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Overview

• Introduction to Eurachem

• Eurachem activities

• Eurachem ‘method validation guide’

• Statistics & method validation

– Precision

– Bias

– Capability of detection

– Ruggedness



What is Eurachem?

• A network of national and other organisations

• A focus on analytical quality

– Method validation

– Measurement uncertainty

– Traceability of measurement results

• Providing authoritative guidance documents 

• Organising workshops and training events

• Primary audience: 

– Laboratories for analytical measurement

– Accreditation bodies and related organisations

• www.eurachem.org



Eurachem membership – 32 member countries

Members not 

shown on map

Cyprus

Georgia



Workshops organised since year 2000

• Validation, Traceability and 

Measurement Uncertainty 

(2000, 2012)

• Education & Training (2004)

• Proficiency Testing (2000, 

2003, 2005, 2008, 2011, 

2014)

• Measurement Uncertainty 

(2000, 2002, 2008, 2011) 

• Reference Materials (2000)

• Sampling 

(2001, 2008)

• Metrology and Quality 

Assurance 

(2008, 2009, 2010, 2014)

• Decision making 

(2008, 2010)

• Internal Quality Control (2012)

• QA of measurements from 

Field to Laboratory (2013)

...as well as Quality Assurance (QA) and training events in conjunction 

with General Assembly meetings and in collaboration with other 

organisations



Guidance documents – www.eurachem.org

• Setting and using target uncertainty in chemical measurement 

(2015)

• The fitness for purpose of analytical methods: A laboratory guide 

to method validation and related topics, 2nd ed. (2014)

• Accreditation for microbiological laboratories, 2nd ed. (2013)

• Quantifying uncertainty in analytical 

measurement, 3rd ed. (2012)

• Selection, use and interpretation of 

proficiency testing (PT) schemes, 2nd ed. 

(2011)



Guidance documents – www.eurachem.org

• Terminology in analytical measurement – Introduction to VIM3

(2011)

• Measurement uncertainty arising from sampling – A guide to 

methods and approaches (2007)

• Use of uncertainty information in compliance assessment (2007)

• Traceability in Chemical Measurement – A guide to achieving 

comparable results in chemical measurement (2003)

• Guide to quality in analytical chemistry – An aid to accreditation 

(2002, under revision)

• Quality Assurance for Research and Development and Non-

routine Analysis (1998, under revision)



Eurachem information leaflets

• Short briefing documents on specific topic, intended to inform a 

wide audience

– Laboratory staff, managers, laboratory customers 



The fitness for purpose of analytical methods: A 

laboratory guide to method validation and related 

topics
• What is method validation?

• Why is method validation necessary?

• When should methods be validated 

or verified?

• How should methods be validated

• Method performance characteristics 

(selectivity, precision, trueness, etc.)

• Using validated methods

• Using validation data to design 

quality control

• Documentation

• Implications of validation data for 

calculating and reporting results



What is validation?

‘The confirmation by examination and the provision of 

objective evidence that the particular requirements for a 

specific intended use are fulfilled’ *

• specific intended use = analytical requirement

• objective evidence = experimental data

(method performance parameters)

• Confirmation = comparison between requirement and 

(evidence) data

Can the method deliver results that are fit for a particular 

purpose?

* [ISO/IEC 17025 definition]



Uses of statistics in method validation

• Summarising data

• Planning efficient studies

• Checking for significant differences

– Is there a significant bias in my results?

– Are these two methods equally precise?

– Is there a significant between run effect?

– Is my method rugged/robust?

• Assessing capability of detection

• Include data analysis as part of the validation planning 

process



Planning efficient precision studies

• Precision – Closeness of agreement between 

independent test/measurement results obtained under 

stipulated conditions 
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“Repeatability”

Same laboratory, 

analyst, equipment, 
short time interval

“Intermediate 
precision”

Same laboratory, 

different days (analyst, 
equipment…)

“Reproducibility”

Different laboratories, 
analysts, equipment…



Nested designs – an efficient study

Run

“11x2 design”

11 runs containing 

duplicate measurements 

(repeatability conditions) of 

each sample

Run 1 Run 2 Run p

n = 2

…
Sample analysed n times 

in each of p runs

Vary parameters between 

runs – day, analyst, 

equipment…



Nested designs – advantages

• Saves effort where several sets of conditions are to be 

studied

– Repeatability and intermediate precision

– Small groups allow different samples to be analysed in a 

run (different matrices, concentrations…)

• Practical solution to gaining enough data 

– E.g. when the measurement time is long

– Several small sets of data are combined to give sufficient 

data (degrees of freedom)

– Evaluated using analysis of variance (ANOVA)



Nested designs - analysis

ANOVA       

Source of 
Variation 

SS df MS F P-value F crit 

Between 
Groups 

85.18455 10 8.518455 43.992 2.04x10-7 2.854 

Within 
Groups 

2.13 11 0.193636    

Total 87.31455 21     
 

Repeatability (sr)

Intermediate precision (sI)

MS group withinrs

g/L 440.00.194 rs

22

rs bI ss 

n
sb

MS group  within- MS group between


g/L 04.2
2

0.194-8.518
bs

g/L 09.204.2440.0 22 Is



Checking for significant differences

• Difference between mean of observations and a 

reference value (bias assessment)

Bias

Reference 

value
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One-sample t-test

t > tcrit?



Checking for significant differences

• Difference between the means of two data sets
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Checking for significant differences
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• Difference between pairs of data

Paired-sample 

t-test
t > tcrit?



Limit of detection calculations

• “3 times standard deviation of the blank”

• Where does the factor of 3 come from?

• Concepts

– Critical value – method response taken to indicate 

analyte is present

– Detection limit – lowest concentration of analyte that can 

be detected at a specified level of confidence



Statistical basis of limits
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Distribution 
of results

critical value

 false positive rate (typically 5%)

Critical value = t  s

t = 1-tailed Student t value at 

significance level  (t = 1.645 ( = 0.05, 

large data set))

s = standard deviation of observations 

for blank/low concentration sample

Critical value = 1.645s



Statistical basis of limits
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“Critical 

value”

Distribution of 
results

50% false

negatives

50% false negative rate 

if concentration of 

analyte in sample is 

equal to critical value



Statistical basis of limits
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“Critical 

value” “Detection 
limit”

Distribution of 
results

 false negative rate (typically 5%)

Detection limit = (t  s) + (t  s)

If  =  = 0.05

Detection limit = 2  (1.645s) = 3.3s



Ruggedness

• A measure of a method’s capacity to remain unaffected 

by small, but deliberate variations in method 

parameters

– Ruggedness provides an indication of the method’s 

reliability during normal usage

• Ruggedness study – deliberately change method 

operating parameters

– Determine if there is a significant effect on the 

measurement result



Typical method parameters

• Concentration of reagents

• Volumes of reagents

• pH

• Extraction time

• Extraction temperature

• Flow rates through chromatographic systems

• Age of chromatographic column



Plackett-Burman experimental design

• 7 parameters at 

2 levels

• 8 experiments

• Representative 

test material

• Effect of each 

parameter can 

be isolated from 

effect of 

changing the 

others

 

 Experiment number 

 
Experimental 

parameter 
1 2 3 4 5 6 7 8 

A or a A A A A a a a a 

B or b B B b b B B b b 

C or c C c C c C c C c 

D or d D D d d d d D D 

E or e E e E e e E e E 

F or f F f f F F f f F 

G or g G g g G g G G g 

Observed 
result 

s t u v w x y z 

 



Plackett-Burman experimental design – data 

evaluation

• Calculate differences for each parameter
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 Experiment number 

 
Experimental 

parameter 
1 2 3 4 5 6 7 8 

A or a A A A A a a a a 

B or b B B b b B B b b 

C or c C c C c C c C c 

Observed 
result 

s t u v w x y z 

 

Magnitudes of 

difference 

indicate relative 

significance of 

each parameter

Can also apply 

significance test –

is a difference D

significantly 

different from 

zero?



Summary

• Eurachem develops guidance and organises 

workshops on key quality assurance issues

– Visit www.eurachem.org

• Statistics are essential for planning and evaluating 

efficient validation studies

• Plan data analysis from the outset

– Statistics should not be a salvage operation!

http://www.eurachem.org/


Method validation – Current practices and 

future challenges

• 9-10 May 2016, Gent, Belgium

• www.belab-eurachem2016.com

Current practices

• International guidance

• Setting method performance requirements

• Extent of validation/verification studies

• Planning effective validation studies

• Analysis of validation data

• Examples of best practices in different fields

Future challenges

• Future developments – Accreditation Body viewpoint

• Validation of microbiological methods

• Validation of multiparameter methods

• Implementing principles of Quality by Design (QbD)
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