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Regulatory limits and analysis:Regulatory limits and analysis:
Setting limits andSetting limits and

interpreting results with uncertaintyinterpreting results with uncertainty

S Ellison

The preparation of this paper was supported under contract with the Department of Trade and Industry as part of the 
National Measurement System Valid Analytical Measurement (VAM) Programme
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Introduction

• What is Measurement uncertainty?
• Impact on decisions
• Managing uncertainty in regulation
• Interpreting results
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What is Measurement 
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”

(ISO Guide)

The number after the The number after the ±±
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What does Uncertainty mean?

A RANGE containing the TRUE VALUE?

“The amount is between 17.9 and 27.5”

22.7

4.8 4.8
22.7 ± 4.8 g

best estimateAt a stated level 

of confidenceAt a stated level 

of confidence
.. Assuming we have 
the model right

.. Assuming we have 
the model right.. and that there’s no 

uncertainty in the

uncertainty
.. and that there’s no 

uncertainty in the

uncertainty.. and that we’ve estimated it properly

.. and that we’ve estimated it properly
.. and that no-one 

made a mistake in

the analysis
.. and that no-one 

made a mistake in

the analysis
.. and that the 
chemistry is OK
.. and that the 
chemistry is OK
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Interpretation: example

• Declared Meat Content: 67%

D
ec

la
re

d

F
o

u
n

d• Public Analyst  result: 64%

• Referee result: 65±3%

• Trading Standards officer 
correspondence:

This vague answer has 
prevented a successful 
prosecution… has anyone else 
experienced these ambiguous 
results ...?

This vague answer has 
prevented a successful 
prosecution… has anyone else 
experienced these ambiguous 
results ...?
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What does Uncertainty mean?

• That the result is uncertain so we can ignore it

• That the analyst doesn’t  know the answer

• That more crooks will get away with it

• That we need to change the way we interpret results

• That we need to change the law

• ….
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Measurement uncertainty ...

• DOES NOT
...just include observed precision

• DOES
... include ALL POSSIBLE effects

... including uncertainties in reference values, environment, method 
controls....

... try to say something about where the true value might lie
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Problems

• “Correct” evaluation

• Impact on compliance assessments

• Correct interpretation

• Communication

• Management
– of uncertainty

– of decisions with uncertainty
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Uncertainty evaluation methods

• Repeatability assessment
– Always insufficient...

• ISO Guide approach (“the GUM”)
– Accreditation

• Validation-based approaches

• Interlaboratory study
– Traditional in regulatory analysis
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“Best” Method depends on the 
problem

““Well characterisedWell characterised””
quantified effects, 

differentiable, 
continuous, traceable

Poorly characterised;Poorly characterised;
Unpredictable effects;

Input parameters unclear

Measurement model 
applies

POORLYPOORLY

Whole method study applies

WELLWELL

WELLWELLPOORLYPOORLY

Use both for mutual confidence
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Estimating measurement 
uncertainty

• Use published standards and protocols
– ISO Guide to the Expression of Uncertainty in Measurement

– Eurachem: Quantifying Uncertainty in Analytical Measurement

– ISO TS 21748: Using reproducibility data for measurement 
uncertainty estimation

• Use data on method performance

• Use published data

• Use data on the particular sample under test

• Use data on reagents and equipment 
– e.g. Calibration material uncertainties
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Why regulate?

• To reduce risks to health and environment

• To control trade and prevent fraud

Both require only
“Reasonable assurance”
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“Reasonable assurance”

Unregulated

Health risk

With regulation

Limit
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Managing uncertainty in 
regulation

• Know and control the uncertainty

• Establish rules for interpretation
– Whether to use uncertainty

– How to evaluate

– Positive compliance versus positive non-compliance
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False response
rates

Controlling uncertainty

Basic 
performance

studies

Interlaboratory
comparisonsPrecision 

and bias

Quality
control/SPC

Proficiency
testing Numerical

simulationsCause 
and effect

studies

Formal
Ruggedness

testing

Uncertainty
budgets

Monte Carlo
methods

Proficiency
testing
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Regulators’ behaviour*

• Set regulations to achieve aims
– allow experts, courts and industry to establish methods of 

policing and compliance detection

• Do not assume measurement is the only enforcement 
method

• Set limits such that ‘borderline cases’ are not very 
important

• Act further if disagreement undermines regulation

*Inferred from observation
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“Reasonable assurance” and 
uncertainty

Unregulated

Health risk

With regulation

Limit

Large uncertainties  can
be sufficient
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Managing uncertainty in regulation
Options for interpretation

 Ignore uncertainty
 Incorporate

uncertainty in limit

Regulators and tech experts
must establish acceptable
uncertainty and demonstrate it

 Require
uncertainty
reporting

Labs estimate uncertainty;
regulators/experts decide how
and set interpretation rules

Require expert
interpretation

Labs must become experts;
usually includes knowledge of
MU
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Interpretation

When is the limit 
exceeded?

(a) (b) (c) (d) (e) (f) (g)
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In doubt

Typical Current guidance

(a) (b) (c) (d) (e) (f) (g)

Positive

non-compliance

Positive

compliance
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How does Measurement Uncertainty 
affect interpretation?

When is the limit 
exceeded?

(a) (b) (c) (d) (e) (f) (g)

Interpretation is easier
if a ‘decision rule’

is given

Eurachem 2010 :: 22

Recent guidance on 
interpretation

• Eurachem: “Use of uncertainty information in compliance 
assessment”

• Published 2007
– available from http://www.eurachem.org

• Adds detail to existing EA and UKAS guidance

• Based on ‘decision rules’ and consequent ‘guardbands’
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Required Information

• A specification giving upper and/or lower
permitted limits

• A decision rule that describes how the uncertainty
will be taken into account.

• The limit(s) of the acceptance or rejection zone
(i.e. the range of results), derived from the 
measurement result and a stated uncertainty
decision rule
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Simple example of a Decision 
Rule

• A result equal to or above the upper limit implies 
non-compliance 

• A result below the limit implies compliance.

• Provided that 
– uncertainty is below a specified value (e.g. small 

compared with the limit)

• The risk of making a wrong decision is then 
acceptable. 
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Technical problems

• Proportionality

• Results near zero
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ISO GUM*
Statistical

inference on H0

Proportionality

Uncertainty 
proportional to 
observation

0

Uncertainty 
proportional to 
value

Uncertainty must be very well understood



14

Conference/Workshop  • Copenhagen, May 2010
“Analytical results for decisions!”

Stephen Ellison, LGC, UK:

Setting limits and interpreting results…

Eurachem 2010 :: 27

Uncertainty near zero/100%

±2

0

±2

0

What is the ‘best estimate’?

Should the uncertainty  
change?

Impossible
values
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Truncation provides accurate
coverage

±t.u

0

Retain mean value

Asymmetric interval:
0 <  x  < x+t.u
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Responsibilities

Decide what needs
to be regulated

Write
consistent

laws
Harmonise

requirements
across borders

Set
interpretation

rules

Establish
management

methods

Decide
acceptable

risks
Communicate

uncertainty

Interpret
correctly

Evaluate
uncertainty

correctly

Measure
correctly

Set
enforcement

methods

Harmonise
enforcement

across borders
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Conclusions

• Measurement uncertainty guides interpretation

• Most regulators accept interlaboratory study basis for 
chemical measurement uncertainty

• Regulators set limits to control behaviour

– not to make analysts’ lives easier!

• Setting interpretation rules simplifies matters for 
enforcers

– .. and should be a co-operative activity


