind 1.2
material measure 3.6
measurand 2.3
measured quantity value value of a measured quantity, measured | 2.10
value
measurement 2.1
measurement accuracy accuracy of measurement, accuracy 2.13
measurement bias bias 2.18
measurement error error of measurement, error 2.16
measurement method method of measurement 2.5
measurement model model of measurement, model 2.48
measurement precision precision 2.15
measurement principle principle of measurement 2.4
measurement procedure 2.6
measurement repeatability repeatability 2.21
measurement reproducibility reproducibility 2.25
measurement result result of measurement 2.9
measurement standard etalon 5.1
measurement trueness trueness of measurement, trueness 2.14
measurement uncertainty uncertainty of measurement, uncertainty | 2.26
measurement unit unit of measurement, unit 1.9
measuring instrument 3.1
measuring interval working interval 4.7
measuring system 3.2
metrological comparability of metrological comparability 2.46
measurement results
metrological compatibility of metrological compatibility 2.47
measurement results
metrological traceability 2.41
metrological traceability chain traceability chain 2.42
metrological traceability to a metrological traceability to a unit 2.43
measurement unit
metrology 2.2
national measurement standard national standard 5.3
nominal property 1.30
nominal quantity value nominal value 4.6
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Concept Synonym VIM 3
Reference
primary reference measurement primary reference procedure 2.8
procedure
primary measurement standard primary standard 5.4
guantity 1.1
quantity value value of a quantity, value 1.19
random measurement error random error of measurement, random erfd.19
reference material RM 5.13
reference measurement procedure 2.7
reference measurement standard reference standard 5.6
reference quantity value reference value 5.18
relative _standard measurement 2.32
uncertainty
repeatability condition of measurement repeatability condition 2.20
reproducibility condition of measurement | reproducibility condition 2.24
secondary measurement standard secondary standard 5.5
selectivity of a measuring system selectivity 413
sensitivity of a measuring system sensitivity 412
standard measurement uncertainty standard uncertainty of measurement, 2.30
standard uncertainty
system of quantities 1.3
system of units 1.13
systematic measurement error systematic error of measurement, systematic17
error
target measurement uncertainty target uncertainty 2.34
travelling measurement standard travelling standard 5.8
true quantity value true value of a quantity, true value 2.11
type A gvaluation of measurement type A evaluation 2.28
uncertainty
type B evaluation of measurement type B evaluation 2.29
uncertainty
uncertainty budget 2.33
validation 2.45
verification 2.44
working measurement standard working standard 5.7
TAM 2019 30 of 33



Bibliography

1. ISO/IEC Guide 99:2007, International vocabulafymetrology — Basic and general concepts and
associated terms (VIM), ISO/IEC, Geneva (2007).

2. JCGM 200:2012, International vocabulary of metyg — Basic and general concepts and associated
terms (VIM). Available from www.bipm.org.

VIM definitions with informative annotations. AWable at https://jcgm.bipm.org/vim/en/index.html.

ISO/IEC 17025:2017, General requirements foratmpetence of testing and calibration laboratpries
ISO/IEC, Geneva (2017).

ISO 15189:2012, Medical laboratories — Requiremnéor quality and competence, ISO, Geneva (2012).

ISO/IEC 17043:2010, Conformity assessment — @¢mequirements for proficiency testing, ISO/IEC,
Geneva (2010).

7. 1SO Guide 33:2015, Reference materials — Goadtige in using reference materials, 1SO, Geneva
(2015).

8. ISO Guide 35:2017, Reference materials — Guelafar characterization and assessment of
homogeneity and stability, ISO, Geneva (2017).

9. 1S0 9000:2015, Quality management systems —a&madtals and vocabulary, ISO, Geneva (2015).

10. 1SO 17034:2016, General requirements for thepetence of reference material producers, 1SO,
Geneva (2016).

11. The International System of Units (SI), Burdaternational des Poids et Mesures” @, 2019).
Available from www.bipm.org.

12. International vocabulary of basic and genexahs in metrology, 2nd Edition, ISBN 92-67-101730]|
Geneva (1993).

13. G. Nordin, R. Dybkaer, U. Forsum, X. Fuentegékiu, F. Pontet, Vocabulary on nominal property,
examination, and related concepts for clinical fabmry sciences (IFCC-IUPAC Recommendations
2017), Pure Appl. ChenBQ, 913-935 (2018). Available from www.degruyter.cuoigv/j/pac.

14. EN 71-3:2013+A1:2014, Safety of toys. Migratafrcertain elements, CEN, Brussels (2014).

15. S. Raut, S. Daniels, A. Heath, World Healtha@igation. Biologicals Unit & WHO Expert Committee
on Biological Standardization, An international labbrative study to assign value to tHe [Bighth]
WHO international standard for blood coagulatiotda VIII concentrate (07/350), World Health
Organization, Geneva (2009). Available from wwwowht/iris/handle/10665/70137.

16. Council Directive 80/181/EEC of 20 Decemberden the approximation of the laws of the Member
States relating to units of measurement and orrdpeal of Directive 71/354/EEC, Official Journal
L 039, 15/02/1980, p40-50.

17. R. Bettencourt da Silva and A. Williams (Ed€urachem/CITAC Guide: Setting and using target
uncertainty in chemical measurement (2015). Av&ldtom www.eurachem.org.

18. Directive 98/79/EC of the European Parliameamd af the Council of 27 October 1998 anm vitro
diagnostic medical devices, Official Journal L 381/12/1998, p1-37.

19. JCTLM Database of higher-order reference natgrimeasurement methods/procedures and services.
Available at www.bipm.org/jctim/.

20. S. S-C. Tai and M. J. Welch, Development analuation of a candidate reference method for the
determination of total cortisol in human serum gslD-LC/MS and LC/MS/MS, Anal. ChemZ6,
1008-1014 (2004).

21. S. L. R. Ellison and A. Williams (Eds), Euraoti€ITAC Guide: Metrological traceability in analgal
measurement (2ed. 2019). ISBN 978-0-948926-34-1. Available framw.eurachem.org.

TAM 2019 31 0f 33



22.

23.

24.

25.

26.
27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

P. De Biévre, R. Dybkaer, A. Fajgelj, D. Bryhfibbert, Metrological traceability of measurement
results in chemistry: Concepts and implementatits?’AC Technical Report), Pure Appl. Cher@3,
1873-1935 (2011). Available from www.degruyter.ceie/j/pac.

G. Schumann et al., IFCC primary reference guores for the measurement of catalytic activity
concentrations of enzymes at 37 °C. Part 9: Refergmrocedure for the measurement of catalytic
concentration of alkaline phosphatase, Clin. CHeah. Med. 49, 1439-1446 (2011).

ISO 1736:2008, Dried milk and dried milk prottue- Determination of fat content — Gravimetric
method (Reference method), ISO, Geneva (2008).

ISO 17511:2003, In vitro diagnostic medicalides — Measurement of quantities in biological sasp
— Metrological traceability of values assigned atilrators and control materials, ISO, Geneva (2003

Certificate of analysis, ERMDAA470k/IFCC, 2015, https://crm.jrc.ec.europa.eul.

V. Barwick and S. Wood, Meeting the traceapiléquirements of 1ISO 17025%@d., ISBN 0-948926-
23-6, LGC, Teddington (2005). Available from wwwetgoup.com/nml.

B. King, The selection and use of referenceenws: A basic guide for laboratories and accesitih
bodies, EEE/RM/062rev3 (2002). Available from wwurachem.org.

ISO Guide 31:2015, Reference materials — Ctsitari certificates, labels and accompanying
documentation, 1ISO, Geneva (2015).

W. G. Miller et al, IFCC Working Group Recommdetions for Assessing Commutability Part 1:
General Experimental Design, Clin. Chem.p4, 447-454 (2018). Available from
http://clinchem.aaccjnls.org/.

G. Nilsson et al., IFCC Working Group Recomnadiuhs for Assessing Commutability Part 2: Using
the Difference in Bias between a Reference Matewma Clinical Samples, Clin. Cheng4, 455-464
(2018). Available from http://clinchem.aaccjnls.brg

J. R. Budd et al, IFCC Working Group Recomménda for Assessing Commutability Part 3: Using
the Calibration Effectiveness of a Reference Mate€lin. Chem.64, 465-474 (2018). Available from
http://clinchem.aaccjnls.org/.

JCGM 100:2008, Evaluation of measurement dat&uide to the expression of uncertainty in
measurement. Available from www.bipm.org

ISO/IEC Guide 98-3 (JCGM/WG1/100), Uncertaiotymeasurement — Part 3: Guide to the expression
of uncertainty in measurement (GUM:1995), ISO/IEB@&neva (2008).

S. L. R. Ellison and A. Williams (Eds), Euraoti€ITAC Guide: Quantifying uncertainty in analytica
measurement (Bed., 2012). ISBN 978-0-948926-30-3. Available framw.eurachem.org.

Eurolab Technical Report 2007/1, Measuremertettainty revisited: Alternative approaches to
uncertainty evaluation, Eurolab (2007). Availabieni www.eurolab.org.

ISO 21748:2017, Guidance for the use of repéddya reproducibility and trueness estimates in
measurement uncertainty estimation, ISO, Genevh7(20

ISO 11352:2012, Water quality — Estimation ofasurement uncertainty based on validation and
quality control data. 1ISO, Geneva (2012).

B. Magnusson, T. Naykki, H. Hovind, M. Krysdll, Sahlin, Handbook for calculation of measurement
uncertainty in environmental laboratories, NordtBgport TR 537 (ed. 4) (2017). Available from
www.nordtest.info.

Commission Directive 2009/90/EC of 31 July 20é&@ng down, pursuant to Directive 2000/60/EC of
the European Parliament and of the Council, teehnspecifications for chemical analysis and
monitoring of water status, Official Journal L 2@1/08/2009, p36-38.

Directive 2008/105/EE of the European Parliagmemd of the Council of 16 December 2008 on
environmental quality standards in the field of evapolicy, amending and subsequently repealing

TAM 2019 32 of 33



42.

43.

44,

Council Directives 82/176/EEC, 83/513/EEC, 84/156/EEC, 84/491/EEC, 86/280/EEC and amending
Directive 2000/60/EC of the European Parliament and of the Council, Official Journal L 348, 24/12/08,
p84-97.

B. Magnusson and U. Ornemark (Eds.), Eurachem Guide: The fitness for purpose of analytical methods:
A laboratory guide to method validation and related topiéS €@., 2014). ISBN 78-91-87461-59-0.
Available from www.eurachem.org.

J. Vessman, R. I. Stefan, J. F. van Stadenadzér, W. Lindner, D. Thorburn Burns, A. Fajgelj, and H.
Muller, Selectivity in analytical chemistry, (IUPAC Recommendations 2001), Pure Appl. Chgm.,
1381-1386 (2001). Available from www.degruyter.com/view/j/pac.

L. A. Currie, Nomenclature in evaluation of analytical methods including detection and quantification
capabilities (IUPAC Recommendations 1995), Pure Appl. Chem., 67, 1699-1723 (1995). Available from
www.degruyter.com/view/j/pac.

TAM 2019 33 0f 33



Copyright © 2019



