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Use of Certified Reference Materials (CRMs)

Quality Assurance
• Ensuring Accuracy of the Mean and Precision
• Ensuring an Analytical Method provides correct Results
Traceability of results to acknowledged standards
Calibration
Validation of Analytical Methods
Interlaboratory Trials

ISO 17025 accredited labs have to use CRMs on regular base
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Accuracy = accuracy of the mean +  precision
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Accuracy of the mean: systematic errors
Precision: accidental errors (by random)
Accuracy: overall deviation

Accuracy, Accuracy of the Mean & Precision
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Definition „Certified Reference Material“

Reference material, accompanied by a certificate, one or more 
of whose property values are certified, by a procedure which 
establishes its traceability to an accurate realization of the 
unit in which the property values are expressed, and for which 
each certified value is accompanied by an uncertainty to a 
stated level of confidence.

VIM:1995, ISO guide 30/31
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National Metrological Institutes (NMIs)

Providing acknowledged standards, examples for NMIs are:

• USA: National Institute of Standards and Technology (NIST)

• Germany: Federal Institute for Materials Research and Testing (BAM)

• UK National Physics Laboratory

7



© 2012 Sigma-Aldrich Co. All rights reserved. 8

Definition: part of the measurement/result,
describes the variation of the values

Typical uncertainties in chemical analysis:

Simple sample, metrological level: 0.05-0.4%
Simple sample (no Matrix), normaler level 0.5-1.5%
Analysis in Matrix 2-50%

Problem: Users prefer low uncertainties ....
Consequence is: many CRM manufacturers calculate (or estimate) the
uncertainty too optimistic (ignoring relevant shares).

68.3 %

95.5 %

99.7 %

-1s

- 2s

- 3s + 3s
+ 2s

+ 1s

Mistake and Uncertainty are not the same!
Mistake = can not be determined 
(dictionary: mistake, oversight, accidental slip, ...)

Uncertainty
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Traceability
ISO 17025 Section 5.6: Measurement traceability 5.6.3 Reference standards and reference materials

Definition: property of a value to be related by an unbroken chain of 
comparison measurements to a reasonable normative. 
(VIM 6:10 – ref: BIPM, IEC, IFCC, ISO, IUPAC, IUPAP, OIML, International Vocabulary of 
Basic and Metrological Terms in Metrology; 2nd edition, ISO Geneve, 1993)

The uncertainty of a result has got to contain all uncertainties of all 
comparison measurements and the uncertainty of the reference.
The length of this “traceability chain” is not limited, but: the 
uncertainty is increasing!
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ISO Guide 34: „General Requirements for the Competence
of Reference Material Producers“

 Only few labs do have ISO Guide 34 Accreditation
 Important: Tracebility, uncertainty, homogenity, stability, shelf life
 Accreditation is bound to a lab and scope

ISO 34 + 17025: “Gold Standard“ Accreditation for
Reference Material manufacturers

 Only very few labs do have both
 Acknowledgement of competence and reliability STS 490

ISO/IEC 17025

SRMS 001

ISO Guide 34 und
ISO/IEC 17025

Produced in double accredited 

Produced in double accredited 

laboratory fulfilling 

laboratory fulfilling 

ISO/IEC 17025 
ISO/IEC 17025 andand

ISO Guide 34
ISO Guide 34

ISO 17025: „General Requirements for the Competence
of Calibration and Testing Laboratories“

 Many labs do have 17025 Accreditation
 Important: Tracebility, uncertainty, education, infrastructure
 Accreditation is bound to a lab and scope

ISO 17025 + ISO Guide 34 Accreditation
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•Numberless organic compounds
•Only few international standards available
•Traceability?

Organic CRMs: Challenges
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Alternative approach: qNMR

Quantitative NMR (qNMR) is a 
Relative Primary Method

Signal intensity is:
• proportional to the number of

protons
• independent of chemical structure

(chemical shift is impacted)

NMR spectrum of an equimolar
mixture of CH3Cl and CH3Br
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Advantages of Quantitative NMR 

Jancke H. NMR als primäre Methode. Nachrichten aus Chemie, Technik und 
Laboratorium, 1998, 46, 722
Jancke, H. NMR Spectroscopy as a Primary Analytical Method, Document 98/02 to the 4th

Session of the CCQM, Sèvres 1998

Traceability independent of chemical identity
Low Uncertainties 
• Expanded uncertainties between 0.1% and 0.5%
Non-destructive
Structural information on target compound
Information on impurities



© 2012 Sigma-Aldrich Co. All rights reserved. 14

1H-NMR
measurements

Internal
Standard

Sample

High-
precision
weighing

Solvent

Data processing

Quantitative NMR (qNMR): Procedure
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Content Assignment by qNMR

•Internal standard and the reference standard are weighed 
together into one NMR tube (with solvent)

•Intensities of appropriate signals of the reference standard (Ix) 
and the internal standard (IStd) are used for calculation

•Content Px can be calculated by the following equation:

• Number of nuclei contributing to the resonance (Nx, NStd)
• Molar masses (Mx, MStd)
• Initial weight (mx, mStd) and purity of internal standard (PStd)

16
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Tracebility to NIST Standard Reference Materials

17

Acenaphthene
Fluka 05426

Dimethylsulfone (IS)
Fluka 41837

Benzoic acid
NIST SRM
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2D-COSY of 3,5-dinitrobenzoic acid. Signals of impurity
3-nitrobenzoic acid detectable. Easy detection at concentration below 0,1%

Signal allocation and purity: 2D-NMR: H-H COSY
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Organic TraceCERT: CRMs for Chromatography

•Acids and Esters
•Aldehydes and Aldehyde Derivatives
•Amines and Amides (e.g. acryl amide)
•Amino Acids
•Antibiotics / Drugs (including veterinary drugs e.g. antibiotics)
•FA / FAME
•Natural Products
•Pesticides
•Phthalates (plasticizers)
•Polyaromatic Hydrocarbons (PAHs)
•SVHC (semi-volatile hydrocarbons)

20
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Difference Matrix CRM  Pure Substance CRM

•Matrix CRM  certified impurities
•Pure Substance CRM  certified content
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Aflatoxin B1 in peanuts: usage of CRMs 

Non-problematic: Weighing, dilution, quant. HPLC
Problematic: Grinding, Extraction, SPE

How to conect the HPLC result with the whole analytical method? 
Neat compound CRM (Aflatoxin B1) only for the verification of the accuracy of 
the mean of step 4 (ONLY of step 4)

Sample:
peanuts

Step 1:
weighing, 
grinding Step 2:

Extraction

Step 3:
SPE, dilution

Step 4:
quant. HPLC

?
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Usage of Matrix CRMs  

Step 1:
grinding

Step 2:
Extraction

Step 3:
SPE

Spiking with labelled Standard: assumption, that the labelled substance behaves
like a non-labelled and that interaction with matrix is the same.

Matrix CRM: shows absence of interferences, lost of the sample, systematic errors. 
Shows completeness of extraction & purification.

? ?
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BCR-264 Defatted Peanut Meal
Aflatoxin B1, high level
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Certificate
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Length: here 90 pages

Index of content: 4 pages

Content: feasibility study in 
terms of homogenity, 
stability,results, statistical 
evaluation, Certification ...

Why: the whole process has got 
to be traceable

Certification Report
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Matrix CRMs for Environmental Analysis

•RTC is world leader in the production and certification of soil 
and sediment CRMs 

•Cooperation with US EPA
•Available CRMs:
• Soil Matrix CRMs (Metals/Inorganic and Organic & Hydrocarbon)
• Soil, Sludge and Sediment Matrix CRMs - Trace Element
• Underground Storage Tank Hydrocarbon Calibration CRMs
• Water Pollution Matrix (Metals/Inorganic and Organic & 

Hydrocarbon)
• And many more …

27



© 2012 Sigma-Aldrich Co. All rights reserved.

Matrix CRMs for Environmental Analysis

28
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Matrix CRMs for Environmental Analysis - CoA

29
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Matrix CRMs for Environmental Analysis - CoA

•Certified Value with Uncertainty and Confidence Interval
•Additional Information
• Description
• Storage
• Preparation Instructions
• Scope and Application
• Evaluation of Results
•Tracebility
•Homogeneity Assessment
•Uncertainty Assessment

30
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Summary

New Method for Content Assignment of Organic Compounds by
qNMR
• Traceability independent of chemical identity
• Low Uncertainties
• Non-destructive
• Structural information and information on impurities
Generation of new CRMs for Chromatography
• Quality Assurance

– Ensuring Accuracy of the Mean and Precision
– Ensuring an Analytical Method provides correct Results

Differentiation between pure substance CRMs/matrix CRMs

31
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Thank you!

www.sigma-aldrich.com/organiccrm
www.sigmaaldrich.com/rtccrm
www.sigmaaldrich.com/ecrm

Lit. Code:  QZN)


