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Measurement Uncertainty

GUM (BIPM, IEC, IFCC, ISO, IUPAC, OIML)
Guide to the Expression of Uncertainty in Measurement
(ISO, Geneva, 1993 - Revisidon 1995)
ISBN: 92-67-10188

“A parameter associated with the result of a measurement,
that characterises the dispersion of the values that could
reasonably be attributted to the measurand”

“A non-negative parameter characterising the
dispersion of quantity values being attributed to a
measurand, based on the infrmation used”

VIM 3 (ISO / IEC Guide 99)
International Vocabulary of Metrology-Basic and
general concepts and associated terms
(2007)
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Measurement Uncertainty

This parameter may be:
« Astandard deviation (combined standard uncertainty - u)
 The width of a confidence interval (expanded uncertainty - U)

Result = Value + uncertainty

A Realistic Pesticide Residue Test Result

0.85 + 0.30 mg/kg (k = 2; 95%)

0.85 £ 0.6 mg/kg

from 0.55 to 1.15 mg/kg!
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Information leaflet published in 2000 by the “SP-

LAPRW 2011

Swedish NTRI’

to be delivered to the “laboratory

customer” together with the test report

Important information to our customers
concerning the quality of measurements

analyses as a basis for your

0 Do you use results of chemical
decisions and judgements?

These of usworking in acaredited laboratories or dealing
with issuss concerning the quality of measurements,
would like to inform you abeut some important charges
concerning the way the results of measurements are
presented. These changes make it sasier for you as an
enchuser to make correct decisiors.

e Nobody Is perfect!

Feesults of analyses cannot be perfect! We hope this doss
Rt come a5 a big surprise to you. We use the term
measurem ent uncertainty to describe this lack of
perfection.

@ The analytical process

In each step of the ana-
Iytical wark, from samp-
lirgz to the firal measure-
ment, deviations from the
true value occur and
measurement conditions
vary. We tike measures
and perform contrels
regularly b assure that
these deviations and
variations together are
small encugh to make
aure the end result fulfils your requirements, When we
den’t have full information about all of the steps, e.2.
when sampling and initial sample preparation are perfor-
med by you as a cusbomer, you can assist us by providing

detailed informaticn about how that work was performed.

Cur experts are ready b adviss on all matters regarding
smpling. Flsase contact the laboratory beforshand.
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Results should be
fit.for.the.purpose
5“;

The accuracy of the results must of course nct be too
Low nor too high since this weuld incresss the costs, It
should be it for the intended purposs. If you are ursure
onwhat level of accuracy you need, donot hesitate to
comtact the laboratory.
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6 Uncertainty and limiting valuos

Many aralyses ar= mads to assurs that limiting values
arenot sxezeded. Without infermatien abeut the
measurement uncertainty it may appear to be very easy
ta make decisions, but these decision may beincorrest,
with, e.g. eccmomizal consequences when rejecting
instead of accepting a product, judicial conssquences
when returning a verdict of guilty instead of nat guilty,
cr medical comse quences when carrying out an.

v . There are les!

Limit

A result with and without
mensuremnent uncertainty

With a realistic inty the i

inchaded in the result becomes much mers ussful.

It will be easier to compare
results

Most laboratories hanve until now
chosen not to state measurement
uncsTtainty in the testreport.
Instead, such information

- hasonly been given
when the customer
- ", has asked for it.
# Ifcemation about |

the mexsuremmt |

Inthe future, informa ion about the measurement un-
certainty will appear more frequently in the best report.
It iz alen possible that you will bump inke nev and
unfamiliar quality terms. This is due to the fact that
there are rew intemational guides and standards de-
seribing a commen and partly new terminelogy. Cme of
the objectives is b make it easier for you asa customer
to compare test results.

O What could it look like?

When reporting the best resultvre will give the normal
infoomation abeout what we have measured. When the
results are Followed by uncertainty statements, they are
presented as intervals within which the trus values

are expected bo lis with a certain Level of confidence
{uzmually 95%). In the examnple below the lead content

is LES 4 015 mmalkg’, that is betwesn 1.50 and 180,
The measurement uncertainty is alsc often reported
relatively, in %.

Total lead content (Fb) 1.65 mmelkg!
Measurementuncertainty 0,15 mmolkg ' (%.1%)

The stated uncertainty is an expanded mesmuwement
inty (L. It bsined by ing the
combined stindard uncertainty 1, with 3 coverags
Eactor & equal to 2. This corresponds approximately to
a 55 % confidence inb=rval.

Fl SWEDACH

o All's well that ends well...

The requirements for a consistentway of reporting best
results are increasing. Therefors, those of us involved in
measurements are eager bo assure ourselves that we
understand your needs. You will notice this in your
comtacts with us before, during and after the best
assignment. We hope that vou will be satisfied with the
Final result.

2 uvsmeoeLsVERKET  \JAN

"Based on 3P INFO 200023, daweloped by 5P and Fersningen Adkreditarde Laboraborier (Fal), in collaboration with the National Food
Administation, SWEDAC, the Swadish Envirormenial Frotection Agency and tha Swedish Water and Waskwater Association (WL~




Important information to our customers
concerning the quality of measurements

analyses as a basis for your

0 Do you use results of chemical
decisions and judgements?

Those of us warking in acoedited laboratories or dealing
with issues concermning the quality of measurements,
would like to inform you about some important charges
concerning the way the resilts of measurements are
presented. These changes make it easier for you as an
enchuser to make correct decisions.

@ The analytical process

In each step of the ana-
lytical wark, from samp-
lirg to the final measure-
ment, deviations from the
true value acour and
measurernent conditions
vary. We take measures
and perform controls
regularly bo assure that
these deviations and
variaticns together are
amall encugh to make
aure the end result fulfils your requirements. When we
don’t hanee Full information abowt all of the steps, 2.2,
when sampling and initial sample preparation are perfor-
med by you as a customer, you can assst us by providing
detailed information about hosr that work was performed.
Cur experts are ready to advise on all matbers regarding
sampling. Flease contact the laboratory beforshand.

Nobody is perfect! \

Fesults of analyses cannot ke perfect We hope this does
not come s a big surprise to you. We use the term
measurement uncertainty to describe this lack of

Results should be
fit-for-the.purpose

The accuracy of the results must of course not be too
lower nor too high since this would increase the costs. It
should b= fit for the intended purpose. IF you are uresure
onwhat level of acouracy you need, donot hesitate to
contact the laboratory.
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Results of Analyses cannot
be perfect! ...

We use the term

“M rement Un inty”
to describe this lack of
perfection.
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Important information to our customers
concerning the quality of measurements

Do you use results of chemical
analyses as a basis for your
decisions and judgements?

1

Those of us working in acoredited laboratories or dealing
with issues conceming the quality of measurements,
would like to irdorm you about some important changes
concerning the way the remults of measurements are
presented. These changss malkes it easier for you as an
enchuser to make correct decisions.

9 Nobody is perfect!

Fesults of analyses ca b= perfect We hope this doss
not come s a big surgdPe to vou. We use the term
measurement unceginty to describe this lack of
periection.

6 The analytical process

In each step of the ana-
lytical waork, from samp-
ling to the final measure-

true value accur and
measurernent conditions
vary. We take measures
and perform controls
regularly bo assure that
these deviaticns and
variations together are
amall encugh te make
aure the end result fulfils vour requirements. When vwe
dom’t hanee full irformation abowt all of the steps, 2.2,
when sampling and initial sample preparation are perfor-
med by you as a austomet, you can assist us by providing
detailed information about hosy that work was perfoomed.
Cur experts are ready to advise on all matters regancing
sampling. Flease contact the laboratory beforshand.

Results should be
fit-for-the.pirpose

4/

The accuracy of the results must of course not be too
lower nor koo high since this would increase the costs. It

should be fit for the intended purpose. If you are ursure
onwhat level of acouracy you need, donot hesitate to
canitact the laboratory.

The accuracy of the resulits
must of course not to be

too low nor too high since
this would increase the
costs. It should be fit for the

intented purpose. ...




9 Uncertainty and limiting values

Many analyses are made to assurs that limiting values
are not excesded. Without informaion about the
measurement uncertiinty it may appear ta be wvery sasy
to make decisions, but these decision may be incormect,
with, e.g. economical consequences when rejecting
instead of accepting a product, judicial consequences
when returning a verdict of guilty inst=ad of not guilty,
or medical corsequences when carrying out an
urnecessary treatment. There are numetous examples!

Lirmit

A result with and without
measurement uncertainty
With a realistic measursment uncertainty the inforg
inchaded in the result becomes much miore us=g

7 What could it look like?

When reporting the test resultwe will give the normal
infoamation about what we have measured. When the
results are followed by uncertainty statements, they are
presented as inbervals within which the trus valies

are expected to lie with a certain level of confidence
(usually 95%:). In the example below the lead content

is 165 + 015 mmal-kg!, that is betvwesn 150 and 180
The messurement uncertainty is also often reported

elatively, in %,

Total lead combent (Fb)

145 mmiclkg!
Measurementuncertainty 0,15 mmolkg? (9.1%)

The stated uncertainty is an expandsd mesmrement
uncertainty (LI). It was cbtained by mulbiplying the
cornbined standand uncertainty w, with a covernge
Eactar k equal bo2. This corresponds approcimately to
a 55 % confidence interval.

It will be easier to compare
results

v been gven
V' when the customer
.. has asksd for it

fir massurement |
neartainty will

begivencn

\_\._\-uqmnl.____;"'

®re, informaion about the measuremsntun-
will appear more frequently in the test report
akso possible that you will bump into nesy and
unfamiliar quality terms. This is cue to the fact that
there are new intemational guides and standards de-
scribing o common and partly new temminelogy. Cre of
the cljectives is to make it easier for you as a customer
to compans best results,

The requirements for a consistent way of reporting best
results are increasing. Therefore, those of usirvalved in
measurements are eager to assure curselves that we
understand yvour needs. ou will notice this in your
combacts with us before, during and after the best
assigrment. We hope that you will be satisfied with the
final pesult.
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When reporting the test result we will

give the normal information about
what we have measured.

When the results are followed by
uncertainty statements, they are
presented as intervals within the true
val re ex lie with

values are expected to lie with a
certain level of confidence (usually
95%).
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Reporting a Result

Value with Precision , with Uncertainty
(without uncertainty evaluaiioni evaluation
K =2 (95%)
4 2

—
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“Quality” of (“Confidence” on) the Result

Standard Uncertainty (US)

0.2 0.3 0.4

N 34.1% 34.1%

0.0 0.1

-30 -20 -lo0 'y ‘1o 20 30

0.85 mg/kg (¢10%7?) | a Value
; 0.845 - 0.854 !
0.85 + 0.10 mg/kg (;50%?) —— with precision
: 0.75 - 0.95 !
0.85 * 0.30 mg/kg (95%) v . v with uncertainty K=2
¢ 1.15 - 0.55 (U=kxu)

| |
Confidence

Level Reported Result


http://upload.wikimedia.org/wikipedia/commons/8/8c/Standard_deviation_diagram.svg
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GUM Fundamentals

GUM (BIPM, IEC, IFCC, ISO, IUPAC, OIML)
Guide to the Expression of Uncertainty in Measurement
(SO, Geneva, 1993 - Revision 19995)
ISBN: 92-67-10188

- Uncertainty is seen frorn a posiiive point of view.

- A realistic unceriainty starement always improve fne gualiry of tne result.

- Transparent, simple and standardised procedure for evaluation / expression.

- Tyoe A and Tyoe B evaluartions (cdo not use randorn and sysrematic emrors!).
P P

- Cormbined Standard Unceriainty (v.) / Expanded Uncertainty (U).
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Guidelines - Analytical Measurement

EURACHEM / CITAC Guide CG 4 (QUAM:2000.1)
Quantifying Uncertainty in Analytical Measurement

(2" Edition, 2000)

NORDTEST Report TRS37
Handbook for Calculation of Measurement Uncertainty in Environmenial
Laboratories (2003)

EUROLAB Technical Report No. 1/2006
Guide io the Evaluation of Measurement Uncertainty
for Quantitative Test Resulis
(August 2006)

EUROLAB Technical Report No. 1/2007
Measurement Uncertainty Revisited: Alternative Approaches
to Unceriainty Evaluation
(March 2007)
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Figure 1: A road map for uncertainty estimation approaches

euro Definition of the
Igb measurand,
List of uncertainty
components
+ Ll
Intralaboratory Interlaboratory
approach approach

Method
performance

PTor PT
method performance

study?

Mathematical
model?

Proficiency testing

Organisation of
replicate measurements,
:

Method validation

Evaluation
of standard uncertainties

Method accuracy
ISO 5725

1ISO Guide 43
+

ISO 13528

Use of values
already published
+
Uncertainty on the bias
and factors not taken
into account during

Variability
+

Adding other
uncertainty contributions

Law of

uncertainty propagation
GUM

Uncertainty on the bias
and factors not taken
into account during

e.g. uncertainty on the bias

interlaboratory interlaboratory
study study
ISO TS 21748

Modelling approach Single laboratory Interlaboratory

validation approach validation approach
| |

PT approach

Empirical approaches
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Possibilities to Evaluate Uncertainty

1) Component by cormponent (sirict mathematical model)
Impractical for most of the analytical tesis

2) Gruping components o obtain the “Overall-Uncertainty”, and
using information on test method perforrmance from:

- Validation data

- Interlaboratory Studies

- Quality Confirol daia

- Scientific Judgemenis frorm previous experience
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|
Default-Fixed
Fit-For-Pourpose
measurand,

List of uncertainty Value
components 1
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Figure 1: A road map for uncertainty estimation approaches

Technical Report No. 1/2007 Definition of the

March 2007

European Fecerston of Natiral Assosistoos of
Vs ramant, TEAnG a0 Ansyical Lanersmenas

v

Intralaboratory
approach

v

Interlaboratory
approach

Scientific judgements
previous experience

PT or l

method performance
study?

| —

Mathematical

model? Horwitz Ecuation

concentration
-dependent

Proficiency testing

Organisation of
replicate measurements,
:

Method validation

Evaluation
of standard uncertainties Method accuracy ISO Guide 43
1SO 5725 +

SO 13528

Use of values

Multiresidue
Analysis of
Pesticides

N

Law of
uncertainty propagation
GUM

Modelli pproach

Adding other
uncertainty contributions

e.g. uncertainty on the bias

Single laboratory
validation approach

already published
+
Uncertainty on the bias
and factors not taken
into account during
interlaboratory
study
ISO TS 21748

Interlaboratory
validation approach

Variability
+
Uncertainty on the bias
and factors not taken
into account during
interlaboratory
study

PT approach

Empirical approaches

" i

top-down




Antonio Valverde LAPRW 2011 Practical and Valid Approaches

For Uncertainty Estimations in
Pesticide Residue Analysis

Guidelines - Codex Alimentarius

Specific Guidelines for Pesticide Residue Analysis
(Codex Committee on Pesticide Residues - CCPR)

CAC/GL 59-2006

Guidelines on Estimation of Uncertainty of Resulis

}

CX/PR 11/43/10

Proposed draft revision of the Guidelines on the estimation of uncertainty of
results for the determination of pesticide residues
(Appendix to the Guidelines on Estimation of Uncertainty of Results CAC/GL 59-2006)
(at step 3)

‘CCPR 434 Session (Beijing, P.R. China, 4-9 April 2011)

(at step 5/8)
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CAC/GL 59-2006

Measurement Uncertainty of the Laboratory
Standard Deviation ( S,) or Relative Standard Deviation (CV,)

(SP) Sample Preparation C\/SP

i
Analytical step (A) CV,

" Cleanup |

\ \/
BN BT

NPD - FPD - PFPD - ECD ‘ ‘ UV/DAD Fluorescencia ‘
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Guidelines - Codex Alimentarius
CAC/GL 59-2006

Guidelines on Estimation of Uncertainty of Resulis

(Voo = CVE+CV? and|CVi_ | [CV2 +CV

- Sampling (CVj)
- Sample Preparation (CVy,)
- Analytical step (CV,)

- Laboratory (CV))
CVg? 2
cv,
EURACHEM / CITAC Guide CG 4 (QUAM:2000.1) |/ /

actical and Valid Approaches
certainty Estimations in

- 2 2 2
Uc = \@ urep * Upigs
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CAC / GL 59-2006
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Guidelines on Estimation of Uncertainty of Resulis

In addition to the estimated uncertainties made by the individual laboratories. regulatory authorities and other
risk managers may decide on a deiault expanded uncertainty of measurements which can be used in judging
on 5) based on between-laboratories reproducibility values. For instance. a

comyp =y Y svea

50% expanded unr:ertmn‘r}F for C'Vy is considered to be a reasonable default value.

Alder et al. (2001) J. AOAC Int. 84, 1569-1578
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CX/PR 08/40/12

pace 4

Figure 3
Qn (%)
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MU estimation based on Horwitz formulas

RSD,
/

21—0.510gc — 2 sk C—O.ISOS

0.01 mg/kg
0.1 mg/kg

I mg/kg

= 32.0%

= 22.6 %

= 16.0%

U=k.RSD,

/ C (kg/kg):

i.e., 0.01 mg/kg = 0.00000001 ke/kg

+30

.

+10

Coetficient of Variatiag (%)

Pharma-

F ceuticals

Major

-20 Mutrients

Minar
Nutrients

E
a
(="

Concentration

Figure 1. The general curve relating interlaboratory coefficients of variation (ex-
pressed as powers of two on the right) with concentration (expressed as powers of
10) along the horizontal center axis
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CX/PR 11/43/10

Proposed draft revision of the Guidelines on the estimation of uncertainty of results for the determination of pesticide residues

(Appendix to the Guidelines on Estimation of Uncertainty of Results CAC/GL 59-2006)

CX/PR 08/40/12 page 4

| Default-Fixed Value (50% / EU)

Concentration-Dependent Formula (HORWITZ)
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CX/PR 11/43/10

Proposed draft revision of the Guidelines on the estimation of uncertainty of results for the determination of pesticide residues

(Appendix to the Guidelines on Estimation of Uncertainty of Results CAC/GL 59-2006)

3 || Infra-Laboratory Validation/QC/PTs Data

U, = (U,sz + u,biclsz)”2

Relative intra-laboratory /
reproducibility SD (QC)

7 Root Mean Square p
d (U biCIS)PT . of relative PTs bias & | YV (Cretder

5 (U bias)ac | —— | RoctMeansauare | @ 77 -

No-correction of relative QC bias

C (U biqs)QC —> | U'(MeanRec.)oc | & | Y (Creac
Mean Rec. Correction —,
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Reporting a Result of 0.40 mg/kg

Pesticide Residue Analysis

Internal QC Recovery data (3 months)
n = 14; Mean Rec = 86%; RSD=u";, = 15%

Expanded
Uncertainty | — U'=37% U'=50% ' U'=40% U'=50% U=31%
K=2(95%) HORWITZ | i| Default-Fixed (EU) |: u = (U 'R 2 4y ,b' 2)1/2
! ! w 1aS
0.7 . : ; ; ;
: L | (U pias)er (Y bias)ac (U pias)ac
I 1 No-correction Rec. Correction
! ] 13.5% 20% 4%
0.6 ; |
5 09 : +0.20 +0:20
kY +0.15 i +0.16 +0.12
@) : :
E O 4 o/ - 0.400 i 0‘40’ .............................. 50‘40. ...................... 0.40’ ......................... 0.40’ ..........
-0.15 -0.16 0349 0.2
0.3 | 0.20 : «0:20
0.2 § §
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st =
1 Comprehenswe CRL Survey Community Reference Laboratories for Residues of Pesticides

P 1
-+

Single Residue Methods

for Pesticide Residue Laboratories

in Europe
(November 2006 - February 2007)

35+ -I

Do you use the fixed
uncertainty figure of 50%?

Number of laboratories

No, variable No, variable
based onexp. depending on
data concentration
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