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The quality of the result of achemical

measurement
 Validated measurement procedures
« Evaluated uncertainties of theresults

» Theresultsaretraceable (to recognized
reference points, i.e. measurement standards)

+ Demonstration of measurement proficicency by
inter-laboratory comparison

On traceability:

Traceability in Chemical Measurement. Eurachem/CITAC, 2003. (available
free of charge: http://www.eurachem.org/)
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Traceability

* Traceability isaproperty of ameasurement 1
result whereby the result can be related to a

r efer ence through a documented unbroken 2
chain of calibrations, each contributing to the 3
measurement uncer tainty 4

e Such achainiscaled atraceability chain

JCGM 200:2012 International vocabulary of metrology — Basic and general
concepts and associated terms;jdibivh 325-27.11.2015 3

Terminology !

« Traceability is a property of
— ameasurement result or
— astandard value or
— areference material reference value

* Traceability isnot aproperty of
—ameasurement or

— ameasurement procedure or
—aningtitution

“Valuesaretraceable to values!”
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Traceability in physical measurements

» The (practical) point of origin (source) of achain
of traceability for a physical quantity isan
international standard

* In the case of mass also the global point of origin

isaphysical object

— Most other units are defined via fundamental constants

The links of the chain are measurements

(comparisons)

Evaluation of uncertainty in physical

measurements is well established
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Traceability in mass measurement

2
The Kilogram prototype 3
The 6 copies of the A

Kilogram prototype

The National Etalons
(standards)

The Reference
Etalons

The Calibration
Etalons

Working
Measurement
Instruments




Traceability chain

» Thechainisin this case composed of calibrations

— Calibration is an operation that, under specified
conditions, in a

first step, establishes a relation between the quantity
values with measurement uncertainties provided by
measurement standards and corresponding indications
with associated measurement uncertaintiesand, in a

second step, uses this information to establish a
relation for obtaining a measurement result from an
indication

How does this link with the usual calibration

graphs used in analytical chemistry?
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Traceability and comparability

¢ Thewholeidea of establishing traceability is
compar ability of measurement results!

» Theresults of two measurements are comparable
only if they are:
— expressed in the same units
— traceable to the same reference value that provides

the same size of a unit in which theresultsare
expressed
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Choice of references

* Itis currently recommended to use, whenever
possible, Sl units as references

» Thisiscalled traceability tothe Sl unit
— One Sl unit (kg) isrealized viaa prototype
— The others are realized via fundamental constants

« Using an Sl unit is not always possible:
— the octane value of gasoline
— hardness according to Mohs' scale
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Traceability of
chemical measur ement
results

An excellent paper: B. King Accred. Qual. Assur. (2000), 5: 429-436

Ljubljana  25-27.11.2015 10

Amount of substance measurement

e Chemical measurements are asarule
measur ements of the amount of substance

— The substance is often called analyte

— Thisdoes not changeif the result is expressed in mg/I
etc. instead of mol/I!

e Theanalytemust be a defined entity

— The amount of every substanceis essentialy a
different measurand

— In amount of substance measurement it is of utmost
importance that the measured signal correspondsto
the analyte (and not to other substances!)

— Thisisadifferencefrom all other S| units
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The Mole

The mole is the amount of substance of a system
which contains as many elementary entities as
there are atoms in 0.012 kilogram of carbon 12

—Themoleis
defined via
the Kilogram

P
=t
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The Mole

* Itisimportant to distinguish between two aspects:

e Conceptual (moreimportant):

— Mole as concept, related to the number of certain
particlesin certain object

— Atomic masses that allow to relate the amounts of
different substances to each other

« Thisis how weighing obtains crucial importancein
chemistry

* Measurement unit (lessimportant):
— Mole as unit for reporting measurement results
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Formal traceability of amount of
substance

* Formally traceability of amount of substance
measurement is usually achieved as follows:
— Standard solution of the analyte is prepared by
weighing a certain mass of pure anayte
— Sample containing the analyteis prepared in such a
way that as large as possible part of the analyte
(ideally all analyte) istransferred to a solution

— The analyte content of the two solutionsis compar ed
using an analytical technique (spectrophotometry,
chromatograpy, ...)

« The technique must be selectivel
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Chemical measurements:. problems

* Problems in defining the measurand

« Limited selectivity of procedures, problems with
quantification

* Problems in separating the analyte from the
sample (instability, volatility, adsorbtion, ...)

* Problems in sampling (collecting samples) and
ensuring the samples are representative

* Problems with uncertainty estimation
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Many different moles

* Themoleis not auniversal unit of amount of
substance, instead there are many different moles

* In determining a specific analyte we want to
measure the amount of only that substance

e Selectivity becomesthe main issuel
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Chemica measurements; measurand

* |t is quite common for chemical measurements to
be operationally defined:

A specific anayte:
— DIN 55609, Pigments and fillers: determining water
soluble sulfates, chlorides and nitrates

— 1S0 3856, Paints and varnishes: content of soluble
metals

* A nonspecific analyte
— Various "total" acidities and basicities
— Dietary fibre content of food
— Qil pollution of snow
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Chemical measurements. comparability

¢ Thetotal content of lead in paint and and thelead
content determined using | SO 3856 procedure are not
directly comparable!

e ... because these are different measurands
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Stated referencein chemical
measurements

» What could be the point of origin for atraceability
chain in achemical measurement?

» The mole does not have a“ standard”:
— Hundreds of thousads of substances
— Thousands of matrixes

« Conclusion: it is not possible to create a“rea”
point of origin for the chain as a certified matrix
reference material (CMRM)
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Stated referencein chemical
measurements

« Instead the traceability of amount of substanceis
taken from mass measurement of pure substances

* The point of origin:

Atomic masses obtained according to
the definition of the mole and
weighing data

 But large problems remain in relating these pure
substance masses to the masses of substancesin
real matrices
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Separating the analyte from the sample

A key quantity istherecovery (R)
— Difficult to determine reliably
— Difficult to estimate uncertainty
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Representativeness of samples

« Often the most important source of the total
uncertainty
» Usualy analysts do not collect the samples
themselves
* Inthis case the result should be supplied with
clear references stating whether it relates to:
— the laboratory sample or
— the bulk materia being analysed

Ljubljana  25-27.11.2015 2

Establishing
traceability in
chemical
measur ements
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Establishing traceability

* We present the Eurachem/CITAC approach

A practical approach

» Traceahility is established in a stepwise process

« Only when al the stages have been completed can
we claim that our measurement result is traceable
to areference value

Traceability in Chemical Measurement. Eurachem/CITAC, 2003. (available
free of charge: http://www.eurachem.org/)
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Establishing traceability: stages
1. Defining the measurand
2. Choosing a suitable procedure
Measurement procedure
Mathematical model
3. Validation: demonstrating that

— The measurement model adequatly describes the
measurement

— The measurement conditions are adequate (Selectivity!
Recovery/trueness!)

4. Establishing traceability for all input quantities (or
groups of quantities)
— Choosing standards and r efer ence materials
— Using them for calibration
5. Evauating the uncertainty of the result
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1. Defining the measurand

* Let us consider Nitrate determination by ion
chromatography in plant material dried to
constant weight under specified conditions

¢ The measurand is the total nitrate content in the
dried plant material: wys- expressed in mg/g
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2. Choice of procedure : measuring

Determination of
nitrate by ion

Sample treatment:
* Weighing, m

2. Choice of procedure:
mathematical model

A\log 'VNog 1

. i ) chromatography in w_=C,————=xf x—
Extracuon of nitrate, plant material NO3 st A,-m TR
« Preparing the
solution, Vyos.
« Dilution of the Wyog nitrate content of the sample (mg/g)
sample solution, fy; standard solution, C, Cq nitrate concentration in standard solution (mg/l)
| Anos intensity of the signal for sample solution (MSs)
Instrumental ‘ Instrumental ‘ Ay intensity of the signal for standard solution (mS:s)
measurement, Ayos. measurement, Ag Vyos volume of sample solution (1)
m mass of the dried sample (g)
Calculation of the fy dilution factor (no units);
result, Wios. R recovery factor (cf. sample preparation)h
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3. Validation 4. Cdlibration

e Analyteidentity? I nterferences?
— Any overlap of peaks?

— Can we be sure that there are no interfering peaks where
the analyte peak appears?

¢ Model adequate?
— Does the procedure being used determine all of the
nitrate present?

— Has incomplete extraction of the analyte from the
sample been accounted for?

¢ Measurement conditions adequate?
— We are using one point calibration. Therefore we must
find out:
« Isthe cdlibration plot linear?

* Isthe y-intercept close to zero?
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 Cdlibration must be performed by reference

standards
— with demonstrated traceability and
— adequately small uncertainty

« Cdlibration involves standard solution
¢ Here atomic masses are involved:

— Solution is prepared from KNO; (M = 101.11 g/mol)
— TheanalyteisNO; (M = 62.01 g/mol)
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4. Establishing traceability for al input

quantltl es
The means of
establls_h_lng Manufacturer's
traceability: certificate
1
QNog x fy XE

calibration
(solution-RM or

_ Matrix-CRM
RM) gravimetry (determining R)

pure substance
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5. Evaluating the uncertainty of aresult

« If traceability has been established for all the
input quantities then we automatically have their
uncertainties (definition of traceability!)

— There can till be practical problemswith R
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Traceability established!

« If all these stages have been successfully
completed then we can claim our measur ement
result to be traceableto theunit in which it is
expressed
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Thank you for your participation!

e The materials are available from:
http://tera.chem.ut.ee/~ivo/Temp/QA Hg Ljubljana 2015/

* You are dways welcome to contact me:

ivo.leito@ut.ee
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Excellencein Analytical Chemistry (EACH)
http://www.analyticalchemistry.e./
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«  Erasmus Mundus joint master’s programme with excellent scholarship scheme
« Studentsstudy first year in Tartu, and second in one of three outstanding universities

53 Fundamentals of analytical chemistry, o
‘I metrology in chemistry, quality assurance,
,é?‘ socio-economic aspects
UPPSALA Abo Akadem
. University
UNIVERSITET

\ Advanced analytical devices,
) Lyon 1 sensors, miniaturization,
4 electrochemistry

Organic and bioorganic analysis,
advanced separation methods, mass
spectrometry

Industrial analysis, process
control and monitoring




