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[bookmark: _Toc129601854]Identification
[bookmark: _Toc129601855]Instrument
Details on the instrument(s) used for the method. This is especially important to identify which equipment the method was validated on. For equipment with fixed configuration like SPARK-OES, full details (including positions of the wavelengths) shall be detailed.

[bookmark: _Toc129601856]Interference
List all known and important interferences. This is not possible for equipment with complex interferences like ICP-OES

[bookmark: _Toc129601857]Working range
[bookmark: _Toc129601858]Detection & Quantification Limits
[bookmark: _Toc129601859]Definition
Detection Limit (DL) is defined as the lowest amount of an analyte that is detectable with a given confidence level.
Quantification Limit (QL) is defined as the lowest amount of an analyte that can be quantified with an acceptable level of precision and trueness.
[bookmark: _Toc129601860]Procedure
The Detection Limit can be calculated as three times the standard deviation of at least 10 blank measurements. The Quantification Limit can be calculated as three times the Detection Limit. Those measurements have to be performed on a real matrix which has undergo all the preparation steps, and which contains as little of the analyte as possible. When different matrixes are used in the method, limits have to be reported for all matrixes or the absence of matrix influence has to be validated.
For example:
- ICP-OES: a blank solution of Au 20 g/L with as little Cu as possible to determine the DL of that Cu element;
-SPARK-OES: a platinum solid standard with a purity of 999.99‰ to determine the DL of all impurities.
If different alloys are used (trace analysis of 750‰ gold), several compositions of alloys have to be tested to validate that the results are matrix independent.
		(1)
		(2)
[bookmark: _Toc129601861]Results
DL and QL are reported for all analytes.
Sample reference: XXXXX



[bookmark: _Toc129601862]Linearity & Working Range
[bookmark: _Toc129601863]Definition
Linearity is the ability of a method to accurately measure an analyte across a given range, providing a linear answer. In some cases, that answer could be non-linear (a typical example is the SPARK-OES calibration of specific wavelengths), and this should be documented.
The working range at which the analytical method is usable is provided by the validation.
[bookmark: _Toc129601864]Results 
A given analyte shall be analysed at several concentrations, preferable at regular intervals, ensuing that the response of the method is linear. If the response is not linear, it may be described following another mathematical model (like a quadratic response).
The working range will be defined that the interval from the Minimum (either the Quantification Limit or a fixed value) to the Maximum (as obtained by testing the Linearity)
For example, for gold cupellation, the working range may be 50 - 999.5 ‰, corresponding to the range which was validated. In that case, no determination of the DL and QL is needed.
Determination of the working range can be dependent on the composition. For example, in ICP-OES, presence of large amount of Na can limit the working range of other elements like Ca; this is often expressed by a Maximum for a sum of elements like Na+K+Ca.   




[bookmark: _Toc129601865]Precision
[bookmark: _Toc129601866]Definition
Precision can be quantified through repeatability & reproducibility. They differ in the external factors considered. The following factors are considered for repeatability & reproducibility:
The picture above shall be modified in PowerPoint by clicking on it, indicating which factors are taken into account for the given method. 



[bookmark: _Toc129601867]Repeatability
[bookmark: _Toc129601868]Definition
Repeatability is linked with the standard deviation of results obtained for a given sample submitted to analysis in a given laboratory with the following conditions: same operator, same instrument, same day of measurement. From 10 results obtained in those conditions, the following data can be calculated: standard deviation, standard deviation %, (spread maximum-minimum), and repeatability which is calculated using the following equation:
[image: ]
					 							(3)
[bookmark: _Toc129601869]Results
Sample reference: XXXXX



[bookmark: _Toc129601870]Reproducibility
[bookmark: _Toc129601871]Definition
Reproducibility is linked with the standard deviation of results obtained for a given sample submitted to analysis in a given laboratory with at least two of the following conditions being changed: operator, instrument, day of measurement. From 10 results obtained in those conditions, the following data can be calculated: standard deviation, standard deviation %, (spread maximum-minimum), and repeatability which is calculated using the following equation:
[image: ]
												(4)
[bookmark: _Toc129601872]Results 
Sample reference: XXXXX



[bookmark: _Toc129601873]Accuracy
[bookmark: _Toc129601874]Definition
Accuracy can be measured by comparing the results obtained with the method using one of those four possible approach, sorted from the least to the most reliable one.
Spiked Recovery Test, Alternative Method, Interlaboratory Testing, Reference Material
Ideally such comparison should be done by performing 10 different analyses, but in reality, this is often not possible and a smaller number of analyses is used.
The result is expressed for a specific concentration as absolute difference and relative error. The experiment should be repeated at different concentrations which all shall be in the range of the method.
[bookmark: _Toc129601875]Results
This table should be adapted depending on the approach used. For Reference Materials, the uncertainty is given by the certificate of the material. For Interlaboratory Testing, it is calculated by the organiser (after removing outliers).
Approach chosen: XXXXXX




[bookmark: _Toc129601876]Uncertainty
[bookmark: _Toc129601877]Definition
Uncertainty is a parameter, associated with the result of an analysis, that characterizes the dispersion of the values that could reasonably be attributed to the measurand.
Following this definition, the concept of “uncertainty of a method” is not valid; uncertainty must be associated with a specific result or range of results.

[bookmark: _Toc129601878]Methods
Out of the four possible methods to determine uncertainty, and listed below, the easiest and practical ones are the statistical approaches, either with single laboratory measurements or inter-laboratory testing.

[bookmark: _Toc129601879]Statistical Approach – Single laboratory
Results are directly obtained from the Reproducibility testing. Given samples are submitted to analysis in a given laboratory with at least two of the following conditions being changed: operator, instrument, day of measurement. From at least 10 results, but preferably more, obtained in those conditions, the following data can be calculated: standard deviation, standard deviation %, uncertainty. Uncertainty is obtained by the multiplication of the standard deviation by the coverage factor k, which is set at usually 2. This coverage means that the laboratory believes (with a 95 % level of confidence) that the result of the analysis lies in the interval of values defined by the result +/- uncertainty.
The calculation below is only considering the uncertainty arising from the standard deviation of the measurements. If there is a bias in the measurements (which means if the average is different from the reference value), this shall be added in the uncertainty.
Sample reference: XXXXX


[bookmark: _Toc129601880]Statistical Approach – Inter-laboratory
Results are directly obtained from the statistical data of the inter-laboratory testing. Outliers results shall be removed, and only results using the exact same analytical method shall be considered. Uncertainty is obtained by the multiplication of the standard deviation of all considered results by the coverage factor k, which is set at usually 2.
The calculation below is only considering the uncertainty arising from the standard deviation of the measurements. If there is a bias in the measurements (which means if the average is different from the reference value), this shall be added in the uncertainty.
Sample reference: XXXXX



[bookmark: _Toc129601881]Stability
[bookmark: _Toc129601882]Definition
Stability is a source of variability that can negatively impact on the results. The following elements are to be controlled:
· Sample stability: analyte level can be changed due to chemical / physical transformations
· Reagent & calibration stability: reagents and calibration solutions (purchased and home-made) used over a long period can concentrate & undergo transformations
· Instrumentation stability (drift) : instruments tend to drift over time; this process can be fast (ICP-OES) or slow (SPARK-OES), but needs to be quantified.
[bookmark: _Toc129601883]Sample stability
Validate the stability of the sample over a certain period of time, typically by analysing the solution (this issue concerns almost exclusively solutions) repeatedly. Fix a maximum stability period in the method.
[bookmark: _Toc129601884]Reagent & calibration stability
Validate the stability of all reagents and calibration standards over the expected period of usage. Fix an expiration date for each reagent and calibration standard.
[bookmark: _Toc129601885]Instrumentation stability (drift)
Validate the stability of the equipment over a certain period of time. Fix a timeframe for each analysis after which the equipment shall be calibrated again or controlled.



[bookmark: _Toc129601886]Robustness
[bookmark: _Toc129601887]Definition
Robustness is the capacity of an analytical method to remain unaffected by small, deliberate variations in method parameters. It is a measure of the reliability of a method.
[bookmark: _Toc129601888]Approach
Small variations are simulated to consider the unexpected variations linked with the operator, the environment and the equipment. Each of the chosen test shall be performed separately to monitor whether the result is affected by such variation.
Example of robustness tests:
	SPARK-OES
	Cupellation

	ICP-OES (trace anal.)
	Potentiometry

	No cleaning of the tungsten electrode
Room temperature
Sample temperature
Presence of inclusion
	Proof fineness
Sample weight
Rolling mill thickness
Furnace temperature
Position in the furnace
Annealing time
	Sample weight
Matrix composition (acid + metal)
Analysis duration
Carryover
	Sample weight
Sample mineralization time
HNO3 concentration
Analysis temperature




[bookmark: _Toc129601889]References
Eurachem
The Fitness for Purpose of Analytical Methods


SAS (Swiss Accreditation Service)
Guide for validation of chemical and physical analytical methods (in French, also available in German)


PALA (Accreditation Program for Analytical Laboratories, Québec, Canada)
Protocol for the validation of a chemical analytical method (in French)


ISO 
Guides to the expression of uncertainty in measurement (GUM series)


International Council for Harmonization (ICH)
Validation of Analytical Procedures:  Q2(R1)


FDA
Analytical Procedures and Methods Validation for Drugs and Biologics


Eurachem
Selection, Use and Interpretation of Proficiency Testing (PT) Schemes by Laboratories (2021)


Single laboratory


Statistical approach




Component evaluation
ISO GUM




Inter-laboratory


Statistical approach
ISO 5725



Proficiency Testing
ISO/IEC 17043
ISO 13528
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Microsoft_Excel_Worksheet1.xlsx
Sheet1

		 [mg/kg]		Minimum		Maximum		Linearity		Equation

		Element1		1.0		500		yes

		Element2		1.0		2550		quadratic
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𝑡 ሺ 0 . 975 ; 𝑛 − 1 ሻ × 𝑠 ξ 𝑛  


image5.emf
Res 1 Res 2 Res 3 Res 4 Res 5 Res 6 Res 7 Res 8 Res 9 Res 10

Aver. Std Std% Repeat.

Element1

100.0 101.0 102.0 97.0 100.0 97.0 98.0 101.0 96.0 101.0

99.30 2.11 2.13% #NAME?

Element2

101.0 98.0 96.0 97.0 104.0 101.0 95.0 104.0 102.0 104.0

100.20 3.46 3.45% #NAME?


Microsoft_Excel_Worksheet2.xlsx
Sheet1

				Res 1		Res 2		Res 3		Res 4		Res 5		Res 6		Res 7		Res 8		Res 9		Res 10		Aver.		Std		Std%		Repeat.

		Element1		100.0		101.0		102.0		97.0		100.0		97.0		98.0		101.0		96.0		101.0		99.30		2.11		2.13%		ERROR:#NAME?

		Element2		101.0		98.0		96.0		97.0		104.0		101.0		95.0		104.0		102.0		104.0		100.20		3.46		3.45%		ERROR:#NAME?
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𝑡 ሺ 0 . 975 ; 𝑛 − 1 ሻ × 𝑠 ξ 𝑛  


image7.emf
Res 1 Res 2 Res 3 Res 4 Res 5 Res 6 Res 7 Res 8 Res 9 Res 10

Aver. Std Std% Reprod.

Operator

1 2 1 2 1 1 2 1 2 1

Instrument

1 1 1 1 1 2 2 2 2 2

Day

1 1 2 2 3 3 4 4 5 5

Element1

100.0 103.0 102.0 95.0 105.0 104.0 101.0 96.0 98.0 102.0

100.60 3.34 3.32% #NAME?

Element2

110.0 95.0 102.0 105.0 103.0 103.0 98.0 98.0 103.0 105.0

102.20 4.29 4.20% #NAME?


Microsoft_Excel_Worksheet3.xlsx
Sheet1

				Res 1		Res 2		Res 3		Res 4		Res 5		Res 6		Res 7		Res 8		Res 9		Res 10		Aver.		Std		Std%		Reprod.

		Operator		1		2		1		2		1		1		2		1		2		1

		Instrument		1		1		1		1		1		2		2		2		2		2

		Day		1		1		2		2		3		3		4		4		5		5

		Element1		100.0		103.0		102.0		95.0		105.0		104.0		101.0		96.0		98.0		102.0		100.60		3.34		3.32%		ERROR:#NAME?

		Element2		110.0		95.0		102.0		105.0		103.0		103.0		98.0		98.0		103.0		105.0		102.20		4.29		4.20%		ERROR:#NAME?
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Average St Dev Ref. value Uncertainty Difference Error

Element1 97.0 4.0 100.0 2.0 3.0 3.0%

Method Results Reference Values Comparison


Microsoft_Excel_Worksheet4.xlsx
Sheet1

				Method Results				Reference Values				Comparison

				Average		St Dev		Ref. value		Uncertainty		Difference		Error

		Element1		97.0		4.0		100.0		2.0		3.0		3.0%

		Element2		101.0		98.0		96.0		97.0		104.0		104.0
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‰ Aver. Std Uncertainty Interval

Element1 750.00 0.26 0.52 749.48 - 750.52

Element2 250.00 0.80 1.60 248.4 - 251.6


Microsoft_Excel_Worksheet5.xlsx
Sheet1

		‰		Aver.		Std		Uncertainty		Interval

		Element1		750.00		0.26		0.52		749.48 - 750.52

		Element2		250.00		0.80		1.60		248.4 - 251.6
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‰ Lab. Average

Std of the 

interlab testing

Uncertainty Interval

Element1 750.00 0.45 0.90 749.1 - 750.9

Element2 250.00 1.10 2.20 247.8 - 252.2


Microsoft_Excel_Worksheet6.xlsx
Sheet1

		‰		Lab. Average		Std of the interlab testing		Uncertainty		Interval

		Element1		750.00		0.45		0.90		749.1 - 750.9

		Element2		250.00		1.10		2.20		247.8 - 252.2
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Res 1 Res 2 Res 3 Res 4 Res 5 Res 6 Res 7 Res 8 Res 9 Res 10

Std DL QL

Element1

0.4 0.6 0.8 0.6 0.5 0.3 0.4 0.5 0.4 0.6

0.51 1.53 4.59

Element2

0.0 0.0 0.0 0.0 0.1 0.0 0.1 0.0 0.0 0.1

0.03 0.10 0.29


Microsoft_Excel_Worksheet.xlsx
Sheet1

				Res 1		Res 2		Res 3		Res 4		Res 5		Res 6		Res 7		Res 8		Res 9		Res 10		Std		DL		QL

		Element1		0.4		0.6		0.8		0.6		0.5		0.3		0.4		0.5		0.4		0.6		0.51		1.53		4.59

		Element2		0.0		0.0		0.0		0.0		0.1		0.0		0.1		0.0		0.0		0.1		0.03		0.10		0.29






image2.emf
 [mg/kg]

Minimum Maximum Linearity Equation

Element1

1.0 500yes

Element2

1.0 2550quadratic


