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Why regulate?
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Why measure?

• Ensuring compliance with regulation is the most 

frequently reported reason for undertaking analysis

– (May be in conjunction with others)

• Analytical results support compliance with regulatory 

limits

Why worry?

�
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“Metrology”

Improving quality - VAM* 

Principles

•
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Standardisation: Pros & Cons

Pro:

• Specific to application

• May allow 
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Key Comparison development

CIPM International IDMS 1994

49.4 ug/g Pb Unkown Sample
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Round 1: 

1994

CPIM International IDMS 1997

10.4 ug/g Pb Unknown Sample
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Round 2: 

1998

Practical implementation -

Reference materials

• CRM definition

• Well established value

• Stable, homogeneous material

•
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Quality systems

• ISO 9000: Consistency and contract

• GLP/GMP: Documentation and (via cGMP) 

technical requirements

• ISO 17025 (“Accreditation”): Technical competence

• Monitored by Accreditation Bodies or GxP approval 

bodies

• Mandatory for most important measurements

Training and Competence

• All quality systems require appropriate training

• Technology transfer happens best through

– PEOPLE MOVING 

– PEOPLE COMMUNICATING

• Continued dialogue works better than one-way 

specification

• Proficiency testing promotes technical dialogue
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Intercomparison by Proficiency 

testing (EQA)

• Pros:

– Not necessarily method-specific

– Tests complete measurement/reporting process

• Cons:

– Requires sufficiently stable material

– Infrequent - monthly

Measurement uncertainty 

estimation

• One of the most important tools for practising 

metrologists

• “Predicts” the dispersion of results

• Provides a guide to interpretation

• … and is now required by all accreditation bodies

• … even in analytical chemistry and biological 

measurement
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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 ±±

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

• Communication

• Management

– of uncertainty
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ISO Guide approach

• Specify the measurand

– including complete equation

• Quantify significant uncertainties in all parameters

– A: from statistics of repeated experiment

– B: by any other means (theory, certificates, judgement...)

• Express as standard deviation

• Combine according to stated principles

• Multiply by “coverage factor”

Combining uncertainties (ISO)

• Standard deviations

• Established error propagation 

theory
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Example: Forensic alcohol 

reference standard titration
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MU based on validation

• The best available estimate of precision

– An effect varied representatively during a precision 
experiment requires no further study

• The best available estimate of bias and its uncertainty

• Other significant effects evaluated

– By experiment, or from standing data 

Reproducibility

Collaborative Study basis 

Matrix

Effects

Matrix

Effects

MU

Between-lab

(sL)

Other

Effects

Within-Lab

(Sw)

Requires correct 

study and sound 

QC/QA

Implementation:

EURACHEM/CITA

C

ISO TS21748:2004

Implementation:Implementation:

EURACHEM/CITAEURACHEM/CITA

CC

ISO TS21748:2004ISO TS21748:2004
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“Best” Method depends on the 

problem
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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
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Impact on regulation and 

compliance

• Changes in interpretation

• Ambiguity

• Credibility and communication

Interpretation

When is the limit 
exceeded?

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



Theobald Lecture 2009

Positive compliance/

non-compliance

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

Positive

compliance

Positive

non-compliance

Interpretation: example

• Declared Meat Content: 67%

D
e
c
la
re
d

F
o
u
n
d

� Public Analyst  result: 64%

� LGC Referee result: 65±3%

� Trading Standards officer 
correspondence:

This vague answer has 

prevented a successful 

prosecution… has anyone else 

experienced these ambiguous 

results from LGC?

This vague answer has 

prevented a successful 

prosecution… has anyone else 

experienced these ambiguous 

results from LGC?
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