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1. INTRODUCTION
This document is the second part of the Operating Guide for Water Analysis
Laboratories, published by the Spanish Association for Water Supply and
Sanitation (Asociación Española de Abastecimientos de Agua y Saneamiento,
AEAS), through its Second and Fifth Commissions. It deals with essential issues
related to testing activities that are fundamental in Quality Management
Systems, such as the preparation of testing procedures, validation and
estimation of uncertainty, as well as the control and expression of the data
obtained.
The elaboration of the documentation, and particularly the development of the
test methods used in the laboratory to perform the analysis of the samples, is a
fundamental part of all this process. In addition to that, the laboratory must
apply methods that satisfy the customer requirements and are also appropriate
for the tests performed. Validation is the way that demonstrates the compliance
with the particular requirements for a specific use.
This document proposes several guidelines to validate the testing methods used
in physical, chemical and microbiological analysis to ensure their fitness for the
purpose. Parameters as trueness, precision and uncertainty have to be
assessed. Anyway, it has to be assumed that validation is always a balance
between costs, execution times, acceptable risks and available technical
capacity.
It is necessary to establish guidelines to express the results obtained in relation
to the stated uncertainty, in order to allow decision making regarding the
compliance or non-compliance with the specifications.
In addition, is necessary to ensure that any calculations made while applying
the testing methods, as well as the transfer of obtained results, are subject to
verification. Thus, the computer applications developed by the laboratory to
obtain, process and record the data obtained as part of its activity, have to be
validated in order to demonstrate that they fit the purpose for the intended use.
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2. SCOPE
The scope of this document is to propose an approach to carry out the
necessary actions for an adequate selection of testing methods, their validation,
estimation of uncertainty, as well as establishing guidelines to express the
results so that the technical competence of laboratories can be guaranteed.
This document does not intend to establish compulsory guidelines, but provide
homogeneous operating criteria based on the experience, competence,
consistency and good practice of the laboratories that are part of the Work
Group, so that this document can become an accepted benchmark.
The examples included in this guide should be interpreted as that; there could
be other valid alternatives.

3. SELECTION OF TESTING METHODS
Documents related to test methods are written procedures, updated and
approved, that provide a detailed description of the activities related to the
method, in order to ensure and guarantee that when used, all the required
information is present to precede correctly.
All the activities performed in the laboratory should be documented. The
documents or procedures used must include testing activities as well as any
supporting activities, such as sampling, sample handling, transportation and
preservation, use and operation of equipment and measuring instruments,
validation and estimation of uncertainty, quality assurance, evaluation and
process of data analysis, etc. Their content should avoid misinterpretation and
allow the reconstruction of the testing activities done.
The testing methods should be selected to meet clients’ specifications, as well
as in compliance with any applicable regulatory requirements. In a water
analysis laboratory, the options available are standard methods, methods based
on standards and in house methods developed internally.
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Standard methods are based on international or national standards, or on
documents published by entities of recognized prestige. These documents
usually include information that supports their technical validity; this simplifies
to a great extent the effort required to put in place the methods in a laboratory
that only has to show its capacity to implement the method under those
conditions.
When the standard method does not include all the specifications to carry out
the test, it must be completed with the remaining necessary aspects. In that
case, when dealing with methods based on standards is necessary to confirm
and validate that with the added contributions, the testing method is still
suitable for the intended use.
Finally, in some particular cases, there may not be a standard method available
to use as a reference; in that case the laboratory has to define and develop its
own method. Before using it routinely, the laboratory should perform any
required tests to confirm that it is suitable for the intended use and report all
the applicable requirements, whether from the clients or regulatory ones.
If the laboratory has more than one testing procedure available for the same
determination, the most suitable for the intended purpose must be chosen, and
the client should be informed about the method selected. If the client specifies
a specific method, the laboratory has to inform the client if such method is not
suitable.
In some cases, with microbiological tests, the laboratory has the option to
implement alternative methods, already validated by comparison with an
standardized

(reference)

method,

and

according

to

an

accepted

standard(1,2,3).They are generally recognised by the scientific community or by
the public administration as equivalent to the reference method(4). To adopt this
type of methods, the laboratory has to perform the required tests that show its
correct implementation, according to the standard methods. The laboratory has
to provide the evidences of the equivalence to the standard method (1).
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Concerning the content and structure of the documents describing the testing
methods, there are several alternatives; and could be the following one

(5)

:

1. Appropriate identification
2. Scope
3. Description of the type of sample to be tested
4. Parameters and ranges to be determined
5. Equipment and devices, including technical specifications
6. Standards and reference materials needed
7. Required environmental conditions and any period of stabilisation needed
8. Description of the procedure, including the following:
a. Placing of identification marks, transport, storage and preparation of
materials to test
b. Verifications to be done prior to starting work
c.

Verification of the correct operation of equipment and, if applicable,
calibration and adjustment of equipment prior to its use

d. Method to record observations and results
e. Safety measures to be adopted
9. Acceptance/rejection criteria or requirements
10. Data to be recorded and method of analysis and presentation
11. Uncertainty or procedure to estimate uncertainty

4. METHOD VALIDATION AND ESTIMATION OF UNCERTAINTY
Validation of a testing method is one of the activities required to guarantee the
validity of the laboratory results, and it is internationally recognised as an
essential criterion to establish a complete quality system. In general, validation
should confirm that the method is fit for its purpose in the entire range of usual
concentrations and in the matrices to be analysed. Therefore, it is necessary to
specify these characteristics before starting the validation process.
This process includes a set of systematic and scheduled tests that take into
account all the stages of the routine analysis, including preparation (extraction,
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pre-concentration, etc.) and any other treatment applied that allows to check
that the testing is suitable for its intended purpose.
The extent of the validation process depends on several factors, such as the
nature of the method (qualitative or quantitative), the existence of international
standards methods, the establishment of families of parameters according to
possible matrix effects

(6)

, etc.

The laboratory must record the results obtained, the procedure used in the
validation process and a statement on the fitness of the method for the
intended use (5).
Finally, the revalidation of the method should be taken into consideration if
necessary, using data from proficiency testing, interlaboratory comparison,
internal or external quality controls, etc.

4.1 VALIDATION IN PHYSICO-CHEMICAL TESTS
The parameters characterised in the validation of a physico-chemical testing
method are: selectivity, working range, linearity, sensitivity, limit of detection,
limit of quantification, ruggedness, precision, trueness (bias) and uncertainty.
Depending on the method, the laboratory has to evaluate all these parameters
or just some of them during the validation process.
4.1.1. SELECTIVITY
Selectivity is the accuracy of a method to determine the analyte of interest in
the presence of other components in the matrix, under established test
conditions (6,7). In some cases it may be necessary to do selectivity/specificity or
confirmation of identity studies (9) to evaluate the existence of interferences (10),
and establish measures to control them when necessary.
It is impossible to consider all potential interferences, thus it is important to
take into account literature references and previous knowledge of the method
in order to limit the scope of the study. Concerning standard analysis methods
where potential interferences are identified, it is not necessary for the
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laboratory to do selectivity tests

(10)

; however, the laboratory has to consider

the proposed measures to minimise or keep under control the identified
interferences. In the absence of references in the literature, the study of
interferences can be done analysing matrix samples with low concentration
content and suspected interferences naturally present or added.
The method is considered to be selective as long as the recovery and precision
objectives previously established are met.
4.1.2 WORKING RANGE
It is the interval within which the analytical parameter can be determined with
established trueness and precision(10) and that provides results with and
acceptable uncertainty(9).
The tests to establish the working range must be carried out for different
analyte concentration levels, including the limit of quantification of the method,
as well as the maximum concentration defined. In general, the limit of
quantification is specific for each analyte and each matrix.
When dealing with the upper concentration limits, diluting the samples is
acceptable in water analyses, as long as the quality criteria that have been
defined are met.
4.1.3 LINEARITY
The linearity of a method indicates its suitability to obtain results that are
proportional to the concentration of the analyte(10).
Usually, linearity is established analysing a number of calibration standards that
cover the desired instrumental calibration range. In water analysis, in-house
calibration standards, using water for analytical laboratory use, are commonly
used (11).
NOTE: If there are interferences due to matrix effects that cannot be eliminated or controlled,
the need to use matrix calibration standards or the standard additions method should be
evaluated.
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For the study of linearity, technical standards recommend working within an
interval of 3 to 7 calibrations levels (12).
These same standards indicate that a higher number of calibration levels does
not lead to a significant improvement of the reliability of results.
A first intuitive and simple way to evaluate linearity is a graphical
representation (see the example in Annex I, Part 1) of the calibration data
and the regression analysis, although this mainly visual assessment which could
be incomplete. From this plot, the determination coefficient (r2) can be
obtained (see the example in Annex I, Part 2). This coefficient provides the
correlation between the concentration and the analytical signal. Its value ranges
between 0 and 1, being 1 the best correlation value, but according to the
analytical technique used, values higher than or equal to 0.98 for
chromatography

techniques,

and

higher

than

or

equal

to

0.99

for

spectrophotometry techniques (13) are accepted.
Although the determination coefficient is a tool to evaluate preliminarily the
linearity of the regression, it does not evaluate the goodness of fit of each
experimental point involved, so its use is not enough to establish the linearity of
a method. Therefore, it is necessary to complete such study with one of the
following options:
A) Analysis of regression values

(14)

. The residual is, for each

concentration level, the difference between the value obtained with the
best line fit and the reference value of the standard used. These values
can be plotted in a graph where the X coordinate is the theoretical
concentration and the Y coordinate is the residual. In Annex I, Part 3
there is an example of how to evaluate the plot obtained.
B)

Deviation of the response factor in the entire working range
(RSDrf). The response factor is defined as the coefficient between the
response for a level of concentration (once the signal is subtracted from
of the y coordinate at the origin) and the actual content of the analyte
concentration. Its values should be approximately constant and to asses
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it, the standard deviation of the series composed with the response
factors in the entire working range have to be calculated. The value of
the RSDrf depends on the testing method, and can differ from 10%
(spectrophotometry methods) up to 25% (chromatography methods)(12)
(see the example in Annex I, Part 1, Part 4).
Although working with linear intervals is recommended, when the instrumental
conditions do not allow it, or if it is necessary to work with a larger interval to
avoid systematic dilutions, non-linear mathematical function to establish the
relationship between the concentration and the analytical signal can be used.
Anyway criteria to asses that this type of fit is suitable and appropriate (15) have
to be set.
In all cases (linear and non-linear), checks must be established to guarantee
that the response is kept and that the results are obtained with the required
precision and trueness (15,16).
4.1.4 SENSITIVITY
The sensitivity of an analytical method is given by the rate of change of the
instrument response due to the change in the stimulus, usually the
concentration of the analyte (17).
For instrumental systems, sensitivity is represented by the slope of the
calibration curve that can be determined using the least squares procedure (7).
The validation tests can be used to establish a reference value of sensitivity that
can be verified through time in routine analysis, considering an acceptable level
of variability previously defined (7). An example is shown in Annex II.
4.1.5 LIMIT OF DETECTION (LOD)
In general terms, the limit of detection is the lowest content of an analyte that
can be reliably detected or differentiated by a specific method (7).
This parameter has to be estimated for qualitative tests, and the literature
proposes several options, summarised in Table I.
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4.1.6 LIMIT OF QUANTIFICATION (LOQ)
The limit of quantification is the smallest amount of analyte established during
the validation process developed for a particular matrix that fits with the
objective values of trueness, precision and uncertainty. These values can be
higher than the ones defined for the rest of the working range, and may differ
from the values in legal texts for other different concentration levels (18, 19).
This parameter has to be estimated for quantitative tests, and the literature
proposes several options, summarised in Table I. In any event, the laboratory
has to verify it in its test matrices.
4.1.7 RUGGEDNESS
Measure of the capacity to remain unaffected by minor changes in the
experimental conditions, such as reagents preservation time, pH, temperature,
etc., that may possibly affect the results of the same method applied under
different conditions (7).
If the laboratory uses in house methods not based on standards or references
in the literature, research and document whether variations in the measuring
conditions may lead to significant changes in the results obtained is
recommended.

Potential sources of variation should be identified and

controlled, and be included in the study of precision and trueness values
developed during method validation. These studies may be done using sample
blanks, samples with known concentration, reference materials, interlaboratory
comparison exercises, etc.
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Table I: Methods to estimate the limit of detection and the limit of
quantification
REFERENCE

LIMIT OF DETECTION (LOD)

LIMIT OF QUANTIFICATION (LOQ)
Also known as limit of determination. It does
not consider suitable to establish it as a set

LOD = 3·S0
IUPAC
THOMPSON

multiple of the limit of detection (typically 2).

where S0 is the standard deviation of the
mean of 6 complete and independent
determinations on a natural sample with
low analyte concentration

We do not recommend here using this type of
limit in the validation. It prefers to establish a
concentration from which the uncertainty is
accepted and agreed upon between the
laboratory and the client

LOQ =
LOD =

PS 15

where

+

determinations on a blank sample and S0
is the standard deviation of the mean

mean

3·

y-coordinate value of the line obtained
through linear regression, and m the

6

complete

and

independent

Or else it is calculated from the limit of
detection:

LOQ = 3·LOD

> 0:

=

10 ·

where Sb is the standard deviation of the ycoordinate value of the linear regression, and
m the slope.
If

slope.

of

determinations on a blank sample

If

where Sb is the standard deviation of the
NATA

10·S0

where S0 is the standard deviation of the

3·S0

̅ is the mean of a series of

=

+

< 0:

=

(− + 10 ·

)

LOD = 5·S0
where

S0

is

the

relative

standard

deviation of the mean of a series of
Directive
98/83/CE

determinations on a blank sample.
It is also:

It does not define LOQ

LOD = 3·S1
where S1 is the relative standard deviation
within a batch of a natural sample with a
low concentration of the parameter
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4.1.8 PRECISION
It is the extent of agreement between the values obtained by replicate
measurements on the same or similar samples under specific conditions of
repeatability and reproducibility

(17)

. Precision is usually expressed in terms of

imprecision and can be calculated as standard deviation of replicate results.
Less precision is reflected by a larger standard deviation. Precision is usually
related to random error.
In validation studies, precision has to be evaluated under reproducibility
conditions that is varying as much as possible the equipment, the analysts or
operators, the environmental conditions, the samples, etc. The laboratory must
take into account whether it has to do a precision study under repeatability
conditions as well, that is, with the same measurement procedure, same
operators, same measurement system, same operating conditions and at the
same place within a short interval of time (20).
The reproducibility standard deviation (SR) has to be calculated with at least 7
degrees of freedom(10).It can be expressed as a coefficient of variance or
relative standard deviation.
=

∑(

− ̅ )"
#−1
!

SR(%) = (SR /x%)*100
The repeatability standard deviation (Sr) is calculated the same way as the
reproducibility standard deviation (SR). It can be expressed as a coefficient of
variance or relative standard deviation.
If both of them have been determined, the combined precision it can be
obtained, and is equivalent to:
&
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Precision should be determined at several concentration levels of of the
measurement interval, including the limit of quantification and the upper
concentration level, under conditions which mirror, as far as possible, the
conditions of routine use of the method. To calculate precision is possible to
use, among others, the values obtained through the use of certified reference
material, interlaboratory comparison exercises and real samples (fortified or
not).
From the values obtained in the precision study, is possible to establish the
limits of reproducibility and repeatability, useful for the internal quality control
of the laboratory (6,21):
LIMIT OF REPRODUCIBILITY: R = 2.8⋅ sR
LIMIT OF REPEATABILITY: r = 2.8⋅ sr
Annex III includes an example in drinking water matrix.
4.1.9 BIAS (TRUENESS MEASUREMENT)
Bias describes the difference between the mean value of an infinite number of
repeated measurements and the reference value assigned to it. Bias is related
to systematic error, and is inversely related to the trueness of the method(10, 17).
It is calculated with the following expression:

) − V*+,
bias (b) = V

bias (b %) =

) − V*+,
V
∗ 100
.'/0

NOTE: Some legal texts (Directive 98/83/CE) include accuracy as a method quality criterion
defined as the difference between the value obtained from the mean of a series of replicates
and the exact value of a reference material. This definition agrees with the bias according to
the international reference documents used to prepare this guide (17, 20, 22).

Bias can be determined using one of the following methods:
-

Use of certified reference materials, and preferably matrix certified
reference materials.
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-

Comparison of the method with a reference method with a known error.

-

Participation in interlaboratory comparison exercises.

-

Use of fortified samples with traceable standards. In this case, bias is
calculated from the recovery(7)
The recovery (R) is calculated as:
R(%) =
Where:

C1 − C2
∗ 100
C3

o C1: measured concentration in fortified sample
o C2: measured concentration in unfortified sample
o C3: concentration of fortification
In the study of recovery in the limit of quantification, the use of matrices
where the concentration value of the unfortified sample (C2) is lower than
the limit of detection is recommended, so that C2 can be considered to be
'zero'. In other situations, is possible to use dilutions without eliminating
matrix effects (e.g. 30% of the value obtained) or a mix of matrices. In
general, the minimum concentration of fortification (C3) has to be from 1 to
5 times the value of the background analyte in the sample (12).
In any event, the minimum fortification has to be such that there is no
overlap in the confidence intervals of the values of C1 and C2.
In order to address variation between series, bias has to be determined under
conditions of reproducibility and in the entire working range, including at least
the limit of quantification and the upper concentration level.
Bias can be calculated as the relative deviation from a reference value,
measured as mean determined with at least 6 degrees of freedom (10).
The analytical results in the daily routine could be corrected based on the
recovery data obtained. However, there are certain limitations to apply this
correction(23).
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Annex IV to this document includes a calculation example for a test done on a
drinking water matrix and on a waste water matrix.
4.1.10. UNCERTAINTY
Measurement uncertainty is defined as a non-negative parameter characterizing
the dispersion of the quantity values attributed to the measurand, based on the
contribution of considered components (17).
The uncertainty provides an idea of the quality of the result, because it provides
an interval surrounding the estimated value, within which the value of the
measurand is believed to lie, and allows comparing the results obtained by
several laboratories or with different analytical methodologies(24).
Two different contributions have to be taken into account for the calculation of
uncertainty: the systematic component (a) and the random component (b),
which are added quadratically to obtain, the combined measurement
uncertainty (uc), using the following equation:

u5 = 6u"7 + u"8
Finally, calculating the expanded uncertainty U provides an interval within the
value of the measurand is expect to be find with a higher level of confidence. It
is calculated by multiplying the combined uncertainty (uc) by a coverage factor
(k).
U = k uc
Usually, a value of k=2 is used, which corresponds to a confidence interval of a
95%, assuming a normal distribution (17).
As the measurement uncertainty value obtained can vary significantly
depending on the matrix or the concentration range, the estimation has to be
done for the different matrices where the method is applied and for different
concentration levels, always including the limit of quantitation.
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Measurement uncertainty can be estimated using different procedures. The
choice of procedure will be based mainly on the experimental and bibliographic
information available. The most commonly used ones are:

a) Estimation based on components
b) Estimation with experimental data from validation, quality control or
interlaboratory comparison exercises
Currently, the last one is the most commonly used by laboratories, because the
main sources of variability are assessed during method validation and quality
control processes.
The combination of uncertainty components due to the trueness of the method
(systematic error) and the reproducibility (random error) can provide an
acceptable approximation to the estimation of uncertainty of an analytical
method (20).
It is important to take into account that, in order to evaluate the random
component, validation tests have to be designed considering the most
significant sources of variability (testing conditions, matrix effects, instrumental
variability, etc.), based on a number of representative data points.
Combined standard uncertainty is calculated as follows:

u5 = 6u"9 + u"8:7;
where:

uc

uR

Combined uncertainty
standard uncertainty associated to the within laboratory reproducibility

ubias standard uncertainty associated with bias
To add them quadratically, all components should be in absolute terms, so uc
would also be in absolute terms; or in relative terms (%), and then uc would
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also be expressed as a %. A combined uncertainty calculated in absolute terms
should never be transformed into relative values.
Finally, the expanded uncertainty will be calculated as:
U = k * uc

where:
U

Expanded uncertainty

k

Coverage factor (usually k=2 for a 95% probability)

uc

Combined standard uncertainty

A) ESTIMATION OF THE REPRODUCIBILITY COMPONENT (uR)
If reproducibility within the laboratory takes into account all possible
contributions to uncertainty, the standard deviation for a matrix or for
equivalent matrices

(6)

at a certain concentration level will establish the

reproducibility component of uncertainty.
The estimation of reproducibility uncertainty (uR) can be obtained through the
use of reference materials or interlaboratory comparison exercises.
The value of the standard uncertainty of reproducibility (uR) can be associated
with the spread (SR) of the 'n' results obtained when measuring a sample, that
is:
u9 = S9 =
where:
xi
̅

n

each of the obtained results
mean value of the results
number of measurements done within reproducibility conditions

To express uR in relative terms:
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u9 (%) =

u9
∗ 100
x%

NOTE: If laboratory quality control samples with an equivalent matrix to test samples are not
available, or the validation or quality control data have not been obtained from the same matrix
as the routine samples, an additional component due to possible matrix effects should be
considered. This additional component can be estimated from range control charts, resulting
from internal laboratory control activities, obtained with natural samples (20).

B) ESTIMATION OF THE BIAS COMPONENT (u
ubias
bias)
The bias component of uncertainty is related to systematic error, and can be
calculated taking into account two components:
•

Bias (bias)

•

Uncertainty of the certified value (uRM)

The bias uncertainty (ubias) can be estimated using reference materials,
recovery tests or interlaboratory comparison exercises. Each one of these cases
is outlined in the following sections.
B.1) Based on data from matrix reference materials
For each of the reference materials used, the estimation of this component will
be(21):
u8:7; =
where:

uRM

sF)

u"9? + @

AB)

√n

"

D + b"

uncertainty of the reference material
standard deviation of the measured values on the reference
material

n

number of measurements done

b

numerical value of bias (Vmean – Vref)

For the estimation of uMR, the certificate accompanying the reference material
can:
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• Provide the certificate value and the confidence interval as xRM±U. According
to a normal distribution, with a 95% confidence interval (k=2), the standard
uncertainty would be calculated as U/k.
• Express limits without indicating the confidence interval. In this case, the
distribution can be considered of a rectangular type and the typical
uncertainty would be calculated as U/√3.
With different (equivalent) matrices and/or levels of concentrations, the
uncertainty estimation shall be made separately for each matrix and
concentration range. It should be noted that if the differences in trueness or
uncertainty are significant for the different reference materials used, due to
concentration or matrix, it is necessary to estimate uncertainty separately for
each one of them (20).
If there are no significant differences, an estimation could also be done using
the root mean square (RMS) of the reference values:
"
u8:7; = 6u%"?9 + MC8:7;

where:
G
)HI

the mean of the uncertainties of the reference materials
∑(8J )K

MC8:7; = 6

LMN

root mean square of the individual biases

bi

bias of each of the reference materials used

nRM

number of reference materials used

NOTE: f the reference materials have different concentration levels, the use of relative terms is
recommended.

Annex V shows an example of the estimation of the bias component using data
from reference material.
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B.2) Based on sample addition
The estimation of the bias component of uncertainty can be also done
estimating the recoveries of a known amount of analyte added to real matrices
(8)

.

In this case, the bias component of uncertainty related to recovery, has to be
add to the uncertainty component related to the concentration of the added
analyte (20).
O

!PQ

"
= 6RS "!PQ + OPT

Where:
MC8:7; = 6

∑(8J )K
LUV

root mean square of the biases of the recovery

additions (nad is the number of additions)
OPT uncertainty in the concentration of the analyte added (its
components vary depending on the nature of the material added;
e.g. volumetric material)
The estimation of this component can be obtained estimating separately the
uncertainty in the concentration of the reference material added, and the
uncertainty related to the volume added (20).
Annex VI and Annex VII show the development of these concepts with an
example of their application.
B.3) Based on data from interlaboratory comparison exercises
The bias component of uncertainty can also be estimated using the results of
interlaboratory comparison exercises. In this case, the data have to be treated
as relative values (%).
The laboratory should have analysed at least six different samples
one or several rounds of interlaboratory comparison exercises.
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The estimation of the component of uncertainty is done in the same way as the
one used with reference materials. Nevertheless, the resulting uncertainty due
to bias from interlaboratory comparisons can be bigger than the one obtained
from reference material, as the uncertainty of an assigned value of an
intercomparison sample is larger than the uncertainty of the certified reference
value of a certified reference material.
The equation to use is:
"
u8:7; = 6MC8:7;
+ (u%5*+, )"

where:
MC8:7; = 6

∑(8J )K
WJXY

root mean square of the different bias obtained in
the interlaboratory comparisons

!

individual bias for each interlaboratory comparison exercise, that
is, the relative difference between the assigned value and the
value reported by the laboratory

Nint

number of analyzed interlaboratory comparison samples

u%5*+,

mean uncertainty of the assigned values of the interlaboratory
comparison samples
u%5*+, =
ucrefi

∑ OZ'/0!
[!\&

uncertainty of the value assigned of the interlaboratory

comparison sample
Nint

number of analyzed interlaboratory comparison samples

Note: In some cases, O%Z'/0 is too high, and thus it is not valid to estimate ubias.

If the individual differences (bRMS) and the uncertainties of the assigned value
(ucrefi) vary significantly between the different interlaboratory comparisons, it
may be necessary to separately estimate uncertainty for each case.
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The contribution due to the uncertainty of the assigned value (ucrefi) can be
obtained

(20)

:

a) Directly from the organiser of the interlaboratory comparison exercise
b) If the robust median or mean is used to calculate the assigned value:
OZ'/0! = 1,25

A

,!

_#`,!

c) If the arithmetic mean is used as the assigned value:
OZ'/0! =
ucrefi

A

,!

_#`,!

Relative uncertainty of the value assigned to each

interlaboratory comparison sample i
sR,i Relative

standard

deviation

of

reproducibility

from

the

interlaboratory comparison exercise i
np,i Number of participants in the interlaboratory comparison exercise i

Annex VIII shows an example based on results from interlaboratory comparison
exercises.
The following table provides a summary of the different ways to estimate
uncertainty:
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Expanded uncertainty:

U = k * uc(k: coverage factor, usually k=2 for a 95% probability)

Combined uncertainty Ga = 6GbI + Gbcdef

uR: standard uncertainty of reproducibility within laboratory
ubias: standard uncertainty of trueness or bias

Note: If we wish to express the expanded uncertainty as a %, all the components should be expressed as a relative value before doing the quadratic sum.

A. Reproducibility

Component

B. Bias Component
It can be obtained:
B1) Based on data from matrix reference materials:
•

With one reference material:

AB) "
O"g + @ D + "
√#
uRM: uncertainty of the reference material.
hi) : standard deviation of the measurements of the reference material under within
laboratory reproducibility conditions
b: numerical value of bias (difference between the mean of the values obtained
and the reference value)
n: number of measurements done
O

If real samples or matrix reference
material are used:
u9 = S9 =

∑(x: − x%)"
n−1

SR: standard deviation of the ‘n’ results
obtained in each sample measurement
Xi: each of the results obtained
x%: mean value of the results obtained
n: Number of iterations done under
reproducibility conditions

Note: SR can also be obtained from
quality control data.
Using the Control limit (CL) at 95%
confidence
LC= 2 SR

!PQ

=

O

• With different reference materials:

!PQ

= 6O%"g + RS "!PQ

) HI : arithmetic mean of the uncertainties of the reference materials used
G
Hjcdef = 6

∑(cd )b
kHI

: root mean square of the individual biases

bi: bias of each of the reference materials used
nRM: number of reference materials used in the estimation
B2) Based on sample addition:

∑(pqq )b

nopqrh = 6

srt

"
OQ/Qlm = 6RS "!PQ + OPT

: root mean square of the bias recovery additions

nad: number of additions done
uad: uncertainty in the concentration of the analyte added (ISO 11352-2012, section
8. 3. 4)
B3) Based on data from interlaboratory comparisons (Use always % data):

u%5*+,

=

∑ wxyz{q
|qs}

O

!PQ

= 6RS "!PQ + uO%Z'/0 v

"

mean of the uncertainty of the assigned values

ucref i: uncertainty of the value assigned of each interlaboratory comparison sample
(see 6.1.10, B3)
Nint: number of analyzed interlaboratory comparison samples
∑(8:)K

MC8:7;; = 6

WJXY

, root mean square of the bias obtained in the interlaboratories

bi : bias obtained in each interlaboratory
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4.2 VALIDATION IN MICROBIOLOGICAL TESTS
In

the

same

way

as

with

physico-chemical

methods,

validation

of

microbiological tests must try to reproduce their actual conditions. This can be
achieved using natural samples, or, if they are not available, inoculated samples
preferably non sterilised in order to contain interfering microbiota, with a known
level of target micro-organisms. The laboratory must take into account that
inoculating a matrix with target micro-organisms only simulates their natural
occurrence. Nevertheless, often this is the best and the only available solution.
One particularity to consider in this type of tests is how difficult it is to have
stable reference values, what affects the development of the validation process
compared to physico-chemical tests.
Depending on the response obtained for the method used, microbiological
methods may be classified as:
•

Qualitative: Also known as 'research methods'; whose response is the
presence or absence of the analyte (micro-organism) detected, directly
or indirectly in a certain amount of sample(1).

•

Quantitative: Known as 'detection and enumeration' methods, whose
response is the amount of analyte (micro-organism), measured directly
(mass or volume enumeration) or indirectly (MPN, colour absorbance,
impedance, etc.) in a given quantity of sample

(1)

.

4.2.1 VALIDATION OF QUALITATIVE MICROBIOLOGICAL METHODS
Qualitative methods must be validated estimating, at least, the limit of
detection(25). If there are any regulatory or legal requirements, in addition, the
scope of the validation will include parameters such as sensitivity, specificity,
false positives, false negatives, efficiency or selectivity.
A) Limit of detection (LOD)
It is the smaller number of micro-organisms that can be detected in a sample
with an acceptable confidence level. From a theoretical point of view, applying
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a Poisson distribution, we can expect an approximate value of 3 cfu/volume
analysed.
The study has to be carried out on representative matrix samples, in the
absence of the target micro-organism, and requires the use of inoculum
suspensions with low concentration levels.
We propose the following working scheme in water matrix:
•

Analyse a blank aliquot to show that the sample does not contain the target
micro-organism.

•

Prepare several aliquots of the studied sample, which should be fortified
with reference material using progressively smaller concentrations, starting
with a maximum concentration of 20 cfu per aliquot.

•

Analyse 10 replicates of each level of fortification, obtaining for each one of
them an 'absence' or 'presence' value.

The working scheme described above is shown.
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Step 1. Preparation of the dilution bank
Step 2. Fortification of matrix aliquots and carry out the procedure

Step 3. Step 2 is repeated ten times under reproducibility conditions.
Step 4. Elaboration of a results chart to obtain the value of the LOD.

The lowest concentration level that provides at least 90% of positive replicates
(presence) is established as the
the criterion for the limit of detection.
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Using standard methods including the precision and recovery criteria obtained
from an n number of replicates, the evaluation of the limit of detection can be
done with a minimum of 3 repetitions under the conditions indicated above. In
these cases, the criterion to establish the limit of detection is defined as the
lowest concentration level that provides 100% of positive replicates (presence).

B) Other parameters

The objective of studying these parameters is to evaluate the influence of any
accompanying microbiota in the enumeration of the target micro-organism.
The parameters to evaluate are outlined below(2):
• Sensitivity:

fraction of the total number of positive cultures or

colonies correctly assigned in the presumptive count. It is calculated as:
A
A+ B
• Specificity: fraction of the total number of negative cultures or

colonies correctly assigned in the presumptive count. It is calculated as:
D
C+D
• False positives: Fraction of the total number of observed positive

cultures or colonies that have been wrongly assigned. It is calculated
as:
C
A+C
• False negatives: Fraction of the total number of observed negative

cultures or colonies that have been wrongly assigned. It is calculated
as:
B
B+D
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• Efficiency: Fraction of colonies or cultures that have been correctly

assigned. It is calculated as:
A+ D
N
• Selectivity: logarithm of the fraction of presumed positives among the

total. It is calculated as:

F = log
Where

A+C
N

• A = number of presumptive positives found positive
• B = number of presumptive negatives found positive
• C = number of presumptive positives found negative
• D = number of presumptive negatives found negative
• N = The total number of samples examined is: A +B +C +D

The reading of the results is expressed according to the following table:
PRESUMPTIVE COUNT
+

-

RESULT

+

A

B

A+B

COUNT

-

C

D

C+D

A+C

B+D

A+B+C+D=N

Whenever possible, natural samples with accompanying biota should be used, if
not, the samples will be inoculated with interfering micro-organisms. The range
and distribution of the interfering microbiota should be representative of the
usual levels in working matrices.
The minimum number of replicated samples should not be lower than 20 (10
presumptive positives and 10 presumptive negatives); we establish an
acceptance criterion for sensibility greater than or equal to 90%.
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4.2.2. VALIDATION OF QUANTITATIVE MICROBIOLOGICAL METHODS
In this case, the validation will include recovery and precision studies

(25)

, and

comprises the entire working range established in the method allowing a
reliable statistical treatment of values.
The enumerations between 20 cfu and the upper limit of each method are
within the optimal precision range. Thus, we recommend doing recovery
calculations at concentration levels above 20 cfu due to the overdispersion of
micro-organisms (2), although the precision of enumerations between 10 and 20
cfu continues to be acceptable (26).
The working levels will be established based on the technique used (26):
•

Pour plate technique: the number of typical colonies should be between
20 and 150 cfu (the sum of typical and atypical colonies must not be
greater than 300 cfu), for plates 90-100 mm in diameter.

•

Spread plate technique: the number of typical colonies should be between

20 and 150 cfu (the sum of typical and atypical colonies must not be
greater than 200 cfu), for plates 90-100 mm in diameter.
•

Membrane filtration technique: the number of typical colonies should be

between 20 and 100 cfu (the sum of typical and atypical colonies must
not be greater than 200 cfu), for filters 47-50 mm in diameter.
NOTE: A typical colony is defined as a presumptive colony that meets the characteristics
defined in the method.

In terms of obtaining reference values in microbiology, we must take into
account the added difficulty of working with alive organisms.
To obtain a reference value, usually we may use:
A. Standardisation from a reference strain, through titration in a nonselective culture medium. As a guidance criterion, we propose, for
example, that the dispersion of replicates should be ≤1.2 times the
Página 32 de 96

Guide Part II: Criteria to validate Physico-Chemical
and microbiological analysis methods
„

√…

Poisson RSD (

). There are other criteria also valid, such as Dixon's Q

test, or dispersion values (CV) obtained during the validation process.
B. Use of a reference value provided by a certified reference material.
C. Results from interlaboratory comparison exercises.
D. Comparison with reference methods.
If we use B, we can choose to compare the results of our test procedure with
the certified value of the reference material; although this option requires a
reference value that has been obtained under conditions similar to those of our
testing procedure. Otherwise, a reference material with a certified value can be
titrated following the indications of the example in Annex IX, facilitating the
task of preparing culture stock, dilutions, etc.

A) Precision (REPRODUCIBILITY)
Precision is defined as the closeness of agreement between independent test
results obtained by the same method, on identical test material, under different
measuring conditions (different batches of membrane filters, culture media
prepared at different times, different analyst)(26).
It is calculated as the reproducibility standard deviation SR(27):

sR =

1 n ( yiA − yiB ) 2
∑ 2
n i =1

Where:
yiB is the value, transformed into Log10, of replicate A (cfu/filtrate
volume (mL))
yiB is the value, transformed into Log10, of replicate B (cfu/filtrate volume
(mL))
i is the number of samples
n is the number of repetitions (n≥10)
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Although it is a function of the method and the range under study, as a
guidance, we may establish a value of SR equal to or smaller than 0.2 (CV =
37%). Usually, the results of precision are expressed as a coefficient of
variation (as a %) using the following equation:
CV (%) = (1 – 10-SR) 100
When using standard methods where the precision and recovery criteria
obtained from an n number of replicates is indicated, the evaluation of precision
proposed comprises a minimum of 3 positive sample tests.
Other sources of information to obtain data about the reproducibility of the
method may come from the results of participating in interlaboratory
comparison exercises and the use of certified reference material.

B) Recovery
The estimation of recovery is assessed based on reference values (25). To do
this, is necessary to compare the results obtained with the expected values. It
is calculated as:
−

% Re c = 10−d *100
n
−

d=

∑d
i =1

i

n
di = Log(VRi ) − Log(VLi )
Where:
VRi is the reference value obtained according to section 4.2.2. for each
repetition
VLi is the value obtained by the laboratory applying the test method for each
repetition
di is the difference between the logarithm of the reference value and the
one obtained by the laboratory for each repetition

†̅ is the mean of the di obtained
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n is the number of repetitions (n≥10)
In the case of standard methods that indicate the precision and recovery
criteria obtained from an n number of replicates, the evaluation of recovery
proposed comprises a minimum of 3 fortified positive sample tests.
The laboratory must establish its own acceptance criterion for recovery. As
guidance, Annex X provides a table based on the experimental results of the
laboratories that participate in the preparation of this guide.
Note: Each laboratory has used its own internal methods, and, therefore, the recovery values
are derived from the use of selective media, non-selective media, interlaboratory comparisons,
reference material among others.

C) Uncertainty
The estimation of uncertainty in microbiological tests is limited to the
enumeration methods; its scope has to take into account the type of matrix and
the micro-organism to be analysed. It does not apply to qualitative methods,
nor to the MPN (25).
As in other areas, there is not a single model to do an estimation of uncertainty,
although usually only the precision component is considered. Due to the
experimental characteristics of this type of tests, a suitable estimation of the
contribution of bias to the measurement of uncertainty cannot be done, even if
certified reference material is available; so it is not considered a component
itself (27).
It may happen that Standard methods expressly indicate a value of
measurement uncertainty; in which case, the laboratory must confirm its ability
to test against the value provided.
The estimation of uncertainty can be calculated using two different models:
ISO/TS 19036 and ISO 29201.
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Model according to ISO/TS 19036:2006 (A1-2009)(27, 28)
The estimation of uncertainty (u) is done by calculating the precision using the
following equation:

u = S R2 +

0.18861
∑C

Where:
SR: reproducibility standard deviation calculated according to the
indications in section 4.2.2, subsection A.
∑C: sum of the total number of colonies counted in all plates subject to
enumeration for the tested sample.
Note: In water analyses, usually only one plate count is done to determine the total number of
colonies, thus ∑ S = S

To obtain the value of SR, tests have to be done ensuring that there is a
number of colonies high enough in the plate count. Counts lower than 10
colonies will not be included in the calculation of SR. The counts between 10
and 30 colonies will be included only if the expected SR value is greater than
0.2.The calculation of the standard deviation as a logarithm stabilises the
variation of the reproducibility at different concentration levels, as long as it is
not necessary to introduce data from low counts in the calculation. Thus, in
these cases, it will not be necessary to evaluate the uncertainty for different
concentration levels, although the data used should cover the entire working
range.
The calculation of standard deviation can also be done using replicates sent by
the laboratory as part of interlaboratory comparison exercises, as long as they
have been done under reproducibility conditions.
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Model according to ISO 29201:2012(33)
The calculation is done taking into account two components: the operational
variability and the intrinsic variability of the method.
•

Operational variability is the combination of uncertainties associated with
the technical processes of the working method, including homogeneity,
dilutions, incubation and reading of results. This estimation can be done
through a global approximation, such as the difference between the
relative standard uncertainty due to interlaboratory reproducibility and
the intrinsic variability.

•

The intrinsic variability of the method is an inevitable variation associated
with the distribution of particles in the final suspension and with the
instrumental detection. Microbiological suspensions usually follow a
Poisson distribution.

The calculations are summarised in the following table.
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2
2
u = u Rp
+ umet

General algorithm:

Relative uncertainty of operational reproducibility (O‡ˆ )
2
u 2 Rp = S R2 − u metval

O2 ‰Š‹Œ•

2
‡
n

S R2 =

∑S
i =1

2
umetvali
=

2
Ri

Where:
• Cmean: mean of the C1i and C2i colony
count

n

Where:

S Ri2 =

0.1886
Cmean

This calculation is done for each pair of
replicates of the same sample.

(log C1i − log C2i ) 2
2

Where:
• C1i: first replicate of colony count.
• C2i: second replicate of colony count,
of the same natural or doped sample
as C1i
• n is the number of samples in which
duplicates are done (n is greater than
or equal to 10)
2
This calculation ( S Ri ) is done for each
pair of replicates of the same sample.

The calculation of estimated uncertainty for
the set of sample pairs will be done with
the equation:
n
2
umetval
=

i =1

2
metvali

n

Where n is the number of samples in which
duplicates are done (n is greater than or
equal to 10)

Uncertainty intrinsic to the method (O
2
u met
=

∑u

0.1886
∑C

‰Š )

Where ∑C is the sum of the total number of colonies counted in all plates subject to
enumeration for the tested sample.
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With both models we obtain an estimation of uncertainty for each result of a
tested sample (C).
Finally, the calculation of expanded uncertainty (U), will be done multiplying the
obtained combined uncertainty (uc) by a coverage factor k. The value of k=2
gives a confidence interval of approximately 95%, and it is the one most
commonly used.
U = k uc
Once the expanded uncertainty has been estimated, it can be expressed as an
interval of colony counts or as a percentage. It is not necessary to express it
with more than two significant digits.
An example is shown in Annex XI.

ASSIGNMENT OF UNCERTAINTY TO THE METHOD
Based on the values of expanded uncertainty obtained in the studies done
(different levels, including the limit of quantification, and in the matrices of
study), an uncertainty will be assigned to the method according to the results
obtained. The criteria to follow could be:
A) Establish different values of uncertainty for the method based on the
concentration level, if they are very different.
B) Take the least favourable uncertainty evaluated in the studied
concentration levels as the uncertainty of the method. This criterion
penalizes the concentration levels with lower uncertainties.
If applicable, a statement on the measurement uncertainty estimated will be
included. Information on uncertainty is necessary whenever it is pertinent to
the validity or application of the tests results, when the instructions of the client
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require so, or when the uncertainty affects meeting the limits of a
specification(5).

4.4 GUIDANCE CRITERIA FOR THE EXPRESSION OF RESULTS
A) PHYSICO-CHEMICAL PARAMETERS
Usually the testing results are expressed as:

[(y ± U) units] or [y (units) ± U (%)]
where:
y is the numerical result obtained by the laboratory
U is the expanded uncertainty providing an interval that contains the
value of the measurement with a certain level of confidence, usually
95%.
The laboratory must express the measurement results as based on the
uncertainty obtained. A general recommendation

(29)

is to express uncertainty

with two significant digits, and the numerical value of the result should be
rounded so that the last decimal digit corresponds to the last digit of the
uncertainty, reflecting the measurement capability. Normal rules of rounding
can be applied in both cases.
In some cases a single significant digit may be enough to express uncertainty;
however, the coherence of the final expression, as well as it use in decision
making, must be considered. An example can be consulted in Annex XII.
When the legislation stipulates the expression of results associated to
parametric values or accepted quality levels which are regulated, the laboratory
will have to address such specification. However, there could be cases when it
may be appropriate to use an additional significant digit.
The value of some parameters is calculated as a sum of individual results. If
some of these parameters are below the limit of quantification, then the
indications in current legislation should be followed
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specifications in place on how to do to it, the laboratory will establish and
record the criterion.

B) MICROBIOLOGICAL PARAMETERS
Several standards(26,32,33) provide indications on the particularities of the
expression of results as a consequence of the statistical distribution of microbial
counts, as well as the need to report the estimation of uncertainty based on the
intended use of the test result.
However, compliance with requirement 5.10.1 of the UNE EN ISO/IEC
17025:2005 standard, related to the content of test reports, should be
considered a priority:

'The results of each test, calibration, series of tests or calibrations done by the
laboratory should be reported in an accurate, clear, unambiguous and objective
manner, according to the specific instructions of the test or calibration methods'
Clear examples of this situation are results such as 6 cfu/vol, where it is
advisable to follow the numerical value by the words 'estimated number' or

'estimated enumeration', or when the count is between 1 and 3 cfu/vol, which
should be reported as 'organism detected'.
The reported result must be provided in a format that allows decision making;
therefore, the section on the expression of results from microbiological testing
procedures will address the requirements of any applicable standards, including
an additional text indicating that reports will always include the enumeration
numerical value obtained in the test reports. To this effect, the testing
procedure could indicate:

'According to the ISO 8199 standard, the results obtained for the determination of a
certain micro-organism in a given matrix follow the expression
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Count
0 cfu/ plate
From 1 to 3 cfu/plate
From 4 to 9 cfu/plate
From 10 to 100 cfu/plate
>100 cfu/ plate

Expression criteria according to ISO 8199
0 cfu/analysed volume
Organism detected/analysed volume
X cfu/analysed volume (Estimated count)
X cfu/analysed volume
>cfu max/analysed volume

In the test report the results are expressed with the enumeration obtained reading the
plates. Below 10 cfu/vol, the result is considered as an estimated enumeration due to
the overdispersion effect'

The laboratory may include a note in its test reports for those results between 1
and 9 cfu/vol, indicating, for example:

'According to the ISO 8199 Standard, enumerations between 1 and 3 cfu/vol
mean the presence of the organism has been detected, and those between 4
and 9 cfu/vol are an estimated number'

It should be noted that there could be specific requirements for the expression
of results in standards which are specific for the tests done (34).
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5. REVISION/VERIFICATION OF METHOD VALIDATION. OTHER
CONTRIBUTIONS
Laboratories should check over time the suitability of the data obtained in the
initial validation, taking into account (35):
•

recent data from internal quality controls

•

new data obtained from participation in interlaboratory comparison tests

•

revisions of applicable standards

•

documents with specific guidelines for the respective test areas

It should be noted that the standard uncertainty for a routine testing method
can never be lower than the long term precision for the same method and the
same type of sample.
If the standard uncertainty is significantly lower than the standard deviation
observed within the laboratory, the uncertainty estimation should be
immediately reviewed (36).
If there are important changes in the method that may affect its validation
parameters, it will be necessary to calculate again the trueness, precision and
uncertainty according to the current working conditions.
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6. DATA CONTROL: VALIDATION OF THE LABORATORY’S OWN
APPLICATIONS

AND

ADAPTATIONS

OF

COMMERCIAL

APPLICATIONS
Computer applications used by the laboratory for the calculation, treatment or
transfer of results should be validated to confirm they are suitable for the
intended use. As well, having the use instructions of such applications is
recommend.
The extent of the validation depends on the type of software used by the
laboratory. Commercial software is considered validated, but particular
parameterisations and configurations (spreadsheets) should be validated.
To validate a spreadsheet the following points should be verified:
1. The calculations in the spreadsheet are those described in the applicable
of standard operation procedures
2. The cells containing the equations in the spreadsheet are correctly linked
to the data cells.
3. The results obtained are correct.
Access levels to the spreadsheet should be established depending on the user;
also, which cells are ENTRY cells (those where users can enter data), which
equations or calculations are in the spreadsheet (functions), and which cells are
OUTPUT cells.
It is necessary to check that any cells not used for data entry are blocked, thus
preventing any accidental modifications. As well, any data supported and saved
by these applications should be protected against incorrect handling which
could question the integrity and confidentiality of the data stored.
The validation system should be documented, and there should be evidence of
the validations tests done.
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ANNEX I: EXAMPLE: CALCULATION OF LINEARITY
In order to consider a valid straight line model for the residual plot, the
following conditions must be met:
1) The number of positive residuals is approximately equal to the
number of negative residuals
2) The residuals are randomly distributed
3) They all have approximately the same absolute value
4) They must not show any tendencies

There are four situations that could be encountered concerning residual plots:
a) It meets the requirements mentioned above. Correct situation.
b) The value of residuals increases with concentration: this indicates that
the uncertainty associated to each experimental data point increases
with concentration, and probably other regression methods would be
more adequate to calculate the coefficients of the calibration line (e.g.
weighted minimum squares).
c) Fitting the experimental data to a straight line instead of a curve, that
probably would be a better fit.
d) Presence of an outlier in the experimental data set. Outliers could be
caused, for example, due to a human error or non-linearity.
An example of each of the four cases mentioned is shown above in the section
on linearity.
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1) Graphical representation.
Based on the concentration and signal data, where x is the concentration and y
is the signal, the plot is done.
done

In this way, the presence of any abnormal values can be detected visually:
Case 1
Concentration (µg/L)
0
1
5
10
50
100

Signal
234
4557
20960
40926
219110
419847

Graphical representation visually adequate.

Case 2
Concentration (µg/L)
0
1
5
10
50
100

Signal
234
4557
20960
40926
405230
419847

Graphical representation with abnormal values.

We observe in the plot that, graphically, the straight line is not suitable, and to
carry out additional studies to identify which value is an anomaly would be
done.
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2) Determination coefficient (r2).
Based on the concentration and signal data, where x is the concentration and y
is the signal, the values of the slope (a), the origin ordinate value (b) and the
determination coefficient (r2) of the straight line can be obtained.
If a linearity criterion of r2 > 0.995 is established, then:
Case 1
Concentration (µg/L)
0
1
5
10
50
100

y = ax+b
a = 4224
b = 730
r2 = 0.9995
It meets the linearity criterion.

Signal
234
4557
20960
40926
219110
419847

Case 2
Concentration (µg/L)
0
1
5
10
50
100
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4557
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y = ax+b
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3) Analysis of regression residuals.
Based on the concentration and signal data, the equation of the straight line is
obtained. The regression residuals are obtained from the equation of the
straight line, as the difference between the calculated and theoretical
concentrations.

If a criterion for residual tolerance < 10% is established, calculated as the
regression residual divided into the theoretical concentration times 100 (as an
absolute value), the results are as follow:
Case 1
Concentration
(µg/L)

Signal

0
1
5
10
50
100

234
4557
20960
40926
219110
419847

Calculated
concentration

Regression
residual

Residual
tolerance <10%

0.91
4.79
9.52
5.69
99.21

-0.094
-0.211
-0.485
1.695
-0.787

9.4
4.2
4.9
3.4
0.8

Graphical representation of residuals:

15,0

Error residual (%)

10,0

y=ax+b
a = 4224
b = 730

5,0
3,4
0,0

-0,8
0

-5,0
-10,0
-15,0

-4,2 20
-4,8

40

60

80

-9,0

Concentración teórica (µg/l)

It meets the linearity criterion.
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Case 2
Concentration
(µg/L)

Signal

0
1
5
10
50
100

234
4557
20960
40926
405230
419847

Calculated
concentration

Regression
residual

Residual
tolerance <10%

-2.72
0.74
4.94
81.78
84.86

-3.716
-4.256
-5.046
31.781
-15.136

- 371.6
- 85.1
- 50.5
63.6
- 15.1

y=ax+b
a = 4742
b = 17434

Error residual (%)

Graphical representation of residuals:
100,0
90,0
80,0
70,0
60,0
50,0
40,0
30,0
20,0
10,0
0,0
-10,0
-20,0 0
-30,0
-40,0
-50,0
-60,0
-70,0
-80,0
-90,0
-100,0

63,6

20

40

60

80

100 -15,1

-50,5

-85,1

Concentración teórica (µg/l)

It does not meet the linearity criterion.
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4) Deviation of the response factor.
Based on the concentration and signal data, the response factor for each
concentration is calculated, as the relationship between the signal and the
concentration obtained.
If a criterion for the response factor of 10% is established, (calculated as the
“RSDrf” divided into 100 times the “Meanrf”), then:
Case 1
Concentration
(µg/L)
0
1
5
10
50
100
Meanrf = 4222

Response
factor

Signal
234
4557
20960
40926
219110
419847

4323
4145
4069
4378
4196

RSDrf = 127

(RSDrf/Meanrf) x 100 = 3%

It meets the linearity criterion.

Case 2
Concentration
(µg/L)
0
1
5
10
50
100
Meanrf = 4967

Signal
234
4557
20960
40926
405230
419847
RSDrf = 1754

It does not meet the linearity criterion.
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ANNEX II: EXAMPLE: CALCULATION OF SENSITIVITY
Study of sensitivity of ICP-MS for the determination of Li
Considering the slope of the linear regression as an indicator of method
sensitivity, controlling that its value is kept during routine sample analysis is
proposed.
Assuming that the values of the slope follow a normal distribution, with the
data of the slopes from the different straight lines done during the validation
process its mean value, standard deviation (Sd) and coefficient of variation are
calculated. Then Confidence intervals can be established, based on the values
obtained above:
•

Warning limit: Mean value of the slope plus twice the standard deviation

•

Alarm limit: Mean value of the slope plus three times the standard
deviation

•

Coefficient of variation: An acceptance criterion of 10% is established
Date
02/05/2012
09/05/2012
15/05/2012
21/05/2012
30/05/2012
06/06/2012
13/06/2012

Straight line
y=4749x + 282
y=4460x + 398
y=4636x + 200
y=4640x + 626
y=3802x + 313
y=3951x + 317
y=4054x + 302

Mean value
Sd
CV%

Slope
4749
4460
4636
4640
3802
3951
4054
4327
383
8.9

ESTU
Confidence limits
Warning limits

X±2Sd

4327±766

3561 – 5093

Alarm limits

X±3Sd

4327±1149

3178 – 5476
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Since the method to determine Li by ICP uses an internal standard for the
quantification and relative values are used in the construction of the calibration
straight line, it is necessary to establish an additional criterion to demonstrate
that the sensitivity of the equipment is acceptable.
Establishing a minimum reading value for the standard is proposed, once the
equipment conditions have been optimised. In order to do this, and using the
values of the internal standard of 1 ppb of Indium obtained during the
validation, the mean value of the readings and their standard deviation is
calculated. As the acceptance criterion, the mean value minus three times the
standard deviation is established.
TER
Date

Response: 1 ppb Indium internal standard

02/05/2012
09/05/2012
15/05/2012
21/05/2012
30/05/2012
06/06/2012
13/06/2012

66934
60540
59622
59338
61185
59641
64662

Mean value
Sd
Acceptance criterion (X-3Sd)
MIN
MIN
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ANNEX III: EXAMPLE: CALCULATION OF PRECISION
The study of precision in a validation process can be carry out with reference
materials, sample addition or real samples.
METHOD DESCRIPTION
•

Limit of quantification:

0.100 mg/L

•

Working range:

0.100-15.0 mg/L

B. REFERENCE MATERIALS USED IN VALIDATION
These are matrix reference materials with the following concentrations and
uncertainties:
RM1

0.150 ± 0.006 mg/L

RM2

1.250 ± 0.015 mg/L

RM3

14.10 ± 0.28 mg/L

C. REPRODUCIBILITY (SR)
=

∑(
=

(%) =

SR

− ̅ )"
#−1
!

∑ !
#
̅

· 100

reproducibility standard deviation
Mean value obtained from the analysis of reference material under
reproducibility conditions

n
Ž
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Day
1
2
3
4
5
6
7
8
9
10

Analyst
A
B
A
B
A
B
B
A
A
B

RM1
RM2
(0.153 mg/L) (1.250 mg/L)
0.146
1.11
0.149
1.20
0.153
1.21
0.151
1.20
0.145
1.24
0.152
1.23
0.142
1.15
0.159
1.16
0.142
1.23
0.146
1.24

SR

RM3
(14.10 mg/L)
13.5
13.3
13.8
13.4
13.9
13.1
13.5
13.4
14.2
13.8

0.005

0.044

0.33

0.149

1.200

13.60

3.4

3.7

2.4

SR(%)

D. REPEATIBILTY (Sr)
'

=

∑(
=

'

Sr

(%) =

− ̅ )"
#−1
!

∑ !
#
'

̅

· 100

repeatability standard deviation
Mean value obtained from the analysis of reference material under
repeatability conditions

n
Ž

Página 59 de 96

Number of repetitions
Each of the results obtained

Guide Part II: Criteria to validate Physico-Chemical
and microbiological analysis methods

Day
1
1
1
1
1
1
1
1
1
1

Analyst
A
A
A
A
A
A
A
A
A
A
Sr

Sr(%)
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RM1
RM2
(0.153 mg/L) (1.250 mg/L)
0.149
1.25
0.149
1.23
0.153
1.26
0.151
1.25
0.148
1.24
0.150
1.23
0.149
1.22
0.153
1.23
0.152
1.22
0.149
1.21

RM3
(14.10 mg/L)
13.7
13.7
13.8
13.9
14.0
13.7
13.9
14.0
14.1
14.0

0.002

0.016

0.15

0.150

1.230

13.90

1.3

1.3

1.1

Guide Part II: Criteria to validate Physico-Chemical
and microbiological analysis methods

ANNEX IV: EXAMPLE: CALCULATION OF BIAS
Example 1: Drinking water

To calculate bias in the validation of a method to determine Hg using the
atomic fluorescence technique, we analyse different replicates of a reference
material of 0.200 ± 0.001 µg/L in a drinking water matrix.
A maximum of 7 replicates are done under reproducibility conditions:
Replicate
1
2
3
4
5
6
7
)
i

V (µg/L)
0.209
0.230
0.228
0.231
0.181
0.193
0.211
0.212

The bias from the data obtained is calculated as it is described in section 4.1.9:
) − V*+,
bias (b) = V

ŽŒA ( %) =

) − V*+,
V
∗ 100
.'/0

We obtain the following results:

Página 61 de 96

bias (b)

0.012

bias (b%)

5.9

Guide Part II: Criteria to validate Physico-Chemical
and microbiological analysis methods

Example 2: Waste water
In order to obtain a concentration of about 0.50 mg/L of nitrites in wastewater
from a real wastewater sample with a concentration of 0.12 mg/L; we spike
with 4 mL of a reference material with a concentration of 10.00 ± 0.05 mg/L to
95 mL of the real sample. The final concentration value obtained is 0.51 ± 0.02
mg/L.
A maximum of 7 replicates are done under reproducibility conditions:

Replicate

V

1

0.51

2

0.49

3

0.51

4

0.51

5

0.50

6

0.52

7

0.53

)
i

0.51

The bias is calculated as the recovery from the obtained data, as it is described
in section 4.1.9:
R(%) =

C1 − C2
∗ 100
C3

The following results are obtained:
RECOVERY
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ANNEX V: EXAMPLE OF CALCULATION OF UNCERTAINTY USING
REFERENCE MATERIAL
The uncertainty of the determination of P by ICP in surface water is evaluated.
The method has a limit of quantification of 0.100 mg/L P and the working range
is from 0.100 to 15.0 mg/L P.
A set of tests have been designed for the validation, involving the analysis of
different certified reference materials, in a surface water matrix, under
reproducibility

conditions

(different

days,

different

analysts,

different

calibrations, etc.).

Note: If the laboratory already has quality control data available obtained with
matrix reference material, these data can be used for the calculation of
uncertainty, following this example.
The concentrations and uncertainties of the reference materials used are:
RM1

0.153 ± 0.006 mg/L

RM2

1.250 ± 0.015 mg/L

RM3

14.10 ± 0.28 mg/L

The uncertainties (U) are expressed as expanded uncertainties with k=2.
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The following results are obtained:

RM1
(0.153 mg/L)
0.146
0.149
0.153
0.151
0.145
0.152
0.142
0.159
0.142
0.146
0.146
0.148
0.141
0.149
0.159

Result
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

RM2
(1.250 mg/L)
1.11
1.20
1.21
1.20
1.24
1.23
1.15
1.16
1.23
1.24
1.20
1.25
1.24
1.24
1.19

RM3
(14.10 mg/L)
13.5
13.3
13.8
13.4
13.9
13.1
13.5
13.4
14.2
13.8
13.6
13.5
14.0
13.8
13.4

Uncertainty is evaluated for each working range studied. The calculation is done
in relative terms (%).
The expanded uncertainty (U) of the method is calculated as:
• = ‘ ∗ O…

Where k is the coverage factor (the value of k=2 for a normal distribution and
95% probability) and uc is the standard combined uncertainty.

The combined standard uncertainty is calculated with the following equation:
O• = 6O2‡ + O2ŽŒA

uR uncertainty due to reproducibility within laboratory
ubias uncertainty due to bias.
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A. EVALUATION OF THE REPRODUCIBILITY COMPONENT (uR)
O =

O (%) =

O

Where:

× 100
̅

SR Standard deviation for a certain concentration
=

Mean value obtained
n
!

Number of repetitions

∑ !
#

= 6

∑(“” • “̅ )K
\•„

Each of the results obtained

The results obtained for the three different reference materials are:

SR
–

GI (%)

RM1
(0.153 mg/L)
0.006

RM2
(1.250 mg/L)
0.040

RM3
(14.10 mg/L)
0.29

0.149

1.210

13.60

3.739

3.33

2.2

B. EVALUATION OF THE BIAS COMPONENT (ubias):

u8:7; =
uRM

u"?9 + @

sF)

√n

standard uncertainty of the reference material
Og (%) =

sF)

"

D + b"

• 100
∗
2 .

U

Expanded uncertainty of the reference material

VR

Value of the reference material

standard deviation of the measurements done on the reference material
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n

number of repetitions done

)
B

b

.%

VR

√#

numerical value of bias (.% − . )

(%) =

—˜
)

∗ 100

√\

.

Mean value of the measurements done on the reference material

Value of the reference material
b(%) = 100 ∗

|.% − . |
.

The results obtained are:
RM1
(0.153 mg/L)

RM2
(1.250 mg/L)

RM3
(14.10 mg/L)

(%)

2.026

0.80

1.1

0.937

0.83

0.5

b (%)

2.919

3.52

3.5

Ubias (%)

3.675

3.70

3.7

uRM(%)
)
B

√#

To calculate the standard combined uncertainty:
O• = 6O2‡ + O2ŽŒA

uR (%)

RM1
(0.153 mg/L)
3.739

RM2
(1.250 mg/L)
3.33

RM3
(14.10 mg/L)
2.2

Ubias (%)

3.675

3.70

3.7

5.243

4.98

4.2

Gj (%)
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The expanded uncertainty calculation is as follows:
(%)= 2∗Oc(%)

š(%)
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ANNEX VI: EXAMPLE: CALCULATION OF UNCERTAINTY

USING

INTERNAL QUALITY MATERIAL
We evaluate the uncertainty of the determination of sodium by the atomic
emission method in drinking water; where the limit of quantification of the
method is 0.5 mg/L.
CASE 1: BASED ON DATA FROM SAMPLE ADDITION
CASE 2: BASED ON DATA FROM A QUALITY CONTROL STANDARD (no
matrix) and PLOTS OF DUPLICATES OF REAL SAMPLES (only the
reproducibility component of uncertainty is estimated. To calculate the
bias component we can use one of the methods described in the guide)

CASE 1: The laboratory’s quality control protocol stipulates that sodium will be
periodically analysed in a drinking water sample with an addition of 10 mg/L of
sodium. Ten of the results obtained in the quality control of such method
throughout the year are used in this example to estimate the uncertainty
component.
It should be noted that the uncertainty result obtained with the 10 mg/L
standard may not be applicable to the entire working range. In this case, the
process should be repeated in different concentration levels.
All uncertainty components have been calculated as a relative value (%).
A standard containing 1000 mg/L of Na has been used for the addition. The
certificate of the standard indicates that the concentration is 1002, with an
expanded uncertainty of 4.1 mg/L for k=2.
The addition is done using a 100 µL micropipette, adding to a 10 ml sample, so
that the concentration after the addition is
Addition =

„››"×›.„
„›.„

= 9.92 mg/L

Each of the samples was analysed before and after the addition; the results
obtained are shown in the following table.
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SAMPLE RESULT
(mg/L)
1.70
2.81
1.07
3.40
0.15
5.67
3.95
1.81
4.92
4.89

ADDITION
(mg/L)
9.92
9.92
9.92
9.92
9.92
9.92
9.92
9.92
9.92
9.92

EXPERIMENTAL
RESULT (mg/L)
11.37
12.48
11.23
12.74
10.18
15.24
14.21
10.40
14.50
14.36

RECOVERY
(mg/L)
9.67
9.67
10.16
9.34
10.03
9.57
10.26
8.59
9.58
9.47

BIAS
-0.25
-0.25
0.24
-0.58
0.11
-0.35
0.34
-1.33
-0.34
-0.45

A. EVALUATION OF THE REPRODUCIBILITY COMPONENT (UR)
To calculate this component we use the recovery values obtained in the chosen
days (9.67, 9.67, 10.16, 9.34, 10.03, 9.57, 10.26, 8.59, 9.58, 9.47). We
calculate:
̅ = 9.6 mg/L

O =

O (%) =

=

O
̅

∑(

− ̅ )"
= 0.48
#−1
!

× 100 = 5.0%

B. EVALUATION OF THE BIAS COMPONENT (Ubias)
The bias uncertainty is evaluated as:
O

!PQ

"
= 6RS "!PQ + OPT

The bias uncertainty has the following components:
1.

The bias uncertainty related to the recovery MCbias

2.

The uncertainty of the addition uad
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B.1. THE BIAS COMPONENT OF UNCERTAINTY RELATED TO THE
RECOVERY COMPONENT (MCbias)
RS

!PQ

=

Where:
#PT
bi

∑( ! )"
#PT

the number of addition samples analysed
Bias of the additions

MC8:7; =

6(•›,"¡)

K ¢(•›,"¡)K ¢(›,"£ )K ¢(•›,¡¤)K ¢(›,„„)K ¢(•›,¥¡)K ¢(›,¥£)K ¢(•„,¥¥)K ¢(•›,¥£ )K ¢(•›,£¡)K

MC8:7; (%) =

?¦§JU¨

¦©L57ª:5©L7ª7

›.¡«

„›

x100, «.«" x100 = 5,4

B.2. STANDARD UNCERTAINTY COMPONENT RELATED TO THE
ADDITION (uad)
"
"
OPT = 6O¬m+ OZm\Z

To calculate this addition, take into account:
1. The uncertainty of the addition concentration uconc
2. The uncertainty of the added volume uvol
B.2.1. UNCERTAINTY COMPONENT OF THE ADDITION
CONCENTRATION Ga®ka
The standard sodium solution used contains 1002 mg/L with an
expanded uncertainty (U) of 4.1 mg/L and k=2. The uncertainty due to
the added concentration is calculated as:

• 4.1
=
= 2.05
‘
2
OZm\
2.05
OZm\Z (%) =
100 =
100 = 0.20%
S¯#•
1002
OZm\Z =

Note: In the example shown there are no intermediate dilutions. If you work
with dilutions of the standard, you should take into account the maximum error
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of the glass material used and the standard deviation obtained from calibrating
it.

B.2.2. UNCERTAINTY COMPONENT OF VOLUME G°®±
"
"
+ O¬mOBm- = 6O¬m'/`

To calculate this component, take into account:
1. The systematic uncertainty of the volume uVol,b
2. The random uncertainty of the volume uVol,rep
B.2.2.1. SYSTEMATIC UNCERTAINTY COMPONENT OF THE
VOLUME u Vol,b
The volume of the addition is 100 µL, using a micropipette with a
maximum error of 2% for that volume (UNE-EN ISO 86552:2003).
O¬m-

„

=

Ɛ¬m- ²P“

O¬m-

√3

„ (%)

=

0.02
√3

= 0.012

= 1.2%

The volume of the sample subject to the addition is 10 mL, using
a volumetric pipette with a maximum error of 0.5% for that
volume.
O¬m-
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=

Ɛ¬m- ²P“
√3

O¬m-

=

" (%)

0.005
√3

= 0.0028
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B.2.2.2. THE RANDOM UNCERTAINTY COMPONENT OF THE
VOLUME uVol,rep

With a micropipette, weighing 10 measures of 100 µL. The results
obtained are:
NUMBER OF MEASURES
1
2
3
4
5
6
7
8
9
10

mass (g)
0.10000
0.10004
0.10005
0.10010
0.10030
0.10043
0.10001
0.10036
0.10027
0.10030

Where:
) = 0,10019(Mean value of the mass)
A = 1.61509 × 10•›£
A 0,000161509
O¬m- '/` = =
= 0,00162
)
0,10019
O¬m- '/`(%) = 0,16%

The random component of the volume of the pipette (u³©´ *+µ(%) ), the

material used to measure de sample, has been determined as the
standard deviation of the weight of several 10 mL measures under
conditions of repeatability, obtaining:
u³©´ *+µ(%) = 0.17%
From the values obtained, the uncertainty component due to the added
volume would be:
u ³©´ (%) = 6u"³©´ 8 (%) + u"³©´ *+µ (%) =

u ³©´ (%) = √1.2" + 0.16" + 0.3" + 0.17" =1.3%
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Note: The standard uncertainty component of the addition done (uad) can also
be calculated applying the law of propagation of variances. Annex VII shows a
comparison of the estimation of this component using both methods.

The uncertainty associated with the addition would be:
"
"
"
_ "
OPT (%) = 6O¬m(%) + OZm\Z (%) = 1.3 + 0.20 = 1.3%

ESTIMATION OF THE BIAS COMPONENT ubias
"
OB(%) = 6RS "!PQ(%) + OPT(%)
= _5.4" + 1.3" = 5.5%

C.ESTIMATION OF THE STANDARD COMBINED UNCERTAINTY
OZ (%) = 6O" (%) + O"!PQ (%) = _4.9" + 5.5" = 7.2%
D. ESTIMATION OF THE EXPANDED UNCERTAINTY
•(%) = ‘ × OZ (%) = 2 × 7.2 = 14 %
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CASE 2: The laboratory carries out the quality control method for sodium using
a control standard with a concentration of 35 mg/L prepared in water with no
matrix, and periodically determinations are done on duplicate samples. The
data obtained with this type of control can be used to evaluate the
reproducibility component of uncertainty. To calculate the bias component we
could use one of the methods described earlier in the guide.
All uncertainty components have been calculated as a relative value (%).
"
O = 6O"· Q&P\T + O','P\l/

A. UNCERTAINTY COMPONENT BASED ON QC DATA (GI¸ f¹ekº )
Take 10 quality control data, under reproducibility conditions, from a QC with a
sodium content of 35 mg/L, obtaining the results in the following table.
Measurement number
n
1
2
3
4
5
6
7
8
9
10

EXPERIMENTAL RESULT (xi) (mg Na/L)
35.06
33.99
34.42
33.38
33.94
34.84
34.73
34.65
34.99
34.37

We calculate:

O

· Q&P\T

=

u9½;¾7Lª (%) =
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̅ = 34.4

∑(“” •“̅ )K
\•„

=0.53

× 100 = 1,5%
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B. UNCERTAINTY COMPONENT BASED ON DATA FROM THE RANGE
GRAPH (ur,range)
Data from a range plot from internal control activities, obtained with different
drinking water samples.

R1

R2

11.41
18.56
14.60
13.16
29.24
41.46
15.46
13.42
48.70
16.50
25.67
30.20
17.06
18.93
40.76
42.60

11.35
18.44
14.51
13.18
29.94
41.35
15.62
13.49
48.77
16.46
25.64
30.02
16.80
19.03
40.70
42.63

Range

̅!

Rangeaverage

0.06
0.12
0.09
0.02
0.70
0.11
0.16
0.07
0.07
0.04
0.03
0.18
0.26
0.10
0.06
0.03

11.38
18.50
14.56
13.17
29.59
41.41
15.54
13.46
48.74
16.48
25.66
30.11
16.93
18.98
40.73
42.62

0.53
0.65
0.62
0.15
2.37
0.27
1.03
0.52
0.14
0.24
0.12
0.60
1.54
0.53
0.15
0.07

|‡1 − ‡2|

Where:

R1 is the result of the first analysis of the sample
R2 is the result of the second analysis of the sample
The range is the difference, in absolute value, between R1 and R2
Mean value of the duplicates:
)Á =

The average range is:

(‡1 + ‡2)
2

‡Œ#»‰P¬/'Pl/ (%) =
‡% =
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u*,*7LÊ+ =

)
9

ªK

Where †" is a factor that depends on the number of values included in the
range calculation. In this case, the number of values is 2, so that †" is 1.128.
O','P\l/ (%) =

0.59
= 0.5%
1.128

"
O = 6O"· Q&P\T + O','P\l/

u9 = _1,5" + 0,5"
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ANNEX VII: COMPARATIVE EXAMPLE: TWO WAYS TO CALCULATE UNCERTAINTY ASSOCIATED WITH ADDITION
SHOWN IN THE GUIDE

STANDARD UNCERTAINTY COMPONENT RELATED TO THE ADDED
CONCENTRATION (uad)

STANDARD UNCERTAINTY COMPONENT RELATED TO THE ADDED
CONCENTRATION (uad): propagation of errors

UNCERTAINTY COMPONENT OF THE ADDED CONCENTRATION Ga®ka
The standard sodium solution used for the addition contains 1002 mg/L with
an expanded uncertainty of 4.1 mg/L and k=2. The uncertainty due to the
added concentration is calculated as:
• 4.1
OZm\Z = =
= 2.05
‘
2
2.05
OZm\
100 =
100 = 0.20%
OZm\Z (%) =
S¯#•
1002
In the example shown, there are no intermediate dilutions. If you work with
dilutions of the standard, you should take into account the maximum error
of the glass material used and the standard deviation obtained from its
calibration.
A SYSTEMATIC UNCERTAINTY COMPONENT u Vol,b1
• The volume of the addition is 100 µL, using a micropipette with a
maximum error of 2% for that volume (UNE-EN ISO 8655-2:2003).
Ɛ¬m- ²P“ 0.02
O¬m- „ =
=
= 0.012
√3
√3
O¬m- „ (%) = 1.2%
• The volume of the sample subject to the addition is 10 mL, using a
volumetric pipette with a maximum error of 0.5% for that volume.
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OPT =

.!
S!
S! × .!
"
"
"
OZm\Z
Ë Ì + OB!
Ë Ì + OB0
Ë
Ì
.0
.0
.0"
"

"

"

The standard sodium solution used for the addition contains 1002 mg/L with an
expanded uncertainty of 4.1 mg/L and k=2. The uncertainty due to the added
concentration is calculated as:
Where:
O…m\Z Uncertainty of the reference material.
• 4.1
OZm\Z = =
= 2.05
‘
2
The volume of the addition is 100 µL, using a micropipette with a maximum
error of 2% for that volume.
The volume of the sample subject to the addition is 10 mL, using a volumetric
pipette with a maximum error of 0.5% for that volume.
Thus:
.! the initial volume (0,1 mL= 0.0001L)
.0 the sample volume (10,1mL=0.0101 L)
•

OB! the uncertainty of the micropipette
Using a micropipette with a maximum error of 2% for that volume
(tolerance 0.02).
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O¬m-

"

=

Ɛ¬m- ²P“

=

0.005

O B” =

= 0.0028

√3
√3
O¬m- " (%) = 0.3%

A.2 RANDOM UNCERTAINTY COMPONENT uVol,rep 1
In the case of the micropipette, it is calculated weighing 10 measures of 100
µL done with a micropipette.
The results are obtained when calibrating micropipette 1.
Where:
) = 0.10019 (Valor promedio de las masas)
A = 1.61509 × 10•›£
A
0.000161509
O¬m- '/` = =
= 0.00162
)
0.10019
O¬m- '/`(%) = 0.16%
The random component of the pipette, the material used to measure the
sample, is calculated weighing 5 measures of 10 ml done with a volumetric
pipette. The results obtained are from the calibration of the 10 mL
volumetric pipettes.
Where:
O¬m- '/`(%) = 0.17%

•

Ñm²!\P- ¬P-Ò/ ×Óm-/'P\Z/

=

›.›››››"

√¥
F7´©*L©Õ:L7´×Ö©´+*7L5:7
√¥

= 1.2 × 10•Ô uFJ =

√¥
›.›››››"

=

√¥

= 1,2 × 10•Ô

the uncertainty of the pipette
Using a volumetric pipette with a maximum error of 0.5% for that
volume (tolerance 0.05).
O B× =

[¯ Ž#Œ• ‹Œ•O‰ × Ø¯•‰ÙŒ#•‰(%)
√3

=

0.00005
√3

= 2.88 × 10•¡

C UNCERTAINTY COMPONENT OF THE ADDED VOLUME G°®± From the
values obtained, the uncertainty component due to the added volume would
be:
"
O ¬m- (%) = 6O¬m-

(%)

"
"
"
"
"
+ O¬m'/` (%) = √1.2 + 0.16 + 0.3 + 0.17 =1.3%

UNCERTAINTY RELATED TO THE ADDITION

UNCERTAINTY RELATED TO THE ADDITION
Geº (%) = 6GbÍ®± (%) + Gba®ka (%) = _Î. Ïb + Ð. bÐb = Î. Ï%

6(2.05)" Ú

›.›››„ "

Û + (1.2 × 10•Ô )" Ú

›.›„›„

Geº(%) =
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"
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ANNEX VIII: EXAMPLE OF EVALUATION OF UNCERTAINTY WITH DATA
FROM INTERLABORATORY COMPARISON EXERCISES

We estimate the uncertainty of COD determination using the volumetric method
with potassium dichromate in wastewater, using the results obtained in
interlaboratory comparison exercises carried out between 2007 and 2013.
We suspect there could be different uncertainties within the working range; as
well, doing a calculation for the entire range could penalise excessively high
COD values. For this reason, we have studied two ranges separately: 50 mg/L
and 500 mg/L.

CASE 1: EVALUATION OF UNCERTAINTY FOR RANGE 1 (50 mg O2/L)
To calculate this component we have used the COD results from 7
interlaboratory comparison exercises with wastewater, with COD values
between 40 and 100 mg O2/L.

Assigned value
mg O2/L
84.0
44.0
95.0
73.0
35.0
56.0
78.2
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Laboratory
value
mg O2/L
71.0
48.0
99.7
78.7
40.0
56.7
85.0

b
bi, (%)
bias
bias (%)
mg O2/L
-13.0
-15.5
4.00
9.09
4.70
4.95
5.70
7.81
5.00
14.3
0.70
1.25
6.82
8.72

SR,i,rel
%

16.3
4.32
9.68
8.49
17.1
13.1
17.5

np,i
103
111
120
145
123
154
117

ucref,i,rel
%

2.01
0.51
1.11
0.88
1.93
1.32
2.03
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A. EVALUATION OF THE REPRODUCIBILITY COMPONENT (UR)
To calculate this component we use the obtained recovery values (bi,(%)), as:

O (%) =

̅ = 4.37 %
=6

∑(“” •“̅ )K
\•„

=9.6 %

B. EVALUATION OF THE BIAS COMPONENT (ubias)
To calculate this component we have used the COD results from 7
interlaboratory comparison exercises with waste water, with COD values
between 40 and 100 mg O2/L.
The bias uncertainty is estimated as:
"
+ uO%Z'/0 v
u8:7; = 6MC8:7;

"

The bias uncertainty has the following components:
1. The bias uncertainty of the interlaboratory comparison
2. The uncertainty of the assigned values O%Z'/0
B.1 BIAS COMPONENT OF UNCERTAINTY RELATED TO THE
RECOVERY (MCbias)
RS

!PQ (%)

=

∑( ! (%))"
[!\&

Where:
b:
individual bias for each of the interlaboratory comparison
exercises, that is, the relative difference between the assigned value and
the value obtained by the lab.
Nint the number of interlaboratory comparison samples analysed
RS

!PQ (%)

Página 80 de 96

=
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;
7
RS

!PQ (%)

= 9.92%
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B.2 UNCERTAINTY COMPONENT OF THE ASSIGNED VALUE (ucref)
The organiser reports that the assigned value has been calculated using
the robust mean; in this case, the uncertainty of the assigned value is
calculated using the following equation:
OZ'/0 ! (%) = 1.25 ×

,!, (%)

_#`,!

Where #`,! is the number of participants in each interlaboratory exercise.
The uncertainty of the assigned value for each interlaboratory
comparison ((OZ'/0 ! %) ) is indicated in Table 1.
The mean of the uncertainty values of the assigned values will be
calculated with the following equation:
O%Z'/0 (%) =

O%Z'/0 (%) =

∑ OZ'/0 ! (%)
[!\&

".›„¢›.¡„¢„.„„¢›.¤¤¢„.«¥¢„.¥"¢".›¥
Þ

= 1.40 %

EVALUATION OF THE BIAS COMPONENT ubias
O

!PQ (%)

"

" (%)
= 6MC8:7;
+ ÚO%Z'/0 (%)Û = _9.92" + 1,40" ;

O

!PQ (%)

= 10,0%

C. EVALUATION OF THE STANDARD COMBINED UNCERTAINTY
OZ (%) = 6O" (%) + O"!PQ (%) = _9.6" + 10.0" = 13.8%
D.EVALUATION OF THE EXPANDED UNCERTAINTY FOR RANGE 1
•(%) = ‘ × OZ (%) = 2 × 13.8 = 28 %
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CASE 2: EVALUATION OF UNCERTAINTY FOR RANGE 2 (500 mg O2/L)
To calculate this component we have used the COD results from 7
interlaboratory comparison exercises with waste water, with COD values
between 300 and 700 mg O2/L.

Assigned value
mg O2/L

Laboratory value
mg O2/L

334
668
489
472
350
614
588

326
637
469
421
353
593
533

b
bi, (%)
bias
bias (%)
mg O2/L
-8.00
-2.40
-31.0
-4.64
-20.0
-4.09
-51.0
-10.8
3.00
0.86
-21.0
-3.42
-55.0
-9.35

SR,i,rel
%

12.0
6.29
10.0
10.9
8.45
6.66
7.13

np,i
103
111
120
145
123
154
117

ucref,i,rel
%

1.48
0.75
1.14
1.13
0.95
0.67
0.82

A. EVALUATION OF THE REPRODUCIBILITY COMPONENT (uR)
To calculate this component we use the obtained recovery values (bi,(%)), as:

O (%) =

̅ = −4.83 %
=6

∑(“” •“̅ )K
\•„

= 4.0 %

B. EVALUATION OF THE BIAS COMPONENT (ubias)
The bias uncertainty is evaluated as:
"
u8:7; = 6RS8:7;
+ uO%Z'/0 v

"

The bias uncertainty has the following components:
1. The bias uncertainty of the recovery RMSbias
2. The uncertainty of the assigned value ucref
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B.1 BIAS COMPONENT OF UNCERTAINTY RELATED TO THE
RECOVERY (MCbias)
RS

∑( ! (%))"
[!\&

!PQ (%) =

Where:
b:
individual bias for each of the interlaboratory comparison
exercises, that is, the relative difference between the assigned value and
the value obtained by the lab.
Nint

RS

!PQ

(%) =

the number of interlaboratory exercises
(−2.40)" + (−4.64)" + (−4.09)" + (−10.8)" + (−0.86)" + (−3.42)" + (−9.35)"
7

RS(%) = 6.10%

B.2 UNERTAINTY COMPONENT OF THE ASSIGNED VALUE (ucref)
The organiser reports that the assigned value has been calculated using
the robust mean; in this case, the uncertainty of the assigned value is
calculated using the following equation:
OZ'/0 ! (%) = 1.25 ×

,!, (%)

_#`,!

Where #`,! is the number of participants in each interlaboratory exercise.
The uncertainty of the assigned value for each interlaboratory
comparison (OZ'/0 ! ) is indicated in Table 2.
The mean of the uncertainty values of the assigned values will be
calculated with the following equation:
O%Z'/0 (%) =

O%Z'/0 (%) =
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EVALUATION OF THE BIAS COMPONENT ubias
O

!PQ (%)

"

" (%)
= 6MC8:7;
+ ÚO%Z'/0 (%)Û = _6.10" + 0.99" = 6.2%

C. EVALUATION OF THE STANDARD COMBINED UNCERTAINTY
OZ (%) = 6O" (%) + O"!PQ (%) = _4.0" + 6.2 = 7.4%
D.EVALUATION OF THE EXPANDED UNCERTAINTY FOR RANGE 2
•(%) = ‘ × OZ (%) = 2 × 7.4 = 15%
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ANNEX IX: OBTAINING A REFERENCE VALUE IN QUANTITATIVE
MICROBIOLOGICAL METHODS
A titration is obtaining the number of cfu found in a given volume. To do that,
is necessary to start with an initial inoculated volume and do serial dilutions
until dilution where enumeration can be done is reached.
A sequence of dilutions (1/10) is done from a tube initially inoculated with the
strain. The initial tube can be obtained with one of the following methods:
1. Collecting a portion of the bacterial growth from the plate/slant tube
where the strain is kept, using a sterile swab, and inoculate a tube with
the diluent until a turbid dilution is obtained (it can be controlled with the
McFarland scale or using spectrophotometry).
2. Using an inoculating loop, collecting some colonies of the bacterial
growth from the plate/slant tube where the strain is kept, and
inoculating a tube with diluent.
Commonly used diluents are: Saline solution (0.85%), Ringer solution (¼),
saline peptone water.
Usually serial 1/10 dilutions (9mL diluent + 1 mL inoculum) are done until
reaching 10-6/10-8 cfu/mL.
From the more diluted tubes, 10-6 to 10-8 (or the last dilution done) the surface
of triplicate plates of Nutrient Agar, Tryptone Soya Agar, Brain Heart Infusion,
etc is inoculated. (non-selective growth media). Usually a 0.1 mL inoculum is
used, spreading it on the plates with the growth medium using a Drigalski
spatula. The titrations will be done in triplicate. The plates are then incubated
at an appropriate temperature and for an appropriate length of time (for
example 36ºC/24h).
The plate counts are done following the indications of the ISO 8199 Standard.
Acceptance of results
The results obtained in triplicate are considered valid as long as the CV is lower
than or equal to 1.2·RSD Poisson.
S. =
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Where:
CV
RSD
Sd
S̅

Coefficient of variation
Poisson relative standard deviation
Standard deviation of the three counts
Mean of the three counts

The titration of the initial inoculated tube will be obtained multiplying the results
obtained in the dilution (where the enumeration has been done) by the dilution
factor.
Example:
Starting with an initial contaminated tube, 1/10 dilutions are done, reaching a
10-8 dilution. Then 0.1 mL of the last three dilutions are seeded in triplicate BHI
plates, obtaining the following results:
10-8 dilution:
10-7 dilution:
10-6 dilution:

3 cfu/0.1mL; 5 cfu/0.1mL; 8 cfu/0.1mL
38 cfu/0.1mL; 45 cfu/0.1mL; 34 cfu/0.1mL
>200 cfu/0.1mL; >200 cfu/0.1mL; >200 cfu/0.1mL

Acceptance of the results:
C%= 39
Sd= 5.57
CV = 14.28
RSD = 16.01
1.2·RSD = 19.22
The results of the triplicate are accepted because CV ≤ 1.2·RSD.

Enumeration:
3.9x102 cfu/mL in the 10-7 dilution
The result of the titration will be 3.9x109 cfu/mL in the initial tube.
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ANNEX X: GUIDANCE VALUES FOR RECOVERY ACCEPTANCE (%) IN MICROBIOLOGY
(Confidence interval: 95%)
Parameter

Method

Culture medium
Plate Count Agar

Aerobic bacteria at 22ºC

Aerobic bacteria at 37ºC

Coliform bacteria

Enumeration

Enterococci

Pseudomonas aeruginosa
Clostridium perfringens
Legionella spp.
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Number of
data
428

Time interval
Months
3 to 5

Yeast Extract Agar

66

151

79

3 to 24

TGE

52

159

24

24

Plate Count Agar

63

234

465

3 to 24

Yeast Extract Agar

66

181

79

3 to 24

TGE

52

196

24

24

Endo Agar

75

222

294

3 to 24

Tergitol Agar

66

164

157

15 to 25

Chromogenic Agar

36

178

393

3 to 60

Colilert

32

224

747

3 to 60

Endo Agar

47

164

354

3 to 24

Tergitol Agar

37

206

289

3 to 60

Chromogenic Agar

66

124

24

24

MPN

Colilert

45

212

591

3 to 60

Filtration

Slanetz and Bartley

52

195

725

3 to 60

MPN

Enterolert

48

140

180

12

Filtration

Cetrimide Agar

46

232

485

3 to 24

TSC-MUP Agar

53

250

325

3 to 60

m-CP Agar

52

191

73

24

TSC Agar

24

305

299

12 to 15

GVPC-BCYE Agar

3

437

393

3 to 24

Enumeration

Filtration
MPN

Escherichia coli

Recovery (%)
Lower limit
Upper limit
50
189

Filtration

Filtration
Filtration
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ANNEX

XI:

EXAMPLES

OF

UNCERTAINTY

EVALUATION

IN

MICROBIOLOGICAL TESTS
A study of uncertainty evaluation in microbiological tests following the two
models indicated in the body of this document: model according to ISO/TS
19036 and ISO 29201 is done in this section.
To do this, is necessary to evaluate the results obtained in duplicate from
samples analysed during a ten-day period.
When using the model according to ISO/TS 19036, the counts with colony
numbers lower than 30 should not be considered. Due to this, the study is
presented with two examples, so that we can compare the effect of eliminating
those counts between the two models.
In Example 1, all the counts are greater than 30 colonies.
In Example 2, the counts in example 1 have been kept for the eight first days.
On the ninth and tenth day, results with a number of colonies lower than 30 are
presented.
In both examples we indicate the uncertainty results from enumerations of
samples with a low range (15 colonies), medium range (70 colonies) and high
range (200 colonies), for the two models studied.

Example 1:
Data obtained in the ten days of measurements:

Day
Day
Day
Day
Day
Day
Day
Day
Day
Day
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1
2
3
4
5
6
7
8
9
10

Replicate
1 (C1i)
77
88
52
185
42
62
151
96
44
92

Replicate
2 (C2i)
52
63
42
177
36
74
136
78
53
74

Replicate
1 yiA (log)
1.886
1.994
1.716
2.267
1.623
1.792
2.179
1.982
1.724
1.869

Replicate
2 yiB (log)
1.716
1.799
1.623
2.248
1.556
1.869
2.134
1.892
1.724
1.869
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The uncertainty for each of the models and ranges is as follows:
Low range:
The result of the sample tested is 15 colonies.
For the ISO/TS 19036 model, the uncertainty is calculated as:

u = S R2 +

0.18861
∑C

Firstly, the standard deviation is calculated:

1 n ( yiA − yiB ) 2
sR =
∑ 2
n i =1
with n=10, since there are ten days of measurements.
Afterwards, we calculate the term which depends on the result of the tested
sample:
∑C = C = 15

The results obtained are as follows:

ISO/TS 19036

SR

0.18861/∑C

Expanded
uncertainty
(k=2) (log)

0.068978

0.012574

0.26

For the ISO 29201 model, the uncertainty is calculated as:
2
2
u = u Rp
+ umet

u2Rp is calculated as:
2
u 2 Rp = S R2 − u metval
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n

∑S

S R2 =

with:

S Ri2 =

where:

i =1

2
Ri

n

(log C1i − log C2i ) 2
2
n

2
u metval
=

and

∑u
i =1

2
metvali

, n=10 because there are 10 days of

n

measurements
2
umetvali
=

where:
and

0.1886
Cmean

Cmean= mean of the counts of C1i and C2i

to calculate u2met we use:

2
u met
=

0.1886
∑C

with ∑C = C = 15

Thus, the results obtained are:

ISO 29201

u2Rp

u2met

Expanded
uncertainty
(k=2) (log)

0.001985

0.012574

0.24

The calculations are the same for the middle and high ranges, obtaining the
following uncertainties:
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Middle range:

The result of the sample tested is 70 colonies.

ISO/TS 19036

ISO 29201

SR

0.18861/∑C

Expanded
uncertainty
(k=2) (log)

0.068978

0.002694

0.17

u2Rp

u2met

Expanded
uncertainty
(k=2) (log)

0.001985

0.002694

0.14

High range:

The result of the sample tested is 200 colonies.

ISO/TS 19036

ISO 29201

SR

0.18861/∑C

Expanded
uncertainty
(k=2) (log)

0.068978

0.000943

0.15

u2Rp

u2met

Expanded
uncertainty
(k=2) (log)

0.001985

0.0000943

0.11

The largest difference observed between the two models in the three ranges for
the expanded uncertainty is 0.04 logarithmic units.
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Example 2:
Data obtained in the ten days of measurements:

Day
Day
Day
Day
Day
Day
Day
Day
Day
Day

1
2
3
4
5
6
7
8
9
10

Replicate
1 (C1i)
77
88
52
185
42
62
151
96
19
12

Replicate
2 (C2i)
52
63
42
177
36
74
136
78
29
21

Replicate
1 yiA (log)
1.886
1.994
1.716
2.267
1.623
1.792
2.179
1.982
1.297
1.079

Replicate
2 yiB (log)
1.716
1.799
1.623
2.248
1.556
1.869
2.134
1.892
1.462
1.322

For the ISO/TS 19036 model, it is necessary to eliminate any colony counts
lower than 30, which are highlighted in grey in the table above, corresponding
to days 9 and 10.
Once these counts have been eliminated, the calculation of uncertainty is done
in the same way as in example 1.

Note: It is necessary to indicate that the number of samples used in the
calculation of uncertainty following the ISO/TS 19036 model, after the colony
counts lower than 30 have been eliminated, is 8; thus, it would be necessary to
do an analysis of a higher number of samples in order to have at least 10.
The uncertainty for each of the models and ranges is as follows:

Low range:
The result of the sample tested is 15 colonies.

The results obtained are as follows:

ISO/TS 19036
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SR

0.18861/∑C

Expanded
uncertainty
(k=2) (log)

0.0074845

0.012574

0.26
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u2Rp
ISO 29201

0.004926

2

u

met

0.012573

Expanded
uncertainty
(k=2) (log)
0.26

Middle range:

The result of the sample tested is 70 colonies.

ISO/TS 19036

ISO 29201

SR

0.18861/∑C

Expanded
uncertainty
(k=2) (log)

0.0074845

0.002694

0.18

u2Rp

u2met

Expanded
uncertainty
(k=2) (log)

0.004926

0.002694

0.18

High range:

The result of the sample tested is 200 colonies.

ISO/TS 19036

ISO 29201
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SR

0.18861/∑C

Expanded
uncertainty
(k=2) (log)

0.074845

0.000943

0.16

u2Rp

u2met

Expanded
uncertainty
(k=2) (log)

0.004926

0.000943

0.16
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In this case we obtain the same uncertainty results with both calculation
models.

Studying both examples, the importance of choosing the counts in the different
days can be seen, so that the results are well defined in the entire working
range. This way, the lack of results in the low range of example 1 means that
there is not enough information for the model according to ISO 29201 to give
satisfactory results.
Once the results in the low range in days 9 and 10 of example 2 have been
defined, we see the consistency of the results obtained with the two models.
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ANNEX XII: EXAMPLE OF EXPRESSION OF RESULTS
We show next aexamples of expression of results from simulated uncertainty
values.

Example 1: Aluminium in drinking water
Parametric value (R.D. 140/2003)

200 µg/L

For an uncertainty of 12%, in absolute units and with two significant figures we
would have 24 µg/L. Therefore, the reported value by the laboratory would be:
(200 ± 24) µg/L or 200 µg/L ±12%

Example 2: Boron in drinking water
Parametric value (R.D. 140/2003)

1.0 mg/L

For an uncertainty of 12%, in absolute units and with two significant figures we
would have 0.12 µg/L. Therefore, the reported value by the laboratory would
be:
(1.00 ± 0.12) mg/L or 1.00 mg/L ± 12%
In this case, the legal requirement concerning the number of decimals indicated
in the parametric value is lower than the one offered by the uncertainty of the
method. Therefore, the uncertainty could be expressed as a single significant
figure, so that the result has the same number of decimals as the parametric
value. This way, the reported value by the laboratory would become:
(1.0 ± 0.1) mg/L or 1.0 mg/L ± 12%
Note: Considering one significant figure, we should report the results as 1.1 mg/L when the
result of the test is greater than or equal to 1.05 mg/L, that is, 5% greater than the parametric
value.
Considering two significant figures, we should report the results as 1.01 mg/L when the result
of the test is greater than or equal to 1.005 mg/L, that is, it would be necessary to exceed by
0.5% the parametric value in order to issue a result which is greater.
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Example 3: Turbidity in reused water
Acceptable Quality Level (R.D. 1620/2007)

2 NTU (quality 1.1)

For an uncertainty of 12%, in absolute units and with two significant figures we
would have 0.24 NTU. Therefore, the reported value by the laboratory would
be:
(2.00 ± 0.24) NTU or 2.00 NTU ± 12%
In this case, the laboratory would not be able to report according to the legal
requirement, because we would obtain an inconsistent result of:
(2 ± 0) NTU
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