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e Classical Approach

e Uncertainty Approach

The evolution of the treatment of metrological uncertainty
from Classical Approach to an Uncertainty Approach.
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Scopes

e Probability
e Basic statistic

e Evaluation of uncertainty of
measurement
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The Uncertainty Estimation Process

Write down a clear statement of what is
being measured and the relationship

Step1 |7 Specification between it and the parameters on
l which it depends.
Step 2 |~ Identify Uncertainty Sources List sources of uncertainty for each
part of the process/parameter.
l Estimate the size of each uncertainty.
5> Step 3a | Quantify Uncertainty Component At this stage, approximate values
suffice; significant values can be
l refined at subsequent stages.
Step 3b | Convert to Standard Deviation Express each component as a
standard deviation.
l : — Combine the uncertainty components,
Step 4 |~ Combine the Uncertainties either using a spread-sheet method or
l algebraically. Identify significant
components.
Re-evaluate the Do the
d significant significant components —{ REPORT

components

eed re-evaluating?

No
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Eurcpean Federation of National Associations of
Measurement, Testing and Analtical Laboratories

Technical Report No. 1/2007
Viarch 2007

Measurement uncertainty revisited:
Alternative approaches to uncertainty
evaluation



Figure 1: A road map for uncertainty estimation approaches
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ISO GUM Approach %30 Bottom-up Approach
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Measurand:

1000 -m P -V, 1
Coey = KEP CKHP T3 [mol LT Pusie

Figure A3.2: Cause and Effect diagram for acid-base titration

MkHP
> same balance

C alibration
- - - sty Calibra:ianMiv "
Figure A3.1: Titration procedure Temperatur finearity ”nea'my
Calibration——= mitare)
Weighing KHP m(gross)
> CHC
MGF -
Titrate KHP Vrz Calibration——= Calibration—s
) end-point Vrz g
with NaOH Vre Temperature—— Temperatur
end-point Vry End pgint
-]
Take aliquot Repeatability Bias Vg, Myne Vel
of HCI
Titrate HCI Description Value x Stﬂﬂ_dﬂfd Relative standard
with NaOH uncertamnty u(x) | yncertainty u(x)/x
rep Repeatability 1 0.001 0.001
RESULT MK Weight of KHP 03886 ¢ 0.00013 g 0.00033
P Purity of KHP 1.0 0.00029 0.00029
Fr Volume of NaOH for HCI titration 14 .89 mL 0.015 mL 0.0010
Fr Volume of NaOH for KHP fitration 18.64 mL 0.016 mL 0.00086
Mgz [Molar mass of KHP 2042212 gmol? | 0.0038 g mol’ 0.000019
e HC1 aliquot for NaOH titration 15 mL 0.011 mL 0.00073
CHCI HC1 solution concentration 0.10139 mol L™ 0.00016 mol L™ 0.0016
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(Analytical Methods Approach) %30 Top-down Approach
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Measurement uncertainty model — fish-bone diagram
covermmg the anaiytical process from sampie arrival o report
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information from the validation process)
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Measurement uncertainty model — fish-bone diagram
covermmg the anaiytical process from sampie arrival o report

QC - Reproduciblity within
laboratory, B,
(section 4)

Method and lab beas
o Reference matenal
o [nteriad companson
o Validation

(section 5)




Action

Example — Ammomum NH-N

th

The measuwrement uncertainty for NHy-N will thus be reported as = 6 % at this

Specify Measurand

Ouantify R, comp.

A conrrol sample

B possible steps nor
covered by the
conirol sample

Quantify bias comp.

Convert components
to standard
uncertainty nfx)

Calenlate combined
standard uncertainty,
"I

{ .\! .q",
"y

-

Calculare expanded
uncertainty,
U=2.u

concentration level.

Ammonmm i measwrad in water according to
EN/ASO 11732 /11/. The customer demand on
expanded uncertainty 1z = 10 %

A Control limts are setto = 3.34 %

(93 % confidence linut)
B: The control sample meludes all analytical
steps.

From mterlaboratory compansons over the last 3
years the blas result were 24:2.7:19: 1 4: 1.8:
and 2.9. The root mean square (RMS) of the bias
15 2.25 %. The uncertamty of the nominal values
15 u(Cregf) = 1.5 %.

(see Appendix 4 for explanations)

Confidence mtervals and similar distnbutions
can be converted to standard uncertamty /1, 2,
14/,

uR,)=3342=167%

u(dias) = | RMS,} +u(Cref)’

=4225"+15 =271%

Standard uncertainties can be summed by takmg
the square root of the sum of the squares

u, =u(R, ) +{ubiad) =167 +27F =3.18

The reazon for calculating the expanded
umcertainty is to reach a high enough confidence
(app. 95 %o) m that the “true value” lies withm
the interval given by the measurement result +
the uncertamty. U=2-3.18=6.36=6 %.



Example B: BOD with Internal guality control = mmterlaboratory comparizon
results

Srep Action Example: BOD in wastewater

1

Specify Measurand

Quanafy wiFw!
A confrol sample
E possible staps not

covered by the
control sample

Quaniify Method and
laboratory buas
Data from Tabkle 5

Convert components to
standard uncertainty
sfx)

Calculate combined
standard uncertainty, u,

Calculate expandad
meertamty, L' =2-u

=

BOD 1n wastewater, measured wath EN1399-]
(method with dilution, seeding and AT The

demand on uncertamty 13 = 20 35,

A: The centrol sample, whach 1z a CEM, gives
ansof26%atalevel of 206 mgL O, 5 =206
%% 13 also used a5 5 when ssthing the confrol
chart limts.

B: The analv=1s of the control sample includes
all analytical steps after zampling

RMS, = 3.76

5 7.9
u(Cref) =—% = =147
/ Jno 4223
Rl =26%

ulbias =y RMS, +u(Cref)’ =
JITE +16T =411%

u,= 267 +4.11° = 4.86 %

[F=2.486 =97=10%
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IMEP-9 : Trace Elements in Water llI

Certified range (t U=2u . ) : 81.0 -85.4 nmol.L
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