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„The program“:

• Method validation

• Traceability

• Uncertainty

• Is there a connection prescribed by 
logic?

• Is there a hierarchy or time sequence?

• What are the tools of the trade?
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The sequence:

• Customers have to make decisions

• Decisions are correct or incorrect

• „Good“ correctness requires small uncertainty 
(⇒ small target uncertainty)

• Method development is aimed at target 
uncertainty

• Validation has many facets/…

• Uncertainty of measurement from separate 
components

• Uncertainty is limited by traceability
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What is required for decisions?

• Measurement 
results 

(measured quantity value 
AND measurement 
uncertainty)

• (regulatory) limits

• Decision rule

• Decision on state
– Acceptable
– Not acceptable
– (no decision)
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Sometimes this is mirrored by modern 
legislation:
COMMISSION DIRECTIVE 2009/90/EC of 31 July 2009 … technical 

specifications for chemical analysis and monitoring of water 
status 

„Member States shall ensure that the minimum 

performance criteria for all methods of analysis applied 

are based on an uncertainty of measurement of 50 % 

or below (k = 2) estimated at the level of relevant 

environmental quality standards and a limit of 

quantification equal or below a value of 30 % of the 

relevant environmental quality standards.“
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Different roles of method validation

• Establish performance characteristics
– Linearity

– Limits of detection/determination

– Precision: repeatability, intermediate 
reproducibility

– Effect of concomitants

– Trueness

• Identify influence coefficients: robustness

• Present data for approval of method

• Produce control limits for everyday 
operation
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Requirements of customer

Convert to target uncertainty

Apportion to the different steps

Express as figures of merit

Specify validation plan

Validate

Compute figures of merit

Estimate factual uncertainty

Accept/reject contract

Do analyses

Report to customerReport results

Validation starts out from the 
customer´s needs
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property of a property of a measurement resultmeasurement result whereby the result whereby the result 

can be related to a reference through a documented can be related to a reference through a documented 

unbroken chain of unbroken chain of calibrations,calibrations, each contributing to each contributing to 

the the measurement uncertaintymeasurement uncertainty

(VIM ISO/IEC JCGM 200:2012)(VIM ISO/IEC JCGM 200:2012)

Metrological traceability:
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Two key components to traceability of 
a measurement result:
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Two „types“ of references:

1. with little influence on final result

2. with large influence on final result

Ad 1) 

• large uncertainty on reference contributes little to 
uncertainty

• poor control to this reference produces but a 
small deviation
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Two „types“ of references:

1. with little influence on final result

2. with large influence on final result

Ad 2) 

• large uncertainty on reference contributes a lot
to uncertainty

• poor control to this reference produces a large
deviation
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What is required ?

• A (complete) model of measurement
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The analytical process:

materialsmaterials flowflow informationinformation flowflow

Sampling target

Primary sample

Test portion
measurement

Measurement
result

State of 
sampling target

Decision on
state of sampling

target
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Advanced Methods for the 
Determination of Uncertainty: M.C.

• Scientific Motivation

– Large uncertainties

– „natural“ limits: upper and lower end

– Deeper understanding

• GUM Supplement 1 
“Propagation of distributions using a Monte Carlo 
method, JCGM 
101:2008, http://www.bipm.org/en/publications/guide
s/gum.html
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Uncertainty of measurement: 
what´s new?

A  old
B  new
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Uncertainty from Standard Additions
100 mg Cu2+ for 1000 mg/l solution

20 mg/l Cu2+ solution

+2 mg/l Cu2+ +4 mg/l Cu2+ +6 mg/l Cu2+ +0 mg/l Cu2+ 
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Model solution of standard additions
100 mg Cu2+ for 1000 mg/l solution

20 mg/l Cu2+ solution

+2 mg/l Cu2+ +4 mg/l Cu2+ +6 mg/l Cu2+ +0 mg/l Cu2+ 
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Model solution of standard additions
100 mg Cu2+ for 1000 mg/l solution

20 mg/l Cu2+ solution

+2 mg/l Cu2+ +4 mg/l Cu2+ +6 mg/l Cu2+ +0 mg/l Cu2+ 
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Model solution of standard additions
100 mg Cu2+ for 1000 mg/l solution

20 mg/l Cu2+ solution
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Model solution of standard additions
100 mg Cu2+ for 1000 mg/l solution

20 mg/l Cu2+ solution

+2 mg/l Cu2+ +4 mg/l Cu2+ +6 mg/l Cu2+ +0 mg/l Cu2+ 

aliquots from sample

0.06 abs. 0.10 abs. 0.14 abs.0.02 abs.

regression

result
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Model solution of standard additions
100 mg Cu2+ for 1000 mg/l solution

20 mg/l Cu2+ solution

+2 mg/l Cu2+ +4 mg/l Cu2+ +6 mg/l Cu2+ +0 mg/l Cu2+ 

aliquots from sample

0.06 abs. 0.10 abs. 0.14 abs.0.02 abs.
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Model solution of standard additions
100 mg Cu2+ for 1000 mg/l solution

20 mg/l Cu2+ solution

+2 mg/l Cu2+ +4 mg/l Cu2+ +6 mg/l Cu2+ +0 mg/l Cu2+ 

aliquots from sample

0.06 abs. 0.10 abs. 0.14 abs.0.02 abs.

regression

result

0
,8
5

0
,9
0

0
,9
5

1
,0
0

1
,0
5

1
,1
0

1
,1
5

2
,5
%
 =

 0
,9
3
6

9
7
,5
%
 =

 1
,0
6
6

W. Wegscheider@Berlin 2012

Standard additions at low concentration
100 mg Cu2+ for 1000 mg/l solution

20 mg/l Cu2+ solution
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Definition of measurand:

• Loose ⇒ Simple procedure

• Tight ⇒ Involved procedure

• Deficiencies in definition of measurand 
are mapped as separate contribution in 
measurement uncertainty… but how?

• Sampling problem to encompass 
population (and not just the 
sample/specimen)
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Some linkage …. in summary:
• Target uncertainty defines procedure

• Procedure and traceability define 
uncertainty of the definition of the 
measurand
– „more“ procedure ⇒ „less“ uncertainty

• Influence factors in validation become 
components of uncertainty

• Traceability limits uncertainty

• Uncertainty of references contribute to 
uncertainty of measurement
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• No uncertainty without traceability

– Uncertainties of standards would be „lost“

• No uncertainty without validation

– No influence factors identified

– No size estimate for influence factors from
references (⇒ traceability!!)

W. Wegscheider@Berlin 2012
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