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Outline

General information about reference materials: types, application areas,...

Tools for proper selection and proper use of the reference materials to ensure 

good quality, accurate and traceable measurement results. 

Use of Reference Materials for evaluating method performance and 

estimation of uncertainty. Available free applications and softwares .
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Definitions

Reference Material (RM)

Material , sufficiently homogeneous and stable with respect to one or more specified

properties , which has been established to be fit for its intended use in a measurement
process .

Properties can be quantitative or qualitative, e.g . identity of substances or species .

Certified Reference Material (CRM)

Reference material characterized by a metrologically valid procedure for one or more
specified properties , accompanied by a RM certificate that provides the value of the

specified property , its associated uncertainty , and a statement of metrological traceability .

ISO GUIDE 33:2015: Ref. Materials: Good Practice in using RMs
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Definitions

ISO GUIDE 33:2015: Ref. Materials: Good Practice in using RMs

Calibrant
Reference material used for calibration of equipment or a measurement procedure

Quality Control Material
Reference material used for quality control of a measurement
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CRM Types
1) Calibrator CRMõs(pure materials) : Characterized for chemical purity and/or trace impurity .

They are used for calibration purposes .

2) Standard Solutions & Gas Mixtures : They are prepared from pure materials by gravimetrical

mixing . They are used for calibration purposes .

3) Matrix CRMõs(analyte in matrix) : Characterized for major, minor and / or trace amount of

constituents . Prepared from a matrix having the constituent or addition of constituents to the

matrix or preparation of a synthetic matrix with major matrix components . Used for method

development , validation and quality control purposes .

4) Physicochemical CRMõs: Characterized for properties like melting point, viscosity and density .

5) Reference Objects and Human made artefacts : Characterised for functional properties such

as octane number, flash point and hardness . Fiber type and microscopy samples characterized

for microbiological properties are also belong to this group .
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Key Characteristics of a RM according to common applications

CRMRM

ISO GUIDE 33:2015: 

Ref. Materials: Good Practice in using RMs
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Application Areas of CRMs
Å Met hod development

Å Met hod validation

ïEvaluation of trueness

ïEstimation of uncertainty

Å Calibration

Å Method performance evaluation

ïWithin Lab, Quality Control (ôchartsõ)

ïEvaluation of ana lyst or instrument performance

Å Proficiency Tests

ïValidation of Proficiency (external comparison )

Å Assigning value to other materials

CRMõs can serve for 

all of these 

applications if they 

are properly 

selected and 

properly used! 
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Proper Selection of RMs

Defined Intended Use
Calibration  or  Quality Control

Pure Materials / Matrix Materials ( Precision or Trueness Control)

Measurand and Range
Total Arsenic  or  Arsenobetain in fish

A CRM with lower certified value then labõs LOQ!

Matrix Matching and  

potential interferences
Aflatoxins in pepper and Afõsin hazelnut

Different fat content. Cd in drinking water or baby food formula 

Uncertainty and 

Traceability
Do homogeneity and stability taken into account in uncertainty

calculations ? How traceability is established and verified?

Certification Procedures & 

Quality Control Issues

Are they in accordance with ISO 17034 and ISO Guide 35?
Conformity of Laboratories participating in certification

ISO/IEC 17025 accreditation or CIPM MRA CMCõs(Calibr . and Meas . Capabilities )? 

Clear and Transparent 

Information
Do CRM certificates and certification reports easily accessible?

Availability and Price
Can the material be reached to the customer under defined

conditions ? (e.g : In dry Ice : < -70 C̄)
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Measurement Range (Food Example)

Source: Presentation of Dr. Willie E. May, Consultative Committee for Amount of Substance:

Metrology in Chemistry and Biology (CCQM) , 25th Meeting of CGPM, Paris, 2014
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Matrix Matching (Food Matrices)
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Evaluation of CRM Uncertainties

Ideal case

method will be 

better controlled

Difficult to identify 

out of control 

situations

Is this method

suitable ?

CRM is not 

suitable

Lab might improve 

method and reduce 

uncertainty
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Metrological Traceability

ISO/TR 16476   Reference materials

Establishing and expressing metrological traceability

of quantity values assigned to RMs

Traceability

Identity

Measurand
Amount

Value ÑUncertainty

Operationally Defined

Method Dependent

Structurally Defined

Method Independent
Reference: 

SI units

Reference:

Other units

e.g: Cd Mass Fraction 

in Soil:

0.55 mg/kg

e.g: pH

of Soil extract:

6.8

e.g: Extractable Cd in soil 

with specific X method

e.g: Total Cd in soil

different methods yield

same/similar result
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Comparability of Results & Dissemination of Traceability

ISO/TR 16476   Reference materials

Establishing and expressing metrological traceability

of quantity values assigned to RMs

Are these results 

comparable?

Comparable

results
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Potential Problems in Traceability

Arsenobetain in Fish

Arsenobetaine
solution

òCalibrator ó
Traceable CRM

Certified Value 
°Uncertainty

Arsenobetaine in 

Seabass

Matrix CRM
IDENTITYQUANTITY

CRM
Measurement Result
°Uncertainty

Compare

Measurement Result 
°Uncertainty

Verification of Traceability

Is my result correct?

Proper method for comparison :
ERM Application Note 1 or
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Free Online CRM Meas . Result Evaluation Application

ü Proper evaluation of measurement results of a certified reference material is very important.

ü For this purpose ERM Application Note 1 was published by European Commission Joint Research Center 

to help laboratory personnel with exploiting the full potential of certified reference materials.

ü An excel file was also added to the corresponding application note to check if a measurement result 

differs from the certified value.

V Here we developed an alternative online CRM Result Evaluation application: òCRM REó by which

you can easily evaluate your CRM measurement results without need of another software or programme .

In addition application can automatically create Quality Control Charts to evaluate your performance at 

different times.

V For TUBITAK UME CRMõs you donõt need to enter certified values and uncertainties since they are already 

available in the applicationõs database.

V Application is tested with Google Chrome. We recommend Google Chrome to use with the application.

Please do not use browser's back and forward buttons in order to navigate in the application. 

And , to restart the application from the beginning please click application logo on the top left of the 

window

For technical support and assistance please contact ume.rm -info@tubitak.gov.tr

https://rm.ume.tubitak.gov.tr/en/crm_re/

https://ec.europa.eu/jrc/sites/jrcsh/files/erm_application_note_1_en.pdf
https://europa.eu/!DK77Cv
mailto:ume.rm-info@tubitak.gov.tr
https://rm.ume.tubitak.gov.tr/en/crm_re/
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CRM RE Result Evaluation Application

https://rm.ume.tubitak.gov.tr/en/crm_re/

https://rm.ume.tubitak.gov.tr/en/crm_re/
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CRM RE Result Evaluation Application

https://rm.ume.tubitak.gov.tr/en/crm_re/

https://rm.ume.tubitak.gov.tr/en/crm_re/
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CRM RE Result Evaluation Application

https://rm.ume.tubitak.gov.tr/en/crm_re/

https://rm.ume.tubitak.gov.tr/en/crm_re/
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CRM RE Result Evaluation Application

https://rm.ume.tubitak.gov.tr/en/crm_re/

Quality Control Chart

https://rm.ume.tubitak.gov.tr/en/crm_re/
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CRM RE Result Evaluation Application

https://rm.ume.tubitak.gov.tr/en/crm_re/

Result Evaluation for Other CRMs

https://rm.ume.tubitak.gov.tr/en/crm_re/
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CRM RE Result Evaluation Application

https://rm.ume.tubitak.gov.tr/en/crm_re/

Result Evaluation for Other CRMs

https://rm.ume.tubitak.gov.tr/en/crm_re/
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CRM RE Result Evaluation Application

https://rm.ume.tubitak.gov.tr/en/crm_re/

Result Evaluation for Other CRMs

https://rm.ume.tubitak.gov.tr/en/crm_re/
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Use of CRMs for Uncertainty Estimations

Uncertainty

Uncertainty
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NORDTEST Top-Down Approach for Uncertainty

http://www.syke.fi/en -
US/Services/Quality_and_laboratory_services/Calibration_services_and_contract_laboratory/MUkit__Measurement_Uncertainty_Kit

http://www.syke.fi/en-US/Services/Quality_and_laboratory_services/Calibration_services_and_contract_laboratory/MUkit__Measurement_Uncertainty_Kit
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MUKit Software for Uncertainty

http://www.syke.fi/en -US/Services/Quality_and_laboratory_services/Calibration_services_and_contract_laboratory/MUkit__Measuremen t_Uncertainty_Kit

http://www.syke.fi/en-US/Services/Quality_and_laboratory_services/Calibration_services_and_contract_laboratory/MUkit__Measurement_Uncertainty_Kit


METROFOOD-PP ha s received funding from the European Unionõs Horizon 2020 
research and innova tion programme unde r grant agreement No 871083.

MUKit Software for Uncertainty

http://www.syke.fi/en -US/Services/Quality_and_laboratory_services/Calibration_services_and_contract_laboratory/MUkit__Measuremen t_Uncertainty_Kit

http://www.syke.fi/en-US/Services/Quality_and_laboratory_services/Calibration_services_and_contract_laboratory/MUkit__Measurement_Uncertainty_Kit
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COMAR Database to Search for Suitable CRMs

http://www.comar.bam.de/en/

http://www.comar.bam.de/en/
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How to Register & Login COMAR

User: Trial

Password : 123456

you can sign up

It is free of charge

https:// www.comar.bam.de/home/login.php

https://www.comar.bam.de/home/login.php
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COMAR Database Filters for Search
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COMAR Database Filters for Search
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COMAR Database Composition Filter
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AOAC TDRM Database

https://www.aoac.org/membership/tdrm/

http://tdrmdb.aoac.org/

https://www.aoac.org/membership/tdrm/
http://tdrmdb.aoac.org/
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AOAC TDRM Database

http://tdrmdb.aoac.org/

http://tdrmdb.aoac.org/
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AOAC TDRM Database

http://tdrmdb.aoac.org/

Note: In order to see the details of methods, you have to subscribed to OMA online 

http://tdrmdb.aoac.org/
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NIST (USA) STANDARD REFERENCE MATERIALS

https://www.nist.gov/srm

https://www.nist.gov/srm
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EC-JRC REFERENCE MATERIALS

https://crm.jrc.ec.europa.eu/

https://crm.jrc.ec.europa.eu/
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TUBITAK UME REFERENCE MATERIALS

https:// rm.ume.tubitak.gov.tr/ en

Accredited RM Producer 

since 2016

https://rm.ume.tubitak.gov.tr/en
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TUBITAK UME ENERGY & FUEL RMs

https:// rm.ume.tubitak.gov.tr/ en

https://rm.ume.tubitak.gov.tr/en
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TUBITAK UME CRM DOCUMENTS

https:// rm.ume.tubitak.gov.tr/ en

Methods

Traceability

Accreditation

status

Validity

Accreditation

symbol

Uncertainty

Certified Values 

& Uncertainties

Sales / 

Shipment 

Date

https://rm.ume.tubitak.gov.tr/en
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CRM CERTIFICATE

https:// rm.ume.tubitak.gov.tr/ en
following pages of certificate 

can not be used 
for traceability or 
trueness control as 
certified values!

Certified Values 

& Uncertainties

continued

https://rm.ume.tubitak.gov.tr/en
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CRM CERTIFICATE

https:// rm.ume.tubitak.gov.tr/ en
following pages of certificate 

Labs who 

performed

value assignment 

measurements

Methods

Revisions

https://rm.ume.tubitak.gov.tr/en
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CRM CERTIFICATION REPORT

https:// rm.ume.tubitak.gov.tr/ en

Detailed Processing Information
Homogeneity

Stability

Interlab . Comp. Study for Characterization

https://rm.ume.tubitak.gov.tr/en
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Storage and Handling of RMs

CHECK BEFORE USING a RM!

Å Check  Complete Delivery (Shipping Temperature, Any Leak?)

Å Check Instructions for Storage

Å Check Instructions for Use (Pretreatment, Rehomogenisation, Reconstitution, Minimum Sample Intake)

Å Check Dry Mass Correction Instructions (if applicable)

Å Check Subsampling and storage instructions for further use (avoid contamination& water uptake)

Be careful: do not  open a frozen bottle before equilibrating with ambient temperature!

ÅCheck disposal instructions (SDS document, spillage, expiration)

Read certificate , certification report, Labels, SDS for further important instructions!
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DATABASES, PRODUCERS, USEFUL LINKS
Databases:

COMAR www.comar.bam.de

AOAC http://tdrmdb.aoac.org/

Geological  RMs http://georem.mpch -mainz.gwdg.de/

Clinical CRMs http://www.bipm.org/jctlm/

Key Comparisons https ://www.bipm.org/kcdb/

Some RM Produces and Distributors:

NIST https://www.nist.gov/srm

EC-JRC-IRMM        https://crm.jrc.ec.europa.eu/

BAM https ://www.bam.de
IAEA                        https://nucleus.iaea.org/rpst

NMIJ https ://unit.aist.go.jp/nmij/english /

KRISS www.kriss.re.kr/eng

NRC                        https :// nrc.canada.ca/en/certifications -evaluations -standards/certified -reference -materials

NMIA                      https:// shop.measurement.gov.au/collections/reference -materials

TUBITAK UME https://rm.ume.tubitak.gov.tr/en

LGC www.lgcstandards.com
Sigma -Aldrich www.sigmaaldrich.com

Useful Links: https ://crm.jrc.ec.europa.eu/e/132/User -support -Application -Notes

http://www.comar.bam.de/
http://tdrmdb.aoac.org/
http://georem.mpch-mainz.gwdg.de/
http://www.bipm.org/jctlm/
https://www.bipm.org/kcdb/
https://www.nist.gov/srm
https://crm.jrc.ec.europa.eu/
https://www.bam.de/
https://nucleus.iaea.org/rpst
https://unit.aist.go.jp/nmij/english/
http://www.kriss.re.kr/eng
https://nrc.canada.ca/en/certifications-evaluations-standards/certified-reference-materials
https://shop.measurement.gov.au/collections/reference-materials
https://rm.ume.tubitak.gov.tr/en
http://www.lgcstandards.com/
http://www.sigmaaldrich.com/
https://crm.jrc.ec.europa.eu/e/132/User-support-Application-Notes

