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Foreword

:2014(E)

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

Reference materials (RMs) are widely used in measurement laboratories for a variety of purposes and it
is important to recognize that the material most appropriate for a particular application should be used.
Certified reference materials (CRMs), i.e. those which have property values and associated uncertainties
assigned by metrologically valid procedures are primarily used for method validation and calibrations

providing

metrological traceability.

The preparation of reference materlals for metrologlcal quahty control (i. e. control of the quality of
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J[bylaboratory stafffamiliar with their behaviour, to fulfil specific quality control reqiicemel

to hayj
to havj

no suifable CRM exists;

stration that a particular (part of a) measurement system is under statistical control{S
Ho not require characterization by metrologically valid procedures, and can be prepared

materials which are sufficiently homogeneous and stable are necessary fortmetrolog
htrol purposes, such as demonstrating a measurement system is under statistical cont

1. Different industries use various terminologies to describe such materials (e.g. in-ho
materials, quality control materials, check samples, etc.). For the purposes of this Guide,
lity Control Materials” (QCMs) will be used to simplify repeated citation.

(s are produced by established reference material producers’and are commercially availa
pften prepared by a laboratory for its own internal use. Frequently, QCMs are characteri
imited scope (a limited number of property values) and for specific laboratory applicatior

ale for preparing quality control materials can be one or a combination of the following fact
e an RM representing as closely as possible routine samples, suitable for quality control;

e a suitable day-to-day RM to complement asccommercially available CRM;

lication does not require a material having the full characteristics of a CRM (e.g. traceabi

RMs and as such the requiréments of ISO Guide 34[1] for the production of RMs apply. Howe
rial is only used in-house)by the preparing laboratory, some requirements (e.g. for transp
an be relaxed. The pfeparation of a QCM is related to that of a CRM and those preparing Q(
Fo consult ISO Guidés 34[1] and 35(2] for further guidance. Where appropriate, this Guide
evant parts of these Guides.

hized that the aim of many laboratories requiring QCMs is to minimize the time and eff
preparethe materials. To this end, many laboratories use samples of real products for wh
body.of. analytical data available. A number of case studies are included as annexes of t
Hoctiument to provide examples of how such data may be processed to confirm fitness
[ the materials.
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Guidance for the in-house preparation of quality control
materials (QCMs)
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to lbe prepared and be aware of any potential problems due to matrix effects, contamination,

2
Th

indispensable for its application. For dated references, only the edition cited applies. Fo

refi

S a ines SS 2 alaCLCI]S SO aterials forgquali a ol (QC
describes the processes by which they can be prepared by competent staff within the
ich they will be used (i.e. where instability due to transportation conditions is avoided): T
his Guide also applies to inherently stable materials, which can be transported to,othe

hout risk of any significant change in the property values of interest.

e primary audience for this Guide is laboratory staff who are required to prepare and use m;
cific in-house quality control applications. Preparation of QCMs, where transportation is a
hponent of the supply chain, such as laboratory sites at different location's or for proficiert
emes, should conform to the relevant requirements of ISO Guides 341 and 35.[2]

e description of the production of reference materials (RMs)~as detailed in ISO Guidég
Guide 35I[2] is also applicable to the preparation of quality<ontrol materials (QCMs). Ho
uirements for “in-house” QCMs are less demanding thainthose for a certified referenc

racterization of the material to provide an indication of its relevant property values
iation, prior to use. This document provides theyquality criteria that a material shou
considered fit-for-purpose for demonstrating a’measurement system is under statistic
dance on uses of such materials, for example-setting up a QC chart, is adequately covered
4] [5],[6] and is not included in this Guide.

e layout and structure of this Guide provides general information on the preparation of Q
in chapters, with specific case studies covering a range of sectors in the annexes. The cg
not complete “process manuals”“but are included to highlight some of the key considerat
paring QCMs. The case studies vary in complexity and detail, including sector specific te
provide a range of information for laboratory staff to draw from.

expected that those involved in QCM preparation will have some knowledge of the type

Normative references

e followifig 'documents, in whole or in part, are normatively referenced in this docume

brences, the latest edition of the referenced document (including any amendments) applie

purposes,
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he content
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hterials for
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M). The preparation of QCMs should involve homogeneity and stability assessments, and a limited
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b.

IS

Gulde sU, Kejerence materidls — Selected terms and definitions

ISO/IEC Guide 99, International vocabulary of metrology — Basic and general concepts and associated
terms (VIM)

[SO 3534-1, Statistics — Vocabulary and symbols — Part 1: General statistical terms and terms used in
probability

3

Terms and definitions

For the purposes of this document, the terms and definitions in ISO Guide 30[Z] ISO/IEC Guide 99[8] and
1SO 3534-1[9] and the following apply.
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3.1
indicative value

value of a quantity or property, included in the certificate of a CRM or otherwise supplied, which is

provided for information only (i.e. is not certified by the producer or the certifying body)

Note 1 to entry: Values assigned to quality control materials (QCMs) can only be indicative in that they have no
metrological traceability. ISO Guide 30:1992[Z] uses the term “uncertified value” to describe a value of a quantity

provided for information only.

4 Quality control materials (QCMs)

The term {quality control material” or “QCM” has been devised for the purposes of this Guide solely
simplify re¢peated reference to materials used routinely to assess the precision of test procedures. |
not intendpd to define a new class of reference materials. Such materials are variously referredto in

open litergture as “in-house reference materials”, “quality control samples”, “check samples”, “set|
samples”, ¢tc.

Where no puitable CRM exists, laboratories may use QCMs to provide an assessmentof the repeatabi
/ intermedliate precision / reproducibility of a measurement result. QCMs cannot be used to estab
metrologi¢al traceability or trueness of a measurement result.

QCMs shotild always comply with the basic requirements of any reference’material, i.e. they should
sufficiently homogeneous and stable with respect to the properties ofinterest. The level of heterogensg
should be|less than the expected standard deviation of the meaSurément process or an establis]
criterion yalue against which the assessment of laboratory petformance or the “normalization’
results is dcceptable. The QCM should be stable for a period of time that is at least as long as that dur
which it is|lintended to be used.

5 Appljcations of quality control materials (QCMs)

The principal function of QCMs is to provide laboratories with an economical means of checking th
routine test procedures for precision on a regtilar basis (e.g. daily, weekly or monthly).

While CRMs canin all cases replace QCMs; QCMs are not replacements for CRMs; they are complement
to them having a specific, limited purpose in the measurement process. CRMs produced according
the principles of ISO Guide 34[1] are-essential to establish the concept of metrological traceability i
meaningful manner, and provide the highest standard with respect to reference materials. There is
requiremgnt for QCMs to haye~metrologically traceable assigned values; consequently, QCMs can
be used tq establish metrglogical traceability or to estimate uncertainty. For method validation :
uncertainfy estimation,<QCMs may be used to a limited extent (e.g. for establishment of a precis
estimate as part of the'total measurement uncertainty).

— preparation'of QC charts - to demonstrate control of a measurement process within a laboratory
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to conlfirm the effe ene O A 1aborato guali ontrol proce 0 0 demon ate contro
measurement process over a period of time;

— comparison of results (e.g. from two or more series of related samples either in a short period of

time or over an extended period of time when a measurement process is known to vary);

— method development - to establish consistency (for validation a certified reference material sho
be used);

— instrument performance checks;

uld

— repeatability and reproducibility studies - repeated use over an extended period of time,

instruments, operators, etc., to estimate long-term reproducibility or robustness of a measurem
process or laboratory;

ent
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as check samples - for example, to confirm the degree of equivalence of measurement re
two or more laboratories (e.g. provider and user), where the materials are inherently sta

operator variability;

impact of any changes to the environmental conditions (e.g. temperature, humidity).

sults from
ble;

When confirming that a measurement process is under statistical control,[3],[4],[2],[6] the acceptability
of laboratory performance is generally assessed by comparing either the standard deviation or the
range of the individual results for the QCM against a pre-established criterion. If a lack of control of the
measurement process is identified, the laboratory needs to take action. In the simplest case, this may

reg

Reg

6

Th

prq
dey

Th
Iti

uire repeating the “suspect” measurements, perhaps following a re-calibration of instr\g‘r

A more in-depth discussion of the uses of quality control materials can be found in ISQ@ide

rardless of the intended use, it is necessary to assess homogeneity and stability@a’QCM.[
%

Steps in the in-house preparation of quality control mat@iﬁls (QCMs)

e fundamental purpose of QCMs is to detect change. In general, pragmatic and leg
tocols can be used for stability and homogeneity steps to strike a balance betweel
elopment costs on the one hand and the intended use of the%‘a@z ial on the other.

e production of any reference material requires a level @ nical and organizational cg
acknowledged that in many cases “in-house” QCMs will be prepared by technically comp

that is knowledgeable about the materials/processes be'\ used.

Th

e key steps involved in the in-house preparatior&‘?&l typical QCM are summarized in the

lents.

33.[10]

11]

S rigorous
1 material

mpetence.
etent staff

flow chart
e sourced
bquipment
the user’s
bn batch).

in Figure 1 and are described in more detail in\References [12] and [13]. Materials can
from, processed, sub-divided and packaged ird parties, where they have specialized
and/or expertise. Materials may even be products which are commercially available and meef
spdgcification (e.g. food products availab\lj\e~ appropriately sized units from a single producti
\EICIE] Material Material
Specification Sourcing Processing
S o : Characterization
Sub-division & Homogeneity /Value
Packaging Assessment .
Assignment
Stability Documentation
. Storage
Assessment / Information
Figure 1 — Key steps in the preparation of a typical QCM
NOTE Any of these steps may be subcontracted to a technically competent subcontractor.
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7 Material specification

The key criteria in the specification and selection of a QCM are for the material to be as close as possible

to real samples and available in appropriate quantities.

7.1 Matrix type, matching and commutability

In general terms, the uncertainties associated with a measurement result arise from the two m
stages of the measurement procedure:

— the me¢asurement of the property in the prepared sample by a suitable technique.

The scope|and applicability of a matrix reference material is an important consideration‘for both
productiofn and use of all reference materials.

The matrik of the QCM should be the same or as similar as possible to the matrix ‘of the routine t
samples, sp that a satisfactory result for the QCM is genuinely indicative of satisfactory results for
test samples. This matrix matching requires some knowledge of the analytical procedure used on
routine saples, so that a judgment can be made as to the degree of variatien-of the physical/chem
propertieq of the sample and test matrices that may cause them to respond differently to a particy
measuremlent procedure. For example, a freeze-dried food matrix may behave differently during analy
to a similajr foodstuff with higher moisture content.

Generally,
to the sa

QCMs are prepared for specific purposes and the materials’ properties can be closely matcl
les under analysis.

Commut:I:lity has particular significance in clinical chemistry and has been described elsewhere.[]

In practicdg, the impetus for the preparation of a QCM may often be the fact thatadequate matrix CRMs
not available and therefore the QCM producer is likely to use the specific matrix/property combinat
in question and matching is not an issue.

7.2 Properties and property values

As forany
importang
similar as
measureny
be selecte

7.3 Uni

Unit size i
QCM, the {

reference material, the QGMyshould be characterized for those properties that are of particy
e in the measurement ofjthe routine test samples. The properties of the QCM should be

ents to be carried\olit on a number of candidate materials, to enable the most appropriatg
1.

 size

5 the ‘amount of material that comprises a single bottled unit of the QCM. When preparin
ize of individual units should be based on the likely use, i.e. the amount of material requi

ain

the

est
the
the
cal
lar
'Sis

ned

=
fls

are
ion

lar
as

possible to those expedted in the test samples. This may require some preliminary screenfing

e to

ga
red

for the m

gle

analysis or for multiple measurements.

7.4 Total bulk amount of material

An estimate is required of the total bulk amount of candidate material that should be sourced. In
principle, this may be estimated by considering

— the number of units per year required by the laboratory,

— thepr

the unit size,

eparation yield,
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the quantity of material that can readily be homogenized,

:2014(E)

the length of time the supply is to be maintained and the assumed stability of the material,

the type and size of the required storage facility.

Preparation of quality control materials (QCMs)

8.1 Sourcing of bulk material

Sot
tho

maly be available including:

Prd
sinf
Th
ang

Ing
for
lar
mij
mi)
gre
lar

Du
sul

maferial or contamination of a blank material). Hence, all bottles, vials or flasks to be use

corj

WHh
lab

rcing and processing of bulk materials for QCM preparation may at first seem difficult es
se cases where large quantities of material are required. However, there are a number.0f o]

excess sample material;
accurate gravimetric formulation.

cessing the bulk material can have significant cost implications forthe preparation of
ple, straightforward processing methods should be used to ensure-cost-effective QCM pr
e exact preparation procedures required for a particular QCM will depend on the nature of
| the properties of interest.

eneral, liquid matrix QCMs are much easier to produce thantheir solid counterparts. The m|
this is that homogeneous liquids can easily be achievedeven with fairly rudimentary equij
be mixing containers equipped with paddle or magnétic stirrers). A liquid is easily spiked,
ked with additives and stabilizers. The corresponding processes for solid materials, milling
king and sieving are much more difficult to aceomplish homogeneously, especially for

be-scale preparation is envisaged.

Fing preparation of both liquid andsolid materials it is important to prevent contam
stances which can potentially interfere with the intended measurement process (e.g

tainment must be carefully eleaned and dried before filling to remove possible contaminz

en sourcing biological materials for example, for control of measurement procedures f
pratories, the following specific issues need to be considered:

ethics of the retention and use of residual patients’ samples for the preparation of QCMs;

legal liabilities’of retention and use of residual patients’ samples purchased for the pre
QCMs;

medical'laboratories creating QCMs need to have a high degree of confidence in the true
material selected, to avoid use of misidentified organisms;

pecially in
btions that

QCMs and
eparation.
the matrix

ain reason
bment (e.g.
filtered or
, grinding,
quantities

ater than 20 kg. These techniques require asignificant investment in major capital equipment when

ination by

a similar
d for final
nts.

br medical

aration of

hess of the

materials sourced for QUM preparation should be screened tor potential risks for healt

hazards,

especially if the preparation includes the use of contaminated sharps or has the potential for aerosol

formation.

8.2 Material processing

8.2

.1 General

Once the bulk material has been sourced there are a number of processing stages which may need to
be carried out to ensure the material has the appropriate homogeneity and stability for its intended
purpose. Some of the more common processes are described in the following sub clauses.
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8.2.2 Drying

Removal of water makes matrix materials far easier to handle and also improves both their short and
long term stability. Drying of soils and similar matrices may be carried out at ambient or elevated
temperature, depending on the properties of interest, since the more volatile components may be partly
lost at higher temperatures. Water removal also reduces the likelihood of microbial growth formation,
which is a particular problem with biological materials. Freeze-drying is a technique which is useful

with temp

erature sensitive properties or matrices.

8.2.3 Milling and grinding

For solids
ensure un
slow and 1
the appars3
of particul
at =78 °C

thermally

8.2.4 Sig

Sieving is
materials
to remove

some form of crushing, milling, grinding and particle size reduction is often necessary
form particle size and to improve homogeneity. For large bulk quantities, these procésses
hay take several days to complete. Care should be taken not to introduce contamination f1
itus during the grinding process. The health and safety aspects of grinding lafge’quantif

[solid CO2) or =196 °C (liquid N2) may be necessary for polymers, biological, oily/fatty :
labile materials.

bving

often carried out after milling and grinding to improve madterial homogeneity. Particul
buch as soils, ores, ashes and ground biological materials afe)passed through a standard si
large particles that are above a prescribed size.

Sieving however changes the matrix composition. If a large fraction is removed by sieving, the anal

concentra

8.2.5 Mi

Bulk solid
or end-ovg

Blending d
values maj
arange of

In order td
particle si

ion may change and the matrix may no longer refleet the composition of regular test samp

xing and blending

material should be homogenized by thorough mixing, using for example a roll-mixer, sha
r-end mixer. Such mixing is carried out after milling, grinding and sieving.

f two or more materials with sufficiently similar matrix compositions and differing prope
 enable the preparation of QCMs with a desired property values, a set of similar QCMs cover
property values, or the pyéparation of QCMs from an existing reference material.

obtain homogeneous mixtures, the materials to be mixed should have similar densities :
ve distributions.

8.2.6 Filtration

Filtration ¢f solutions before bottling removes any particulate and fibrous solids that would compron]
the homogeneity of the bulk material. However, some liquids cannot be filtered due to i) viscosity
potential lpss‘oftactive ingredients by adsorption to the filter or iii) the introduction of contaminati
Qualificatjorrof the filter is critical to avoiding loss of active ingredients.

to
are
om
ies

ate matter, which may have toxic components, should also be considered. Cry@genic grindjing

ind

ate
cve

yte

les.

ker

rty
ing

ind

ise

ii)

on.

Typically, liquids, waters and leachates are filtered through a 0,45 pm filter prior to bottling orampouling.

8.2.7 Stabilization

Certain analytes are unstable in solution and as a consequence need to be stabilized at the bulk stage
of the preparation procedure. Metals, for example, can precipitate out of neutral or alkaline solutions
because of hydrolysis or oxidation and adjustment of the pH of the solution to below 2 counteracts
this problem. Copper at a concentration of 1 mg-1-1 has been used to counteract algal growth in
aqueous solutions. Different materials may require other approaches such as addition of antioxidants,
preservatives, texture stabilizers, etc.
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.8 Sterilization

Prepared soils, sewage sludges and biological materials may contain persistent pathogens that are
potentially harmful to humans. They may also contain spores that cause fungal moulds to develop on
storage, which could initiate changes in either the composition of the bulk material or the individual
units. Such organisms need to be destroyed before the final units are prepared and packaged.

Before sterilizing any candidate QCM, it is important to consider the impact of the proposed sterilization
process on the material, particularly those which degrade at elevated temperatures.

Autoclaving is an inexpensive and convenient means of sterilization that can be used for materials that

arg
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lab

8.3

8.3
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sul
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8.3

For

apj
deg

for
deg
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temperature resistant, for example metals in sediments. Autoclaving can be done on the bulk material

br to final homogenization and unit preparation or on the final samples. However, itis\
ure that the core of the material reaches 121 °C.

hdiation can be used on the final packaged units (e.g. ampoules, bottles or pouches}yGammai

convenient means of sterilization at ambient temperature so changes injfatrix comp
b likely than with autoclaving. Dose values need to be determined such ‘that they are e
hoving pathogens but do not adversely affect the material by, for example, raising the te
unacceptable levels (e.g. chocolate). However, gamma irradiation(is beyond the mear]
pratories, requiring specialist sub-contractors.

Sub-division and packaging

.1 General

Ce the bulk material has been processed it will neéd to be sub-divided and packaged. The
clauses describe some of the key considerations for the sub-division process and choice of
nsure the QCM is sufficiently homogeneousdnd stable for its intended purpose.

.2 Choice of containers

QCMs to be produced cost-effectively one aspect that needs careful consideration is th
ropriate containers for the indjvidual units. If unsuitable containers are used, a material m
rade to the extent that timetconsuming and expensive sourcing and preparation work
erial may have to be rep€ated. The type of container used depends on the inherent stab
erial and the length of time itis required to remain stable. For particularly susceptible mat
s of containment (é.g) a vial within a polyethylene bag) can provide additional protecti
radation and contaidination.
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e following exawmiples serve to illustrate the need for careful consideration of the container and its

sure.

Organi¢-materials can either lose or pick up moisture if the container is not securely clg
containers with screw-caps fitted with “polycone” inserts?) are preferable to simple s
Sealed cans, foil pouches or septum-lined crimp-top vials offer more security.

sed. Glass
Crew caps.

Oxygen sensitive materials should be prepared and sub sampled under an inert gas atmosphere

(nitrogen or argon).

For water samples containing low concentrations of metals (e.g. mg/kg or below), glass containers
are not recommended because of possible adsorption of the metals onto the walls over time. High-
density polyethylene (HDPE) bottles with screw-caps are more suitable for this application, but
they themselves have the potential problem of loss of water by evaporation through the bottle walls.
This can be minimized by storage in a refrigerator (rather than at ambient temperature) or by the

use of fluorine-treated polyethylene bottles.

1) Polycone liners are cone-shaped polyethylene cap liners that provide a better seal than simple wadded cap
closure.
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— The possibility of contamination of the QCM by the leaching of impurities from the container
should also be considered. For example, the iron content of canned foodstuff QCMs may be subject
to unpredictable increases on a can-by-can basis, as iron leaches from the can wall into the food
matrix. Bottles (whether glass or HDPE) containing aqueous acid solutions may also give rise to
leaching problems. As a general rule, containers that mightinteract with the QCM should be carefully
evaluated before use by suitable leaching trials.

For relatively inert matrices, such as soils and other dried environmental or biological materials,

screw-cap glass jars are usually satisfactory. Amber glass gives additional protection against
degradation induced by light.

QCMs
solven
Vials 4

Some prel
suitable cd

The effect
of the mat

Tamper ey

comprising relatively volatile components susceptible to evaporation, such as some orga3
ts, will normally require a septum-lined crimp-top, glass vial or flame-sealed glass ampeu
nd ampoules should preferably be amber to reduce the impact of light.

fminary experimental work, including blank studies, may be required to identify the m
ntainer type to use for a particular QCM.

of repeated opening and closing of the sample containers may also be asséssed if repeated
brial is anticipated.

ident closures should be considered if the unit should only be used once.

8.3.3 Sup-division procedures
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mogeneous bulk material has been produced, the essential requirement of any sub-divis
that the homogeneity of the material is maintained. That is, the sub-division process itself
hken to complete the sub-division of a bulk material, should not re-introduce heterogen
aterial. This may conceivably occur in a number of ways.

omprised of mixtures of liquids of differing volatilities (e.g. ethanol in water) may unde
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vaporation of one component during aprolonged sub-division run, causing a rising or falling

foperty value from the first to the last-units produced. Effects of this sort may be minimi
ing the bulk material from evaporation and by completing the sub-division in as short a ti
stent with accurate dispensing,

and solutions should be stirred continuously while individual aliquots are being dispens
hould be filtered beforé dispensing commences if particulates are likely to be present to
L could affect the properties of interest.

d be taken withcSelid particulate matrices such as soils, sediments, industrial products,

that segregation)of finer particles does not occur during sub-division. Special care should
n sampling.bulk material from a large drum, to ensure that there is no vertical segregat
a processyfor representatively subdividing free-flowing powdered materials so that e
ceivesssimilar particulate fractions. When operated effectively, riffling minimizes f

segregatid
used to s

n afid'produces units with low between-unit variation. Commercial riffling devices can
B-divide such materials without introducing heterogeneity. Sampling and sub-divisior
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particulate materials are described in more detail in SO 14488:2007.112]

In food matrices with a high fat content (e.g. mackerel paste), there may be a tendency for the fat to
separate as a discrete phase. If such effects occur, the matrix should be stirred continuously during
dispensing and/or additives included in the matrix to slow down the separation process.

As a general principle, sub-division of a bulk material should be completed as quickly as possible to
minimize the opportunities for the matrix to revert to heterogeneity. Where appropriate, steps should
be taken to maintain a homogeneous bulk material during the sub-division process. It may be necessary
to discard the firstand/or last portions dispensed from the bulk material, especially of complex matrices
that are especially prone to segregation effects.
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In the case of QCMs intended for trace analysis, special care must be taken not to introduce additional
impurities (e.g. from the air, apparatus, laboratory vessels, etc.) during subdivision of the material as

this could change the property value being measured.

9 Homogeneity

9.1 Overview

Homogenelty is a relatlve concept The requ1red level of homogenelty of a QCM is dependent on an

eEnt process

und r effect on
th  below an
est

hot ogeneity study.

Fomore complex matrices such as foodstuffs, soils and soliddmatrices that are inherently hetet
fformal experimental investigation of homogeneity is. required. A sufficient number

igh whether

s, such as
Ilates) and

idls may be

amination
t a simple

ogeneous,
of units,

refresentative of the entire batch of the QCM should be-chosen and analysed for selected properties.

(] [n certain instances, one property can be chosefi’to represent and quantify the homg
sevieral properties of a similar general type. This sheuld be based on scientific evidence or o
expjerience that certain properties exhibit similarbehaviour [13] or are known to have a stron
to lhomogeneous distribution in the sample (e)g: some metals in alloys).

A sfatistical evaluation of the data and.a test for sufficient homogeneity are carried out, wh
readily achieved using spreadsheet software (see 9.3). ISO Guide 35I2] details the requireme
assessment of homogeneity and gives full details and examples of recommended approact
dign of homogeneity studies and-the statistical treatment of homogeneity data.

ogeneity has two aspeets,/between-unit homogeneity and within-unit homogeneity. Bet
ogeneity reflects the-variation in the measurement results in each unit of the material. W
ogeneity is reflected“in the minimum size of subsample that is representative for the

geneity of
N previous
b tendency

ich can be
nts for the
1es for the

ween-unit
/ithin-unit
vhole unit.
or at least

evaluation
number of

units 1s dictated by the total number of units produced.

Sampling guidelines [16] for the homogeneity testing of multi-unit batches recommend that for a stock
comprising “n” individual units of material the number of units to be analysed for homogeneity should
be three times the cubed root of “n”. For a stock of 600 to 1 000 units this equates to between 27 and 30
units to be analysed in duplicate. This represents a considerable analytical effort which will be time-
consuming and expensive. A study of the impact of reducing the number of units selected for homogeneity
assessment of a QCM [2] concluded that in certain circumstances 10 units analysed in duplicate were
sufficient. For the preparation of a QCM therefore, there may be scope for cost savings by reducing the
number of units selected for homogeneity testing, although this should be assessed on a case by case

basis.
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ISO Guide 35[2] acknowledges the fact that, in some circumstances, it may not be feasible technically or
economically to determine the homogeneity of all properties of interest. Where only selected properties
are assessed for homogeneity, these must be representative of the other properties of interest (e.g. on
the basis of established physical or chemical relationships).

The following represents a suitable approach for homogeneity assessment.
— Select a number g of the samples in their final packaged form at random, where g 2 10.

— Prepare two test portions from each sample using techniques appropriate to the test material to
minimize between-test-portion differences.

— Taking the 2g test portions in a random order, obtain a measurement result on each, completing the
whole[series of measurements under repeatability conditions.

— Calculate the arithmetic mean Xx, within-sample standard deviation Sy, and befween-sample
standard deviation Ss, as shown in 9.3.

The measyirements should be carried out such that measurement drift can be distinguished from any
trend in the batch of samples. This can be achieved by measuring the replicates-in Tandomized order or
by reversing the order of the replicates.

9.3 Statiistical treatment of homogeneity data

The principles of ISO Guide 35[2] should be applied with respect to the statistical evaluation of the resylts
for homoggneity.

Adapting ¢xample B.3 from ISO Guide 35:2006[2] (chromium{n soil) to a homogeneity study of 10 umits
in duplicate, the data become:

Table 1 — Homogeneity study of 10 units

Unit hpumber Result 1 Result 2 Mean Variance

mg-kg-1 mg-kg-1 mg-kg-1 mg-kg-1
1 121,3 128,74 125,02 27,68
2 120,87 121,32 121,10 0,10
3 1224 122,96 122,68 0,16
4 117,60 119,66 118,63 2,12
5 110,65 112,34 111,50 1,43
6 117,29 120,79 119,04 6,12
7 115,27 121,45 118,36 19,10
8 118,96 123,78 121,37 11,62
9 118,67 116,67 117,67 2,00
10 126,24 123,51 124,88 3,73

with an overall mean of 120,02 mg-kg-1.

This data need to be assessed to determine whether the material is sufficiently homogeneous for use
as a QCM. To be of use as a QCM, the between-bottle standard deviation should be no greater than
one third of the within-laboratory reproducibility standard deviation (which can be obtained from
existing control chart data, where available, or from existing reproducibility and repeatability data for
the method). This is analogous to the approach recommended for the homogeneity acceptance criteria
for proficiency testing materials.[17]

When reviewing this data, consideration should be given to the nature of the material (in this example
- a soil) and whether such variation is within acceptable limits.

10 © ISO 2014 - All rights reserved


https://standardsiso.com/api/?name=7ac5d1e9f4b1e2cb4218a843572976ee

ISO GUIDE 80:2014(E)

Auseful firststepis toreview the data graphically. This enables any discordant features (such as outlying
samples, trends or other systematic effects) to be readily identified.

The data from Table 1 are plotted in Figure 2 and while there are no obvious trends, there is variability
of the within unit duplicate results and the data from unit 5 requires investigation.

Homogeneity (chromium in soil)
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Figure 2 — Data plot

This graphical analysis of the data are complemented by statistical analysis to determine the yithin unit
and between-unit standard deviations. Single factor analysis of variance using spreadsheef software
gives the following values in Table 2.

Table 2 — Results of single factor analysis of variance

Sum of squares Degrees of Mean sqyares
Source of variation (SS) freedom (MS]
Befween-units 284,94 9 31,67
Within-unit 74,05 10 7,41
Total 358,99 19

Th¢ between-unit variance is estimated using:

S% ) MSyetween ~MSwithin _ 31,67-7,41
no YA

=12,13mg? kg2

The between-unit standard deviation is the square root of this variance:
spp =+/12,13=3,48 mg kg !

The repeatability standard deviation can be computed as:

Sy =\MSyitnin =+/7,41=2,72mg kg

The result shows a rather high between-bottle heterogeneity which is mainly caused by unit 5. If the
heterogeneity is above pre-set limits and if it makes the QCM unsuitable for use, further manipulation of
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the material may be necessary in order to improve homogeneity. In this case, it would also be advisable
to perform an in-depth analysis of the data for point 5 to determine if there are any technical reasons to
question the validity of this data which could lead to its exclusion from the data set.

Other examples for assessing the homogeneity of QCMs are described in the case studies in Annexes A
through F.

10 Characterization and value assignment

The purpose of QCMs is to monitor measurement processes for change. In order to achieve this effectively
anindicatjon of the property values of the QCM used to monitor the process is needed. Itis also necesspry
to have an|indication of the likely variation in values due to heterogeneity between different aliquots.

An effectiye way of determining an indicative property value is to use the overall mean derivedfrom fhe
homogenejty study. The range within which the property values may reasonably be expected to lie fan
be estimated by the deviation from this overall mean value. This deviation from the m&an can be uped
to establigh control chart warning limits. Conventionally, warning and action limits\(also described as
lower and pipper action limits) are established at two and three times the standard déviation respectively.

11 Stability

11.1 Overview

Different aterials will exhibit different types of (in)stability; some of which may be excluded from
considerafion given long-term historic data and knowledge;;some may be undetectable but cannot be
excluded ffom consideration; some can be detected and sheuld be assessed and some follow certain, gnd

, the approaches to stability testing described in ISO Guides 34[1] and 35[2] apply. However, if
the material is not to be transported beyond the €onfines in which it was prepared, no short-term tgsts
tion need to be performed. For stability during storage, stability assessment of all properties
of the material can be both costly and timesconsuming and may not be necessary if sufficient checks pre
in place to distinguish between an out of specification result due to a faulty test sample, measuremlent
instrument drift or QCM degradation..However, those responsible for QCM preparation have to be awpre
of the trade-off between costs for.stability testing and the costs incurred by investigating a metlod
drift, whidh is in reality caused by-degradation of the material.

It should He pointed out that.as some QCMs are made for repeated use, investigation of the stability of
opened unjits may be particilarly useful.

Adequate [stability of;QCMs is required; so that users can be confident they will not undergo any
significant change@ffecting the property value(s) during the period of its intended use, which in sdme
cases coulfl be anumber of years.

Careful chioiee of the container used for the material can address some intrinsic stability issues (e.g.
sensitivity To oxygen, [Iight, moisture; susceptibility to evaporation of Components).

Some materials (e.g. metallurgical materials) are inherently stable, while for others storage at a
precautionary low temperature may lengthen the period of stability.

Failures in preparation or unexpected contamination/impurities may impair the stability significantly.

11.2 Assessing stability

Full stability assessment for any reference material is a costly, time consuming and involved process,
and is inappropriate for QCMs as described in this Guide, which are prepared in the laboratory where
they are intended to be used. It is likely that the laboratory will have previous experience of the stability
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of the types of matrix and property values it is preparing as QCMs, or there may be well established
background information from similar materials.

However, the financial implications of using QCMs whose property values have changed significantly
can be large (e.g. release of out-of-specification products, or non-release of in-specification products)
and laboratories using QCMs should have procedures in place which describe the actions to be taken
in the event of a QCM giving an unexpected result. Possible actions include use of freshly prepared
calibrants, comparison with certified reference materials and frequent sensitivity checks to confirm
any deviations or trends in the QCM results. More information can be found in ISO standards on control

charts (e.g. ISO 7870-1[3] and ISO/IEC 17025[18]).
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uld a formal assessment of stability be deemed necessary, the principles of ISO Guide 352
owed. An example of this approach is given in Annex F (Case study 6).

3 Assigning an expiry date to a QCM

e quality systems of many laboratories require standard materials and reagents to be lah
iry dates.[19] The assignment of a formal expiry date is one of the most preblematic tasks i
kerial production. It involves making a prediction of the future behaviour of a material b
rapolation of its past behaviour. Any stated expiry date for a QCM-should be based upo
erience of the stability of the types of matrix and property values and any background in
e stated expiry date should not be regarded as absolute and the\analyst using the QCM shd
pratory procedures in the event of a QCM giving an unexpected result (see 11.2).

Lerials which are considered to be inherently stable :do not need an expiry date, but a

tallurgical material might read - “this is a metallurgical material used as a QC material in the
ments in ore and is considered inherently stable provided it is stored and handled under the rec
ditions”.

Transportation

veneral, this guidance relates tomaterials which are prepared and used in the same local
wider distribution). However, it is recognized that some materials are inherently stablg
perty values will not be adwersely impacted by transportation (controlled or otherwise).

uld there be a requirement to transport the material and there is any concern about its
pility assessment following the principles of ISO Guide 35[2] should be carried out.

Documentation for quality control materials (QCMs)

1 General

with\laboratory reagents, QCMs should be appropriately labelled and have instructions fo}

should be

elled with
reference
hsed on an
W previous
formation.
uld follow

statement

[ifying the basis for the assumption of inherent stability is required. A typical statement for a

analysis of
bmmended

ty (i.e. not
and their
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and labels for reference materials.

13

.2 Information to be available with quality control materials (QCMs)

The following information should be readily available to the QCM user:[10],[20]

name and description of the material;
reference number and/or batch number;

date of preparation;
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to follow or instruction on dry mass correction should be given, if applicable);

indica

tive value(s), if applicable;

quantities used for the homogeneity study), i.e. minimum sample intake;

storage instructions;

information on expected shelf-life;

intended use of the material and any special instructions for its use (e.g. specific drying procedures

the minimum amount of material required to achieve consistent results (this will depend upon the

any spi

13.3 Lab

Each unit
the inform

— name
refere
hazar
storag

prepa

expec

ecial safety precautions to be applied by users.

elling of QCM units

fthe QCM should be clearly labelled, in a manner that enables it to be unambiguously linke
ation for the material. The label should therefore contain the following essential informati

and description of the material;

nce number and/or batch number;

l and safety labels, where appropriate;

e area environmental conditions including temperature dnd humidity;
ration date;

fed expiry date.

It may be @iseful to provide the following additional information on the label:

unit si

indivi
result

13.4 Use

Informatig
the mater
retain/ard

Sourcq

types

ze (e.g. 20 g);

Hual unit number (this may help/toidentify any bottling trends in the event of an unexpec
being obtained);

ful information to beretained

al during use, or if"a new batch of the material has to be produced. It is good practicg
hive data relatingto the following aspects of the preparation of the QCM in an accessible fo

relevant specifications;

e andspreparation of the bulk material;

ofContainers used for the individual units;

to
O

ted

n relating to thepreparation of the QCM will be required if a query arises regardiing

to
fm:

sub-division procedures used;

any special treatments used to stabilize or sterilize the material;
supplementary data on the material (e.g. particle size, moisture content, etc.);
full details of all methods used to produce the material;

all data from methods used to produce the material;

related QCMs.

14

specific experience useful to avoid pitfalls and costly errors during preparation of new batches or
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14 Storage

14.1 General

Completed batches of QCMs should be stored under conditions that will ensure they remain unchanged.
Generally, this entails ensuring that the individual containers are securely closed and are stored away
from extremes of heat, light and humidity.

Storage in dark conditions at the appropriate temperature (e.g. room temperature, 4 °C or -18 °C) is
usually the key aspect of ensuring long-term stability. For QCMs comprised of matrices where stability
is/%ugnt be considered questionable, such as food matrices and aqueous solutions, it 1s recmmended

that long-term storage is carried out at sub-ambient temperatures. For matrix/property types where
stapility is more ensured, such as soils containing metals or PCBs, long-term storage‘may usually be
carfried out at ambient temperature.

14|12 Monitoring of storage conditions

The¢ relevant storage conditions should be monitored at regular intervals;-to ensure that, for example,
the appropriate storage temperature is being maintained. A recommended procedure is to| check the
temiperatures of refrigerators/freezers, etc. on a daily basis, so that-if a failure does occuy, the user
car} take appropriate action (e.g. transfer the material to another storage location, if available, or carry
oufl an assessment of the continued fitness for purpose of the material). A record should be kept of the
temperature readings of refrigerators/freezers, etc.

15| Using quality control materials (QCMs)

15{1 General

All| reference materials, whether from cemmercial suppliers or in-house producers, shiould have
insfructions for their use. These instructions should include details on how the material [should be
stofed and handled, including specificinstructions for sub-sampling and dry-mass correctiof.

15{2 Minimum sample size

All| reference materials (with the exception of homogeneous solutions and gases) are finherently
hetlerogeneous but for practical purposes taking sufficiently large samples reduces the hetgrogeneity
to an acceptable values

The minimum safple size to be taken is the smallest sub-sample that is still representative of the whole
unit for the targétproperty value. Frequently, this is estimated as the minimum sample size yised in the
assessmentof,the homogeneity of the material. The minimum sample size stated to be used is therefore
a cpnservative estimate and not the absolute minimum.

15}3°Mixing procedure

Prolonged storage of multi-component mixtures and matrix materials may cause settling and separation
of the material. It is therefore important that aliquots are adequately mixed before a new sub-sample
is withdrawn. This can often be achieved by simple shaking of the units. Where stirring is required to
re-mix the material sufficiently for use, care should be taken not to introduce any impurity that will
interfere with the measurement process.

Where possible, simple visual inspection of the material before sub-sampling for use, can often identify
heterogeneity, such as agglomeration.
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15.4 Dry

mass correction

Many property values are presented as content per dry mass of sample. This has the advantage that
potential moisture uptake does not change the value, but has the disadvantage that the property value is
then dependent on the method for the determination of the dry mass. Studies[21] have shown that results
from different methods (e.g. drying oven, Karl Fischer titration, vacuum drying oven) differ significantly

- not least

because they measure different things.

For moisture sensitive materials, appropriate packaging would be the preferred method of controlling
moisture content. Where this is not possible and the moisture content of the material may change over

time, a consistent method for dry-m:ucc correction should be npp]ipd each time the materialisused

15.5 Stox

Repeated
In the pro
freezing/t|

Where pos
type of an
possible a
units may

If opened
the mater
accidental

ing opened containers of QCMs

ppening and closing of reference material containers increases the risk of contaminat

hawing of units in terms of stability and homogeneity should be considered?):

sible the unit size should be chosen such that it reflects the amount ef sample needed for

ter opening to avoid potential degradation. Preparing QCMs as a number of small, single
be advantageous in this case.

contamination and be included in the user instructiens.

OIl.

cess of preparing the QCM the effect of opening and closing of the container, and repeafed

the

hlysis for which it is designed. In this way, once opened each unitds-entirely used as soorn] as

hse

containers of QCMs are to be stored, storage conditions\should be selected under which
al has been demonstrated to be stable. These conditiens should protect the material frjom

2) This is not always easy as illustrated by the reference material BCR-522 (haemoglobincyanide in bovine blood

lysate), whi

16

ch does not re-dissolve properly after it has been frozen.
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A.1—©Objective
A doal testing laboratory uses a QCM for daily quality control for proximate and ultimate 4
acdordance with the applicable ISO standards. One can of 1 1, holding approximately”one
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The laboratory takes a sample from one of the-bags and prepares it for analysis. It determines t
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Annex A
(informative)

Case study 1 — Preparation of a QCM from coal»

icient for checking the analysis results for a week. The laboratory would like to-ttse the m]

year, and calculates that it needs 100 kg of starting material. The starting material, as d
m top size.

laboratory is interested in a QCM that represents blended coal of the.type used in power

Sampling

samples are mechanically removed from a conveyor belt; crushed and sieved to a top siz¢

splitinto 6 portions of 10 kg per sample. In total, 12 samples are taken from the blend. The
ives 12 plastic bags, each containing 10 kg blended¢coal.

Checking of the suitability of the material

mafter, and ash contents, gross calorific value (proximate analysis), as well as the contents

hydrogen, nitrogen and sulfur (elemental-analysis). These results confirm the suitability of th

witlh respect to the content levels and\calorific value.

A.

Th
pot

Foi
bet

Sample preparation
tions and subdivided.

ween the bags; the subdivision scheme shown in Table A.1 is used.

e coal is dried in aip-at-ambient temperature to remove the excess of water, sieved, sp

the subdivisién)a laboratory riffler is used with 10 tubes. In order to eliminate possible g

inalysis in
kg coal, is
aterial for
blivered, is

plants.

e of 10 mm
aboratory

he volatile
of carbon,
e material

lit into 10

lifferences

3) This case study was provided by Adriaan M.H. van der Veen, NMi Van Swinden Laboratorium B.V., Thijsseweg
11, 2629 JA Delft, The Netherlands.
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Table A.1 — Subdivision scheme

o1 | oz | 03 | o4 | o5 | o6 | 07 | 08 | 09 | 10
l l l l l l ! ! l l
01.01 02.02 03.03 04.04 05.05 06.06 07.07 08.08 09.09 10.10 - A
01.02 02.03 03.04 04.05 05.06 06.07 07.08 08.09 09.10 10.01 - B
01.03 02.04 03.05 04.06 05.07 06.08 07.09 08.10 09.01 10.02 - C
01.04 02.05 03.06 04.07 05.08 06.09 07.10 08.01 09.02 10.03 - D
01.05 02.06 03.07 04.08 05.09 06.10 07.01 08.02 09.03 10.04 - E
01.06 02.07 03.08 04.09 05.10 06.01 07.02 08.03 09.04 10.05 - F
01.07 02.08 03.09 04.10 05.01 06.02 07.03 08.04 09.05 10.06 = G
01.08 02.09 03.10 04.01 05.02 06.03 07.04 08.05 09.06 10.07 - H
01.09 02.10 03.01 04.02 05.03 06.04 07.05 08.06 09.07 10.08 - [
01.10 02.01 03.02 04.03 05.04 06.05 07.06 08.07 09.08 10.09 - ]
Starting with the 10 bags (top row), a 100 subsamples are made by dynamiic riffling. The numbering of
the subsarpples reveals the sample from which it is subdivided (first pair of digits) and from which tybe

of the riffler it stems (second pair of digits). The subsamples are combined in such a fashion, that e

composite
of the dyn

In a secon
are put inf
homogene|
ash conter

The cans ¢
number ol
The labor3
aroot cau

A.5 Between-bottle homogeneity study

The betwg
of 100. On|
Previous ¢
the betwe
of the test

sample A through ] contains one subsample from each-bag and one subsample from each t{
hmic riffler.

d step, the 10 composite samples A to ] are riffled again to give a 100 samples. The samy
o small plastic bags in cans. From 10 cans, chosen at random, 2 subsamples are taken fq
ity test. The samples for the between-bottleiémogeneity study are analysed for moisture :
t, and gross calorific value.

ontaining the 100 samples are closed;and labelled with the date of blending, and the seque
tained from the second sub-sanmpling. Composite sample A delivered cans 1 to 10, and so
tory considers preservation of the history from the sample preparation essential to supp
e analysis, if required later

hch
1be

les
ra
ind

nce
OIl.
ort

e-way analysis\of variance is used to determine the between-bottle standard deviation.
xperience hias shown that for the selected parameters (ash content and gross calorific va
bn-bottlesstandard deviation should not be greater than the repeatability standard deviat]
5. Forthoth parameters, this objective is achieved in the homogeneity study.

en-bottle homogeéneity study is carried out with two replicates on 10 cans from the bjE‘ch

22]

e)

ion

A.6 Characterization

The laboratory monitors its quality using a Shewhart chart. The standard deviation is taken from a
previous chart from a similar blend. The mean value is obtained from 10 measurements from one can,
taken over 10 consecutive days. On days 1 and 10, a CRM was analysed as well to confirm the laboratory
results. The QCM was put to use with the mean from these 10 measurements, after carefully scrutinizing
the data. The data analysis indicated no irregularities.

18
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Case study 2 — Preparation of geological or metallurgical quality
control materials (QCMs)+

B.1 General

The¢ materials produced include various geological or metallurgical particulate matésials soyrced from
cudtomers of the analytical facility (matrix matched), typically in the order of 600 kg’each. This includes,
bufis notrestricted to, ores, concentrates, feeds, tails, slags and un-mineralizedx6ck, soils or $ediments.

B.2 Project initiation

The need for in-house reference material preparation generally stéms from the difficulty in sourcing a
suifable commercial reference material for the analysis of a material of a unique sample matfyix.

B.3 Sourcing of material
Th¢ following factors are taken into account.

— | The matrix of the material must be as close'as practically possible to the samples fgr which it
will be used as a quality control. By mixiftg mineralized ore with barren material/ lower grade
ore of similar overall composition, materials of different grades and a predetermined matrix can
be manufactured. Once the material is of the requisite composition it can be prepared into one
homogenous bulk reference material.

— | Materials are stored and prepared in separate facilities according to their grade to prevent cross
contamination. Precious metal concentrates may require additional safekeeping procedures.

— | The quantity of material should be sufficient to last for the duration of an analytical cajmpaign or
at least long enough that it can be replaced in good time, allowing for some overlap perjod during
which subsequent'materials are used in conjunction.

— | The value ontexicity of the material may be such that it would not be safe to handle large fjuantities,
nor feasible-to obtain large quantities.

B.4 Preparation of reference material

The preparation encompasses the Crushing, puiverization, Screening, spiitting and packaging of solid
geological / metallurgical materials into “homogenous” pulps. The term “homogenous” is used with
caution. These materials normally consist of 100 % sub 75 pm or 43 um particles below which the
material consists of discrete mineralogical grains. The term “homogeneity” naturally has a mass
constraint and is often assessed purely upon a “fit for purpose” basis.

Equipment used:
a) jaw crusher capable of crushing to 100 % passing 5 mm;

b) closed circuit mill capable of producing 50 % 43 pm or greater;

4) This case study is based upon information provided by Vicky Anderson of Anglo Research, 8 Schonland Street
Theta Johannesburg, P O Box 106, Crown Mines, 2025 Republic of South Africa.
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c) ultrasonic sieve shaker with 75 pm or 43 pm screen;
d) large 10 cup rotary splitter;

e) 1001 plastic drums;

f) V-blender or equivalent;

g) 501plastic drums;

h) large balance (scale);

i) packipg machine;

j) assorfled marking pens, polythene bags, labels, packing tape.

B.5 Crushing, blending and milling source material

Prior to sgmpling, the component materials for grade determination purposes, (the material must be
crushed t¢ 5 mm or finer to minimize the sampling error. Crushing is usuallyjaccomplished using a
laboratory jaw crusher but other crushers may be used to expedite the process.

Sampling §tockpiles is inherently difficult and prone to sampling error dueto segregation. The followjing
procedure has been adopted to obtain an approximate grade.

— Sample 30 samples of about 500 g each at random intervals:from the stockpile at random heights.
Try to|sample the inside of the stockpile as best as possibleé:

— Comppsite the sample and riffle split it down to about5.kg.
— Mill the riffled composite and analyse in the usualdnanner.

The plannked final grade of a reference materiakis’ calculated from the grade of its components. The
accuracy df the grade calculation of the components, and thus the mixture, is predominately determined
by the samipling error. The composition of the mixture is simply determined as follows. The concentratjion
c of element i,

ci =X gjwj

where
cjj is|the concentration’of element i in component j;

w;j is|the mass fraction of component j.

For example,ifa'low grade material contains 0,50 g/t Cu and a feed 4,00 g/t Cu, a grade calculation for a
mixture of 100 kg blank and 400 kg feed will be as follows: T

¢i= 0,50 x 100/(100+400) + 4,00* 400/(100+400) = 3,30g/t Cu

Prior to milling the material, the crusher products are blended in a mixer or V blender adding
approximately the required final proportions of the different crusher products. If more material is
required to be mixed than the mixer can accommodate, a number of batches are made up comprising
approximately the same proportions of the components.

Closed circuit mills are preferred for their blending properties. Dry milling is preferred to avoid leaching
or altering the oxidation state of the source material. Mill pots are thoroughly cleaned prior to milling a
new reference material but not between milling cycles of the same material. Once approximately 100 kg
of milled material has accumulated, screening commences while the milling is completed. Materials are
screened at the required top size since more malleable metal particles may tend to resist size reduction
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unlike the associated silicate or sulfide gangue. Oversized particles are recycled to the mill. The material
passing the screen is used for manufacturing reference materials. Before using the large ultrasonic
screen, it is inspected for holes exceeding the specification and for damage at the edge of the screen.
The screen is thoroughly cleaned before use. The process is continued until less than 1 kg of oversize
material remains. This is then discarded in an environmentally responsible manner.

B.6 Homogenizing milled material

The final screened fractlon is d1V1ded into a number of equal mass portions such that each portion can
be 3 : etc. Note: if
btherwise,

dse do not flt into the blender then they must be spllt further The blender must not be full
ill not function adequately.

Pripr to commencing the blending step, the material must not contain excess moisture that wpuld cause
it tp form clumps that do not disaggregate in the V blender. A sub-sample is tested for mpisture by
dryfing a portion at 60 °C overnight. If the sample contains > 2 % moisture, the\entire batchis dried at
60 °C before further preparation. The moisture content is recorded. Samplesyare not dried at a higher

h of the original drums Drum 1, Drum 2, Drum 3, etc. (which are of.€qual mass) must be hojnogenized

be four drums of about 150 kg each for blending in a V-blender<f 100 | capacity (50 1 to the fark). The
maferial in each of the homogenized drums is split using a cleaned, large 10 cup rotary splittejr. The feed
ratp and rotation rate of the rotary splitter are adjusted se that each cup receives a minimunp of 30, but
dferably 35 increments. Each split is weighed. If the pebcent relative standard deviations (%RSD) of
dse weights exceed 2 %, the splits must be recombined, blended and split again. Each acceptable split
each drum is designated A, B, C....to J. The A’s;B’s, C’s ... ]'s are combined into 10 new cpmposites.
hlend each of the new composites (A to ]) for 4.h»Rotary split each homogenized drum using the large
10 [cup rotary splitter again checking the % RSD of splitting. Each split from each drum (A} B, C, etc.)
is designated 1 through to 10. Splits 1 to 10 from drums A to ] are combined into 10 new qomposites
(repeat of earlier procedure). These 10 new composites relabelled, for example, D1 to D1(, are each
blehded in the V-blender for 4 hours (s€e'Figure B.1).

Homogeneity tests are performed on the 10 composites. If homogeneity testing fails and blending is
implicated, repeat the rotary splitting and recombination of each drum and blend for 4 h (another repeat
of the earlier procedure). Repeat the homogeneity test again.
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Drum 4

150 kg

S

A B @ D E F G H [ J
60kg | 60kg 60kg 60kg B0kg 60 kg 60 kg 6(\@ 60 kg 60 kg
X

Blend each 4 thso

Split each into 1@ combine

&’ . D6 D9
@ kg each

Blend each 4 hours

O.

??‘ Homogeneity testing between Drums 1
to 10

&?\ Figure B.1 — Flow diagram of splitting and blending

o)

B.7 Homogeneity testing

From each of the + 60 kg splits (D1 to D10), a minimum of five random samples are submitted to the
laboratory, preferably for analysis by the method that will ultimately be the routine method of choice for
the material. The samples are taken at different points across the surface of the sample and at different
depths using a clean auger sampler. A random systematic or stratified random technique is acceptable.

When these samples are submitted to the laboratory, the order is stratified on the worksheets. In other
words, the first sample from each split / drum is analysed in sequence, followed by the second sample
from each split / drum, etc. If the samples from the splits (1 to 10) were analysed sequentially, bias and
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instrumental drift could produce statistical differences that are not a function of the composition of the
samples, rather a result of the analytical process. The samples are submitted in the required sequence.

The data received from the laboratory are transferred to an Excel®) spreadsheet for manipulation and
statistical analysis. Outliers for the full array of data are first identified using Chauvenet’s principle (see

Table B.1).
Table B.1 — Use of Excel to determine Chauvenet outliers
Objective Excel Formulae
Mdan =AVERAGE({array]
Stgdndard deviation =STDEV(array)
Copnt =COUNT (array)
Rejection probability (RP) =1/(2*count)
Rajnge =-NORMSINV(0.5*RP)
Rejection limit (RL) =range*stdev
Chpuvenet outlier =if(ABS(value-mean)>RL, fail, pass)
Outliers are hence selected based upon the standard deviation of the data. By removing outliers from a
datfa set, the standard deviation is altered and a second set of Qutliers is identified and subsequently a
third. The successive sets of outliers are only removed with/caution, as at this stage the objective is to
detlermine the spread of the data and not to assign an accuittate mean. As a rough guide, if it isjnecessary

to1
afi

Ift
ma

the cause of the poor precision determinedy Material in-homogeneity may be the result of i
pafticle size reduction or poor mixing. In the former case further mixing of the material will
in 3an improvement of the overall error-Poor overall precision may, for example, be attributg
screening, insufficient grinding/crushing, excessive grinding/crushing or poor quality assay
prdgress in preparing the material depends on the cause of the poor precision. A simple
test is used to indicate if theydistribution formed by the pooled data are positively skew
Pogitively skewed data ari§ing from underlying Poisson or log-normal distributions can com
cerftification process and'may indicate insufficient grinding/crushing. Limits for significant
tablle are determined.ata 90 % confidence limit.

As
stal
cor]
the
is 1]

hal decision is made (rejected data are those suspeeted of poor analyses).

e material shows unacceptable overall precjsion (the overall variance is higher than expec

fistical sensg¢) are equal, i.e. the samples are drawn from populations with the same mean

eject > 10 % of the data in order to obtain an acceptable % RSD, repeat analyses are requeg

erial, the grade and the laboratory / method requirements), the preparation process is st

ted before

ted for the
ppped and
hsufficient
not result
d to: poor
's. Further
skewness
ed or not.
plicate the
ly skewed

ngle factor ANOVA is used to for testing the hypothesis that means from two or more samples (in the

fidence dimit, difference between the batches will be indicated, by chance alone, 5 % of
ANOVA-indicates that there is a difference in the population means between the drums, t
e-hemogenized (see Figure B.2).

Ata 95 %
he time. If
he sample

5) Excel is an example of a suitable product available commercially. This information is given for the convenience
of users of this document and does not constitute an endorsement by ISO of this product.
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Drum1 [Drum2 |Drum3 [Drum4 |Drum5 |Drum6 [Drum7 |Drum8 |[Drum9 |Drum 10
0.245 0.245 0.237 0.251 0.265 0.228 0.250 0.244 0.242
0.254 0.234 0.252 0.240 0.240 0.248 0.248 0.255 0.249 0.255
0.276 0.245 0.249 0.255 0.250 0.253 0.265 0.243 0.245 0.258
0.261 0.245 0.268 0.254 0.259 0.244 0.250 0.262 0.275
0.254 0.269 0.249 0.236 0.257 0.257 0.237 0.256 0.269 0.253

Anova: Single Factor

SUMMARY
Groups  Count Sum Average Variance

Drum 1 5 1.29 0.258 0.000134

Drum 2 5 1.238 0.2476 0.000166

Drum 3 5 1.255 0.251 0.000124

Drum 4 5 1.236 0.2472 7.47E-05

Drum 5 5 1.271 0.2542 9.17E-05

Drum 6 5 1.23 0.246 0.000126

Drum 7 4 1 0.25 0.000133

Drum 8 5 1.266 0.2532 5.07E-05

Drum 9 4 1.007 0.25175 0.000137

Drum 10 5 1.283 0.2566 0.000142

ANOVA

Source of Variation SS df MS F P-value F crit
Betweg¢n Groups 0.000722 9 8.02E-05 0:686767 0.716084 2.137528
Withjn Groups  0.00444 38 0.000117
Total 0.005162 47
Comment] F<Fcrit (Between Drum Hamogeneity Acceptable)
Figure B,2.— Microsoft Excel ANOVA to determine homogeneity

Should thg material pass all of the required homogeneity criteria detailed above, it is important to njote
that the mpterial is‘only considered sufficiently homogenous, at the sample mass used for analysis, tq be
fit for use [for thesmethod used to determine its homogeneity (as the %RSD determined will be unigue
to the testingimethod). For further guidance on how to compute the between-bottle heterogendity,
two scenafigs are possible using ANOVA. If MS between groups is larger than the MS within groyps,

the between bottle variance is computed by subtracting MS between groups from MS within groups
and dividing by the number of replicates made per unit (in this case 5). The between-bottle standard
deviation is then the square root of this variance as also given under 9.3. If MS between groups is smaller
than MS within groups the between-bottle heterogeneity is computed as given for case study 4. Further
explanation can be found in ISO Guide 35.[2]

B.8 Packaging
Once initial homogeneity tests have been completed, the material is ready for packaging. Generally for
internal laboratory use, each drum is splitinto 10 kg buckets using the rotary splitter. Should the material

require long term storage, the material may be packaged according to method requirements which
could include sealed and nitrogen-purged foil packets of 150 g each or sealed glass bottles depending
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upon sample matrix. Should final packaging be required, a minimum of 10 random packets / bottles are
selected for analysis to verify that the packaging procedure has not resulted in segregation or a loss of
fines. The % RSD between analyses (packets) is compared to required method %RSD and that obtained
during initial homogeneity testing.

For a proven preparation procedure for a regularly handled (consistent) matrix, the %RSD of analyses
of randomly selected final packets may be used as stand-alone evidence that the material is sufficiently
homogeneous for its intended purpose.

Foil a material intended to monitor consistency / repeatability of a method only, it may. be ¢onsidered
sufficient to assign values based upon traceability to other CRMs, or even other reference’materials and
lonjg term method repeatability. In such a case, the material would be used in conjuriction with a simple,
ong page description of determined mean and performance gates based upon two'standard deviations
in ¢ither direction, signed off by the Laboratory Quality Manager.
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Case study 3 — Preparation of a wheat flour fortified with folic
acid quality control material (QCM)9

C.1 Introduction

Folic acid fortification of wheat flour for bread making became mandatory in Australia if~Septemper
2009. The|level of fortification required is between 2 mg and 3 mg of folic acid per kilogtam of wheat
flour. The janalytical methods used by laboratories measuring folic acid need to deteet“and accurately
quantify aflded folic acid near the regulated levels. The results from laboratories need'to be compardble

to enable

consistent assessment of industry compliance with the Food Standards’Code. The matetial

described here was prepared as a proficiency test (PT) study sample and has subsequently been used as

an in-hou
ensure co

e QC reference material. It has been used for analytical method dévelopment purposes an
parability of results between analytical batches. The purity of the commercial folic acid u
the sample and the adsorption of folic acid onto the walls ofithe mixing containers were {
issues that were identified in the preparation of this material.

In this expmple, development of an analytical method for the“determination of folic acid in fl
commencgd at the same time as the preparation of this material. Consequently there was no relig

method to|determine homogeneity of folic acid in the matetial and an alternative approach was used.

Barium cafbonate was used to demonstrate (validate) ¢hat the mixing protocol ensures a homogene
mix at thg expected fortification level. Barium carbonhate was mixed into a separate flour sample
similar cohcentrations to the anticipated folic aeid concentration, the idea being to demonstrate 4
a solid i.e|barium carbonate mimicking folic-acid can be evenly distributed within the flour mat
Subsamplgs of the flour were analysed for-barium by inductively coupled plasma mass spectromse
(ICPMS) apd found to be homogeneously distributed throughout the flour with the concentratioy
the barium in the subsamples at the expected concentration. It was therefore assumed that the mix
protocol produced homogeneous materials at the expected concentration - i.e. it was validated.

The folic acid analytical method when developed was used to analyse other similar folic acid/flour
study samples produced usingfhe described procedure. However it was found that although the folic g
was homopgeneously distribuited in the flour it was not actually present at the expected concentrat
Eventually after a fullimass balance experiment it was determined that the folic acid was sticking
the sides df the stainless steel mixing vessels and this was why the concentration of the folic acid in
study samples was'less than the expected fortification level. The fact that folic acid is pale yellow m

to
sed
WO

bur
ble
|

DuSs

in
hat
rix.
try
| of
ing

PT
cid
on.
I to
the
hde

this easier|to determine. Further experiments determined that the stainless steel vessels were probably

the least spitable for mixing and polypropylene the best option.

C.2 Material description and specification

C.2.1 White wheat flour fortified with folic acid at 1,86 mg/kg.

C.3 Preparation

The steps in the production of this QC material are shown in Figure C.1

6) This case study was provided by Meg Croft and Stephen Davies, National Measurement Institute Australia.

Box 138, North Ryde NSW 1670, Australia.

PO
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1. Preparation of concentrated

Folic Acid Pre-mix " 185 g Blank flowr
- {5 ived 180 pm)
45 g Blank flowr
{sieved 180 pm) l

Combined and homogenised
{mini drum hoop mixer, 3
hours). sten 2
W QQ
Folic mix
7

2. Preparation of PT \%
study material Os\
Concentrated |2=u|g' id i ‘\Q
icad mix NN
D O 200
= Q’ Blank flour
W \?Q {sieved 180 pm)
Combined and homogenis ed
{minl drum hoop mier, 2 h-:u;a@
.\‘ 280 a
& Y Blark flour
v \O {sieved 180 prm)
Combined and niis &
[mhl-:lrum@ ar, 2 haurs) 2004
e Blark flour
W {sieved 180 pmj

Inl drum hoop miser, 2 hours)

Q Intotal 7 lots of 200-350 g of

sieved blank flour added.

' -
%Q Final mass of material 20009

W

Combined and homogenis ed
fminl drum hoop micer, 2 hours)

Beottiing {50 g} 40 Units
Rotary sample divider >

Figure C.1 — Production steps
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C.3.1 Issues

The following issues were considered:

C.3.2 Approaches

The appropches taken for each of these issues are listed below.

Purity determination of the commercial folic acid used to fortify the flour;
adsorption of folic acid onto the surface of mixing containers;
degradation of folic acid due to light sensitivity (literature);

possible risk of deterioration of the matrix (flour) in storage by insects (e.g. weevils);

fortification of a solid (powder) material with another solid (powder);
uniformity of particle size; and

sub-sgmpling.

Purity| of the commercial folic acid used to fortify the flour: A commergially sourced bottle of fplic
acid hpd a label stating the folic acid content as being “approx. 98 %" from which it was not clegr if
this r¢ferred to mass fraction or mole fraction. The manufacturen’s “certificate of analysis” stafted
the pilesence of 8 % moisture, which suggested that the statément “approx. 98 %" refers to the
purity of the organic component (i.e. folic acid and impurities of similar structure) and not the tgtal
purity of folic acid in the so-called pure material. In this case, an in-house assessment of purity Was
condufcted (quantitative NMR, thermogravimetric analysis and Karl Fischer titration) to confirm
the tofal purity of the folic acid. A standard comparis@n was also performed using folic acid sourfed
from glternate commercial suppliers.

Light kensitivity: Sample preparation was pérformed in foil-covered containers or inside other
containers that blocked exposure to light.

Minimjize risk of deterioration of the matrix (flour) by insects: The final product was stored overnight
at -8(Q °C to destroy any insect larvae that may have been present.

Fortification of a solid (powder) :material with another solid (powder): A concentrated pre-mix Was
gravimpetrically prepared by, combining and thoroughly mixing sieved folic acid and sieved white
flour. [The final materialéwas prepared by dilution of an appropriate sub-sample of this pre-mix
with unfortified sieved,flour. To ensure homogeneity, the mixing process was done in stages.
The cpncentrated flour pre-mix was added to approximately 200 g unfortified flour and mixed
ghly by tumbling in a mini drum hoop mixer. Every 2 h approximately 200 g of unfortiffied
as added to the mix and the process continued until the desired concentration was achieved.

Adsorption @nto surface of mixing containers: The concentration of the folic acid in the fortified flpur
as detletimined by replicate analysis was less than the expected gravimetric fortification leve|. A
rigor i i i i ner
walls at each stage during the preparation of folic acid fortified flour samples confirmed the
adsorption of folic acid onto the surfaces of the various mixing vessels employed in the preparation
process. While various different containers (perspex, metal, polypropylene) were tested to minimize
sample adsorption, this problem could not be completely eliminated. Accordingly, the gravimetric
fortification level was not used to assign the mass fraction of folic acid in the flour.

Uniformity of particle size: Both the unspiked flour and folic acid were passed through a 180 pm
sieve before mixing.

Sub-sampling: The folic acid fortified material was divided into 50 g portions using a Retsch PT 100
Rotary Sample Divider?).

7)

28

A Retsch PT 100 Rotary Sample Divider is an example of a suitable product available commercially. This
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C.4 Sub-division and packaging (e.g. any contamination issues, preferential
evaporation, special sealing requirements)

C.4.1 Issues

The following issues were considered:

adsorption on containers;

light sensitivity.

CA4
Th

C.5

C.5

Ho
C.3]

Stafistical analysis determined the preparation procedure produced homogeneous samples

the

Ted
car
foli

Th
suk
and
exd
Sel

AN

C.5

Th
pre

.2 Approaches

e issues were addressed by:

material;

recommending storage in the dark at room temperature.

) Homogeneity

.1 Achieving and confirming homogeneity
mogeneity was achieved through serial dilution and thorough mixing of a concentrated p1
L2).

expected (gravimetric) concentration of baritim.

ting the methodology using barium cavbonate made the assumption that folic acid a1
bonate would behave similarly during.the preparation process. This was not found to be {
c acid was found to adsorb onto the:walls of the mixing containers. (See discussion above.

e homogeneity of samples produced using the procedure has since been tested multiplg

lysis of 7 x 1 g subsamples)in duplicate for folicacid. The folic acid mass fraction was determ
ct-matching isotope dilution with liquid chromatography tandem mass spectrometry (LC-
pcted Reaction Mode,for detection.

DVA was used4€oydetermine within (analytical) and between bottle variance.[17]

.2 Examples of data and data treatment

e in-house QC material was produced before an analytical method for folic acid was ava

use of polypropylene screw cap containers to minimize adsorption and provide-€ase of access to the

e-mix (see

Containing

hd barium
he case as

times for

sequent folic acid in flour/PEstudies. In these studies, the homogeneity of samples was confirmed by

ined using
MS/MS) in

ilable (see
provided

vious discussion re validation of the homogeneity using barium carbonate). The dat3

bel
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rming the

homogeneity of the folic acid fortified wheat flour QC materials produced using the described procedure.
See Figure C.2.

information is given for the convenience of users of this document and does not constitute an endorsement by 1SO

of t

his product.
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Study S3 Folic acid
Bottle No. A B
301 2,39 2,36
306 2,39 2,30
307 2,35 2,37
314 2,29 2,45
317 2,37 2,36
323 2,32 2,27
325 2,36 2,42

Anova: Single Factor

SUMMARY
Groups Count Sum  Average Variance

Row 1 2 4,757 2,3785 0,00042

Row 2 2 4,685 2,3425 0,003784

Row 3 2 4,723 2,3615 0,000265

Row 4 2 4,741 2,3705 0,013285

Row 5 2 4,728 2,364 3,2E-05

Row 6 2 4,584 2,292 0,001152

Row 7 2 4,78 2,39 0,001352
ANQVA

Solirce of Variation SS df MS F P-value F crit

Between Groups 0,012476 6 0,0020793, 0,717365 0,6492 3,865968853
WitHin Groups 0,02029 7 0,0028986
Totd| 0,032766 13

Prepared by

Checked by

Figure C.2 — Production steps

For furthefr guidance on how to compute the between-bottle heterogeneity, two scenarios are possible
using ANQVA. If MS between groups is larger than the MS within groups, the between bottle variahce
is comput¢d by subtracting MS between groups from MS within groups and dividing by the numbe} of
replicates [made perwnit (in this case 2). The between-bottle standard deviation is then the square rpot
of this varjiancezas also given under 9.3. If MS between groups is smaller than MS within groups fthe
between-Hottle heterogeneity is computed as given for case study 4. Further explanation can be f01|1nd
in ISO Guide=35 [2]

C.5.3 Achieving and confirming stability
Initially, the stability of folic acid was assumed based on literature precedents.

The stability of the flour was also a concern and this was addressed by treatment at =80 °C of the final
product.

The stability of the material was demonstrated by analysis of the material with batches of samples over
a period of time - no trends were observed.
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C.6 Storage and handling

Store in a dry environment, away from light at room temperature. The decision to store at room
temperature was made based upon literature precedents and confirmed over time.

The minimum sample size requirement was 1 g based on homogeneity testing.

Safety information: Non-hazardous. For laboratory use only. Do not consume.
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Annex D
(informative)

Case study 4 — Bauxite quality control material (QCM)#

D.1 Intyoduction

industry laboratories use bauxite quality control materials to monitor day-to-day and batch-

to-batch apalytical performance. The stability of the analytical process is checked and the magnityude
of the tim¢-and-operator-different intermediate precision standard deviation is evaluated\by applyfing

the contrdl chart method[23] to the analysed values of available alumina?, reactive silical® and m4
oxides conjtent in a bauxite quality material.

D.2 Material description and specification

D.2.1 Washed bauxite sample with high content of gibbsite.

D.3.3 Packaging requirements
Packaging requirements are:
— plastic or glass bottles with screw cap;

— units of the reference material clearly labelled.

8) This example was provided by Dr Maria Alice de Goes, CETEM, Rio de Janeiro - R] - Brazil, 21941-908.
9) Amount of alumina that is digested in a caustic solution (150 2C) at similar conditions of Bayer Process.

10) Amount of silica that reacts with sodium hydroxide (150 2C) at similar conditions of Bayer Process.
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D.4 Homogeneity

D.4.1 Achieve and confirming homogeneity

Materials such as ores are heterogeneous in composition by nature. Much depends on the options
available during preparation to reduce the batch inhomogeneity.

To assess homogeneity, a subset of the batch of units of the reference material is selected by a stratified
random sampling scheme. For each selected unit, measurements for available alumina, reactive silica
and major oxides are carried out in triplicate, under repeatability conditions.

A @ne-way analysis of variance approachl22] is performed on the data to compute théeywyithin and
the between-unit standard deviations. The uncertainty component due to sampling,cexprgssed as a
perjcentage of the grand mean, is evaluated.

D.4.2 Examples of data and data treatment

Mepsurements for available alumina content (% m/m) were carried out underrepeatability ¢onditions.
In grder to separate a trend in the measurements from a trend in the batgch ofbottles, the replifates were
mepsured in a randomized order. See Table D.1.

Table D.1 — Measurements for available alumina content

Bottle no. Available alumina
% m/m
3 50,2 50,0 49,9
5 50,0 50,2 50,0
6 50,0 50,2 49,8
7 50,0 50,2 499
11 50;0 50,2 50,0
13 50,0 50,1 499
15 50,0 50,2 499
21 50,0 499 50,0
23 50,0 50,2 499
24 50,1 50,0 499
Analytical method:

Alkalidigestion [NaOH (80 g/1); digestor 150 °C + addition (C¢H1107Na) + KF] / Titrimetyy (HCI)

Q 1 H
Jallll.llc OIZLT

The data was evaluated for consistency using h and k statistics.[22] The h and k plots in Figure D.1
indicate that no specific bottle exhibit patterns of results that are markedly different from others in the
homogeneity study.
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Consistency within-bottle
1.60 1 1.48
1.40
1204 113 1.13 1.13 1.13
1.00 7 0.85 0.85
0.80 - 0.74 0.74
0.60 - .
0.40 -
0.20 1
0.00 - : : : : : : \
3 5 6 7 1 13 15 21 23 O 2
Bottles ‘\GQ)
PN
Consistency between-bottle \%
<
2.0 {< O
15 1.37 1.37 QQ
1.0 [ N
o5H 032 0.32 ‘\Q 0.32 0.32
oo |l - 0. m
] R B
-1.0 | -0.74 QY 07 -0.74
15 \E\O
-20 |1 O 1.79
N\
25 |/ »
3 5 6 7 1 13 15 21 23 24
@ Bottl
f‘Q es
A\
Figure D.@- Plots of consistency within- and between -bottle
A one-way analysis eriance approachl22] was performed on the data to compute the within and
the betwepn-unit ard deviations which are, respectively, estimations of the analytical standard
deviation (sap) a e sampling standard deviation (Ssam). See Tables D.2 and D.3.
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Table D.2 — ANOVA: Single factor
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SUMMARY
Group Count Sum Average Variance
bottle 3 3 150,1 50,033 33 0,023 333
bottle 5 3 150,2 50,066 67 0,013 3 33
bottle 6 3 150 50 0,04
bottle 7 3 150,1 50,033 33 0,023 333
bottle 11 3 150,2 50,066 67 0,013 333
boftle 13 3 150 50 0,01
bogtle 15 3 150,1 50,033 33 0,023 333
boftle 21 3 149,9 49,966 67 0,003 333
bogtle 23 3 150,1 50,033 33 0,023 333
bogtle 24 3 150 50 0,01
Table D.3 — ANOVA: Source of variation

ANOVA

Source of

yariation SS df MS F P-value Fcrit
Befween
groups 0,027 9 0,003 0,163 636 0,995 792 2,392 814
Within
groups 0,366 6667 |20 0,018 333
Total 0,3936667 |29

San = 0,018

Ssam =0
Foyl further guidance€on how to compute the between-bottle heterogeneity, two scenarios are possible
usihg ANOVA. IfMS between groups is larger than the MS within groups, the between bott}f variance
is Jomputed By-subtracting MS between groups from MS within groups and dividing by tle number
of feplicates.;hade per unit (in this case 3). The between-bottle standard deviation is then the square
rodt of this variance as also given under 9.3. If MS between groups is smaller than MS within groups,
thel between-bottle heterogeneity is computed as given below. Further explanation can bg found in
1S Guide 35.12]

The uncertainty component due to sampling estimate that accounts for insufficient repeatability of the
analytical method was calculated using the following formula:[24]

_ ]2
Usam = \/Ssam +

MS

within

2

n
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Ugy = 0,044

where
MSwithin is the within mean square;
VMSs,within 1S the respective degrees of freedom.

The uncertainty component due to sampling, expressed as a percentage of the grand mean, is less than
0,1 %. Therefore, the reference material could be considered sulficient Nomogeneous.

D.5 Achieving and confirming stability
Based on the nature of the material, deterioration is not anticipated provided the material is properly
handled and stored.

D.6 Storage and handling

D.6.1 Temperature and other environmental conditions for storage

Units of thie reference material should be stored at ambient temperdture in a dry place.
D.6.2 Minimum sample size requirements

The minimum sample size was that used for the homogenéity assessment, i.e. 0,65 g.
D.6.3 Safety information

Avoid dispersion of, exposure to dust by inhalation, eye contact or skin contact.

Dispose rpsidual material in accordance” with regulations pertaining for inorganic chemical gnd
mineralogfcal waste.
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Annex E
(informative)

Case study 5 — Pharmaceutical reference standards:v

Estlablishment of reference standards during the drug development and commercialization|process is
verly complex, and needs a thorough understanding. From very early stage in the process,pharmaceutical
industries should consider establishing reference standards to evaluate the rawsmaterials, process
purities, intermediates, metabolites, degradation products and Active Pharmaceutical Ingredients

Reference standards are needed almost at every stage in the development of a drug candidate in order
to make sure the final drug product is of the highest quality. In the absene¢ of available officia] reference

Soyrcing and preparation of bulk materials for reference material production can at first seen] a difficult
and daunting task, and large quantities may sometimes beequired. High quality referencg materials
s) are demanding and costly to produce and if materials are available from other sourcgs it is not
noimally cost effective for laboratories to make theif<ewn. However, should this be necepsary, this
e study provide guidance for non-specialist laboratories to prepare their own reference materials
for| quality control. Some of the key issues that*need to be considered are: selection off materials
(appropriateness, native material versus spikés, material preparation, etc.), traceabilitly, testing,
paration and packaging (homogeneity, contamination, etc.), stability testing, value assignment
rcises, uncertainty estimation, documentation, mechanism for the approval of the assigned value,

General selection criteria used in establishing a reference standard by a

Th¢ criteria usédin selecting a material to use as a reference standard is complex and depends on many
factors. There is no magic bullet and every situation is different. The following is a general ghideline in
selecting ateference standard followed by a specific example of a standard selected by a pharmaceutical

Onted-bulkmaterial has-been-sourced-there-are-anumber of processing stages-which-may-heed to be
carried out to ensure the material has the appropriate level of homogeneity and stability for its intended
purpose.

Some of the more common processes are drying to remove water or solvents so that the material is easier
to handle and its stability improves. Water removal also reduces the likelihood of microbial growth
formation, which is a particular problem with biological materials, and for such materials, freeze drying
is employed to remove water. Please note that our scope in this paper is restricted to smaller organic
reference materials only.

11) This case study is based on information provided by Iffaaz Salahudeen, PhD, and Frank Hu, PhD, Bristol-Myers
Squibb Pharmaceuticals, New Brunswick, NJ, USA.
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Sieving is an additional process carried out after milling and grinding to improve material homogeneity.
Bulk solid materials must be homogenized by thorough mixing.

Certain analytes can be unstable and appropriate salt would be selected in order to stabilize the material.

E.2.2 Specification of material

A reference standard should be made using a best known synthetic process yielding the highest purity
with minimum amount of other external components such as residual solvents and heavy metals. The
physical properties of the material are also important. It should be less hygroscopic, with free flowing

Crystalllnp structure with minimum :\ggrngahnn or ]nmplng

Impuritieq classified as organic (process and drug related), inorganic, or residual solvents.can|be
introduced during the manufacturing process for the drug substance, drug product, or excipient
and/or thijough storage of the material. Impurities should be controlled throughout the manufacturjing
process. Impurities that are process-related should be kept to a minimum to avoid degradation 4and

unwanted
be thorou

pharmacological effects. Compounds that are susceptible to hydrolysis, for example, sho
bhly dried to remove moisture and then stored in a desiccator. Reference standards t

contain a hjigh percentage of organic volatile impurities may experience purity changes over time as

solvents e}

If the refe
purity can|
residual s4

E.2.3 So

Reference
or second
be synthe;
possible; t
purificatig
filing).

E.2.4 Prx

If needed,
has a tend
by grindi

addedtot
may be ne
after fresh

faporate.

rence standard is in a salt form, the amount of salt present must be determined so that
be corrected for content. Applying the molecular weight to the correction will not account
It that may be produced during synthesis.

urcing of material

standard materials that are synthesized by the<tiser or supplied by a contract manufactu
\iry company must be characterized. Both thetreference standards and drug substance n
ized initially using the same process. The reference standard should be of the highest puj

n steps used for a drug substance showld be fully described and included in any regulat

ocessing

'he material selected cap-be/dried, solvent removed, re-crystallized or purified. If the mate
ency to form lumps, a-delumping procedure can be employed. Large particles can be redu
g. In order to increase-its stability, a different salt can be selected or certain additives can
e material. For matérials with <95 % purity, or mixtures, thorough mixing or homogenizat]
Cessary in ord€rto make sure the mixture is homogeneous. An old or API lot also can be u
testing as 10ng as its properties are within the acceptable range.

E.2.5 Qualification

For the in

tial lot, an example requalification period may be 3, 6 or 12 months for the first year 3

uld
hat
the

the
for

rer
hay
ity

e drug substance may require further purification to become areference standard (additional

bry

Fial
red
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be assessed after 3 months at the intended storage condition and at an accelerated storage condition.
Validation of the analytical method for organic impurities should occur after the full accelerated storage
condition has been evaluated. The total length of the requalification program will depend on the
intended life of the reference standard and the length of the stability and clinical programs. If the initial
lot is proven to be stable for at least one year, then subsequent lots will require annual requalification
only. In all study scenarios, a protocol is required to outline the reference-standard material, lot, storage
conditions, frequency of test, analytical procedures, acceptance criteria, and reporting criteria.[26]

Organic impurities. Determination of organic impurities is the most challenging aspect of developing
a suitable analytical method because these impurities are unique to the parent compound and because
various degradation pathways can lead to various impurities. Actual and potential organic impurities
that arise during synthesis, purification, and storage must be identified and quantified. The synthesis
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of the reference standard should be evaluated to predict and identify potential impurities from raw
materials. Potential degradation product also can occur as a result of storage. Short-term (forced
degradation) and long-term (evaluation under accelerated conditions) stress testing, therefore, should
be evaluated during development. The design of the long-term stress test depends on the intended
storage condition.

The quantity of organic impurities present can be determined with high-performance liquid
chromatography (HPLC) and ultraviolet (UV) detection. Degradation products and compounds related
to the product can be evaluated by the area per cent or from the relative response of the standard
being used. The technique used to obtain this data will depend on the amount of impurities and related

hse factor,
e relative
wsa 50 %
e 0,1 % of

resjponse factor of the impurity is half of the standard (i.e. the amount of impurity present shc
detlector response compared with the equivalent amount of standard), then there could b

actpal impurity. This level may be insufficient to affect overall purity results.-1f there was 1 9
baged on area per cent present, however, then there would be 2 % of actual\impurity that c
ovdrall purity.

The approach to determining the relative-response factor for each impurity is a more accura
but| potential pitfalls should be considered. The relative-responsefactor approach requires
development because the component needs to be isolated and the relative response factg

0 impurity
puld affect

[e process,
additional
r must be

detected.
updated if
certained

determined. In addition, as the reference standard ages, new/unknown impurities may be
The relative-response factor of these new impurities must be determined, and the method
the new unknown is significant enough to alter the purity>Much of this information may be a
dufing the development of the drug substance.

Impurities that arise from raw materials, synthesis, purification, and storage require careful
corjsideration because they may not producedetector responses that are related to the [reference-
stajpndard material. Quantification by area per cent would not be appropriate in such cases. Rather, the
impurities must be isolated and identifiedSo that an appropriate reference standard can He used, or
a relative response factor determined{ For example, if the reference-standard material is q salt, then
the cation response would not be equivalent to the reference standard. In such instances)a specific
reference standard is required for the cation, and a separate analytical method for quantifigation may
be heeded.

e typically
reporting

rganic impurities. Inorganic impurities such as metals and non-combustible materials arj
luated using compendial procedures. If inorganic impurities are proven to be less than thq
eshold at initial characterization, then further analysis is not required.

Ina
eva
thr

Res
dru

fidual solvents:’The potential for residual solvents should be evaluated during development of the
g substancerand can be estimated by reviewing the synthesis pathway. USP General Chaptdr Residual
Solpvents [1].details a generic procedure for this evaluation. Residual solvents, however, may pe specific
to the manufacturing process and require a specific test procedure. An additional specific testprocedure
maly be'required if the USP procedure is not suitable for the reference standard being evaluatgd, or if the
SOIWWMSMMM& rred to as
organic volatile impurities, or OVIs, by USP) are proven to be less than the reporting threshold at initial
characterization, further analysis is generally not required at subsequent intervals. If the amount of
residual solvents present affects the purity, however, they should be evaluated at each requalification
interval.

E.2.6 Sub-division and packaging

Reference materials are subdivided from the bulk material by either manually or by automated means.
Many materials can either lose or pick up moisture if the container is not securely closed. Therefore,
septum lined crimp-top vials are more suitable. Vials should preferably be amber to reduce the light
impact. The amount per vial depends on its application. Repeated opening and closing of reference
material containers increases the risk of contamination. Stability may also be affected by repeated
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freeze/thaw cycle. Therefore, sufficient quantity of material needed for analysis should be vialed
separately, instead of using bulk containers for repeated use.

Light sensitive materials are sub-divided into amber vials, and heat sensitive materials are stored at
lower temperatures. Any material with a significant amount of solvent needs to be stored carefully.

Prolonged storage of inherently heterogeneous matrix materials may cause settling and separation
of the material. It is therefore important the units are adequately mixed before a new sub-sample is
withdrawn. This can often be achieved by simple shaking of the units (bottles).

For moisture-sensitive materials, appropriate packaging would be the preferred method of controlling

moisture (

E.2.7 H¢mogeneity assessment

For mater
order to m|

ontent.

als with < 95 % purity, or mixtures, thorough mixing or homogenization may behecessar)
hking sure the mixture is homogeneous. These mixtures need to be assessedfor homogene

E28 D

Ideally, a locument complying with ISO Guide 31[20] and a report covering-the characterization 3
value assignment will be produced.

For quantitative standards, purity values should be assigned, and based on past history and stabilit]

re-test da
impurity 1
performed

Upon test
informatid
standards
test date).
should be

E.2.9 St

Reference
isimporta

storage cgnditions are ascertained, the reference-standard material should be monitored continu

cumentation requirements

e should also be provided. However, for qualitative standards (e.g. retention time markers
hixtures), assigned purity values are not needed, as long as a chromatographic verificatio
to prove that the impurities are detected (above the'detection limits).

ng a Certificate of Analysis (COA) will be issued. The COA will have all the necess
n including the chemical name, catalogue #, Lot #, test date, re-test date (most refere
can be used upon re-certification and therefore, they do not need any expiry date, but a
Any special handling instruction suchas hazardous category, light or heat sensitivity) 4
pbrovided in the COA.

prage requirements

standard materials are often expensive to manufacture and are generally of limited suppl
nt, therefore, to considet how the material will be stored, distributed, and controlled. Once

using a su
differentl

C
be stored 121 a secure environment with controlled access and distribution. Even if the material is pro

to be stab
so that thd

table environmental monitoring system. It is advisable to store the material in at least {
ations in casethere is a prolonged excursion from the storage condition. The material sho|

at room temiperature, most of the solid or powdered materials can be refrigerated or fro
ir shelflives can be extended after re-testing.
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In the early phase of product development (prior to Phase 3), batches of 10 g to 100 g quantity would be
qualified as reference standard. After the program moves into the Phase 3, a larger quantity (500 g to
1 000 g) from one pilot-scale batch would be qualified as reference standard.

E.3 Specific example of the selection criteria used in establishing a reference
standard

E.3.1 General

The criteria described in the example below are appropriate for the specific standard under discussion
and should be considered as a guide instead of general requirement for selecting a reference standard.
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