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Why this topic?

* AcadeMiC is an open European platform of
analytical chemistry university lecturers,
created to share ideas and best practice in

teaching generic measurement science in
analytical chemistry

The Declaration underlines that there
is a general lack of knowledge of
metrology among researchers,
laboratory practitioners, Ilaboratory
managers and legal experts.

To train good
professionals,
students in
chemistry have to
be educated in
METROLOGY!
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Rogaska Declaration

The signatories of this declaration who

e lecture courses at European universities, dealing with analytical
chemistry and its metrological basis

e Or are representatives of organisations that have an interest in
having such education provided to European students

e or who participated to the AcadeMiC* Summer School held in
Rogaska Slatina (4-6" July 2005)

and who are convinced of

e the importance of chemical measurements to society (in sciences, trade,
economy, quality of life)

e the need for reliable measurements to allow correct decisions and to
avoid unnecessary spending of resources

e the necessity that those studying science should be taught the basics of
measurement science, helping them to handle measurement technical
issues related to ISO/IEC-17025 in the correct way

hereby commit themselves
e to promote such courses
e and to cooperate in making these available-across Europe

and recommend that Analytical Chemistry courses both at bachelor and
master level should incorporate Metrology in Chemistry and Quality

Assurance topics. signed by 59 university lecturers and a

group of EU stakeholders from 21 countries
[|iSt of signatories in annex] and 5 international organisations.
http://www.acade-mic.eu/



Training in Metrology in Chemistry

o

t o

TrainMiC is organised and conducted by
JRC-IRMM as a common international
information platform to be used as a tool for
the education in metrology in chemistry.

Dr. V. Kmetov Alicante 2007
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HEADLINES
four lectures + one practice

1. The new trends and the politics of the European Union concerning the

Metrology in Chemistry
Basic statistic needed for spectrochemical measurements

2. Uncertainty budget calculation in spectrochemical measurements
Kragten approach

3. Validation of the measurement procedure
Inter Laboratory comparison

4. Traceability of the measurement results,

5. Determination of gold in jewellery gold alloys by Flame Atomic Absorption
Spectrometry - evaluation of the measurement procedure,

TranMiC — example

Slide 4 Dr. V. Kmetov Alicante 2007
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The topics today are :

1. Metrology - way to study it ?

2. How to present the measurement result?

3. Just to refresh the Basic statistics knowledge we need.
3. Confidence interval is this enough?

4. Single laboratory validation — some examples

Dr. V. Kmetov Alicante 2007
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The main goal of metrology is to prevent the problems between

people in the process of quantity characterization !!

Metrology is the of measurement

is about understanding the measurement procedure

(not about measuring with the smallest achievable uncertainty)

VIM (2004) (2.2) metrology - field of knowledge concerned with measurement
includes all theoretical and practical aspects of measurement,

whichever the measurement uncertainty and field of application.

Metrological aspects are part of any
measurement even the simplest one

Metrology in chemistry (MiC)

is metrology applied to chemical analysis




The modern societies use measurements
acount for 4 to 6 % of GDP

The importance of chemical measurements is enormous:
* in science
* in technology
* in trade
« when making regulation

(about 40% EU directives involve measurements)

Metrology is important and the EC supports it!

. Between 5 and 30 % of chemical
! measurements are unsatisfactory!
ot

Taylor, Leito, Majcen, Galdikas, Vassileva, Duta, Bulska “A strategy for a
national metrology institute ...” Accred. Qual. Assur., 2004

Dr. V. Kmetov Alicante 2007
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Directives requiring of
measurements implementation

DGSIgn A Y Miglena Kuneva

European Commissioner

X} = ;; for Consumers
Adopt
~_
Implement equivalently m Crucial link between
0T EU directive and implementation
J L uniform across EU

measurements m

« Competent labs in the member states
« Competent national accreditation body
 Competent national reference labs

Dr. V. Kmetov Alicante 2007
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Decision makers affects - what is needed?
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Decision makers affects - what is needed?

Dependence of leaving place on the Pb content in blood of
workers (melting sector) from Non-Ferrous Factory KCM-Plovdiv

Workers in Pb melting ?
5 990 :
S Pb in blood = 480 + 160 ug/L; k=2
S 500
0
=g
gi 450 -
E
g 2 400 -
C
22 350
< E
S S Q Q o
O > N o K\
Q\OA o@ & & &
N\ N\ \l_ﬁ
?SOQ Q&Q
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The analyst must know:

Slide 12

Normative and regulations

Instrumental
analysis

HEMISTRY

Statistics
Mathematical

odeling

METROLOGY

Dr. V. Kmetov Alicante 2007



“LEGISLATORS VERSUS ANALYSTS -

THE DEMANDS OF CURRENT AND EMERGING FOOD

LEGISLATION ON THE ANALYTICAL COMMUNITY”
Roger Wood, Food Standards Agency,

c/o Institute of Food Research, Norwich Research Park, Colney. Norwich NR4 7UA

CONCLUSIONS
The analyst is increasingly being given more “freedom?”,

s coming at an increasing cost to him?

It will be essential for him to develop and appreciate statistical skills in
order to be able to use this new-found freedom effectively.

Dr. V. Kmetov Alicante 2007
Slide 13



Definitions:

From Wikipedia, the free encyclopedia W

Statistics is a mathematical science
pertaining to the collection, analysis, interpretation,
and presentation of data.

Statistic may also refer to:

Statistic, the result of applying a statistical algorithm to a set
of data

Statistics (role-playng games), a piece of data which
represents a particular aspect of a fictional chag

Statistics is like bikini — shows
very much and interesting things,
but the most important remains

covered Probability is the extent to which something
is likely to happen or be the case

May we predict the result of analytical measurement ?

. Dr. V. Kmetov Alicante 2007
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How to express quantitatively the
probability ? E’?

In mathematics, probabilities always lie between
ZERO and ONE.

An impossible event has a probability of 0
transferred in percent (0% ),
and

a certain event has a probability of 1
transferred in percent (100%)..

"= | Give me example for 200 % probability.

Does a negative probability exists ?

Dr. V. Kmetov Alicante 2007
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Predict the outcome
sum of points from two dice

Stake on your favored result

Calculate all outcomes Probability is related to the
k Number of relative frequencies of one event
A outcomes KA\ when these frequencies become
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Definitions for mathematical expectation and the dispersion:

EA

i

Variable Mathematical Dispersion
expectation
Discrete = > p(X D(X) = M[X -~ M(X)]"
k=1
Non discrete | M(X) = jx. p(X)dX | D(X) = [ p(X).[X = M(X)]"dX
= AN
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[

LM(d) = 12,5 ym

The dispersion (variance) of a variable is
defined as the mathematical expectation of
the squared difference of the variable’s
value and its mathematical expectation

RN
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Variable characteristics

EDTA treatment should be implemented to workers with Pb content in blood between
600 - 800 pg/L.

You have tested the lead content in blood in 1763 workers

Define the probability one worker in the factory like this, to need a treatment with EDTA
800

P(600;800) = | p(X)dX = F(800) - F (600) = 0,099

600

0,16 : 1,20
p(X) —&— Series
0.14 1 0909009090 100
0,12 ot F(X)
01 1 0,80
| | M(X) =
0,08 0,60
0,06 - 1 040 D(X) =
0,04
0,02 - 1 020 Mo(X) =
0 - I — 0,00
APROPIN PO PN PO PICPRA PIS PO IS RO DI RO AN PR AN PR Q Q Md(X)=
Pb ug/L in whole blood Dr. V. Kmetov Alicante 2007




Rectangular distribution

1
p(X) = b a
—a Cumulative distribution
Density distribution function function
b-a _
M X - _ E(X _ C—0,5
(X) 5 p(X)1 (X)2 >
0.75 - 15 - b=4
b-a)?
D(X) — ( ) 0.5 - 1 -
12 /
0.25 - 0.5 -
b-a 0
u — S — I I I O ‘ : X
’ 2./3 0 2 4 6 X 0 2 4 6
Particulars:
articulars | C:a<X<b
* All possible outcomes are with the same Density [P(X) = 0:X <a X >b
relative frequency, and density : ’

km;=const, p(wm;)=const

» The population Q is defined between a and b

Distribution function

Tp(X)dx = Ja'de+ j)'Cdx++jio0dx = j‘Cdx
—o0 —o0 a b a

Dr. V. Kmetov Alicante 2007
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RESULTS DESTRIBUTION
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The Central Limit Theorem

The Central Limit Theorem states that

if the sum of the variables has a finite
variance, then it will be approximately normally distributed

(i.e. following a normal or Gaussian distribution)

I~

Slide 22

This is a theoretical model to which we
refer the most of the measurement
results in spectrochemical analysis

. 1
il =

€

—(X—p)?

202 dx
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Normal (Gauss )
distribution N (u;c?)

1.00 F(X)[ Limes 1 k

Density probability function

p(x)
M (X) = 1 /m 075
0,50 -
D(X) =o? n 0,25 | Limes 0 j
0,00 X
Cumulative probability function -

Laplas integral

X 1 —(X-p)*
(X —p)? F(X)= e 200 dx
1 = (%) _'[O o 27

and O are parameters and are enough to define the bell of
any normal distributed population

The interval is open form - oc t0 + o

Dr. V. Kmetov Alicante 2007
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. — level of
ortant relations ! [“Sigﬁﬁa%cej

P — statistical probability -
confidence level F(x) S 1
- 0,9

{ o — level of j /

. ‘g 0,8

P —1- Significance — R g
E a — quantil j / 0,6

0,5

P(X <a)=F(X =4 / o

- 0,3

/ ¥
P(X >a)=1-F(X =a) e L=
Pla<X <b)=F(X =b)—F(X =a) y

/71N .
/N _ s
P(_OO;_a) =1- F(X = a) // \\ a — quantil ’

P(u—a<X <u+a)=2F(X =a)-1]* * * °» t * &
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/\Z — transformation to standar

Every Normal distributed variable
appears as a bell (surface=1) with

equivalent profile in respect to pL and G

— 68% of data —

— 95% of data —

99.7% of data

d distribution
N(u=0; c,= 1)

F(X):j

1

O\ 27T

—(X=p)°
e 20

dx

1.2

F(x) —+ 0.8

—Px) | o6

0.4

0.2

SZ

-30 -20 - O 16 O 3
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STATISTICS ESTIMATIONS

\d u .
|‘§ (unbiesed and consistent)
Parameters of the Parameters of the Statistical _ _
general normal estimations of Arithmetic
population distribution a sample mean
M(X) N
Mathematic u > _ _Z (Xi)
estimation n 5=

> -XJ
Dislge(rz;(izn :\,> 02 :'\> HH > \/ i (N-1)

With P = (1-a) the true value lies in the
interval :

X — t(f ,0().8 << X + t(f ,0().3 Sample Standard
\/W H \/W Deviation

Dr _\/
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t-distribution

ﬁahle 4-21 Values of Student’s ¢

Slide 27

William Sealey Gosset

1908

Degrees of freedom 50

7\%6'314

WQSMM

O

10
15
20
25
30
40

120

o0

A\
/\

90 95 98 99 99.5 99.9
12.706  31.821 63.657 127.3]
0.816 2920 4.303 6.965 9.925 14.04
0.765 2353 3182 4541 5.841 7.4
0.741 2.132 2776 3747 4.604 5.5¢
0.727 2.015 2.571 3.365 4.032 4.7
0718 1.943 2.447 3.143 3.707 4.3
0.711 1.8905 2365 2998 3.500 4.0
0.706 1.860 2306 2.896  3.355 3.8
0.703 1.833 2262  2.821 3.250 3.6¢
0.700 1.812 2228 2764  3.169 3.51
0.691 1.753 2. 131 2.602 2.947 3.252
0.687 1725 2086 2528 2.845 3.
0684 1708 2060 2485 2787 3.078
0683 1.697 2.042 2457 2.750 3.030
0.681 1.684 2.021 2423 2,704 2971
0.679 1.671 2.000 2.390 2.660 2.915
0.677 1.658 1.980 2.358 2.617 2.860
0.674 1.645 1.960 2326 2.576 2.807

Dr. V. Kmetov Alicante 2007



Standard deviation
of n independent measurements

Several (n) independent measurements
with several instrumental replicates

assuming that ALL s, are similar (= s)
R=X %S

Dr. V. Kmetov Alicante 2007
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==
Confidential interval (Cl)

&

Low and high limits between which it is accepted one can find the true value of the
measurand with appointed confidence level P=1-a, taking into account the degree of
freedom and both statistics X_ .. and S obtained from a sample with volume N = f+1

aver

Low_limit < true value < High_limit

6,5 ppm < the best estimate < 11,5 ppm
for S = 2 ppm and convenience level P =0,95; N=5

For symmetrical interval around the average value, the CI could be given
as + of the half of the total

the true value is € 9 + 2,5 ppm
for S =2 ppm; N=5 and significance level a=0,05 (P=0,95)

Dr. V. Kmetov Alicante 2007
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ConfldeQDeflne the measurand interval
level
[mgnlflcance Limit value j

ﬂppm234ﬁﬁT$E1ﬁ 14 115 '€ (17 (18 (18 |20

Au in gold ore in ppm

"J

— t(f,a).S — t(f,a).S
X — N <pu< X+ N

(X-U<x<X+U); k=2

Dr. V. Kmetov Alicante 2007
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THE NEW METROLOGY

CONCEPT c/aim

~uncertainty: estimates all Pb in blood concentration
influencing parameters including 490 pg/L + 24 pg/L
the internal and external once

With P=(1-a) = 0.95 the true value is
somewhere in the interval:

tL ).S

X
provable uncertainty statement HS

Q D demonstrafe

@ calibrant @ end point detection O volume O matrix effect

Identify and quantify



—

—

Uncertainty of

Measurement Results

V(lllda'l'lon ( method fit-for-purposé)

Quality o
easureme

Uncertainty Budget

(How well | know the result)



Overview

* Definitions

* Uncertainty - what for?

* GUM procedure for uncertainty evaluation
* 10 Steps of uncertainty budgeting

* Kragten spread-sheet approach

e Examples

. Dr. V. Kmetov Alicante 2007
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The GUM approach -

difference between error and uncertainty
Y

true value Y Before the GUM reliability of the measurements - by
A

E error inconsistent or not generally accepted methods most

<_I| based on an error-centered view.

U +U The error - the difference between the unknown true value
and the the actual measurement resuilt.

It is a single value, so the known error can be applied as a
cor. YA

correction to the result

* GUM is guide for a transparent, simple and

standardised documentation of the ]

measurement procedure Do NOT use random & systematic
» Use uncertainty evaluations, such as errors !

type A (measured in the lab) and type B

(other)

In the GUM, a value of the measurand only exists as a result of an estimation
process, usually called experiment, measurement or chemical analysis

XIThe uncertainty cannot be used to correct a measurement result !

Slide 34 Dr. V. Kmetov Alicante 2007
ide



Slide 35

TOTAL UNCERTAINTY

Every PROCESS predetermines a PRODUCT

Every PRODUCT possess characteristics — qualities

Every quantitatively defined characteristics can be measured

the total uncertainty:

Dispersion of the product characteristics
+

Dispersion of the measurement procedure

= total dispersion -> UNCERTAINTY

Dr. V. Kmetov Alicante 2007



ISO Definition of Uncertainty

‘a parameter associated with the result of a measurement,
that characterises the dispersion of the values that could
reasonably be attributed to the measurand’

Result = Value = Uncertainty Units

(22.7 £ 4.8) mg/kg

The value is between 17.9 and 27.5 mg/kg
(cf. range, interval)

UNCERTAINTY OF MEASUREMENT COMPRISES MANY COMPONENTS

GUM - structured uniform methodology using transparency and
reasonable estimations by including the knowledge from
the test and all available pre-knowledge

The Statistical approaches are useful but are NOT ENOUGH !!

Dr. V. Kmetov Alicante 2007
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GUM (1995) amended (1995).
ISO Guide on the expression of
Uncertainty in Measurements

EURACHEM/CITAC

http://www.eurachem.ul.pt/guides/ QUAM2000-1.pdf

Guide Quantifying Uncertainty in Analytical
Measurement, 2000

Slide 37 Dr. V. Kmetov Alicante 2007
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EA

i

TYPES of UNCERTAINTY

STANDARD
uncertamty Uncertainty of the results of the measurement expressed as a standard
uS (A or B) deviation. Could be type A or type B
COMBINED Standard uncertainty of a result obtained from values of known number
standard uncertainty | of other quantities.
u Using the low of uncertainty propagation!
C

EXPANDE

Defining an interval that may be expected to encompass a large fraction

uncertai nty of the distribution of values that could be reasonably be attributed to the
measurand.
U ( K=2 ) It could be calculated by multiplying the Combined uncertainty with a

coverage factor K (most often K=2)

Dr. V. Kmetov Alicante 2007
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Why do we need uncertainty?

* ltis required by ISO 17025 - Accreditation

* The U demonstrates the metrological QUALITY of the measurements
(not measuring with the smallest achievable uncertainty)

* |timproves the knowledge about the measurement procedure

* In laboratory - document in transparent way the measurement procedure

* For end-user - give the result with proper confidence

* |t allows comparison of results

* A well documented U statement underpins your results and provides transparency!
* |dentify major uncertainty contributors - find out ways to improve the procedure

* Demonstrate compliance with limits (legal or contractual) and the establishment of
acceptance criteria

= Your best defence in discussions!

Dr. V. Kmetov Alicante 2007
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When should you evaluate
uncertainties of measurement results ?

* When a procedure is introduced inside your laboratory

* When a critical factor changes in the procedure (instrument, operator,

)

* During / together with procedure validation

= An individual evaluation process is NOT needed for
every individual result produced !

Repeating the measurement 2, 10 or 100 times does not give
you all information to have reliable results!

Dr. V. Kmetov Alicante 2007



V. Kmetov, V. Stefanova, D. Hristozov, D. Georgieva, A. Canals+

Talanta Volume 59, 1 (2003) 123-136

Determination of calcium, iron and manganese in moss by automated discrete sampling
FAAS as an alternative to the ICP-MS analysis 62 moss samples 21 elements
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Are results different?

No results without uncertainty !
R1 20.6 mg/kg

R2 21.6 mg/kg

 Traditional approach: precision
R1 = (20.6 = 0.6) mg/kg
R2 (21.6 = 0.7) mg/kg

« GUM approach: uncertainty propagation (combined unc.)
to take into account the contribution of all components

R1 = (20.6 = 2.1) mg/kg

R2 (21.6 = 2.3) mg/kg

No statistical tests required by GUM (almost) .../...

cf. Visual comparison =» overlapping ranges Y/N ?

Slide 42 Dr. V. Kmetov Alicante 2007
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Are these results
different?

No uncertainty evaluation,

205 - value (only precision)
| &3
220 - i @@@@
. ok
. : é@»@@ 2
5 21.5 @\ B
— VA
SO @x@\\@ (
. R + 2
i |
)
e
Q%Q 5 i
labA LabB ! LabA LabB ' LabA LabB

Dr. V. Kmetov Alicante 2007
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Understanding the measurement !

“...The evaluation of uncertainty is neither a routine task nor a purely
mathematical one; it depends on detailed knowledge of the nature of

the measurand and of measurement...”

GUM does not require [GUM § 3.4.8]

statistical tests unless you need it ...

What do you need to know ?

some basic statistics
average of the set of data;
standard deviation;
law of propagation;
distribution (normal, rectangular, triangular...)

Slide 44 Dr. V. Kmetov Alicante 2007
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Uncertainty “Type”

Type A standard uncertainty is measured from repeatability experiments I?
and is quantified in terms of the standard deviation of the measured
values

Type B evaluation of uncertainty:
by other means than statistical analysis

“...The pool of information may include:
previous measurement data; [GUM, 1993]
validation data

experience with or general knowledge of the behaviour and properties of
relevant materials and instruments;

manufacturer’s specifications
data provided in calibration and other certificates;

uncertainty assigned to reference data taken from handbooks”
[GUM 8§ 4.3.1]

Dr. V. Kmetov Alicante 2007
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The 10-steps GUM Sequence

1 - Define the Measurand

2 - Describe the Model Equation (for the measurement procedure)

3 - Identify (all possible) sources of uncertainty

4 - Evaluate all input quantities

5 - Evaluate the standard uncertainty (1s) of each input quantities
6 - Calculate the value of the measurand (using the equation model)

/ - Calculate the combined standard uncertainty of the result

8 - Calculate the expanded uncertainty (with a selected K)
9 - Analyse the uncertainty contribution index (THINK /)
10- Document all steps in a Report.

) Dr. V. Kmetov Alicante 2007
Slide 46



Slide 47

Experimental Protocol

Sample treatment

« Sample weighing, m
« Extraction, R

* Preparing the sample
solution, Vyos.

* Dilution of the sample
solution, f;

Determination of Nitrate (mg/g)

by UV-VIS Spectrometry

in Plant material

\ 4

Preparing the standard
solution, C,

Instrumental
measurement, Ay os.

\ 4

Instrumental
measurement, A

\ Calculation of /

the result, Qs
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Step 1 - Definition of “Measurand”

(%

Analyte: Article that is the subject of a measurement (GLP)
e.g. cholesterol;
AU ;
Pb

Measurand: Particular quantity subject to measurement (VIM,2.6)

e.g. concentration of cholesterol in serum,;
Au in gold alloy; Pb in whole blood

In this example: content of NO;" in (mg/g) in fresh
plant material (lettuces)
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Step 2 - Model Equation

The model of the measurement procedure is a functional
relation between input quantities and output quantity (result)

2N

Measurement MODEL is the equation you use
for the calculation of your result !

C - C .Vi_stock
work_sol — “stock Vi :
— ANog VNog 1
Quo- =Cy X Ty x—
NOj A\s ‘m R
1000- Mypp - PKHP !

C =
NaOH M o 'VT

) Dr. V. Kmetov Alicante 2007
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What are input quantities?

The output quantity Y depends on
iInput quantities X, X,, ..., X, :

Y=f(X;, Xy s X)) [GUM 4.1.2]

Input quantities (X;) may be quantities whose value and uncertainty
are directly determined in the current measurement (Type A,
statistical analysis of series of observation) or brought into the
measurement from external sources (Type B, previous experiments,

literature data, information from manufacturer )
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Model Equation

-V
QNo— =Cy AN03 = % fi i
3 A,-m R
Qnos. hitrate content of the sample (mg/g)
Cy nitrate concentration in standard solution (mg/l)
Anos. intensity of the signal (AP) for sample solution
A Intensity of the signal (AP) for standard solution
Vyos. volume of sample solution (1)

mass of the sample (Q)
dilution factor (no units);
recovery factor (cf. sample preparation)
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Step 3 - Possible Sources of Uncertainty

recovery of analyte from a complex matrix
storage conditions

reagent purity

assumed stoichiometry

sampling

measurement conditions

instrument response

bias of instrument

instrument resolution

uncertainty of standards and CRM’s

NNNRRNNRNXNNNIR

variations in repeated observations
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Step 3 - Possible Sources of Uncertainty

Standard
concentration, C_

purity—>\ / Temperature

Quos

ANog 'VNog 1

:Cst
A,-m R

Volume, V4,
Standard mass \

Recovery, R

Glassware

ifi
balance calibration Certificate

balance calibratio Signal Stability

" QN03-

Signal of

/ Standard, A_,
Instrument

Sample <
mass, m
Signal of
Sample, Ay,

calibration

Collection of operations
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Step 4 - Input Quantities Uncertainty

(evaluation type A & B)

repeated observation (A)

validation experiments (A and/or B)
manufacturers’ specifications (B)

calibration certificates (B)

results of interlaboratory method validations (B)

from experience and/or literature (B)
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Step 5 - Convert to Standard Uncertainties

R=)TiAXj> S

But whatis Ax ?

Before combining, all uncertainty contributions must be expressed/converted as
“estimated” standard uncertainty

when available as:

— standard deviation: use as is &
— confidence intervals: convert
— stated range: convert

— expanded uncertainties: convert

) Dr. V. Kmetov Alicante 2007
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Rectangular distribution

The Value is between the limits

a ...d, I
The expectation 2a(=t a)
y=xzta < ’

Assumed standard deviation: _
s=al/3 X
b-a

u :S:—
S 2\/5

One can only assume that it is equally probable for the value to lie
anywhere within the interval

) Dr. V. Kmetov Alicante 2007
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Example of Rectanqular distribution

“It is likely that the value is somewhere in that range”

Rectangular distribution is usually described in terms of:
the average value and the range (zxa)

Certificates or other specification give limits where the value could be, without
specifying a level of confidence (or degree of freedom).

Examples:
Concentration of calibration standard is quoted as (1000 + 2) mg/I
Assuming rectangular distribution the standard uncertainty is:

s:u(x):a/ﬁ:Z/ﬁzl.m mg /|

The purity of the cadmium is given on the certificate as  (99.99 + 0.01) %
Assuming rectangular distribution the standard uncertainty is:

s=u(x)=al/~/3=0.01//3=0.0058 %

Slide 57 Dr. V. Kmetov Alicante 2007
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Triangular distribution

Distribution used when it is suggested
that values near the centre of range are
more likely than near to the extremes

y=Xxta

Assumed standard deviation:

s:a/\/g

Slide 58
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Example of Trianqular distribution

Values close to x are more likely than near the boundaries

The available information concerning the value is less limited than for
rectangular distribution.

Example (volumetric glassware)

The manufacture quotes a volume for the flask of
(100 0.1) mlat T = 20° C.

Nominal value most probable!
Assuming triangular distribution the standard uncertainty is:

s=u(x) =a-1/+/6=0.1//6 =0.04 ml

In case of doubt, use the rectangular distribution

Dr. V. Kmetov Alicante 2007
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Step 6 - Calculate Value of Measurand

Use model equation to calculate the value of output quantity Y (Qyo3.)

ANog 'VNog 1
I
QNO— _ 0.801 « 0.0131 x 0.1000 <10 x 1
3 0.0232 x1.142 0.78

QNO; = 0.508 mg /g

Dr. V. Kmetov Alicante 2007
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Step 7 - Combined Standard
Uncertainty

When there is no correlation between input quantities
the combined standard uncertainty is evaluated as the
square root of the combined variance according to:

Law of Uncertainty propagation

U.(Y) = combined standard uncertainty
u(X;) = standard uncertainty of each input quantity

Can be done by spreadsheet
or by dedicated software!
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Law of “Uncertainty Propagation”
without correlation

Y =f(Xy, Xyy ey X)

ucz(Y) = Z [;Tfj '(U(Xi))2

C=@+D)  w—> |y(c)=~fu(a)Z+ u(b)°

C =(a-h)

C = (a+h) 2 2
(C) (a) (b)

C =(alb)| "™—> “C =\/(“aaj+(“b )
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Quo;

1

Combined Standard Uncertainty

_C ANog 'VNog

st

xfdix—
A,-m R

Slide 63

U, (QNog) —

RSu(C,,)* + RSu(ANog)2 +RSu(A,)* +
+ RSu(\/NOg)2 +RSu(m)? +RSu( f,)* + RSu(R)’

where RSu(X;) = u (X;)/X;
0.00058

( 0.801

o

U, (Q-) =
o8 0.0003

0.1000

|

)

(relative standard uncertainty)
0.0006

o.ooo:sj2 ( T
+ +
0.0131 0.0232

* (0.00058) ( 0.023) (0.04
+ + +| ——
1.1420 10.000 0.78

T

U.(Qnos.) = U (Qnos.) X Qnos- = 0.031 mg/g
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Kragten approach

@ Model: Y=X,*X,/(X;*X,) partl

[2) RSD stdev value description

?7? 0,02 2,46 X1
3,0% ?77? 4,32 X2
?7? 0,11 6,38 X3
2,3% ?77? 2,99 X4
© RSD stdev value description
0,8% 0,02 2,46 X1
3,0% 0,13 4,32 X2
1,7% 0,11 6,38 X3
2,3% 0,07 2,99 X4
(4 RSD stdev value description
0,8% 0,02 2,46 X1
3,0% 0,13 4,32 X2
1,7% 0,11 6,38 X3
2,3% 0,07 2,99 X4
7? - 0,557 Result

I Dr. V. Kmetov Alicante 2007
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(1)
(5) RSD  stdev value
0,8% 0,02 2,46
3,0% 0,13 4,32
1,7% 0,11 6,38
2,3% 0,07 2,99
?? 0,557
RSD stdev value
O [ o0s% 002 246
3,0% 0,13 4,32
1,7% 0,11 6,38
2,3% 0,07 2,99

Kragten approach

Model: Y =X, "X,/ (X;*X,) part2

description
X1
X2
X3
X4
Result

description
X1
X2
X3
X4

- 0,557 Result 0,562 0,574

Slide 65
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7]

diff

X1 X2 X3 X4
2,46 2,46 2,46
4,32 4,32 4,32
6,38 6,38 6,38
2,99 2,99 2,99
X1 X2 X3 X4
2,48 2,46 2,46 2,46
4,32 4,45 4,32 4,32
6,38 6,38 6,49 6,38
2,99 2,99 2,99 3,06
0,548 0,544
0,005 0,017 -0,009 = -0,013 0,001

— — —
T —— — — — — — — — —

sumsq(diff,)
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Kragten approach

@ Model: Y=X,*X,/(X,*X,) part3

RSD stdev value | description X1 X2 X3 X4

0,8% 0,02 2,46 X1 2,48 2,46 2,46 2,46
3,0% 0,13 4,32 X2 4,32 4,45 4,32 4,32
1,7% 0,11 6,38 X3 6,38 6,38 6,49 6,38
2,3% 0,07 2,99 X4 2,99 2,99 2,99 3,06
4,2% 0,024 0,557 Result 0,562 0,574 0,548 0,544

diff 0,005 0,017 -0,009 -0,013 0,001
@ index 3,7% 50,8% 16,1% 29,4% 100,0%

sum

Major Contributor :

X4 V
Q * Type B? ®

G > * Type A? ©
* Replicates?
* Much work?
* Control Charts?

Dr. V. Kmetov Alicante 2007
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Step 8 - Expanded Uncertainty

The expanded uncertainty, U, is obtained by multiplying the combined
standard uncertainty u_(y) by a coverage factor K:

U=Kk=u,

The result is then expressed as: Result = Yy + U (k = 77)

For the example: QNOB- - (0.51 T 006) mg/g k=2

» the best estimate of the value attributed to the measurand is “y”’,

» theinterval [y— U,y + U] is the range that may be expected to
encompass a large fraction of the distribution of values that could
reasonably be attributed to the measurand.
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Step 8 - Expanded Uncertainty (2)

» Expanded uncertainty gives a more realistic
range of possible values.

» The coverage factor usually used is k=2,
representing a coverage of about 95%, if the

distribution is normal / 95% of data \
Vi 99.7% of data N

— 68% of data =

Standard uncertainty should be used inside the laboratory
(to apply uncertainty propagation)

Expanded uncertainty is more realistic range
given for the end-users of the results

Dr. V. Kmetov Alicante 2007
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Step 10 - Reporting Results

Qnos- =(0-51 + 0.06) mg/g (%)

()
the reported uncertainty is an expanded uncertainty

calculated using a coverage factor of K = 2, which
gives a level of confidence of approximately 95%

) Dr. V. Kmetov Alicante 2007
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mmol-kg'1

1.83 A

1.73 A

1.63 A

1.53 A

1.43 A

1.33 A

1.23 A

1.03 A

0.93

0.83

0.73 A

0.63

Certified range [U=k -u . (k=2)]: 1.226 - 1.294 mmol-kg™

50

Cd woweson|

- 40 E

(]
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©
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) { | L 20 “g
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}I 1 - -30 ‘g

* -9
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values . : n

et g

-50

Results from all participants.

Metrologists obsessed by small uncertainties ?

Learning how to apply GUM:
Better sell your results with reliable uncertainty statement !
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Conclusion: about uncertainty

» Uncertainty budgeting according to the GUM is a useful
and accepted concept to evaluate results of a
measurement;

» It allows others (e.g. assessors) to understand what &
how things were done

» It allows the analyst to combine prior knowledge and
observations in a consistent and well defined way;

» It doesn’t requires to measure with smallest achievable
uncertainty, but with the most realistic one
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Uncertainty adopted and accepted by ...

4

Slide 72

Many international institutions, such as NMls and BIPM
Is required under ISO 17025 for accreditation

IUPAC, OIML and accreditation community such as EA
and ILAC have accepted this concept

CEN is incorporating these concepts

YOU have to know it and work with if!
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a Quantifying Uncertainty in Analytical Measurement - Microsoft Internet Explorer

Archivo Edicion “er  Fawortoz  Hemamientas  Ayuda |

R A ) A Q @ B e - = . ks

Altas Bdelamnte Detener  Actualizar Inicio Biizqueda Fawaortos Mulkimedia  Histaonal Carreo | mpririr Editar

Direccian @ http: sy measurementuncertainty, org. j 'ff‘}“

Eurachem 6 quantifying uncertainty in analytical measurement  site map | search | (7}

guide examples glossary forum misc info

|»

measurement uncertainty 13. August 2004

There is a new example

in the section Additional
You will find the following content on this site: Examples/HPLC, Flease
write any comment
concerning this example
in the Forurn section

e Guide: & full bhtml-version of the guide. The full text can be
searched using an excite search engine.

e Examples: You may submit your uncertainty evaluations 4. April 2004
and seek comments on them in the forum, These examples
will be posted here, but there will be no guarantee that
they fully comply with the content of the guide.

¢ Glossary: Definition of terms we need to understand each

We plan the revision of a
number of guides. Please
tell us in the forum

section under the related

other. topic, which parts are
« Forum: Here you can ask questions, ask for advice and missing in the
cormrment on published examples. It is you, who will keep corresponding quide, Alsa
this forum achve, place your suggestions &
+« Misc: Lectures, fag, ... wishes,

e Info: Contact, information, links, feedback, ... 4. April 2004

If wvou would like ta print the guide, "Quantifying Uncertainty in The forum section
Analytical Measurement” 2nd edition, you can down load the pdf- '-'”d,e_r""e"'t &l EpEl
file (720 kByte), You can also order a hard copy (ISEM 0 943926 revision. The forum

software has been
updated and a nurmber of
new topics have been
The new Eurachem/CITAC guide "Traceability in Chermical added.

Measurement" can be down loaded as pdf-document (699,53

kByte) or for better print pdf-document (2.0 MByte),

15 53, You find the detailed arder information in the Info section.

You need to have an Acrobat Reader to be able to view or print
the pdf-version of the guides.

http://www.measurementuncertainty.org/ =

| |

o U 4 1445
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— —
Validation of

measurement

procedures

V(llld(l‘l'lon ( method fit-for-purposé)

% Quality o

measurement™ mmy Traceability
I"ZSU -l- (my result is comparable
X

- common reference)

Quality: The ability of the qualitative
(analyte identification) and quantitative
(accuracy, precision) data to satisfy
the requirements of their purpose.

Uncertainty Budget

(How well | know the result)



How to GUARANTEE
reliability of the measurement result

Accreditor (IS017025) : Fully documented

““ce’ta'_“_ty measurement procedure
traceability by a transparent, clear
validation and standartirized
approach

Standartirized

Methods Validated
. Methods

‘ THE TRUST I
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Content

* \What is validation of a measurement procedure ?
* Why procedure validation ?

* Approach to procedure validation ?

* How to perform validation ?

* Step by step examples?

* How the ILC and PT should be evaluate?

Dr. V. Kmetov Alicante 2007
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/ The goal of the measurement is to assign a \
value to an unknown quantity

© P De Biévre SAPUZ ZURICH July 1999

THE ANALYSIS IS COMPARISON'!

The result of the chemical measurement is little more
than a DECLARATION of an isolated figure

\ until /or someone does not prove the contrary ! /
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The analysis concept

TO WHICH EXTEND
the procedure is stable and
relationships are constant ?

Provocation

Stimulus
Reagent, titrant, coagulant Phisico-Chemical
electrons, photons, atoms, quantity that could be
ions, molecules , heat < 2 registered and quantified
as a magnitude

Dr. V. Kmetov Alicante 2007
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Beware

Difference in terminology between ISO/IEC 17025 and VIM IF

(Internat. Vocabulary of basic and general terms in Metrology)

- ISO/IEC 17025 uses “method” =» method validation
- VIM uses “(measurement) procedure” =» procedure validation

- GLP uses “standard operating procedure”, SOP
=» SOP validation

Measurement procedure - set of operation, described specifically,
used in the performance of particular measurement according to a
given method

[VIM 2.5]

Method of measurement - Logical sequence of operation,
described generically, used in the performance of measurements

[VIM 2.4]

) Dr. V. Kmetov Alicante 2007
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What is validation ?

\d
Validation includes IF

analytical requirements
M determination of procedure characteristics

check that requirements can be fulfilled by the
procedure

statement on validity

Validation is the confirmation by examination and
provision of objective evidence that the particular
requirements for a specific intended use are fulfilled

(ISO/IEC 17025)

Dr. V. Kmetov Alicante 2007
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Validation of
measurement procedure

Process of establishing includes:
- performance characterisation
- scope & limitation of a measurement procedure
- identification of the influences which may change the characteristics
and to what extent.

- Which analyte can it determine, in which matrices, in the presence of
which interference?

- Within these conditions (to be defined) what uncertainty can be achieved?

The process of verifying that a procedure is

fit for purpose
(i.e. for solving a particular analytical problem)
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Intended use

* By providing information on procedure performance characteristic we
Increase the confidence:

— for users of the procedure (analyst)
— for users of measurement results (customer)
better understanding

é validation is a study of the procedure,
NOT of the analyst or of the laboratory performance !

Standartirized

Methods Validated R o
, MethOdS - Mmaintain quality and process contro

compliance with regulations

- make regulatory decisions

- support national and international trade

THE TRUST - support research
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Standard & non-standard
methods (procedures)

Sources of standard method (procedures):

» procedures published in international, regional, national
standards (1ISO, EN, DIN, BS, ASTM, ...)

» procedures published by reputable organizations in
their publications (AOAC for food and agriculture; ICH for clinical

analysis,....)

» not in scientific literature!

Dr. V. Kmetov Alicante 2007
Slide 83



Why do we need it ?

Laboratories should demonstrate that they operate within quality
system, are technically competent and are able to generate technically
valid results

(ISO/IEC 17025)

Three milestones of ISO/IEC 17025:
v procedure validation
v’ traceability of results

v' uncertainty of results

Validation is essential EVEN IF
you are not going for accreditation
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Often Encountered Terms

— Full Validation:
where all relevant parameters of the procedure are investigated

— Degree of Validation:
where only some of the performance parameters are investigated

— Confirmation:
used in relation to (already validated) standardised procedures. No
need for additional validation, just a “confirmation” in your lab.

Which procedures should be Will a validated procedure “automatically”
validated? work in my lab?
» non-standard > (First) No, confirmation needed
> in-house developed > (Then) Yes, within the specified
> standard ones used outside conditions

their intended scope

> modified standard

Dr. V. Kmetov Alicante 2007
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When is a procedure
validation needed?

Selected
Procedure
Yes Already No
Validated —
ae

e“‘\\
<§onfl rmat|o> ”‘Q“ Qos <valldatlon >
¢l

Dr. V. Kmetov Alicante 2007
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The scope of validation

Sampling
« validate whole procedure & Sample
(from sample preparation to measured signal) Treatment
« validate full concentration range
(intended use!) Instrument
 validate all intended types of matrices calib &
measur
_ Data treat
Put the effort where it is needed
Result
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Required degree
of validation

Decide which characteristics are most relevant for your validation
(spend effort accordingly!!)

- cholesterol in serum,
LOD not important (NO),

uncertainty is important (YES)
(e.g. better uncertainty of the results = USA saves 100 M$/year)

- survey of environmental contamination [to find hot spots]:
range and linearity YES,
LOD and size of uncertainty NO

- doping control (against limit):
LOD is critical,
uncertainty is extremely important;
range, linearity is not important

) Dr. V. Kmetov Alicante 2007
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Validation technique...

... recommended by ISO/IEC 17025

» evaluation of uncertainty =
systematic assessment of the quantities influencing the result

» measurement of CRM
» participation in inter-laboratory comparison

» comparison of results achieved with other procedures

Use...

Standards and/or reference materials
Investigate blanks

Artificially prepared samples (e.g. spiked)
Statistics

<X X X X

Common sense

) Dr. V. Kmetov Alicante 2007
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[1 selectivity/interference
[ sensitivity

O repeatability

O recovery

O linearity, working range
0 LOD, LOQ

O within-lab reproducibility

O robustness

O quality control

O exp uncertainty

O traceability

The Validation Menu
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Check list

Performance parameters of the procedure

(qualitative): O selectivity, specificity

(quantitative):
O sensitivity
O detection & quantification/determination limits
O working (linear) range

Property of the result obtained with this procedure

L] traceability (cf. other module)

L] uncertainty, considering e.qg.
— recovery — repeatability
— robustness — reproducibility
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Selectivity, Specificity

&

Selectivity refers to the extent to which the method can be used to
determine particular analytes in mixtures or matrices without
interferences from other components of similar behaviour

(IUPAC, 2001)

Potentially interfering substances must be chosen and relevant blank
samples must be analyzed to estimate such effects.

* Specificity is 100% selectivity
* Few, if any methods are specific
* |UPAC recommends that the term specificity should be avoided
(IUPAC, 2001)
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Selectivity, Specificity

Selectivity
_ _ Specific
Low Intermediate High
\
Weighing

Acid-base Spectro-photometry Chromatography

titration

GC-MSMS
EDTA titration

Slide 93

Neutron activation
analysis
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Sensitivity S~

Definition:
The change in the response of a measuring instrument divided by
the corresponding change in the stimulus

(VIM 1993)

* What it means:
It is a measure of the gradient (slope)
of the calibration graph

Y =b, +b, X -
dSig

b=m=——=t

1 q4C Jo
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Prof. Dr. Antonio Canals Hernandez

Univariate Methodological alibration
on Instrumental Analysis
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Reporting of LOD

Non-presence of analyte

Presence of analyte

FP area

c>0 concentration

cut-off
FN area
Analyte(.:.._
Analyte... Not present Present
Not detected True Negative False Negative @
Detected False Positive @ True Positive

Slide 97

O Insensitive method”
Interference?
O Interference?

Contamination
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Limits of...
Detection (LOD)
Quantification (LOQ)

‘Blank’
* instrumental
« from sample treatment (e.g. contamination in digestion, purification)

Calibration equation:
Signal = b, +b, " c
Y,, = Signal of the ‘blank’ ;
s, = stdev of the ‘blank’ in signal domain

Yion=Yut3sy 2  LOD =Y op—by)/b,
Yioo= Yo+ 105, LOQ={Y 55— bp)b;

Dr. V. Kmetov Alicante 2007



Linearity Working Range

200
180 - ‘
160 - Linear range e
< > —V.|/y)?
a0 QCleO\/Z(y' /)
~ n—2
§ 120 -
8 100 . —
Quality coefficient
0 LOQ ly coeff
g g0 | assa
60 LOD
40 A
20 | / Working range . D =X - V)
—T .-~ < > s = =
0 \/Z (% — Xi)ZZ(yi -v)°

0 5 10 15 20
Concentration

* Working Range is the interval between the upper and lower levels of
analyte (inclusive) that have been demonstrated to be determined with
precision, accuracy and linearity. Within this interval, the method can
be regarded as validated.
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V. Kmetov, A. Sanchez, A. Canals, D. Georgieva, V. Stefanova

5th European Furnance Symposium and 10" International Solid Sampling Colloguium with Atomic
Spectrometry, 1-4 September 2002, South-West University "Neofit Rilski",Blagoevgrad, P28, 90
Determination of Pb and Cd in wool and goat's hair from animal population in the vicinity of Plant for
non-ferrous metals (Plovdiv) by ETAAS and ICP-MS methods.

1.4

1.2 -

1,

0.8 -

0.6 -

Absorbance

0.4 v = 0.0092x y = -2E-05x" + 0.0101x

2 2 _
R = 0.9998 R" =0.9996
0.2 -

0 25 50 75 100 125 150 175 200 225

. Mass (pg) Dr. V. Kmetov Alicante 2007
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Recovery (1)

A measure of the trueness of a (measurement) procedure

_ observed _ value (IUPAC 1999)
reference _ value

R

R — Cobserved
Reference value from: C
CRM
- CRM
_ R— Cobserved_ matrix
- spike of pure substance —
Cspike

The closer R is to 1, the smaller the bias in the procedure

Recovery is the estimate of trueness through the addition of a
known mass of the analyte to the test portion.

Dr. V. Kmetov Alicante 2007
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Best estimate of
the “True Value”

R Accurate? Precise?
0o 060 o no no
00000 no yes
e 00 o yes no
0000 yes yes
(close) (scatter)

Precision: The closeness of agreement between independent test results

obtained under stipulated conditions [ISO 5725]

Slide 102

It is normally expressed as the percent relative standard deviation

for a statistically significant number of samples.

Precision d = Scatter N = uncertainty M

Dr. V. Kmetov Alicante 2007



Repeatability

Precision recorded under repeatability conditions:

— same laboratory, analyst, equipment,

time (short interval)
Typically used for studying variation

within a batch or between replicated measurements.

Within-run precision = Repeatability

Reproducibility

Precision recorded under reproducibility conditions:

— different laboratory, analyst, equipment,

time (short interval)
Typically used for studying variation

on measurements made between laboratories.

Between-run precision = Reproducibility

Dr. V. Kmetov Alicante 2007
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RSD %
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Trumpet of Horwitz
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Anova Single factor

SUMMARY
Replicates 1 2 3 4 5 6 Groups Count Sum Average Variance
Vials 1 66 68 67 69 70 69 1 6 409 68.2 22
2 66 67 68 68 68 69 2 6 406 67.7 1.1
3 71 67 68 69 68 70 3 6 413 68.8 2.2
4 66 68 67 68 68 69 4 6 406 67.7 1.1
5 67 67 66 69 69 68 5 6 406 67.7 1.5
6 65 67 67 69 68 69 6 6 405 67.5 2.3
7 67 68 68 68 69 69 7 6 409 68.2 0.6
8 67 66 66 68 68 69 8 6 404 67.3 1.5
9 67 67 66 69 68 69 9 6 406 67.7 1.5
10 66 65 67 68 69 68 10 6 403 67.2 2.2
11 67 67 69 68 68 70 11 6 409 68.2 14
12 67 68 69 69 68 69 12 6 410 68.3 0.7
13 67 67 68 69 68 68 13 6 407 67.8 0.6
14 67 68 68 69 68 69 14 6 409 68.2 0.6
15 65 66 65 68 68 67 15 2 200 66.5 1.9
Degree of Mean
72 Sum of freedom
squeres
71 ° squares [
70{e e ° Source of Variation —SS df M&” F P-value F crit
66lee000000000000 Between Groups ~ 26.2 14 1.87 134 0207 1.83
61000000000 000000 Within Groups 104.8 = 75 1.40
671 © 00 000 00000000 O
0 ° Total | 1310 89
65 - [} [ [
o o 2 4 & 8 10 12 14 16 repeatability stdev.  S; 1.18  =sqrt(MSW)
reproducibility stdev. SR 121  =sgqr{(MSW+(MSB-MSW)/N)

(n replicates)

Dr. V. Kmetov Alicante 2007
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Control charts

E

5,2
5,15
5,1
5,05
5
4,95
4,9
4,85
4,8

) o How to
determine the
| interval ?
=
- .- - -. --------------
| ® O
O ® .‘ ....-./( Is this an
- o © o © P outlier ?
//\

L
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|
Q
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\
-
F

T T T T T T ]
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Dixon’s test — Q test

suspected — nearst|

max— min

Grubbs’ test — G test

G

_ suspected — X
S

Outliers tests

Ako Q> Q,,, = OUTLIER

Ako G > G,,, = OUTLIER

Dr. V. Kmetov Alicante 2007



Robustness (1)

The robustness (ruggedness) of the measurement procedure is the
resistance to change in the result when minor deviations are made
from the experimental conditions described in the procedure

Procedure prescribes the limits for experimental parameters
Examples: pH, temperature, concn. of reagent, operator, ......

Non-Robust Parameter Robust Parameter,

Response
Response

Parameter
Values
Parameter Values

Slide 108 P, P, Pn P. Dr. V. Kmetov Alicante 2007
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|dentify variables of method: A,B, C, D etc RObUStness (2)

Set-up experiments (Youden/Steiner)

By systematic changing of one variable, determine effects on result

(see table Y/S)

Review the results to determine optimal conditions

Procedure improvement from results obtained
(gives also information on influence quantities)

Experiment no.: 1 2 3 4 5 6 7 8
Parameters
A pH 5 5 5 5 7 7 7 7
B temp. 25 25 35 35 25 25 35 35
C reaction time 30 60 30 60 30 60 30 60
D reagent 1 1 1 2 2 2 2 1 1
E reagent 2 1 2 1 2 2 1 2 1
F age of column old new new old old new new old
G personnel XX yy VY XX VY XX XX yy
Response r t u v w X y z
ANOVA: » provide basic/preliminary information

A, B, and D are non-robust

Slide 109

» evaluate whether the model equation is valid
» better instructions for operators
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Accuracy

[

Closeness of agreement between a test result of a measurement
and the true value of the measurand (accepted reference value)

(ISO 3534-1)

Accuracy is not given by the spread of a normal distribution,
but by the deviation of the arithmetic mean of a series of results from
accepted reference value

Accuracy A = Deviation N (zero)

Where to obtain the reference value?

_ Dr. V. Kmetov Alicante 2007
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Definitions

Inter-Laboratory Comparison (ILC) -

Organisation, performance and evaluation of tests on the same (or
similar) items by two or more laboratories in accordance of
predetermined conditions

Proficiency Testing (PT) -

Determination of laboratory testing performance by means of inter-
laboratory test comparison.

[ISO/IEC Guide 43:1997]

Dr. V. Kmetov Alicante 2007
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Goals of ILC

* |LC to demonstrate competence and establish
degree of equivalence between results and of the
participating laboratories

* |LC used for assign certified value to RMs

* |LC to standardise/impove a method
(determine repeatabillity, reproducibility ...)

* [LC as a training exercise to improve skills

Dr. V. Kmetov Alicante 2007
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Why participate?

It is needed from the ISO/IE 17025

‘trust iIs nice, proof is better”

* To demonstrate competence : \%
— to yourself (inside the lab) \\%\‘s
— to your direct customers

— to 3 parties (e.g. accreditation)

* To improve measurement skills (education aspect)

Guide to the Accreditation Bodies (EN 45003:1995, § 6.8.1):
"Laboratories shall be encouraged by accreditation bodies to
participate in PT or other ILC.”

Dr. V. Kmetov Alicante 2007
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IMEP-9: Trace elements in Water
Certified range (¥U=2u .): 81.0 - 85.4 nmol-L"

50
122 4 Cd | 20 values above 50% | __#

117

. A
Hetglogicad R\ LA |
S R 'T" r ot - - - -
e T ol £ 10%

A R R 11—

67 4 + < N L 20

- -30

L 40

6 values below -50% | | 3 'less than' values | /i/’I/.’/lm

42 -50

T

Results from all laboratories.

V. Kmetov Alicante 2007
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Performance

Indicators

— Percent Error; %E = ot WX et

— Z-scores; Z = (Xigp~Xef )IS

— En numbers; EN = (XiapXret ) (Ujap” tUre)

® Performance evaluation, P:
o | P < x, Satisfactory
Xeer Jeseoeoeee? 0 P >x,Unsatisfactory
[ ) ¢ :
o - X

Dr. V. Kmetov Alicante 2007
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(Traditional) Z-score

7 - Xlab"_ "X ref
S

Difference = distance =» accuracy

“Normalized” versus ...

 Target performance (i.e. 5%)
» Reference uncertainty (nominal value)
* Inter-Laboratory Comparison reproducibility

Performance evaluation:
0 <|Z|< 2 : good
2 <|Z|< 3 : warning =» preventive action
Z|> 3 : unsatisfactory = corrective action

Dr. V. Kmetov Alicante 2007
Slide 116



En-score according to GUM

Xlab - X

E N . ref

\/(ulab2+uref2) <

“Normalized” versus ...

Performance evaluation:

0<
2 <

Slide 117

En
En
En

propagated combined uncertainties

< 2 :good
< 3 : warning = preventive action
> 3 : unsatisfactory =» corrective action

Dr. V. Kmetov Alicante 2007



Improving the infrastructure for metrology
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The ultimate goal of validation

A well-defined and documented validation process provides regulatory agencies with
evidence that the system and method are suitable for their intended use.

LOE0

«  Procedure:

» Megsurand:

Validation Report

Cadmium determination by
GF-AAD

Cadriurm concentration in
food products

« Source of the Method:  Developed in-house

o |ntended Use:

o Matrix

e  Analytical protocaol:

 Calibration:

e Working Range:

« LOILN
o LI

Screening of food samples
food and feed products

Microwave digestion,
followed by GF-AAD

with solution standards from
Supplier-ZZ7

up to 20 ngég
1 ngyg
3.5 nofg

=] L= (% Free from interference up to
1000 ngfy of Chloride
Traceability to 5l

Established by calibration
Demonstrated by
measurement of cettified
reference material-y™"™"

Typical Lncertainty: 10%, see Lncertainty
biudget [ANNEX)

Mame

Function Laboratory Head of
Assistant Laboratory

Signature
Date

te 2007




a b

Traceability of the
results

N— __

Val |dat|0n ( method fit-for-purpos

Quality of
measuremen

result

Uncertainty Budget

(How well | know the result)

| Traceability

(my result is comparable
- common reference)
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Scope of the lecture

What is Traceability?
What is it needed for?
How to establish Traceability?

How to demonstrate Traceability?

How CRM should be used?

Dr. V. Kmetov Alicante 2007



/ The goal of the measurement is to assign a \
value to an unknown quantity

© P De Biévre SAPUZ ZURICH July 1999

THE ANALYSIS IS COMPARISON'!

The result of the chemical measurement is little more
than a DECLARATION of an isolated figure

\ until /or someone does not prove the contrary ! /

Dr. V. Kmetov Alicante 2007
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Stimulus

Energy

Slide 123

The analysis concept

Response

STANDARD

5

Variable

Analytical
information

SIGNAL

> =

SIGNAL

5

Variable

N

Dr. V. Kmetov Alicante 2007



Traceability of ...

Not concerned by:
... sample in the lab trackability
... documents in a filing system =~

Not applicable to:
... Institution
... method

Relevant for
M ... measurement results
M ... reference values

Dr. V. Kmetov Alicante 2007
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LENGTH MEASUREMENT

King’s foot

ility

Ruler 1

UNIT

-

value

/
tra
AN

Tape measure

Dr. V. Kmetov Alicante 2007
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Definition

A posteriori

—
Traceability is a property of the réﬂt of a measurement or
the value of a standard whereby it can be related to stated
references, usually national or international standards,
thrﬁgh an unbroken chain of comparisons all having stated
uncertainties.

/ \ [VIM, 6.10]

A priori

Dr. V. Kmetov Alicante 2007
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The comparison is

always done locally

Associativity of Comparability

o

W)

|

_

Are C; & C,
Comparable?

Slide 127

Certificate 3

vy +U

Le Systéme
international d'unités
The International

e

System
of Units I

.

Certificate 2
Y +U

Certificate 1
Y +U
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Stated reference units

Meaningful comparisons between measurements are only
possible if the results are expressed Iin the same units
(measurement scale)

* Slunits (M, kg, s, A, K, mol, cd) or combination

* to best internationally agreed reference (if no Sl), such as:
v'delta scale for isotopic measurements
v pH scale

v the scale of octane numbers for petroleum fuel

_ Dr. V. Kmetov Alicante 2007
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Le Systeme
international d"unités
The International

System
of LUnits I

International System of
Measurements : the Si

The system was created because of ‘compelling’ forces
in trade & economy

It is valid worldwide and is constantly maintained and
iImproved by the BIPM to ensure that results are
compatible and the values are anchored.

Advantage of Sl traceability ?

* traceability is needed to be able to compare, so the traceability acts as a
tool to obtain equivalence

* values are independent of time

* values are independent of place



Organising measurements on
an international scale

Metre convention ___, | Diplomatic
1875 treaty
|
1995 ! CGPM < | Governments

chemistry : |

/' R CIPM International

organisations

Consultative
committees

National
laboratories

T~
/

BIPM

Dr. V. Kmetov Alicante 2007
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/ wwen ULtING MRA INtO practica
the “satellite” concept

JAMAICA

MEXICO

BRASIL N ZEALAND
ARGENTINA 3 AUSTRALIA
SINGAPORE

INDONESIA

TAIWAN

UK
PORTUGAL N GERMANY  pussiA

SPAIN THAILAND

s ]
Rl

Slide 131 Consultative committee for amount of substances " Kmetov Alicante 2007

SWITZERLAND MALAYSIA




Stating ... Is a claim

&
Establishing ...Iswhat | do in my lab
&
Demonstrating ....and | can show it

... Traceabllity

Slide 132 Dr. V. Kmetov Alicante 2007



Establishing traceability

@ Specifying the measurand

@ Choosing a suitable
— measurement procedure
— model equation

® Demonstrating (validation) that:

— the model equation is adequate (all significant influence quantities have been
taken into account)

— the measurement conditions are adequate
@ Establishing traceability for each influence quantity:

— Choosing appropriate reference standards

— Calibrating using the standards that are traceable
© Evaluating uncertainty

[EURACHEM/CITAC Guide, 2002 ]

Dr. V. Kmetov Alicante 2007
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Demonstrating Traceability

@ measurand: content of nitrate in plantS Wageningen Agricultural University/Department of
) Soil Science and Plant Nutrition

@ suitable model equation

® validation (ILC, CRM)

s

\ \
NO3 X fOII ><—
4

© evaluate uncertainty

Wio; |
/ 1\ .'l /
calibration '/ using matrix CRM
(solution standard) gravimetry (determining R)

Slide 134



Establishing Traceability procedure @

Traceability to be established for each input quantity specified in the

procedure / model equation

« established by calibration using appropriate standards

Calibration:
Set of operations which establish, under specified conditions, the
relationship between values indicated by a measuring instrument -
(including chemical steps) and the corresponding known values of the
measurand.

Must be performed by reference standards with demonstrated
traceability and adequately small uncertainty.

_ Dr. V. Kmetov Alicante 2007
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Result Traceable to
Value of Reference Standard

Traceable to? Via?

——)

Samplé Weighing
A -
E. Merck St

O I I I

Reference Standard (mg/kg)

N\
N

~--> Traceable to? Via?

Dr. V. Kmetov Alicante 2007
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You certainly heard about...

v'Standards
* Primary and Secondary standard Traceability should be established by:
* International (measurement) standard
» National standard 1. Use of traceable standards to
e (Calibration standard calibrate the measuring equipment

e Measurement standard
2. By using, or by comparison to the

v'Reference Materials (CRM, SRM, ...) results of, a primary method

* Primary and Secondary RM ~By using a pure substance RM.
e Laboratory RM

* Internal, “in-house” RM 4. By using an appropriate matrix
* Matrix RM Certified Reference Material (CRM)
£ | 5. By using an accepted, closely defined
primary method is a method having the highest procedure.
metrological qualities, whose operation is completely
described and understood in terms of Sl units and whose QUAM (3.3.4)

results are accepted without
reference to a standard of the same quantity.

Dr. V. Kmetov Alicante 2007
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Calibration Hierarchy

Tools Service Providers
Z * Primary Std
2 * International Std e BIPM
g - National Std « Nat. Metrology Institutes -
= * Reference Std « Accredited Calib. Labs 3
2 * Transfer Std « Company (in-house) %
2 * Travelling Std - calibration centre 2
E * Working Std - test laboratory

uncertain
i * [ILAC-G2:1994]

Traceability of Measurements M
jth OR
re yow res s _ wol'ld!
onn i the 4"

2% 50, c onecte

Dr. V. Kmetov Alicante 2007
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Definition According to VIM

Reference Materials (RM),

material or substance one or more of whose properties are sufficiently homogeneous and well
established to be used for the calibration of an apparatus, the assessment of a measurement
method, or for assigning values to materials

Certified Reference Materials (CRM)

reference material, accompanied by a certificate, one or more of whose property values are
certified by a procedure which establishes traceability to an accurate realization of the unit in
which the property values are expressed, and for which each certified value is accompanied by
an uncertainty at a stated level of confidence

Matrix (compositional) Reference Material (CRM)

A “natural” substance more representative of laboratory samples that has been chemically
characterised for one or more elements, constituents etc. with a known uncertainty

) Dr. V. Kmetov Alicante 2007
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C.D.EHRLICH, S.D.RASBERRY J.Res. NIST 103 (1998) 93

Traceability Timeline

NMI

Calib-lab

Test-lab

Slide 140

/7 Value and uncertainty propagation

Dr. V. Kmetov Alicante 2007

>
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s
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Traceability Timeline

Traceable to Sl via
Internationally recognised measurement capabilities

producer

Test-lab

CRM

CRM Production and certification

CRM

—»>

QS

Stability monitoring “~.

N

QS

CRM
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|
/47 Value and uncertainty propagation
|

CRM

—> Sample | &
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A high quality (C)RM should :

State traceability of certified value
(e.g. traceability to S.I., or to values obtained with method XYZ)

State an ISO-GUM uncertainty of certified value

Demonstrate traceability & uncertainty of certified value (e.g. in a

certification report ; experimental evidence of demonstrated capability from
participation to international intercomparisons such as those from BIPM)

Produced according to ISO-35 and ISO-34 (preferably)

OK, we can rely on (C)RMs

Dr. V. Kmetov Alicante 2007
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1.0

inorganic ventures Jf iv labs

195 |lehigh avernuese, suite 4, lakewood, nj 08701 usa
phone: 800-669-5799 = 732-901-1800 = fax: 73Z-901-1903
e-malil: vaales@ivetandards.com * weabhsita! wwe' vatandards. Som

certificate of analysis

inorganic Ventures / IV Labs is an 150 Guide 343-2000 Cartifiad Referenca Material [CRM) Manufacturen
Certificate #883-02. The certificate is designed and the certifed value(s) and uncerizintyles) are
detarmined in accordance with IS0 Guide 37-2000 (Reference Materials - Contents of certificates and fabeal(s),
IS0 Guide 34-2000 “Quality Systerm Guidelnes for the Production of Reference Materials," and SO Guide 35-1989
"Cartification of Reference Materiais - Gemneral and Statisical Principles.™

2.0 DESCRIPTION OF CRM Custom-Grade 10000 pg/m Lead in 0.35% (abs) HNOa
Catalog Number: CGPB10-1 and CGPB10-5

Lot Number: T-PBOZ113
Starting Material: PB{NO3)2
Starting Material Purity (%)  99.99997
Starfing Material Lot No 22150

Matrix: 0.35% (abs) HNOs

3.0 CERTIFIED VALUES AND UNCERTAINTIES

10,009 = 22 HaimL

1_ﬂ1.d. g ihuas'ur&d E:tﬂ“ iz)

Certified Concentration:

Certified Density:

mwmlaMumﬂIMHﬂhw uwdhﬂuijnﬂiuﬂm The following equations are used in the
calculation of the cartified valse and the unaﬁrhm'llr

Certified Vale (=) = Xox, - 4 (e mmean |

n - [ mﬂ -
Unicerteinty () = 2i(E .71 ﬂ-w---ﬁm:hn oo 1 estimated errors.
- nﬂnﬁh‘lﬂthﬂm nstrumental measuremesnt,
m rmmmm;ﬂwmumrmtadmtm
mmfﬁﬂm;t "y

The independent samples -last was _iwmﬂmhmmm:havHummdhmﬂm o5%
confidence nterval, Both-methods e staied uncerfainties. This agreement is 8

T

e te 2007



structured measurement system




The new challenge in the global
measuring world

THE MUTUAL RECOGNITION
ARRANGEMEN

once measured

all measurements

Mutual recognition

acce pted eve ryWh ere of national measurement standards

and of calibration and measurement certificates
issued by national metrology institutes

Paris, 14 Cctober 1999

Comité international des poids et mesures

Bureau Organisation

international intergouvernementals
des poids de la Convention
el mesures du Métre

It 1S easy to say, but i1s difficult to be accomplished !



Analysis of Gold Alloys
by FAAS



Train MiC

Training in Metrology in Chemistry

Jamboree at JRC-IRMM 19-21 June 2006

!”« l‘

1 TfiinIlH: '1..
‘\

_ e
~ h""" L

Challenge of the best TrainMiC example

Dr. V. Kmetov Alicante 2007
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Let’s do it together

Please, read the next slides and try to identify:

— What is the intended use?

—What are the parameters that must be considered

for procedure validation?
— Which are the input quantities?
— How to build the uncertainty budget? =

Dr. V. Kmetov Alicante 2007
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http://images.google.com/imgres?imgurl=http://www.diamond-jewelry-india.com/diamond_fashion_jewelry/diamond_fashion_jewelry/diamond_fashion_jewelry-1.jpg&imgrefurl=http://www.diamond-jewelry-india.com/diamond_fashion_jewelry/diamond_fashion_jewelry/diamond_fashion_jewelry.htm&h=290&w=290&sz=32&tbnid=rqImdockiBSE5M:&tbnh=110&tbnw=110&hl=en&start=45&prev=/images%3Fq%3DJewelry%2Bgold%2B14kt%26start%3D40%26svnum%3D100%26hl%3Den%26lr%3Dlang_bg%26rls%3DGGLG,GGLG:2006-12,GGLG:en%26sa%3DN

| | | Introduction
* The jewellery gold alloys contain as major components
Au, Ag, Cu and Zn, which precise determination is of great importance.

* The fineness of precious metal alloys are specified in ISO 9202:1991, according to
the purity of gold as %o: 375, 585, 750 and 916 ( 9, 14, 18 and 22 karats respectively).
One karat is equal to 41,667%o

* The Au analysis has to keep the expanded uncertainty (k=3) less than 9 %o

* The traditional internationally recognised method is based on cupellation (fire assay)
ISO Standard 11426.

k
Slide 150
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Procedure description

Gold alloy samples are stretched to folio with 0.3 - 0.4 mm thickness. The
surface is washed by 5% v/v HNO;. A dry piece of 0.1 g accurately weighted to +
0,0001 g is directly dissolved into a volumetric flask of 50 ml with 5ml freshly prepared

aqua regia.

The flask is heated on ceramic hot plate for 20 min. During this process Ag
precipitates as AgCl. AgCl is dissolved by adding of 10 g NH,CI to the cooled solution
and total weigh of solution is made up to 50 g with BDW at (20°C).

The solution is diluted additionally by transferring 0,400 g with micro-pipette
to a conical vial adding 5% NH,CI in order to keep the solution homogeneous with

final weight of 12,000 g gravimetrically controlled.

Procedural blank is subject to exactly the same sample preparation

procedure as the analysed sample.

Dr. V. Kmetov Alicante 2007
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Collection of a sample
14 karat Au alloy

A

Gold alloy is stretched to
folio with 0.3 - 0.4 mm
thickness

A

Cleaning of the surface with
5% viv HNO,

Dissolvation of AgCl by adding
of 10 g NH,CI

\'4
Weighing of the sample
0,19
\'4
Dissolved into a volumetric o
Weighing of 0. 1g 99,99% pure gold.
_} flask of 50 r:l by Sml freSth Dissolution with aqua regia and made
prepared aqua regia. up to 100g with BDW
i v
Dilution of 0,4 g sample solution Preparation of calibration
with 11.6 g 5% NH,CI standards St1 and St2
\
ASDI-FAAS
Measurement
[(St1_sample_St2)*N]

v

N repeats of sets and
Signals treatment

'

Recovery correction
Calculation of result

Dr. V. Kmetov Alicante 2007
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Uncertainty sources

Conversion of alloy to homogeneous solution and total amount of gold to be
transferred into the solution

* Usethe trick with NH,CI
Dilution factor
« Use minimum steps

« Besurethat your (results) balances and glassware are traceable

Standards for calibration
« Provide standards with certificate (traceable)

« Make fresh standard from pure gold 99,99 certified

Repeatability of absorption measurements
« Work with the best S/N ratio according the scedastic curves
« Remove drift by standard-sample-standard sequence

 Apply sighal smoothing and ensemble summation
Dr. V. Kmetov Alicante 2007



Instrumental conditions

Table 1 Instrumental parameters for ASDI-FAAS determination of Au

FAAS parameters values ASDI parameters
Au spectral line (nm) 242,8 Q.. aspiration rate 6,4 ml/min checked by BDW
Au spectral slit 0,7 Injection time 5 s; Injection volume = 0,530 pL
Au Hollow cathode lamp current 10 mA Washing time 10 s; Total replicate time 15 s
Air/C,H5 units 50/18 Smoothing Savitzky-Golay 24 points
Observation high (mm) 6 Ensemble summation N signal profiles
Working range ppm 37 - 43 Pseudo plateau 3 s
Deuterium BG corrector OFF Sampling mode (St; _sample St )* N
Readings — points/s 50 Total time for one set 66 s

Slide 154
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1. Calibration standards

An initial Au standard solution C_Au_999,9 mg/L is prepared by dissolution
of 0,1 g pure gold 99,99 % (certified from Non-Ferrous Metallurgical Plant Plovdiv)
with 5 ml aqua regia filled up to 100 g with 5 % NH,CI.

C

Au 9999

_ m_ pureAu * Au _ purity 10 4

G — 100

Two calibration standard solutions with concentration 37 and 43 ug/g
respectively are prepared in 5 % NH,CIl.Both calibration standards are obtained in
polypropylene vials after further dilution of 0.370 g and 0.430 g from initial standard
solution made up with procedural blank solution to 10.000 g (gravimetrically

controlled).

C_Stl —

C * Gp_0,37

Au 9999 G
—10

C_St2 =C

Au 9999

* G p_0,43

G —10
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ASDI-FAAS
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-FAAS

ASDI

pseudo-steady state signals
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ASDI-FAAS
pseudo-steady state signals
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2. Calculation of signal standard uncertainty

Slide 159

U

_ A —one _set

N
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3. Bracketing calibration

» Two calibration standard solutions used are
with Au concentration 37 and 43 mg/kg
respectively in 5 % NH,CI

y = 0,014x + 0,0036
R?2=1

0,600 2
/

0,620

» The selected calibration range corresponds
to the range 13.5 — 14.5 kt recalculated for
analyzed alloy.

»>It is proved that the S/N ration is minimum
and the calibration interval belongs to the
linear range

0,500 \ T T \ \ \ \ \ \
36 37 38 39 40 41 42 43 44

Au mg/kg

C—Stl(A_StZ _ Ax ) + C_stz (A—x _ A—Stl)
A—St2 _ A—Stl

Cx =

Dr. V. Kmetov Alicante 2007
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5. Recovery correction

R = L

%o

W

— ref

%

6. Gold content (%o) in jewellery gold alloys

W

_%o:—1 Y50 O

vials —12 C * =

1000 m ,,

G, 0,4

1
R
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The Validation Menu

%ectivity/interference

O recovery - Y
Mgarity, working range
OD, LOQ
O regeatability, —~ m———lp=
|
?

'ggin-lab reproducibility
obustness /
PA
[0 exp uncertainty EE——— ) /

0 quality control
[ traceability - ,)»
] Dr. V. Kmetov Alicante 2007
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Comparative study of gold content in
Jewellery gold alloys

W_ av U (k=3)
%0 %0
ASDI-FAAS 583,5 7,2
ICP-MS 584 58

Cupellation 585,1

] Dr. V. Kmetov Alicante 2007
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For all of you who succeed to understand our
example..........
enjoy the picture!

‘ THE TRUST I
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