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Use of Certified Reference Materials (CRMSs)

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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g
: . .+ .. correct _ not correct
Inaccurate - . - . pyt inaccurate ~ but
* .°* not precise N precise
. ) correct
inaccurate | Qr%t correct accurate ¥ ang
not precise - precise
Accuracy = accuracy of the mean + precision
_ Value > — Accuracy of the mean
Result = : .
uncertainty — — Precision
Accuracy of the mean: systematic errors
Precision: accidental errors (by random)
Accuracy: overall deviation
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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 NMls are:

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

NIST

National Institute of
Standards and Technology
U.S. Department of Commerce

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

X BAM

* UK National Physics Laboratory

NPL

National Physical Laborator
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Uncertainty

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

Mistake and Uncertainty are not the same! - 2s

Mistake = can not be determined

"y ) : . : - 3s
(dictionary: mistake, oversight, accidental slip, ...)

+ 2s
+ 3s

Typical uncertainties in chemical analysis:

Simple sample, metrological level:
Simple sample (no Matrix), normaler level
Analysis in Matrix

Problem: Users prefer low uncertainties ....

99.7 %

0.05-0.4%
0.5-1.5%
2-50%

Consequence is: many CRM manufacturers calculate (or estimate) the
uncertainty too optimistic (ignoring relevant shares).
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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 T ' = eneve, 1993)

The uncertainty o Il uncertainties of all
comparison meas ty of the reference.

The length of this “traceability chain” is not limited, but: the
uncertainty is increasing!

X % Cu +Y %
X5 % CU Y, % X, % Cu

e

+Y, %

COPPET
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ISO 17025 + ISO Guide 34 Accreditation

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 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

SUPELCO
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ISO Guide 34 und

ISO/IEC 17025 ISO/IEC 17025
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Organlc CRMs: Challenges
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Numberless organic compounds
*Only few international standards available
*Traceability?
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Alternative approach: gNMR

Quantitative NMR (QNMR) is a

Relative Primary Method NMR spectrum of an equimolar
mixture of CH;Cl and CH;Br

CH3Cl CH3Br
Signal intensity is: a
e proportional to the number of
protons . I
- independent of chemical structure 31 230 28 28 27 28
(chemical shift is impacted) ppm
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Advantages of Quantitative NMR

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

Jancke H. NMR als priméare Methode. Nachrichten aus Chemie, Technik und
Laboratorium, 1998, 46, 722

Jancke, H. NMR Spectroscopy as a Primary Analytical Method, Document 98/02 to the 4t
Session of the CCQM, Seéevres 1998

SUPELCO
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Quantitative NMR (QNMR): Procedure

Internal
Standard

_i l
VW
o m
v
v

High- §
precision ;
weighing !
IH-NMR
— é measurements
— Solvent
-

Sample l

Data processing
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Content Assignment by gNMR

Internal Standard
Content known
NIST traceable

Analyte
O O
‘ R X¢F
7 ®
Acenaphthene Dimethylsulfone
4 protons 6 protons
J
R D P U I I I I I
95 90 85 80 75 70 65 6.0 55 50 45 4.0 35 0O 25 20 15 10 0.5 ppm
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Content Assignment by gNMR

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

Intensities of appropriate signals of the reference standard (l,)
and the internal standard (l,4) are used for calculation

Content P, can be calculated by the following equation:
P . ‘[.1' . *\ Std | ‘M X m Std P
X I T STG’?
I., N. M m

Std X
* Number of nuclei contributing to the resonance (N,, Ngy)

* Molar masses (M,, Mq)
e Initial weight (m,, mg,) and purity of internal standard (Pg;,)
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Tracebility to NIST Standard Reference Materials

O
OH
Q_
AL
0o &
é Benzoic acid
" H,C” z “CHj NIST SRM
A
‘ NN Dimethylsulfone (IS)
Py Fluka 41837
Acenaphthene
Fluka 05426
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Signal allocation and purity: 2D-NMR: H-H COSY

U enhancement 1000x

N L__ ppm
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TraceCERT® ) Flukar

e Traceability 1) NIST SRM 350b (Benzoic acid)

This certificate & cesignad In accordance with 150 Guide 311

Substance: Acenaphthene
Proguct no.: 05426

Lot no.: BCBD1028V

Formula: CysHi

Molecular mass: 15421
Traceabity ¥ NIST SRM 3500 (Senzoic ackl)
Cerificate Issue date:  Oclober 19, 2010

Expiry Cebianiz Certlfled Va|UE

Certified value and uncertainty according to ISO Guide 35 P and Eurachem!CITAC Guide'®

Supstance Certired value I Expanded uncer

0.3 % (g/g) | 985 D/D (g/g)

Minimum sampie 50 mg Is recommangcad as the minimal sample amount. If l2ss materal is
used. It Is recommended to Increase e certlad uncertainty by a factor of two
for ha of sample and a factor of four for one fourth mg of sample

Drying Instruction: This material does not require drying before use

Acenaphthene 98.5 % (g/g)

Intended use Use this CRM as callbrant for chromatograpny or any otner analytical
technique. .

Storage and handing:  The CRM shouid be stored In the original bottie at room-temperature (20- E p d d rt ty = . ( = )
25°C). After use the bottie snould be tightly ciosed and prosecied from Xpanae uncertain ’ U k Uc k 2
excesslve malsture and light.

crmoperatons: - RiCck aWis, 77N
L (8 (8) (m) 0.3 % (g/g)

Cemficationbody: ;% 7l Ad i SRMS 001 5TS 480 16358-02
e ISO Guide 34  ISO/IEC 17025  1SO 9001
Page 1074 fgTa-At4ch Produchan Gmaid Ing 2% 4TI Dacre’ SIGVIA-ALDAICH
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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)

SUPELCO
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Difference Matrix CRM & Pure Substance CRM

Matrix CRM = certified impurities
Pure Substance CRM = certified content

SUPEL Cﬂ © 2012 Sigma-Aldrich Co. All rights reserved. 21
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Aflatoxin B1 in peanuts: usage of CRMs
N

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)

SUPEL Gg © 2012 Sigma-Aldrich Co. All rights reserved. 22
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Usage of Matrix CRMs

TracrinonN
L1 aucLiuvull

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.

SUPELCO
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BCR-264 Defatted Peanut Meal
Aflatoxin B1, high level

European Reference Materials

About ERM
»Welcome Welcome to the European Reference Materials site

¥ The concept
* The partners
* The benefits Three major European reference materials
producers have combined forces to produce
T FAG a brand new standard in reference

- materials to ensure reliability and ——
> Press articles comparahility of the results of chemical
analysis.

* Membership conditions

Al Mene European Reference Materials are certified
QDDE_' . rmaterials, which undergo uncompromising
Cert'f'f?d reference peer evaluation and offer highest quality
ma Is for and reliability,
detecti f potato
event 527-1 They are a major tool for improving the

| confidence in, and the mutual recognition of
test results and certificates in a global
rmarket, CRMs comply with high metrological European Reference Materials:
requirernents, ensuring traceability of anew brand for Certified Reference Materials
measurements results, and are the end-
point of the traceahility chain, thus being
primary standards in chemistry,

2June 29, 2006

ERM® Partners

Institute for Referance
rials and Measurements

Disclaimer / webrmaster / 2004 by ERR rights=

SUPEL Cﬂ © 2012 Sigma-Aldrich Co. All rights reserved.
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EUROPEAN COMMISSION

COMMUNITY BUREAU OF REFERENCE - BCR H

CERTIFIED REF NCE MATERIAL
BCR-264

Mass fraction Aflatoxin B; er of accented
sets of data p
AN n_/
1) Expressed on materal as supplied.

CERTIFICATE OF ANALYSIS
e e
l{g'tified Valm /ﬁ'ncerlainty}\
2} This value is the unweighted mean of p accepted mean values Yqdependently obtained by p sets of results.
3) The uncertainty is taken as the half width of the 95 % confidence ifjterval of the mean defined in (2). It does
not include any uncertainty on the value for iNg molar absorpno oefficient of aflatoxin B, in chloroform which

AFLATOXIN B, IN DEFATTED PEANUT MEAL
\_206 uglkg / N\ 13 ugkg _/
S — S —
has been adopted for this certification (see § 7T ol

When the reference matenial is used to assess the performance of a method, the user should refer to the
recommendations laid down in the last chapter (instructions for use) of the certification report.

DESCRIPTION OF THE MATERIAL
The material is a finely ground defatted peanut meal. It is supplied in units of about

150 g in sachets sealed under vacuum.
The minimum recommended sample intake i

INSTRUCTIONS FOR USE

Samples should be stored unopengd at - 18 °C. Tp avoid water condensation they
should be allowed to warm to room t&m €.g. overnight) before opening. The
contents should be thoroughly mixed before sub-samples are taken. After opening,
the material should be used on the same day.

Brussels, June 1993 BCR
for certified true copy

PARTICIPATING LABORATORIES

- Institut fir Angewandte Botanik, Hamburg (D)

- Istituto Superiore di Sanita, Roma (1)

Leatherhead Food R.A., Leatherhead, Surrey (UK)

- LUFA, Kiel (D)

- R.LV.M., Bilthoven (NL)

- RHM Research and Engineering Ltd., High Wycombe (UK)

- RIKILT, Wageningen (NL)

- Royal Veterinary and Agricultural University, Copenhagen (DK)

- State Laboratory, Dublin (IRL)

- Technische Universitdt Minchen, Bayerische Hauptversuchsanstalt fir
Landwirtschaft, Freising (D)

- TNO Biotechnology and Chemistry Institute, Zeist (NL)

( ANALYTICAL METHODS USED )
ification involved instrumental determination by high

performance liquid chromatography using a variety of separating and detection
conditions and two-dimensional TLC. The methods also varied in their initial
extraction and clean-up procedures. Details of the methods used are given in the
certification report.

LEGAL NOTICE

This document was prepared under the sponsorship of the Commission of the
European Communities. Neither the Commission of the European Communities nor
any person acting on their behalf makes any warranty of representation, express or
implied, that the use of any information, material, apparatus, method or process
disclosed in this document may not infringe privately owned rights, or assume any
liability with respect to the use of, or for damages resulting from the use of any
information, material, apparatus, methods or process disclosed in this document.

NOTE

A detailed technical report on the analysis procedure and the treatment of the
analytical data is supplied with each sample.

Certificate

European Commission - Joint Research Centre
Institute for Reference Materials and Measurements (IRMM)
Retiesaweg, B - 2440 Geel (Belgium)
Telephone: +32-14-571.722 - Telefax: +32-14-590.406



1994

Commission of the European Communities
Community Bureau of Reference

ber information

REFERENCE MATERIALS

THE CERTIFICATION OF THE AFLATOXIN B,
MASS FRACTION OF THREE PEANUT MEAL
AND TWO COMPOUND FEED
REFERENCE MATERIALS

(CRMs 262, 263, 264, 375 & 376)

H.P. VAN EGMOND("), G. WOOD(?), S. PATEL(), L. TUINSTRA('),
A. BOENKE(®), B. SCHURER(?), P.J. WAGSTAFFE()
(") RIVM

Bilthoven
The Netherlands

(") Leatherhead Food Research Association
Leatherhead
United Kingdom

(") RHM Researcl h and Engineering Ltd
i

United Kingdom

(*) RIKILT
Wageningen
The Netherlands

{*) Commission of the European Communities
Community Bureau of Reference
200 rue de la Loi
B-1049 Brussels

Contract Nos 5394/1/5/227/90/3-BCR-NL (10) & 2721/1/5/227/87/5-BCR-NL {10)

FINAL REPORT

Directorate-General
Science, Research and Development

EUR 15286 EN

SUPELCO
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Certification Report

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

© 2012 Sigma-Aldrich Co. All rights reserved. 26



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 ...

SUPEL CU‘ © 2012 Sigma-Aldrich Co. All rights reserved. 27
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Matrix CRMs for Environmental Analysis

Matrix CRMs (Soil with known sand, silt, clay and organic matter
composition, and analytes)

Sandy Clay

Metals and
Inorganics
v

Organics

Physical
Properties

W

Water CRMs

Matrix Metals and Inorganics Organics Physical Properties
Water Supply =35 products =28 products 18 products

(W5)

Water =29 products »48 products =20 products
Pallution (WP)

Sea water >3 products =3 products =5 products

Loamy Sand

Soil CRMs (Generic soils with known levels of analytes)

Sandy Loam

Sand

Clay

R BN N N

Metals and Inorganics  Organics Physical Properties
Soil/5olid - =13 products =40 products =7 products
waste
SUPELCO
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Sediment

Soil

AN ENENENENEN

Sandy Clay Loam

Silty Clay

Loamy Clay

Clay Loam

Silty Loam

Loam

Clean Soil

lelale ool a]s] sl ol a]a]

s

Other Matrices*

NN N NN RSN

v

*Other matrices include Fly Ash, (sewage) Sludge, Dusts and Faints. NB Paints are dry
powders, and primarily certified for lead

© 2012 Sigma-Aldrich Co. All rights reserved. 28



Matrix CRMs for Environmental Analysis - CoA

Dioxins/Furans - Clay Loam

Mumitsr CRMSE1-10G

Let 019661

Solvend (Matrs) Ty Loam
Hagard Imitang

Sl Storm st rzom

Expliation Dute Ses Samcla Label
Cartifcation Date: Dacamber 04, 2012

of A

CERTIFIED REFEREHCE MATE

Carttied by Christopher Rudinski - QA Direcior
o - .
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Pacd, oisl P 15104479 208 108
Pacdd, inlal P BTEEIE 208 L
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TCOF, sl [2°0] 660 & 8.9 B L L]
23TBETCDD [=00] 107 & 4.47 208 0
PFCDF, il =T 6,240 + 208 20 4
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Additional Information

Tow aurmsia aice provided b 10 5 of sl

T sl s e tncll 2udd ks reisimice degricdatios of B aampin.

Thm surmois has been sived ko 100 mesh.

Recommanded sionge condiion b 4°C.

Tim aurmsia haa been inienScesly prasered wit as eocemet bessapece.

T amrripts should be sieed ot 4°C. It has been delmsined ko be sebi for B donstion o
A sub-samziing rapisce cep secursly end sl reTEinng semple st 4T
Thm abaf e of the procuct wes delarmined by hisiodc atsbily of smier CRM 2. The sapl
prcularity upen succeasful s sity Ealeg by @ | MEE eoreciee mborioty
Glabiity mnd e Fe afler cpasing must be delsrmized by Sie csee, bking i scroustm

Preparation Instrucions
bt wil prer b Lo,
For ldaod ES804, an sigh! gram aample aim costeiss scficiest coroesiaions of syl
quaniZaten i wil be reioed
For Welod 200, & onm grem sempie wil contsis conoeniuon of mnakie st B e
remiirec. This okt irom hough ieve of detecton will be sl owisg i he mdered o

Scope and Application
Thm Dicadma and Fusan in Soll Centifed fiaferencs Maeiers! (ZFW)] corsiets of w single saly
of nodl Forifiec eith doorn end e Heeg @ msfure maettic sesle sarpe Be amsliel b
it ences, ak. s b yplonl for similer mekice receked by Be ebomiony for arayal. |
Enalyiee et wre bdnd on Be eeciosed Certfowin of Analyais | he samiple s been ey
rousdHobis o meet he reguiements apecified by e 150 Gukdes 54 and 35, and 50 17

Evaluation of Results

Thm Faterence Velos, 38 % confidence intereelC 1. | for the B eferesce veiue end 52% Pre
obuined by B mathcds Kened i he Scooe mnd Apoiics Bon” section of thia Ceri¥ficils
oo e bagising ko e end of the Soifing seqeesce end senl o snalysis by an indapen
rouschabis wim used k& calosken seferencs vilom by Ba USEPA ENSL-CINKE comzuie
T gaeassied EIWEIGHT mess, BWWEIGHT stnderd devisbios and BWEIGHT standend
LCo-fde-ce infervsl (U1} far he mee= ard the 95% Feedicion iner| (F1). For nomnaly 20
B clansical caboslion mathod used & gasensis 8 §5% C1. For nos-Gauien dats s, |
BIWEIGHT cate we s caexd o cuculate & 5% Pl The 5% M compases wel & e 555

rernaly dhirboied dats. he HINEIGHT 95% P hysioaly momeans spprodnately @ 22 F
BrfﬂL.Hr mean. Again, e BIWEISHT mathod b moes sobreal thas chosics) matboda wh
Laborutorien performing the seme snalycsl procedrs on @ sampis whoss veiues Seve b
B e Fom mean, @ dateenined by Be mahod, b witin Ba 006 Gl wisdow. Labeniios
Pl wirddow 19 cut of 20 snalyses. Laboretries shoukd cae Be P e gudesce o et
Additonal isformation on e progrem may be cbtelned by sferring o B refeencs o byt
Addifion ally corntact RTC for addifonal guideses - 13077425487 - sepporifiri-com com .
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Conlificale of timalysis

Dioxins/Furans - Clay Loam
Humbs: CRMSB1-10G
L=t mseEd
Solvent (Matriz)  Cay Loam
Hazard Iritang
Sieage EHanding Siore t room eTpendture.
Esptation Date  See Surcé Label
Cartifcation Date:  Dacamber 04, 2012
oo B 2ol fmc™ 7 Christooher Rucneki - 0 Direcior
Heakh ard Safetf Inforragon
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Matrix CRMs for Environmental Analysis - CoA

Certified Value with Uncertainty and Confidence Interval

Additional Information
« Description
« Storage
e Preparation Instructions
« Scope and Application
 Evaluation of Results
Tracebility

Homogeneity Assessment

Uncertainty Assessment
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Summary

New Method for Content Assignment of Organic Compounds by
gNMR

 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
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Thank you!

Environmental (RMs g

From Sigma-Aldrich

www.sigma-aldrich.com/organiccrm =~ = e
www.sigmaaldrich.com/rtccrm R
www.sigmaaldrich.com/ecrm B e Fg

Lit. Code: QZN)
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