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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 International 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 normative document;

In other cjrcumstances, particularly when there is an urgent market 4equirement for such documents
technical gommittee may decide to publish other types of document:

— an ISO Publicly Available Specification (ISO/PAS) represents“an agreement 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 ISQ Technical Specification (ISO/TS) represents*an agreement 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e years, revised to become an_International Standard, or withdrawn.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-futther 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Internationgl Standard or be withdrawn: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 heldcesponsible for identifying any or all such patent rights.

ISO/TS 20p12 was prepared by Technical Committee ISO/TC 147, Water quality, Subcommittee S(
Physical, ghemical and biochemical methods.
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Introduction

Participation in interlaboratory tests in various test fields offers a testing laboratory an opportunity to obtain an
objective picture of its proficiency. Such tests serve as a confidence-building measure both for the laboratory
itself and for prospective clients.

Th

s Technical Specification is based on the following international recognized documents:
ISO/IEC Guides 43-1 and 43-2;
ISO 13528;

The International Harmonized Protocol for the Proficiency Testing of Analytical Chemistry Lab)|
(IUPAC, ISO, AOAC);

ILAC Guide 13;
ISO/IEC 17025;

ISO 5725-1 and ISO 5725-2.

As
int

especially suitable for the sector of water, waste water and sludge analysis, where results of inte
comparisons play an important role in the admission of laboratories to certain analytical tasks. The
faifness of assessment of laboratories must_be guaranteed. Assessment should not be depend

prg

these documents only define a framework for desigp;, €xecution and evaluation of proficiency
rlaboratory comparisons, this Technical Specification describes in detail an evaluation procedu

vider, the date, or the method of evaluation-

oratories —

testing by
re which is
rlaboratory
refore, the
ent on the
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TECHNICAL SPECIFICATION

ISO/TS 20612:2007(E)

Water quality — Interlaboratory comparisons for proficiency
testing of analytical chemistry laboratories

1

Th

in {he field of water, waste water and sludge analysis. In particular, it specifies the requirements in

prg

Th
meg
ph
mi

2 [ Normative references

The following referenced documents are indispensable for the application of this document.
references, only the edition cited applies. For undated references, the latest edition of the
do¢ument (including any amendments) applies.

ISQ 3534-1, Statistics — Vocabulary and symbols — Part 1: General statistical terms and tern
prabability

1S(¢
pri

1S(
Pa

1S(
for|

1S(C

1S(
of

Scope
s Technical Specification specifies the criteria related to proficiency testing by interlaboratory cd
ficiency test providers and to the design, execution and evaluation of laboratory proficiency comy
s document may be used if the determinands in the interlaboratory test may“be regarded as
asurement with a certain degree of continuity. This is generally the caSe. for chemical consti

sicochemical determinands, but continuity does not always existin the case of biologi
robiological determinands.

D 5725-1, Accuracy (trueness and“precision) of measurement methods and results — Part
hciples and definitions

D 5725-1:1994/Cor.1:1998, (Accuracy (trueness and precision) of measurement methods and
't 1. General principles and definitions — Technical Corrigendum 1

D 5725-2, Accuracy. (trueness and precision) of measurement methods and results — Part 2: Ba
the determination-of repeatability and reproducibility of a standard measurement method

D 13528, Statistical methods for use in proficiency testing by interlaboratory comparisons

proficiency testing schemes

mparisons
respect to
arisons.

capable of
fuents and
cal and/or

For dated
referenced

s used in

1: General

results —

sic method

D/IEC_Guide 43-1, Proficiency testing by interlaboratory comparisons — Part 1: Development andl operation

ISOMEC Guide 43-Z, Proficiency testing by interlaboratory comparisons — Part 2. Selection and use of
proficiency testing schemes by laboratory accreditation bodies

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

ISO/IEC 17020, General criteria for the operation of various types of bodies performing inspection
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3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 3534-1, ISO 5725-1, I1ISO 5725-2,
ISO/IEC Guide 43-1, ISO/IEC Guide 43-2 and the following apply.

31
breakdown point
smallest percentage of outlier laboratories above which the estimation method may be entirely inapplicable

3.2

efficiency
ratio of thel variance of the optimum estimation method for normal distribution to the variance of the estimatlion
method under consideration, each assuming a normal distribution

NOTE This is expressed as a percentage.

3.3
sample
totality of 8 homogeneous analysis material with an identical composition or quality (sifnilar to term batch)

3.4

subsample
defined poftion of a sample obtained by suitable sample division and identical in terms of composition

4 Symbols

d; Absolute difference between log-linear variance fungtion and the logarithm of the reproducibility
standard deviation

G(x;) Generalized distribution function of interlaboratory differences with continuity correction (sp)
Go(x;) Generalized distribution function of.intralaboratory differences with continuity correction (s,
g Quality limit

Hy(x;) Generalized distribution funiction of interlaboratory differences (sp)

Hy(x;) Generalized distribution function of intralaboratory differences (s,)

i Index denoting-the serial number of one of p samples

J; Number.of participants in the case of sample i

J Index denoting the serial number of one of J participating laboratories

kq ko Correction factors for calculating z,-score

r Overall mean

n Overall mean of i-th sample

X, Assigned value

n; Number of measurements made by laboratory j

2 © 1SO 2007 — Al rights reserved
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q Quantile parameter
P Number of samples (levels)

PGy,PG, Testing values for testing variance function

Sp Reproducibility standard deviation

SR, Reproducibility standard deviation of i-th sample

Sp Reproducibility standard deviation for sample i adjusted using a variance function
s, Repeatability standard deviation

G Standard deviation for proficiency assessment

w Weighting matrix

X Design matrix

XT Transposed design matrix

X; Discontinuity point

y Arithmetic mean of test results of an unspecified laboratory

Vii Measurement result for the i-th measurement made by laboratory ;j

Y Arithmetic mean of measurement results of laboratory j

z z-Score, i.e. standardized deviation of laboratory result from assigned value
zy Corrected z-score

U4 Function for determining the Hampel estimator

X2p72;0,95 95 % chi-squared quantile for p — 2 degrees of freedom

@ Distribution function of standard normal distribution

a Significance level

v Relative reproducibility standard deviation

¥ Vector of logarithms of standard deviations

G, 04 Parameters of log-linear variance function

50 Estimate of logarithm of relative reproducibility standard deviation if independent from

concentration level

© 1SO 2007 — Al rights reserved 3
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5 Requirements relating to proficiency test provider

Proficiency testing by interlaboratory comparisons must lie in the responsibility of specialists who are familiar
not only with the requirements relating to the design, execution and evaluation of interlaboratory tests, but also
with the analytical methods to be tested, and who have demonstrated their specialist knowledge. Against this
background, it is recommended that the test provider regularly organizes interlaboratory tests in the relevant

test field.

The proficiency test provider must maintain an adequately documented quality management system based on
the criteria specified in ISO/IEC 17020 or ISO/IEC 17025, covering all necessary framework conditions,

responsibi

In addition
requireme

An adviso
relevant in
taken of t
group’s de|

6 Participants

Only labor
an interlab
maintainin
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7 Proficiency test design

71 Pro

All details
test. This i

— involv
— sampl
— detern
— conce

— numb

H'H d-ct o =~ EH o
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all measurements within the framework of the provided proficiency test should fulfil the fechn
nts as specified in ISO/IEC 17025.

'y group that includes specialists for all the fields involved should be appointed’to enable
terlaboratory test system to be brought into line with the state of the art and proper account to

ne specialist requirements relating to the interlaboratory tests. Keeping a(written record of
Cisions is recommended.

btories that have the requisite staffing and equipment for the/tests to be performed shall take parn
oratory test. Each participating laboratory should appointia member of staff to be responsible
j contact with the proficiency test manager and ensuring that the analyses are correctly carried
hce with the proficiency test manager's instructions.

ficiency test plan

of the proficiency test design should be laid down in a plan prior to the start of the interlaborat
hcludes especially details abaut:

pd staff;

E matrix;

ninands to be/analysed;

htration level of the determinand;

pr.of 'samples;

cal

the
be
the

tin
for
put

pry

— sample containers;

— sample preservation;

— distrib

— comm

ution of samples;

unication with participants of the proficiency test (PT);

— homogenization method;

— homogeneity and stability check;
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All

ISO/TS 2061

method for stipulating the assigned value;
schedule;
evaluation and assessment procedure.

relevant practices listed in ISO Guide 43-1 shall be fulfilled.

7.2 Sample selection

2:2007(E)

In

co
fad
an

7.3
Th

theg
ac

7.4

Fo

t

electing the sample material, account shall be taken of the objectives of the interlaboratory test
centration levels, the required homogeneity and stability of the samples, and the transpart, a

| concentration levels should reflect routine conditions.

Selection of determinands

target group of participants or with the reason for the interlaboratory test) Determinands shall
urately, i.e. whether a certain form (e.g. soluble) or the total concentration shall be determined.

| Spiking

ca

However, it does not make sense or may not be possible>in all cases, especially if the type of anal

in
pe

7.6

Te
an

he original sample is significantly different from that'in the spiked solutions and the degree of
forming the analytical methods is altered.

Number of participants

statistical methods are used to calculate an assigned value from participants data, the
ticipants has an influence on the reliability of the statistically calculated data. In this, it is therefor:

5 than twelve if the assigned value is derived from the participants data.

Number of samples

5ting several samples for the same analyte yields a more reliable picture of the proficiency of a
i it is therefore“desirable for the participants to analyse several samples involving different con

of the individual analytes.

S

—

q

ps shalbe taken to ensure that no single participant receives only samples having a hig

comcentration.

ilities. In general, real or spiked real samples shall be given preference over synthetic ones.’San

b determinands selected in a particular case and their number shall be defined precisely in accor]

the preparation of samples, the proficiency test provider.may spike samples with low concentrg
r}vae a useful way of establishing required combinationscaeficoncentrations of individual analytes i

pnsure that the number of laborataries participating in the interlaboratory tests is sufficiently large]

the target
hd storage
hple matrix

dance with
be defined

tions. This
N samples.
yte binding
difficulty in

number of
b desirable
and never

laboratory
centrations

h (or low)

7.7

Multiple determinations and sample size

To ensure that the interlaboratory tests are performed under conditions that resemble routine operation as
closely as possible, the participants shall make the same number of multiple determinations as in their routine
work. Attention shall be drawn to any specification of the number of parallel determinations required by
regulations or by the proficiency test provider.

To reduce the possibility that multiple determinations are not in line with routine or go beyond the number
specified in the interlaboratory test, the proficiency test provider should, if practicable, limit the sample size to

tha

t required for the specified test.

Dilution of concentrates by the participants prior to testing should be avoided if possible.

© 1SO 2007 — All rights reserved
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8 Execution of proficiency tests

8.1 General

A written record should be kept confirming correct implementation of all the requirements of the proficiency

test plan as well as any necessary deviations from the specified procedure.

8.2 Sample preparation

If syntheti¢ samples are prepared or real samples are spiked, the proficiency test provider shauld provj
evidence pf the suitability of the materials/substances used in regard to traceability of+the chem
compositign and the stoichiometry.

All the prgcedures for ensuring correct spiking, e.g. determination of the pipettes{précision or of volu
measuremients based on mass, should be clearly documented. In addition, contamination and analyte los
should be |determined and taken into account. Responsibility for these steps shauld be specified before
interlaborafory test is started.

me
bEeS
the

procedure |adopted since the reproducibility standard deviation of the test data would otherwise assume

The variatipn in the concentrations of the subsamples should not be excéssively increased by the preparaji‘:n

unrealistically high values. This should be borne in mind, in particulatin relation to unstable and highly vol
analytes.

The containers for samples and subsamples should be such“as to ensure that contamination resulting fr
the material and losses due to adsorption, outgassing and-the like are minimized.

8.3 Stability and homogeneity testing

The proficiency test provider should provide evidence of the stability and homogeneity of subsamples and
particular, |of the substances to be quantified; for every phase of the interlaboratory test. For this purpo

ile

in
se,

additional packup samples to be analysed.at suitable time intervals during the interlaboratory test by the test

provider for the purpose of checking stability should be prepared when dispensing the subsamples.

8.4 Preyention of collusion-between participants

Examples pf possible stepsto’be taken by the proficiency test provider to prevent improper contacts are gi
below:

a) requiring the laberatories to submit copies of the raw data printouts from their analytical equipment alg

with the analytical results so that the proficiency test manager can use them to perform plausibility tests;

en

ng

b) each participant receives a subset of the samples prepared (p g3 out of 1?);

c) contact accreditation body requiring spot checks to be performed on raw data and other printouts in the

course of auditing in the participants laboratory.

8.5 Analytical methods

Depending on the objective or context of the interlaboratory test, the proficiency test provider may restrict or

specify the analytical methods to be used. If he does not, the person in charge in the participating laborat
shall use the method normally used by the laboratory for analysing this type of sample.

ory

6 © 1SO 2007 — Al rights reserved
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8.6 Specification of the assigned value

There are various ways of specifying the assigned value:

a)

b)

c)

by preparing the samples from substances having a precisely known composition (synthetic samples) and

determining the true values from the initial sample mass;
by preparing the samples from certified reference materials;

by using the results of reference laboratories;

d)

Th
val
be

8.1
Th

be
col

by using the robust mean of the participating laboratories.

b proficiency test manager shall be responsible for choosing an optimum method of specifying th
ue for a determinand in each individual case, variations and combinations of the abovementig
ng conceivable or useful. Proceed as described in ISO 13528.

Sample distribution

b proficiency test provider should organize sample distribution so as to@void the stability of the s
ng adversely affected while they await delivery. This may also mean that the subsamples |
ected by the participating laboratories.

Pr

ferably the subsamples should be shipped. Steps should¢be‘taken to ensure that the subss

e assigned
ned points

ubsamples
ave to be

mples are

redeived within a defined time window by all the participants;xdepending on the stability of the samples. The

dispatch deadline should be such that the subsamples are<delivered to all the participants under th
comditions and any necessary steps relating to storage and pretreatment can be carried out without

A S

8.8

Th

should inform the interested laboratories in due time of when tests are to take place, the number of

be

should also be published before.the test is started.

Th
obj

(pr
the

Th
my
for

pe

uitable system should be instituted for checking-that deadlines are met.

Communication with participants
b proficiency test provider should prepare a long-term plan for executing regular interlaboratory

tested and the determinands, including any special features of the sample matrix. The assessm

e proficiency test provider should provide the laboratories with the requirements relating f

bferably standardimethods) or, if applicable, to the possibility of choosing equivalent methods nd
date on whichthe subsamples are delivered.

e results should be reported on standard forms and/or data media that have been supplied. The
ltiple determinations, the decimal places to be reported, and the units should be specified. The u
ms should be obligatory, all the data required shall be entered on them and they shall be author
son, responsible.

e specified
delay.

tests and
samples to
ent criteria

o the test

ective (analytes seléeted), sample pretreatment and, if required, the use of specified analytical methods

later than

number of
e of these
zed by the

The deadline for the submission of the test results shall be specified beforehand and shall be as short as
possible since the measurements are to be performed under largely routine conditions. The laboratories
should also be informed of the time that the proficiency test provider expects will be needed for the evaluation
of the results.

After the test has been evaluated, the proficiency test provider shall inform all the participants of the results of
the assessment of their laboratories and also of the statistical overall evaluation of the interlaboratory test (in

an

anonymous form).

The proficiency test provider should arrange meetings for the exchange of information and specialist criticism.
This may promote, for example, the updating of the interlaboratory test system to the state of the art.

© 1SO 2007 — All rights reserved
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9 Proficiency test evaluation

9.1 General statistical evaluation procedure')

9.1.1 General requirements
The statistical methods described below fulfil the following requirements.

a) The methods enable comparisons to be made over a range of concentrations.

b) The methods are robust in the sense that any outliers have only a limited effect on the overall result.
Steps|were taken to ensure that the results are still meaningful even if the proportion of outliers is-1/8, ji.e.
the breakdown point is not below 33 %.

c) The rmethods are fair in regard to the sign of the laboratory error. Adjustments of the apalytical results
towardls higher or lower values does not result in an increase in the probability of a positive assessmeni.

d) The methods comply with international requirements, in particular with the jointdSO; IUPAC and AOAC
protodol ['l and with ISO 13528.

9.1.2 Stdps in the evaluation of an interlaboratory test
Evaluation|of an interlaboratory test will, as a rule, involve the following four steps.
a) Definifion of the standard deviation for proficiency assessment; &

The standard deviation for proficiency assessment, &%, serves to calculate the quality limits for the
analytjcal results. It may be specified as a quality reguirement, but it is, as a rule, determined from the
analytjcal results of the test participants using statistical methods, if it can be assumed that the majority of
the participants competently uses suitable analytical methods. In 9.2.2 the Q-method is described, a
robus{ statistical method for calculating the reproducibility standard deviation, sp,.

If steps are to be taken to ensure that the true standard deviation calculated in this way is not too widg or
too ngrrow with regard to the analytical quality requirements, lower and upper limits can be defined fof it.
If the falculated true standard deviation is above or below one of these limits, the latter shall be defined
as &.

b) Specification of the assigned value, x,

As alrpady describedhin 8.6, the specification of the assigned value depends on the sample preparaion
methdd. In 9.2.3 the.Hampel estimator as a robust statistical method for use when the assigned valug is
to be dleterminegdfrom the participants’ results is described.

1) Information on suitable software for the procedure and the statistical evaluations described in this International
Standard is obtainable from the Normenausschuss Wasserwesen, DIN, 10772 Berlin, Germany.

8 © 1SO 2007 — Al rights reserved
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Calculation and optional use of a variance function

In interlaboratory tests for assessing laboratories proficiency, samples of the same type having different
concentrations are often distributed. A single evaluation of these various samples frequently reveals
fluctuations in the variance of the different concentration levels that might result in laboratories being
unfairly assessed. To be able to correct for such fluctuations, the variances of the various samples can be
defined with the aid of a variance function determined by a regression calculation based on the individual
variances. In 9.3, a suitable method requiring a minimum of four different concentration levels is
described. In addition, the various samples have to be similar enough from an analytical point of view, in
particular with regard to matrix, for it to be possible to assume that the concentration of the analyte is the

main variahle rncpnntihln far the difference in variance

d)

po
be

Th
wit

The proficiency test provider shall check whether the application of such a variance function.is
in a particular case. In addition, the method described also involves an additional statistical'test
information about whether the calculated variance function is sufficiently precise.

Calculation of normalized deviations in the results (z- or z -scores)

To assess the quality of laboratory results, it is helpful to normalize the extent to which the resy
from the assigned value, x,, using the standard deviation for proficiency assessment, & . TH
described in 9.4, which yield tolerance limits in the assessment that are symmetrical with res
assigned value, x,, can be used for this purpose. With a comparatively large standard de
proficiency assessment, 6, and measurements close to the limit of determination, this may r
lower tolerance limit being below the limit of determination. If\this is the case, all those laborato,
analytical findings are below the limit of determination automatically fulfil the quality criterion.

A marked preference for results that are unduly low*can also be observed in the case of
standard deviation.

The z,-scores also described can be used to @liminate these disadvantages.

TE Annex C contains an example of the application of the evaluation methods described below.

Robust evaluation methods

.1 General

nterlaboratory tests forydetermining proficiency, robust evaluation methods that have a high

nt and are sufficiently-¢gfficient both for normal distributions and for distributions having positive
used to determine-thie mean, x, and the reproducibility standard deviation, sp.

e evaluationsmethods described below (Q-method and Hampel estimator) have very favourable

an

o]

lysis,

meaningful
that yields

Its deviate
e z-scores
pect to the
viation for
psult in the
ries whose

a smaller

breakdown
skew shall

properties

h regard4o)these criteria and, therefore, shall be applied in the sector of water, waste water and sludge

method of determining the Hampel estimator and the reproducibility standard deviation can

be applied

both to multiple determinations and to those not involving replication. The determination of the repeatability
standard deviation implies multiple determinations, but is necessary only for information and is not absolutely
necessary for testing laboratories. For calculation details, see Annex B.

9.2.2 Determination of reproducibility standard deviation, s,, using the Q-method

The Q-method is a robust method of determining standard deviations [2]: [3]. 4] whereas the Hampel estimator
is used to determine the mean [4l. It can also be used independently of the Hampel estimator, for example if a
specified reference value is to be used as the assigned value.

Annex A uses an example to explain the estimation principle of the Q-method.

© 1SO 2007 — All rights reserved
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In what follows, y;; denotes the result of the i-th measurement made by laboratory j, where j=1, ..., J and
i=1, ..., n.. Whether multiple determinations are made, i.e. whether n. is 2 or over, or whether all the
Iaboratorles have each made only one measurement, i.e. n; is 1 for all the values of j from 1 to J is
unimportant. First of all, the function

H1 ()C Z1<}1<]2<Jn . Zl1—1 12—1 { j1 i1_y.j2i2 <x} (1)
2
is calculated. The discontinuity points of this function are denoted by x4, ..., x;, where x; <x, <...<x;. The
function is defined-as:
0,5 Hq(x;)+Hq(x;q)] if i>2
G—]()Ci = 0,5'H1()C1) if i=1and Xq >0 (2)

0 if i=1and xy=0
for all discontinuity points of x;. Between the discontinuity points, this function is defined by linear interpolatipn.

Distortions| due to rounding are suppressed in the following way:

q =0,p5+0,75H, (0) (3)

and the reproducibility standard deviation, sy, is calculated using Equation-(4):

G1'(q)

4
/2671(0,5+0,59) @

Sp =

Dependingd on the number of multiple determinations and_eb the ratio of the repeatability and reproducibllity
standard deviations, the asymptotic efficiency of the estimation method is normally greater than 82 % fqgr a
normal digtribution, but if the number of laboratories is small, this value may not quite be reached andg is
normally 6p % to 70 %. The breakdown point almost.reaches the theoretical maximum of 50 %.

9.2.3 Determination of mean, u

The mean|shall be calculated using thesHampel estimator [l In the following, y; denotes the arithmetic mgan
of the measurement results of laboratery ;:

yj:'_zy]l (5)
ll 1

If there arg no multiple-determinations, y. denotes the measurement result itself, where j =1, ..., J. The robust
mean shal| then becalculated using the conditional equation by the Hampel method:

J y3
S| ”}0 (©)
= =R
where
0 x<-4,5
45-x -45<x<-3
-1,5 -3<x<-1,5
w(x)=1x -15<x<1,5 (7)
1,5 1,56<x<3
45-x 3<x<4,5
0 x>4,5
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The exact solution is then calculated in a finite number of steps, which means not iteratively,

using the

property that ¥in the argument of 4 is partially linear, bearing in mind that the interpolation nodes on the left-

hand side of Equation (6) (interpreted here as a function of ) are as follows:
yi+k-sp where k=-45;-3;-1,5; 0; 1,5; 3 and 4,5.

The solution nearest the median is used, but if this does not yield a clear result, the median itself
position parameter.

is used as

NOTE If this estimation method is used, laboratory results differing from the mean by more than 4,5 times the
repreduetbitity-standard-deviattorretongerhave—any-effecton recatettator—res re—they-are-treatecas—odiliers.
9.3 Variance function
9.31 General
The method described below in four steps is used to determine a function describing the reproducibility
standard deviation as a function of the concentration and to check whether this.function is sufficienfly precise.
The method can be used if interlaboratory test results are available for atleast four samples with different
comcentrations.
Le{ the assigned values or means, yq, ..., Ky and the associated reproducibility standard deviations, SRy -
sg| , of samples 1, ..., p, calculated by the Q-method, be givert. Furthermore, Jj, ..., J, denote the relevant
numbers of participants.
9.3.2 Step 1: Identification of gross outliers
The slope parameter of the provisional log-linear vatiance function shall be calculated using Equatign (8):
In Sp. — In SRi
61= med {medi————— (8)
i=, .., p| j=i |n,U_j —Iny;

where “med” is a “median function?, The intercept on the axis shall be found using Equation (9):

b :me1d{|nsRi}—e1me1d{|nui} 9)

1= 1=

Grpss outliers can-be identified in the case of 4 to 15 samples (i.e. concentration levels) by| using the
approximate criterion that, if the absolute difference

diz‘lnsRi—(6’0+6’1In,ui) (10)
ex¢eeds the value 5/,/J;, —1 for a sample i =1, ..., p, it can be assumed that it exhibits systematic deviations.
Such samples shall be ignored in determining the final variance function. It is the responsibility of the

proficiency test provider to determine whether the variance function described here or the original

reproducibility standard deviation is to be used to calculate the z-scores for the samples.

© 1SO 2007 — All rights reserved
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9.3.3 Step 2: Determination of variance function

After the gross outliers have been eliminated, the final variance function shall be determined in the following
way. Using the matrices:

1 Inﬂ»] J1—1
X=|: : and W= (11)
1 Inyp Jp—1
and the vector
|I"|SR1
r=1: (2)
l.‘SRp

the parameters 6, and 6, of the log-linear variance function are determined as:

[g‘;] L (XTWX)_1 xTwy (13)

The adjusted reproducibility standard deviation for sample i (i =1, ..., p) isTgiven by

Sr. =lexp(6y +O41In ;) (14)

1

9.3.4 Stdp 3: Testing the variance function for adequate ‘precision

The testing values

P
PGy = (4-1)(90+91|ny,.—|nsRi)2 (115)
i=1

1

is used to {est whether

PGy Zﬁ—z;o,gs (16)

is valid, where ;512,,2;0,95 is,the 95 % quantile of the chi squared distribution with p — 2 degrees of freedpm
(see Tablg| 1). If this inequality is satisfied, the variance function found may be regarded as sufficiently precise.
If not, a clheck shal-be made as to whether the variance is also determined by other influencing factorq or
whether the functional relationship is more complex.

In the lattdr©ase, if at least ten concentrations have been investigated, extended procedures
procedure 7 i i i i i i
standard deviation is only assumed locally [°]) can be used. The final decision as to whether the variance
function is used rests with the proficiency test manager, who has to weigh the chemical analytical findings
against the results of the statistical calculations.

(e.g. a LOESS
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Table 1 — Chi squared distribution having p — 2 degrees of freedom

9.3
If t
ind
tes

wh

p-2 p-2
(number of 1127*2:0’95 (number of 112772;0,95
levels — 2) levels — 2)

1 3,84 16 26,3
2 5,99 17 27,6
3 7,82 18 28,9
4 949 19 361
5 11,1 20 314
6 12,6 21 32,7
7 14,1 22 33.9
8 15,5 23 352
9 16,9 24 36,4
10 18,3 25 37.7
11 19,7 26 38.9
12 21,0 27 40,1
13 22,4 28 41,3
14 23,7 29 42,6
15 25,0 30 438

.5 Step 4: testing the concentration dependence for significance

ne test criterion PG4 < XZ 20,05 is satisfied and if it can be assumed that the relative standard
ependent of concentratlon i.e. that-€3= 1, the concentration dependence can be tested by dete
ting value, PGy:

InSR, 2
PGO—164Z )| By ———

i=1 In,ui

ere

—1 In—

sz
M‘ﬁ

Z(J -1) ’:1

leviation is
mining the

(17)

PGO —PG1 < 3,84

the concentration level cannot be shown statistically to influence the relative reproducibility standard deviation.
that case, 6, _90 and 6, =1, i.e. exp(&o) is equal to the adjusted relative reproducibility standard
deviation.

In
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13


https://standardsiso.com/api/?name=efdccc136d8d4c079cdb95df6bd4264f

ISO/TS 20612:2007(E)

9.4 :-Scores

Laboratory proficiency assessment shall be based on normalized deviations of the individual analytical results
(in the case of multiple determinations, mean values) from an assigned value (8.6), x,, using a defined
standard deviation for proficiency assessment, & [l. Various criteria or standardizations are suitable for
measuring such deviations.

The use of so-called z-scores [l is the recommended way of measuring the deviations of the individual
laboratory analytical results from the assigned value, x,. With the standard deviation for proficiency
assessment, &, a z-score is calculated as follows:

=2 ta (19)

o

Assuming [that the analytical results have a normal distribution, the z-score is interpreted as meaning that the
probability|that the absolute value of z does not exceed 2 is 0,954 5, i.e. about 95 %. Consequently, it seems
reasonablg to define g=2 as the quality limit. The quality criterion is therefore satisfied precisely if the
absolute value of z does not exceed 2; otherwise, it may be assumed, with a significancéllevel of a=0,04p 5
or about 5|%, that the laboratory has performed the analysis incorrectly. In individual.cases, the limits 2,5 qr 3
may be used instead of the quality limit g = 2. This will be decided by the proficieney test provider taking the
requirements into account.

The z-scorg is sensitive to fluctuations in the reproducibility standard deviation and substantial estimate errprs
may be expected, particularly if the latter has been estimated using onlysa.few laboratories.

The use ¢f z-scores as the quality criterion is recommended<for’ determinands that can never assume
negative values, the z-scores being modified as follows:

£ .z if z<0

o _m
u= .
L.zif z20
kg

where k4 and k, are unambiguously determined\by Equations (21) and (22):

[kz +1j exp {—1k22}=[— k4 +1Jexp {—1k12} (1)
v 2 v 2

-1
{1-@[—%} [@ (k) L@ (~ky)]=1-a (k2)
14

The two efuations €annot be solved for k; and k,, with the result that it is only possible to calculate thg¢se
values itergtively.
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10 Presentation of results

The participants shall receive a complete set of measurement results, with graphs of the individual results and
the quality limits. Anonymity shall be by using a randomly coded number for each laboratory, the identities of
the participating laboratories being treated as strictly confidential by the proficiency test provider and rendered
accessible to third parties only with the agreement of the laboratory concerned.

At the same time, statistical features, such as the reproducibility standard deviation, mean and assigned
value, and, if applicable, the spiked amount of analyte, shall be specified. Measurements lying outside the
quality limits (9.4) shall also be clearly identified.

In fddition, every participant shall be informed of his laboratory number, the results for his subsamples and an
overall assessment of the results of his laboratory and of the interlaboratory test in a suitable form.

New participants shall be provided with brief information relating to the evaluation methodslused.

11| Archiving and managing the results

The proficiency test provider shall keep a data base in which it is possibledo,search for the individual results of
the laboratories. Requests by authorized third parties, for example relating to the fulfilling of quality| criteria for
pefmits, notifications/accreditations, should be answered quickly. The)documentation of all the steps in the
mgthods shall be detailed enough for quality audits by external inspé€ctors.
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Annex A
(informative)

Example of Q-method estimation principle

For reasons of clarity, contrary to the stipulation described in 7.5 an example will be reproduced that involves
a reduced number of laboratories, namely the measurement results of eight laboratories without multiple

determinat
6,7,8,9,
First all the
|6-7]

|7-8]

8-9

[9-11]
[11-13]
[13-14]
[14-50|

are sorted

ons:
1, 13, 14, 50.

absolute differences for the selected example:

6-8| |6-9| |6-11] [6-13] |6-14] |6-50]
7-9| [7-11] |7-13] [7-14| |7-50]

8-11]  |8-13]  [8-14]  |8-50]|

9-13|  |9-14]  |9-50]|

11-14]  |11-50]
13-50|
by magnitude:

1,1,1,1,2,2,2,2,3,3,3,4,4,5,5,5, 6,6, 7.8, 36, 37, 39, 41, 42, 43, 44.

The gene
corrected

Tabl
contin

16

istribution function, G4(x;), is-determined from it (see Table A.1).

g A.1 — Empirical distribution function of the interlaboratory differences, /7,(x;), and the

lized distribution function, Hy(x,), is found for this ordered random sample and the continujty-

Lity-corrected distribution function, G,(x;) — Absolute differences for the chosen example
X Hy(x;) Gy(x)
1 4/28 4/56
2 8/28 12/56
3 11/28 19/56
4 13/28 24/56
5 16/28 29/56
6 18/28 34/56
7 20/28 38/56
8 21/28 41/56
36 22/28 43/56
37 23/28 45/56
39 24/28 47/56
41 25/28 49/56
42 26/28 51/56
43 27/28 53/56
44 1 55/56
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The quantile parameter, ¢, has the value 0,25 + H4(0) = 0,25, for which
G1'(¢)=671(0,25)=2,2857
7 1(0,5¢+0,5)=271(0,625)=0,318 6

and therefore

sz =5,0729.

This estimated value is not (directly) affected by the outlier value 50. A reasonable estimate resultfis ensured
even if there are two outlier values in the set of data. The breakdown point of the methodi.e! thg maximum
prgportion of outlier values that still ensures reasonable estimate results, approaches the 50 % value as the
number of measurement results increases.

It gan be shown that the asymptotic efficiency of the estimation method is 82-% \for a normal distribution,
whereas, for example, the MAD (median of the median deviations) [¢] only reaches about 36,7 %. Even in the
case of skew distributions, the estimation method is very efficient.
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Annex B
(informative)

Determination of repeatability standard deviation, s,

If multiple determinations are available, the Q-method may also be used to estimate the repeatability standard
deviation, s,. This is used primarily for information and is not needed for the proficiency test described. It

relates no
empirical d

H2(x

defined as

Go(x;

I to differences between the laboratories, but to those within the laboratory. The assogia
istribution function for the intralaboratory differences is defined as follows:

IRV 2
_721':1 nj(nj_1)z1\<i1<i2\<nj1{ Yiig =Y jiy \<x} (

The discontuinity points of this function are denoted by x4, ..., x;,. The second functioh-associated with i
follows:
0,5-[Hp(x;)+ Ho(x; q)] if i>2
) =<0,5-Ho(xq) if i=1andxq>0 (
0 if i=1andxy=0
discontuinity points of x;. Between the discontuinity, points, this function is defined by lin

for all the
interpolatig

Distortions
q=0,

and the re

n.
due to rounding are suppressed in the following way:

5+ 0,5 H (0) (

peatability standard deviation, s,, is calculated using Equation (26):

G5 (q)

[2071(0,5+0,5¢)

ted

D3)

L is

p4)

ear

D5)

D6)

18
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Annex C
(informative)

Example of evaluation method in Clause 9

NOTE The results in this example were each calculated using all the decimal places available. Different results are
obtained if rounded intermediate results are used for the calculation.

Taple C.1 shows the individual results of a duplicate determination (measurements 1 and |2) for 33
laboratories participating in an interlaboratory test relating to the determination of cadmium_ in.watgr samples,
whjle Table C.2 shows the laboratory means.

Table C.1 — Interlaboratory test for the determination of cadmium inwater samples

Values'in micrograms per litre (ug/l)

Laboratory 1 2 3 4 5 6 7 8 9 10 11
Measurement 1 41,41 | 39,22 | 47,29 | 82,46 | 45,24 | 49,96 | 38,20 | 45,41 | 39,82 | 48,17 | 39,67
Measurement 2 38,10 | 38,10 | 46,82 | 90,11 | 45,74 | 53,40,/ 42,65 | 47,92 | 42,02 | 49,47 [ 43,89
Laboratory 12 13 14 15 16 17 18 19 20 21 22
Measurement 1 47,55 | 35,75 | 46,13 | 52,18 | 45,15'41,57 | 43,39 | 49,38 | 45,67 | 41,08 | 49,28
Measurement 2 50,05 | 37,41 | 53,64 | 56,30 |.4%13 | 39,08 | 44,73 | 47,00 | 50,53 | 44,22 | 47,83
Laboratory 23 24 25 26 27 28 29 30 31 32 33
Measurement 1 49,48 | 48,37 | 33,96 | 49,40 | 24,4 | 41,55 | 37,43 | 40,63 | 49,92 | 47,88 | 43,73
Measurement 2 46,04 | 47,00 | 36,30..1/46,44 | 24,79 | 46,26 | 39,88 | 38,64 | 50,19 | 48,61 | 44,18

Table C.2 — Laboratory means of the determination of cadmium in water samples
in an interlaboratory test

Values in micrograms per litre (ug/l)

| Laboratory 1 2 3 4 5 6 7 8 9 10 11
“Mean 39,755 | 38,660 | 47,055 | 86,285 | 45,490 | 51,680 | 40,425 | 46,665 | 40,920 | 48,820 | 41,780
“Laboratory 12 13 14 15 16 17 18 19 20 21 22
IlMean 48,800 | 36,580 | 49,885 | 54,240 | 46,140 | 40,325 | 44,060 | 48,190 | 48,100 | 42,650 | 48,555
.Laboratory 23 24 25 26 27 28 29 30 31 32 33
Mean 47,760 | 47,685 | 35,130 | 47,920 | 24,595 | 43,905 | 38,655 | 39,635 | 50,055 | 48,245 | 43,955

© 1SO 2007 — Al rights reserved 19


https://standardsiso.com/api/?name=efdccc136d8d4c079cdb95df6bd4264f

