TECHNICAL ISO/TS
SPECIFICATION 13530

First edition
2009-03-15

Water quality — Guidance, on’ analytical
quality control for chemical and
physicochemical water,analysis

Qualité de l'eau — Lignes directrices pour le contréle de qualité
analytique pour I'analyse chimique et physicochimique de l'equ

-_— Reference number
= — ISO/TS 13530:2009(E)

©1S0 2009


https://standardsiso.com/api/?name=0585d370ca19cd39dece3b4be6fe7d1f

ISOITS 13530:2009(E)

PDF disclaimer

This PDF file may contain embedded typefaces. In accordance with Adobe's licensing policy, this file may be printed or viewed but
shall not be edited unless the typefaces which are embedded are licensed to and installed on the computer performing the editing. In
downloading this file, parties accept therein the responsibility of not infringing Adobe's licensing policy. The ISO Central Secretariat
accepts no liability in this area.

Adobe is a trademark of Adobe Systems Incorporated.

Details of the software products used to create this PDF file can be found in the General Info relative to the file; the PDF-creation
parameters were optimized for printing. Every care has been taken to ensure that the file is suitable for use by ISO member bodies. In
the unlikely event that a problem relating to it is found, please inform the Central Secretariat at the address given below.

—COPYRIGHT PROTECTED DOCUMENT

© 1S0 2009

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or by any means,
electronic or mechanical, including photocopying and microfilm, without permission in writing from either ISO at the address below or
ISO's member body in the country of the requester.

ISO copyright office

Case postale 56 « CH-1211 Geneva 20

Tel. +412274901 11

Fax +41 22749 09 47

E-mail copyright@iso.org

Web www.iso.org
Published in Switzerland

ii © IS0 2009 — All rights reserved


https://standardsiso.com/api/?name=0585d370ca19cd39dece3b4be6fe7d1f

ISO/TS 13530:2009(E)

Contents Page

3 Terms and definitioNs.......cccooi s ssnr e snnme e e e e s e sBabashe e de s e s s s nnmnnes 2
3 Terms related to measurement methods ..........ccccee e e e srererereeee e S do e e de e 2
3 Terms related to measurement results..........oooevvvieiiieie e sa e S e ereeeene e dessnnnnnnnnees 3
3 Terms related to uncertainty ... G e e e e e s e nneedenneennnnnnnes 5
4 Performance characteristics of analytical systems.........ccccccrmiiicccciccccee N T e, 5
4 INErOAUCHION ... e e ade Fe e e s e e e e e e e e e e e e e e e e s e s e e 5
4 Scope of the Method ... e e e e e e 6
4 Calibration ... f Sbast e e e e e ee e s e e esssesnsnnnereneneeenedernnenennnnnn 6
4 Limit of detection, limit of quantification ...........cccoo i N e 10
4 Interferences and matrix effects ... e e 12
4, Accuracy (trueness and precision) and uncertainty of measurement..........c.ccccecivcnnnncifernninennn, 14
4. R0 o 1T 10T s P O K 14
4 Fitness fOr PUrPOSE ..o gine s sbe s s ssmn e e e e e s s s snmn e e e e s se s s snnnnesenesessssnne densennnnnnnn 15
5 Choosing analytical SYStemMS ...........ccccimiiiiiiinc e S rsmr e e e smsr e e e s smnn e e e e e ess fennneenenas 15
5 General considerations...........cccccvieiiicccceennee e rs s snnre e s smnne e e e e s s s s s smnnne e e e e se frnneeeeeenas 15
5 o = Uo7 =Y I 201 =1 T [=Y = 1 £ ) o £ K 16
6 Intralaboratory quality control............c. (e 16
6 (1Y 7= - | R SRRRRRRY 16
6 Terms relating to within-laboratory quality control ..........c.ccccoiiiiiiiniincc e e, 17
6 Control Of ACCUIACY ......cceiiiiiie s Tt n s ns s e e e 17
6 (020] 31 (o] I o] R {11 41X X e PP I 18
6. Control of PreCiSioN............ 5zl e e ee s s e e e e s s s s ssssssssseneeedeennnnenene 19
6.6 Principles of applying control charts ... feee e 21
6.7 L0070 Lod [T L= 1o o -3 P SSRRPO SRR SRR 25
6.8 Control charts with fixed quality criterions (target control charts).........ccccccecvvrrerrvrccccfoeenennn. 27
7 Quality control in/SamPliNg ........ccccoriiceriiercere e s e mn e e e s smn e e e sane e s feme e e ennanes 27
8 Interlaboratony quality CONtIOL...........ccco o s e s s e e e e e e e e e 28
9 Quality<control for lengthy analytical procedures or analysis undertaken infrequently (or

F= L= o T Yo 4 Lo T o o F- 1= =Y 28
9.1 Quality control for lengthy analytical procedures...........cccccciiiiiicniiniscnc e e 28
9.2 Analysis undertaken infrequently or on an ad hoc basis.........ccccccccrinciicnnnnsic e, 29
Anpex A (informative) Verification of the limit of detection and the limit of quantification ........{............ 30
Annex B (informative) The nature and sources of analytical errors...........cccccciiicisiiiniiscccc s 32
Annex C (informative) Estimating the measurement uncertainty ... 35
Annex D (informative) Example for performing quality control for lengthy analytical procedures......... 37
=1 0] [T'e o - o] 172 38

© IS0 2009 — All rights reserved iii


https://standardsiso.com/api/?name=0585d370ca19cd39dece3b4be6fe7d1f

ISOITS 13530:2009(E)

Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bod

ies

(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
non-goverhmental, in liaison with ISO, also take part in the work. ISO collaborates closely with
Internationgl Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

Internationpl Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main ftask of technical committees is to prepare International Standards. Draft Interpnational Standa
the technical committees are circulated to the member bodies for voting. Publication as
Internationgl Standard requires approval by at least 75 % of the member bodies casting.a-vote.

In other cjrcumstances, particularly when there is an urgent market requirement for such documents
technical gommittee may decide to publish other types of document:

— an ISOQ Publicly Available Specification (ISO/PAS) represents an agréement between technical experts
an ISQ working group and is accepted for publication if it is approved by more than 50 % of the memb
of the |parent committee casting a vote;

— an ISO Technical Specification (ISO/TS) represents an agréeement between the members of a techn
commiittee and is accepted for publication if it is approved by 2/3 of the members of the committee cast

e years, revised to become an International Standard, or withdrawn. If the ISO/PAS or ISO/TS
confirmed,|it is reviewed again after a further_three years, at which time it must either be transformed into
Internationgl Standard or be withdrawn.

Attention i$ drawn to the possibility that'some of the elements of this document may be the subject of pat
rights. ISO| shall not be held responsible’for identifying any or all such patent rights.

ISO/TS 13630 was prepared by~ Technical Committee ISO/TC 147, Water quality, Subcommittee SC
Physical, ghemical and bioctiemical methods.

This first ¢dition of ISO/TS 13530 cancels and replaces ISO/TR 13530:1997, which has been technic
revised.
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Water quality — Guidance on analytical quality control for
chemical and physicochemical water analysis

1

Th

Scope

s Technical Specification provides comprehensive guidance on within-laboratory and between

quality control for ensuring the production of results with a known level of accuracy in the analysis o

Th
It i

pri

5 not intended for application to the analysis of sludges and sedimentsA(although many of

examination of water. Whilst sampling is an important aspect, this is only briefly considered.

An
an
de
Gu

Th

hlytical quality control, as described in this Technical Specification, is intended for applicatio

iled requirements of quality assurance for water analysis, which can be found in the EURACH
de (2002) [20],

quality-assurance documentation (e.g. ISO/IEC 17025):
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(for example, non-specific.determinands, such as suspended solids or biochemi

Normative references

following referenced documents are indispensable for the application of this document.
rences, only the~edition cited applies. For undated references, the latest edition of the
cument (including’any amendments) applies.

W

D 3534-2:2006, Statistics — Vocabulary and symbols — Part 2: Applied statistics

D 5725 (all parts), Accuracy (trueness and precision) of measurement methods and results

s Technical Specification is applicable to the chemical and physicochemical analysis of all types

nciples are applicable to such analysis) and it does not address (the biological or micH

lysis carried out within a quality-assurance programme. This Aechnical Specification does not 3

b

e recommendations of this Technical Specification.aré’in agreement with the requirements of ¢

s Technical Specification is applicable to th&“use of all analytical methods within its field of 3

o
]érminands

and, BOD). In the event of any disparity between the recommendations of this Technical Sy
i the requirements of a standard method of analysis, the requirements of the method should prey

Hlaboratory
F waters.

of waters.

ts general
obiological

n to water
ddress the
EM/CITAC

bstablished

pplication,

ugh its detailed recommendations may,réquire interpretation and adaptation to deal with certgin types of

al oxygen
becification
ail.

For dated
referenced

IS

8466-1, Water quality — Calibration and evaluation of analytical methods and estimation of performance
characteristics — Part 1: Statistical evaluation of the linear calibration function

ISO 8466-2, Water quality — Calibration and evaluation of analytical methods and estimation of performance
characteristics — Part 2: Calibration strategy for non-linear second-order calibration functions

ISO 13528:2005, Statistical methods for use in proficiency testing by interlaboratory comparisons

ISO/IEC 17025:2005, General requirements for the competence of testing and calibration laboratories

ISO Guide 35, Reference materials — General and statistical principles for certification
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ISO/IEC Guide 43-1, Proficiency testing by interlaboratory comparisons — Part 1. Development and operation
of proficiency testing schemes

ISO/IEC Guide 43-2, Proficiency testing by interlaboratory comparisons — Part 2: Selection and use of
proficiency testing schemes by laboratory accreditation bodies

3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

3.1 Terllns related to measurement methods

3141

validation
confirmatign by examination and the provision of objective evidence that the particular requirements for the
specific intended use are fulfilled

[ISO/IEC 1]7025:2005]
31.2

accuracy
closeness |of agreement between a test result or measurement result and-the true value

NOTE 1 In practice, the accepted reference value (3.2.6) is substituted forthe true value.

NOTE 2  [The term “accuracy”, when applied to a set of test or measurement results, involves a combination of random
componentg and a common systematic error or bias component.

NOTE 3  |Accuracy refers to a combination of trueness and précision.
[1ISO 353412:2006]

313
bias
difference petween the expectation of adest result or measurement result and a true value
[1ISO 353412:2006]

314
trueness
closeness |of agreementbetween the expectation of a test result or a measurement result and a true value

NOTE 1  |The measure of trueness is usually expressed in terms of bias.

NOTE 2  [Trueness is sometimes referred to as “accuracy of the mean”. This usage is not recommended.

NOTE 3  In practice, the accepted reference value is substituted for the true value.
[ISO 3534-2:2006]

3.1.5
precision
closeness of agreement between independent test/measurement results obtained under stipulated conditions

NOTE 1 Precision depends only on the distribution of random errors and does not relate to the true value or the
specified value.

NOTE 2  The measure of precision is usually expressed in terms of imprecision and computed as a standard deviation
of the test results or measurement results. Less precision is reflected by a larger standard deviation.

2 © 1SO 2009 — All rights reserved
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NOTE 3  Quantitative measures of precision depend critically on the stipulated conditions. Repeatability conditions and

reproducibility conditions are particular sets of extreme stipulated conditions.
[1ISO 3534-2:2006]

3.1.6

limit of detection

output signal or value above which it can be affirmed with a stated level of confidence, for example
a sample is different from a blank sample containing no determinand of interest

[1ISO 6107-2:2006]

95 %, that

stated multiple of the limit of detection, for example, two or three times the limit of detection)at a co
of the determinand that can reasonably be determined with an acceptable level of accyraey and pre

NQTE Limit of quantification can be calculated using an appropriate standard or sample, and may be ol
the|lowest calibration point on the calibration curve (excluding the blank).

[ISP 6107-2:2006]

3.1.8
analytical run

ncentration
cision

tained from

grqup of measurements or observations carried out together{either simultaneously or sequentially, without

int¢rruption, on the same instrument by the same analyst using.the same reagents

NQTE 1 An analytical run may consist of more than one batch of analyses. During an analytical run, the a
pregision of the measuring system is expected to be stable.

NOTE 2  Definition taken from Reference [33] in the Bibliography.

3.1.9

batch of analyses

grqup of measurements or observations of standards, samples and/or control solutions which
pefformed together in respect of all procedures, either simultaneously or sequentially, by the sanj
using the same reagents, equipment and calibration

Terms related to measurement results

3.21

ernor of measurement

test result or measurement result minus the true value

NQTE 1 Invpractice, the accepted reference value is substituted for the true value.
NQTE2,_ ¢ Error is the sum of random errors and systematic errors.

Ccuracy and

have been
e analysts

m
[¢Y)

A<l tadl £ TaYaNs Y~ V.|
AUdPLITU TTUTTT TOU IJJ™

3.2.2

systematic error of result

component of the error of result which, in the course of a number of test results or measurement
the same characteristic or quantity, remains constant or varies in a predictable manner

NOTE Systematic errors and their causes can be known or unknown.

[1SO 3534-2:2006]

© 1SO 2009 — All rights reserved
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3.23

random error of result

component of the error of result which, in the course of a number of test results or measurement results, for
the same characteristic or quantity, varies in an unpredictable manner

NOTE It is not possible to correct for random error.
[1ISO 3534-2:2006]

3.24

true value
value whigh characterizes a quantity or quantitative characteristic perfectly defined in the conditions @hiich
exist when|that quantity or quantitative characteristic is considered

NOTE The true value of a quantity or quantitative characteristic is a theoretical concept and, in geperal,” cannof be
known exadtly.

[1SO 3534{2:2006]

3.2.5
conventional true value
value of a guantity or quantitative characteristic which, for a given purpose, may.be substituted for a true vajue

NOTE A conventional true value is, in general, regarded as being sufficientlyclose to the true value for the differepce
to be insignfficant for the given purpose.

[ISO 353442:2006]

3.2.6
accepted freference value

value that gerves as an agreed-upon reference for comparison

NOTE The accepted reference value is derived as:

a) atheofetical or established value, based on scientific principles;

b) an ass|gned or certified value, based on experimental work of some national or international organization;

c) a congensus or certified value, based\on collaborative experimental work under the auspices of a scientifiq or
technigal group;

d) the expectation, i.e. the mean of g specified set of measurements, when a), b) and c) are not available.
[ISO 353412:2006]

3.2.7
certified reference‘material
reference material, accompanied by a certificate, one or more of whose property values are certified by a
procedure [whi€htestablishes traceability to an accurate realization of the unit in which the property values pre
expressed| and for which each certified value is accompanied by an uncertainty at a stated level of confiderjce

NOTE Definition taken from Reference [36] in the Bibliography.

3.2.8

metrological traceability

property of a measurement result relating the result to a stated metrological reference through an unbroken
chain of calibrations of a measuring system or comparisons, each contributing to the stated measurement
uncertainty

[ISO/IEC Guide 99:2007]

4 © 1SO 2009 — All rights reserved
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3.3 Terms related to uncertainty

3.3.1

uncertainty of measurement

non-negative parameter characterizing the dispersion of the quantity values being attributed to a measurand,
based on the information used

[ISO/IEC Guide 99:2007]

3.3.2
standard-uneertainty
u(x})

ungertainty of the result x; of a measurement expressed as a standard deviation

[ISP/IEC Guide 98-3:2008]

3.33

combined standard uncertainty
uc(p)
standard measurement uncertainty that is obtained using the individual . standard measurement uncertainties
assgociated with the input quantities in a measurement model

[ISP/IEC Guide 99:2007]

3.34

expanded uncertainty
U
prgduct of a combined standard measurement uncertainty and a factor larger than the number one

NQTE 1 The factor depends upon the type of probability distribution of the output quantity in a measurement model
and on the selected coverage probability.

NQTE 2  The term “factor” in this definitionefeérs to a coverage factor.

[ISP/IEC Guide 99:2007]

3.3.5

coyerage factor
k
numerical factor used.'as a multiplier of the combined standard uncertainty in order to obtain an|expanded
ungertainty

NQTE A caverage factor is typically in the range from 2 to 3.

[ISP/IEC Guide 98-3:2008]

4 Performance characteristics of analytical systems

4.1 Introduction

ISO/IEC 17025 requires the validation of methods; the validation process is described in detail in EURACHEM
Guide (1998) [8]. Primary validation is part of the development of a new analytical method, and is performed
during the standardization of the method. Important points to be considered for the primary validation of an
analytical method are the following:

— scope of the method;

— calibration;

© 1SO 2009 — All rights reserved 5
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— limit of detection/limit of quantification;

— interferences;

— estimation of accuracy (trueness and precision);
— uncertainty of measurement;

— robustness;

— fithesgfet purpose:

According [to ISO/IEC 17025, the laboratory shall confirm that it can correctly operate standard (methgds
before applying these methods. This procedure is called secondary validation, where emphasis is laid|on
calibration|and interferences, as well as the laboratory limit of quantitation and measurement wncertainty| In
4.2 to 4.8, [the topics calibration and quantification, matrix effects and measurement uncertainty)are dealt with
especially.

4.2 Scope of the method

A clear deflinition should be given of the forms of the substance that are determined by the procedure and dlso,
when necdssary to avoid ambiguity, those forms that are not capable of deterfmination. At this point, it is warth
emphasizing that the analyst's selection of an analytical method should{meet the user's definition of the
determinand. Non-specific determinands need the use of rigorously stiptlated analytical methods in order to
obtain religble and comparable results.

Many substances exist in water in a variety of forms or “species”, and many analytical systems provid¢ a
differential| response to the various forms. For example, when ‘a separation of “dissolved” and “particulate”
material is| required, special care is necessary to define precisely the nature and pore-size of the filter to|be
used.

A precise pescription of the types and natures of, samples is important before the analytical system can|be
chosen. The precautions to be taken when a sample is analysed will depend to a high degree on the sample.
The analy$t needs information that is as complete as possible on sample types, concentration levels and
possible interferences. The scope should: contain a clear statement of the types of sample and samjple
matrices for which the procedure is suitable. If necessary, a statement should also be made of important
sample tyges and matrices for which.the procedure is not suitable.

The range|of application corresponds to the lowest and highest concentrations for which tests of precision gnd
bias have peen carried out using the system without modification. Where an extension can be used to enaple
the examinpation of samples containing concentrations greater than the upper limit, such as by analysis after
dilution, then it should be regarded as a different procedure but whose performance characteristics may|be
inferred frgm the values~quoted for the original.

The concentrationrange of interest can have a marked effect on the choice of analytical technique; of primary
concern is|the"smallest concentration of interest.

4.3 Calibration

4.3.1 Basics of calibration and quantification

A calibration function is determined from information values y;, obtained by measuring given standard
concentrations x;. The resulting standard deviation of the method s, or confidence interval is a performance
characteristic of this calibration, not a performance characteristic of the quantification. Quantification of the
analyte content of samples using a calibration function is based on interpolation. The most important
performance characteristic for quantification is the estimation of measurement uncertainty (see 4.6) where the
uncertainty of calibration is one of the contributions.

6 © 1SO 2009 — All rights reserved
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Depending on the kind of the functional relationship between the analyte concentration and the measurement
response, different mathematical or statistical tools can be used. Mathematical and statistical models are
subject to different assumptions; therefore, not only is the performance of the analytical equipment essential
but also the kind of mathematical approach. The models should help the analyst to find a clear and reliable
functional relationship for calibration. The models should not limit the capabilities of the analytical equipment.
Therefore, the selection of the calibration model should be undertaken carefully, taking into consideration the
fitness for purpose and the measurement uncertainty required.

— Model of linear regression (ISO 8466-1): the classical model for calibration with the limitations of normal
distribution of the responses and a homogeneity of variances over the working range. Normally, this

homogeneityof variances—is—only given—in—a-working-range-of one-or-at-maximum-two-decades of
J J J J ~ ~ ~

concentration. This fact limits the applicability.

— | Model of non-linear second-order calibration functions (ISO 8466-2): after discovering a-significant non-
linearity. This model has the same limitations as linear regression: normal distribution of the [responses
and homogeneity of variances over the working range.

—| Model of weighted regression, weighting the information value with the reciprocal variance, |calibration
over more than a decade of concentration range is possible.

—| Calibration over more than one decade of concentration with  at Jeast two concentrations, e.g. for
inductively coupled plasma/mass spectrometry (ICP/MS). Linearity,must have been checked bheforehand
with a minimum of five concentrations, e.g. by graphical presentation.

NQTE Detailed instructions on calibration procedures are given,.in‘References [26] and [28] in the Bibliography.

All[these kinds of calibration should be tested for their contribution to measurement uncertainty. For example,
analyse N times, as a minimum in triplicate, an indepehdent standard or a certified reference material within
thg concentration range of interest, and calculate the\results in accordance with the applied calibration method.
The standard uncertainty component, Sps representing the deviation of the single results, o, from the reference
value, p, is calculated as follows:

(1)

where

is the standard-uncertainty component from calibration;

N is the number of replicate measurements.

N ghould bé.chosen with respect to the confidence required. Sp should be compared with the respegtive target
megasurement uncertainty to set the tolerable amount.

4.32—Caltbration strategles

4.3.2.1 Basic or instrument calibration

This type of calibration is carried out without matrix components and without sample preparation; for
calibration, pure standard solutions are used. This is inexpensive and directly suited for quantification, if matrix
components do not change the slope and the intercept of the calibration function significantly. Normally this
calibration is more precise than a calibration including all sample preparation steps.

© 1SO 2009 — All rights reserved 7
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4.3.2.2 Calibration with matrix material

This kind of calibration is comparable with basic calibration (4.3.2.1). No sample preparation steps are carried
out. Instead of the pure solutions of the standards, solutions of the standard substances in analyte-free matrix
or artificial matrix are used.

4.3.2.3 Calibration over the total procedure

This type of calibration includes all sample preparation steps, and the calibration solutions are prepared with a
representative matrix material. It is suitable to show whether matrix components or sample preparation steps
4o or do . o . N o

function. Hrequently, it is not easy to find a representative matrix material to use it as a basis of calibralj
solutions. |n water analysis, this means that blank free natural water representing the possible matriceq of
other natutal waters has to be found.

If the matrjx components significantly change intercept and slope of the calibration functionn¢ompared to the
basic calibfation, it is possible to use this calibration over the total procedure for quantification:

4.3.3 Internal standardization

4.3.3.1 eneral aspects

The use of internal standardization for the quantification of concentrations minimizes possible errors made
both during injection and by sample losses during sample pre-treatment/steps, and also differences in the final
sample extract volumes and changes in recoveries caused by matrix effects. Substances used as internal
standards ghould have the following properties.

— Chemjcal-physical properties should be the same concerning the error-prone procedure steps which
should be corrected. If the total procedure should bgcontrolled by the internal standardization, isotgpic
labellgd compounds are recommended; if only final volumes or detection should be controlled, other
substgnces, which are representative concerning these steps, can be used.

— There|should not be any measurement interferences with the internal standards.
— No ocgurrence of the internal standard, neither in real samples nor as blanks, which cannot be avoided,

— Concgntration of the added intérnal standard: in the dynamic range of the method, preferably in the same
conceptration range as the analytes.

— They $hould have similarintensities of responses as the analytes.

It is recommended to earry out the internal calibration as a basic calibration, because all multiplicative matrix
effects argq corrected)by the internal standard if it has the properties listed above. Otherwise, an internal
calibration|over thetotal procedure has the same disadvantages as described in 4.3.2.3, often there is a lack
of represegntativeé matrix material. As with all the other possibilities for correcting matrix effects, intefnal
standardizption cannot overcome additive matrix effects as well.

4.3.3.2 Calibration with internal standards

Calculation of the calibration function is usually available as an option in the quantification programs of most
manufacturers’ data analysis software.

Adjust the concentrations according to the sensitivity of the equipment used and the range of determinations

required. Evaluate the linear range and, subsequently, set up a calibration. Establish the linear function as a
basic calibration of the pairs of values y;/y;s;and p;/pis; of the measured series using Equation (2):

8 © 1SO 2009 — All rights reserved
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Yi _ P

a; +bi
Yis,i Pis,i
ere
Vi is the measured response of substance i; the unit depends on the evaluation, e.g. area va

()

lue;

£ is the mass concentration of substance i (external standard) in the working standard solution, e.g. in

nanograms per millilitre, ng/ml;

a; is the slope of the calibration function of substance i; the unit depends on the evaluatior
value millilitres per nanogram, area value-ml/ng.

b; is the ordinate intercept of the calibration curve; the unit depends on the evaluation, e.g. &
evaluation, e.g. area value;

millilitre, ng/ml.

ibration can be done as linear regression or as a two point calibration over more than one decaq
vious linearity check.

.3.3 Quantification with internal standards

he internal standards in such a manner that the, mass concentration pg ;

position for the standard solutions and the samples.

culate the mass concentration Pi,sample of the substance using Equation (3).

[ 1 4 "
- Sampre-exract

millilitre, ng/ml; usually calculated by the software;

, €.9. area

rea value;

Vis; IS the measured response of the internal standard for the substance i; ‘the” unit depends on the

Pisi is the mass concentration of the internal standard, for the substance i, e.g. in nanograms per

e after the

H a known amount of the internal standards to the sample prior to sample preparation. Adjust tiis amount
in the final volume, |e.g. of the
exI}act, is nearly the same in the prepared samples as in the calibration solutions. Use the samme solvent

Yi,sample
SRR by
Yis,i,sample Mis i Pisample extract Mig i
Pisample = : = : x——=2 (3)
aj Vsample Pis,i,sample extract Vsample
ere
Vi sample is the measured response, e.g. peak area, of substance i in the sample extract;
Vis,i sample is thelmeasured response, e.g. peak area, of the internal standard, for substarjce i, of the
sample;

is the mass concentration of substance i in the sample exiract, e.g. in nanagrams per

Pisi,sample extract 1S the mass concentration of the internal standard in the sample extract, for substance i,

e.g. in nanograms per millilitre, ng/ml; usually reported by the software;

Pisample is the mass concentration of substance i in the water sample, e.g. in microgram
Hg/l;
Mg is the mass of the added internal standard substance, e.g. in micrograms, ug;
Vsample is the sample volume, in litres, [
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a; is defined in Equation (2);

b.

is defined in Equation (2).
4.3.3.4 Determination of recoveries of the internal standards

It is necessary to control the recovery of the internal standards for the total procedure for each sample.

This is possible by comparing the mean response from the internal standard in the calibration solutions with
the response obtained from the prepared sample. To achieve this, it is essential, that the final volume of the
prepared gampte s RmowrT for catcutatingthetheoreticatfimat—toncentrationof thentermat—stardard—imthe
prepared $ample. In routine use, the theoretical concentration of the internal standards in the prepated
samples is|the same as in the calibration standard solutions, therefore no additional effort results.

Alternative]y, a second internal standard, e.g. an injection standard can be used for the(ealculation| of
recoveries|of internal standards. This is a useful procedure if the final volumes after the samiple preparatjon
vary, as frequently happens after enrichment to very small final volumes. This second internal standard is
added to the calibration solution and to the final prepared sample prior to the sample mieasurement. The final
concentratjon shall be the same for the calibration solution and the prepared sample with a theoretical final
volume. Npw it is possible to obtain recoveries directly by comparing the responses of the internal and the
second internal (injection) standards obtained in the calibration with those obtained from prepared samples,
e.g. extrac}s.

Yis,i,sample X Vis,inj,calibration
Ais i sqmple = x100 4)

Yis,i,calibration X Vis,inj,sample

where
Ais i sapmple is the recovery of the internal standardyfor substance i, in percent, %;
Yis,i,sample is the measured response, e.g. peak area, of the internal standard, for substance i, in fhe

sample;

Yisicalloration 1S the measured response;“e.g. peak area, of the internal standard, for substance i, in the
calibration solution;

Vis,injsmple 1S the measured(response, e.g. peak area, of the injection internal standard, in the sample;
Vis,inj,calibration 1S the measured response, e.g. peak area, of the injection internal standard, in fthe
calibrationsolution.
A control phart plot af.the recoveries of the internal standards or another kind of documentation should
indicate that the recovery rates lie within defined control limits.

4.4 Limrt of\detection, limit of quantification

4.41 General aspects

In broad terms, the limit of detection is the smallest amount or concentration of an analyte in the test sample
that can be reliably distinguished from zero or blank (Reference [31] in the Bibliography). For some physical
parameters, e.g. pH and redox potential, the concept of limit of detection does not apply and no attempt
should be made to determine it for these parameters.

There is much diversity in the way in which the limit of detection and limit of quantification of an analytical
system is estimated. Most approaches are based on multiplication of the within-batch standard deviation of
results of typical matrix blanks or low-level material or the multiplication of the standard deviation of the

method, s, by a factor. These statistical inferences depend on the assumption of normality, which is at least
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questionable at low concentrations. Notwithstanding this, in method validation, a simple definition, leading to a
quickly implemented estimation of the detection limit, can be applied.

The different ways of estimating the limit of detection and limit of quantification which are described in the
following subclauses are optional. With the recommended minimum degrees of freedom, the value of the limit
of detection is quite uncertain, and may easily be in error by a factor of 2. Where more accurate estimates are
required, more complex calculations should be applied. For special cases, see ISO 11843, Parts 1 to 4.

The essential step after the estimation of the limit of detection and limit of quantification is the verification. The
analyst needs to prove that he is able to detect and, respectively, quantify the analyte at the estimated limits in
th i i iteria gi i i i imi imit of detection
acc¢ording to 4.4.2, are verified. After verification, the limit of detection and limit of quantification,pf different

4.2 Limit of detection based on standard deviation of results of blank samples
The limit of detection can be estimated as:
X p =350 + xp| (5)

where
x p is the limit of detection;
so is the standard deviation of the outlier-free results of.a matrix blank sample;

xg, is the mean concentration of the matrix blank.

If the applied method of calculation of results comprises the subtraction of a matrix blank, the second term, xg|,
has to be ignored.

The precision estimate, s,, should be based:on at least 10 independent complete determinations|of analyte
comcentration in a typical matrix blank orlow-level material, with no censoring of zero or negative results. For
that number of determinations, the factorof 3 corresponds to a significance level of = 0,01.

4.4.3 Limit of detection based.on the standard deviation of the method

Fof analytical methods which-have a linear calibration function determined alternatively to the way| described
in 4.4.2, the limit of detection can be estimated as:

XLD = 4SXO (6)
where

x_p \Is-the limit of detection;

O 4 ol ol ol A £l ool (L THN ' \
‘)xO IS UTS Statiuaru Ucviallurm Ul Uic Tt Tou (1Imon T eainoraturt).

4.4.4 Limit of detection based on baseline noise

For methods which show a baseline noise, the limit of detection, x| b, can be estimated as the concentration of
the analyte at a signal/noise ratio S/N = 3 after blank correction (if possible).

4.4.5 Limit of quantification

The limit of quantification represents a concentration of the determinand that can reasonably be determined
with an acceptable level of accuracy. Usually it is arbitrarily taken as a fixed multiple of the detection limit.
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For method validation, the limit of quantification, x, o, can be estimated as:

X q=3xp (7)
The factor k = 3 corresponds to a relative result uncertainty of approximately 33 %.
4.4.6 \Verification of the limit of detection and the limit of quantification in the matrix
Verification of the limit of quantification is vitally important if routine samples frequently show analyte

concentrations near the limit of quantification In that case investfigations for verification of the limit of
quantification should be performed regularly in routine analysis.

For verifichtion of the limit of detection and limit of quantification, spiked blank matrix samples|at thg¢se
concentratjon levels and blank matrix samples shall be analysed in the same manner as real,'samples, |.e.
under with|n-laboratory reproducibility conditions.

If the meap response of the samples spiked at the limit of detection level is greater than-the maximum blank
value, the [imit of detection is verified.

If the unceftainty of results for the samples spiked at the limit of quantification leveDis smaller than or equa to
the relativg precision corresponding to the factor k, the limit of quantification is verified.

NOTE At the limit of quantification, the uncertainty component bias can beqeéglected, as the blank is included in|the
estimation df the limit of detection and limit of quantification.

Examples for the verification of the limit of detection and the limit of\quantification are given in Annex A.

4.4.7 Reporting limit
The report|ng limit is a specific concentration at or above the limit of quantification that is reported to the clignt

with a certgin degree of confidence. It is often defined on a project-specific basis. If the reporting limit is [set
below the |imit of quantification by the client, method modification is required.

4.5 Intefferences and matrix effects

4.5.1 Geheral considerations on-matrix effects

An important source of random.and systematic error in results is the presence of constituents of a sample
other than|the determinand thatCause an enhancement or a suppression of the analytical response, so-called
matrix effefts.

Matrix effefcts have an‘essential influence on the measurement uncertainty. It is possible to correct systematic
matrix effgcts, e.gte’ correct the multiplicative matrix effects by standard addition, internal standardizatjon
(4.3.3) or g
be determ
often is n
instrumental equipment. After examining the sources of additional matrix effects, sometimes a subtraction is
possible (e.g. blanks).

Most analytical techniques produce accurate results with standard solutions at the optimal concentration.

4.5.2 Quantification for samples showing matrix effects when using basic calibration
If the matrix cannot be defined, as often happens in water analysis, it is not possible to test whether the slope

and intercept will be changed significantly. In these cases, it is possible to use the basic calibration, but in
combination with additional tests on matrix reference material or recovery examinations on real samples.
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Recovery rates shall be considered in the final results. This may increase the measurement uncertainty by the
uncertainty component of the recovery rate. These tests are also suited to demonstrate whether recoveries in
different sample matrices are constant, e.g. by keeping a recovery control chart (see 6.4.3). After that, it is
possible to reduce the expense and to determine the recoveries only once in every batch. Alternatively,
internal standardization (see 4.3.3) should be used.

When using basic calibration, blank determinations over the total procedure have to be performed regularly. If
there is no possibility to avoid blanks, single measurements, as well as the detection limit and limit of
quantification, should be corrected by the mean of several blank measurements. Measurement uncertainty
increases in this case because of the addition of the uncertainty of the blank correction.

4.5.3 Recovery tests

Refovery tests are essential and should be carried out regularly, also in routine practice. Thelobjec{ of the test
is 1o identify bias from certain sources occurring in the analysis of real samples. A kaewn quantity of the
determinand is added to a real sample, forming the spiked solution, and the two are analysed, the difference
in lconcentrations found being used to calculate the recovery. This is repeated. n times and|the mean
differences are compared statistically with the theoretically expected recovery of 400 %.

Sirjce the spiked solution is made up by adding a fixed quantity of standard.solution to a fixed quantity of real
sainple, the calculation of its recovery can be made as follows:

Standard solution:  volume ¥, concentration c, (known)

Real sample: volume ¥, concentration ¢, (measured)
Spiked sample: volume (¥ + V), concentration.¢d (measured)
Recovery, 7 percentage of the added;determinand which is determined:

n = CS(V+V1)—CrV1

Ca

x100 % (8)
It should be emphasized that 7, calculated from m-n values (i.e. m batches, n replicate analyses in dach batch),
is gnly an estimate of the true mean recovery.

The standard deviation, s,-is*ealculated from the m daily mean recoveries (each calculated from, fgr example,
twa replicates); s refers/therefore to the standard deviation of m daily mean recoveries.

T

=2

b standard error; S5 of nis calculated from

S

S, = —¢ (9)

)

wherem is the number of values on which s is based.

The standard error s, is, in fact, the standard deviation of an estimate of the mean (as opposed to the
standard deviation of a single observation). The true mean can be expected to lie within + 15 o5 s, of the
estimated recovery n with 95 % confidence.

It should be noted that the spiking recovery test is fairly limited in the information it yields. For example, if bias
is found in the standard solution results, it is quite probable that it will also occur in the spiking recovery results
and yield no additional information. It only assumes importance when significant bias does not occur
elsewhere. In this case, the implication is a cause of bias in the real sample only, and this usually implies
interference proportional to the concentration of the determinand. (Clearly an interference effect of absolute
magnitude would not affect the difference between spiked and real samples.) In the case of unsatisfactory
spiking recovery, it is advisable to check the precision of the real and spiked results, particularly if the spiked
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solution has not been freshly prepared for each analysis. If either of the two solutions shows signs of
deterioration, this could easily produce an unsatisfactory spiking recovery.

NOTE As an alternative to the described recovery test, a recovery function, which is explained in Reference [26] in
the Bibliography, can be determined.

4.6 Accuracy (trueness and precision) and uncertainty of measurement

The general term accuracy is used to represent the combination of trueness and precision. Accuracy is a
measure of the total displacement of a result from the true value (“total error”); trueness is a measure of
systematigrerrors;precisionis—ameastre-of rando efrors—{see—7~ X1 =—determinationo =—precision
can be realized on different levels. The bandwidth comprises, on one side, the repeatability which is measufed
in a single|laboratory (one person, same equipment, short time), on the other side, the reproducibility which is
calculated |from the results of an interlaboratory comparison which is executed within the method validatjion
process ard is published in method standards.

Estimates pf precision from one batch of analyses (“within-batch precision”) may give an overoptimistic ideq of
the precisipn of results produced during routine analysis. For this reason, precision should be estimated from
analyses taken from separate batches, spread over a suitable period (“reproducibility, within-laboratory”). It is
desirable fo design the test so that a satisfactory estimate of the dominant source_of error is obtained. The
experimental design recommended for general use is to make n = 2 determinations in m = 8 to 11 batcheg of
analysis. Puch a design provides estimates of within- and between-bateh standard deviations with
approximately equal numbers of degrees of freedom. Examples of analysis of variances are given| in
Referencesg [26], [27] and [28] in the Bibliography.

Trueness is closely connected with the demonstration of measurement traceability which is a requirement of
ISO/IEC 17025. The procedure for demonstrating traceability and for using appropriated reference materidl is
reported i many guides, e.g. References [21] and [36] in the(Bibliography. It should be mentioned that the
demonstration of traceability in chemical analysis of water is\not easy or can only be achieved in part becalise
of the use pf “empirical” methods and because of the complexity of the matrices.

Following the International Standard ISO/IEC 17025,’accredited laboratories shall have procedures for the
estimation| of measurement uncertainty available and under certain conditions they shall state the
measuremient uncertainty. Uncertainties in an-ahalytical process may be estimated using different procedufes
according fo the destination of the result itself. In any case, when associating an uncertainty to a result, the
analytical lnboratory must indicate the approach which has been chosen.

The forma| approach to measureméni uncertainty estimation calculates a measurement uncertainty estimate
from an equation or mathematicalymodel. The procedures described as method validation are designed to
ensure that the equation used 10 estimate the result is a valid expression embodying all recognized and
significant| effects upon _the" result. The basic document in which this approach is described| is
ISO/IEC Gpide 98-3. Because this guide is hard to comply with in practice, some different standards gnd
guidelines |(ISO/TS 21748 and References [19], [23] and [32] in the Bibliography) have been published to give
support to the implementation of the concept of measurement uncertainty for routine measurementg in
laboratories. In this>standard, preference is given to reduced procedures (so-called “top-down models”) to
estimate the uncertainty of measurement.

In Annex C,two differe Op-down mode O _estimate the uncertainty of measurement are described.
Generally random and systematic errors have to be considered. Therefore the determination of uncertainty is
based on validation data which represent the within-laboratory reproducibility and the method and laboratory
bias. Data from internal quality control should be preferably used to calculate measurement uncertainty if

there is a choice between these data and results of collaborative studies.

4.7 Robustness
A measurement programme, for example, a river survey, may often include a high number of very different

types of samples, which may be analysed in several laboratories. For this reason, routine analytical
laboratories often prefer robust, multi-purpose analytical techniques applicable to a broad range of samples.
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A “robust” or “rugged” analytical procedure means a procedure so designed that the accuracy of analytical
results is not appreciably affected by small deviations from the experimental design prescribed by the
analytical method. The use of robust procedures is of great help in achieving reliable results in routine
laboratories. Robust methods will produce similar results for the same sample when used in independent
laboratories. The most robust procedure is the preferable choice, if the procedure meets the user's
requirements. There is no simple numerical value indicating the robustness, but results from interlaboratory
trials should be used to illustrate the robustness of a procedure. Special responsibility falls on experts
improving or standardizing methods to produce robust techniques.

The need for complete and clear specification of analytical procedures should be stressed. The method

and also

shauld anpr‘ify all_details rngarding 2h2|yQiQ nqnilnmpnf calibration calculation aof results_ etc

inc
p

=

g

De

4.8

Fithess for purpose is the extent to which the performance of a method matches the criteria, agred

the

ude any details on sampling, sample handling and preservation, any digestion step or_oth
treatment of samples. Any optional operations should be specifically noted.

fails on the design of ruggedness tests can be found in Reference [18] in the Bibliography:

Fitness for purpose

analyst and the end-user of the data, describing the end-user's needs..For instance, the err

sh

prgbability, but they should not be so small that the analyst is involved-in unnecessary expenditure

fit

er specific

d between
brs in data

uld not be of a magnitude that would give rise to incorrect decisions’ more often than a defined small

ss-for-purpose criteria may be expressed either in terms.of acceptable combined me

Analytical
asurement

ungertainty or acceptable individual performance characteristics."Sometimes, non-analytical requirgments will

be [important factors in deciding whether a method is fit for purpose, for example, whether res
available in time for critical actions to be taken.

5

5.1
Ge
sui
sta

Sa

information may be used for different reasons, for example:

Choosing analytical systems

General considerations
nerally, standardized methods should:be applied in water analysis, for legal reasons. To choos
fable method for the analytical task-(analyte in question, matrix, and concentration range), the sq
hdard should be considered, as.well as possible interfering substances in the samples.

mpling of waters and effluents is carried out in order to provide information on their qual

legal control of discharges;
environmental monitoring;

process=control of treatment plant performance;

iits will be

e the most
ope of the

ities. This

evaluation of taxes and charges based on actual emissions.

The user's needs are of primary importance. It is the responsibility of the user to define precisely the
objectives of the measurement programme and to help to choose the measurement techniques to be used.
The following topics should be defined in the measuring programme:

definition of the quantitative information required;
definition of the determinands;
location, time and frequency of sampling;

requirements for analytical results;
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e) use of

data and data handling routines, including statistical calculations;

f) introduction of a quality-assurance programme.

All analytical work should be based on a sound and precisely defined measurement programme, providing the
analyst with representative and stable samples. The inclusion of a quality-assurance system implies the
production of data of stated quality. This is partially attained by analytical quality-control activities which
establish whether random and systematic errors are within prescribed limits.

5.2 Practical considerations

When disd]
programm

— the frg

— the maximum period between sampling and analysis, in relation to sample stability;

— the maximum period between sampling and the user's need for the results;

— the vo
— autom

— equiva

— robusiness and description of the proposed method;

— applic
Regarding
influence

necessary

that the m
estimate o

6 Intra

6.1 Gen

Clause 4 q

ussing the requirements with the user and selecting suitable analytical systems to fit the measu]i
b, the following practical points should be considered:

quency of sampling and the total number of samples on each occasion;

ume of sample available;
atic or manual techniques;

lent analytical methods;

Ability of the proposed method in the laboratoryceoncerned with respect to cost, speed, etc.

pn the final selection of analytical systems. When analysis is required infrequently, it may

ost appropriate action is taken to‘\ensure control of the measurement process and to provide
analytical accuracy (see Clause 9).

aboratory quality control

eral

suitability f

put into r¥utine use, sometimes called “tertiary validation” or “internal quality control” (IQC) or “rou

analytical

or a particdlar application. This clause describes the procedure to be adopted when the syster;r
i

yality control” (routine AQC).

ng

these practical considerations, factors sich as convenience, speed and cost may have a great

be

to adopt a different approach from.that'used for regular, frequent determinations. It is still essential

an

eals with~the evaluation of the capabilities of an analytical technique in order to judge its likely

is

ine

Having chosen an analytical system capable of being used to produce results of adequate accuracy, the next
stage is to establish control over the system and to monitor routine performance. The aim is to achieve a
continuing check on the variations observed in routine analysis and to provide a demonstration of satisfactory
performance of the method.

The principal tool in routine quality control is the control chart.

16
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6.2 Terms relating to within-laboratory quality control

Control sample: Sample material whose analytical results are used to construct control charts, for
example, standard solutions, real samples, blank samples.

Control value: Value entered on the control chart.

Response value: Value obtained by application of the measurement process.

Analytical result: Value reported as defined in the method. It is derived from the response by

application of the calibration.

6.3 Control of accuracy

The use of control charts facilitates the control of accuracy and whether it can be maintained. The simplest
form of control chart is one in which the results of the individual measurements made ‘@n-a control $ample are
plotted against a time series.

This type of chart (for example, see Figure 1) provides a check on random{and systematic errof (from the
spread of results and their displacement). It is an easy procedure to be_Used by the analyst because it is
simple to plot and no data processing is needed. It is useful when the size_of analytical batches is |variable or
when batches consist of a small number of determinations. Individual result charts are used widely and often
form the mainstay of a laboratory's approach to control charting.

Y |
13— ————3
12 f—————— R 2
° L ®
111 e o
° °
1 1
® ® ° @
0,9 (e .
o 2
o 3
0,6 |

Ke

X  dataintervals
Y  concentration found for standard solution (mg/l)

expected concentration
2 warning limit
3  action limit

Figure 1 — Example of Shewhart control chart for a standard solution
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However, this type of chart may produce false out-of-control values if random error does not follow the normal
distribution. For these reasons, a range of more specialized types of charts has been devised. Table 1 gives
an overview of the different types of control charts which are described below.

Table 1 — Types of control charts and their application

Type of control chart Control of trueness Control of precision
Mean control chart with certified matrix samples yes yes
Mean control chart with synthetic samples (standard |limited because matrix effects |limited, should be combined with
solutions) are notdetected Tange controt thart
Blank contpol chart limited no
Recovery dontrol chart with real samples yes yes
Range confrol chart with real samples no yes

Normally, control charts are constructed using statistically calculated warning and.action limits. It is glso
possible tq fix limits based on customer or legislative targets or on target measurement uncertainties (see §.8).

6.4 Control of trueness

6.4.1 Geheral

One way ¢f assessing systematic error is to participate regularly.ih interlaboratory trials, but these are foo
infrequent jand the results take too long to process for routine daysto day control.

As a routine procedure for controlling systematic error, thewuse of Shewhart control charts (ISO 8258) baged
on single results or on the mean, spiking recovery and analysis of blanks is recommended.

NOTE A range control chart is most commonly used-in conjunction with a mean chart constructed from the sgme
data. The cpmbined use of mean and range charts gives-greater control over both systematic and random errors than|the
use of a single-result control chart.

6.4.2 Mefan control chart

For trueneps control, standard solutions, synthetic samples or certified real samples may be analysed using a
Shewhart ¢hart of individual or mean values.

The analypis of standard-solutions serves only as a check on calibration. If, however, solutions with a
synthetic gr real matrix are\dsed as control samples, the specificity of the analytical system under examinafion
can be checked, provided an independent estimation of the true value for the determinand is availablel A
useful altefnative is‘to use a typical sample matrix containing none of the determinand and to spike it with a
known ampunt of determinand.

The respegtive control sample should be analysed a fixed number of times (> 1) in each batch of samples and
the mean result entered in the mean control chart.

Certified reference samples (if suitable ones are available) should be analysed with routine samples as a
check on trueness. A restricted check on systematic error by means of recovery control charts is often made
instead (6.4.3).

NOTE A single-result chart is different from a mean chart for individual results. It does not require the same number
of replicates per batch of analyses. For single-result charts, all individual results for variable numbers of control
determinations in a batch are plotted. This is a big disadvantage of the single-result chart, as it is difficult to differentiate
between within- and between-batch precision.

18 © IS0 2009 — All rights reserved


https://standardsiso.com/api/?name=0585d370ca19cd39dece3b4be6fe7d1f

ISO/TS 13530:2009(E)

6.4.3 Recovery control chart

The recovery control chart is used as a check on systematic errors arising from matrix interferences. A
separate control chart for each type of matrix is required in water analysis, because samples of strongly
varying matrix composition, such as surface water and municipal and industrial waste water, may be subject
to errors of differing sizes and natures.

The recovery control chart, however, provides only a limited check on trueness because the recovery tests will
identify only systematic errors which are proportional to determinand concentration; bias of constant size may
go undetected.

6.J.4 Blank control chart

The blank control chart represents a special application of the mean control chart.
The blank control chart may help to identify the following sources of error:

—| contamination of reagents;

—| contamination of reaction vessels and of the measurement system;

—| instrumental faults (for example baseline drift).

It is appropriate, therefore, to analyse a blank solution at the)beginning and at the end of each batch of
samples. The blank values thus obtained are then entered on:the blank control chart.

6.5 Control of precision

6.9.1 General

There are five ways of estimating the precision’of analytical results in routine analysis:
—| use of a range control chart (within=batch errors only) (6.5.2);

—| replicate determinations (6.5.3);

—| standard addition (6.5.4);

—| use of a difference.eontrol chart (6.5.5);

—| use of a mean-tontrol chart (between-batch errors only) (6.4.2).

6.5.2 Range control chart

A range control chart is used to control the W|th|n batch preC|S|on of an analyt|cal method In addltlon it allows

I v tical result
can be estimated from an existing range control chart, prowded the matrix of the sample under examlnat|on is
similar to that of control samples chosen for the range control chart. The range of the sample in question may
also be determined and entered on the control chart as well, in order to prove that an out-of-control situation
does not exist.

Estimation of the standard deviation, s, from range control charts:

(10)

S| o
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where
d, is afactor (see Table 2);
R s the mean range.
Table 2 — d, values

n d,

Z T.128

3 1,693

4 2,059

5 2,326

6 2,534

7 2,704

8 2,847

9 2,970

10 3,078

n is the number of replicate analyses in each batch (see
ISO 8258 and Reference [13] in the Bibliography).

6.5.3 Estimation of precision with replicate analysis
The analysgt should perform replicate analyses of the sample in question to obtain higher reliability of the f
result, espgcially in those cases where the contravention of a threshold value is to be proved. From the d
obtained, the standard deviation valid for the matrix‘in-question can be estimated.
Additionallly, the performance of replicate determinations offers two further advantages: firstly, coarse err
(outliers) cpan be detected and, secondly, the analytical error can be reduced.
If a high precision of results is required, the number of replicate analyses should be n > 6.

The standard deviation for replicate measurements is calculated as:

= (x; — %)
= (n-1)

nal
ata

prs

11)

the’single result of measurement;

i
Y
S =
-
where
Xi |
x is
n is

the mean of results;

the number of single results.

6.5.4 Standard addition

The estimation of the standard deviation from the range control chart, or with replicate analysis, can help to
identify a matrix-dependent imprecision.
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© 1SO 2009 — All rights reserved


https://standardsiso.com/api/?name=0585d370ca19cd39dece3b4be6fe7d1f

ISO/TS 13530:2009(E)

The application of the method of standard addition, whilst helping to control trueness, can tend to degrade
precision compared with direct determination. This is the price paid for control over systematic error. The
method of standard addition should be applied with caution. It is essential that the linear range of the method
be established.

6.5.5 Difference control chart

The difference control chart is a chart of the difference, D (R4 — R,), in the results of analysis of two portions of
the same sample. R, and R, are the results for the first and second portions respectively. It is essential always
to subtract the second result from the first and to plot the difference including sign. The expected value for the
chart - i —Fhi rt is useful
when a control solution of known or reproducible value is not available. It is also useful-when sample
hofogeneity is a major source of error. The main disadvantage of this type of chart is the dependgnce of the
standard deviation, and therefore the control limits, on the concentration. This problem mayibe overcome by
plotting the percentage difference instead of the absolute difference.

6.§ Principles of applying control charts

6.6.1 Choice of control samples
The choice of control samples depends on the matrix, the analytical method and the accuracy required.
Adyantages and disadvantages of the several types of control samples are described in References [26] and
[27] in the Bibliography.

In general, the following control samples are used.

Fof mean control charts: Solutions of the determinand in water, preferably real samples| stable for
at least one controf period

For blank control charts: Water samples with a sufficiently small concentration of the deferminand
or purified water

Fof recovery control charts: Real-samples with and without addition of the determinand
Fof range control charts: Real samples; in special cases, solutions of the determinand ir} water
Fof difference control charts Real samples

6.6.2 Construction-of control charts
6.6.2.1 Construction of mean, blank and difference control charts

6.6.2.1.1 .“Preliminary estimation of warning and action limits

At |east'20 control values x; are required for a trial period to estimate the following tentative control parameters.

Th v Aara nhtainad hy analveina tha cantral camnla an at laact 10 wnrkina dAave 1in Adivinlinata
1 Sy —aHe-0otaHRe aB Y aharySHgRe-6oRHor-Sampe-ORatEaSt— o WO GGy SHH-auprHcate-

From the control values, x (n > 20), estimate the statistical parameters:

— control value x; (i.e. depending on the type of control chart: single result, mean of the replicate analyses,
single blank or single difference of the ith batch);

— mean (X ):

i=n

E:%lgxi (12)
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— standard deviation (s), see Equation (11) in 6.5.3;

— upper

warning limit and lower warning limit:

(UW, LW) = (X ) + 2s (

where

u

W is the upper warning limit;

13)

L

— upper
(u
where
u

L

The contrg

“time of analysis” and/or “batch number”. The numerical values for mean, warning limit and action limit

plotted on

6.6.2.1.2

The contrd
values are
of importa
should be

The Harmgnised Guidelines [30] give recommendations for frequencies of analysis of control samples.

In the long
mean and
done. The
wrong dec
estimates

The follow

It is assuni
points are

AT thretower-warmimng tirmit;
action limit and lower action limit:

A, LA) = (¥ ) £ 3s (

A is the upper action limit;
A\ is the lower action limit.
| chart is constructed in a coordinate system with the ordinate{“concentration” and the absci

the ordinate and drawn as lines parallel to the abscissa inthe“control chart.

Routine operation

| value should be obtained at least once per batch of analyses. The frequency with which con
obtained within a batch lies in the responsibility of the laboratory and should be related to the ri
nt errors and the seriousness of their likely consequences. At regular intervals, the control ch
bxamined for changes in mean and standard deviation.

Lterm operation of a control,chart, the question arises as to whether or not to update the estimatg
standard deviation used to generate the action and warning limits and, if so, how this might best
guiding principle should.be that the chart is intended to detect (with known risks of making
sion) departures from,the existing state of statistical control. Including the latest data in the ove
bf mean and standard deviation may not be sufficient to allow this aim to be fulfilled.

ng approach‘to monitoring for changes is applied.

bf the\Same precision as that implied by the initial choice of control limits.

14)

pSa
are

frol
ks
art

of
be
the
rall

ed that-the last 60 data points are a homogeneous set and that the issue is whether or not thg¢se

It is also

o th ot Ll ] tH H + | . tH 2l H L 1+ 2l £ A
SUITICU iat uic T1ulTiiar pravtuot 1o U UdotT UIC aLUuuln ariu wdailtiity nirimto Ut a 11icdit aru otarivu

rd

deviation derived from all available data points (including the latest). Data points corresponding to
“out-of-control” situations for which a definite cause has been identified should not, of course, be included in

the calcula

tions.

Review the last 60 data points on the chart. If there are between 1 and 6 (inclusive) cases where the 2s
warning limits have been exceeded, there is no clear evidence that the precision of analysis has changed. No
revision of the chart is required except, as usual, the incorporation of new data points into the estimates of s

and Xx.
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If there are either no cases where the warning limits have been exceeded or more than 6 cases, it may be
concluded with approximately 90 % confidence that the precision has changed (improved or degraded,
respectively) and that a revision of the action and warning limits is needed.

In this case, recalculate the control limits on the basis of the mean and standard deviation of the last 60 points
and proceed as usual.

Whenever new control limits are calculated as a result of a change in precision, review the new standard
deviation (and where appropriate the bias implied by the new mean) against the accuracy targets which apply
to the analyses in question. Take corrective action if necessary.

The above procedure need not be carried out each time a new data point is generated. This Ch
valjdity of the current control limits might be worthwhile after, for example, 20 successive points
plotted, although any obvious changes in the operation of the chart would warrant immediaté conce

6.

.2.2  Construction of recovery control charts

bck on the
have been
n.

The design and the criteria of decision of the recovery control chart are similar-to those of the mgan control

chart.

6.6

Fo

Th

wh

Aft
i

.2.2.1  Preliminary tests
the construction of a recovery control chart, it is recommended-o run a trial period of tests.

e control variable to be plotted is 7;:

’7i :(xa —xo)x‘lOO/ca

is the analytical result (for example concentration) of the determinand in the original sampls

is the concentration or mass respectively of the spiked determinand. This assumes negligi
of the sample by the spiked addition.

br completion of the.frial period, the following statistical characteristics are derived from the
n = 20):

mean recovery( 77 );
standard-deviation of the mean recovery (s,);

upper warning limit and lower warning limit (UW, LW);

is the analytical result (for example’eoncentration) of the determinand in the spiked samplef

(15)

h-

7

ble dilution

ecoveries,

Ca

upper action limit and lower action limit (UA, LA).

lculation:
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UW = 77 +2s,, (18)
LW =7 - 25, (19)
UA=7 +3s, (20)
LA=7 -3s, (21)

6.6.2.2.2 Further processing

The recovpry chart is constructed and maintained in the same way as that described in 6.6.2.1. Fot) the
calculation) of the statistical parameters, x and s should be replaced with 7 and S respectively.

6.6.2.3 [Construction of range control charts

At least 20| control values (n > 20) are required for the pre-period. The control value is the relative range, Rrelj:

Rrel ; |- Zimax —Timin_40q o (B2)
x.

1

where j is the jth batch of i replicates.

with:

|

=
1
=

I
a

x; ig/the individual analytical result of the:réspective control sample;
n  igthe number of replicate determinations of the respective control sample.

Atfter the cpmpletion of a preliminary-test period, the relative range values, Rrel; (» > 20), are used to calculpte
the following statistical parameters;

1<

Rrel<{—> " Rrel; (%) (R4)
=

UA = [Rrel- Dga*(%) (5)

LA = Rrel: Dy 5 (%) (b6)

Several calculation models may be used to estimate the action limits for this type of control chart. For
application in routine work, it is recommended that only the upper action limits (UA) be calculated, warning
limits can be calculated additionally (see Reference [26] in the Bibliography). When performing replicate
determinations (duplicate to six-fold), the lower action limit (LA) is identical to the abscissa (zero-line).
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The numerical values for the factors D, and D, p for P = 99,7 % are:

Duplicate Three-fold Four-fold Five-fold
determination determination determination determination
Dyp (P =99,7 %) 3,267 2,575 2,282 2,115

For further numerical values for the factors D, and D ,, refer to ISO 8258 or Reference [13] in the
Bibliography

6.6.3 Interpretation of control charts, out-of-control situations

The quality-control chart is intended to identify changes in random or systematic error.
The following criteria for out-of-control situations are recommended for use with Shewhart charts:
—| 1 control value being outside the action limit; or

—| 2 consecutive values outside warning limits; or

—| 7 consecutive control values with rising tendency; or

—| 7 consecutive control values with falling tendency; or

— 10 out of 11 consecutive control values being on one-side of the central line.

The following out-of-control situations apply to the range type of control chart if:

—| arange Rrelj falls outside the upper action limit; or

—| arange Rrelj falls below the lower action limit (valid only for LA > 0); or

—| 7 consecutive control values show an ascending/descending tendency; or

—| 7 consecutive control values lie above the mean range, Rrel.

A ¢yclic variation of ranges may be observed, for example, by a regularly scheduled maintengnce of an
analytical instrument ot by re-preparation of reagents.

The Harmonised)Guidelines [30] give rules that can be applied for simultaneous consideration of {wo control
charts.

6.1 Conclusions

6.7 Mieasures to be taken in out-of-controi situations

An out-of-control situation occurring on a control chart is strong evidence that an uncontrolled change has
occurred in the analysis and it is likely that an important error applies to the analysis of the routine samples. It
is very important to immediately take steps to identify and eliminate the cause of the error in order to
re-establish control over the performance of the analytical system before further analysis is undertaken. For
fast and effective identification of the source of analytical error, the approach described in the following
subclauses is recommended.
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6.7.1.1 Initial investigation to identify gross errors or deviations from the analytical procedure

The analysis of the control sample is repeated, strictly following the analytical method and avoiding possible
gross errors. If the new result of the control sample shows that the method is under control again, it may be
assumed that the method of analysis had not strictly been observed on the previous batch of analyses or that
a gross error had occurred. The entire batch should then be re-analysed.

If, however, the result of the analysis of the control sample is erroneous but reproducible, a systematic error is
very likely to exist.

6.7.1.2 Elimimatiomrofsystematicerrors

To check [for systematic errors, several different trueness-control samples are analysed. To detect errprs
depending| on the reagents or the method, control samples should be used whose concentrations cover the
entire measuring range. As a minimum, a trueness-control sample in the lower part and one intthe’ upper part
of the working range should be used. In the event of a systematic error with results predominantly higher or
lower than|the actual values, a step by step examination should be performed to find the reason for this bias.
Exchanginfg experimental parameters, such as reagents, apparatus or staff, might help‘o)identify quickly this
type of error.

6.7.1.3 mproving precision
The precisjon can also be improved by a step-by-step approach to find the.causes of random error.

The total precision of an analytical method can be improved by examining its individual procedural stepg to
find the one which contributes most to the total error.

6.7.2 Plqusibility control

There could be errors which may not be detected by a.statistical approach to quality control. In the majority of
such cases, this concerns errors influencing individual analyses in a batch, but not ones before or after. This
type of erfor can only be revealed by means ofplausibility controls, i.e. checks on the observed valug in
relation tg expectations based on previous.-knowledge. Such knowledge may be based on chemical
considerat|ons, for example, checks on the jequivalence of anions and cations in a sample, or a pfior
expectation, for example, that chemical oxygen demand (COD) will be greater than biological oxygen demand
(BOD).

A successful approach to plausibility. control requires that appropriate background information is available. The
procedure |of plausibility controlmray be subdivided into two parts:

— information/harmonization;
— contrdl (for details, see Reference [26] in the Bibliography).
Plausibility] contrel'may form a worthwhile additional check to supplement routine analytical quality control. A

large propprtien' of failures on the basis of plausibility control (which is not mirrored by routine quality contfol)

. al 4 ' n £ i 4 1 o | - - 4 balal H Y '
suggests mimadequate rottme systenor qtanty Controror a systemwhic s notsStaore itsSoperation:

6.7.3 Further corrective action

In the event of repeatedly occurring out-of-control situations being detected in the control charts, the initial
tests for implementation of analytical quality control, as described in Clause 4, should be performed with the
matrix in question if the out-of-control situations cannot be remedied by simpler actions, such as exchange of
vessels, apparatus or reagents.
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6.8 Control charts with fixed quality critera (target control charts)

Contrary to the classical control charts of the Shewhart type described in 6.4, the target control charts operate
without statistically evaluated values. The bounds for this type of control chart are given by external prescribed
and independent quality criteria. A target control chart (for the mean, the true value, the blank value, the
recovery rate, the range) is appropriate if

— there is no normal distribution of the values from the control sample (i.e. blank values),

— there are not enough data available for the statistical evaluation of the bounds, or

—| there are external and internal prescribed bounds which should be applied to ensure-the| quality of
analytical values.

6.8.1 Control samples

The control samples for the target control charts are the same as for the classical control charts ag described
in 6.4 to 6.6.

6.8.2 Definition of bounds

The bounds for target control charts can be taken from one of the following sources:
—| requirements from legislation;

—| standards of analytical methods and requirements for internal quality control (IQC);
—| the (at least) laboratory-specific precision and trueness of the analytical value which had to be ¢nsured;
—| the valuation of laboratory-internal known data of the same sample type (see 6.4).

The chart is constructed with an upper and-lower bound. A pre-period is inapplicable. The target cgntrol chart
of fhe range needs only the upper bound.

6.8.3 Out-of-control situation

The analytical method is out-of-control if the analytical value is higher or lower than the respective [prescribed
boyinds.

6.8.4 Measuresdn out-of-control situations

The measures \are the same as described in 6.7.1.

6.8.5 cldentification of changes in analytical quality

If ppiy;llg the talyct controtchartsthe allaiyﬁbai method-s fUIIIId”y out-of-controt uniy if-the allaiy ical values
are outside the defined bounds. Nevertheless, trends in the analytical quality should be identified and steps
should be taken against them. Helpful hints are given in 6.7.

7 Quality control in sampling

Careful attention to the soundness of sampling and sample handling systems is essential if data of adequate
accuracy are to be obtained, and it is therefore necessary to ensure that appropriate control tests are applied
to these aspects of the overall process, as well as to analysis. Whilst many issues concerning sampling and
sample handling lie outside the scope of this Technical Specification, it is fitting to point out the important role
of quality control of sampling and sample handling.
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It is emphasized that, as with the analytical stage, the initial selection of soundly based sampling
procedures is of fundamental importance. Indeed, given the difficulty of assessing by practical tests many of
the potential errors which may arise during sampling, the need for careful initial selection of equipment and
procedures is probably even more crucial than in analysis. Similarly, control tests of sampling and sample
handling have the same basic objectives as their counterparts in analysis, namely to ensure that any
important deterioration of the accuracy of results arising from these steps is detected as rapidly as possible,
so that corrective action can be taken.

Guidance on quality control and quality assurance of sampling is given in ISO 5667-14 and Reference [22]
in the Bibliography.

8 Interjaboratory quality control
The aims [of interlaboratory testing may be divided into two groups: collaborative studies and-proficiency
testing. Within both groups, several subgroups may be identified. The most important kinds-of-interlaboratpry
tests are ap follows:

— collabprative studies for validation of a candidate method for standardization, as-specified in ISO 5725;

— interlaboratory tests to determine a consensus (certified) value for the composition of a reference fest
material, as specified in ISO Guide 35;

— proficiency testing, as specified in ISO/IEC Guide 43 and ISO 13528;

— collabprative studies to estimate the accuracy of data produced-by a group of laboratories which shar
commpn interest using the Youden method [35], known as the paired sample technique.

14
[V)

For further|details, see ILAC Guide 13 [29 and IUPAC Harmonized Protocol [34], as well as guidelines [12], [[14],
[15], [16], [R4] and [25] in the Bibliography.

9 Quaeljty control for lengthy analytical procedures or analysis undertaken
infrequently or on an ad hoc basis

9.1 Qugdlity control for lengthy ‘analytical procedures

Some mulli-stage analytical precedures, for example, the determination of trace organic contaminants, pre
capable ofl producing relatively-few results at a time. This raises the question of how to implement qudlity
control mgasures which were initially put into practice with high-throughput techniques. The argument that
because ofganic analyses-are time-consuming they should not be subject to performance tests of the same
complexity] as, for example, nutrient determinations is unsound.

An analyti¢al result which takes hours to produce should be supported by performance and quality control
information of at least the same rellablllty as that assomated with “simple” determinations Indeed, becalse
trace ana b ) ] )
proportionally more effort needs to be d|rected towards quallty control. The maxim that reIatrver few results of
known and adequate accuracy are better than many results of unknown and probably inadequate accuracy
remains true.

The stated approach to tests of precision and recovery should not be regarded as an ideal only attainable
under favourable circumstances. Rather, it is the minimum of testing which will provide a modestly reliable
indication of performance. For trace analysis, there is a strong case for expanding the range of samples tested
to include checks on precision and recovery from samples of differing matrices. Where limit of detection is of
special interest, it is particularly important that a pooled estimate is obtained from many batches of tests.
Replicate determinations performed on a single occasion are likely to give an unreliable and probably
optimistic estimate.
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Similarly, the approach to routine quality control should follow the recommendations given in Clause 6.
Particular attention should be paid to the implementation of recovery control charts or other means of
monitoring and controlling recovery through the whole process.

Annex D gives an example for a lengthy gas chromatographic/mass spectrometric (GC-MS) procedure.

9.2 Analysis undertaken infrequently or on an ad hoc basis

The procedures recommended for preliminary performance tests (Clause 4) and routine quality control
(Clause 6) are most easily put into practice for analyses which are carried out regularly and often. It is
nefessary 1o consider what approach to_quality contror_should be adopted for analyses whigh may be
performed infrequently or which may be undertaken only once. The same considerations apply.tp analyses
caffried out over a short period in relatively few batches.

Two main features distinguish this type of analysis from frequent, regular determinations.

Firgtly, any quality control activity is likely to take up a relatively large proportion of.the total analytical effort
compared with routine analyses. This is inconvenient and expensive, but it is ‘a’consequence of |organizing
analysis in this way. It should not be used as an excuse to avoid evaluation of the analytical system. Any
analytical system used to produce data should be tested to provide an estimate of its performance.|Not to test
wopld be to provide data of unknown accuracy. This is unacceptable to-Users of analytical datgd. Tests as
described in Clause 4 are recommended as a means of providing~background performance data for all
analytical systems.

Sefondly, it is not possible to establish and maintain a state.of statistical control in relatively few |patches of
analysis. This is an important drawback of not carrying out-frequent, regular batches of analysis. If may be a
comsideration why analytical work might be subcontrascted to laboratories having reason to pgerform the
determination in question frequently. However, when analyses are carried out on a one-off or ad hof basis the
following approach is recommended.

T

>

b following quality-control measures should be*applied:

—| checks on spiking recovery in the mattix of interest;

—| replicate analyses of samples;

—| use of a difference control.chart (see 6.5.5);

—| use of field and procedural blanks;

—| confirmation af the calibration using material from an independent source;

—| use of refefence materials [where an appropriate certified reference material (CRM) is available] as blind
controls,

The groportion of samples analysed more than once should not be less than 20 % but could be as large as

’lo\ 0/ in tha ~aca Af vary cmall hatehace Ar hinhivy imnartant analvycac Sinala analvcic Af oo Ies is an
D% inthe—case—of-verysmall-batches—orhighly—impeortantanalyses—Single—analysis—of-samp

acceptable approach only when a state of statistical control can be established and maintained.

The Harmonized Guidelines [31] recommend that all test materials (samples) be analysed in duplicate. In
addition, the use of spiking or recovery tests or use of a formulated control material, with different
concentrations of analyte if appropriate, is recommended. If possible, procedural blanks should also be carried
out. As no control limits are available, the estimates of bias and precision obtained should be compared with
values derived from fitness for purpose.
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Annex A
(informative)

Verification of the limit of detection and the limit of quantification

A.1 Fundamental considerations

What to neasure? What to estimate? Which criteria should be fulfilled?
(statistically or graphically)

Limit of detection

n > 3 blarlk matrix samples | Maximum blank signal Mean of signals from spiked matrix
samples with detection limit
concentration should give signals
higher than the maximum blank signdl.

n > 3 spiked matrix samples |Mean of signals for spiked matrix
at the congentration level of |samples at detection limit

the limit of detection which
has to be perified

Limit of quantification

n > 3 spiked matrix samples | Computation of the concentration x | Uncértainty should be smaller than 1/
at the congentration level of |via calibration function (1) of limit of quantification.
the limit of quantification

which has to be verified Computation of the confidence

range of the mean concentration

Other possibilities to estimate
uncertainty of measurement

A.2 Example for the verification of the limit of detection

Concentration Replicates Maximum Mean
Vi1 Yi2 Vi3 Ymax Vi
Blank 0,001 18,196 13,387 18,196 —
Detection [imit xy = 3 ng/l 15,573 19,684 25,432 — 20,230
(spiked)

As the mean response-of the matrix samples spiked at the limit of detection level is greater than the maximum
blank, the pstimated limit of detection (e.g. according to 4.4.2, 4.4.3 or 4.4.4) can be considered as verified|for
the respective sample matrix.

A.3 Example for the verification of the limit of quantification

In the following, the equation for the calculation of the required precision is developed. For the limit of
quantification, a factor of k£ = 3 corresponds to a relative measurement uncertainty of approximately 33 %. This
means that the half width of the double-sided confidence interval of the measurement result for the spiked
matrix sample, Ax, shall be not more than 33 %.

The general equation for the correlation of uncertainty and limit of quantification is:

te, S
A i Ao e (A1)

g K Jn
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Ax is the half width of the confidence interval of the measurement result of the spiked sample;

x_q Iis the estimated limit of quantification (concentration of spiked sample);

k is the factor for calculating the limit of quantification as a multiple of the limit of detection, here: k = 3;

g is the table value of the #distribution for f=n — 1 and «= 0,05 (P = 95 %);

n is the number of analyses of the spiked sample;
a is the significance level;
s is the standard deviation of the results of the spiked sample.

Fof k£ = 3, Equation (A.2) applies:

te -8 1
fia
_1 (A.2)
PPRNE
Conversion for s results in:
y - (A3)
311

Depending on the number of analyses of the spiked 'sample, the value of the required standard de¢viation for
vefification of the limit of quantification differs. Forstatistical reasons, verification is more likely to succeed with
incfeasing number of analyses. Therefore, a.number of analyses between n = 3 and » = 5 is recommended.

EXAMPLES

If the spiked sample was analysed n =3 times, the following applies:

s =0,134 x o with 1 = 4,303

If the spiked sample was analysed n = 4 times, the following applies:
5 =0,210 x o with’z523,182

If the spiked sample was analysed n = 5 times, the following applies:
s =0,268w  with 1 = 2,776

=2

The Jlimit of quantification is verified if the standard deviation of the results of the spiked sample is ITss than or
equnl ta the calculated value
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