
Traceability, validation and measurement uncertainty 

ï3 pillars for quality of measurement results

David MILDE
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Metrological Traceability

Metrological Traceability (VIM 3, Entry 2.41): is a property of a

measurement result whereby the result can be related to a stated

reference through a documented unbroken chain of calibrations

each contributing to the measurement uncertainty. www.NPL.co.uk

Traceability to ... stated reference:
Åcertified value of a reference material

Ådefinition/realisation of an SI unit

Åmeasurement standard Types of CRMs:
ÅPure substances (with stated purity)

ÅStandard solutions and gas mixtures

(prepared gravimetrically)

ÅMatrix CRMs (Pb in blood)



Influence of input quantities

īBased on SOP!

īGREENïbasic degree of control:

ī beakers, many buffers, at room temperature

īAMBERïsignificant degree of control:

ī calibrated equipment: volumetric flasks, balances, required purity of

chemicals

īREDïsignificant degree of control - stated references:

ī pure substances, calibration solutions, CRM,é
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Traceability in ISO/IEC 17025:2017

īAnnex A (informative) ïMetrological traceability

ī Establishing metrological traceability

īDemonstrating metrological traceability

A 3.1 Laboratories are responsible for establishing metrological traceability in

accordance with this document. Calibration results from laboratories conforming to

this document provide metrological traceability. Certified values of certified

reference materials from reference material producers conforming to ISO 17034

provide metrological traceability. There are various ways to demonstrate conformity

with this document: third party recognition (such as an accreditation body), external

assessment by customers or self-assessment.



ÅEURACHEM / CITAC Guide; Traceability in Chemical

Measurement (2003): www.eurachem.org;

ÅUNDER REVISION

ÅBarwick V., Wood S.: Meeting the Traceability Requirements of

ISO 17025: An Analyst's Guide. LGC, 2005. (ISBN 0 948926

236)

Traceability Guidance

http://www.eurachem.org/


Validation (VIM 3, Entry 2.45): verification, where the specified requirements are

adequate for an intended use

Verification (VIM 3, Entry 2.44): provision of objective evidence that a given item

fulfills specified requirements

Method Validation

Performance parameters

ÃSelectivity

ÃLinearity, measuring interval

ÃLOD, LOQ

ÃPrecision

ÃTrueness

ÃRecovery

Ã Ruggedness (robustness)T
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Type of analysis

Qualitative
Major 

component

Trace 

analysis

Selectivity + + +

Precision + +

Trueness + +

LOD + +

LOQ +

Measuring interval + +

Ruggedness + + +



ÅEurachem Guide: The Fitness for Purpose of Analytical

Methods ï A Laboratory Guide to Method Validation and

Related Topics, (2nd ed. 2014). ISBN 978-91-87461-59-0.

www.eurachem.org

ÅFiled specific guidance:

ÅEx: ICH Q2(R1) ïValidation of Analytical Procedures: Text

and Methodology

Åé

Validation Guidance



ÅThe 2nd edition includes guidance on:

Å The concept of method validation;

Å The background and rationale for method validation;

ÅHow a method validation study should be performed and

how much should be done (validation/verification);

ÅA thorough explanation of the various validation

parameters (performance characteristics);

Å Follow-up on the validation study (reporting, use of

performance data in Internal Quality Control);

ÅDocumentation of analytical methods.

Eurachem ñValidation Guideò



Measurement Uncertainty (Entry 2.26): Non-negative parameter characterizing

the dispersion of the quantity values being attributed to a measurand, based on the

information used.

VIM3: JCGM 200:2008; International vocabulary of metrologyð

Basic and general concepts and associated terms (VIM) (2008).

Measurement Uncertainty

25.9

2.8 2.8

Mass concentration of a substance is

25.9 Ñ2.8 mg/kg

The part of the result after the Ñ



Uncertainty Estimation Process

īStandard uncertainty ux

ī Find uncertainty for each component

ī Type A: from the statistical distribution

ī Type B: other information

īCombined standard uncertainty uc(y)
ī Law of propagation of uncertainty (GUM)

īModifications: Kragten approach,é

īMonte-Carlo simulation

īExpanded uncertainty U



ÅEURACHEM / CITAC Guide CG 4; Quantifying Uncertainty in

Analytical Measurement; 3rd Ed (2012): www.eurachem.org;

ÅNortdtest TR537; Handbook for Calculation of Measurement

Uncertainty in Environmental Laboratories; 3rd Ed (2012):

www.nordtest.info;

ÅTechnical Report No. 1/2007; Measurement uncertainty

revisited: Alternative approaches to uncertainty evaluation

(2007): www.eurolab.org.

MU Guidance

http://www.eurachem.org/
http://www.nordtest.info/
http://www.eurolab.org/


Elemental Impurities in pharmaceuticals



New ñlegislationò
ī US Pharmacopeia
ī Chapter <232> ELEMENTAL IMPURITIES ïLIMITS

ī Specifies limits for the amounts of elemental impurities in drug products.

ī A risk based strategy when analysts determine how to assure compliance with the standard.

ī Chapter <233> ELEMENTAL IMPURITIES ïPROCEDURES 

ī Procedures: ICP-OES, ICP-MS

ī Alternative procedures ïmust be validated and show to be acceptable.

ī ICH (International Conference on Harmonizationé)

ī ICH Q3D ELEMENTAL IMPURITIES ïGuidance for Industry

Decock G.: Eurofins Pharma Presentation 17/11/2015



Good Manufacturing Practice (GMP, GLP)

ī General management documentation

ī Standard operation procedures (SOP)

ī Written instructions for everything

ī Daily control of all equipment in the lab

State Institute for Drug

Control
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Elemental impurities

īSample preparation:

ī Closed vessel digestion: MW with mixture of acids (HNO3, HCl, HClO4, H2O2)

ī ICP-MS determination (quad, collision cell)

īRisk assessment on 3 batches for each API:

ī BlanksÝ LOD, LOQ

ī Precisionïrepeatability conditions

ī Accuracyïrecovery

ī Linearity

ī Screening of elemental impurities in APIs / final products.



Metrological Traceability

īDemonstration of traceability in our lab:

īCRM solutions for calibrationïcertificate of the CRM;

ī Expiration (shelf life)

īMass of a sampleïcalibration certificate of the balance;

ī Volume of volumetric flasks ï calibration certificate of the

manufacturer;

īMicrowave digestion unitïregular serviceïprotocol;

ī ICP-MSïregular service & qualification (IQ/OQ)ïprotocols;

ī Performance check on daily basis
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Method Validation
ī Every procedure used under GMP shall be validated!

ī We have a SOP dealing with validation & acceptance criteria.

ī It is based on ICH Q2(R1) ïValidation of Analytical Procedures: Text and
Methodology.

ī More rigorous approachïparameters, minimum of repeated measurements.



Method Validation
ī PROCEDURE:

1. Validation protocol: validation experiments, acceptance criteria

2. Perform validation experiments

3. Validation report: evaluation, compliance with criteria

Characteristic Acceptance criteria Experimental data

Linearity R Ó 0.99 R = 0.9998

Range LOQ ï1000 µg.L-1 1.17 ï1000 µg.L-1

LOD Ò 0.6 µg.L-1 0.57 µg/L (n = 10)

LOQ Ò 1.8 µg.L-1 1.17 µg/L (n = 10)

Accuracy (recovery) 70 ï150 % 104.7 ï109.5 % (3 levels)

Precision (repeatability) RSD < 20 % < 5.2 % (n = 6)

Intermediate precision RSD <25 % < 7.9 (n = 2³6)

Specifity recovery 70 ï150 % 92.9 ï115.3 % (105Pd, 108Pd)

Robustness recovery 70 ï150 % 107.7 ï119.2 % (modifications in 

procedure)



Ex: top down approach (MU)

ī Trace metal analysis in coffee by AAS and ICP-MS:

ī Microwave digestion of roasted coffee beans (HNO3 + H2O2)

ī CRM NSC ZC 73014 Tea 

ī validation and subsequently MU evaluation

Jaroġov§ M., Milde D., Kuba M.: Czech J. Food Sci. 32, 354-359 (2014).
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The chrono(logical) relation between concepts

Paul De Bièvre: ACQUAL (2010).


