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LGC Experience in Certification of
Reference Materials by Interlaboratory
Comparisons

———— Dr Steve Wood
LGC Limited
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Outline
[ GC Reference Materials
 Accreditation Status

 Interlaboratory studies
« When used
* Organisation
* Data treatment
* Value assignment
» Issues



LGC Certified Reference Materials

 Matrix materials « Single substance
organic materials
- Food * Purity
* Environment * Melting point
* Clinical « Enthalpy of fusion
* Industry * Elemental content
* Forensic

~150 materials
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Relevant Guidelines

ISO/IEC 17025

General Requirements for the
Competence of Calibration and
Testing Laboratories

ISO Guide 34

General Requirements for the
Competence of Reference
Material Producers

ISO Guide to the Expression of
Uncertainty in Measurement
(GUM)

United Kingdom Accreditation Service

ACCREDITATION CERTIFICATE

REFERENCE MATERIAL PRODUCER
No. 4005

LGC Ltd

is with the Guide IS0 Guide 34:2000 General requiremants
far the compedeme frsferenos mawdaﬂpmducers through assessment against this Gui
ISONEC 170252005 as appropriste for the relaiﬁﬂ laboratory actvities.

This for a defined scope as detailed in and at the locations
spetlledl the schedule to this certificate,

The scheduie o this certificate |s an essential sccreditatior dﬂ:uman( zu‘”ru'n time to time may be revised and
reissued by the United Kingdom Accredilation Service, The most recent i af the schedule of accreditation,
which bears the same accreditation number as this narﬁﬁr.ala is av a-labl from the UKAS website
WWW K3, GO,

This itation is subject to i with United Kingdom Acs Wﬁhtmnﬁamﬁsm uirements.
The absence of a schedule on the UKAS website indicales that the awea\ is no longer in force.

R Bl

Accreditation Manager, United Kingdomn Accraditation Service

IlllllAr.mdhnn ate Thi Inumh—mi
ZDIJG

The Depariment of Trade and Industry (DT1) has enterad into 3 wmmunuiunrk tanding wih the Uniled Kingdom Accreditation
Senice (LIKAS) B MIM#MS recoqseummnaumi bogy raspons @ssessing and accrediting the competancs of
‘calibeation, besling, inspecton and eartification of wwmpmuns nd persons.
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Reference Material Production
* Sourcing

* Preparation / purification

* Sub-sampling

« Homogeneity
 Characterisation

« Stability

» Certification

* Post certification activities
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RM Production Planning

Produce a written project plan for production of each reference materia

Production Steps

| Project Planning Form

. WORKING TITLE |
Material specification .
(Reference:
S.OL!r.CingJ preparation and SUb- PPF-Type Cartifioation _ Status: DRAFT under discussion
division B
Homogeneity assessment | e seentle .
Action numbar
Stability assessment R projoc osporaiber
| Resources needed: T laiereal Driegana:
Characterisation of the assigned st
value(s) B
Action Leader:
Calculation of the assigned value Pr——— —
and its uncertainty i e
Documentation and storage of the |~ —
materlal [ {CIRM idesvtifiar T [C]RM-Matrix: |
- e
Froficiency issting O: Tar ] panarasi=rs;

Sales and storage and distribution
 LGC Standards
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Material Certification

Certification Panel

* In house group

* Project team members

« Independent experts (e.g. statistics)

* Quality Team representative
 European Reference Materials Co-operation

« Technical review by experts from German (BAM)
and European (IRMM) metrology and reference
material organisations

« ERM Panel approval
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Activities of Certification Panel

* Review:
- the intended use/original specification of the material
« the expertise of the RM producer / subcontractors
« the approaches used to characterise the property values
« the approaches used to assess homogeneity and stability
« supplementary information from the characterisation studies
»  statistical processing of raw analytical data and results
« Examine
« records on the sourcing and preparation of the RM
« Approve
« documentation for the reference material
« Authorise
« the release of the RM for use

 All essential details of the review and examination of data are
recorded
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Certificate (ISO Guide 31)

Eavxsean Robimws Wane i
Sreting slansrds
n anlysieal seme

CERTIFICATE OF ANALYSIS

ERM"- ACD20a
trans-5,6-Dihydro-4-methoxy-6-{2-phenylethenyl)-2H-pyran-2-one
{Kavain)
Cenlified value | Ungertainty *
Parameter {masa %) {marss %)
Punity ooa 0z

1) The certiked yakse | Imoeable 1o the analyical melhods and standands used in th chamclensation shudy
and desoribed i the certfioate.

2} The quoted unoestanty s e hallsidh of the sxpanded unoesainty oaloubled using a coverage tacior (i
ol 2,48, which ghes a kevel ol confidence of approsimatey 56 %

This certificate & walid far 12 months from the dale of shipment provided the ssmple s sioned under the
recommended cond Bons.

The mnimum amount ol sample o be used s 2 mg.

NOTE

Eurcpean Reference Malerisl ERM". ACD208 vis produced and cerilied under The respensbily of LEC

ancording 1o the frinciks kad down in the Technical Guidelnes of e European Releence Malerals co-

operalion agreement bebveen BAMLGOJRMM. Informaton an these guideines s aafabie on the inlemet
Q A T -CHT O =I5

Aocephed as an ERME, Teddnglen, August 2005
Signed;

D Johin Maroll, UK Govemimaent Chemst
LGE Limiled

Quiecres Rioad

Teddinglon

Middesax

TWIT CLY, UK

=

Cavyvan Lt M o

DESCRIFTION OF THE SAMPLE

# aloh of O.L-kavain oblained from a commencial soppler of chem cal reagents was mised and dspansed
a5 10 My unes into serevioapped s glass Walks.

The material wes cansidered (o be hemogeneeus on the basis of High Ferfarmance Ligud Chromatogeaphy
walh UV delection (HPLC-UVG measwements on 10 randomy selected 2 mg poartions, which shovwed no
sigailicant varialion in purity salue.

The idenlity of the material was confirmaed by 250 MHz "H-MMR speciescopy and Fnurlnr:nshlm 1]
oyclaron resonance mass speciometry (FTACR-MEME) wtiising accuraie mass mi
determnation of elemenial lormulae in combination with product lon M5,

The materal contales @ misture of 8 and L kavain; the propertion of these somens s Bhe materal s mot
necessanly the same as fhaf found In natune.

INTENDED USE

The primary use of this nelerencs malerdal i for the calbration of methods for the deteeminalion of kavain in
hertal peodacts, loodstults and cther relevant matices

ANALYTICAL METHOD USED FOR CERTIFICATION
Hgh Perermarnce Ligukd Chromalegrapty wiih U Detaction (HPLC AWV

The purity of the maleral was determined by MELE-UY using a revorsed phase column (150 - 2 me,
Phenomenes Luna S18.2), & um). vilh an iscorati mokde phase consisting of 55 % waler and 45 %
analon ks and a flow rale of 0.2 mLimin, Solstions of kavan in apstoeiinle 0.0 mass %) vwere nmpam-d
Tram 9 units of the material. The purity of e mate il vis g by peak sea
dteotion ot k=246 nm.

Lullerenal Sca0ning Salorimel

A Polymar Labs STA G285 ditterential scanming oalcrimaler was wsad, vilh & sample see of approdimataly
2 g in aiberrinium pans and & haating rate of 1.3 “Chmin, The nstuman was calibraled usng & high purity
indium ceitilied rlerence matenal (LSC2601). At of § detenminalions s caried ot

Gas Chiomalogrecty Flame lonisalion Delection (ESCFID

The purity of the materal was determined by GC-FID usng a DE-1 oclumn (B0 m « 028 mm id,

= 0.2% pm with @ conslant flow of helum as the carer gas {1 mLimin} and colume fompesatune
progamme ol 30°C for 1 mnute, ramp @ 10 °C 1o 40 °C, ramg @ 5 °C 1o 200 °C for 1 minule, rame &
1°C b 270 C for 20 mimetes with he Flame lanisalion Delecior (FID) at @ lempesatune of 280 *C. Solations
of kavain In dichiceomathane (0.1 mass %) wore prepared frem 10 poricns of the malenal. Each solulion
vz analysed by cold an-oaluren injection of 1 ul. The purity of he malerial was quantified by peak arca
normalsafion.

The data fom these thies lechniques ks shown i Tablke 1.

I addition to the aboee, molsture and norganic malenal vas alss determined:

Mgt

Meistors wis Setarmined by coulometric Karl Fischar tiration and the value sublracled rom the purty
dotermined by HPLCAIW and GE-FID.

lograang Sonlonl

The of Inoigani sessed by Induoth ety Coupled Plasma-Optical Emssion
Speckoscopy ICEDES), and confirmed by ash delermination at 550 °C. The vakes vers sublmoled from e
pherty valug delermingd by HPLG-UW and GC-FID, The penentages incrganic conterl v nol subitacid
Tram the DS purlty value as this technkue alows tr 1he presence of Sorganss 0 he sampk.

‘i faleing Fa gL are 18 mbegral Fad ol Ca o

ERW"-ACLe
Pags i ela

M- Anae
Pagsdela



Homogeneity Testing

» To identify variations in analyte
concentrations between the units

 Determine an uncertainty for the
homogeneity

* Key requirements
« method of high precision

* repeatability conditions
« same method, same reagents, same equipment, same analyst
over shortest possible time-scale

« sample size - should reflect amount taken for day
to day analysis
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Homogeneity Testing

» All materials are tested for homogeneity
All analytes in a given matrix are tested

* Usually 10 to 30 units analysed in duplicate
« 3 times the cubed root of n.

* Units analysed in random order, not ‘as
bottled’

« Statistical analysis (ANOVA)

* used to obtain s qgands,,

metho

» The larger of s, 4,y @Nd s, is used to

octimatfo 11
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Stability Testing

 Approaches
* New stability study
Use published and readily available information

Use of data from related materials
» materials, packaging and storage

Accelerated testing
Isochronous testing
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Isochronous Testing

Accelerated Stability Testing Programme

Storage Time Storage Temperature
(months) 37°C | 20°C | 4°C | -20°C | -70°C
1 v v v v v
2 v v v v v
3 v v v v v
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Characterisation Approaches

» Single Primary (Definitive) Method

» cost effective if methodology and equipment is
readily available

* Accurate Gravimetric Preparation

 valid and effective where analyte(s) can be added
to the matrix homogeneously

 Two or More Independent Methods

« preferable to have validation information available
for methods (precision and accuracy)

o Intfarlabhoratorv Stiricv
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Inter-laboratory Studies

Qualified participants

QC material supplied with candidate material
Detailed protocol provided to participants
Safety data sheets prepared and supplied
Robust statistical data processing

Number and availability of participants
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Inter-laboratory Studies - Protocol

e Timescale

 “The analyses and reporting of results should be carried out
within 4 weeks of receipt of the samples or by March 20th
2007 — whichever is soonest.”

 Candidate Material

* “Five replicate analyses should be performed on this
material, to ensure that your laboratory median is a good
estimate of the true value of the analytes being measured.”

« “Laboratories should report the results of ALL the replicate
analyses that they carry out and should NOT discard any
data.”

 “Results should be quoted to 2 decimal places and NOT
truncated.”
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Inter-laboratory Studies - Protocol
* QC Material

 “Three replicate analyses should be performed on the QC
material for each analyte.”

« “Laboratories should report the results of ALL the replicate
analyses that they carry out and should NOT discard any
data.”

 “Results should be quoted to 2 decimal places and NOT
truncated.”

* Analytical Method to be used

« “I aboratories are free to use a method of their own choice.”

» “It should be a method they are familiar with and for which
they have appropriate method validation data.”

« “Such data should include information on the precision and
trueness of the method.”
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Inter-laboratory Studies - Protocol

* Quantitative Determination of the Analyte

* “Where the analyte is determined by an instrumental

technique (e.g. Mass Spectrometry), the instrument should
be calibrated using a reliable standard of the analyte in
question.”

« “Itis important that you report the source and purity of your
calibrant to help with the assessment of your data.”
* Reporting of Results

» “All results should be reported in the Excel spreadsheet
provided.”

« “Background information, including method details, should be
entered in the Word document provided.”

 “The documents should be returned by email if possible.”

» “Both sets of forms should be returned by March 20th to the
organiser.”

pals DE ToDO.
GOVERNO FEDERAL
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Data Processing

 Robust Statistics

 Robust statistical approaches are automated
mathematical systems which detect and down
weight outliers

« Appropriate steps must be taken to ensure the
suitability of the data set to be processed
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LGC robust statistical processing stages:

Establish a QC limit and reject labs which do
not meet requirements

Examine raw data for technical issues
- E.qg. inappropriate methods, incorrect reporting

Ensure underlying normality of data set
Robust analysis by more than one method

Assign certified values and uncertainties
using a robust estimator



T |
Seminar Accredita

!!!!!!!

Establishing a QC limit:

 Use a QC material

« Set limits of acceptability
* Analyte and level
« Type of matrix of QC
« Similarity of QC to candidate material
* 10 % to 30 % of known value

* Plot all participant data graphically

 Remove all laboratories whose mean QC
value falls outside the limit
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Investigating technical issues:

* Data reported in correct units?

« Appropriate method capably of required
accuracy and precision?

 Is reported data wrong by an integer factor?

« Was the material stored properly before
analysis?
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Normality of data:

 Almost all statistical processes in common
usage require data to be normally distributed

» Tests available to assess normallity
» Kolomogorov-Smirnov-Lilliefors
« Shapiro-Wilks
- Excel normal probability plot

* Outlying data may interfere with normality
tests
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Robust processing
 Median/MADe

 Median of each laboratory data set is calculated and the
median of medians is then taken as the robust mean of the
total dataset

 MAD is the median of the absolute differences
 MADe = MAD /0.6745

» Equivalent to standard deviation
« H15 estimator (Hubers estimator)
 Uses winsorisation to reduce the effect of outliers

« Winsorisation modifies outlying results to reduce their
effect on the mean of the data
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Robust processing

 Median/MADe & H15 estimators can be
calculated automatically using an Excel plug
in prepared by the Analytical Methods
Committee of the Royal Society of Chemistry

www.rsc.org/Membership/Networking/InterestGroups/Analytical/AMC/Software



Certified Values and Uncertainty

o Certified values
« Median of the data set

* Uncertainty

« Characterisation uncertainty is calculated form
the MADe value

N

Uihar = S/\/; U har MADe - | — /\/;
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Uncertainty

« A CRM has one or more property values each
with an uncertainty:

* Uncertainty has 3 components:
» characterisation
- homogeneity
 stability

ey 2 2
uCRM IR \/uchar + uhom + ults

U M :kquRM

CR
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Normal & Robust Statistics

* Normal Statistics

All labs
Outliers removed
All accredited labs

All accredited labs with
outliers removed

All non accredited labs

Non accredited labs with
outliers removed

Data corrected for QC, all
labs

Data corrected for QC,
with outliers removed

* Robust Median/MADe
« All labs
» Accredited labs only
* Non accredited labs only

 Data corrected for QC, all
labs

* Other robust methods
applied
 H15 estimator
 Mixture model median
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Effect of different processing approaches

Tin (mg'kg)

300

250 -

200

Tin in Food Matrix

& y ob\:z;@é {b\\'v @((v \\\f&?d . 6?0 »
f N & & @ éb\ &
~(\6§ J;\d‘ O§ ﬁydz ob{\' f" &gd‘
&
& & &£ &P

EEEEEEEEEEEEEE




« Examples
 Meat paste — matrix reference material

« Soft drinking water reference material for
metals
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CASE Study

Meat paste — matrix reference
material
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Legislation

« Statutory Instrument 2003 No. 2075
« The Meat Products (England) Regulations 2003
* refers to EU Directive/13/EC for definitions of meat

« Statutory Instrument 1999 No. 1136

« The Miscellaneous Food Additives (Amendment)
Regulations 1999

* Residual amount for cured/canned meat products:

« E249 Potassium nitrite 50 mg/kg (expressed as NaNO2)

» E250 Sodium nitrite 100 mg/kg (expressed as NaNO2)
 E251 Sodium nitrate 250 mg/kg (expressed as NaNO3) *

« E252 Potassium nitrate 50 mg/kg (expressed as NaNO3) *
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Homogeneity

« 10 sachets analysed in duplicate

 Moisture — oven 102 °C

* Nitrogen — Kjeldahl

* Fat— Weibull-Stoldt

« Ash-525°C

« Salt - silver nitrate titration on ashed sample

* Hydroxyproline — Modified BS4401 Part 11
1995

 Nitrate - HPLC
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Inter-laboratory Characterisation

* Interlaboratory study
* 19 laboratories agreed to take part

» 19 laboratories reported results (not for all
analytes)

e 13 were UK based
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QC materials

« Matrix Meat Reference Material

« Assigned values include:
* Moisture 68.8 +/- 0.1 g/100g
* Nitrogen 1.63 +/- 0.05 g/100g
* Fat 14.3 +/- 0.4 g/100g
 Ash 2.65 +/- 0.09 g/100g
« Sodium Chloride 2.19 +/- 0.09 g/100g
* Hydroxyproline 0.133 +/- 0.012 g/100g
* No value for nitrate

* For nitrate only
« Candidate material ‘spiked’ with sodium nitrate
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2C limits

Certified Uncertainty Repeatability QC limit for study
mean

oisture g/100g 68.8 0.1 0.5 1.0

trogen g/100g 1.63 0.05 0.1 0.2

at g/100g 14.3 0.4 0.5 1.0

sh g/100g 2.65 0.09 0.1 0.2

loride calculated from | 1.33 0.05 0.2

rtified NaCl content

100g

ydroxyproline g/100g 0.133 0.012 0.03

trate as NaNO3 mg/kg

No certified value as prepared in —house. Expected value 326 mg/kg, so limits set as
20% expected value.
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Moisture (QC material)

70.0

69.5 -

69.0 -

68.5

68.0 -

67.5

Lab1

Lab12 Lab13 Lab14 Lab15 Lab16 Lab17 Lab18 Lab1

Lab2 Lab3 Lab4 Lab5 Lab6 Lab7 Lab8 Lab9 Lab10 Lab11

Lab number
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Moisture (candidate material)

63.5

63 -

62.5 -

61.5 -

60.5 -

60 T T T T T T T T T T T T T T T T T
Lab1 Lab2 Lab3 Lab4 Lab5 Lab6 Lab7 Lab8 Lab9 Lab10 Lab11 Lab12 Lab13 Lab14 Lab15 Lab16 Lab17 Lab18 Lab1

Lab number
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63.5

63

62.5

62

61

60.5

60

Moisture (candidate material in result ordet

Lab4 Lab10 Lab16 Lab19 Lab13 Lab1 Lab3 Lab5 Lab2 Lab12 Lab14

Lab number

Lab7 Lab11 Lab17 Lab8 Lab6 Lab15 Lab1;
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Nitrogen (QC material)

1.9

1.8 4

1.7 -

1.6 -

1.5

14 -

1.3

12

Lab1

Lab2

Lab3

Lab4

Lab5

Lab6

Lab7

Lab8

Lab9

Lab10 Lab11

Lab number

Lab12 Lab13 Lab14 Lab15 Lab16 Lab17 Lab18 Lab1
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Nitrogen (candidate material)

26

2.5 1

2.4 1

23 : EEII I II I
A

2 T T T T T T T T T T T T T T
Lab1 Lab2 Lab3 Lab4 Lab5 Lab6 Lab7 Lab8 Lab9 Lab10 Lab11 Lab12 Lab13 Lab14 Lab15 Lab16 Lab17 Lab18 Lab1
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QC rejections

Number of labs
reporting results

Number of labs failing
QC test

Moisture

18

0

Nitrogen

18

Fat

18

Ash

18

Chloride

18

Hydroxyproline

13

Nitrate as NaNO,

11
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Proposed values

mg/kg

Value Uncertainty
Moisture g/100g 61.8 0.6
Nitrogen g/100g 2.30 0.08
Fat g/100g 15.0 14
Ash g/100g 3.32 0.10
Chloride g/100g 1.45 0.08
Chloride as Salt 2.39 0.14
Hydroxyproline g/100g | 0.33 0.04
Nitrate (as NaNO,) 286 82
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CASE Study

Soft drinking water reference
material for metals
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* 30 samples in duplicate for most elements

10 samples in duplicate for the IDMS
elements (Cd, Fe and Zn for this material)
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Stability

« Data available from the previous batch of this
material shows that the material is stable for
at least 60 months

* No additional long-term stability
measurements have been carried out for this
batch of material

* Previous hard water material used
homogeneity data as approximation for u,,
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Inter-laboratory Characterisation

- 18 laboratories agreed to take part
« 17 reported data (not for all analytes)
* 9 were UK based
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Proposed Values for Certificate

Certified value

Uncertainty

%

Aluminium

Arsenic

204

10.3

11

1.3

5.4%

13.0%

Barium

13

10.2%

Cadmium* 5.26 0.2 3.9%
Copper 2102 67 3.2%
Chromium 51 3 5.9%
Iron* 201 1.26 0.6%
Lead 26 3.8%
Manganese 53 4 7.5%

Nickel

9.5%

|

Sodium

Zinc* 628 3.2 0.5%
Calcium 7.3 0.3 4.1%
Magnesium 1.01 0.043 4.3%

3.4%
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Issues and challenges

 Number of willing participants
 Transport of samples
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