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Foreword

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

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

The main ta
adopted by
International

Attention is ¢
rights. ISO s

ISO 11352 W
chemical and

the technical committees are circulated to the member bodies for voting. Publication
Standard requires approval by at least 75 % of the member bodies casting a vote.

hall not be held responsible for identifying any or all such patent rights.

| biochemical methods.

5k of technical committees is to prepare International Standards. Draft International Stangflards

4s an

rawn to the possibility that some of the elements of this document may be the,subject of datent

as prepared by Technical Committee ISO/TC 147, Water quality, Subcommittee SC 2, Physical,
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Introduction

The basic principles of the estimation of measurement uncertainty are set out in ISO/IEC Guide 98-3. There
are several ways of estimating measurement uncertainty depending on the purpose of the estimation and the
available data; Eurolab TR 1[9! gives an overview of the main approaches.

This International Standard specifies a set of procedures to enable laboratories to estimate the measurement
uncertainty of their results, using an approach based on quality control results and validation data. It is structured
in a way that is applicable to analysts that do not have a thorough understanding of metrology or statistics.

NEN 7779[8] and Nordtest TR 537[101 have been used as a basis for developing this International Standard.
The gpproach taken is “top-down”, contrary to the mainly “bottom-up” strategy adopted in ISO/IEG Guide 98-3.

It is gtatistically acceptable to combine a precision estimate and the uncertainty associated with|the bias into
one yncertainty measure. The sources of data for this approach are method validatiomand ana|ytical quality
contrpl. The experimental approach specified in this International Standard enables-a‘greater coyerage of the
sourges of variation observed during routine use of the analytical method.

© 1SO 2012 — All rights reserved \%
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INTERNATIONAL STANDARD

ISO 11352:2012(E)

Water quality — Estimation of measurement uncertainty based

on

validation and quality control data

1 Scope

This International Standard specifies methods for the estimation of measurement uncertainty of chemical and

ntrol results

physi
obtai

NOTH
princi

In th
charad
qualif

NOTH
TR 53

NOTH
from ¢

ochemical methods in sinale lahaoratories bhased on validation data and analvtical aualitv o
g 4 <1 Y

ned within the field of water analysis.

1 The principles of the estimation of uncertainty specified in this International Standard aiecong
bles described in ISO/IEC Guide 98-3.

is International Standard, the quantification of measurement uncertainty -relies on
cteristics of a measurement procedure obtained from validation and the results of internal
y control.

2  The approaches specified in this International Standard are mainly based on QUAMI'! NEN 77
70101 and Eurolab TR 1191,

3 This International Standard only addresses the evaluation ‘ef measurement uncertainty for re
uantitative measurement procedures. The uncertainties associated with results obtained from qualitati

are n¢t considered.

2

ormative references

The following referenced documents are indispensable for the application of this documen

refer
(incly

ISO/I
meas

3 1

nces, only the edition cited applies. For undated references, the latest edition of the referenc
ding any amendments) applies.

EC Guide 98-3:2008, Uncertainty of measurement — Part 3: Guide to the expression of U
urement (GUM:1995)

[erms and definitions

For the purposes of thisTdocument, the following terms and definitions apply.

NOTH
terms|

NOTH
defini

1 The ternmis and definitions listed are generally reproduced without the Notes which are assog
and definjtions in the respective references.
2 , ‘The terms concerning precision data from interlaboratory trials are taken from ISO 3534-2:2006

ions'in' ISO/IEC Guide 99:2007(7] are wider than those in ISO 3534-2:2006 as they include different

istent with the

performance
and external

7981 Nordtest

sults obtained
Ve procedures

t. For dated
ed document

ncertainty in

iated with the

"l because the
measurement

proce

dures, which is not appropriate for this International Standard

341

trueness
closeness of agreement between the average of an infinite number of replicate measured quantity values and
a reference quantity value

[1SO/
3.2

IEC Guide 99:200717], 2.14]

precision
closeness of agreement between indications or measured quantity values obtained by replicate measurements
on the same or similar objects under specified conditions

[1ISO/

© 18O

IEC Guide 99:200717] 2.15]
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3.3
error
measureme

nt error

measured quantity value minus a reference quantity value

[ISO/IEC Guide 99:200717], 2.16]

3.4

systematic error
systematic measurement error
component of measurement error that in replicate measurements remains constant or varies in a predictable manner

[ISO/IEC Gu

3.5

bias
measureme
estimate of g

[ISO/IEC Gu

3.6
random errq

de 99:2007171, 2.17]

nt bias
systematic measurement error

de 99:2007171, 2.18]

DI

random measurement error

component @

[ISO/IEC Gu
3.7
repeatabilit)

observation
identical test
equipment w

f measurement error that in replicate measurements varies in an unpredictable manner

de 99:200717], 2.19]

y conditions

conditions where independent test/measurement results are obtained with the same meth
measurement items in the same test or méasuring facility by the same operator using the
thin short intervals of time

[ISO 3534-212006[1, 3.3.6]

3.8

repeatability

precision under repeatability conditions
[ISO 3534-212006!", 3.3.5]

3.9

batch

series of measuremeints'made under repeatability conditions

3.10

intermediate precision conditions

bd on
same

conditions where test results or measurement results are obtained with the same method, on identical
test/measurement items in the same test or measurement facility, under some different operating condition

NOTE
[ISO 3534-2:
3N

There are four elements to the operating condition: time, calibration, operator and equipment.

20061, 3.3.16]

intermediate precision
precision under intermediate precision conditions

[ISO 3534-2:

20061, 3.3.15]
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312
within-laboratory reproducibility
intermediate measurement precision where variations within one laboratory alone are included

313

reproducibility conditions

observation conditions where independent test/measurement results are obtained with the same method
on identical test/measurement items in different test or measurement facilities with different operators using
different equipment

[1ISO 3534-2:2006(1, 3.3.11]

314
reproducibility
precision under reproducibility conditions

[1ISO B534-2:2006!"], 3.3.10]

315
unC}rtainty

measurement uncertainty
non-megative parameter characterizing the dispersion of the quantity values being attributed to 4 measurand,
basefl on the information used

[ISOJEC Guide 99:2007(7], 2.26]

3.16
stangard uncertainty

stanglard measurement uncertainty

meagurement uncertainty expressed as a standard deviation

[ISOJEC Guide 99:2007(7], 2.30]

317
combined standard uncertainty

combined standard measurement uncertainty
standard measurement uncertaiptyithat is obtained using the individual standard measurement pncertainties
assogiated with the input quantities in a measurement model

[ISOJEC Guide 99:2007(7,:2:31]

3.18
relat|ve standard/measurement uncertainty
standard measurement uncertainty divided by the absolute value of the measured quantity value

[ISOJEC Guide 99:200717], 2.32]

319
target measurement uncertainty

measurement uncertainty specified as an upper limit and decided on the basis of the intended use of
measurement results

[ISO/IEC Guide 99:2007(7], 2.34]

3.20

expanded uncertainty

expanded measurement uncertainty

product of a combined standard measurement uncertainty and a factor larger than the number one

NOTE The term “factor” in this definition refers to a coverage factor.

[ISO/IEC Guide 99:2007(7], 2.35]

© 1S0O 2012 — All rights reserved 3
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3.21

coverage factor
number larger than one by which a combined standard measurement uncertainty is multiplied to obtain an
expanded measurement uncertainty

[ISO/IEC Guide 99:200717], 2.38]

4 Symbols
b bias estimated as the difference between mean measured value and an accepted reference
alue

b; bias of the ith reference material respectively deviation from the complete recovery (100"%Y of
the ith recovery experiment

brms oot mean square of individual bias values respectively of the deviations from recovery
experiments

D; difference between the measurement result and the assigned value of thé ith sample of the
interlaboratory comparison

Drms oot mean square of the differences

d2 factor for the calculation of the standard deviation from the mgan range R

i ariable related to an observation of a series

J ariable related to a source of uncertainty

J tpotal number of sources of uncertainty

k ¢overage factor

nilc number of analysed interlaboratory, comparison samples

nM mumber of measurements

np,i number of participating laboratories for sample i

nr mumber of reference materials

ny nmumber of recovery experiments

R mean range

s gtandard deviation

Sph standard deviation of the measured values of the reference material

SR,i reproducibility standard deviation from the interlaboratory comparison for sample i

SR, standard deviation of the quality control results

U expanded uncertainty

Urel relative expanded uncertainty

Uc combined standard uncertainty

uc rel combined relative standard uncertainty

u; standard uncertainties from different sources j

4
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Ujrel
Uadd

up
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relative standard uncertainties from different sources j

standard uncertainty in the concentration of the analyte added

standard uncertainty component associated with method and laboratory bias
standard uncertainty of the concentration of the addition solution

mean standard uncertainty of the reference values or
mean standard uncertainty of the assigned values of the interlaboratory comparison

standard uncertainty of the reference value

samples

Ur,range

UR b

=S

UR, stand

uy
uy,p

Uyrep

&V,ma

5 Principle

A measurement resdlt of a laboratory is an estimate of the value of the measurand. The quality of
depepds on the inévitable uncertainty that is inherent to the measurement result. In principle, the n
unceftainty is@property of individual measurement results. The estimation of the measuremer
for eqch individbal measurement result |s usually not necessary, if the measurement result orlg

standard uncertainty of the assigned value of the interlaboratory sample i

standard uncertainty component for the within-laboratory reproducibility

standard uncertainty component from the range control chart (obtained under repeatability

conditions)

standard uncertainty component resulting from variations,bétween batches

standard uncertainty component of the results from the standard solution which is us
quality control sample

standard uncertainty component of the volume<dded
systematic standard uncertainty component of the volume added

random standard uncertainty component of the volume added (obtained under reped
conditions)

maximum deviation of the yolume from the specified value (producer information)

recovery

ed as

tability

this estimate
neasurement
t uncertainty
nates from a
is, therefore,

neasurement
mation of the

measurement uncertalnty applies to all of the measurement results within the set, mdependently of, for example,
sample matrix or analyst, provided that the measurement is carried out under a quality assurance programme.

This International Standard specifies procedures for the estimation of measurement uncertainty within the
scope of the analytical method, and generally, random and systematic errors need to be considered. The
estimation of measurement uncertainty is based on analytical quality control results and validation data which
represent the within-laboratory reproducibility, and the method and laboratory bias.

6 Procedure

The procedure for the estimation of measurement uncertainty consists of the steps shown schematically in
Figure 1. The figure gives references to appropriate clauses and sub-clauses within this International Standard.

© 1SO 2012 — All rights reserved
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In general, the method and laboratory bias (systematic error) and the within-laboratory reproducibility (random error)
are determined independently using suitable data from method validation and analytical quality control results.

The combined measurement uncertainty, i.e. the root of the quadratic sum of the uncertainty component for the
within-laboratory reproducibility and the uncertainty component associated with method and laboratory bias,
is multiplied by a factor of 2 to obtain the expanded uncertainty at a confidence level of approximately 95 %.

If the measurement uncertainty varies significantly, depending on the matrix and/or concentration range, the

uncertainty e

7 Preparative considerations for the estimation of measurement uncertainty

stimation shall be made separately for each matrix and/or concentration range.

7.1 Speci
Before starti
method und
minimal cheq

The specification comprises:

the mea

the mea

the field

7.2 Speci

The expandd
value. Forre
be expresse

often propor{ional to the analyte concentration and_can therefore be expressed as a relative value.

EXAMPLE

Usually, the n
an interpolati

fication of the measurement

g the estimation of measurement uncertainty, it is necessary that the analyst specify.the anal
r consideration, and the objectives and purposes of the measurement. The following lis
klist for this specification.

surand;
surement procedure;

of application (matrices, concentration range).

fication of the parametric form in which the’measurement uncertainty is report

d uncertainty, U, is reported either as an absaldte uncertainty value or as a relative uncer

j as an absolute value. When results are ‘well above the limit of quantification, the uncertai

Determination of a heavy metal (limit of quantification: 5 pg/l).
for concentration range 5 ug/ito 20 ug/I U=1ug/l

for concentration >20 g/l Urel =5 %

easurement ungertainty is determined for a certain matrix and concentration range. In some situa
bn function may-ble applied between different concentration ranges (see QUAM:2000('"], E.4).

ytical
[ is a

ed

ainty

bults near the limit of quantification, the uncertainty is often found to be constant and can therefore
nty is

tions,
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Estimation of random errors
Uncertainty component for
reproducibility within the laboratory up w

Stable

Estimation of uncertainty

ISO 11352:2012(E)

Estimation of systematic errors
Uncertainty component for
method and laboratory bias u;,

Suitable

NOTH
numb
config

8.1

In thi
unce

Combined standard uncertainty

control sample component u g, from Bias values and uncertainties reference
covering the whole the standard deviation, e.g. [ = of the reference values u o materials (m'atrlx, §
analytical pro- s, Of control chart are combined (8.3.2) concentration) 3
cess? (8.2.2) available? g
©
2
[
©
=
Q
o
c
=
Stable Standard solution uncertainty The estimate of the systematic At least E
synthetic yes | component u,, .., from control deviations Dyms and the mean six samiples g
- ontrol samole chart and additional — ] of the uncertainties of the analysed in =
a a'lable’E estimate of uncertainty due assigned values Ecref(8.3.3) proficiency 2
val : to matrix variation, e.g. make up u,, fests? g
U, range frOM range control b
chart (8.2.3) c
no 2
©
£
no — Z
Repeatability uy range from Deviations from complete Recovery o
range control chart and recovery bymg and the from at least =
I—— additional estimate of — l=—{ uncertainty of the con€éntration six different S,
uncertainty between batches of the analyte addéd u .44 (8.3.4) samples? %
UpR,, bat (8.2.4) make up'u, ©
[
(0]
o
=

u, = ”Rw2 + ubz
Expanded uncertainty
U =dedr]

Approachiand criteria

fvaluation of-available precision and bias data

5 Intefhational Standard, the uncertainty component for the within-laboratory reproducibility,

P

It is recognized that, while the analysis‘ef-at least six samples in the bias estimation is appropriate for the vast
er of situations, there are occasions when-this is not so. The greater the number of determinations, the greater the
ence in the estimation

Approximate estimatq of the
combined uncertainty ysing the
reproducability standard|deviation
from an inter-laboratory|trial (11)

Uc = Sp

Figure 1 — Schematic progedure for the estimation of measurement uncertainty (ingluding
references to appropriate clauses and subclauses within this International Standprd)

i, » and the

rtainty component from method and laboratory bias, up, form the basis for the estimation of the measurement

unce

measurement specification as described in Clause 7:

comparable to test samples)?

(e.g. different operators using different equipment)?

'tainty. Selected validation data and analytical quality control results shall be representative of the

measurement procedure: Are all steps of analysis considered (pretreatment, is the reference sample

within-laboratory reproducibility: Are all conditions of execution of the measurement procedure considered

measurement object: Are matrix variations (e.g. drinking water, surface water, sea water, waste water) and
all possible interferences considered?

Choose, as a basis for the estimation of the uncertainty, the source of experimental information that provides
the best coverage of uncertainty contributions in actual practice. Evaluate whether information exists on missing
uncertainty contributions that are not known to be negligible.

© 1SO 2012 — All rights reserved
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If necessary, complete the uncertainty estimation, based on validation data and quality control results, with
information from additional experiments or with estimations on the basis of existing knowledge.

If overestimation of the measurement uncertainty is acceptable, i.e. if the target measurement uncertainty is
not exceeded, the result of this experimental approach including possible overestimation is still acceptable. If
overestimation is not acceptable, a more detailed estimation shall be performed, which can encompass part of

a modelling approach described, for example, in QUAMII.

Figure 1 shows a schematic representation of the procedure.

Uncertainty calculations can be performed using either absolute or relative values (see 7.2).

Annex B cd
International

NOTE M
identical resul

is underestimated. It can also occur, however, that even applying the method correctly leads to anjoverestimation

uncertainty. T
method under
the concentra

8.2 Within-laboratory reproducibility

8.2.1 Withi
The estimati
used when r

Thus, it is n
days and, d
operators). T

within-labordtory reproducibility in this International-Standard.

These condit
For the estim
are describe
8.2.2 Cont

If stable qual
steps, are ar

jh-laboratory reproducibility conditions

!

ntains worked examples of the estimation of measurement uncertainty according ~ia
Standard.

pasurement uncertainty can be estimated in several ways. Ideally, the estimates should leaghto & statis
. If not, this can be the consequence of not covering all sources of uncertainties. In this case,'the unce

his high value can be the consequence of uncertainty components not associated*with the measur

consideration, e.g. those associated with the reference value of a reference material or the uncerta
ion of a solution used in recovery experiments.

bn of the random variations of measurement results shall be made under the same conditio
butine analysis is carried out.

pending on the conditions in the respective* laboratory, with different equipment and diff
hese conditions fall between repeatability-and reproducibility conditions and are referred

ons are usually employed when quality control samples are analysed that are similar to test san

ation of the uncertainty compaenent for the within-laboratory reproducibility, UR, - three approa

ol samples covering the whole analytical process

ty control (QC)-samples that cover the whole analytical process, including all sample prepa
alysed regulfarly using the conditions described in 8.2.1, and if these QC samples are sim

matrix and

laboratory reprodugibility, Ug, at this concentration and for this matrix, can be estimated from the sta
deviation of thése ‘QC results (e.g. as obtained from quality control charts).

nalyte_concentration levels to test samples, then the uncertainty component for the w

1, see 8.2.2, 8.2.3 and 8.2.4, respectively. Examples of each approach are given in Annex B.

this

tically
tainty
of the
ement
nty of

ns as

cessary that the measurements be made under “within-laboratory conditions” (i.e. on different

erent
to as

ples.

ches

ation
lar in
ithin-
hdard

uRW —SRW

where sp is the standard deviation of the QC results.

A minimum number of eight measurements is required for the estimation of this uncertainty component.

NOTE

(1)

It is recognized that, while the analysis of at least eight measurements is appropriate for the vast number of

situations, there are occasions when this is not so. The greater the number of measurements, the greater the confidence
in the estimation.

If the analytical method covers a broad concentration range or range of matrices, and the uncertainty component
for the within-laboratory reproducibility, UR, varies with the concentration or matrix, it is necessary to analyse

quality control samples comprising different matrices and concentration levels.

8
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8.2.3 Using standard solutions as quality control samples

If quality control samples with an identical matrix to test samples are not available and synthetic standard
solutions (with a matrix which differs from that of routine samples) are used, the additional uncertainty
component due to possible increased inhomogeneity of the analyte in the matrix should also be considered.

The additional uncertainty due to inhomogeneity can be estimated, e.g. from range control charts using
samples of different matrices. For the calculation of the standard deviation from the mean range, see Annex A.

Since the uncertainty component from the range control chart, u,.range, covers only the repeatability component,

2 2

URy, = \/uRw,stand * Uy range (2)
wherg

¥R stand is the uncertainty component of the results from the standard-solution which is used as

W quality control sample;

#rrange is the uncertainty component from the range control chart.
A minimum number of eight measurements is required for the estimation of both uncertainty confributions.
NOTH It is recognized that, while a number of at least eight measurements is appropriate for the vast number of
situat|ons, there are occasions when this is not so. The greater the*number of measurements, the greater the confidence

in the

The yincertainty component from the repeatability is partly included twice in this estimation, repe

estimation.

atability from

standard solutions (part of ”Rw,stand) as well as repeatability from test samples. However, in|general, the
repeatability part of the uncertainty compongnt for the within-laboratory reproducibility, up [, is small if
meagurements are performed at a concentration level well above the limit of quantification.

8.2.4| Unstable control samples

Whete stable quality control samples are not available, e.g. for the determination of oxygen [in water, the
unceftainty component from the repeatability can be calculated from the mean of the rangesg of replicate

analy

NOTH
are og

For t

estim
expe

Itis recognized that, while the analysis of at least eight samples is appropriate for the vast number of §
casions when this\is not so. The greater the number of replicate analyses, the greater the confidence in th
he uncertainty component resulting from variations between batches, up pat, Other proce

ationsare required. In many cases, this component relies on scientific judgement based on
fierice'(see ISO/IEC Guide 98-3:2008, 4.3.1).

ses (see Annex A). A'minimum number of eight samples for the determination of ranges is flequired.

ituations, there
e estimation.

dures for the
the analyst’s

u

2
rrange

2

+ uRW bat

Ry :\/”

where

Urrange

u

© 18O

is the uncertainty component from the range control chart;

X bat is the uncertainty component resulting from variations between batches.
wba
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8.3 Method and laboratory bias

8.3.1 Gene

ral

If possible, sources of bias should always be eliminated. ISO/IEC Guide 98-3 states that if bias is significant
and can be reliably estimated, then a measurement result should always be corrected. This is usually specified
during development of a measurement procedure.

In many cases, the observed bias can vary depending on the matrix and the concentration of the analyte. This
may be taken into account by using several matrix reference materials.

TN

To evaluate t

a) the bias

b) the unce

NOTE TH

In 8.3.2, 8.3.
and laborato

analysis

participd

recovery

8.3.2 Analy

Results from
uncertainty (¢
should have

NOTE 1 It
appropriate fo
the greater thg

The uncertai
certificate. It
e.g. if the ung
materials, th
interlaborato

To obtain a
laboratory b
method (diffe

to ot HPY P | HN o o ol allal ry o 4 + o '
1S uriecriar Il.y doouULlIalTU Wit rricinou driu iauvuratul y vido, tp, WU CUITTIPUTITTILS ol'ldIT VT TOollTl

itself (as difference from the nominal or certified reference value);
rtainty of the nominal or certified reference value.
e bias uncertainty component can be neglected if it is < U, /3.

3 and 8.3.4, respectively, three approaches to estimating the uncertainty\associated with m
[y bias are outlined:

of suitable reference materials;
tion in interlaboratory comparisons;

experiments with suitable samples.

1sis of suitable reference materials

regular analysis of suitable reference materials can be used to estimate the measurg
omponent associated with method and.laboratory bias, u;. Therefore each reference mg
been analysed in at least six batches oflanalyses.

is recognized that, while the analysis_bf the reference materials in at least six batches of analy
I the vast number of situations, there.are occasions when this is not so. The greater the number of rq
confidence in the estimation.

hty in the reference value-of the certified reference material can be obtained from the prodd
may be necessary to convert the uncertainty given on the certificate into a standard uncert
ertainty is expressed-as an expanded uncertainty or as a confidence interval. For other refe
b uncertainty in“the reference value is taken from suitable statistical data, e.g. for material
ry trials from{heteproducibility standard deviation (see 8.3.3).

reliablesestimate of the measurement uncertainty component associated with method
as, upit iIs advisable to use several reference materials covering the scope of the anal
brentymatrices and concentration levels). If only one reference material is used, the uncer

ated:

bthod

ment
terial

bes is
sults,

cer’s
ainty,
ence
from

and
ytical
ainty

restimated.

may be unde

If several reference materials are used, different values for bias are obtained which are used to calculate
the uncertainty component byms. The uncertainty component associated with method and laboratory bias,
up, is given by:

_ =2 2
up = [ucref +bims

where

u Cref

brms

10

is the mean uncertainty of the reference values;

is the root mean square of the individual bias values, given by
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in which

b; is the difference between the mean measured value and the accepted reference value of the ith

reference material;

nr is the number of reference materials.

If the

If onl
availg

Whe
bias

N

wher:

NOTH
signifi

8.3.3

Resu
mate
estim

NOTH
perfo

#c 18 the uncertainty of the reference-value.

one reference material is available, the results of analyses of this reference material-dre’treatd
ble estimate for the measurement uncertainty component associated with methed and labora

n only one reference material is used, the uncertainty component associated'with method a
s given by:

2

[, = b2 4| b +u

11

is the difference between mean measured valie and an accepted reference value;
b is the standard deviation of the measuredValues of the reference material;

M is the number of bias measurements_on the reference material;

2  If only one reference material’is used, the uncertainty of the bias estimation s, /\/ny, can
cant contribution to u;, and is therefore included in the equation (see Reference [12]).

Participation in interlaboratory comparisons

Its from interlaboratory comparisons may be used in the same way as results from analyses
rials, if it is a@ssifmed that the assigned value in the interlaboratory comparison is a suff
ate of the.truevalue.

1 For each certified reference material, an estimate of bias, with a mean value based on several 1
med\ on different days, can be obtained. In proficiency testing schemes, often, only single meas

perfo

individual bias values and the uncertainties of the reference values vary significantly, it can the necessary
to separately estimate uncertainties for the different cases.

d as the best
tory bias, up.

nd laboratory

(6)

also make a

of reference
ciently good

neasurements
urements are
calculated for

med on a single day. Therefore, the difference between a laboratory result and the assigned value ig

different interlaborafory samples. This difference then includes coniribufions from boih the uncerfainty component
associated with method and laboratory bias, up, and the uncertainty component for the within-laboratory reproducibility,

uRW.

The contributions from both components can lead to an overestimate of measurement uncertainty.

To determine an estimate of the bias from interlaboratory comparison results, a laboratory should have analysed
at least six different samples within one or more rounds of interlaboratory comparisons.

NOTE 2 Itis recognized that, while the analysis of at least six different samples is appropriate for the vast numb
there are occasions when this is not so. The greater the number of samples, the greater the confidence in the estimation.
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The differences, D;, between the measurement results and the assigned values for the different samples
can be both positive and negative. All difference values are used to estimate the root mean square of the
differences, Dims:

interlaboratory comparison;

(7)

is the difference between the measurement result and the assigned value of the ith sample of the

D,
nijlc ist
If the individd

to separately

NOTE3  Us
uncertainty of
component is
large that it ca

The mean u
calculated as
uc,» is calg

IN A

ucref =
where

41

ucref i~

if the median

ucrefvi -
if the arithme
ucref’i

Nilc

he number of interlaboratory comparison samples analysed.

al differences and the uncertainties of the assigned values vary significantly, it may)be nece
estimate uncertainties for the different cases.

ually the uncertainty of an assigned value of an interlaboratory comparison sample is larger thg
the certified reference value of a certified reference material. Thus, usually\the estimated unce
arger. In some cases, the uncertainty of the assigned value of the interlaboratory comparison samplg
nnot be used for the estimation of the uncertainty component associated with method and laboratory

ncertainty of the assigned values of the interlaboratory comgarison samples, which have
robust or arithmetic mean from the results of the participating laboratories (i.e. consensus v
ulated as:

L
b U .
" Cref i

¢

or robust mean is used as censensus value or

,25 %

SR
I’Zp’i
tic mean is used~as consensus value, where

s the uncertainty of the assigned value of the interlaboratory sample ;;

s the number of analysed interlaboratory comparison samples;

Esary

n the
tainty

is so
bias.

been
hlue),

(8)

SR,i
l’lp’l'

NOTE 4
for the calcula

o Al H S H 4 <l | =N £ £l H 3 Lol 4 H £ 1 .
o i< IUPIUUUUIUIIILy QAT IUdiru ucTviativulT 1mutiT uirc mitet IGUUIOLUIy CUTTTPANTSUTT TUT odltTipic 7,

is the number of participating laboratories for sample i.

tion of the consensus value.

As specified in ISO 13528, 51 it is necessary to introduce a factor of 1,25 if the median or a robust mean is used

If the assigned value is not established as mentioned above, the uncertainty shall be obtained directly from the
organizer of the interlaboratory comparison scheme.

12
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Finally, the standard uncertainty component associated with method and laboratory bias, uy, is calculated as:

2 -2
up = [Dms +”cref 9)

where
Drms is the root mean square of the differences;

ﬁCref is the mean uncertainty of the assigned values of the interlaboratory comparison samples.

8.3.4| Recovery experiments

Recdvery experiments, which estimate the recovery of a known amount of analyte added to|a previously
analysed sample, can also be used to evaluate bias.

In thig case, the uncertainty associated with method and laboratory bias, uj, consists’of two components: the
difference between observed and complete recovery of the analyte, and the uncertainty in the goncentration
of the analyte added.

The recovery experiments should be performed with at least six different-samples of the relevan{ matrix.
NOTH It is recognized that, while the analysis of at least six different samples of the relevant matrix|is appropriate
for the vast number of situations, there are occasions when this is not@ppropriate. The greater the numbler of recovery

experjments, the greater the confidence in the estimation.

The gtandard uncertainty associated with method and laboratory bias, u;, estimated from recovery experiments is:
= Brins + 1300 (10)

wher:

1%

brms is the root mean square of the deviations from the recovery experiments;

Yadd is the uncertainty in the €oncentration of the analyte added.

The oot mean square of the-deviations from the recovery experiments, byms, is obtained from:

2
X (11)

'ms — "
n

wher

1%

b; “isthe deviation from the complete recovery (100 %) of the ith recovery experiment or frgm the mean
recovery, if the results are corrected with this mean recovery;

ny is the number of recovery experiments.

If the individual bias values vary significantly, it may be necessary to separately estimate uncertainties for the
different cases.
Bias from recovery experiments consists of contributions from both uncertainty components, u; and up, -

These contributions can lead to measurement uncertainty being overestimated. Therefore each recovery which
is used to calculate the deviation, b;, should ideally be a mean recovery based on six determinations in order
to reduce the contribution of the up ~ component.

The uncertainty in the concentration of the analyte added, ugqq, consists of two components: the uncertainty of
the volume added, uy, and the uncertainty in the concentration of the solution added, uconc.-

© 1S0O 2012 — All rights reserved 13
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The uncertainty of the volume added, uy, can often be estimated from information provided by the manufacturers
of volumetric labware. The systematic and the random (repeatability) errors shall be taken into account. The
systematic error is often referred to as “maximum deviation”. Where insufficient information is available, it is
necessary that a rectangular distribution be assumed and that the systematic standard uncertainty component

of the volume, uy;, be added, calculated as:

€y max
Uy p =— (12)
V.,b \/g
where gymax is the maximum deviation of the volume from the specified value (producer information).
If the temperpttredeviates fromthat cpcuif;cd by-the mantfactarerof-the-volumetrictabwarethis-shattatso be
taken into account (for further information, see QUAMI').
The random |uncertainty component of the volume added, uy;rep, provided by the manufacturer is|often given
as a standard deviation.
The uncertaipty component of the volume added, uy, is given by:
_ | 2 2

Uy =\JUfp TUy rep (13)
where

uyp  is[the systematic uncertainty component of the volume added;

uyrep is{the random uncertainty component of the volume added (repeatability conditions).
If the solution used in recovery experiments is a certified reference material, the uncertainty of the concentration
can be obtajned from the certificate. If the solution is-prepared by the laboratory, the uncertainty in the
concentratioh shall be estimated in a suitable way (e.g.(See B.3).
The uncertainty in the concentration of the analyteladded, uaqg, is calculated as:

2, 2

Uadd =\/ ¥ T Uconc (14)
where

uy is| the uncertainty comiponent of the volume added;

uconc i8|the uncertainty~of the concentration of the addition solution.
Finally, the gtandard-uncertainty component associated with method and laboratory bias, u, is calcylated
according to [Equation (10).
The recovery-experimentmightnotcoverallpessible-causes-of uncertainty—Relevant->uci3}-contributions, e.g.

those caused by interfering su

iaht
fght
substances, shall be considered separately.

9 Calculation of the combined standard uncertainty

Calculate the combined standard uncertainty, uc, from the standard uncertainties, u;, or the combined relative
standard uncertainty, uc re|, from the relative standard uncertainties, u; re|, respectively, of all/sources of uncertainty:

: 2
u = |32
=1

(19)
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J
_ 2
crel = Ujrel

J=1

(16)

If there are no further uncertainty components, other than UR, and up, the combined standard uncertainty is

calcu

u

lated according to Equation (17).

2

2
uRw +ub

C=

(17)

I Ll £ 41 (] 'l e e
10 Cdlbuldllull Ol I TApParniucu uriceridaiiity

Calcuilate the expanded uncertainty, U, or the relative expanded uncertainty, Uyg|, using a(cover

k=2

g

~

11 B

Meas
meth
from
2 and
an in
stang
the in

Repr
devig

This approximately corresponds to a symmetrical confidence interval of 95 %.

T:2uc

rel = 2uc rel

Fstimation of measurement uncertainty from reproducibility standard d¢

urement uncertainty can also be approximately estimated\if data from an interlaboratory cd
bd validation as specified in ISO 5725-2[2] are available) Using the reproducibility standard
the interlaboratory comparison according to ISO 21748.[6] For this purpose, sz is multiplied
the result is an estimate for the expanded uncertainty, U (for more details see ISO 217486l
ferlaboratory comparison are used, it is necessary that the laboratory ensure that the with
ard deviation from replicate analyses is comparable to the repeatability standard deviatio
terlaboratory comparison. It is also necessary that the laboratory check for gross errors reg

bducibility standard deviations fora-method from proficiency tests where no repeatab
tion is stated can be used in a similar way.

lage factor of

(18)

(19)

viation

mparison for
deviation, sg,
by a factor of
. If data from
in-laboratory
h obtained in
arding bias.

lity standard

h confidence

epresents the

b a confidence

12 Report
The complete report of measurement uncertainty consists of the uncertainty itself, the chose
level{and the method ysed for the estimation of the measurement uncertainty.
EXANIPLE Mass concentration of 80421,_ in waste water (ISO 10304-1[4]): (100  8) mg/!I
With the following footnote:
The measurement uncertainty was derived from results of interlaboratory trials. It r
expanded uncertainty and was obtained with a coverage factor of k£ = 2. This corresponds t
level of approximately 95 %.
© 1SO 2012 — All rights reserved
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Annex A
(normative)

Estimation of the standard uncertainty from range control charts

The standard uncertainty can be calculated from the mean range of a range control chart using Equation (A.1):

Uy range

o1}

dy
where
R isth
dp s g
calg

Tablle A.1 — Factors for the calculation of the standard deviation from the mean range

16

€ mean range,

(Source: 1SO 8258(3])

ken from Table A.1 and is dependent on the number of values from which the range is
ulated.

No. of values from which the range Factor
is calculated d2
2 1,128
3 1,693
4 2,059
5 2,326

(A1)
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Annex B
(informative)

Examples of the estimation of measurement uncertainty

B.1 Example 1 — Estimation of measurement uncertainty using reference material

NOTH See 8.2.2 and 8.3.2.

B.1.1 Origin of quality control data

For quality control for the determination of orthophosphate in sea water samples, a,certified refergnce material
is analysed in 30 batches over a period of about three months.

B.1.2 Calculation of the uncertainty component for the within-laboratory reproducibility

As the analysis of the quality control sample covers the whole analytical process except sampling,|the standard
devidtion of the quality control results, SRy is equivalent to the uncertainty component for the within-laboratory
repraducibility, UR, at this concentration level. As the results.are well above the limit of quantification, the

unceftainty can be expressed as a relative value. See Table B1.

Table B.1 — Results of the analyses of the quality control sample

Numbper 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
Poi‘ -P , umol/l 2,16 | 2,40 | 2,31 | 2,33 |, 2,36 | 2,27 | 2,37 | 2,27 | 2,27 | 210 | 2,26 | 2,58 | 2,23|| 2,47 | 2,37
Number 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
Poi' -P , umol/l 2,39 | 2,30 | 2,26\ 2,42 | 2,67 | 2,36 | 2,37 | 2,36 | 2,30 | 2,60 | 217 | 2,43 | 2,35(| 2,16 | 2,30

From| these quality control-data the following values are calculated:

Mean value: ¢ =2,336 umoll/l
Stanglard deviation: 5, =0,122 pmol/l
w

From|this'the relative uncertainty component for the within-laboratory reproducibility, u e, can be ¢alculated as:

S
" IZ@:%ZQ,0521:5,21%
Ry re X 2,336

B.1.3  Calculation of the uncertainty component associated with method and laboratory bias

Since only one reference material is available, it is necessary that three components be considered for the
estimation of the uncertainty component associated with method and laboratory bias, u;:

a) the difference between the mean measured value and an accepted reference value, bias;
b) the standard deviation of the measured values of the reference material, sy;

c) the uncertainty of the reference value, UC o -

© 1S0O 2012 — All rights reserved 17
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The certificate accompanying the reference material provides the following information:
— certified value, Cref, and confidence interval of orthophosphate-P: (2,43 + 0,41) umol/I;

— the confidence interval (+0,41) represents three standard deviations derived from the interlaboratory
testing for the generation of the certified reference value.

From this it follows that the uncertainty of the reference value, uc__ is:

0,41
UCreg =3 pumol/l = 0,137 pmol/l

The relative incertainty of the reference value, uc__ 1, is given by:

u 4 %t 0137 _ ) 056
Ctfel 1 coe 243

The bias, b, is calculated using the mean of the measured values of the control sample ¥, (see B.1.2):

b=%—Cls = 2,336 —2,43 = 0,094

The relative bias, brel, is given by:

o = T Cret _2336-2.43 _ 5007
Qo 2,43

The coefficignt of variation of the measured values of the refererice material, Cy, is equal to the re]ative
uncertainty gomponent for the within-laboratory reproducibility; UR, rel (see B1.2):

CV,[) =up W,re| = 0,052 1

and

nv = 30

Using these|data, the relative uncertainty component associated with method and laboratory bias, ujrel is
calculated ag:

2 2
¢ 0,052 1
2 Vb 2 2 ) 2
Uprel = [Prel +[m] PUC el :\/(—0,038 7) +[ 50 ] +0,056 2% =0,068 9 =6,89 %

B.1.4 Cajculation of the relative combined uncertainty, uc rel

The relative combined uncertainty is calculated as:

g rel = \/ufzw,rel +ul g =+/0,05212 +0,068 92 =0,086 4 = 8,64 %

B.1.5 Calculation of the relative expanded uncertainty, U
The relative expanded uncertainty is calculated using a coverage factor & = 2:

Urel = kucrel

Urel=2%0,0864=01728=17,3 %
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B.2 Example 2 — Estimation of measurement uncertainty based on data from pro-
ficiency tests

NOTE See 8.2.2 and 8.3.3.
B.2.1 Origin of quality control data
The total phosphorus content of sea water samples is routinely determined. For interlaboratory quality control

the laboratory regularly participates in proficiency tests. In the period from 2003-07 to 2004-04, the results
listed in Table B.2 were obtained.

Table B.2 — Results from proficiency tests
Proficienc -
test y Cass c D; Di rel SR,irel np. i UC o el
umol/l pumol/l pmol/l % % %

1 14,080 14,253 0,173 1,23 3.1 28 0,73
2 6,250 6,752 0,502 8,03 4.8 28 113
3 2,820 2,582 -0,238 -8,44 7,6 28 1,80
4 5,243 5,414 0,171 3,26 5,3 35 1,12
5 3,600 3,780 0,180 5,00 6,9 35 1,46
6 1,838 1,913 0,075 4,08 8,4 35 1,77

cass assigned value of the interlaboratory comparison samplé

c mean value of the laboratory’s test results

D; difference of the mean value ¢ and the assignedvalue cgss

Lo . _ € —Cagg
D rel relative difference as a percentage: Dyqg))= x100
Cass
R,irel reproducibility standard deviation'from the interlaboratory comparison for sample i
np,i number of participating laboratories
”C"ef,i,rel relative uncertainty of.the assigned value of the interlaboratory sample
Sincg the robust mean‘was used as the consensus mean, the single uncertainties are calculated as
SRiirel
e irel = WZBX S
np‘i
B.2.2 “Calculation of the uncertainty component for the within-laboratory reprodlrcibility

As the results are well above the limit of quantification, the uncertainty can be expressed as a relative value.
The relative uncertainty component for the within-laboratory reproducibility, is calculated as the coefficient of
variation from the analyses of a stable control sample [p(P) = 8 mg/l] used in a mean control chart:

mean value from 20 batches 5 =8 03 mg/l

standard deviation s =0,352 mg/l

coefficient of variation Cy =up, re1 =0,0438 =4,38 %

© 1S0O 2012 — All rights reserved 19


https://standardsiso.com/api/?name=76292e06ad540f3a066f739c6ea61ae6

ISO 11352:2012(E)

B.2.3 Calculation of the uncertainty component associated with method and laboratory bias

For the determination of the uncertainty component associated with method and laboratory bias, u, two
components shall be determined: root mean square of the differences, Drms, and the mean uncertainty of the
assigned values uc_. .

The relative root mean square of the differences Drms rel is calculated as

D ZDi?rel

rms,rel —
Hiic

D

_\/0,012 32 40,080 32 +0,084 42 +0,032 62+0,050 02 + 0,040 82

rms,rel T
6

=0,0562=5,62%

The mean uncertainty of the assigned values is calculated as

I~

b U .
[ Crefii

IN A

L_IC =
ref .
Hjjc

For calculatipn of the relative mean uncertainty of the assigned values the u¢ (v values listed in Table B.2

are divided by a factor of 100 (as tabulated values are expressed as percentages)

0,007 3+0,0113+0,0180+0,0112+0,0146+0,017 7

Ac el g . 20,0134 =1,34 %

Finally the rdlative uncertainty component associated with method and laboratory bias, u rel, is calculatgd as:

G o - /0,056 22 +0,013 42 = 0)057 8 = 5,78 %
ef

2
Up rel = 41D, C,

rms,rel T4

B.2.4 Cajculation of the relative combjned uncertainty, uc re|

The relative gombined uncertainty is calculated as:

Ry, rel

Urel = \/wz +ul g =+/0,043 82 50,057 82 =0,0725=7,25%

B.2.5 Calculation of the-relative expanded uncertainty, U
The relative ¢xpanded uncertainty is calculated using a coverage factor & = 2:

Urel = kug rel

Uy =2400725=0145=145%

B.3 Example 3 — Estimation of measurement uncertainty using a standard solution
as quality control sample and recovery experiments

NOTE See 8.2.3 and (8.3.4.

B.3.1 Origin of quality control data

The herbicide triflusulfuron-methyl is routinely determined in water samples. A quality control sample covering
the whole analytical process is not available. Therefore, a standard solution is used as quality control sample
for operation of a control chart. For quality control, recoveries are determined in each batch of analyses.
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For this purpose, spiked water samples (triflusulfuron-methyl concentration, p = 0,1 yg/l) are analysed. The
triflusulfuron-methyl results of the real samples are corrected using averaged recoveries.

B.3.2 Calculation of the uncertainty component for the within-laboratory reproducibility

For calculation of the uncertainty component for the within-laboratory reproducibility, UR,, the results from the
following quality control measurements are required:

a) measurementof a stable quality control standard in organic solvent in each batch of analyses (triflusulfuron-
methyl concentration, p = 0,50 pg/ml).

b) Tati i i = o, p==0;tpg/l) for range
¢ontrol chart.

As the results are well above the limit of quantification the uncertainty can be expressed as-a relative value.

B.3.2.1 Data for calculation of the uncertainty component for the within-laboratory reproducibility

See Table B.3.

Table B.3 — Results of stable quality control standard, assigned value: p = 0,50 ug/ml

p
pg/ml
0,49
0,50
0,52
0,48
0,49
0,51
0,51
0,54
0,48
0,49

Number of measurement

O | |[(N}jyoof | |W|IN| =

N
o

Mean valug-p, 0,501

Standdrd deviation s 0,019 1

Caefficient of variation, C, = Up,, stand,rel 0,038 2

For the“eperation of a range control chart, spiked water samples are analysed in duplicate with gach batch of
Sam[.ica. Theretative lallgc,Rjre|, which—s—used—=s quaiity controt—vatue—for—the range—TCot trol chart, is

calculated as:

Ximax ~ Ximin

Rj,rel - %
X

where j is the jth batch of i replicates.

See Table B.4 for results from the range control chart (d2 = 1,128 for duplicate measurements).
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