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Overview

* The main question of uncertainty evaluation

* The different approaches

— (Modelling approach)

— Approach based on validation and QC data
* The role of performance data

— Precision

— (Trueness, bias)
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The main gquestion of uncertainty
evaluation in an analytical lab:

The uncertainty
sources are
more or less

known

N

There are different data
available (control
charts, PT results, parallel
measurements ...)

A

I—N use these data to
take these uncertainty

sources into account?

Different approaches offer different solutions

to this question

22.05.2012

Uncertainty estimation approaches

Definition of the measurand

Y

Single laboratory

Yes

No

<Model-based?

Inter laboratory

Yes

Modelling

Component-
by-
component
evaluation
ISO GUM

Single-lab
validation

Within-lab
reproducibility
and bias
Nordtest
TR537

Interlaboratory
validation

Reproducibility
and bias
1ISO 5725

ISO TS 21748

Proficiency
testing (PT)

Between-lab
variability
ISO Guide 43
ISO 13528

Eurolab Technical Report No 1/2007 Available from:

http://www.eurolab.org/
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Uncertainty estimates by

different approaches

* Modelling (classical ISO GUM)

— Uncertainty of an individual result of a
measurement can be obtained

» Single-lab validation

— Typical uncertainty of results obtained using a
procedure in the laboratory

* Interlaboratory validation

— Uncertainty of results obtained using the same
procedure in different laboratories

These uncertainties refer to different

situations!
22.05.2012 5

The Modelling
Approach

Component by component
evaluation

22.05.2012 6
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Validation parameters
procedure characteristics

— identity, selectivity, specificity

— limit of detection

— limit of quantitation

— linear range

— accuracy, trueness (recovery), precision

— sensiti

vity

— ruggedness/robustness

22.05.2012
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Examples:
http://www.ut.ee/katsekoda/GUM _examples/
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Examples of Measurement Uncertainty Budgets in Analytical Chemistry
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2 mscedt # picasa Web Albums free ph.

If you do not have online access to the cited publications. please contact vo_leito@ut ee
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Measurement

plexity of
measurement

Elaboration level

Extentor
ments

Description

Available files

WMeasurement uncertainty due to
the matrix effect in LCESIMS

High

High

High

[This work (A_Kruve K_Herodes_| Leito_J AOAC Infemational 2010_8:

ull text of the article (please contact

306-314) presents an empirical approach—the matrix effect graph
approach—for estimating the uncertainty due to the matrix effect in LC-
MS (with the electrospray (ESI) ion source) analysis of pesticide residues
i fruits and vegetables. At certain time intervals (1 month), a calibration
loraph using exracts of diflerent fruitsvegetables as calibration solutions
s prepared. and a regression line is fitted through these data These
[fuits/vegetables may be either from the commadity group of the samples
or from different commadity groups. The relative residuals of the
calibration point peak areas are calculated and plotted against the

easurement time — the matrix effect graph is then obtained. The root
mean square of the relative residuals is calculated and used as the
estimate of relative uncertainty of the sample peak areas caused by the
matrix effect. The matix effect graph obtained over fruitsivegetables from
difierent commodity groups can also be used to identify fuitsivegetables
Jwith extreme matrix effects

lus if you do not have online access to

his article)

WMeasurement uncertainty of
measurement with amperometric
sensors

Medium

High

High

|This tutorial review (L Helm. L Jalukse. | Leito Sensors 2010. 10. 4430-
14455) focuses on measurement uncertainty estimation in amperometric:
sensors (both for liquid and gas-phase measurements). The main
uncertainty sources are reviewed and their contributions are discussed
Jwith relation to the principles of operation of the sensors, measurement
condiions and prapeties of the measured samples. The discussion is
ilustrated by case studies based on the two major approaches for
uncertainty evaluation-the ISO GUM modeling approach and the Nordtest
[approach. This tutorial is expected to be of interest to workers in different
[fields of science wha use measurements with amperometric sensors and
need to evaluate the uncertainty of the obtained results but are new to the
concept of measurement uncertainty. The tutorial is also expected to be
educative in order to m: sults more accurate.

[Full text of the article (it is an open-
laccess article, so the full text is freely

wailable )

Eleciron probe microanalysis
(SEM-EDS)

Figh

Figh

Figh

[Determination of iron in ink writing on paper manuscripts using electron
rabe microanalysis (SEM-EDS). Ful information, with detailed
explanations on uncertainty sources and their quantification is available in
publication K Virro. E Mellkov. O Volobujeva, V. Sammelselg. J Asari

_Paama. J Jirgens. |Leito Acta. published online
06.08.2007.

‘Analysis of gold alloys by flame-
AAS

High

High

Detailed example, covering not only uncertainty estimation but also
lvalication and establishing traceabilty

[Traceability, Meas urement Uncertaint

hapter 2 in Practical Examples on

Windows Explorer

Eurolab_Uncertainty_R.

5] snd v Leito_per

5] 4.1 vaidstion_Lopt

Examples of Heasu:
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Examples:

http://www.ut.ee/katsekoda/GUM_examples/

el

(pH, dissolved oxygen, sensor - Windows Internet Explorer

= 5 Tartu kool Keemia Instuut <~ 011 i ANS Chemical... S MSCEdt ] Picasa Web Abums free ph... S astat ] Google Analytics ] Web Sice Gallry =
L Paama.J Juigens. LLeito Acta_published onling
‘Analysis of gold alloys by flame- High High High [Detailed example, covering not only uncertainty estimation but also Mapter Z n Praciical EXampies on
AAS |valication and establishing traceability [Traceability. ieas urement Uncertainty
land Validation in Chernistry
[volume 1
Determination of calcium in Figh Figh High [Detailed example. covering not only uncertainty estimation but also hapter 3 i Praclical EXamples on
serum by spectrophotometry |validation and establishing traceability [Traceability, Measurement Uncertainty
land Validation in Cherisiry
volume 1
Determination of radium in water High High High [Detailed example, covering not only uncertainty estimation but also hapter 4 n Praciical EXampies on
by a-spectrometry |valication and establishing traceability [Traceability Weas urement Uncertainty
leng Vatidation in Chernistry
[Volume 1
Determination of polar pesticides Figh Figh High [Detailed example. covering not ol uncertainty estimation but also hapter 5 i Praclical EXamples on
by liquid chromatography mass lvalidation and estabiishing traceability [Traceabilit, Measurement Uncerainty
spectrometry land Validation in Chernistry
I
Determination of ammonium in Figh Figh High [Detailed example. covering not only uncertainty estimation but also Mapter 6 In Practical EXamples on
water by flow analysis (CFA) and lvalidation and estabiishing traceability [Traceabilit, Measurement Uncerinty
spectrometric detection {and Validation in Cheristry
olume 1
Simple weighing Simple Wedium Medium _[Uncertainty of simple weighing Workbench
DF pintout
Volume of 50 ml volumetric flask Simpie Medium WMedium  [Uncertainty of valume of solution contained in 50 mi volumetric flask. Workbench
DF printout
Volume of 10 ml pipette Simpie Medium Medium  [Uncerainty of valume of solution delivered by 10 mi bulb pipette Workbench
DF printout
L
Nonvolatile matter by gravimetry Wiedium Medium Medium [Routine determination of nonvalatile matter by gravimetry. The sample _[In English
Jwas weighed before and afer drying in oven at a specified temperature  |GUM Workbench
(please see the presentation ISO GUM Uncertainty in Chemistry). DF printout
in Estonian
IGUM Workbench
DF printout
PH measurement Wiedium High Cow [The uncertainty calculation for pH is available as a web application in English
(server-based, written in PHP). This means that calculation can be carried [Web application
out immediately in the browser and there is no need to install any
software. The result can be displayed either as a simple or as a detailed
result.In the latter case the measurement equation and detailed
uncertainty budget are also displayed. Additional information is available
in the help file of the web application and in the articles L Leito. L Strauss
E Koo V.Pihl Accred. Qual. Assur 2002, 7. 242249 and E Koort
K Herodes V.Pihl L Leito. Anal_ Bioanal. Chem._2004. 379, 720729, For
more information see also the PhD thesis of Eve Koort (defended on June
[20. 2006).
issolved oxygen concentration Medium High High [This uncertainty estimation procedure is intended for the mainstream  [In English

Vindows Explorer

Eurolab_Uncer tainty_R.

(5] MU_and_MV_Leito_Beri.

@] 4.1_valdation_Lpot

Sasbuvad - Mozia Thu,

[T

Examples of Heasus
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Examples:
http://www.ut.ee/katsekoda/GUM _examples/

& Examples of Measurement Uncertainty Budgets for Chemical Analysis (pH, dissolved oxygen, sensor - Windows Interet Bxplorer

~ 2] Tartu Ulikool Keemia Instituut < 011 “h AMS < Chemical .. £ ]MsCEdt * Picasa Web Albums free ph... ] gstat []Google Analytics 2] web Sice Gallery =
i the help ile of the web application and in the articles L Leito. L Strauss
[E.Koort, V.Pihl Accred. Qual. Assur. 2002, 7, 242-249 and E Koort,
[K.Herodes. V_Pihl. | .Leito. Anal. Bioanal. Chem. 2004, 379, 720-729. For
more information see also the PhD thesis of Eve Koort (defended on June
|20, 2006).

Dissolved oxygen concentration Medium High High [This uncertainty estimation procedure is intended for the mainstream fin English

measurement dissolved oxygen concentration measurement with the gaivanic type of LS calculation file
equipment. Details can be found in the article: L Jalukse_| Leito
easurement Science and technology 2007. 18 1877-1886 and also in
|the PhD thesis of Lauri Jalukse.

Complexonometric titration Medium Medium Medium |Complexonometric determination (EDTA) of total hardness of water |GUM Workbench

[PDF printout

Ammonium by Photometry High High High |A mainstream measurement of NH,” by photometry. Contains XLS fIn English:

‘ [GUM Waorkbench
import. The corresponding SMU and XLS file must be placed in the same IPDF printout
[folder. The methed is based on ISO 7150-1:1984. This is a tricky |Auiliary XLS
example. After several years of discussion and careful study we now [ LS
believe that the uncertainty estimate in this example is not
underestimated if the determination is carried out carefully and if there is
Ino strong strong chemical intereference. (please see the presentation 10|
[GUM Uncertainty in Chemistry). In any case, use with care! For deeper
[coverage of uncertainty sources in photometric analysis see the paper
L Sooali E | R66m. A Kitt_ | Kaljurand. | Leito_ Accred. Qual Assur
[2006. 1. 246-255 and the PhD thesis of Lilli Soovali (defended on June
|20. 2006).

Nitrite by Photometry High High High  [Photometric determination of nitite using the NEDA-sufanilamide |GUM Workbench
[method. For deeper coverage of uncertainty sources in photometric [PDF printout
analysis see the paper L Soovali, E -I R&6m. A Kitt | Kaljurand. |
Leito_Accred_Qual Assur 200611, 246255 (published online on
|25.04.06) and the PhD thesis of Lilli Soovali (defended on June 20, 2006).

Butanol in acetone by GC High High Medium [Measurement of butanol content in acetone by GC_ Very small solution _|In English:
[volumes are used in this method and all solutions are prepared by |GUM Workbench
[weighing. The largest uncertainty contributions are due to the [PDF printout
imperfections of integrating peaks on the chromatogram and drift of the
balance. which is mainly due to the volatilty of acetone

Sorbic acid by HPLC High Low Wedium  [Mainstream liquid chromatography (HPLC) method for determination of _Jin English
presenatives (Sorbic acid in this example). Main parameters of the: IGUM Workbench
[method: Isocratic elution (Acetate buffer - MeOH, 70-30), RP C18 column, [PDF printout
UV-Vis photometric detection at 235 nm In Estonian

IGUM Workbench
IPDF printout

Quality control of a drug product High High High Liquid chromatography (HPLC) determination of Simvastatin in tablets. _[In English

by HPLC [The method is a mainstream HPLC method with UV-Vis photometric l5-point calibration:
detection at 238 nm. Two varieties are provided: 5-point calibration and [GUM Workbench
single point calibration. This uncertainty estimation has been published in |[PDF printout
[the following paper: S_Leito. K_Molder. A Kunnapas. K. Herodes. | LeitofSingle-point calibration:
J_Ghrom. A 2006, 1121, 5563 IGUM Workbench

IPDF oprintout

Windows Explorer

Eurolab_Uncertainty_R.

5] snd v Leito_per

5] 4.1 vaidstion_Lopt
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Examples:
http://www.ut.ee/katsekoda/GUM_examples/

(pH, dissolved oxygen, sensor - Windows Internet Explorer

by HPLC

Instiuct <

011 i ANS Chemical... S MSCEdt ] Picasa Web Abums free ph... S astat ] Google Analytics ] Web Sice Gallry =
- I A e e e e

[The method is a mainsiream HPLC method with UV-Vis photometric  [-point calibration

detection at 238 nm. Two varieties are provided: 5-point calibration and

single point calibration. This uncertainty estimation has been published in [PDF printout

the Tollowing paper: S. Leito_K_Molder. A Kiinnapas. K_Herodes. | Leito[Single-point calibration

1 Chrom. A 2006, 1121, 5563 [GUM Workbench

IPDF printout

Phosphorus Content in Feed by High High High [Vieasurement uncertainty estimation example on photometric [GUM Workbench
Photometry determination of phosphorus in feed using the molybdatovanadate [PDE printout

reagent. The largest uncertainty contribution is due to the sample
reparation. For deeper coverage of measurement uncertainty sources in
photometric analysis see the following paper: L Soovali E m A
it | Kalueanc | Lot Aecred Gusl Assur 2006 11 216255

Files

comments

Feadhark
Vindows Explorer

Complexity, elaboration level and extent of
n

Estimates of uncertainty components

Eurolab_Uncer tainty_R.

Lead in Soil by AAS High High High [Measurement of Lead content of soil by graphite fumace atomic [GUM Workbench
absorption spectrometry. [PDE printout
15
Comments

The Ty budgets are available in files of ollowing types
GUM Warkbench files (extension SMU) have been created by GUM Workbench TrainMiC 1.3 (Metrodata GmbH)
« PDF printouts of the SMU files (not all peaple have the GUM Wiarkbench software. The printout contains all the essential information about the uncertainty
example)
» Excel files (extension XLS) have been created by MS Excel 97 (MicrosoftInc.). Some of them are standalone uncertainty budgets, some are just auxiliary
files (containing input data) for SMU files.
Most of the fles are in English. In some cases files in other lanquages are also available

The “complexity of measurement" refers to the intrinsic complexity of the measurement itself (the more there are operatians and measurements, the higher the
complexity)

The “elaboration level" refers to the extent to which various uncertainty sources have been identified and taken into account. Low elaboration level does not
necessarly mean that there are important uncertainty sources that have not been taken into account: instead it usually means that here and there several
different uncertainty sources have been grouped. For example, instead of identifying all the repeatability contribtions, they may have been grouped to give the
general repeatability of the procedure that can be estimated from overall repeatability studies

The “extent of comments™ indicates how much comment is added to the file to increase the readability by users

B e T e e G e TR R e R G e e
reasonable estimates (based on experience o literature data) are used. The obtained uncertainty values have proved to be adequate for those conditions
However, these uncertainty values are not directly applicable to results obtained in other laboratories using arwﬂem instrumentation and working practices (even if
exactly the same measurement procedures are used) because they are dependent on the condtions. These values should thus be used for guidance only. The
users of the examples are strongly recommended to do their own estimation of uncertainty components based on their own equipment and working practices and
then insert the uncertainty data into the fles from this page. Also, it is strongly recommended to see the presentations 150 GUM Uncertainty in Chemistry
(presented in 2004 in Stockholm on MiC teaching warkshop) and Different Approaches to Estimation of Measurement Ungertainty in Analytical Chemistry
(presented in 2010 in Tel Aviv at IsrAnalytica Xil)

The material on this site is provided on *as is” basis, the compilers of this site accept no responsibiliy or iability whatsoever with regard to the material on this
site.

Any fandhack (comments_arr renarts_crificism is mast welcamal The fasdhack should he sent tn b | sitn (ivn laitnlatlit sa +372 5 184 176 | Inivarsity of

(] 4.1_Vaidation_L.ppt — Examples of Measur

Validation and
Quality Control |

on the example of the ~~===
Nordtest approach

Approach Based on

NERDTEST Reigy

HANDBOOK

CALCULATION OF
MEASUREMENT UNCERTAINTY

IN
D ata ENVIRONMENTAL LABORATORIES

EDITION 2

1
|
|
i
i

Bertil Magnusson
Teemu Naykki
Havard Hovind
Mikael Krysell

Nordtest Technical Report 537, 2nd ed (2004)

http://lwww.nordtest.info/index.php/technical-report

s/category/chemistry.htmi
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Types of
errors

Performance
characteristics

systematic
error

|

(total)
error

I

Random
error

trueness

l

Accuracy

I

precision

Menditto, Patriarca, Magnusson  Accred. Qual. Assur. 2007, 12, 45

Quantitative

expression of

performance
characteristics

bias

|

<= | Measurement
uncertainty

I

rep

<—=p | Standard deviation

repeatability/
within lab reproducibility

roducibility

Effects contributing to
uncertainty

/\

Random

22.05.2012

Single-laboratory validation
approach

Systematic

* The two groups of uncertainty contributions
are quantified separately and then combined

May 2012
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Single lab validation
approach: in practice (1)
¢ The main equation:

U =yu(Ry)? +u(bias)?

f \ Uncertainty of the
estimate of the

Within-laboratory Flrereteny e o
reproducibility method bias
This component .
accounts for the U GO
random effects account_s o
systematic effects

* This and subsequent equations work with

absolute and relative values

Nordtest Technical Report 537, 2nd ed (2004)
http://www.nordtest.info/index.php/technical-report s/category/chemistry.html

Validation parameters
(procedure characteristics)

— identity, selectivity, specificity

— limit of detection

— limit of quantitation

— linear range

— accuracy, trueness (recovery), precision
— sensitivity

— ruggedness/robustness

16
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Precision

Precision component u(R,,)

u(R,,) = Sg,, is usually found
from:

 the warning Jimits of X

The control
Ideally: separately for sample analysis
different matrices and has to cover the
different whole analytical
9y concentration levels! process .
Precision
How to determine precision?

* Example:

An analyst analysed a food sample by HPLC. He carefully

homogenized the sample in a blender and took a

subsample. With the subsample he carried out sample
preparation (consisting of extraction, precipitation and
centrifugation). As a result he obtained a clear solution.
He transferred it into a 50 ml volumetric flask and filled it
up to th ackwith the mobile phase_He analysed 10
calCutatee-thre-witin-lab reproductbifityas standard
deviation of the results.

Did he do it right? | | If not, what should he do differently?

22.05.2012 18
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5o 5 o Precision
Determining precision when
sample is stable for a long time
Precision
Determination of fat content
Date Sample Result (g/1009)
10.02.2008 27 22.5
16.02.2008 27 21.8 Mean: 23.1 g/100g
26.02.2008 27 22.4 St Dev: 1.1 g/100g
7.03.2008 27 23.6
17.03.2008 27 23.9 DF: 12
27.03.2008 27 23.4
6.04.2008 27 23.7
16.04.2008 27 23.9 o o
26.04.2008 27 21 \Within-lab reproducibility sg,y
6.05.2008 27 25.8
16.05.2008 27 22.1
26.05.2008 27 23.2
5.06.2008 27 22.2
22.05.2012 19
Precision

Pooled Standard Deviation

* General formula:

(n,-Ds’+(n, -Ds,” +...+(n -Ds”
n+n,+..+n —K

Spooled =

¢ Symbols:
— k number of groups (in this case samples)
— S;, S,, etc are within group standard deviations

- ny, n,, etc are numbers of measurements made with different
samples

22.05.2012 20
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Determining precision when Precision
sample is not stable for a long time

Pooled Std Dev
Determination of protein content

St dev

Date Sample Result (9/100g) Sample g/100g Comp.
10.02.2008 1 10.2 1 0.354 0.125
10.02.2008 2 34 0.572 0.980
10.02.2008 3 0.447
13.02.2008 1 0.927
13.02.2008 2 0.500
13.02.2008 4 1.320
18.02.2008 2

18.02.2008 3

18.02.2008 6 s_pooled = 0.598 g/100g
25.02.2008 6

25.02.2008 4 17 DF: 12
25.02.2008 5 9.2 I e e
4032008 2 7 131 Within-lab reproducibility sk,
4.03.2008 6 12.9

8.03.2008 3 17.4 . -
8.03.2008 4 182 Different sample matrixes!
8.03.2008 5 13.2

8.03.2008 6 135

But less “long-term”

22.05.2012

u (bIaS) Trueness, bias

* The bias of lab’s results from the best
estimate of true value is taken into account

 u(bias) can be found:

— From analysis of the same samples with a reference
procedure

— From analysis of certified reference materials (CRMs)
— From interlaboratory comparison measurements
— From spiking experiments

Ideally: several reference materials,
several spikings
(bias will in most cases vary with matrix
and concentration range)

Necessarily: several replicate

measurements for the same CRM
22.05.2012 22
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i Trueness, bias
u(bias) bias =C,, | —Ciy

D u(Cref))?

n

RMS, a5 = Z(binas1-)2 u(Cref ) =

u(bias) = RMS,. +u(Cref )’

7 N

This component
accounts for the
average

This component
accounts for the
average bias of

the laboratory uncertainty of the

results from the reference values
Cref Cref 23

22.05.20]

How to conduct a spiking  [Trueness, bias
experiment?

» Two analysts determined meropenem (an antibiotic) in blood plasma.
Both needed to determine the bias of the procedure. They obtained
blank plasma samples and did the following:

* Analyst 1 took 500 ul of the blank plasma and added 400 ul of
methanol. He separated the precipitated proteins by centrifugation
and transferred the supernatant into an HPLC vial. He then added
100 pl of meropenem standard solution with suitable concentration to
the supernatant and injected the resulting solution into the HPLC
system for ar

Analyte has to be added at as early

stage as possible!

* Analyst 2 took 500 g of the blank plaSma and added 500 ul of
methanol, which contained a suitable amount of meropenem. She
separated the precipitated proteins by centrifugation and injected the
resulting supernatant into the HPLC system for analysis.

22 05.2012 Which analyst did it correctly? Why? o

12
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Absolute vs relative
uncertainties: Rules of Thumb

* At low concentrations (near detection limit,
trace level) use absolute uncertainties

— Uncertainty is not much dependent on analyte level

* At medium and higher concentrations use
relative uncertainties

— Uncertainty is roughly proportional to analyte level

* In general: whichever is more constant

Appendix E.5 from Quantifying Uncertainty in Analy tical Measurement,
EURACHEMI/CITAC Guide, Third Edition (2012)
Available from: http://www.eurachem.org/

Single lab validation
approach: Determination
of ammonium in water

This is the result
of a particular
° i analysis for which
According t.o EN/ISO 117(32/ ysis for wh
« Concentration level 200 mg/L calculate
uncertainty
¢ From the X chart: warning limits are setto *
3.34%

— Warning limits are set to 2s
— Thus u(R,,) = Sgyw = 3.34% /2 =1.67%

Example from:  Nordtest Technical Report 537, 2n  d ed (2004)
http://www.nordtest.info/index.php/technical-report s/category/chemistry.html

13
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Single lab validation approach:
Determination of ammonium in water

From the interlaboratory comparison results bias over 3
years has been: +2.4%, +2.7%, +1.9%, +1.4%, +1.8%
and +2.9%.

— Thus RMS,,; = 2.25%

— Uncertainty of consensus values is estimated as u(Cref) = 1.5%
— Thus u(bias) =2.71%

U, =+2.25° +1.52 = 2.71%
Standard uncertainty:

u. =167 +2.7F =3.18%

Relative expanded uncertainty: U =6.4% (k = 2)
Absolute expanded uncertainty:

22 d4,57,200 mg/l * 6.4% / 100% = 12.8 mg/l (k =2) »7

Choosing the approach
* If you have
— Competence and time
— Data on all important influencing quantities
» Use the Modeling approach

* If you have

— Quiality control data and results of participation in
ILC-s or CRM analysis

» Use the Single-lab validation approach

* Interlab approaches are not generally
recommended

22.05.2012 28

May 2012
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Credits

 Parts of this presentation have been created in
collaboration with Bertil Magnusson (SP,
Sweden)

* The thoughts expressed yesterday by Steve
Ellison, Ricardo da Silva and Wolfhard
Wegscheider were very inspiring

* A part of this presentation has been used in the

TrainMiC

Training in Metrology in Chemistry

training materials

22.05.2012 29

Thank you for your attention!

* The presentation is available from:
http://www.ut.ee/ams/

* You are always welcome to contact me:
ivo.leito@ut.ee

22.05.2012 30
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sted Sites = 2] Tartu Oikool Keemia Instituut. g Anaheim Spring 2011 11 AMS ~gr Analytical SCENE Chemical ... 2 | MSCEdit

Applied Measurement Science
Bridging the gap between measurements and society

What is Applied Measurement
Science?

Itis a 120 ECTS international Master's program at
University of Tartu. Studies are carried out in the brand-
new “Chemicum” building, one of the top research and
education facilities in Northern Europe.

Read more about what we can offer you and why
studying applied measurement science at the University
of Tartu can be your best cheice. For a more lively
information please see this recent presentation

Video on the left gives some idea about our university.

AMS blo

Traceability, Uncertainty: the Challenges for the 21th
entury Analysts

On May 21-22, 2012 a workenop " a EIE Oncertainty. the Challenges
for the 21th Century Analysts took place in Berlin. This workshop focused on the refationship between
method validation, [.]

Read more | Fatit

L Windows Bxpl... [|| 5 .. adobe Acroba... ||| 18] McrosotPow... ||| & ssabuved -mo

MicrosoftExce .| (2 EditPost <Appl... [ 2 Measuremen... | nited -ot.. |
—

Picasa Wieb Albums fres ph... £ |astat -] Google Anslytics £ ] 1/eh Slee Galery v

Apply now ‘
A A
View brochure ﬂ

r)
RSS Feed i)

What is AMS 2
Introduction, what students say,

Study programme
Courses, key competences,

Admission

Who should apply, dates,
documents.

Tuition fees, scholarships
Requirements, information,

Career outlook
Can | find job after graduation?

Living in Estonia
Estonia, Tartu, jobs,

Our professors blogging

Contact
Phone numbers, addresses,

Applied Measurement
Science

Suile macldib see.

155 inimesele meeidib Applied Measurement

e &

alll G Qg
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