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Abstract: Unambiguous and consistent concepts and associated terms should govern the description of the
results of chemical measurements. This is not yet the case as numerous international workshops have shown
over the last decade and as the chemical literature amply and continuously demonstrates. A number of
concepts and associated terms in measurement are here discussed, which are used ambiguously in the daily
work of field laboratories, in the chemical literature, in ISO Guides and Standards and in regulatory
documents, etc. They illustrate the need for clarification of relevant concept definitions. The consistent use
of the recently revised edition of the 1993 International Vocabulary of Basic and General Terms in
Metrology, (for short: “VIM 2”), henceforth (2008) referred to as “JCGM 200: 2008 + Corrigendum 2010”,
International vocabulary of metrology—Basic and general concepts and associated terms —VIM, (for short:
“VIM 37), is a step in the direction to achieve this goal.
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Rezumat: Descrierea rezultatelor masurdrilor chimice ar trebui guvernatd de concepte si termeni asociati
consistenti si clari. Multe seminarii internationale au aratat in ultimul deceniu ca acest deziderat nu este inca
realizat si literatura chimici demonstreaza continuu si amplu acest aspect. In articol sunt discutati o serie de
concepte si termeni asociati in masurare ambiguu folositi in activitatea zilnica a laboratoarelor de rutina, in
literatu & chimica, in Gh dut si standard e ISO p ecum si in documente de reglementare etc. Aceasta
ilustreazd necesitatea pentru clarificarea definitiilor conceptelor relevante. Utilizarea consistentd a recent
revizuite, Tn anul 2008, a editiei din 1993 a Vocabularului International de Termeni Generali §i
Fundamentali din Metrologie (pe scurt ,,VIM 27), respectiv “JCGM 200: 2008 + Corrigendum 20107,
Vocabularul International de Metrologie — Concepte generale si fundamentale si termeni asociati — VIM (pe
scurt ,,VIM 3”) este un pas in directia atingerii acestui scop.

Cuvinte cheie: metrologie, VIM, terminologie metrologica

1. INTRODUCTION

‘Metrology’ is the “science of measurement and
its application” [VIM 3, entry 2.2] [1], and “. . .
includes all theoretical and practical aspects of
measurement, whatever  the  measurement
uncertainty and field of application” [1] where
measurement is understood as a “process of
experimentally obtaining one or more quantity
values that can reasonably be attributed to a
quantity” [VIM 3, entry 2.1] [1].

[Note: Concepts are identified within single quotes.
Quotations are given in double quotes when they are
intended to be emphasized.]

These definitions set the scene for thinking about
concepts and terms used in all measurements,
including any chemical measurement. All
measurements  have  fundamentally identical
conceptual foundations. The use of the results may
be located in many and very different applications. It

1. INTRODUCERE

»Metrologia” este ,stiinta masurdrii §i a
aplicatiilor sale” [VIM 3, art.2.2] [1] si ,,... include
toate aspectele practice si teoretice ale masurarii,
indiferent de incertitudinea de masurare si aria de
aplicare” [1], in care, masurarea este inteleasa ca ,,un
proces de obtinere experimentald a uneia sau mai
multor valori care pot fi atribuite Tn mod rezonabil
unei marimi” [VIM 3, art.2.1] [1].

(Nota: Conceptele sunt identificate Tn interiorul unui
singur citat. Citatele sunt date in duble citari cand se
intentioneaza a fi subliniate)

Aceste definitii stabilesc cadrul pentru gandirea
conceptelor si termenilor utilizati in toate masurarile,
inclusiv in oricare masurare chimica. Toate
masurarile au fundamente conceptuale esentialmente
identice. Utilizarea rezultatelor poate fi localizata in
aplicatii numeroase si foarte diferite. Este util de
reflectat in legatura cu motivele pentru care se



is useful to think about the reasons why one
performs measurements:

(@) to assist in moving from qualitative
knowledge (something is larger, taller, bigger than
something else) to quantitative knowledge
(something is so many times larger, taller, bigger,
than something else) which carries much more
information and

(b) to communicate the magnitude of the
guantities 1 we use in describing our observations of
nature and in carrying out our scientific experiments
using measurements.

1 The concept with the associated term “quantity’
is used here in its metrological meaning, not in the
meaning ‘amount’. An unfortunate language
evolution has taken place: the original French term
‘quantite” (meaning ‘amount’) was borrowed by the
English language to mean ‘amount’. However, the
term which is used in French to mean the things we
measure, ‘grandeur’ (concentration, volume, time,
mass, temperature), had no corresponding term in the
English language. Thus, ‘quantity’ started to be used
in English to also be the translation for ‘grandeur’.
This is a recipe for confusion. Hence, ‘quantity’ is a
term covering two different concepts in English. This
illustrates a potential problem that awaits translators.

In measurement, it would be good to reserve
‘quantity’ exclusively for the things we measure and
not use it (any longer) to mean ‘amount’.

In communication between parties, a language is
needed as a vehicle for the ideas we want to
exchange. When the measurement results are
described in such a language, concepts about
measurement are needed which are understood in the
same way by the communicating parties. Commonly
agreed terms in one language are therefore necessary
for labelling these concepts. In addition, having a set
of internationally agreed terms in one language is
the necessary basis for any translation of these terms
and their use in other languages. Consistent
terminology is essential for clarity in understanding
when speaking to each other as well as in reading
and in writing. Conversely, a lack of clarity in our
writings is known to affect unwillingly the clarity of
our thinking.

We have several means available for the
communication of measurement results

languages:

mathematical equations pictures sentences

languages need tools:

symbols pictograms terms

We have to attach the same meaning to the
same tools.

efectueaza masurari:

(@) pentru a sprijini trecerea de la cunostinte
calitative (ceva este mai larg, mai Tnalt, mai mare
decét altceva) la cunostinte cantitative (ceva este de
atatea ori mai larg, mai inalt, mai mare decét altceva)
care poarta mult mai multa informatie, si

(b) pentrua comunica magnitudinea marimii — a
se vedea paragraful numerotat 1 — pe care o folosim
in descrierea observatiilor noastre referitoare la
natura si efectuarea propriilor experimente stiintifice
folosind masurari.

1. Conceptul cu termenul asociat ,,marime” este
utilizat aici in sensul sdu metrologic si nu intelesul
de ,cantitate”. O regretabild evolutie lingvistica a
avut loc: termenul francez original ,,quantité” (cu
sensul ,,amount”) a fost Tmprumutat de limba
englezd pentru a insemna ,cantitate”. Cu toate
acestea, termenul care este utilizat in limba franceza
pentru a 1intelege lucrurile pe care le masurdm
»grandeur” (concentratie, volum, timp, masa,
temperaturd) nu are un termen corespondent in limba
engleza. Astfel, ,,quantity” a Inceput sa fie utilizat in
engleza pentru a traduce si ,,grandeur”. Aceasta este
o retetd pentru confuzie. Prin urmare, ,,grandeur”
este un termen care acoperd doua concepte diferite in
englezd. Aceasta ilustreazd o potentiald problema
care i agteapta pe translatori.

In misurare, ar fi bine si se pastreze termenul
»quantity” exclusiv pentru lucrurile pe care noi le
masuram si sa nu se (mai) utilizeze pentru a intelege
,,amount”.

In comunicarea dintre parti, este nevoie de o
limba ca un vehicul pentru ideile pe care vrem sa le
schimbam. Cand rezultatele masurarii sunt descrise
intr-o astfel de limba, sunt necesare concepte
referitoare la masurare care sa fie intelese in acelasi
mod de partile care comunica. Prin urmare, sunt
necesari termeni comun agreati intr-o limba pentru
denumirea acestor concepte. Suplimentar, existenta
unui set de termeni agreati international intr-o limba
reprezintd baza necesara pentru orice traducere a
acestor termeni si utilizarea lor in alte limbi.
Terminologia consistentd este esentiald pentru
claritate in intelegere cand vorbim unul cu celélalt
dar si pentru citit i scris. Invers, se stie ca o lipsa de
claritate in scrierea noastra afecteaza fara voie
claritatea gandirii noastre.

Avem mai multe mijloace disponibile pentru
comunicarea rezultatelor masurarilor.

exprimare:

ecuatii matematice desene propozitii

exprimari necesita mijloace:

simboluri pictograme termeni

Trebuie sa atasim aceeasi intelegere acelorasi



mijloace.

ﬁe have several languages available to communicate\

about measurement

languages:

mathematical equations
pictures
sentences

We have to attach the same meaning to the same tools.

Some of the oldest and most needed Commissions of the
International Union of Pure and Applied Chemistry (IUPAC) and the
International Union of Pure and Applied Physics (IUPAP)

are Commissions on symbols, nomenclature, units:

languages need tools:

symbols
pictogrammes
terms
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QNAMCO for IUPAP, ICTNS for IUPAC. /

Fig 1. Means of communication
Fig 1. Mijloace de comunicare

We have several means available for
communication about measurements and their
results: mathematical equations, pictures and
sentences. See Fig 1. All three need adequate tools to
carry out that task: symbols, pictograms and terms.
These tools must mean the same thing to all those
working in the same or similar field. From these
tools, pictures are the most readily understood.
Symbols are also understood rather well, especially
in mathematics, physics and chemistry. Terms and
their relation to well-defined concepts hidden behind
them have always been more of a problem. This was
recognized at an early stage, and, indeed, some of
the oldest commissions of the International Union of
Pure and Applied Chemistry (IUPAC) and the
International Union of Pure and Applied Physics
(IUPAP) aim at a common understanding of
symbols (as well as of nomenclature, units and
terms):

- the SUNAMCO (Symbols, Units,
Nomenclature, and Atomic Mass Committee) of the
IUPAP,

— the ICTNS (Interdivisional Committee for
Terminology, Nomenclature and Symbols) of the
IUPAC.

The basic and general terms for measurement
have been systematically addressed in the
‘International Vocabulary of Basic and General
Terms in Metrology’, in its first edition “VIM 1”7
[2], in its second edition “VIM 2” [3] and in its
thoroughly revised edition “VIM 3” [1], henceforth
called “JCGM 200:2008, International vocabulary

Avem mai multe mijloace disponibile pentru
comunicare in legiturd cu masurdrile si rezultatele
acestora: ecuatii matematice, desene §i propozitii. A
se vedea Fig.l. Toate cele trei necesitd mijloace
adecvate pentru a duce la bun sfarsit aceasta sarcina:
simboluri, pictograme si termeni. Aceste mijloace
trebuie sa semnifice acelasi lucru pentru cei care
lucreaza in acelasi domeniu sau in domenii similare.
Dintre aceste mijloace, desenele sunt cel mai rapid
de inteles. Simbolurile sunt de asemenea intelese
destul de usor, in special in matematica, fizica si
chimie. Termenii si relatiile lor cu conceptele
ascunse n spatele lor au constituit Tntotdeauna o
problema mai frecventa. Acest fapt a fost recunoscut
ntr-o etapa initiala si, intr-adevar, unele din cele mai
vechi comisii a Uniunii Internationale de Chimie
Pura si Aplicata (IUPAC) si a Uniunii Internationale
de Fizica Purd si Aplicata (IUPAP) tintesc
intelegerea comund a simbolurilor (precum si
nomenclatura, unitati si termeni):

- SUNAMCO (Comitetul pentru Masa Atomica,
Nomenclatura, Unitati, si Simboluri) al [UPAP,

- ICTNS (Comitetul Inter-divizional pentru
Terminologie, Nomenclaturd §i  Simboluri) al
IUPAC.

Termenii generali §i fundamentali pentru
masurare au fost abordati sistematic in ,,Vocabularul
International de Termeni Generali si Fundamentali
in Metrologie” in prima sa editie ,,VIM 17 [2] Tn a
doua sa editie ,,VIM2 ”[3 [precumsi in editia sa
atent revizuita ,,VIM 3” [3], respectiv ,JCGM
200:2008, Vocabularu!l International de metrologie



of metrology—Basic and general concepts and
associated terms —VIM”. On the global scene at the
start of the 21st century, agreement is needed on the
definitions of the common concepts (labeled by
associated terms) we use in communicating science
and technology worldwide. VIM 3 aims at assisting
in this task.

2 2 “VIM” is an acronym derived from
“Vocabulaire de Metrologie”, the “International
vocabulary of metrology -Basic and general
concepts and associated terms — VIM. Both English
and French languages are official languages in this
matter.

“Objects, concepts, designations, and definitions
are fundamental to terminology . ..”  [4] and
“concepts are not to be confused with abstract or
imagined objects” (i.e. we observe concrete, abstract
or imagined objects in a given context, conceptualize
them in our minds and then attribute a designation to
the concept rather than to the objects themselves’
[4]). The best way to achieve this is to define a
concept in an international vocabulary and assign a
specific term to each concept. Such an international
vocabulary in metrology has been available, in a first
edition for 23 years [2] and in a second edition [3]
for 13 years. It has been little used in the chemical
measurement community at large with the exception
of the clinical measurement field (which, in matters
of consistent concepts and associated terms, is
probably 10-15 years ahead of any other domain in
chemistry), as well as in more refined physico-
chemical and purely ‘metrological’ measurement
laboratories. They were thought to be applicable
only in *high level metrology” where more
significant  digits are being pursued in a
measurement result in the framework of fundamental
research, rather than being pushed by daily practice.

The statement that “the concept of measurement
covers a wide range of activities and purposes” [5] is
certainly true in chemistry: many new measurement
methods have been developed in the chemical field
during the last few decades, and some of them have
a profound societal impact, such as advanced
biochemical, clinical and DNA measurements. A
common vocabulary for all of them is essential for
worldwide communication. Such a vocabulary is
defined in ISO 1087-1:2000 as a “terminological
dictionary that contains designations and definitions
from two or more subject fields” [6].

At the end of the 20th century, several reasons
became apparent for a fundamental revision of
VIM2:

(@) our thinking about chemical measurement
had evolved because of better understanding of the
process of measurement; this required the definition
of basic and general concepts to be widened to

— Concepte si termeni asociati generali §i
fundamentali — VIM”. Pe scara globala, la Tnceputul
secolului al 21-lea, este necesara punerea de acord a
definitiilor conceptelor comun acceptate (denumite
prin termeni asociati) pe care Ti folosim 1n
comunicarea stiintei si tehnologiei pe scard
mondiala. VIM 3 are ca obiectiv sa dea o méana de
ajutor pentru aceasta.

2. 2 ,VIM” este un acronim derivat de la
,,Vocabular de metrologie”, ,,Vocabularul
International de metrologie — Concepte si termeni
asociati generali §i fundamentali” — VIM. Ambele
limbi, engleza si franceza, sunt oficiale in acest
document.

,»Obiectele, conceptele, domeniile de aplicare si
definitiile sunt fundamentale pentru terminologie...,,
se conceptualizeaza intr-un vocabular international si
se atribuie un termen specific fiecarui concept. Un
astfel de vocabular international In metrologie a fost
disponibil Tntr-o prima editie timp de 23 de ani [2] si,
intr-o a doua editie, timp de 13 ani. El a fost putin
utilizat in comunitatea de masurari chimice pe scard
largd cu exceptia domeniului de masuréri clinice
(care, 1n probleme de concepte consistente si termeni
asociati, este probabil cu 10-15 ani inaintea oricarui
domeniu al chimiei) precum si in laboratoare de
masurare ,,metrologice” pure si fizico-chimice mai
exacte. Acestea au fost gandite sa fie aplicabile doar
in ,,metrologia de Tnalt nivel”, unde intr-un rezultat al
masurarii din cadrul cercetarii fundamentale cifrele
semnificative sunt mai mult studiate decét in practica
curenta.

Afirmatia conform careia ,.conceptul de
masurare acopera un domeniu vast de activitati si
scopuri” [5] este cu sigurantd adevarata in chimie: au
fost dezvoltate multe metode de masurare Tn
domeniul chimic de-a lungul ultimelor decenii si,
cateva dintre acestea, au un impact profund asupra
societatii, ca de exemplu masurarile biochimice,
clinice si ADN. Un vocabular comun pentru toate
acestea este esential pentru comunicarea mondiala.
Un astfel de vocabular este definit in ISO 1087-
1:2000 drept un ,,dictionar terminologic care contine
denumiri si definitii din doud sau mai multe domenii
de specialitate ,, [6].

La sfarsitul secolului al 20-lea, au devenit
vizibile mai multe argumente pentru o revizuire
fundamentala a VIM2:

(a) gandirea noastra despre masurarea chimica a
evoluat din cauza intelegerii mai bune a procesului
de masurare; acest fapt a necesitat largirea
conceptelor generale si fundamentale pentru a
cuprinde aceste intelegeri imbunatatite, ca de
exemplu:

- incertitudinea de masurare” este o parte
intrinseca a oricarui ,,rezultat al masurarii”;



accommodate these improved understandings such
as

— the ‘measurement uncertainty’ being an
intrinsic part of any ‘measurement result’,

— ‘measurand’ is the quantity which we intend to
measure and

— there is no such thing as a true value in nature,
only— and conventionally—in the concepts
developed in our minds to describe nature,

(b) the need for a VIM to fully encompass
chemical measurement; VIM 1 and VIM 2 were
mostly written with physics and engineering in
mind,

(c) the development in the last 20 years of
biochemical measurements and their various
applications such as the measurement of ‘biological
activity’ had to be covered by the definitions of basic
concepts in measurement,

(d) ISO Guides and Standards were—and still
are— not written using a consistent common
vocabulary; this requires an up-to-date edition in
which chemical measurement is also fully covered,

() VIM 2 [3] was “neither fully coherent nor
terminologically quite satisfactory” [7],

() the publication, after 15 years of work, in
1993/1995 of the 1SO Guide to the Expression of
Uncertainty in Measurement (GUM) [8], initiated by
the CIPM,; it constituted a fundamental change in the
thinking about a ‘measurement result’ and its
‘measurement uncertainty’; this had to be reflected
in the definition of the concepts involved,; it is to be
noted that the GUM is still not fully understood and
applied in the chemical measurement community 15
years after its inception 3.

(9) clarity in important documents for global use
has become of paramount importance in, for
example, settlement of disputes in global trade by
the World Trade Organisation (WTO), in the
drafting and implementation of European
Commission (EC) Directives governing global trade
and in mutual acceptability of measurement results
across borders in areas such as clinical chemistry,
greenhouse gas measurements and in the CIPM
Mutual Recognition Arrangements [9].

3 Over the period 1998-2005, | made a
systematic sounding in my audiences for lectures
and seminars on ‘Metrology in Chemistry’
worldwide. Less than 5% of the attendants in many
tens of audiences knew about the existence of a VIM
or GUM, let alone used them, with one single
exception where the percentage rose to 10% (due to
the presence in the audience of . . . historians in
chemistry).

Thus, the preparation of a third edition (“VIM
3”) was initiated in 1997. It was released on the

- ,,masurand” este marimea pe care intentionam
a 0 masura §i

- nu existd in naturd o valoare adevarata, doar —
si conventionald — n conceptele dezvoltate Th mintea
noastra pentru a descrie natura,

(b) necesitatea unui VIM pentru a cuprinde
complet masurarea chimica; VIM 1 si VIM 2 au fost
elaborate n special avand in minte fizica si
ingineria;

(c) dezvoltarea n ultimii 20 de ani a masurarilor
chimice si a aplicatiilor lor variate, de exemplu
masurarea ,activititii biologice” trebui sda fie
acoperita de definitiile conceptelor fundamentale din
metrologie;

(d) Ghidurile si standardele ISO nu au fost si
inca nu sunt scrise utilizand un vocabular comun
consistent; aceasta necesitd o editia actualizatd in
care masurarea chimicd este de asemenea complet
acoperita;

(e) VIM 2 [3] ,,nu a fost nici complet coerent si
nici terminologic destul de satisfacator” [7];

(f) publicarea dupa 15 ani de munca, in
1993/1995 a Ghidului ISO pentru Exprimarea
Incertitudinii in Masurare (GUM) [8], initiat de
CIPM; aceasta a constituit o schimbare
fundamentald in gandire, referitor la un ,rezultat de
masurare” si la ,incertitudinea sa de masurare”;
acest fapt trebuia sd se reflecte in definitia
conceptelor implicate; trebuie observat faptul ca, in
comunitatea masurarii chimice, GUM nu este Inca
complet inteles si aplicat la 15 ani de la introducerea
sa — a se vedea paragraful numerotat 3.

(9) claritatea in documentele importante pentru
utilizare globala a devenit de importanta extrema, de
exemplu rezolvarea disputelor In comertul global de
catre Organizatia Mondiala a Comertului (OMC),
schitarea §i implementarea Directivelor Comisiei
Europene (CE) care guverneaza schimburile globale
si acceptabilitatea mutuald a rezultatelor masurarii
de-a lungul frontierelor in domenii cum ar fi chimia
clinicd, masurari de gaze cu efect de serd si
Aranjamentele de Recunoastere Reciproca ale CIPM

[9].

3. Tn perioada 1998-2005 am ficut un sondaj
sistematic Tn publicul participant la cursurile si
seminarele referitoare la ,,Metrologia in chimie”
organizate pretutindeni. Mai putin de 5 % dintre
participanti, In mai multe zeci din audientd, stiau
despre existenta unui VIM sau unui GUM, lasati
singuri sa le utilizeze, cu o singurd exceptie, unde
procentul a crescut la 10 % (datoritd prezentei in
audienta a ,,, istoricilor in chimie).

Ca urmare, prepararea unei a treia editii (,, VIM
3”) a fost initiatda in 1997. A fost lansata pe pagina
web a BIPM in forma finala in anul 2008 [1], sub



BIPM web site in final form in 2008 [1], under the
authority of the Joint Committee for Guides in
Metrology (JCGM) representing the Bureau
International des Poids et Mesures (BIPM), the
International Electrotechnical Commission (IEC),
the International Federation of Clinical Chemistry
(IFCC), the International Laboratory Accreditation
Cooperation (ILAC), the International Organization
for Standardization (ISO), the International Union
for Pure and Applied Chemistry (IUPAC), the
International Union for Pure and Applied Physics
(IUPAP) and the Organisation Internationale pour la
Metrologie Le gale (OIML).

Ideally, every term in a vocabulary should
designate only one concept, in order to minimize
confusion, but, “constructing a single vocabulary of
metrology that is able to unambiguously encompass
and harmonize all of the approaches is difficult” [5].
Thus, an ideal vocabulary proved to be elusive, the
main reason being that much laboratory jargon has
gained so much “civil rights” by frequent usage, that
the measurement community wants to find it
recognized in a vocabulary to support their position
in case they are involved in discussions and
settlement of disputes or, simply, to see their
interpretation and use of terms confirmed, regardless
of whether these terms are consistent with each other
or not. In VIM 3, the consistency between concepts
was considered to be of overriding importance,
rather than the consecration of jargon into official
use, as frequently demanded. Unfortunately, a few
exceptions to the rule of consistency had to be made
under high pressure from acquired “civil rights’ of
laboratory jargon.

Quantity value of measurand

autoritatea Comitetului Comun pentru Ghiduri Tn
Metrologie (JCGM) reprezentand Biroul
International de Masuri si Greutati (BIPM), Comisia
Internationala de Electrotehnicd (IEC), Federatia
Internationala de  Chimie Clinica (IFCC),
Cooperarea  Internationalda  pentru  Acreditarea
Laboratorului (ILAC), Organizatia Internationald de
Standardizare (ISO), Uniunea Internationala pentru
Chimie Purd si Aplicata (IUPAC), Uniunea
Internationala de Fizica Purd si Aplicata (IUPAP) si
Organizatia Internationald pentru Metrologie Legala
(OIML).

Tn mod ideal, fiecare termen intr-un vocabular ar
trebui sa indice doar un concept, pentru a minimiza
confuzia, dar ,,construirea unui singur vocabular de
metrologie care sa fie capabil sa cuprinda si sa
armonizeze toate abordarile este dificila” [5]. Astfel,
un vocabular ideal s-a dovedit a fi evaziv, in
principal deoarece mare parte din limbajul uzual de
laborator a castigat atdt de multe ,,drepturi civile”
prin utilizarea frecventa, incit comunitatea de
masurare doreste sa-l regdseasca intr-un vocabular
care sa sustind pozitia ei in cazul in care este
implicata in discutii si acorduri ale disputelor, sau,
simplu, pentru a vedea interpretarea ei si utilizarea
termenilor confirmata indiferent daca acesti termeni
sunt consistenti sau nu unul cu altul. In VIM 3,
consistenta dintre concepte a fost considerata a fi de
importanta de prim rang, fatd de consacrarea
limbajului in utilizare oficiald, asa cum a fost
frecvent cerut. Din pacate, citeva exceptii de la
regula consistentei au trebuit sa se faca sub presiunea
mare din partea ,,drepturilor civile” acumulate de
limbajul uzual de laborator.

Valoarea marimii a masurandului
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Lab 1 and 2:
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DISCREPANCY PROBLEMS ARE MOSTLY CAUSED
BY LACK OF FULL (='‘GUM’) EVALUATION OF
MEASUREMENT UNCERTAINTY
(not so much by undetected systematic errors)
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Fig 2. The same measurand in the same sample: discrepancy problems are mostly caused by lack of full ( =
‘GUM’) evaluation of measurement uncertainty (not so much by undetected systematic errors).
Fig.2 Acelasi masurand in aceeasi proba: problemele de discrepantd sunt cauzate de cele mai multe ori de
lipsa unei evaluari complete ( = “GUM?”) a incertitudinii de masurare (i nu atat de erori sistematice ne-
detectate)

The clarification given by VIM 3 by delivering a
more consistent set of concepts will now be
illustrated by way of a few examples of revised
concept definitions with their associated terms (the
labels of concepts).

A central concept in measurement is
‘measurand’. The definition of ‘measurand’ in VIM
2 is a “particular quantity subject to measurement’ [VIM
2, entry 2.6] [3]. This definition has probably
contributed to a paradoxical situation. Chemists can
argue that they comply with the definition of
‘measurand’ when they deliver as ‘measurement
uncertainty’ of a result of a chemical measurement
some form of uncertainty of the electric current
measurement of their instrument [4] consisting of a
repeatability or a reproducibility statement (or the
performance specification by the manufacturer of the
instrument), whereas chemical measurements
usually have chemical steps involved such as a

Clarificarea oferita de VIM 3 prin livrarea unui
set mai consistent de concepte va fi ilustrata n
continuare prin intermediul catorva exemple de
definitii revizuite de concepte cu termenii lor asociati
(denumirile conceptelor).

Un concept esential in masurare este cel de
,,masurand”. Definitia pentru ,,masurand” in VIM 2
este ,,0 marime particulard supusd masurarii” [VIM
2, art.2.6] [3]. Aceasta definitie a contribuit probabil
la o situatie paradoxald. Chimistii pot sustine ca ei
respecta definitia pentru ,,masurand” cand furnizeaza
ca ,,incertitudine de masurare” a unui rezultat al unei
masurari chimice o formd de incertitudine a
masurarii de intensitate de curent furnizatd de
instrumentul lor [4], constand dintr-o declaratie de
repetabilitate sau reproductibilitate (sau specificatia
de performanta a producatorului instrumentului), cu
toate cd masurdrile chimice au de obicei etape
chimice implicate, cum ar fi prepararea chimica a



chemical preparation of the sample prior to the
electric measurement. In many cases, these chemical
operations have much larger variabilities than the
instrumental measurement. Hence, on formal
grounds (i.e. the VIM 2 definition of the
‘measurand’) the major contribution to the final
‘measurement uncertainty’ of the ‘measurement
result,” i.e. the variability of the chemical operations
prior to the electric current measurement could be
ignored. Hence, the definition of ‘measurand’ might
have been at the origin of the frequent observation in
the past that a pair of measurement results obtained
for the same measurand in the same material appear
to show differences which are significant, not
because they are real, but because the measurement
uncertainties of each of the measurement results are
underestimated (i.e. the so-called ‘error bars’
indicated are too small) since they reflect only the
measurement  uncertainty of the electric
measurement. See Fig 2. The revised VIM 3
definition of *‘measurand’ as the ‘quantity intended
to be measured’ makes any chemical pre- treatment
of the sample carrying the measurand an intrinsic
part of the process of measurement. Thus, the
variability unavoidably associated with each such
chemical operation in the process of measurement
becomes an integral part of the final measurement
uncertainty of the measurement result.

4 Most of the measuring systems of the modern
chemist make use of the impressive array of electric
measurement  instrumentation which  measures
electric currents after atoms and molecules have
been converted into charged particles (ions).

A further point about the concept ‘measurand’: it
is quite current to use the identification of the analyte
(component, chemical compound, such as atoms of
Cd or molecules of a dioxin) as ‘measurand’
whereas in chemical measurement— as in any other
measurement—quantities are  measured;  for
example, in spectrometric measurements, the
quantity “intended to be measured’ is ‘concentration’
(amount-of- substance per volume, unit: mol/litre) or
‘mass fraction’ (mass per mass, unit: kg/kg) or
content (amount-of-substance per mass, unit:
mol/kg) or amount fraction (amount-of-substance
per amount-of-substance, unit: mol/mol). The new
definition clarifies this by defining measurand as a
‘quantity intended to be measured’ (VIM3, entry
2.3) [1].

The new definition also enables us to settle the
old— and ongoing—discussion about the
uncertainty of sampling being part of the
measurement uncertainty: if the measurand is
defined before the measurement to be the
concentration in the sample submitted, then the

probei naintea masurarii electrice. In multe cazuri,
aceste oOperatii chimice au mult mai multe
variabilitaiti decAt misurarea instrumentali. In
consecinta, pe baze formale (adica definitia pentru
»masurand” din VIM 2), ar putea fi ignoratd
contributia majora in ,,incertitudinea de masurare”
finala a ,,rezultatului masurarii”, adica variabilitatea
operatiilor chimice nainte de masurarea intensitatii
de curent. Asadar, definitia pentru ,,masurand” ar fi
putut fi la originea observatiei frecvente in trecut
conform careia o pereche de rezultate de masurare
obtinute pentru acelasi masurand in acelasi material
par ca indica diferente semnificative, nu datorita
faptului ca sunt reale ci deoarece incertitudinile de
masurare ale fiecaruia dintre rezultatele de masurare
sunt sub-estimate (adicd asa-numitele ,bare de
eroare” indicate sunt prea mici), deoarece ele reflecta
doar incertitudinea de masurare a masurarii electrice.
A se vedea Fig.2. Definitia revizuita in VIM 3 pentru
»masurand” drept ,mirimea intentionata a fi
masurata” face ca orice pre-tratare a probei care
poartd masurandul sd fie o parte intrinsecd a
procesului de masurare. Astfel, variabilitatea
inevitabila asociatd cu fiecare astfel de operatii
chimice in procesul de masurare devine o parte
integrantd a incertitudinii de masurare a rezultatului
masurarii.

4 Majoritatea sistemelor de masurare ale
chimistului modern utilizeaza aria impresionantd de
instrumentatic de masurare electrica care masoara
intensitdti de curent dupa ce atomi si molecule au
fost convertiti in particule incarcate electric (ioni).

Un punct suplimentar despre conceptul de
,,nasurand”: este destul de curentd utilizarea
identificarii analitului (component, compus chimic,
cum ar fi atomi de Cd sau molecule ale unei dioxine)
drept ,,masurand” in timp ce in masurarea chimica —
ca In oricare altd masurare — marimile sunt masurate;
de exemplu, In masurari spectrometrice, marimea
»intentionatd a se masura” este ,,concentratia”
(cantitate de substantd per volum, unitate de masura:
mol/litru) sau ,fractia masicd” (masd per masa,
unitate de masurd kg/kg) sau continut (cantitate de
substantd per masd, unitate de masura: mol/kg) sau
fractie in cantitate de substantd (cantitate de
substantd per cantitate de substantd, unitate de
masurd: mol/mol). Noua definitie clarifica aceasta
prin definirca masurandului ca o ,,marime
intentionata a fi masurata” (VIM 3, art. 2.3) [1].

Noua definitie permite totodatd sa se aplaneze
discutia veche, dar inca prezenta, referitoare la faptul
ca incertitudinea esantiondrii este o parte a
incertitudinii de masurare: dacd, inaintea masurarii,
masurandul este definit ca fiind concentratia in
esantionul transmis, atunci prelevarea unui material



sampling of a material is not part of the
measurement and therefore cannot contribute to the
measurement uncertainty of the measurement result.
On the other hand, if the analyst has accepted that a
particular measurand is a concentration of a
specified chemical compound in, for example, a
large geological layer or sediment, a sampling plan
will have to be developed by a suitable sampling
method. This then becomes a part of the whole
process of measurement and the resulting sampling
uncertainty will have to be an inherent part of the
measurement uncertainty of the final measurement
result, consistent with the definition of the measurand.

There has always been a problem with
incompletely defined measurands. Another example
is the measurement of the amount of, for example,
leachable Cd in the measurement of a ceramic plate
rather than the amount of total Cd in the plate. In
such a definition, the measurement procedure
(“detailed description of a measurement. . .” [VIM 3,
entry 2.6] [1]) describes an empirical procedure
suitable for obtaining the intended measurement
result. It is of great practical importance for the
intended use of the measurement result and has,
therefore, to be included in the definition of the
measurand. Thus, it is useful to have a concept of
measurand which accommodates an operationally
defined measurand, i.e. a measurand defined by its
very measurement procedure.

A ‘measurement’ entails the concept of the
‘measurement result’. Traditionally, few chemical
measurement results encompassed a form of
measurement uncertainty, sometimes not at all. The
goal and the end of the operation ‘measurement’ is to
make an estimate of a value (or a value range), for a
‘measurand’, e.g. ‘concentration’. This encompasses
the evaluation of some form of possible error or
uncertainty at the end of the operation called
‘measurement’ and raises the question whether the
‘measurement uncertainty’ is a part of the
‘measurement result’. In the VIM2 definition (VIM 2,
entry 3.1) [3], this was not the case, at least not
unambiguously. Yet the usefulness of a result or even
the ability to compare it with another result or even the
fitness for an intended use all depend on the
‘measurement uncertainty’ of the result. See again
figure 2. Whether two results are equivalent to each
other, or are simply interchangeable for a specified
use, depends, in the first place, on their respective
measurement uncertainties, not so much on the
magnitude of their quantity values. Thus, a complete
(in the GUM sense of the term) measurement
uncertainty must be a part of the measurement result,
in order for this result to be meaningful. If a definition
of the *measurement result’ thus revised is combined
with a revised definition of ‘measurand’ (‘quantity
intended to be measured’) in the case of

nu este parte a masurarii si, prin urmare, nu poate
contribui la incertitudinea de masurare a rezultatului
masurarii. Pe de altd parte, daca analistul a acceptat
ca un anumit masurand sa fie de exemplu o
concentratie a unui compus chimic specificat intr-un
larg strat geologic sau sediment, trebuie si se
dezvolte un plan de esantionare, printr-o metoda de
prelevare potrivita. Apoi, aceasta devine o parte a
intregului proces de masurare si incertitudinea
rezultantd de esantionare va trebui sa fie o parte
inerentd a incertitudinii de masurare a rezultatului
final de masurare, consistent cu definitia
masurandului.

Intotdeauna a fost o problemd cu masuranzi
incomplet definiti. Un alt exemplu este masurarea
cantitatii de Cd solubilizat in masurarea unui disc
ceramic fati de cantitatea de Cd total in disc. Tntr-o
astfel de definitie, procedura de masurare
(,,descrierea detaliatd a masurarii ...” [VIM 3, art.2.6]
[1]) descrie o procedura empiricd potrivita pentru a
obtine rezultatul de masurare intentionat. Ea este de
0 mare importantd practicdi pentru utilizarea
intentionata a rezultatului masurarii si, prin urmare,
trebuie sa fie inclusa Tn definitia masurandului.
Astfel, este util sa avem un concept pentru masurand
care sa cuprindd un masurand definit operational,
adicda un masurand definit de procedura sa de
masurare.

O ,,masurare” atrage dupd sine conceptul de
,»rezultat al masurarii”. Traditional, putine rezultate
de masurare chimicd cuprind o forma de
mcertitudine de masurare, uneori chiar de loc.
Scopul si finalul operatiei de ,,masurare” este cel de
a estima o valoare (sau un domeniu de valori), pentru
un ,,masurand”, de exemplu ,,concentratie”. Aceasta
cuprinde evaluarea unor forme de erori posibile sau
incertitudini la finalul operatiei denumite ,,masurare”
si ridica intrebarea daca ,,incertitudinea de masurare”
este o parte a ,rezultatului masurarii”. in definitia
din VIM 2 (VIM 2 art.3.1) [3], aceasta nu a fost
situatia, cel putin nu ferit de ambiguitate. Cu toate
acestea, utilitatea unui rezultat sau chiar abilitatea de
a-l compara cu alt rezultat sau chiar adecvarea de
scopul intentionat, toate depind pe ,,incertitudinea de
masurare”. A se vedea din nou figura 2. Daca doua
rezultate sunt echivalente sau simplu
interschimbabile pentru o utilizare specificata,
aceasta depinde Tn primul rand de incertitudinile lor
de masurare §i mai putin de mérimea valorilor
marimii. Astfel, o incertitudine de masurare
completa (in sensul GUM al termenului) trebuie sa
fie o parte a rezultatului masurarii, pentru ca acest
rezultat sa aiba sens. Daca o definitie a ,,rezultatului
masurarii”, astfel revizuite, este combinati cu o
definitie revizuita pentru ,,masurand” (,,marimea
intentionatd a fi mdsurata”), in cazul ,,concentratiei”
urmeaza Ca variabilitatea operatiei chimice necesare



‘concentration’ it again follows that the variability of
the chemical operation needed on a chemical sample
in order to perform the intended measurement
(“‘concentration’) becomes a component of the
combined measurement  uncertainty of the
measurement result, notably making it larger. The
definition of ‘measurand’ influences the construction
of the measurement budget. In VIM 3, entry 2.9, [1]
this is taken care of by defining the measurement
result as a ‘set of quantity values being attributed to a
measurand together with any other available relevant
information” accompanied by an explanatory note
saying that ‘a measurement result is generally
expressed as a single measured quantity value and a
measurement uncertainty’ (VIM 3, entry 2.9] [1].

This change in the definition of the
‘measurement result’ requires a clearer definition of
the ‘measurement uncertainty’. The new insight in
the ‘measurement uncertainty’ (GUM) (end of the
20th century thinking), as a measure of doubt [8], is
basically different from the older, pre-GUM concept
confidence (in a true value/error) accompanied by a
confidence level (19th-20th century thinking). The
GUM approach to the measurement uncertainty
provides a more refined means than the classical
approach for describing the perceived quality of a
measurement result. Because of this large change in
approach, ‘there is not always a clear demarcation
between approaches, but rather a blending of
concepts and terminologies from one new approach
to another’ [5]. It is worth noting that the
measurement uncertainty is first evaluated to identify
the potential sources of measurement uncertainties,
then calculated by combining the values of the
various contributions from all possible measurement
uncertainty sources to the full measurement
uncertainty budget. This GUM approach fits much
better the needs of the chemical measurement
through the requirement that the measurement
uncertainty be obtained through Type A and Type B
evaluations [8]. The GUM evaluation of the
measurement uncertainty requires the evaluation of
all possible uncertainty sources and recognizes that
‘the quality and utility of the uncertainty quoted for
the result of a measurement therefore ultimately
depends on the understanding, critical analysis, and
integrity of those who contribute to the assignment
of its value’ [8]. The chemical literature is awash
with a large variety of ‘error’ statements, which in
most cases are just a measure of the spread of results
of replicate measurements, i.e. repeatability or
reproducibility, evaluated by Type A evaluation.
These are only a part of the full measurement
uncertainty budget (A + B). its definition of
measurement uncertainty [1] contributes to an
important clarification of the meaning of all these
terms. It is interesting to note that the ‘measurement

pe o probd chimicd pentru a efectua masurarea
intentionata (,,concentratie”) devine o componenta a
incertitudinii compuse de masurare a rezultatului
masurarii, largindu-l notabil. Definitia pentru
»masurand” influenteaza constructia bugetului de
incertitudine. Tn VIM 3, art 2.9 [1] se considera acest
aspect prin definirea rezultatului masurarii ca ,,un set
de valori ale marimii care este atribuit unui
masurand Impreund cu orice altd informatie
relevanta”, Insotitd de o notd explicativa care afirma
ca ,,un rezultat de masurare este In general exprimat
ca o singurd valoare a marimii masurate §i o
incertitudine de masurare” (VIM 3, art.2.9) [1].
Aceasta modificare in definitia ,,rezultatului
mdsurarii” necesitd o definitie mai clara pentru
. incertitudinea de masurare”, Noua Iintelegere a
»incertitudinii de masurare” (GUM) (gandirea de la
sfarsitul secolului al 20-lea), ca o masurd a
nesigurantei [8], este fundamental diferita de cea
veche, conceptul de incredere anterior GUM (intr-o
valoare adevaratd/eroare) insotit de un nivel de
incredere (gandirea secolului al 19-lea — 20-lea).
Abordarea GUM a incertitudinii de masurare
furnizeazd mijloace mai exacte decdt abordarea
clasica pentru descrierea calitatii observate a unui
rezultat de masurare. Din cauza acestei schimbari
profunde in abordare, ,nu este intotdeauna o
demarare clara intre abordari, mai degraba, insa, un
amestec de concepte si terminologii de la o noud
abordare la alta” [5]. Merita sa fie observat faptul ca
incertitudinea de masurare este intai evaluata, pentru
a identifica sursele potentiale de incertitudini de
masurare, §i apoi calculatd, prin compunerea
valorilor variatelor contributii din toate sursele
posibile de incertitudine de masurare intr-un bilant
complet de incertitudine de masurare. Aceasta
abordare GUM se potriveste mai bine necesitatilor
masurarii chimice prin cerinta ca incertitudinea de
masurare sa fie obtinutd prin evaluarile de Tip A si
Tip B [8]. Evaluarea GUM a incertitudinii de
masurare cere evaluarea tuturor surselor posibile de
incertitudine si recunoaste ca ,.utilitatea si calitatea
incertitudinii  declarate pentru rezultatul unei
masurari depinde, astfel, in cele din urma, de
intelegerea, analiza critica si integritatea celor care
contribuie la atribuirea valorii sale” [8]. Literatura
chimicd este imbibatda cu o largd varietate de
declaratii de ,,eroare”, care, in multe cazuri sunt doar
0o masurd a Imprastierii rezultatelor masurarilor
replicate, adica repetabilitatea sau
reproductibilitatea, evaluate prin evaluarea de Tip A.
Acestea sunt doar o parte a bilantului complet de
incertitudine de masurare (A+B). Definitia
incertitudinii de masurare [1] contribuie la o0
clarificare importantd a sensului acestor termeni.
Este interesant de notat faptul ca ,,incertitudinea de
masurare” poate fi evaluatd doar dupd médsurare



uncertainty’ can only be evaluated after the
measurement since it is only generated during the
very measurement and by the wvery process of
measuring.

Determination of the ‘fitness-for-purpose’ of a
measurement result is a current expression in the
chemical literature (in many cases without detailing
the purpose). It is useful that this purpose is
formulated unambiguously before the measurement
and that it is quantified. One or both are sometimes
missing. It is more clarifying to use the expression
“fitness for intended use’ as the verb “intend”
thereby enters the description of a property of the
measurement result in a similar way as is the case in
the definition of ‘measurand’.

What is also needed is the concept of ‘target
measurement uncertainty’. Missing, but required to
establish fitness for intended use in VIM 1 and VIM
2, was the definition of a concept corresponding to a
pre-set measurement uncertainty, based on grounds
which are external to the measurement system. For
example, a pre-set measurement uncertainty for the
measured amount of U or Pu is needed to avoid the
possibility that a critical amount of U and Pu
(potentially sufficient to make an atomic bomb) is
hidden in the measurement uncertainty of the
measured U or Pu amount declared to the
international nuclear inspectors of the International
Atomic Energy Agency.

| therefore coined the concept of ‘target for
measurement uncertainty’ (TMU) in 1976, which was
only truly accepted for publication some years later
[10-12]. It is a goal for which nuclear measurement
laboratories must aim in order to underpin with a
sufficiently small uncertainty their declarations of
possession of nuclear materials. It is a measurement
uncertainty required to be achieved in order to avoid
the possibility that a critical amount of nuclear material
can be accumulated within a declared measurement
uncertainty and could therefore be systematically
hidden from the international nuclear material control
(by the IAEA).

The comparison of an actually achieved
measurement result with a TMU determines the
(degree of) quality of the measurement result.

Previous VIMs did not contain this concept. In
judging a measurement result, or when ‘validating’
it, the concept *‘maximum permissible error’ is often
used, a concept unclear by itself as no criterion for
‘permissible’ is usually given. In addition, the use of
the term ‘error’ is ambiguous. Often performance
characteristics of a measurement method were used
as criteria for deciding the ‘fitness-for-purpose’,
which is a circular reasoning. The formal inclusion
of the concept target measurement uncertainty in
VIM 3, entry 2.34 [1], settles these ambiguities,
especially if combined with a definition of

intrucat este doar generatd in timpul acelei masurari
si de catre acel proces de masurare.

Determinarea ,,adecvirii la scop” a unui rezultat
al masurarii reprezintd o expresie curentd 1in
literatura chimica (in multe cazuri fara detalierea
scopului). Este util ca acest scop sa fie formulat
Tnaintea masurarii si ca el sa fie cuantificat. Una sau
ambele lipsesc uneori. Aduce mai multa clarificare
utilizarea expresiei ,,adecvare la scop” decét verbul
,,a intentiona”, deoarece se introduce descrierea unei
proprietati a rezultatului masurarii intr-o maniera
similara ca in cazul definitiei pentru ,,médsurand”.

Ceea ce este de asemenea necesar este
conceptul de , incertitudine de masurare tinta”.
Ceea ce lipsea in VIM 1 si VIM 2, dar cerut pentru a
stabili adecvarea la scop, era definitia conceptului
care corespunde unei incertitudini de masurare
prestabilitd, bazatd pe temeiuri care sunt externe
sistemului de masurare. De exemplu, o incertitudine
de masurare prestabilitdi pentru cantitatea de
substantd masuratd de U si Pu (potential suficienta sa
se construiascd o bomba atomicd) este ascunsd in
incertitudinea de masurare a cantitatii masurate de U
sau Pu declarate inspectorilor pentru energia
nucleard internationald din Agentia Internationald
pentru Energie Atomica.

De aceea, am niscocit conceptul de
mincertitudine de masurare tinta” (TMU) n 1976,
care a fost cu adeviarat acceptatd pentru publicare
cativa ani mai tarziu [10-12]. Este un obiectiv pentru
care laboratoarele de masurare nucleare trebuie sa si-
1 impuna pentru a sustine declaratiile lor de posesie
de materiale nucleare cu o incertitudine suficient de
micd. Este nevoie sd se atingd o incertitudine de
masurare pentru a evita posibilitatea ca o cantitate
criticd de material nuclear s& poatd fi acumulata cu o
incertitudine de masurare declarata si ar putea, prin
urmare, sa fie ascunsd de controlul international al
materialului nuclear (de catre IAEA).

Compararea unui rezultat de masurare obtinut
de fapt cu TMU determind (gradul de) calitatea
rezultatului masurarii.

VIM-urile anterioare nu continea acest concept.
In judecarea unui rezultat de masurare, sau cand se
,,valideaza”, conceptul de ,,eroare maxim permisa”
se utilizeazd frecvent un concept neclar prin el
insusi, deoarece, uzual, nu se indicad nici un criteriu
pentru ,,permis”. Suplimentar, utilizarea termenului
de ,,eroare” este ambigua. Deseori, caracteristicile de
performantd ale unei metode de masurare au fost
utilizate drept criterii pentru a decide ,,adecvarea la
scop”, ceea ce este o argumentare circulara.
Includerea formala a conceptului de incertitudine de
masurare tinta in VIM 3, art.2.34 [1], rezolva aceste
ambiguitdti, In special dacd este combinatd cu o
definitie a masurandului.

De importanta covarsitoare este conceptul de



measurand.

Of overriding importance is the concept of
‘metrological traceability’. In any measurement,
the measurement result must show proof of its
scientific authority as opposed to being a mere
declaration of an isolated figure. This requires that
a ‘trace’ must be visible between the measurement
result up to the definition of a measurement unit
(through the realization or embodiment of this unit
in a material). Yet, in practical work and in current
parlance, a measurement result is often considered
as ‘traceable’ to a measuring system, or to an
instrument, or to a process, or to a material (or
sample) or to an institute. In measurement, we are
interested in the ‘traceability’ of a measurement
result to another value, commonly accepted as
stated reference, ultimately, but not necessarily to
(the definition of) the chosen measurement unit,
e.g. an Sl or other. In VIM 3, entry 2.41 [1],
‘metrological traceability’ is defined as a “property
of a measurement result whereby the result can be
related to a reference through a documented
unbroken chain of calibrations, each contributing to
the measurement uncertainty”.

If the measurand in a chemical measurement is
defined as a ‘particular quantity subject to
measurement’ [VIM 2, entry 2.6] [3], and that is
interpreted as an electric current measurement 4
only, or as a measurement of a ratio of electric
currents in the classical sample-to-standard
sequence, what is the ultimate ‘reference’? Maybe
(the definition of) the ampere. With a revised
definition of *‘measurand as the “quantity intended to
be measured” [VIM 3, entry 2.3] [1] and of the
‘measurement result’ (encompassing measurement
uncertainty) [VIM 3, entry 2.9] [1], the (ultimate)
reference for metrological traceability of an
‘amount-of-substance  concentration” (amount-of-
substance per volume) is the definition of the unit
mol/L through its realization by a ‘primary reference
measurement procedure’ [VIM 3, entry 2.8] [1]
(which includes a primary preparation procedure as
possibility). ‘Quantity values’ are carried by (or
embodied in) references such as a ‘calibrator’ (a
specific form of a ‘measurement standard’ taking the
form of a “certified reference material”’ CRM) or they
can be produced by a device (e.g. an atomic clock,
which is also a CRM) or they can be obtained by
using a ‘reference measurement procedure’ [VIM 3,
entry 2.7] [1]. In the latter case, the measurand is
operationally defined.

Since ‘measurement’ requires the choice of a
‘measure- ment standard’ or ‘calibrator’ which—for
obvious reasons— is made before the actual
measurement is started, a (short or longer) ‘calibration
hierarchy’ is thereby conceived and established
consisting of by its very nature a reference for the

. trasabilitate metrologica”. In orice masurare,
rezultatul masurdrii trebuie sia arate o dovada a
autoritatii sale stiintifice cu totul altfel decat doar o
declaratie a unui numar izolat. Aceasta cere sa fie
vizibilda o ,urmad” de la rezultatul masurarii la
definitia unei unitati de mésurd (prin realizarea sau
materializarea acestei unititi intr-un material). Tn
continuare, in activitatea practicd si in limbajul
curent, un rezultat al masurarii este deseori
considerat ca ,,trasabil” la un sistem de masurare, sau
la un instrument, sau la un proces, sau la un material
(sau esantion) sau la un institut. In masurdri suntem
interesati de ,trasabilitatea” wunui rezultat al
masurarii la altd valoare, comun acceptatd ca
referinta declarata, si in cele din urma, dar nu
neaparat necesar, la (definitia unei) unitati de masura
aleasd, de exemplu una SI sau alta stabilitd prin
convetie. In VIM 3, art.2.41 [1] ,trasabilitatea
metrologica” este definitd ca proprictatea unui
rezultat al masurarii prin care rezultatul poate fi
raportat la o referinta prin intermediul unui lant
neintrerupt documentat de etalonari, fiecare
contribuind la incertitudinea de masurare”.

Daca intr-o masurare chimica masurandul este
definit ca ,,marimea particulard supusd masurarii”
[VIM 2, art. 2.6] [3] si aceasta este interpretatd doar
ca o masurare de intensitate de curent — a se vedea
paragraful numerotat 4, sau ca o masurare de raport
de intensitati de curent, In secventa clasica etalon-
etalon, care este cea din urma ,referintd”? Poate
(definitia) amperului. Cu o definitie revizuitd a
»masurandului” drept ,,mirimea intentionati a se
masura” [VIM 3, art.2.3] [1] si a ,rezultatului
masurarii” (cuprinzand incertitudinea de masurare)
[VIM 3, art2.9] [1], referinta (ultimd) pentru
trasablitatea metrologicd a unei ,,concentratii in
cantitate de substantd” (cantitate de substantd per
volum) este definitia unitatii mol/L prin realizarea ei
printr-o ,,procedura primara de masurare” [VIM 3,
art.2.8] [1] (care include pe cét posibil o procedura
primara de preparare). ,Valorile marimii” sunt
purtate de (sau materializate in) referinte cum ar fi
»calibrator” (o forma specifica de ,etalon de
masurare” care ia forma unui ,,material de referinta
certificat” MRC) sau care pot fi produse printr-un
dispozitiv (de exemplu un ceas atomic, care este de
asemenea un MRC) sau care pot fi obtinute prin
utilizarea unei ,,proceduri de masurare de referinta”
[VIM 3, art.2.6] [1]. In ultima situatie, masurandul
este definit operational.

Deoarece ,,masurandul” cere alegerea unui
»etalon de masurare” sau ,,calibrator”, care, pentru
motive evidente, este produs Thaintea masurarii
propriu-zise, este conceputa si stabilitd o ,,ierarhie de
etalonare” (mai scurtd sau mai lungd), constand din
insasi natura referintei pentru etalonarea planificata
(sistemul de masurare al utilizatorului final etalonat



planned calibration. Such a calibration hierarchy can be
very short (the end-user’s measuring system calibrated
by means of a calibrator purchased from a CRM
producer) or very long (several consecutive measuring
systems with their respective calibrators). This depends
on the level in the calibration hierarchy which was
designated to be necessary for the intended use of the
measurement result. The calibration hierarchy goes
down from the chosen reference to the ‘measured
quantity value’. “Metrological traceability’ (i.e.
traceability of a *measurement result”) goes up from the
‘measured quantity value’ to the chosen reference. It is
the inverse of any chosen ‘calibration hierarchy’. The
path of the ‘metrological traceability’ of the
‘measurement result’ after the measurement is the
inverse of the ‘calibration hierarchy’ chosen before the
measurement is carried out. Hence, a predictable
‘metrological traceability chain’ [VIM 3, entry 2.42]
[1] a posteriori to the measurement is the inverse of a
‘calibration hierarchy’ decided a priori to the
measurement.

prin intermediul unui calibrator achizitionat de la un
producator de MRC) sau foarte lung (diferite sisteme
de masurare consecutive cu calibratorii lor). Aceasta
depinde de nivelul in ierarhia de etalonari care a fost
stabilitd a fi necesara pentru utilizarea intentionata a
rezultatului masurarii. Ierarhia de etalonari merge n
jos de la referinta aleasd la ,,valoarea marimii
masurate”, , Trasabilitatea metrologica” (adica
trasabilitatea unui ,,rezultat al masurarii’) merge in
sus de la ,,valoarea marimii masurate” la referinta
aleasa. Este inversul oricarei ,,ierarhii de etalonare”.
Calea ,trasabilitatii metrologice” a ,rezultatului
masurarii” dupad masurare este inversa ,,ierarhiei de
ctalonare” aleasa Tnainte ca masurarea sa fie
efectuatd. Asadar, un ,lant de trasabilitate
metrologica” predictibil [VIM 3, art.2.42] [1]
ulterior masurérii este invers ,,ierarhiei de etalonare”
decisa anterior masurarii.
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Fig 3. Results from all participants on the use of certified reference materials (CRMs). It cannot be
“assumed”” automatically that results of chemical measurements are always normally distributed.
Fig.3 Rezultatele tuturor participantilor in utilizarea de materiale de referinta certificate (MRC). Nu se poate
»presupune” automat ca rezultatele masurarilor chimice sunt intotdeauna normal distribuite

A very useful consequence of ‘metrological
traceability’ is ‘comparability of measurement
results’. Comparability is directly related to the term
comparison. It is useful to remember that any
measurement is a comparison with a measurement
standard and, ultimately, with a measurement unit.
Comparability of two measurement results is
generated by both results being traceable to the same
stated reference, e.g. through a documented
unbroken chain of calibrations, to a realization of

O consecinta foarte utila a , trasabilitatii
metrologice” este ,,comparabilitatea rezultatelor
masurarii”. Comparabilitatea este direct legatd de
termenul comparare. Este util de reamintit ca orice
masurare este 0 comparare cu un etalon de masurare
si, iIn cele din urma, cu o unitate de masura.
Comparabilitatea a doud rezultate ale masurarii este
generatd dacd ambele rezultate sunt trasabile la
aceeasi referintd declaratd, de exemplu printr-un lant
neintrerupt i documentat de comparari la o realizare



that unit. Thus, a common reference for the two
results is established. A measurement unit 5 is a
quantity value fixed and agreed to be the unit on a
measurement scale for the same quantity as the
measurand and either given the value ‘1’ or,
sometimes, another value by common agreement. A
simple example is the duration of a fixed number of
stated energy transitions in a 133Cs atom, first
measured, then fixed by agreement and conveniently
named  “‘lsecond’). In common  parlance,
comparability is mostly used to indicate that the
quantity values are of the same magnitude, a very
different meaning. Only one is acceptable on the
truly international scene and that must be fixed in a
common vocabulary. This is now done and the
metrological comparability of measurement results is
defined in VIM3, 2.46, as the ‘comparability of
measurement results, for quantities of a given kind,
that are metrologically traceable to the same
reference’ [1]. Two ‘comparable’ values need not be
of the same magnitude. The correct translation of the
definition of comparability in other languages may
be one of the most important and most difficult tasks
in the near future.

5 A unit is mostly—and by convention—given
the value 1, but other values for a unit can be
defined.

Further examples of lack of truly international
understand- ing. It is not widely understood that the
almost auto- matic assumption of a ‘normal
distribution’ of chemical measurement results is
questionable unless proven otherwise since

(@) the number of results is usually too small
(well under the 30-50 required as a minimum for the
assumption to be fulfilled) and hence unsuitable as
the basis for valid conclusions and

(b) they rarely belong to a homogeneous
population, a condition for ‘normal distribution’, as
is the case, eg. in so-called interlaboratory
comparisons, where they are usually obtained by
different measurement methods and/or different
measurement techniques and/or different operators
yielding numerous documented cases where the
distribution around a ‘reference value’ does not seem
normal; see Fig 3 [13], IMEP-20; the applicability of
the concept ‘normal distribution’ to chemical
measurement results must be clearly understood
worldwide in the same way; also the gquestion must
be asked whether it is indicated or even permissible
to automatically assume the normal distribution of
chemical measurement results when no time or
money is available to perform a large enough
number of measurements or to perform them by the
same measurement method, technique or operator.

a acelei unitati. Astfel, este realizatd o referintd
comund pentru ambele rezultate. O unitate de
masurd este o valoare a marimii fixata i agreata a fi
unitatea pe o scard de masurare pentru aceeasi
marime ca masurandul §i este reprezentatd fie de
valoarea ,,1” sau, uneori, prin acord comun, de alta
valoare. Un exemplu tipic este durata unui numér
determinat de tranzitii energetice stabilite Tntr-un
atom 133Cs, Intai masurat §i apoi fixat prin acord si
denumit conventional ,1 secundd”). In limbaj
comun, comparabilitatea este cel mai mult utilizata
pentru a indica ca valorile marimii sunt de aceeasi
marime, ceea ce este un sens foarte diferit. Doar unul
este cu adevarat acceptat pe scard internationald si
acesta trebuie fixat Tintr-un wvocabular comun.
Aceasta este acum realizatd §i comparabilitatea
metrologica a rezultatelor masurarii este definitd in
VIM 3, 2.46, drept ,,comparabilitatea rezultatelor
masurarii, pentru marimi de o anumitd natura, care
sunt trasabile metrologic la aceeasi referinta” [1].
Doua valori ,,comparabile” nu trebuie sa fie de
aceeasi magnitudine. Traducerea corectd a definitiei
comparabilitatii in alte limbi poate s fie una din cele
mai importante si dificile sarcini in viitorul apropiat.

5 O unitate este in special — si prin conventie —
data de valoarea 1, dar alte valori pentru o unitate pot
fi definite.

Alte exemple de lipsa a adevaratei intelegeri
internationale. Pe scara larga, nu este inteles faptul
ca presupunerea aproape automata a unei ,,distributii
normale” a rezultatelor chimice este pusa sub semnul
intrebarii daca nu este dovedita, deoarece:

(a) numarul de rezultate este uzual prea mic
(mult sub 30-50 minimul cerut pentru ca
presupunerea sa fie Indeplinitd) si, astfel, nepotrivita
ca baza pentru concluzii valide si

(b) rareori apartin unei populatii omogene, 0
conditie pentru ,distributia normala”, ca. de
exemplu, in cazul a asa-numitelor comparari
interlaboratoare, unde rezultatele se obtin uzual prin
diferite metode de masurare si/sau diferite tehnici de
masurare §i/sau diferiti operatori care oferd
numeroase cazuri documentate in care distributia in
jurul ,,valorii de referintd” nu pare a fi normald; a se
vedea Fig 3 [3], IMEP-20; aplicabilitatea
conceptului de ,.distributie normald” rezultatelor
masurarilor chimice trebuie sa fie clar intelese n
acelasi fel, pretutindeni; de asemenea, trebuie
ridicate intrebari dacd este indicat, sau chiar permis,
sd se presupuna automat distributia normala a
rezultatelor chimice atunci cand nu sunt disponibile
resurse financiare §i de timp pentru a efectua un
numar suficient de masurari sau sa fie efectuate prin
aceeasi metoda de masurare, tehnica sau operator.



2. THE TRANSLATION PROBLEM

Correct translation is known to be very difficult.
It is even doubted whether it can be done exactly. In
any language, each term covers a ‘“field’, resulting
from its history and the context in which it is used. It
follows that a common concept must be truly
internationally ~ understood—and a  common
definition of that concept truly internationally
accepted—before any valid translation of a term can
be attempted, as this must be based on a truly
common understanding of the underlying concept.
With VIM 3, the possibility of such a translation will
become a reality for chemical measurements as soon
as VIM 3 is freely available on the website of BIPM
(agreed at the Joint Committee for Guides in
Metrology, JCGM, chaired by the Director of
BIPM).

The use of VIM 3 should go further. There is a
need to implement a commonly agreed metrological
language in ISO Guides and Standards, ILAC
Multilateral Agreements within ILAC, Mutual
Recognition Arrangements under CIPM and its
Consultative Committees, EC Directives, WTO
documents and probably many others. This would
ensure consistency and compliance worldwide with
common truly internationally understood concepts
and associated internationally agreed terms in one
language, presumably English.Only then can
consistent and compliant translations be made in
other languages. VIM3 makes this now also possible
for chemical measurement results.

3. CONCLUSIONS

On the global scene, clear border-crossing
agreements are needed. Such agreements can only
last if they are based on common understanding.
Good understanding can only be based on clarity in
the ~ communication  tools  used. Proper
communication presupposes commonly understood
concepts with associated terms. Common and truly
internationally understood concepts and associated
terms are the necessary tools in languages where
measurements are involved. Unambiguous terms
describing concepts are needed in at least one
language in order to achieve coherence and clarity
before the needed translation into other languages is
meaningful.
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2. PROBLEMA TRADUCERII

Se stie ca traducerea corecta este foarte dificila.
Este chiar neincredere in faptul ca poate fi efectuata
exact. In orice limba, fiecare termen acoperd un
,,domeniu”, care rezulta din istoria sa si din contextul
in care este utilizat. Urmeaza ca un concept comun
trebuie sa fie cu adevarat Inteles international — §i o
definitie comund a acelui concept cu adevarat
acceptatd international — nainte sd se incerce orice
traducere valida a unui termen, deoarece aceasta
trebuie sd se bazeze pe o intelegere comuna a
conceptului pe care-1 subliniaza. Datorita VIM 3,
posibilitatea unei astfel de traduceri va deveni
realitate pentru masurarile chimice avand in vedere
si faptul ca VIM 3 este disponibil liber pe website-ul
BIPM (agreat de Comitetul Reunit pentru Ghiduri in
Metrologie, JCGM, prezidat de Directorul BIPM).

Utilizarea VIM 3 trebuie sd continue. Este
necesar sd se implementeze un limbaj metrologic
comun agreat In Ghidurile si Standardele ISO, in
Aranjamentele Multilaterale ILAC din cadrul ILAC,
Aranjamentele de Recunoastere Mutuala ale CIPM
si ale Comitetelor sale Consultative, Directivele CE,
documentele OMC si probabil in multe altele.
Aceasta ar asigura pretutindeni consistenta si acordul
cu concepte intr-adevir intelese comun international
si cu termeni asociati agreati international intr-0
limba, probabil engleza. Doar atunci, se pot face
traduceri consistente si concordante in alte limbi.
VIM 3 face posibil acest lucru pentru rezultatele
masurarii chimice.

3. CONCLUzII

La scara globala, sunt necesare acorduri clare
transfrontaliere. Asemenea acorduri pot dainui doar
dacd sunt bazate pe Intelegere comund. Buna
intelegere se poate baza doar pe claritatea in
mijloacele de comunicare folosite. Comunicarea
adecvata presupune concepte comun intelese si
termeni asociati. Concepte comune si cu adevarat
intelese international si termenii asociati sunt
mijloacele necesare in limbajele in care sunt
implicate masurari. Sunt necesari termeni clari care
descriu concepte, cel putin intr-o limba, pentru a
atinge coerenta si claritatea inainte ca nevoia de
traducere 1n alte limbi sa aiba sens.
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